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"Extracting transmission lines from airborne LIDAR data"
This letter presents an algorithm to aid in the automatic monitoring of high-voltage transmission lines using
airborne light detection and ranging (LIDAR) technology. LIDAR data are first automatically labeled as
transmission line, vegetation, or surface. The extracted transmission line data points are then segmented into
individual spans using local affine models of the data. The algorithm correctly identified 86.9% of those data
points that lay on transmission lines, and extracted 72.1% of the individual transmission line spans. [J1234]

"Simulation of the Ku-band Radar altimeter sea ice effective scattering surface"
A radiative transfer model is used to simulate the sea ice radar altimeter effective scattering surface variability as
a function of snow depth and density. Under dry snow conditions without layering these are the primary snow
parameters affecting the scattering surface variability. The model is initialized with in situ data collected during
the May 2004 GreenIce ice camp in the Lincoln Sea (73°W; 85°N). Our results show that the snow cover is
important for the effective scattering surface depth in sea ice and thus for the range measurement, ice
freeboard, and ice thickness estimation. [J1235]

"Computing the double-bounce reflection coherent effect in an incoherent electromagnetic
scattering model"
One of the main limitations of electromagnetic incoherent vegetation models based on the radiative transfer
theory concerns their inability to take into account the coherent effect occurring in a double-bounce scattering
mechanism. This is particularly important for low-frequency synthetic aperture radar applications over forested
areas, where large branch and trunk contributions may be preponderant. In this letter, an easily computable
solution based on the reciprocity theorem is proposed. The coherent effect contribution is obtained directly from
the radiative transfer incoherent solution through a straightforward correction algorithm. Compared to the
classical vector radiative transfer first-order solution, this method provides the exact cross-polarized contribution
to the radar cross section or to the polarimetric parameters computation. The theoretical developments are
illustrated using electromagnetic full-wave and approximate scattering models. [J1236]

"Feature fusion to improve road network extraction in high-resolution SAR images"
This letter aims at the extraction of roads and road networks from high-resolution synthetic aperture radar data.
Classical methods based on line detection do not use all the information available; indeed, in high-resolution
data, roads are large enough to be considered as regions and can be characterized also by their statistics. This
property can be used in a classification scheme. Therefore, this letter presents a road extraction method which is
based on the fusion of classification (statistical information) and line detection (structural information). This fusion
is done at the feature level, which helps to improve both the level of likelihood and the number of the extracted
roads. The proposed approach is tested with two classification methods and one line extractor. Results on two
different datasets are discussed. [J1237]

"Special issue on subsurface sensing using ground penetrating radar (GPR)"
{no data available} [J1238]

"Coseismic fault rupture detection and slip measurement by ASAR precise correlation using
coherence maximization: application to a north-south blind fault in the vicinity of Bam (Iran)"
Using the phase differences between satellite radar images recorded before and after an earthquake,
interferometry allows mapping the projection along the line of sight (LOS) of the ground displacement.
Acquisitions along multiple LOS theoretically allow deriving the complete deformation vector; however, due to the
orbit inclination of current radar satellites, precision is poor in the north-south direction. Moreover, large
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deformation gradients (e.g., fault ruptures) prevent phase identification and unwrapping and cannot be measured
directly by interferometry. Subpixel correlation techniques using the amplitude of the radar images allow
measuring such gradients, both in slant-range and in azimuth. In this letter, we use a correlation technique
based on the maximization of coherence for a radar pair in interferometric conditions, using the complex nature
of the data. In the case of highly coherent areas, this technique allows estimating the relative distortion between
images. Applied to ASAR images acquired before and after the December 26, 2003 Bam earthquake (Iran), we
show that the near-field information retrieved by this technique is useful to constrain geophysical models. In
particular, we confirm that the major gradients of ground displacement do not occur across the known fault scarp
but approximately 3 km west of it, and we also estimate directly the amplitude of right lateral slip, while retrieving
this value from interferometry requires passing through the use of a model for the earthquake fault and slip.
[J1239]

"Effect of raindrop size distribution variability in dual-frequency radar rain retrieval algorithms
assessed from disdrometer measurements"
The effect of natural variation of raindrop size distribution (DSD)on the retrieval of rainfall rate from the dual-
frequency (13.6/35.5 GHz,as will be in the Global Precipitation Measurement Mission) Precipitation Radar (DPR)
measurements is studied by utilizing a large set of disdrometer-measured DSD data through a simple simulation
framework. A DPR inversion technique(DPR-IT) that focuses on the retrieval of DSD information from the non-
Rayleigh backscattering characteristic of the hydrometeors and a conventional DPR technique(DPR-CT) that
focuses on the independent retrieval of rainfall rate from the attenuation measurement are considered in this
analysis. The preliminary results show that at different rainfall rate regions these methods have different
responses to the DSD variability. For instance, it appears that DPR-IT suffers relatively less from the DSD
variability in the regions of weak to moderate rainfall rate (/ mm · h-1),while in the strong rainfall rate (> 10 mm
· h-1) region the DPR-CT generally has less sensitivity to DSD variations than the DPR-IT. [J1240]

"Using probability distribution functions for satellite validation"
Probability distribution functions (PDFs) can be used to assist in the validation of trace gas retrievals made by
satellites. A major advantage of this approach is that large statistical samples are used that do not require
correlative measurements to be co-located in space and time. Examples are shown from the launch of UARS
through to the present. This approach is also useful to evaluate the consistency among Aura instruments as well
as their agreement with other datasets. A key feature of this work is putting the observations of Aura in their
long-term historical context via statistical comparisons with previous datasets collected over more than a decade.
To validate the Aura data, we use data from a variety of platforms including solar occultation (Canadian ACE)
and limb sounder satellite instruments, ozonesondes (WOUDC), lidar (NDSC), and aircraft instruments (AVE,
PAVE, and MOZAIC). The width of the trace gas PDFs can be used to accurately estimate the atmospheric
spatial variability (or representativeness uncertainty) of trace gases as a function of time and location. This
statistical analysis is also being used as preparation for full Kalman filter chemical assimilations. The analysis is
presented online at http://www.PDFCentral.info. [J1241]

"Special issue on subsurface sensing using ground penetrating radar (GPR)"
{no data available} [J1242]

"Spaceborne imaging radar-C/X-band synthetic aperture radar (SIR-C/X-SAR): a look back on the
tenth anniversary"
The spaceborne imaging radar-C, X-band synthetic aperture radar (SIR-C/X-SAR) missions have resulted in
important scientific discoveries and provided new insights into Earth system processes. Analyses of SIR-C/X-
SAR engineering-mode data have also led to new measurement and mission concepts. The multifrequency,
multipolarisation capability provided by SIR-C/X-SAR is unsurpassed from a spaceborne system, making the
data set valuable for algorithm development and assessment of optimal imaging parameters more than a decade
after the missions were flown. [J1243]

"On center-beam approximation in SAR motion compensation"
This work provides a geometrical analysis to assess the effects of center-beam approximation, crucial for
efficient airborne raw data focusing, on the final image. [J1244]

"Incoherent SAR polarimetric analysis over point targets"
In this letter, we show that the polarimetric behavior of point targets is preserved even in the case of
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multipolarization incoherent acquisitions. Point targets are defined as targets embedded in one image pixel and
presenting a very stable backscatter during the integration time. We discuss in particular how the polarimetric
response restoration can be helpful for point target detection and analysis from such acquisitions (e.g., ASAR
Alternate Polarization mode of ENVISAT), but also for permanent scatterers interferometry applications. [J1245]

"Low-angle reflectivity modeling of land clutter"
In this letter, a practical mean reflectivity model of radar land clutter (LC) for the complex system design of
ground-based radars involved in low-angle targets on some typical terrains is studied using the inductive
reasoning method. The functional relationships between the radar parameters and radar surface clutter
backscattering are analyzed. Following the recent research work in the area of reflectivity modeling of LC in the
literature, the least squares method is employed to estimate the model parameters. The model is validated using
reliable practical data and shown to outperform other models in accuracy. [J1246]

"Considerations about antenna pattern measurements of 2-D aperture synthesis radiometers"
Accurate measurement of the antenna voltage patterns of large-aperture synthesis radiometers is critical in order
to achieve good radiometric accuracy, and a very time consuming and expensive task. Measurement
requirements and a tradeoff study relating radiometric accuracy degradation and number of elements to be
measured are presented. [J1247]

"A dual-polarization rain profiling algorithm"
A new attenuation correction algorithm based on profiles of reflectivity, differential reflectivity, and differential
propagation phase shift is presented. A solution for specific attenuation retrieval in rain medium is proposed,
which solves the integral equations for reflectivity and differential reflectivity with cumulative differential
propagation phase shift constraint. The conventional rain profiling algorithms that connect reflectivity and specific
attenuation can retrieve specific attenuation values along the radar path assuming a constant intercept
parameter of the normalized drop size distribution. However, in convective storms, the drop size distribution
parameters can have significant variation along the path. This paper presents a dual-polarization rain profiling
algorithm for horizontal looking radars incorporating reflectivity as well as differential reflectivity profiles. The dual-
polarization rain profiling algorithm has been evaluated with X-band radar observations simulated from drop size
distribution derived from high-resolution S-band measurements collected by the Colorado Statue University
CHILL radar. The analysis shows that the retrieved specific attenuation, differential attenuation, reflectivity, and
differential reflectivity from the dual-polarization rain profiling algorithm provide significant improvement over the
current algorithms. [J1248]

"Using a priori information to improve soil moisture retrieval from ENVISAT ASAR AP data in
semiarid regions"
This paper presents a retrieval algorithm that estimates spatial and temporal distribution of volumetric soil
moisture content, at an approximate depth of 5 cm, using multitemporal ENVISAT Advanced Synthetic Aperture
Radar (ASAR) alternating polarization images, acquired at low incidence angles (i.e., from 15° to 31°). The
algorithm appropriately assimilates a priori information on soil moisture content and surface roughness in order to
constrain the inversion of theoretical direct models, such as the integral equation method model and the
geometric optics model. The a priori information on soil moisture content is obtained through simple lumped
water balance models, whereas that on soil roughness is derived by means of an empirical approach. To update
prior estimates of surface parameters, when no reliable a priori information is available, a technique based solely
on the use of multitemporal SAR information is proposed. The developed retrieval algorithm is assessed on the
Matera site (Italy) where multitemporal ground and ASAR data were simultaneously acquired in 2003. Simulated
and experimental results indicate the possibility of attaining an accuracy of approximately 5% in the retrieved
volumetric soil moisture content, provided that sufficiently accurate a priori information on surface parameters
(i.e., within 20% of their whole variability range) is available. As an example, multitemporal soil moisture maps at
watershed scale, characterized by a spatial resolution of approximately 150 m, are derived and illustrated in the
paper. [J1249]

"Assessment of the operational applicability of RADARSAT-1 data for surface soil moisture
estimation"
The present paper focuses on the ability of currently available RADARSAT-1 data to estimate surface soil
moisture over an agricultural catchment using the theoretical integral equation model (IEM). Five RADARSAT-1
scenes acquired over Navarre (north of Spain) between February 27, 2003 and April 2, 2003 have been
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processed. Soil moisture was measured at different fields within the catchment. Roughness measurements were
collected in order to obtain representative roughness parameters for the different tillage classes. The influence of
the cereal crop that covered most of the fields was taken into account using the semiempirical water cloud
model. The IEM was run in forward and inverse mode using vegetation corrected RADARSAT-1 data and
surface roughness observations. Results showed a great dispersion between IEM simulations and observations
at the field scale, leading to inaccurate estimations. As the surface correlation length is the most difficult
parameter to measure, different approaches for its estimation have been tested. This analysis revealed that the
spatial variability in the surface roughness parameters seems to be the reason for the dispersion observed rather
than a deficient measurement of the correlation length. At the catchment scale, IEM simulations were in good
agreement with observations. The error values obtained in the inverse simulations were in the range of in situ
soil moisture measuring methods (0.04 cm3·cm-3). Taking into account the small size of the catchment studied,
these results are encouraging from a hydrological point of view. [J1250]

"Use of radar and optical remotely sensed data for soil moisture retrieval over vegetated areas"
This work assesses the possibility of obtaining soil moisture maps of vegetated fields using information derived
from radar and optical images. The sensor and field data were acquired during the SMEX'02 experiment. The
retrieval was obtained by using a Bayesian approach, where the key point is the evaluation of probability density
functions (pdfs) based on the knowledge of soil parameter measurements and of the corresponding remotely
sensing data. The purpose is to determine a useful parameterization of vegetation backscattering effects through
suitable pdfs to be later used in the inversion algorithm. The correlation coefficients between measured and
extracted soil moisture values are R=0.68 for C-band and R=0.60 for L-band. The pdf parameters have been
found to be correlated to the vegetation water content estimated from a Landsat image with correlation
coefficients of R=0.65 and 0.91 for C- and L-bands, respectively. In consideration of these correlations, a second
run of the Bayesian procedure has been performed where the pdf parameters are variable with vegetation water
content. This second procedure allows the improvement of inversion results for the L-band. The results derived
from the Bayesian approach have also been compared with a classical inversion method that is based on a
linear relationship between soil moisture and the backscattering coefficients for horizontal and vertical
polarizations. [J1251]

"Derivation of surface soil moisture from ENVISAT ASAR wide swath and image mode data in
agricultural areas"
Water and energy fluxes at the interface between the land surface and atmosphere are strongly dependent on
surface soil moisture content, which is highly variable in space and time. It has been shown in numerous studies
that microwave remote sensing can provide spatially distributed patterns of surface soil moisture. In order to use
remote-sensing-derived soil moisture information for practical applications as, for example, flood forecasting and
water balance modeling in mesoscale areas, frequent large-area coverage is a prerequisite. New sensor
generations such as ENVISAT Advanced Synthetic Aperture Radar (ASAR) or RADARSAT allow for image
acquisitions in different imaging modes and geometries. Imaging modes with the capability of large-area
coverage, such as the Wide Swath Mode of ENVISAT ASAR, are of special interest for practical applications in
this context. This paper presents a semiempirical soil moisture inversion scheme for ENVISAT ASAR data.
Different land cover types as well as mixed-image pixels are taken into account in the soil moisture retrieval
process. The inversion results are validated against in situ measurements, and a sensitivity analysis of the
model is conducted. [J1252]

"Forest height retrieval from commercial X-band SAR products"
This paper assesses the accuracy and reliability of tree height retrieval over coniferous plantations using X-band
interferometry. Factors such as crown shape, density, tree height, incidence angle, and slope have been
assessed and quantified using a simple polarimetric radar interferometry simulator to determine their impact on
height retrieval. Results from model simulation show that the most important factors are: crown shape, plantation
density, and tree height. Variation in viewing angle and small slopes ( [J1253]

"Predicting backscatter-biomass and height-biomass trends using a macroecology model"
This study describes the use of a plant structure model from the field of macroecology to make generalized
predictions about backscatter-biomass and height-biomass trends from synthetic aperture radar data over
forests. A theoretical relationship between canopy height and biomass density is derived. The predicted values of
the height exponent are comparable with those from the remote sensing literature. A radiative transfer model
parameterized by the macroecology model is also used to predict trends in P-band backscatter. The results
imply that backscatter can saturate even for low-opacity canopies and decreasing basal area results in
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backscatter saturating at lower biomass levels. The theoretical analysis is supported by reference to a range of
published results. [J1254]

"Parameterization of tillage-induced single-scale soil roughness from 4-m profiles"
Soil roughness greatly affects the scattering process of microwaves to the soil surface. Previous studies showed
that the values of roughness parameters increase asymptotically with increasing profile length. In this paper, 25-
m profiles are used to study the influence of profile length on the roughness parameters and on the shape of the
autocorrelation function. It is further investigated whether correct soil roughness parameters, as obtained from
long surface roughness profiles, can be determined from 4-m-long profiles. Therefore, the extrapolation of an
empirical relationship between roughness parameters and profile length is investigated, for three different
roughness classes. The technique yields parameter values which are comparable to the 25-m roughness
parameters. [J1255]

"Analysis of sea spikes in radar sea clutter data"
In this paper three sets of high-resolution, coherent, and polarimetric radar sea clutter data are analyzed and
compared with radar sea clutter models. The nature of the data allows a thorough analysis of the power,
polarization and velocity of the sea clutter. It is shown that these quantities, especially the velocity, are good
measures of many physical properties of the ocean surface. Furthermore, it is shown that these physical
properties match well with the sea clutter models. Sea clutter is found to consist of two components, a diffuse
background, characterized by low values of backscattered power, HH/VV polarization ratio and Doppler velocity,
and a number of spiking events, which possess higher power, polarization ratio and velocity. The background is
reasonably well modeled by tilt-modulated Bragg scattering, whereas the spikes may be associated with the
scattering on steepened and/or breaking waves. Moreover, it is shown that the influence of microbreakers has to
be taken into account to explain the relatively high polarization ratio. A breaking wave origin for the spikes is
supported in two ways. First, by a detailed analysis of the temporal behavior of individual spike backscatter
properties, and second, by a statistical analysis of the entire population of spikes. [J1256]

"Orientation angle preserving a posteriori polarimetric SAR calibration"
Fully polarimetric synthetic aperture radar (SAR) data analysis has found wide application for terrain
classification, land-use, soil moisture, and ground cover classification. Critical to all analyses and applications is
accurate calibration of the relative amplitudes of and phases between the various polarimetric channels. Here we
propose an a posteriori method imposing only the weakest of constraints, scattering reciprocity, on the
polarimetric data. Calibration parameters are self-consistently estimated from full 4×4 polarimetric covariance
matrices. Whilst the complete set of calibration parameters is underdetermined, we give several reasonable
heuristic methods to provide a complete calibration. Stronger constraints reduce the number of independent
parameters and provide an overdetermined set of equations but at a cost-the loss of polarimetric fidelity when
the underlying assumptions are violated. Without recourse to in situ calibration targets, the extent of the
polarimetric distortion that results from polarimetric calibration remains unknown. We apply our new method to
simulated data, anechoic chamber data and polarimetric SAR imagery. We also present comparisons with
alternate calibration methods and different approximate solutions of the new technique. [J1257]

"GA design of a thin-wire bow-tie antenna for GPR applications"
A microgenetic algorithm has been applied to design a new ultrawideband thin-wire bow-tie antenna for ground-
penetrating radar applications. The broadband performance of the antenna is achieved by resistive loading and
by optimizing the number of wires and the angular distances between those wires. The radiation characteristics
of the optimized antenna are discussed, and its performance is compared to that of a resistively loaded Wu-King
dipole. [J1258]

"Polarimetric and interferometric characterization of coherent scatterers in urban areas"
In this paper the concept of point-like coherent scatterers (CSs) in urban areas is introduced. The detection of
CSs in single and quad-polarized images is addressed and applied on polarimetric and interferometric high-
resolution airborne SAR data at L-band. For the detection of CSs two different approaches are proposed and
their individual performance is analyzed. The properties of the detected CSs and their polarimetric and
interferometric characteristics are assessed. The role of polarimetry on the detection of the CSs is evaluated and
the potential of extracting the orientation and dielectric properties of individual CSs is finally addressed. [J1259]

"Monitoring flood condition in marshes using EM models and Envisat ASAR observations"
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This paper discusses the contribution of multipolarization radar data in monitoring flooding events in wetland
areas of the Delta of the Parana´ River, in Argentina. The discussion is based on the comparison between
radiative transfer model simulations and ENVISAT Advanced Synthetic Aperture Radar observations of two types
of marshes: junco and cortadera. When these marshes are flooded, the radar response changes significantly.
The differences in radar response between the flooded and nonflooded condition can be related to changes in
the amount of emerged biomass. Based on this, we propose a vegetation-dependent flooding prediction scheme
for two marsh structures: nearly vertical cylinders (junco-like) and randomly oriented discs (cortadera-like).
[J1260]

"Retrieving snowpack properties and accumulation estimates from a combination of SAR and
scatterometer measurements"
This study combines two satellite radar techniques, low-resolution C-/Ku-band scatterometer and high-resolution
C-band synthetic aperture radar (SAR) for glaciological studies, in particular mass-balance estimations. Three
parameters expressing the mean backscattering and its dependency on azimuth and incidence angle are used to
describe and classify the Antarctic ice sheets backscattering behavior. Simple linear regression analyses are
carried out between ground truth accumulation data and the SAR backscattering coefficient along continuous
profile lines. From this we parameterize the accumulation rate separately for certain snow pack regimes. We find
that SAR data can be used to map mass-balance changes, however only within limited areas. Applying this
method therefore generally requires accurate ground truth for regional calibration together with additional
information regarding mean air temperature or elevation. This investigation focuses on the area of Dronning
Maud Land, Antarctica. We present the first high-resolution accumulation map based on SAR data for the
surrounding area of the EPICA deep ice core drilling site Kohnen, which is compared to reliable ground truth
records as well as to a surface-mass-balance map interpolated from these at low resolution. [J1261]

"Sea ice monitoring by L-band SAR: an assessment based on literature and comparisons of JERS-
1 and ERS-1 imagery"
Spaceborne single-polarization C-band synthetic aperture radar (SAR) imagery is widely used to gather
information about the state of the sea ice cover in the polar regions. C-band is regarded as a reasonable choice
for all-season monitoring capabilities. For specific mapping tasks, however, other frequency bands can be more
suitable. In the first part of this paper, the summary of a literature study dealing with the utilization of L-band
SAR imagery for sea ice monitoring is presented. Investigations reveal that if deformation features such as ice
ridges, rubble fields, and brash ice are to be mapped, L-band radar is superior in a number of cases. The
second part of this paper addresses the comparison of JERS-1 and ERS-1 SAR images that were acquired over
sea ice east of Svalbard and along the east coast of Greenland. The effects of the different frequencies,
polarizations, and incidence angles of the two SAR systems are discussed. It is demonstrated that the images of
both sensors complement one another in the analysis of ice conditions, resulting in a more detailed view of the
sea ice cover state. [J1262]

"E-pulse discrimination of R-cards in a layered environment"
The feasibility of using the E-pulse technique to identify the values of a resistance card (R-card) contained
within a material stack is demonstrated. The late-time response of a material stack is modeled as a resonance
series and an E pulse is constructed to extinguish this response. Results using measured data show that it is
possible to identify the R-card value from among five potential candidates. [J1263]

"Statistics of the degree of polarization"
The degree of polarization of a wave, that depends on sensor and target parameters, provides information on
the randomness of the scattering or emission from natural targets. It may be useful in the analysis and
interpretation of remote sensing data. For that, precise statistical description of its estimate will be required.
Probability density function, expected value and standard deviation of the maximum likelihood estimate of the
degree of polarization are obtained assuming a complex Gaussian distribution of the field samples that
appropriately describes radiometric data, and also, some radar data. [J1264]

"Bistatic scattering from rough dielectric soil surface with a conducting object partially buried by
using the GFBM/SAA method"
A hybrid approach of the generalized forward-backward method (GFBM) with spectral accelerate algorithm
(SAA) and Monte Carlo method is developed in this paper. It is applied to numerical simulation of bistatic
scattering from one-dimensional arbitrary dielectric constant soil surface with a conducting object partially buried
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under the horizontal and vertical tapered wave incident at low grazing angle. The energy conservation is used to
valuate accuracy of the GFBM/SAA. Numerical simulations of bistatic scattering at low grazing angle are
discussed in this paper. [J1265]

"A four-component decomposition of POLSAR images based on the coherency matrix"
A four-component decomposition scheme of the coherency matrix is presented here for the analysis of
polarimetric synthetic aperture radar (SAR) images. The coherency matrix is used to deal with nonreflection
symmetric scattering case, which is an extension of covariance matrix approach. The same decomposition
results have been obtained. The advantage of this approach is explicit expressions of four scattering powers in
terms of scattering matrix elements, which serve the interpretation of polarimetric SAR data quantitatively [J1266]

"Edge effects on tree height retrieval using X-band interferometry"
This letter investigates the edge effects on the tree height retrieval over coniferous plantations using X-band
interferometry. A coherent version of the water cloud model is used to evaluate the influence of observation
conditions such as incidence angle, tree height, and slope, each of which affects the extent of areas affected by
edge effects. Results from the model simulation are discussed in the context of actual X-band data over pine
plantations. A generic expression to indicate the extent of edge effects is described [J1267]

"Dual-polarized SAR and Stokes parameters"
For a given transmission polarization, the four-element Stokes vector captures all of the information inherent to
the dual-polarized backscattered signals. Stokes parameters are linear combinations of the like-polarized power,
the cross-polarized power, and the cross product between the complex image amplitudes in the two receive
channels. Most so-called dual-polarized synthetic aperture radar (SAR) systems provide only the like- and cross-
product images, ignoring the cross product. In so doing, potentially valuable information is thrown away. For
most dual-polarized SARs, data sufficient to generate the Stokes parameters can be generated with small
marginal cost. A practical and sufficient output data format would be a mapping of the (complex) cross product
between the two channels, as well as their respective images [J1268]

"Improving the image quality of spaceborne multiple-aperture SAR under minimization of sidelobe
clutter and noise"
As we know, a multiple-aperture radar carried by a group of formation-flying satellites can be used to improve
the coverage and azimuth resolution of spaceborne synthetic aperture radar (SAR) simultaneously. However, in
the case of the reconstruction of azimuth signal from a periodic nonuniform sampling sequence, the sidelobe
clutter and noise may be amplified by tens of decibels in some cases, which makes the final SAR image blurry.
In this letter, we present the analytical result of the amplification factor of sidelobe clutter and noise for the
evaluation of the reconstruction performance. According to the result, we propose a method to reduce the
sidelobe clutter and noise, which considerably improves the quality of SAR image. Computer simulation results
confirm the effectiveness of the method [J1269]

"Interferometric SAR coherence magnitude estimation using second kind statistics"
Coherence magnitude is a fundamental parameter for the analysis of applications using interferometric synthetic
aperture radar (InSAR). The coherence magnitude estimators are biased and need bias removal. The sample
coherence magnitude estimation, computed on a window basis, depends on the number of independent samples
and theoretical coherence. It has been shown that the sample coherence magnitude estimator is the maximum-
likelihood one. It is a biased estimator, especially for low coherence values. In this paper, we present a novel
coherence magnitude estimator obtained from the method of moments using "second kind statistics". Classical
methods (with regular statistics) for coherence computation are based on a probability density function (pdf)
model for estimating regular moments (first kind statistics) defined with the Fourier transform. The proposed
approach is based on the same pdf model to compute the second kind statistics defined with the Mellin
transform (log-moment). Thus, it is shown that the estimated coherence given by the first log-moment is less
biased. Moreover, it is shown that the coherence magnitude estimation from complex coherence maps
(interferometric data) using second kind statistics is the optimal estimation procedure of interferometric
coherence. It gives the smallest bias near zero comparing with existing estimators. The developed estimation
approaches have been applied to obtain coherence measurements from tandem European Remote Sensing 1
and 2 satellite interferometric data, collected over varying terrain with a variety of ground cover types (agriculture
field, forest, lake, urban area, sea) in Tunisia, France, and Nepal [J1270]
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"Special issue on subsurface sensing using ground penetrating radar (GPR)"
{no data available} [J1271]

"FDTD modeling of a novel ELF Radar for major oil deposits using a three-dimensional geodesic
grid of the Earth-ionosphere waveguide"
This paper reports the first application of an optimized geodesic, three-dimensional (3-D) finite-difference time-
domain (FDTD) grid to model impulsive, extremely low-frequency (ELF) electromagnetic wave propagation within
the entire Earth-ionosphere cavity. This new model, which complements our previously reported efficient 3-D
latitude-longitude grid, is comprised entirely of hexagonal cells except for a small, fixed number of pentagonal
cells. Grid-cell areas and locations are optimized to yield a smoothly varying area difference between adjacent
cells, thereby maximizing numerical convergence. Extending from 100 km below sea level to an altitude of 100
km, this technique can accommodate arbitrary horizontal as well as vertical geometrical and electrical
inhomogeneities/anisotropies of the excitation, ionosphere, lithosphere, and oceans. We first verify the global
model by comparing the FDTD-calculated daytime ELF propagation attenuation with data reported in the
literature. Then as one example application of this grid, we illustrate a novel ELF radar for major oil deposits.
[J1272]

"SAR image segmentation by stochastic complexity minimization with a nonparametric noise
model"
We analyze the generalization of a parametric segmentation technique adapted to Gamma-distributed synthetic
aperture radar (SAR) images to nonparametric noise models. This approach is based on a polygonal grid which
can have an arbitrary topology and whose number of regions and regularity of its boundaries are obtained by
minimizing the stochastic complexity of a quantified version on Q levels of the image. It thus leads to a criterion
without parameters to be tuned by the user and adapted to different noise models. We analyze the influence of
the quantization scheme and of the optimization procedure on the quality of the partitioning. We then compare
the performance of the proposed approach to the parametric one on synthetic images. Finally, we show results
obtained on real images and compared with a standard segmentation algorithm of SAR images [J1273]

"Full professorship "microwaves and electronics""
{no data available} [J1274]

"An analysis of gradient-induced distortion in ATI-SAR imagery of surface currents"
This paper summarizes an analysis of gradient-induced distortions in the surface current estimates generated by
along-track interferometric SAR (ATI-SAR) systems. In the presence of spatial current gradients, an effect akin
to velocity bunching can cause distortion in the measured current profiles. This distortion is caused by variation
in the azimuthal displacement induced by the current itself. Up to a point, these distortions can be removed by a
straightforward, spatial remapping of the interferogram pixels based upon their phase values. However, there is a
critical current gradient beyond which the true surface current field is not recoverable. This mechanism is
compounded in dual-beam ATI-SAR systems designed to estimate the surface current vector using only a single
aircraft pass. In such systems, interferograms from two squinted beams, one squinted forward of broadside and
the other squinted aft by the same amount, are combined to measure the full surface current vector. However,
when the current vector does not bisect the angle between the two beams, the along-track component of the
current induces unequal azimuthal displacements in the fore- and aft-squinted interferograms. As a result, the
two interferograms will not be spatially registered, in that corresponding pixels in the fore- and aft-interferograms
will be related to currents at spatially distinct points on the water surface. Additional vector distortions will,
therefore, occur in and around the gradient region. These effects are explored through an approximate, linear
analysis as well as through an ATI-SAR model that accounts for nonlinearity and finite spatial resolution, using
the current gradients present in rivers as an example [J1275]

"Short-wave ocean wave slope models for use in remote sensing data analysis"
Recent developments in the directionality of sea waves are reviewed and adapted into a working model for
radiometric remote sensing. There is a weight of evidence, both theoretical and observational, that a bimodality
exists in the directional wave spectrum for sea surface gravity waves at wavenumbers greater than the value at
the peak of the spectrum. We develop a model for the directional splitting which is consistent with observations
but which extrapolates in a credible manner to the omnidirectionality observed at wavelengths around 0.3 m. At
shorter wavelengths the directional spectrum becomes unimodal and has an approximately constant shape
across the gravity-capillary wave regime. A working model is suggested for the directionality of the wave
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spectrum to improve the analysis of radiometric sea surface data. The model will also be useful for other
analyses including active radar techniques which use Bragg scatter [J1276]

"Correction to "An investigation of bistatic calibration Objects""
Weizu Xiong provides a correction on the paper "An investigation of bistatic calibration objects" by Bradley et al.,
see ibid., vol.43, no.10, p.2177 (1990). [J1277]

"Two-dimensional and three-dimensional NUFFT migration method for landmine detection using
ground-penetrating Radar"
Ground-penetrating radar (GPR) has been widely used for landmine detection due to its high signal-to-noise
ratio (SNR) and superior ability to image nonmetallic landmines. Processing GPR data to obtain better target
images and to assist further object detection has been an active research area. Phase-shift migration is a widely
used method; however, its wavenumber space is nonuniformly sampled because of the nonlinear relationship
between the uniform frequency samples and the wavenumbers. Conventional methods use linear interpolation to
obtain uniform wavenumber samples and compute the fast Fourier transform (FFT). This paper develops two-
and three-dimensional migration methods that process GPR data to obtain images close to the actual target
geometries using a nonuniform fast Fourier transform (NUFFT) algorithm. The proposed method is first
compared to the conventional migration approaches on simulated data and then applied to landmine field data
sets. Results suggest that the NUFFT migration method is useful in focusing images, estimating landmine
structure, and retaining relatively high signal-to-noise ratio in the migrated data. The processed data sets are
then fed to the normalized energy and least-mean-square-based anomaly detectors. Receiver operating
characteristic curves of data sets processed by different migration methods are compared. The NUFFT migration
shows potential improvements on both classifiers with a reduced false alarm rate at most probabilities of
detection. [J1278]

"Physical optics-based electromagnetic bias theory with surface height-slope cross-correlation and
hydrodynamic modulation"
An electromagnetic (EM) bias model for microwave frequencies is derived using the physical optics scattering
approximation with a sea surface model that includes the effects of hydrodynamic modulation and non-Gaussian
long-wave statistics. Correlation of long-wave slopes with displacement and hydrodynamic modulation of short-
wave amplitudes are the two major contributors to the EM bias. The fact that the bias is caused by physical
processes with different dependencies on frequency and sea state parameters accounts for some of the
difficulties encountered with previous bias modeling efforts. The frequency dependence of the bias is weak
because the trends of the hydrodynamic and height-slope skewness contributions with respect to frequency are
in opposition. The model provides theoretical support for previous empirical observations of weak correlation of
relative bias with wind speed and strong correlation with root-mean-square long-wave slope. While the presence
of wind-generated small-wave roughness is crucial to the portion of the bias caused by hydrodynamic
modulation, the magnitude of the bias thus induced is largely independent of local wind speed. The bias model is
validated by comparison to measured data from two tower radar experiments, the Gulf of Mexico experiment
(1991-1992) and the Brigham Young University off-nadir experiment (2003). Both quantitative and qualitative
agreements between model and measurements are observed. [J1279]

"Calibration of spaceborne laser Altimeters-an algorithm and the site selection problem"
Meeting the accuracy demand of products derived from spaceborne laser altimetry requires post-launch
calibration/validation procedures. Over general surfaces, such as the ones land or ice offer, calibration methods
that suite undulating topography should be applied. Whereas the estimation of calibration parameters usually
refers to the derivation of an error model, the problem here extends beyond that. Not knowing in advance the
offsets between the recorded and actual footprint locations implies that the offsets and the calibration parameters
should be estimated jointly. In addition, concerns arise regarding the reliability and quality of the estimates,
namely avoiding convergence to a false solution and avoiding estimates that are highly correlated and with a low
level of accuracy. The correlation and the accuracy can indeed be estimated in retrospect, but the preference is
to learn in advance what factors affect them and under what circumstances they can be optimized. This paper
analyzes the calibration problem along the lines of correctness and reliable estimation and shows that the error
recovery model provides ample information that can lead to a solution that is both efficient and an integral part of
a calibration model. Analysis of the model shows that over natural topography relatively short sites are sufficient
for achieving a reliable calibration. The paper then shows that by applying optimization criteria on the estimation,
rules for predicting the quality of the solution can be derived as well as general measures for evaluating sites
considered for calibration. [J1280]
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"Derivation and comparison of SAR and frequency-wavenumber migration within a common
inverse scalar wave problem formulation"
Two common Fourier imaging algorithms used in ground penetrating radar (GPR), synthetic aperture radar
(SAR), and frequency-wavenumber (F-K) migration, are reviewed and compared from a theoretical perspective.
The two algorithms, while arising from seemingly different physical models: a point-scatterer model for SAR and
the exploding source model for F-K migration, result in similar imaging equations. Both algorithms are derived
from an integral equation formulation of the inverse scalar wave problem, which allows a clear understanding of
the approximations being made in each algorithm and allows a direct comparison. This derivation brings out the
similarities of the two techniques which are hidden by the traditional formulations based on physical scattering
models. The comparison shows that the approximations required to derive each technique from the integral
equation formulation of the inverse problem are nearly identical, and hence the two imaging algorithms and
physical models are making similar assumptions about the solution to the inverse problem, thus clarifying why
the imaging equations are so similar. Sample images of landmine-like targets buried in sand are obtained from
experimental GPR data using both algorithms. [J1281]

"Performance analysis of multistatic configurations for spaceborne GMTI based on the auxiliary
beam approach"
In addition to powerful earth imaging and remote sensing, a multistatic spaceborne synthetic aperture radar
(SAR) configuration offers the possibility of detecting efficiently the presence of slowly moving targets and
surfaces as a result of the large baselines. Such a configuration can be achieved by a constellation of coherent
passive satellites receiving the echoes of pulses transmitted by a separate SAR satellite and reflected from the
earth. It also enables resolution of the design difficulty of space-based ground moving target indication (GMTI)
systems caused by the severe spatial conditions. Owing to the additional degrees of freedom available in a
multisatellite constellation compared with a monostatic system, the problem of blindness against certain
directions of target motion can be overcome and the sensitivity can be extended to almost any direction of
motion, depending on the configuration. For this purpose, non-classical algorithms have to be developed.
Because of the high system complexity and the huge amount of data to be processed, only suboptimum methods
can be implemented. A suboptimum method is proposed for multistatic spaceborne moving target detection
based on the auxiliary beam approach. The main feature of this processing is estimation of both velocity and
direction of target motion. According to this method, an analysis of multistatic SAR satellite configurations for
their GMTI capability is carried out and the choice of the constellation baselines inferring directly on the expected
GMTI sensitivity is discussed. [J1282]

"SAR programmes in JAXA: from JERS-1 to the future"
The author introduces the status of the Japan Aerospace Exploration Agency's synthetic aperture radar (SAR)
programmes and their scientific returns from the last 20 years of activity. The Earth observation programme was
started using active microwave sensors in the early 1990s. Spaceborne SAR aboard Japanese Earth Resource's
Satellite-1 (JERS-1) was the pathfinder, and airborne polarimetric and interferometric SAR followed. The
Advanced Land Observing Satellite will be launched to carry PALSAR as a follow-up high-resolution, high-
performance SAR. [J1283]

"Ultra-lightweight synthetic aperture radar based on a 35 GHz FMCW sensor concept and online
raw data transmission"
With the increasing number of small-size unmanned aerial vehicles (UAVs) for remote sensing, reconnaissance
and surveillance applications, the demand for miniaturised and low weight synthetic aperture radar (SAR) sensor
systems for these platforms has increased. Because of the extreme payload weight restrictions of unmanned
platforms, size, weight and power (SWP) characteristics actually become dominating design drivers for UAV
SAR developments. The author focuses on the development of a highly miniaturised SAR (MISAR) sensor that
was especially designed for UAVs with stringent payload SWP constraints. The paper gives an overview of the
design considerations for the MISAR sensor system. The realisation of the sensor is described and the results of
test flights in fixed-wing aircraft, rotary-wing aircraft and in UAVs are presented. [J1284]

"Intensity-driven adaptive-neighborhood technique for polarimetric and interferometric SAR
parameters estimation"
In this paper, a new method to filter coherency matrices of polarimetric or interferometric data is presented. For
each pixel, an adaptive neighborhood (AN) is determined by a region growing technique driven exclusively by
the intensity image information. All the available intensity images of the polarimetric and interferometric terms are
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fused in the region growing process to ensure the validity of the stationarity assumption. Afterward, all the pixels
within the obtained AN are used to yield the filtered values of the polarimetric and interferometric coherency
matrices, which can be derived either by direct complex multilooking or from the locally linear minimum mean-
squared error (LLMMSE) estimator. The entropy/alpha/anisotropy decomposition is then applied to the estimated
polarimetric coherency matrices, and coherence optimization is performed on the estimated polarimetric and
interferometric coherency matrices. Using this decomposition, unsupervised classification for land applications by
an iterative algorithm based on a complex Wishart density function is also applied. The method has been tested
on airborne high-resolution polarimetric interferometric synthetic aperture radar (POL-InSAR) images
(Oberpfaffenhofen area-German Space Agency). For comparison purposes, the two estimation techniques
(complex multilooking and LLMMSE) were tested using three different spatial supports: a fix-sized symmetric
neighborhood (boxcar filter), directional nonsymmetric windows, and the proposed AN. Subjective and objective
performance analysis, including coherence edge detection, receiver operating characteristics plots, and bias
reduction tables, recommends the proposed algorithm as an effective POL-InSAR postprocessing technique.
[J1285]

"Decorrelating remote sensing color bands from bathymetry in optically shallow waters"
We have developed a simple technique to decorrelate remote sensing color band data from depth in optically
shallow water. The method linearizes color band data with respect to depth by subtracting an optically deepwater
value from the entire waveband under consideration and taking the natural logarithm of the result. Next, this
linearized waveband is rotated about the model 2 regression line computed against a bathymetry band. The
rotated color band is decorrelated from water depth. We demonstrate the technique for a small area of Kailua
Bay, Oahu, HI, using Quickbird multispectral and Scanning Hydrographic Operational Airborne Lidar Survey
LIDAR data. Results indicate that color band data are effectively decorrelated from depth, while bottom reflector
variability is maintained, thus providing the basis for further analysis of the depth-invariant wavebands. The
primary benefit of our technique is that wavebands are rotated independently, preserving relative spectral
information. [J1286]

"Reply to correction to "An investigation of bistatic calibration objects""
The authors provide a reply to the correction by Weizu Xiong, see ibid., vol.44. no.6, p.1692 (2006), on their
paper "An investigation of bistatic calibration objects", see ibid., vol.43, no.10, p.2177 (1990). [J1287]

"High-resolution change estimation of soil moisture using L-band radiometer and Radar
observations made during the SMEX02 experiments"
The soil moisture experiments held during June-July 2002 (SMEX02) at Iowa demonstrated the potential of the
L-band radiometer (PALS) in estimation of near surface soil moisture under dense vegetation canopy conditions.
The L-band radar was also shown to be sensitive to near surface soil moisture. However, the spatial resolution
of a typical satellite L-band radiometer is of the order of tens of kilometers, which is not sufficient to serve the
full range of science needs for land surface hydrology and weather modeling applications. Disaggregation
schemes for deriving subpixel estimates of soil moisture from radiometer data using higher resolution radar
observations may provide the means for making available global soil moisture observations at a much finer
scale. This paper presents a simple approach for estimation of change in soil moisture at a higher (radar) spatial
resolution by combining L-band copolarized radar backscattering coefficients and L-band radiometric brightness
temperatures. Sensitivity of AIRSAR L-band copolarized channels has been demonstrated by comparison with in
situ soil moisture measurements as well as PALS brightness temperatures. The change estimation algorithm has
been applied to coincident PALS and AIRSAR datasets acquired during the SMEX02 campaign. Using AIRSAR
data aggregated to a 100-m resolution, PALS radiometer estimates of soil moisture change at a 400-m resolution
have been disaggregated to 100-m resolution. The effect of surface roughness variability on the change
estimation algorithm has been explained using integral equation model (IEM) simulations. A simulation
experiment using synthetic data has been performed to analyze the performance of the algorithm over a region
undergoing gradual wetting and dry down. [J1288]

"A two-dimensional satellite rainfall error model"
A two-dimensional satellite rainfall error model ( SREM2D) is developed for simulating ensembles of satellite rain
fields on the basis of "reference" rain fields derived from higher accuracy sensor estimates. With this model we
aim at characterizing the multidimensional stochastic error structure of satellite rainfall estimates as a function of
scale. The pertinent error dimensions we seek to address are: 1) the joint probability density function for
characterizing the spatial structure of the successful delineation of rainy and nonrainy areas; 2) the temporal
dynamics of rain estimation bias; and 3) the spatial variability of rain rate estimation error. Ground radar rain
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fields in the Southern plains of the United States are used as reference to evaluate SREM2D error parameters at
0.25-deg and hourly spatiotemporal resolution for an infrared (IR) rain retrieval algorithm (IR-3B41RT) developed
at NASA. Comparison of SREM2D simulated satellite rainfall with actual IR-3B41RT data showed that the error
modeling technique can preserve the estimation error characteristics across scales with marginal deviations. The
model performance is compared against two simpler, but widely used, approaches of error modeling that do not
account for uncertainty in rainy/nonrainy area delineation. It is shown that both of these approaches fare poorly
with regards to preserving the error structure across scales. They underestimated the sensor retrieval error
standard deviation by more than 100% upon aggregation, which, for SREM2D, was found to be below 30%.
SREM2D is modular in design-it can be applied for any satellite rainfall algorithm to consistently characterize its
error structure. [J1289]

"On Bayesian scatterometer wind inversion"
In a quest for a generic unbiased scatterometer wind inversion method, the different inversion procedures
currently in use are revisited in this paper. A careful examination of both the errors in the wind and in the
measurement domain, combined with the nonlinear shape of the geophysical model function (GMF), leads to a
generic and novel Bayesian wind retrieval approach in the measurement domain. In this approach the shape of
the GMF solution manifold in measurement space is more important than the specified noise. This shape is
related to the system wind direction sensitivity, and when this sensitivity is uniform, realistic and precise wind
direction distributions are retrieved, even when measurements lie far from the GMF manifold. A simplified
measurement space transformation that produces such uniform sensitivity for the European Remote Sensing
Satellite (ERS) scatterometer is presented and shown to have reduced wind direction bias compared to the more
traditional (measurement-noise normalized) inversion for ERS. Moreover, the simplified wind inversion reveals a
similar performance to the current operational ERS wind inversion, but is potentially more generally applicable.
The simplified method is then applied to SeaWinds but is ineffective. In this case the instrument geometry
results in a low sensitivity to wind direction at a few specific directions. As a consequence, certain wind direction
solutions remain favored in the SeaWinds inversion. [J1290]

"A method for retrieving high-resolution surface soil moisture from hydros L-band radiometer and
Radar observations"
NASA's Earth System Science Pathfinder Hydrospheric States (Hydros) mission will provide the first global scale
space-borne observations of Earth's soil moisture using both L-band microwave radiometer and radar
technologies. In preparation for the Hydros mission, an observation system simulation experiment (OSSE) has
been conducted. As a part of this OSSE, the potential for retrieving useful surface soil moisture at spatial
resolutions of 9 and 3 km was explored. The approach involved optimally merging relatively accurate 36-km
radiometer brightness temperature and relatively noisy 3-km radar backscatter cross section observations using
a Bayesian method. Based on the Hydros OSSE data sets with low and high noises added to the simulated
observations or model parameters, the Bayesian method performed better than direct inversion of either the
brightness temperature or radar backscatter observations alone. The root-mean-square errors of 9-km soil
moisture retrievals from the Bayesian merging method were reduced by 0.5 %vol/vol and 1.4 %vol/vol from the
errors of direct radar inversions for the entire OSSE domain of all 34 consecutive days for the low and high
noise data sets, respectively. Improvement in soil moisture estimates using the Bayesian merging method over
the direct inversions of radar or radiometer data were even more significant for soil moisture retrieval at 3-km
resolution. However, to address the representativeness of these results at the global and multiyear scales, further
performance comparison studies are needed, particularly with actual field data. [J1291]

"Microwave observations of daily Antarctic sea-ice edge expansion and contraction rates"
Algorithms for estimating sea-ice extent from remotely sensed microwave sensor data can benefit from
knowledge of the "a priori" distribution of the daily expansion and contraction of the sea-ice pack. To estimate
the probability distribution of daily Antarctic sea-ice extent change, two independent sea-ice datasets are
analyzed: sea-ice extent derived from the QuikSCAT scatterometer and ice concentration estimates from the
Special Sensor Microwave/Imager. The daily sea-ice advance and retreat is tracked over a four-year period. The
distribution of the daily sea-ice advance/retreat from each sensor is similar and is approximately double-
exponential. Daily ice-pack statistics are presented. [J1292]

"A locally adaptive filter of interferometric phase images"
We propose an adaptive filtering approach for interferograms, which is a modification to the Lee adaptive
complex filter. Based on local frequency estimates, we compute the normal orientation of local phase fringes. A
directionally dependent filtering window is aligned perpendicular to the normal orientation of local phase fringes
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(i.e., along local phase fringes) by interpolation, making the pixels included in the filtering window have
approximately more homogeneous values. Moreover, the computation of the filter parameter does not require
local phase unwrapping in the real plane. This filter minimizes the loss of signal and reduces the level of noise.
By using two sets of simulated data, its effectiveness can be seen in terms of the fidelity to noise-free phases,
fringe preservation, and residue reduction. [J1293]

"The autocorrelation of waveforms generated from ocean-scattered GPS signals"
A "waveform" is generated by cross-correlating local copies of a global positioning system (GPS) signal with an
ocean-reflected GPS signal, over a range of carrier frequencies and code delays. The shape of this waveform
can be inverted to obtain estimates of the ocean surface roughness. To assess the accuracy of these retrievals,
a stochastic model for the waveform time series measurements was developed in a previous publication. In this
letter, this model is validated by comparing the predicted autocorrelation function of the waveform against the
autocorrelation computed from experimental waveforms collected from an airborne receiver. A 1-ms coherent
integration time was used at first. Then, blocks of these measurements were concatenated to produce equivalent
integration times of up to 5 ms to compare the dependence of model predictions on integration time. Correlation
time was estimated by fitting a model Gaussian function to the magnitude or the real part of the autocorrelation
function. The magnitude and phase of the complex autocorrelation function from the model were also studied to
show the location of the first, and better explain cases in which the Gaussian function did not fit well. The
autocorrelation is found to be weakly dependent upon the surface roughness, over a range of moderate wind
speeds. [J1294]

"Inversion of a lidar waveform model for forest biophysical parameter estimation"
Due to its measurement principle, light detection and ranging (lidar) is particularly suited to estimate the
horizontal as well as vertical distribution of forest structure. Quantification and characterization of forest structure
is important for the understanding of the forest ecosystem functioning and, moreover, will help to assess carbon
sequestration within forests. The relationship between the signal recorded by a lidar system and the canopy
structure of a forest can be accurately characterized by physically based radiative transfer models (RTMs). A
three-dimensional RTM is capable of representing the complex forest canopy structure as well as the involved
physical processes of the lidar pulse interactions with the vegetation. Consequently, the inversion of such an
RTM presents a novel concept to retrieve biophysical forest parameters that exploits the full lidar signal and
underlying physical processes. A synthetic dataset and data acquired in the Swiss National Park (SNP)
successfully demonstrated the feasibility and the potential of RTM inversion to retrieve forest structure from
large-footprint lidar waveform data. The SNP lidar data consist of waveforms generated from the aggregation of
small-footprint lidar returns. Derived forest biophysical parameters, such as fractional cover, leaf area index,
maximum tree height, and the vertical crown extension, were able to describe the horizontal and vertical forest
canopy structure. [J1295]

"Analysis of the terrain displacement along a funicular by SAR interferometry"
An analysis of the terrain displacement along a funicular in Switzerland was performed by satellite synthetic
aperture radar interferometry using ERS-1/2 data. An initial interferometric point target analysis was performed
with images acquired before 1999 and excluding all winter acquisitions with snow cover. The line-of-sight profile
of the displacement rate along the funicular shows maximum values of about 1.5 cm/year, with negligible
displacements near the lower and upper stations. After the spring of 1999, when displacements of several
decimeters occurred because of heavy rainfall, the analysis was continued with single interferograms on the
previously identified point targets. With a series of interferograms with large baselines the displacement could be
analyzed in 1999 and 2000 along parts of the funicular. [J1296]

"Feature extraction and connectionist classification of SODAR echograms"
Sonic detection and ranging (SODAR) systems are efficient and economical tool to probe the lower planetary
boundary layer on a continuous basis. The lower atmospheric patterns (each depicting a different atmospheric
condition) recorded by this system can prove to be extremely useful if classified and interpreted correctly. The
manual identification of these SODAR patterns is a laborious task and requires considerable expertise. A
connectionist system has already been developed by the authors to automate the process to some extent. In this
letter, we enhance its generalization of performance, by incorporating feature extraction using the fast Fourier
transform. The results are compared with that in earlier work to demonstrate its effectiveness. [J1297]

"A novel ELF radar for major oil deposits"
This letter proposes a novel extremely low frequency (ELF) radar for major oil deposits. Using our recently
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developed whole-Earth electromagnetic wave propagation model based upon the finite-difference time-domain
method, we have determined that detection of the radial (vertical) component of the scattered H-field provides a
sensitive means to detect oil fields that are located within several kilometers of the Earth's surface. As an
example, we provide numerical simulations of ELF radar returns from a hypothetical Alaskan oil field excited by a
20-Hz pulse emitted from the former U.S. Navy site in Wisconsin. The proposed method would potentially
provide means to rapidly and inexpensively conduct aerial surveys of thousands of square kilometers for
significant oil deposits. [J1298]

"The maximum phase error of a reflected signal in an active coded transponder"
This letter is devoted to investigate the active coded transponder (ACT), which is designed to add a phase
shifter to an active transponder (AT). Since a phase shifting error of a phase shifter is inevitable, there is
additional phase error in reflected signal from ACT to synthetic aperture radar (SAR). This letter presents the
theoretical study of the phase error of reflected signal. A method is proposed to determine the maximum phase
error of the reflected signal. Moreover, images of ACT with different maximum phase errors are simulated. Peak-
value and integral methods are used also to evaluate the accuracy of SAR radiometric calibration. [J1299]

"Backscatter change on fire scars in Siberian boreal forests in ENVISAT ASAR wide-swath images"
The objective of this letter was to investigate the performance of the C-band Advanced Synthetic Aperture Radar
(ASAR) instrument onboard the European ENVISAT satellite for mapping fire scars in boreal forest ecosystems.
The Wide Swath Mode (WSM) of the cloud and haze-penetrating ASAR instrument with a spatial resolution of
150 m would be ideal to support nearly real-time fire monitoring and impact assessment over the vast and
sparsely populated circumpolar forest belt. We found that: (1) the ASAR WSM backscatter signal was sensitive
to fire disturbance; (2) the backscatter change correlated mainly with snow-melt and rainfall; and (3) the
backscatter varied as a function of the incidence angle with a higher backscatter occurring at shallower incidence
angles. The results suggest ASAR WSM data could be used to support operational fire impact monitoring in
boreal forests of Siberia. Multitemporal datasets are required because environmental conditions strongly
influence the backscatter signal. [J1300]

"An abrupt change detection algorithm for buried landmines localization"
Ground-penetrating radars (GPRs) are very promising sensors for landmine detection as they are capable of
detecting landmines with low metal contents. GPRs deliver so-called Bscan data which are, roughly, vertical
slice images of the ground. However, due to the high dielectric permittivity contrast at the air-ground interface, a
strong response is recorded at early time by GPRs. This response is the main component of the so-called clutter
noise and it blurs the responses of landmines buried at shallow depths. The landmine detection task is therefore
quite difficult. This paper proposes a new method for automated detection and localization of buried objects from
Bscan records. A support vector machine algorithm for online abrupt change detection is implemented and
proves to be efficient in detecting buried landmines from Bscan data. The proposed procedure performance is
evaluated using simulated and real data. [J1301]

"Refined estimation of time-varying baseline errors in airborne SAR interferometry"
The processing of airborne synthetic aperture radar (SAR) data requires a precise compensation of the
deviations of the platform movement from a straight line. This is usually carried out by recording the trajectory
with a high-precision navigation system and correcting them during SAR focusing. However, due to the lack of
accuracy in current navigation systems, residual motion errors persist in the images. Such residual motion errors
are mainly noticeable in repeat-pass systems, where they are causing time-varying baseline errors, visible as
artefacts in the derived phase maps. In this letter, a refined method for the estimation of time-varying baseline
errors is presented. An improved multisquint processing approach is used for obtaining robust estimates of
higher order baseline errors over the entire scene, even if parts of the scene are heavily decorrelated. In a
subsequent step, the proposed method incorporates an external digital elevation model for detection of linear
and constant components of the baseline error along azimuth. Calibration targets in the scene are not
necessary. [J1302]

"Modified range-Doppler processing for FM-CW synthetic aperture radar"
The combination of compact frequency-modulated continuous-wave (FM-CW) technology and high-resolution
synthetic aperture radar (SAR) processing techniques should pave the way for the development of a lightweight,
cost-effective, high-resolution, airborne imaging radar. Regarding FM-CW SAR signal processing, the motion
during the transmission of a sweep and the reception of the corresponding echo were expected to be one of the
major problems. In FM-CW SAR, the so-called stop-and-go approximation is no longer valid due to the relatively
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long sweeps that FM-CW radars transmit. The main effect of the continuous motion is a Doppler frequency shift
throughout the SAR observation time. This Doppler frequency shift can be compensated for by modifying the
range migration compensation. [J1303]

"Analytical optimization of a DInSAR and GPS dataset for derivation of three-dimensional surface
motion"
A revised method for derivation of three-dimensional surface motions maps from sparse global positioning
system (GPS) measurements and two differential interferometric synthetic aperture radar (DInSAR)
interferograms based on a random field theory and Gibbs-Markov random fields equivalency within Bayesian
statistical framework is proposed. It is shown that the Gibbs energy function can be optimized analytically in the
absence of a neighboring relationship between sites of a regular lattice. Because the problem is well posed, its
solution is unique and stable, and additional regularization in the form of smoothness is not required. The
proposed algorithm is simple in realization, does not require extensive computer power, and is very quick in
execution. The results of inverse computer modeling are presented and show a drastic improvement of accuracy
when both GPS and DInSAR data are used. [J1304]

"Range resolution improvement of airborne SAR images"
This letter proposes an algorithm to improve the range resolution in airborne synthetic aperture radar (SAR) data
by coherently combining an interferometric image pair, i.e., two images acquired with slightly different viewing
angles. This algorithm is based on the wavenumber shift principle. In contrast to other methods, developed for
application to spaceborne SAR data, the proposed algorithm takes the nonlinear effects due the strong variations
in incidence angle in airborne SAR data into account. The proposed method is applied to SAR data of German
Aerospace Center (DLR)'s E-SAR sensor. Quantitative verification results are obtained by measuring the
resolution of several corner reflectors placed in the area under study, as well as the resolution of speckle of
different areas. It is demonstrated that a resolution improvement of almost a factor of two can be achieved by
incorporating a second interferometric image, which can be acquired easily with an airborne sensor. [J1305]

"Analysis of a microwave backscattering mechanism from a small urban area imaged with SIR-C"
We analyzed the Spaceborne Imaging Radar C (SIR-C) imagery of a small urban area to characterize
backscattering mechanisms. The results were compared with the building density so that we could relate the
polarimetric backscattering characteristics with urban structures. Relative contributions of odd-bounce, double-
bounce, and cross-polarized scatterings were evaluated as a function of the building density for small and large
incidence angles. Their behaviors were characterized with respect to urban structures at small and large
incidence angles. [J1306]

"An interferometric coherence optimization method in radar polarimetry for high-resolution imagery"
This paper investigates to what extent a new interferometric coherence optimization in radar polarimetry allows
the separation of point scatterers located in the same resolution cell according to their interferometric phases. An
interferometric coherence definition called the single-mechanism coherence is introduced, and the corresponding
optimization method is briefly discussed. This method was first validated theoretically when no volume
decorrelation occurs. Then, it has been applied to simple target measurements acquired in an anechoic chamber,
and to an X-band polarimetric and interferometric synthetic aperture radar image containing man-made targets.
In both cases, the single-mechanism coherence optimization enables to resolve the interferometric phases of
several scattering centers inside the same resolution cell. [J1307]

"Scattering-model-based speckle filtering of polarimetric SAR data"
A new concept in polarimetric synthetic aperture radar (POLSAR) speckle filtering that preserves the dominant
scattering mechanism of each pixel is proposed in this paper. The basic principle is to select pixels of the same
scattering characteristics to be included in the filtering process. To achieve this, the algorithm first applies the
Freeman and Durden decomposition to separate pixels into three dominant scattering categories: surface, double
bounce, and volume, and then unsupervised classification is applied. Speckle filtering is performed using the
classification map as a mask. A single-look or multilook pixel centered in a 9 × 9 window is filtered by including
only pixels in the same and two neighboring classes from the same scattering category. This filter is effective in
speckle reduction, while perfectly preserving strong point target signatures, and retains edges, linear, and curved
features in the POLSAR data. The effect of speckle filtering on scattering characteristics, such as entropy,
anisotropy, and alpha angle, will be discussed. [J1308]

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 371 из 658



"Dictionary-based stochastic expectation-maximization for SAR amplitude probability density
function estimation"
In remotely sensed data analysis, a crucial problem is represented by the need to develop accurate models for
the statistics of the pixel intensities. This paper deals with the problem of probability density function (pdf)
estimation in the context of synthetic aperture radar (SAR) amplitude data analysis. Several theoretical and
heuristic models for the pdfs of SAR data have been proposed in the literature, which have been proved to be
effective for different land-cover typologies, thus making the choice of a single optimal parametric pdf a hard
task, especially when dealing with heterogeneous SAR data. In this paper, an innovative estimation algorithm is
described, which faces such a problem by adopting a finite mixture model for the amplitude pdf, with mixture
components belonging to a given dictionary of SAR-specific pdfs. The proposed method automatically integrates
the procedures of selection of the optimal model for each component, of parameter estimation, and of
optimization of the number of components by combining the stochastic expectation-maximization iterative
methodology with the recently developed "method-of-log-cumulants" for parametric pdf estimation in the case of
nonnegative random variables. Experimental results on several real SAR images are reported, showing that the
proposed method accurately models the statistics of SAR amplitude data. [J1309]

"Study of the SAR signature of internal waves by nonlinear parametric autoregressive models"
In this paper, we propose a method for estimating the nonlinear differential equation governing the propagation
of internal waves (IWs) in a stratified water column of the ocean. This estimation of the kind of nonlinear
differential equation and the coefficients of this equation is performed from profiles of the synthetic aperture radar
signature at the ocean surface. Theoretically, the equation is based upon the Korteveg-de Vries (KdV) equation
or one of its improved versions. The estimation of the differential equation version is based on nonlinear
polynomial autoregressive models up to the third order. The estimation of the parameters of these models is
performed simply by solving a set of linear equations using higher order statistics. This general approach allows
us to identify the best model of propagation, i.e., the kind of nonlinearity as well as the structure of each kernel
(linear, quadratic, cubic), without determining an analytic solution to the equation of propagation. Moreover, the
physical oceanic parameters (such as the thermocline depth) are deduced from the estimated coefficients of the
KdV equation (assuming an underlying model of the water column). Results on simulated profiles generally lead
to an exact model identification (i.e., the one used for simulation with the exact order of nonlinearity and the
exact structure of each kernel) and lead to satisfying geophysical parameter estimates. Finally, the geophysical
parameters estimated from three sets of ERS-1 profiles are generally coherent with the parameters observed in
the IW propagation mechanism but have not been validated by "in situ" measurements. [J1310]

"Fast iterative approach to difference scattering from the target above a rough surface"
The difference field radar cross section (d-RCS) has been defined to analyze the scattering from the target
above a rough surface, which takes account of scattering from the target and multiinteractions of the target and
underlying rough surface. The d-RCS removes the effect of the finite illuminated surface length under the
tapered wave incidence. In this paper, the electric field integral equations (EFIEs) of the difference-induced
current Jsdon the rough surface and the induced current Joon the target are derived. A small section of rough
surface toward the target in the specular direction is taken to speed up computation of the scattering contribution
Es0from the moderate rough surface to the target. Then, an iterative approach is developed to solve the EFIEs
of the induced currents, directly, and yields the bistatic d-RCS. A finite rough surface length for numerical
iteration is taken, corresponding to the dependence on the maximum scattering angle. Using the Monte Carlo
method to generate rough surface, the bistatic d-RCS of the target, e.g., a cylinder or a square column, above a
Pierson-Morkowitz rough surface is numerically simulated. The induced currents on the target and the d-RCS
are discussed, and compared with the case of the target in free-space. [J1311]

"Range adjustment for ground-based radar, derived with the spaceborne TRMM precipitation radar"
We show how the Tropical Rainfall Measuring Mission (TRMM) Precipitation Radar (TPR) can be used to
monitor and adjust ground-based radar (GR) data, as a function of the distance from the radar site. Problems
caused by the variability of precipitation and differences in sampling volume of the two instruments are reduced
to a level that is achievable with, and acceptable for, the present analysis. Throughout the region under
surveillance, TPR has poorer spatial resolution than GR. The sampling volume of the GR changes quite
remarkably according to the range from the GR site: it increases with the square of the range. TPR, on the other
hand, has similar sampling volumes in all the locations. The analysis is based on the average linear radar
reflectivity, in circular rings around the GR site, 2pi, as a function of the range from the GR site. The GR/TPR
ratio varies, for the Cyprus radar, on average from 2 dB, at 10 km, to -8 dB at 100 km. The average departure at
the average range is considered to be mainly caused by the calibration of the GR. The range dependence of the
GR/TPR ratio is significant and similar, in all the investigated cases. This is interpreted to be caused by the
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increasing sampling volume of the GR with range, combined with nonhomogeneous beam filling, e.g., at longer
ranges of GR, the lower part of the volume could be in rain, whereas the upper part of the same pulse could be
filled with snow, or even be without an echo. After correcting the GR data by using the derived averaged
relationship, a significantly better agreement between the GR and TPR is found in all the overpasses analyzed.
The agreement between the results of the two instruments is better for both the percentage of echo areas and
the rain amount within each area. It is also better for the agreement of the GR with the gauges. In the absence
of TPR data, it will be useful to investigate to what extent long-term, climatological data can be used to substitute
TPR data. [J1312]

"The influence of target acceleration on velocity estimation in dual-channel SAR-GMTI"
This paper investigates the effects of target acceleration on estimating the velocity vector of a ground moving
target from single-pass dual-channel synthetic aperture radar data. Although vehicles traveling on roads and
highways routinely experience acceleration, the majority of estimation algorithms assume a constant velocity
scenario, which may result in erroneous estimates of target velocity. It is shown that under most conditions,
acceleration has only minor effects on the estimation of across-track velocity using along-track interferometric
phase. However, under the assumption of constant velocity, acceleration may significantly bias the estimate of
along-track velocity. The influence of both along-track and across-track accelerations is examined through
simulations of an airborne geometry and experimental data from Environment Canada's airborne CV 580 dual-
channel synthetic aperture radar system. [J1313]

"Accounting for the effects of widespread discrete clutter in subsurface EMI remote sensing of
metallic objects"
In practice, most signal processing strategies for discrimination of buried objects are clutter limited. This applies
even to discrimination of shallow sizable metallic objects, such as unexploded ordnance (UXO), which are to be
found predominantly in the top meter of soil. The environment typically features widespread metallic clutter from
detonated ordnance or other sources. Such fragments can be numerous and are often shallower than the objects
of interest. Currently, the preeminent remote sensing mode for buried UXO is ultrawideband electromagnetic
induction (EMI), operating over part or all of the band from some tens of hertz up to perhaps hundreds of
kilohertz. Particularly because EMI fields fall off sharply with range, signals from shallow clutter may be relatively
strong and can easily obscure essential scatterer signatures. To treat this, a rational theory of EMI scattering
from widespread metallic clutter is formulated and tested. For dense, well-distributed clutter, analytical rules are
derived for dependence of signal strength on sensor elevation, under various fundamental excitation types. For
more erratic, sparse clutter distributions, signal statistics from Monte Carlo simulations show patterns like those
from the analytical rules. The dependence of clutter signal magnitude on antenna elevation is determined for
both thin surface layers and for volume layers of widespread small items, and for both dense and sparse clutter
distributions. These are contrasted with the patterns expected from single, larger, discrete objects of interest, and
the contrast is exploited in discrimination exercises for the screening problem. For sparse clutter distributions,
results from inversion processing formulations that account for the patterns of clutter statistics are compared to
simple least squares treatments. [J1314]

"Resonance analysis of a circular dipole array antenna in cylindrically layered media for directional
borehole radar"
In this paper, we discuss the influence of a resonance on estimating direction of arrival (DOA) with a circular
dipole array in a borehole (CAB). The resonance is caused by the phase-sequence of currents on the dipole
antennas. Making use of method of moments (MoM) analysis, we predict resonant frequencies of the CAB and
describe a mechanism for the resonance theoretically, making use of the fact that a plane wave can be broken
down into cylindrical harmonics. In order to examine the agreement between the MoM and experimental data,
we propose a signal processing method to extract phase-sequence components from the actual received array
signal. This method is useful for confirming excitation of the phase-sequence resonance in experimental data, as
predicted by the MoM. Using the MoM, we examine the influence of the resonances on DOA estimation, and we
conclude that the resonances give some spurious solutions. In order to confirm these results, we conduct
experiments at a field test site. We arrange the CAB, which consisted of seven receiving dipole antennas. In this
experiment, a plane wave is incident on the CAB from a transmitter in another borehole. We apply the proposed
signal method, and the measured results demonstrate the existence of the phase-sequence resonance in a
physically real CAB. The spurious solutions found to occur in the DOA estimation at the resonant frequencies
are also found experimentally. [J1315]

"Generation of speckle-reduced phase images from three complex parts for synthetic aperture
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radar interferometry"
Interferometric synthetic aperture radar (InSAR) has applications in many fields. However, decorrelation speckle
noise hinders the wider application of InSAR. In this letter, we propose an innovative method termed contoured
correlation interferometry to generate speckle-noise-reduced phase images. This method only needs three part
images of the two complex images instead of four for the conventional method, which is a significant advantage
if processing synthetic aperture radar images on satellites. It proves an efficient tool that reduces speckle noise
while preserving the phase derived, which is one of most difficult problems in InSAR data processing. The
proposed method can serve as an alternative to generate better InSAR interferograms, whose physical meaning
is clearer. [J1316]

"Arctic-wide operational sea ice drift from enhanced-resolution QuikScat/SeaWinds scatterometry
and its validation"
The near-real-time enhanced-resolution QuikScat/SeaWinds (QS) scatterometry composite data are used for
daily automatic 48-h sea ice tracking by maximum cross-correlation over the entire Arctic. A correlation window
of 61 × 61 pixels is used for best performance. Both QS polarizations, vertical (VV) and horizontal (HH), are
used independently, which permits to filter the final results for erroneous vectors by comparing the two drift
vectors, u&oarr;VVand u&oarr;HH, respectively. Additional filtering is performed by setting a minimum correlation
coefficient and by considering the spatial consistency of the motion field. The algorithm has been validated with
winter 2002/2003 buoy data from the International Arctic Buoy Program showing error standard deviations in the
48-h displacement of 3.1 and 3.2 km in the latitude and longitude direction, respectively. This corresponds to an
error standard deviation in ice drift speed of just 2.6 cm/s. Errors are largest in dynamic regions with lower ice
concentrations as for example the southern Fram Strait. The enhanced-resolution data improve previous drift
results by about 25%, but are still blurred by the necessary 36-h period to produce the composites. [J1317]

"Signal subspace change detection in averaged multilook SAR imagery"
This paper addresses change detection in averaged multilook synthetic aperture radar (SAR) imagery. Averaged
multilook SAR images are preferable to full-aperture SAR reconstructions when the imaging algorithm is
approximation-based (e.g., polar format processing) or when motion data are not accurate over a long full
aperture. We examine the application of a SAR change-detection method, known as signal subspace processing,
which is based on the principles of two-dimensional adaptive filtering, and we use it to recognize the addition of
surface landmines to a particular area under surveillance. We describe the change-detection problem as a
trinary hypothesis testing problem, and define a change signal and its normalized version to determine whether:
1) there is no change in the imaged scene; 2) a target has entered the imaged scene; or 3) a target has exited
the imaged scene. A statistical analysis of the error signal is provided to show its properties and merits. Results
are presented for averaged noncoherent multilook and coherent single-look X-band SAR imagery. [J1318]

"Postflood damage evaluation using Landsat TM and ETM+ data integrated with DEM"
In recent decades, radar and optical satellite imagery have been used for evaluating flooding extent. In this
paper, a straightforward technique based on the sequential use of the spectral-temporal principal component
analysis, logical filtering, and image segmentation integrated with the digital elevation model was developed as a
decisional support tool for the allocations of the resource destined for the flooded areas. The mapping technique
was first applied to the catastrophic event that occurred in the Piemonte Region (Italy) in November 1994, which
was the worst event of the past century for that region, with 44 casualities and over 2000 homeless. Next, it was
applied to the Obion/Forked Deer inundation that occurred in Tennessee (U.S.) between November and
December 2001, in which heavy damage to the infrastructure was reported. Two Landsat-5 Thematic Mapper
(path 194, row 28/29) and two Landsat-7 Enhanced Thematic Mapper Plus (path 23, row 35) images were
processed, two of them collected before and two after the events. The method proposed proved to be an
effective approach for evaluating flood extent and for assessing the damage produced by the flooding. An overall
accuracy of 85.6%, a user accuracy of 87.5%, and a producer accuracy of 97.5% were achieved, and an
agreement of 83% between ground measures and remotely sensed data in the estimation of flood water
volumes was also achieved on a regional scale. [J1319]

"Special Issue on subsurface sensing using Ground Penetrating Radar (GPR)"
{no data available} [J1320]

"Foreword to the Special Issue on the Retrieval of Bio- and Geophysical Parameters from SAR
Data for Land Applications"
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{no data available} [J1321]

"Indoor wide-band polarimetric measurements on maize plants: a study of the differential extinction
coefficient"
A study of the wide-band polarimetric backscatter of maize plants, measured in laboratory conditions, is
presented. The backscatter slant-range profiles in both linear (H-V) and Pauli basis manifest a higher extinction
coefficient in the vertical channel due to the dominant vertical orientation of the structure of corn plants. The
difference between the horizontal and vertical range profiles as the wave penetrates into the volume is employed
to retrieve the differential extinction coefficient. In addition, the polarimetric target decomposition, as proposed by
Cloude and Pottier, is used to obtain range profiles of alpha, entropy, and anisotropy. All these results reveal
important features to be accounted for in the retrieval of the biophysical parameters of agricultural crops by
means of polarimetric synthetic aperture radar interferometry. [J1322]

"Indoor C-band polarimetric interferometry observations of a mature wheat canopy"
We present results from experiments carried out in the ground-based synthetic aperture radar (GB-SAR) facility
at the University of Sheffield to ascertain the role of polarimetric interferometry in crop height retrieval. To this
end, a mature wheat canopy, grown in outdoor conditions, was reassembled inside the GB-SAR chamber and
imaged at C-band using a two-dimensional scan. This allowed fully polarimetric tomography and interferometry.
Interferometry using the VV, HH, and VH polarization states shows that the HH and VH interferograms retrieve a
height close to the top of the soil layer for all angles of incidence considered, whereas the height retrieved from
the VV interferogram increases with angle of incidence. The use of a Pauli basis gives poor results, due to the
different location of the scattering phase centers in the VV and HH channels. The use of arbitrary polarization
states shows that the top of the soil can be very accurately estimated using left-circular polarization, whereas,
for angles of incidence close to 45°, a polarization state similar to VV can be used to retrieve the top of the
canopy; hence crop height can be recovered as the difference of these two interferometric heights. Polarimetric
coherence optimization techniques are also studied. Unconstrained coherence optimization gives very unstable
results, due to the small number of available samples. Constrained optimization results in stable retrieved
heights, and the retrieved polarization states agree well with the polarization synthesis results. [J1323]

"Index IEEE Aerospace & Electronic Systems Magazine (IEEE-AESM)"
{no data available} [J1324]

"Improved slope estimation for SAR Doppler ambiguity resolution"
The idea of using the Radon transform to measure the alignment of linear features in synthetic aperture radar
(SAR) data has breathed new life into the "look displacement" class of Doppler ambiguity resolution algorithms.
In these algorithms, the slope of target energy is estimated to obtain the satellite beam pointing angle accurately
enough to resolve the Doppler ambiguity. After explaining the method and adding some minor improvements, it
is shown how it can work well on satellite SAR data. Then, an alternate method is developed that combines the
ideas of the Radon and look displacement algorithms to obtain a computationally simpler and more accurate
algorithm. In addition, the quality checks of the "spatial diversity" approach are used to increase the robustness
of the algorithm. Even though the algorithm was conceived for high-contrast scenes, it works remarkably well in
low to medium contrast scenes as well. [J1325]

"Special issue on subsurface sensing using ground penetrating radar (GPR)"
{no data available} [J1326]

"Experimental trials on ionospheric clutter suppression for high-frequency surface wave radar"
The unwanted radar echoes from the ionosphere are collectively called ionospheric clutter. This has proved to be
the greatest impediment to achieving consistently good performance in long-range sea state monitoring for high-
frequency surface wave radar (HFSWR). Ionospheric clutter can mask sea echoes having similar Doppler shifts.
The potential for exploiting some fundamental characteristics of ionospheric clutter in directivity and frequency to
suppress it is assessed. A post-Doppler spatial adaptive processing algorithm (PD-SAP) and the dual-frequency
operation mode are introduced to suppress directional and non-directional ionospheric clutter, respectively.
Experimental results confirm that both of these techniques can achieve effective ionospheric clutter suppression
using the field experimental data recorded by the HFSWR OSMAR2003 (Ocean State Monitor and Analysis
Radar, manufactured in 2003), located near Zhoushan in Zhejiang, China. [J1327]
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"Environmental effects on the interferometric repeat-pass coherence of forests"
The variability of C-band one-day tandem coherence measurements of forest is analyzed both statistically and
with the aid of a soil-vegetation-atmosphere transfer model coupled to models for dielectric, backscattering
coefficient, and coherence. Coherence depends strongly on both moisture and wind conditions. The dependence
between coherence and moisture fluctuations in the soil and canopy is simulated using a simplified coherence
model neglecting canopy coherence; trends are similar to those observed in measured coherence, but the range
of variability observed in the satellite data is underestimated. Improved consistency with the data is achieved by
using empirical estimates of canopy coherence derived from mature forest, but still with underestimated
variability. The canopy coherence values cannot be predicted from the environmental model, and anomalous
observations prevent the formulation of a reliable empirical predictor based on weather data; this could
potentially be improved if higher time resolution wind data were made available. The study also suggests that
canopy dielectric can vary rapidly in daylight, and that current models for dielectric may be inadequate to capture
the effect of this behavior on coherence. [J1328]

"A coherent model of forest scattering and SAR imaging in the VHF and UHF-band"
We present a coherent scattering model to determine the forest response to an illuminating plane wave in the
frequency band 20-300 MHz. In this frequency band, at low frequencies, it is well-known that the waves
penetrate the canopy and allow the detection of a hidden target. We have developed a model based on a
domain integral representation of the electric field. A decoupling hypothesis is stated and validated, allowing to
significantly reduce the numerical complexity of the problem inherent to integral representations. The simulated
scattered field is used in a standard synthetic aperture radar (SAR) imaging algorithm to build horizontal and
vertical SAR images of a set of trunks and a concealed target. [J1329]

"Capabilities of a forest coherent scattering model applied to radiometry, interferometry, and
polarimetry at P- and L-band"
The interpretation of radar data would ideally require extensive and numerous observations. However, the
number of observations is limited by the difficulty and the cost of acquiring ground truth and radar data. On the
other hand, numerical models can provide a wide range of situations, both in inputs and in outputs. More
precisely, they have to provide radiometric, polarimetric, and interferometric simulations and be applicable to
various forested areas (high density, high/low moisture, inhomogeneous area, etc.) and radar configurations
(low/high frequency, bistatic observation, etc.). This paper is dedicated to the presentation of the capabilities of a
descriptive coherent scattering model (COSMO) applied to the electromagnetic study of the backscattering by
forested areas. Improvements have been implemented in order to produce in output a radar image, which can
be treated with the same polarimetric and interferometric tools as those applied to real synthetic aperture radar
images. Thus, comparisons are possible. COSMO has been widely tested from P- to L- bands, over temperate
and tropical forests and applied to radiometry, polarimetry, and interferometry. It appears finally as an efficient
simulating tool to carry out parametric studies and to analyze how the total scattered field is built from canonical
mechanisms and individual scatterer contributions. [J1330]

"A combined method to model microwave scattering from a forest medium"
A novel method, which employs both a matrix doubling algorithm and the first-order solution of a radiative
transfer (RT) equation for modeling microwave backscattering from forest, is presented in the paper. The method
is based on the assumption that a forest canopy can be divided into a number of distinct horizontal vegetation
layers over a dielectric half-space rough surface. The scattering phase matrix of each layer is calculated by
either matrix doubling to account for the multiple-scattering effect or first-order solution of an RT equation,
depending on the scattering characteristics of the layer. The first-order solution of the RT equation is used for
the trunk layer while the matrix doubling technique is applied to both the crown layer and understory. The
advanced integral equation model and reflectivity matrix are used to calculate the noncoherent and coherent
surface boundary conditions. Comparisons between model predictions and field measurements on radar
backscattering coefficients for a walnut orchard showed a good agreement at both L-band and X-band and for
all three polarizations. Comparative analyses of model predictions for backscattering from a forest medium
calculated using the combined model, first-order RT model, and the standard matrix doubling model were also
presented. Understory effects, that can significantly change the weight of each scattering mechanism, were also
evaluated by using the combined method. [J1331]

"Influence of geometrical factors on crop backscattering at C-band"
Several efforts, aimed at developing and refining crop backscattering models, have been done during the last
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years. Although important advances have been achieved, it is recognized that further work is required, both in
the electromagnetic characterization of single scatterers and in the combination of contributions. This work is
focused on the description of leaf geometry and of the internal structure of stems. Recently developed routines,
able to model the scattering cross sections of curved sheets and hollow cylinders, are adopted for this purpose
and run within the multiple-scattering model developed at the University of Rome "Tor Vergata". Input
parameters are taken from experimental campaigns. In particular, ground data collected over a maize field at the
Central Plain site in 1988, over wheat and maize fields at the Loamy site in 2003, and over wheat fields at the
Matera site in 2001 and 2003 are considered. The multitemporal backscattering coefficients at C-band are
simulated. The results obtained under different assumptions are compared to each other, and with C-band radar
signatures collected over the same fields. The influence of some critical factors, affecting crop backscattering, is
discussed. It is demonstrated that a more detailed scatterer characterization may improve the model accuracy,
especially in the case of hollow stems. [J1332]

"C-band polarimetric indexes for maize monitoring based on a validated radiative transfer model"
This paper assess the possibilities of the synthetic aperture radar (SAR) sensors currently in orbit for the maize
monitoring defining the configurations (polarization and incidence angles at C-band) maximizing the sensitivity to
plant growth and reducing the impact of the soil moisture on the signal. Temporal evolution of the signal was
simulated in all the possible configurations using the radiative transfer model developed by the University of
Rome "Tor Vergata." The input parameters came from an intensive field campaign providing a detailed
description of maize crop over the Belgian Loamy site all along the 2003 growing season. The model was
validated for vertical (VV) and horizontal (HH) polarization using ERS, ENVISAT, and RADARSAT observations.
The C-band SAR signal in single polarization was found to be sensitive to crop growth till the leaf area index
(LAI) reached 4.6 m2/m2, while the soil moisture influenced the signal for sparsely vegetated fields (LAI2/m2).
Dual-polarizations indexes were found sensitive to maize growth and less sensitive to soil moisture variations.
The VV/VH polarization ratios computed from signal recorded at high incidence angle (35° to 45°) could be
considered to assess the crop growth till LAI reached 4.9 m2/m2with low sensitivity to soil moisture. At the
beginning of growth, the emergence of maize plants could be detected using the copolarized ratio (VV/HH)
computed at low incidence angle. These indexes allow discriminating various crop conditions at a given date
between fields of a same region. [J1333]

"The efficiency of crop recognition on ENVISAT ASAR images in two growing seasons"
The aim of the presented project was to assess the efficiency of crop recognition based on microwave Advanced
Synthetic Aperture Radar (ASAR) images acquired from ENVISAT-1. Investigations were conducted during two
consecutive growing seasons, in 2003 and 2004. The agrometeorological conditions during the selected seasons
differed markedly, which induced year-to-year variations regarding the relevant characteristics of crop canopy.
Multitemporal series of ASAR alternating polarization images were used for crop differentiation. Classification
was performed using a neural network classifier trained separately for each year. Field observations conducted
in the western part of Poland supplied datasets for training, validation, and testing of the classifier. Despite some
differences noted in the classifier performance on two datasets, the results obtained for 2003 and 2004 showed
high mutual consistency. [J1334]

"RFI detection and mitigation for microwave radiometry with an agile digital detector"
A new type of microwave radiometer detector has been developed that is capable of identifying high and low
levels of radio-frequency interference (RFI) and of reducing or eliminating its effect on the measured brightness
temperatures. High-level, localized RFI can be easily identified by its unnatural appearance in brightness
temperature imagery. Low-level or persistent RFI can be much more difficult to identify and filter out. The agile
digital detector (ADD) can discriminate between RFI and natural thermal emission signals by directly measuring
higher order moments of the signal than the variance that is traditionally measured. After detection, the ADD
then uses spectral filtering methods to selectively remove the RFI. ADD performance is experimentally verified in
controlled laboratory tests and in the field near a commercial air traffic control radar. High-level RFI is easily
identified and removed. Very low level RFI contamination, with power levels as low as the radiometric
measurement uncertainty of the radiometer, is also shown to be reliably detected and removed. [J1335]

"PolInSAR analysis of X-band data over vegetated and urban areas"
This paper investigates the polarimetric and polarimetric interferometric synthetic aperture radar (PolInSAR)
information contained in the high-resolution X-band data acquired by the RAMSES airborne SAR system over an
area around Avignon, France containing bare surfaces, vegetation, and urban areas. The interferometric
coherences are computed over natural and urban areas for all possible baseline copolar polarizations. In the
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complex plane, the obtained regions of coherence corresponding to most vegetation areas display small angular
extents, meaning that if penetration occurs in the foliage, it is shallower than the system height accuracy. To
quantify the PolInSAR information, an analysis of the interferometric height accuracy is first performed, and the
results are compared with those associated with a theoretical and an empirical model. Concerning vegetation, a
6-m height difference is measured between the different polarimetric phase centers over a sparse pine forest,
probably due to the presence of holes in the canopy. Crop study reveals also that wheat-type fields present
oriented media properties at X-band due to their vertical structure. Over urban areas, in most cases, building
height can be accurately obtained by using Pauli polarimetric phase center information. [J1336]

"Unsupervised change detection on SAR images using fuzzy hidden Markov chains"
This work deals with unsupervised change detection in temporal sets of synthetic aperture radar (SAR) images.
We focus on one of the most widely used change detector in the SAR context, the so-called log-ratio. In order to
deal with the classification issue, we propose to use a new fuzzy version of hidden Markov chains (HMCs), and
thus to address fuzzy change detection with a statistical approach. The main characteristic of the proposed
model is to simultaneously use Dirac and Lebesgue measures at the class chain level. This allows the
coexistence of hard pixels (obtained with the classical HMC segmentation) and fuzzy pixels (obtained with the
fuzzy measure) in the same image. The quality assessment of the proposed method is achieved with several
bidate sets of simulated images, and comparisons with classical HMC are also provided. Experimental results on
real European Remote Sensing 2 Precision Image (ERS-2 PRI) images confirm the effectiveness of the
proposed approach. [J1337]

"Spatiotriangulation with multisensor HR stereo-images"
The objective of this research study was to evaluate the spatiotriangulation applied to multisensor high-resolution
satellite stereo-images, which enabled the simultaneous geometric processing of a large number of stereo-pairs
together to reduce the control point requirement. The spatiotriangulation is based on the three-dimensional
physical models developed for multisensor images at the Canada Centre for Remote Sensing, Natural Resources
Canada and on a least squares block stereo-bundle adjustment process with orbital constraints. The
spatiotriangulation was applied to five along-/across-track stereo-images [panchromatic Syste&grave;me Pour
l'Observation de la Terre 5 (SPOT-5) High-Resolution-Stereoscopy (HRS) and High-Resolution-Geometry
(HRG), Ikonos, and QuickBird] acquired over Quebec, Canada. The first results of stereo/block bundle
adjustment showed that the same error residuals than the input data errors (1/2 to 1-2 pixels) were obtained
depending of the stereo-images, whether independently or simultaneously processed. The second and most
important results were related to simultaneous stereo-bundle adjustments of the largest "master" SPOT-5
stereo-pair (either HRS or HRG) using 12 ground control points (GCPs) and the smallest "slave" stereo-pair(s)
using no GCP but only stereo tie-points (TPs). Better results were normally obtained with SPOT-5-HRG (5-m
resolution) as the "master" stereo-pair due to less difference in the sensors resolution than with SPOT-5 HRS.
The root mean square errors, verified by independent check points (ICPs) belonging only to the "slave" stereo-
pairs, were around 2 m in the three axes. However, the combined image pointing and map errors of ICPs (1-2
m) are included in these 2-m error results, and the internal accuracy of the stereo-pairs should thus be better
(less than one resolution). The research study demonstrated thus the possibility to use the largest stereo-pair
with a reduced number of GCPs to simultaneously adjust single or multiple stereo-pair(s) with only stereo TPs,
and with no degradation in the accuracy. [J1338]

"Extension of GPM dual-frequency iterative retrieval method with DSD-profile constraint"
A new Dual-Frequency Precipitation Radar (DPR) will be included on the Global Precipitation Measurement
(GPM) core satellite which will succeed the highly successful Tropical Rainfall Measuring Mission satellite
launched in 1997. New dual-frequency drop-size distribution (DSD) and rain-rate estimation algorithms are being
developed to take advantage of the enhanced capabilities of the DPR. It has been shown previously that a
backward-iteration algorithm can be embedded within a single-loop feedback model to retrieve the rain rate.
However, the single-loop model is unable to correctly estimate DSD profiles for a significant portion of global
median-volume-diameter, Do, and normalized DSD intercept parameter, Nw, combinations in rain because of a
multiple-value solution space. For the remaining Do,Nwpairs, another retrieval method is necessary. This paper
proposes a dual-loop model, in which the intercept parameter, Nw, of the DSD is constrained in its vertical
profile, to guide the algorithm to correct convergence. This allows an additional constraint on the DSD values
estimated by the iterative algorithm and helps to retrieve correct DSD values in the regions where the iterative
approach alone fails. To demonstrate feasibility of the proposed method, three test cases representative of many
DSD and profile combinations are discussed. The first case is a constant vertical profile of the DSD parameters.
The second case examines linear variation of the DSD parameters, and the third case examines how
measurement error affects the retrieval process. In each case, the proposed constraint on the intercept
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parameter is implemented, and the results are discussed. Using the constraint, the dual-loop algorithm is able to
retrieve reasonable values for the DSDs and rain-rate profiles and extend the convergence region of the
algorithm. [J1339]

"Accuracy assessment of SAR data-based snow-covered area estimation method"
Employment of satellite radar-based remote sensing data for snow monitoring during the snow melt season has
been widely studied by several investigators. Several methods for the estimation of snow-covered area (SCA)
fraction have been developed for different types of regions. One common deficiency with the SCA estimation
methods has been the lack of statistical accuracy analyses for them. In order to incorporate SCA estimates for
operational use, one vital requisite is a thorough statistical analysis of the SCA estimation accuracy. This
shortcoming has been addressed for boreal forest region, as an extensive statistical accuracy analysis has been
carried out for the Helsinki University of Technology (TKK)-developed SCA method. The TKK SCA method was
developed for boreal forest regions, and it is studied here with 24 European Remote Sensing 2 synthetic
aperture radar intensity images, on a boreal-forest-dominated test area located in northern Finland. The
performance of the SCA method is investigated by using reference data acquired through hydrological modeling.
The accuracy analysis is carried out for several statistical variables, and the statistical interpretation is done with
respect to several affecting parameters. The accuracy analysis shows a high correlation coefficient between the
SCA estimates and the reference data and root mean square error values of 0.213 for open areas and 0.179 for
forested areas. In addition, the TKK method employs two reference images for the SCA estimation, and the
usability of multiyear reference image utilization was analyzed and proven feasible in this study. [J1340]

"Image autocoregistration and InSAR interferogram estimation using joint subspace projection"
In this paper, we propose a new method to estimate synthetic aperture radar interferometry (InSAR)
interferometric phase in the presence of large coregistration errors. The method takes advantage of the
coherence information of neighboring pixel pairs to automatically coregister the SAR images and employs the
projection of the joint signal subspace onto the corresponding joint noise subspace to estimate the terrain
interferometric phase. The method can automatically coregister the SAR images and reduce the interferometric
phase noise simultaneously. Theoretical analysis and computer simulation results show that the method can
provide accurate estimate of the terrain interferometric phase (interferogram) as the coregistration error reaches
one pixel. The effectiveness of the method is also verified with the real data from the Spaceborne Imaging
Radar-C/X Band SAR and the European Remote Sensing 1 and 2 satellites. [J1341]

"Microphysical characterization of microwave Radar reflectivity due to volcanic ash clouds"
Ground-based microwave radar systems can have a valuable role in volcanic ash cloud monitoring as evidenced
by available radar imagery. Their use for ash cloud detection and quantitative retrieval has been so far not fully
investigated. In order to do this, a forward electromagnetic model is set up and examined taking into account
various operating frequencies such as S-, C-, X-, and Ka-bands. A dielectric and microphysical characterization
of volcanic vesicular ash is carried out. Particle size-distribution (PSD) functions are derived both from the
sequential fragmentation-transport (SFT) theory of pyroclastic deposits, leading to a scaled-Weibull PSD, and
from more conventional scaled-Gamma PSD functions. Best fitting of these theoretical PSDs to available
measured ash data at ground is performed in order to determine the value of the free PSD parameters. The
radar backscattering from spherical-equivalent ash particles is simulated up to Ka-band and the accuracy of the
Rayleigh scattering approximation is assessed by using an accurate ensemble particle scattering model. A
classification scheme of ash average concentration and particle size is proposed and a sensitivity study of ash
radar backscattering to model parameters is accomplished. A comparison with C-band radar signatures is finally
illustrated and discussed. [J1342]

"Observations of tropical cyclone structure from WindSat"
Passive microwave (PMW) radiometric observations of clouds from multichannel imaging sensors onboard low
Earth-orbiting environmental satellites are now a vital operational dataset. The first operational passive
microwave sensor was the Special Sensor Microwave/Imager onboard the Defense Meteorological Satellite
Program satellites, which has been gathering hydrological data records since 1987, and continued with the
Tropical Rainfall Measuring Mission (TRMM) and the Advanced Microwave Scanning Radiometer onboard Aqua.
These sensors view the underlying scene with an Earth incidence angle near 53° and with a variable azimuthal
angle, depending upon the orbit direction and scan position. The WindSat sensor onboard the Coriolis satellite,
launched in January 2003, is a five-channel polarimetric PMW radiometer designed to optimize ocean surface
wind vector retrievals. While it does not have 85-GHz channels, an added feature is its unique fore-aft viewing
capability across a portion of its fore scan swath. This provides a view of the underlying scene from two separate
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azimuthal directions, which provides added information on the three-dimensional (3-D) structure of clouds and
their evolution. In this paper, we compare WindSat and TRMM Precipiation Radar observations of tropical
cyclones (TCs) with Monte Carlo radiative transfer simulations performed on idealized 3-D convective cloud
structures. The TC 3-D structure and possible tilt in the convective cloud structure are inferred from the
difference between the 37-GHz equivalent blackbody brightness temperatures (TB) from the corresponding fore
and aft view observations. The information gained from this analysis is important since asymmetries in the cloud
vertical and horizontal structure may be an indication of upper level wind shear, which plays a major role in
influencing changes of the TC intensity. [J1343]

"Evaluation of hurricane ocean vector winds from WindSat"
The ability to accurately measure ocean surface wind vectors from space in all weather conditions is important in
many scientific and operational usages. One highly desirable application of satellite-based wind vector retrievals
is to provide realistic estimates of tropical cyclone intensity for hurricane monitoring. Historically, the extreme
environmental conditions in tropical cyclones (TCs) have been a challenge to traditional space-based wind vector
sensing provided by microwave scatterometers. With the advent of passive microwave polarimetry, an alternate
tool for estimating surface wind conditions in the TC has become available. This paper evaluates the WindSat
polarimetric radiometer's ability to accurately sense winds within TCs. Three anecdotal cases studies are
presented from the 2003 Atlantic Hurricane season. Independent surface wind estimates from aircraft flights and
other platforms are used to provide surface wind fields for comparison to WindSat retrievals. Results of a
subjective comparison of wind flow patterns are presented as well as quantitative statistics for point location
comparisons of wind speed and direction. [J1344]

"An evaluation of the potential of polarimetric radiometry for numerical weather prediction using
QuikSCAT"
It has been proposed that wind vector information derived from passive microwave radiometry may provide an
impact on numerical weather forecasts of similar magnitude to that achieved by scatterometers. Polarimetric
radiometers have a lower sensitivity to wind direction than scatterometers at low wind speed but comparable
sensitivity at high windspeed. In this paper, we describe an experiment which aimed to determine if an observing
system only capable of providing wind direction information at wind speeds over 8 ms-1can provide comparable
impact to one providing wind vectors at wind speeds over 2 ms-1. The QuikSCAT dataset used in the
experiments has a wide swath and is used operationally by several forecast centers. The results confirm that
assimilation of wind vectors from QuikSCAT only for wind speeds above 8 ms-1gives similar analysis increments
and forecast impacts to assimilating wind vectors at all wind speeds above 2 ms-1. Measurements from the
WindSat five frequency polarimetric radiometer are compared with calculations from Met Office global forecast
fields, and this also confirms that WindSat measurement and radiative transfer model accuracy appears to be
sufficiently good to provide useful information for numerical weather prediction. [J1345]

"Cognitive radar: a way of the future"
This article discusses a new idea called cognitive radar. Three ingredients are basic to the constitution of
cognitive radar: 1) intelligent signal processing, which builds on learning through interactions of the radar with the
surrounding environment; 2) feedback from the receiver to the transmitter, which is a facilitator of intelligence;
and 3) preservation of the information content of radar returns, which is realized by the Bayesian approach to
target detection through tracking. All three of these ingredients feature in the echo-location system of a bat,
which may be viewed as a physical realization (albeit in neurobiological terms) of cognitive radar. Radar is a
remote-sensing system that is widely used for surveillance, tracking, and imaging applications, for both civilian
and military needs. In this article, we focus on future possibilities of radar with particular emphasis on the issue
of cognition. As an illustrative case study along the way, we consider the problem of radar surveillance applied to
an ocean environment. [J1346]

"Special issue on subsurface sensing using ground penetrating radar (GPR)"
{no data available} [J1347]

"Advances in non-linear apodization"
Selected new methods and applications of non-linear apodization for irregularly-shaped and parse coherent
apertures and arrays are presented. The benefits include unproved impulse response performance, i.e., reduced
peak sidelobes and integrated sidelobe power, along with improved mainlobe resolution, compared to classic
windowing techniques. Nonlinear apodization (NLA) techniques can also serve as powerful engines for effective
superresolution and bandwidth extrapolation of coherent data for filling sparse apertures. The sparse aperture

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 380 из 658



filling property of superresolution algorithms for radar data forms the basis for a new concept which is introduced
here: synthetic multiple aperture radar technology (SMART). Increased swath and/or reduced antenna size are
some of the benefits postulated for SMART applied to synthetic aperture radar (SAR) systems. The benefits of
these new methods and applications for nonlinear apodization are then demonstrated for two specific
applications: 1) sidelobe control for Y-type synthetic aperture radiometers, such as the European Soil Moisture
and Ocean Salinity (SMOS) system (Kerr et al.) and JPL's proposed GeoSTAR (Lambrigsten) concept; and, 2)
filling of sparse synthetic aperture radar data by exploiting the bandwidth extrapolation properties of nonlinear
apodization based superresolution techniques. The methods that have been developed and demonstrated herein
have potential application to a wide range of passive and active microwave remote sensing and radar systems.
[J1348]

"Beyond physical optics SVD shape reconstruction of metallic cylinders"
We consider the problem of reconstructing the shape of perfectly conducting cylinders under the physical optics
approximation. For direct scattering, physical optics provides small model errors when the scatterers are convex,
smooth, have large radii of curvature as compared to the impinging wavelength, and are noninteracting. In this
paper, we investigate whether these hypotheses can be relaxed for the inverse problem. In particular, we
consider three classes of scatterers (circular cylinder with radius smaller than the wavelength, multiple cylinders,
and a concave cylinder) and we show that for them the model error is provided by a multiplicative almost
frequency-independent factor. Since this factor can be incorporated within the unknown distribution representing
the scatterers' illuminated boundaries, then we are able to show that successful reconstructions also beyond the
physical optics limits can be obtained. [J1349]

"Automatic identification of the number and values of decision thresholds in the log-ratio image for
change detection in SAR images"
In this letter, we propose an extension of an automatic and unsupervised change-detection method for synthetic
aperture radar images we presented earlier. By analyzing a properly defined cost function, the proposed method
allows the automatic detection of the number (zero, one, or two) and the values of the decision thresholds
associated with changes (if any) in the log-ratio image. This cost function is the minimum value of the criterion
function adopted to select the decision threshold in the log-ratio image according to a modified double-
thresholding Kittler-Illingworth algorithm (implemented under the generalized Gaussian assumption for changed
and unchanged classes). Experimental results carried out both on real and simulated multitemporal synthetic
aperture radar images proved the effectiveness of the proposed automatic method in detecting both the number
of changes to be identified (the situation of no changes is also explicitly identified) and the related threshold
values [J1350]

"Measurement of Correlation Functions and Power Spectra in Clouds Using the NRL WARLOC
Radar"
The Naval Research Laboratory W-band Advanced Radar for Low Observable Control (WARLOC) is a high-
power 94-GHz radar, with 3-10-kW average and 80-kW peak power, now set up on the western shore of the
Chesapeake Bay. It has three orders of magnitude more power and sensitivity than other W-band radar systems.
This enables cloud reflectivity to be measured with high signal-to-noise ratios and a resolution of about 15 m
over a two (or three)-dimensional region, which can be as large as tens of kilometers on a side. This allows
imaging of the internal structure of clouds over great distances in very great detail. At the shortest scale lengths,
the structure has a speckle pattern indicating that it is governed at least in part by stochastic processes. The
WARLOC data allow the reflectivity correlation function and its Fourier transform, which is the power spectrum,
to be computed for scale lengths ranging from 30 m to 10 km. For measurements taken of cirrus clouds on
several occasions as well as one case of a precipitating cloud, it was found that for small correlation distance r,
the correlation function usually decreases as r2/3, or, equivalently, the wavenumber spectrum scales as k-5/3,
where k is the wavenumber. This suggests that fluid turbulence in the inertial range is playing a role; however,
unlike classical fluid turbulence, the results suggest that the turbulence here is generally quite anisotropic.
Furthermore, for longer scale lengths (the outer range according to the Kolmogorov theory), the reflectivity
fluctuations usually show a wavelike behavior in the vertical direction but only occasionally in the horizontal
direction [J1351]

"Polarimetric Weather Radar Retrieval of Raindrop Size Distribution by Means of a Regularized
Artificial Neural Network"
The raindrop size distribution (RSD) is a critical factor in estimating rain intensity using advanced dual-polarized
weather radars. A new neural-network algorithm to estimate the RSD from S-band dual-polarized radar
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measurements is presented. The corresponding rain rates are then computed assuming a commonly used
raindrop diameter speed relationship. Numerical simulations are used to investigate the efficiency and accuracy
of this method. A stochastic model based on disdrometer measurements is used to generate realistic range
profiles of the RSD parameters, while a T-matrix solution technique is adopted to compute the corresponding
polarimetric variables. The error analysis, which is performed in order to evaluate the expected errors of this
method, shows an improvement with respect to other methodologies described in the literature. A further
sensitivity evaluation shows that the proposed technique performs fairly well even for low specific differential
phase-shift values [J1352]

"Estimation of Path-Integrated Attenuation and Its Nonuniformity From TRMM/PR Range Profile
Data"
Range profile data from the surface echo of the Precipitation Radar (PR) onboard the Tropical Rainfall
Measuring Mission (TRMM) satellite enable the assessment of the nonuniformity of rainfall. The surface echo
profile can be converted to a horizontal pattern of surface echo strength within the PR's footprint at off-nadir
angles. Then, using the no-rain surface echo profile over ocean as a reference, the horizontal pattern of the
path-integrated attenuation (PIA) can be estimated under moderate to heavy rainfall. Based on the horizontal
pattern of the PIA, the nonuniform beam-filling parameter is estimated. However, this technique is applicable
only to off-nadir angles and over ocean. Comparisons using ground-based radar data obtained simultaneously
with TRMM data verify the effectiveness of this technique [J1353]

"Volcanic Ash Cloud Retrieval by Ground-Based Microwave Weather Radar"
The potential of ground-based microwave weather radar systems for volcanic ash cloud detection and
quantitative retrieval is evaluated. The relationship between radar reflectivity factor, ash concentration, and fall
rate is statistically derived for various eruption regimes and ash sizes by applying a radar-reflectivity
microphysical model. To quantitatively evaluate the ash detectability by weather radars, a sensitivity analysis is
carried out by simulating synthetic ash clouds and varying ash concentration and size as a function of the range.
Radar specifications are taken from typical radar systems at S-, C-, and X-band. A prototype algorithm for
volcanic ash radar retrieval (VARR) is discussed. Starting from measured single-polarization reflectivity, the
statistical inversion technique to retrieve ash concentration and fall rate is based on two cascade steps, namely:
1) classification of eruption regime and volcanic ash category and 2) estimation of ash concentration and fall rate.
Expected accuracy of the VARR algorithm estimates is evaluated using a synthetic data set. An application of
the VARR technique is finally shown, taking into consideration the eruption of the Grinodotacutemsvoumltn
volcano in Iceland on November 2004. Volume scan data from a Doppler C-band radar, which is located at 260
km from the volcano vent, are processed by means of the VARR algorithm. Examples of the achievable VARR
products are presented and discussed [J1354]

"Assessment of the AMSR-E Sea Ice-Concentration Product at the Ice Edge Using RADARSAT-1
and MODIS Imagery"
Imagery from the C-band synthetic aperture radar (SAR) aboard RADARSAT-1 and the Moderate Resolution
Imaging Spectroradiometer (MODIS) was used to evaluate the performance of the Advanced Microwave
Scanning Radiometer-EOS (AMSR-E) ice-concentration product near the sea ice edge in the Bering Sea for
four days during March 2003, which is concurrent with the AMSRIce03 field/aircraft campaign. The AMSR-E
products were observed to perform very well in identifying open-water and pack-ice areas, although the AMSR-E
products occasionally underestimate ice concentration in areas with thin ice. The position of the ice edge
determined from AMSR-E data using a 15% concentration threshold was found to be, on average, within one
AMSR-E grid square (12.5 km) of the ice edge determined from the SAR data, with the AMSR-E edge tending to
be outside the SAR-derived edge [J1355]

"Forest Structure Dependency of the Relation Between L-Band and Biophysical Parameters"
Biophysical parameters and L-band polarimetry synthetic aperture radar observation data were taken for 59 test
sites in Tomakomai national forest, which is located in the northern part of Japan. Correlations between the
derived sigmaHH0, sigmaHV0, and sigmaVV0and the biophysical parameters are investigated and yield the
following results. 1) The above-ground biomass-sigma0curves saturate above 50 tons/ha for sigmaVV0, 100
tons/ha for sigmaHH0, and over 100 tons/ha for sigmaHV0when all forest species are included in the curves. 2)
The sigmaHH0-above-ground biomass curve for one forest species indicates a higher saturation level than that
for the other forest species. Dependence on the forest species was absent for VV polarization and low for HV
polarization. 3) A simple three-component scattering model indicates that volume scattering accounts for 80%-
90% when the above-ground biomass exceeds 50 tons/ha. The surface-scattering components are up to ~20%
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for young stands, and the volume-scattering components are down to 70%. The origin of the dependency among
the forest species was examined for the sigmaHH 0-above-ground biomass. It is concluded that a possible
cause of the dependency is the different characteristics of the stands rather than forest species [J1356]

"Imaging Simulation of Polarimetric SAR for a Comprehensive Terrain Scene Using the Mapping
and Projection Algorithm"
A novel approach to polarimetric image simulation for synthetic aperture radar (SAR) observation over
comprehensive terrain scenes is developed based on mapping and projection principles. It incorporates
penetrable and impenetrable objects, volumetric and surface scatterers in the imaging space with extinction,
attenuation, shadowing, and multiple-scattering effects. Scattering of the vegetation canopy is modeled as a layer
of random nonspherical particles by using the vector radiative transfer model, and scattering from the ground
surface and building objects is calculated by using the integral equation method. As an example, polarimetric
SAR images at L-band and C-band and the different spatial resolutions for a virtual terrain scene composed of
tree canopies, farmland, buildings, rough land surface, hills, and rivers are simulated. The imaging simulation
results demonstrate the feasibility of the mapping and projection approach and the potential utilities of SAR
imaging simulation [J1357]

"Radar Scattering From a Rolling Target Floating on a Time-Evolving Rough Sea Surface"
The variations in the radar cross section (RCS) of two-dimensional floating targets are studied by means of a
numerical model. Of particular interest is the rolling of a target on the waves. It is found that the rolling motion
has the most significant effect on the RCS for low-grazing angles of incidence. The effect is very pronounced for
a high-RCS shiplike target due the corner-reflector effect between the sea surface and the ship hull, and less
noticeable for a low-RCS shape. A simplified means of estimating the variation is also presented [J1358]

"High-Accuracy Urban DEM Using Permanent Scatterers"
The permanent scatterers (PS) technique is a powerful operational tool that exploits a long series of synthetic
aperture radar data for monitoring ground deformations with millimeter accuracy on a high spatial density grid of
pointwise targets. The technique has been applied successfully to a number of applications, from subsidence and
volcano monitoring to slow-landslide detection. This paper aims to analyze and demonstrate the positioning
capability of the PS technique applied to the generation of urban elevation maps. The problem of the univocal
identification of the PS position (discarding pixel-dependent sidelobes, both far and near) is addressed, and an
easy and efficient solution is proposed. The results obtained in the Milan site allow the appreciation of the very
high quality of an urban digital elevation model retrieved with the PS technique. The ground level of the city is
identified with submeter accuracy, and elevated targets, where present, reveal building profiles. The estimated
city street level (ranging plusmn3m in 16times18 km2) is then compared to those obtained with the same
technique using a descending parallel track and an ascending one. Furthermore, the estimated PS elevation
with respect to the ground has been connected to temperature-dependent elongations of high structures [J1359]

"Parametric Inversion Technique for Location of Cylindrical Structures by Cross-Hole
Measurements"
A new parametric inversion technique to locate cylindrical structures has been developed for borehole radar
cross-hole measurements. The technique calculates prediction errors, focusing on curve shapes of first-arrival
times, and explicitly uses known parameters on a target. Two schemes to compare the measured first-arrival
time curves with the calculated ones are proposed. One is by taking the errors between curve gradients of
measured and calculated first-arrival times, and the other is by taking the cross correlation between calculated
first-arrival times and measured data. The schemes do not need to select the true first-arrival times, which
makes this inversion technique robust and easy to use. This technique is validated with synthetic data sets
modeling a metallic pipe in homogeneous and heterogeneous medium models. By both models, the inversion
technique is able to retrieve the exact location of the pipe, though it employs a rather simple forward model,
which can be solved by only geometrical calculations. The technique is applied to measured data sets, and it
successfully estimates a pipe location in good agreement with known information. The inversion is also used for
an air-filled subsurface cavity with a very simplified forward model, which considers only Snell's law at the
cavity-subsurface media interface. It is also able to locate the cavity at a similar location estimated by other
conventional techniques [J1360]

"Application of Iterative Techniques for Electromagnetic Scattering From Dielectric Random and
Reentrant Rough Surfaces"
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Stationary [e.g., forward-backward method (FBM)] and nonstationary [e.g., conjugate gradient squared, quasi-
minimal residual, and biconjugate gradient stabilized (Bi-CGSTAB)] iterative techniques are applied to the
solution of electromagnetic wave scattering from dielectric random rough surfaces with arbitrary complex
dielectric constants. The convergence issues as well as the efficiency and accuracy of all the approaches
considered in this paper are investigated by comparing obtained scattering (in the form of normalized radar cross
section) and surface field values with the numerically exact solution, computed by employing the conventional
method of moments. It has been observed that similar to perfectly and imperfectly conducting rough surface
cases, the stationary iterative FBM converges faster when applied to geometries yielding best conditioned
systems but exhibits convergence difficulties for general geometries due to its inherit limitations. However,
nonstationary techniques are, in general, more robust when applied to arbitrarily general dielectric random rough
surfaces, which yield more ill-conditioned systems. Therefore, they might prove to be more suitable for general
scattering problems. Besides, as opposed to the perfectly and imperfectly conducting rough surface cases, the
Bi-CGSTAB method and FBM show two interesting behaviors for dielectric rough surface profiles: 1) FBM
generally converges for reentrant surfaces when the vertical polarization is considered and 2) the Bi-CGSTAB
method has a peculiar convergence problem for horizontal polarization. Unlike the other nonstationary iterative
techniques used in this paper, where a Jacobi preconditioner is used, convergent results are obtained by using a
block-diagonal preconditioner [J1361]

"Dynamic Monitoring of Bridges Using a High-Speed Coherent Radar"
Remote dynamic monitoring of bridges by a high-speed interferometric radar is proposed. The equipment is a
continuous-wave step-frequency radar with very fast frequency hopping that is capable of sampling the structure
at a rate high enough for transient analysis of motion through phase comparison of successively acquired
images. An experimental test carried out on a highway bridge forced by vehicular traffic is presented [J1362]

"On the Azimuthally Anisotropy Effects of Polarization for Altimetric Measurements"
We have investigated the effect of the radar-altimeter antenna polarization on European Remote-sensing
Satellite and Envisat observations of the media penetrable by a radar microwave such as ice sheets. This effect
is due to the complex interaction between the radar wave, the subsurface backscatter, and the antenna
polarization direction. It is modulated by the angle between the antenna polarization and the direction of the
anisotropy of the target. Thus, it depends on both the anisotropy direction and the interaction between the radar
wave and the reflecting surface. This effect leads to one of the most complex and least understood errors of
radar altimetry over ice sheets and can be clearly identified when looking at the crossover differences between
ascending and descending satellite tracks. The crossover differences are as large as a few decibels for a
backscattering coefficient and a few meters for height, and affect more strongly the Ku-band than the S-band.
This causes limitations and difficulties for the processing of altimetric observations, for instance when comparing
time series from different satellites whose polarization geometry differs. This will be the case when a new
altimeter will fly on a different orbit, as planned for CryoSat. Nevertheless, the ability of both the roughness
anisotropy direction and the subsurface modulation to be inverted with satisfactory precision by using
simultaneous observations at crossover points between two different satellites is demonstrated here. Thus, it
offers a unique way of describing this error accurately to correct for it [J1363]

"The Calibration of the Envisat Radar Altimeter Receiver by a Passive Technique"
The passive calibration of the Radar Altimeter (RA) consists of characterizing the receiver gain by observing
natural surfaces with known emission in the so-called noise-listen mode. It is based on the comparison between
the simulated values of the brightness temperature impinging on the altimeter antenna, and the digital counts at
the output of the altimeter receiver in the absence of echo. The proposed method aims to calibrate
measurements of the backscattering coefficient performed by a spaceborne altimeter based on the assumption
that the receiver gain is the main source of uncertainty. This paper focuses on the general approach undertaken
to characterize the receiver and to simulate the brightness temperature at the top of the atmosphere observed by
the Envisat RA-2. The simulations rely on emissivity models for land and sea, as well as on atmospheric
radiation models supported by a continuous flow of online data used as model inputs. To assess the accuracy,
the model outputs are compared with observations from calibrated radiometers, namely the Special Sensor
Microwave/Imager and Tropical Rainfall Measuring Mission Microwave Imager, with particular attention to the
low-frequency channels (10 and 19 GHz). The new method has been first tested on European Remote Sensing
satellite data and has been subsequently adopted for Envisat RA-2 in the framework of the Envisat Calibration
and Validation activities managed by European Space Agency. The evaluation of the receiver gain at both Ku-
band and S-band is presented and compared to the preflight values, as well as to transponder calibration done
for Ku-band. An error budget for the final estimates is also presented and discussed [J1364]
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"Sea Ice Roughness From Airborne LIDAR Profiles"
Light detection and ranging (LIDAR) data acquired during the AMSR-Ice03 Arctic flights are used to observe and
characterize the spectral behavior of sea ice roughness. Height distributions and roughness spectral densities are
derived from surface profiles measured over a variety of sea ice types. The spectral densities are fit to Lorentzian
curves to obtain the correlation length and root-mean-square height of roughness within the sampling bandpass
of the LIDAR profiler. The utilization of these spectral parameters outside of their bandpass is also discussed
[J1365]

"In Search of the Statistical Properties of High-Resolution Polarimetric SAR Data for the
Measurements of Forest Biomass Beyond the RCS Saturation Limits"
The purpose of this letter is to present the results on the study of searching effective parameters that describe
the relation between high-resolution synthetic aperture radar (SAR) images and forest parameters. The study is
based on the non-Gaussian texture analysis of the polarimetric airborne Pi-SAR data over coniferous forests in
Hokkaido, Japan. The radar cross section (RCS) in terms of a forest biomass is first analyzed. It is found that
the L-band RCS increases steadily with the biomass and saturates at approximately 40 tons/ha. These results
are similar to the previous studies. The probability density function of the image amplitude is then investigated,
and among Rayleigh, log-normal, Weibull, and K-distributions, the K-distribution is found to fit best to the L-band
data of all polarizations, although the Weibull distribution fits equally well. Further, the correlation between the
tree biomass and the order parameter of the K-distribution in the cross-polarization images is found to be very
high, and the order parameter increases consistently with the biomass to approximately 100 tons/ha, which is
well beyond the saturation limit of the L-band RCS. Thus, the order parameter of the K-distribution can be a
promising new parameter to estimate the forest biomass from high-resolution polarimetric SAR data in a much
wider range than the conventional RCS method [J1366]

"ELF Radar System Proposed for Localized D-Region Ionospheric Anomalies"
This letter proposes a novel extremely low frequency (ELF) radar for localized D-region (altitude < 95 km)
ionospheric anomalies that have been generated by natural geophysical processes. The proposed system would
use the former U.S. Navy Wisconsin Transmitting Facility as a distant well-characterized impulsive ELF source.
Sample calculations that demonstrate how passive vertical E-field detectors could characterize ionospheric
conductivity depressions of variable diameter located above Los Angeles are provided. These calculations have
been obtained using our recently developed three-dimensional whole-Earth electromagnetic wave propagation
model based upon the rigorous finite-difference time-domain solution of Maxwell's equations. A key potential
application of the proposed ELF radar system is the detection of hypothesized ionospheric earthquake
precursors [J1367]

"An Adaptive and Iterative Method of Urban Area Extraction From SAR Images"
This letter presents a new method for unsupervised urban area extraction from synthetic aperture radar (SAR)
images based on the ffmax algorithm proposed by C. Gouinaud specially for acquiring urban areas in SPOT
imagery. According to the statistical characteristics of urban areas, an adaptive and iterative method based on
the low-level extraction given by the ffmax algorithm using a large window is proposed. Experimental results on
real SAR images show that the proposed automatic method works quickly and can preserve the borders of urban
areas as well as avoid the disturbance of other classes and the extractions of urban areas are reliable and
precise [J1368]

"The Exact Distribution of the Multilook Magnitude"
Gierull provides a statistical analysis of multilook synthetic aperture radar interferograms. Various expressions for
the probability density function, cumulative distribution function, and the moments of associated statistics are
derived. It appears, however, that most of these expressions are based on some approximation. In this letter, the
corresponding expressions are derived in their exact form, including some elementary representations for certain
expressions given by Gierull. A numerical comparison of the exact and approximate expressions is provided
[J1369]

"On the Characterization of Buried Targets Under a Rough Surface Using the Wigner–Ville
Transformation"
This letter considers the problem of detecting and characterizing a target buried beneath a rough surface
separating two homogeneous half spaces. The problem of detecting the target is tackled by analyzing the
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frequency-averaged Wigner-Ville function, the purpose of which is to filter out rough surface scattering.
Characterization of the target is performed using the iterative solution derived from the Newton-Kantorovitch
algorithm as applied to the Wigner-Ville function instead of the scattered field as is usually done. In addition, the
scattering model involved in the inversion scheme assumes a flat interface, and surface roughness is handled as
clutter. The efficiency of the approach is illustrated through numerical experiments, and the comparison between
inversions from the scattered field and the Wigner-Ville function is reported [J1370]

"Internal Layer Tracing and Age–Depth Relationship From the Ice Divide Toward Jakobshavn,
Greenland"
Signs of long-term glaciological processes and past ice-sheet structure are preserved in the internal layer
manifestations of the Greenland ice sheet. Internal layer data have been collected over a substantial portion of
the Greenland ice sheet using the University of Kansas ice-sounding radar. In this letter, these layers are traced
along thousands of kilometers of flight lines from the ice divide toward Jakobshavn, which is the most active
glacier in Greenland. The authors determine the traced radar layers' age at the Greenland Ice Core Project
(GRIP) site using the GRIP core age-depth relationship. Inasmuch as the depth varies spatially for a layer of a
specific dated age, an age-depth relationship for each location along the flight lines of this letter can be found
using the traced layers. Thirty-one points where flight lines cross over one another were analyzed. From the
flight line crossover analysis, a 9-m maximum difference (< 1%) was found [J1371]

"Nonstationary Spatial Texture Estimation Applied to Adaptive Speckle Reduction of SAR Data"
This letter proposes a new model for the second-order statistics of spatial texture in synthetic aperture radar
images. The autocovariance function is locally approximated by a two-dimensional anisotropic Gaussian kernel
(AGK) to characterize texture by its local orientation and anisotropy. The estimation of texture parameters at a
given scale is based on the gradient structure tensor operator and does not require the explicit computation of
the autocovariance. Finally, a new filter called AGK minimum mean square error (MMSE) that takes into account
this spatial information is introduced and compared with the refined MMSE filter. The proposed filter has better
performance in terms of texture preservation and structure enhancement [J1372]

"The Potential of Low-Frequency SAR Systems for Mapping Ionospheric TEC Distributions"
Ionospheric propagation effects have a significant impact on the signal properties of low-frequency synthetic
aperture radar (SAR) systems. Range delay, interferometric phase bias, range defocusing, and Faraday rotation
are the most prominent ones. All the effects are a function of the so-called total electron content (TEC). Methods
based on two-frequency global positioning system observations allow measuring TEC in the ionosphere with
coarse spatial resolution only. In this letter, the potential of broadband L-band SAR systems for ionospheric TEC
mapping is studied. As a basis, the dispersive nature of the ionosphere and its effects on broadband microwave
radiation are theoretically derived and analyzed. It is shown that phase advance and group delay can be
measured by interferometric and correlation techniques, respectively. The achievable accuracy suffices in
mapping small-scale ionospheric TEC disturbances. A differential TEC estimator that separates ionospheric from
tropospheric contributions is proposed [J1373]

"A Comment on “Homomorphic Wavelet-Based Statistical Despeckling of SAR Images”"
Explicit expressions are derived for the cumulants and the cumulant-generating function of the log-transformed
radar cross section considered by Solbo and Eltoft. Some computational issues are also discussed [J1374]

"Spatial Variability of Barrow-Area Shore-Fast Sea Ice and Its Relationships to Passive Microwave
Emissivity"
Aircraft-acquired passive microwave data, laser radar height observations, RADARSAT synthetic aperture radar
imagery, and in situ measurements obtained during the AMSR-Ice03 experiment are used to investigate
relationships between microwave emission and ice characteristics over several space scales. The data fusion
allows delineation of the shore-fast ice and pack ice in the Barrow area, AK, into several ice classes. Results
show good agreement between observed and Polarimetric Scanning Radiometer (PSR)-derived snow depths
over relatively smooth ice, with larger differences over ridged and rubbled ice. The PSR results are consistent
with the effects on snow depth of the spatial distribution and nature of ice roughness, ridging, and other factors
such as ice age. Apparent relationships exist between ice roughness and the degree of depolarization of
emission at 10, 19, and 37 GHz. This depolarization would yield overestimates of total ice concentration using
polarization-based algorithms, with indications of this seen when the NT-2 algorithm is applied to the PSR data.
Other characteristics of the microwave data, such as effects of grounding of sea ice and large contrast between
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sea ice and adjacent land, are also apparent in the PSR data. Overall, the results further demonstrate the
importance of macroscale ice roughness conditions such as ridging and rubbling on snow depth and microwave
emissivity [J1375]

"Polarimetric Analysis of Radar Signature of a Manmade Structure"
Identification of manmade structures from radar images has always been a difficult task, especially for single-
polarization radar. Fully polarimetric radar, however, can provide detailed information on scattering mechanisms
that could enable the target or the structure to be identified. Complexity remains stemming from overlaps of
single-bounce scattering, double-bounce scattering, and triple- and higher order bounce scattering from various
components of a manmade structure, which makes physical interpretation a challenge. In this letter, an
interesting example using polarimetric synthetic aperture radar (PolSAR) data of the Great Belt Bridge, Denmark,
was presented to illustrate the capability of PolSAR in analyzing radar signatures. Polarimetric target
decomposition is used to differentiate the multiple-bounce scatterings contained in the PolSAR images. Two C-
band Danish EMISAR data takes, with the first obtained during the bridge's construction and the second after its
completion, are used to extract the scattering characteristics of the bridge deck, bridge cables, and supporting
structures [J1376]

"SAR Minimum-Entropy Autofocus Using an Adaptive-Order Polynomial Model"
A new algorithm is presented for autofocus in synthetic aperture radar imaging. Entropy is used to measure the
focus quality of the image, and better focus corresponds to smaller entropy. The phase response of the focus
filter is modeled as a specially designed polynomial, and the coefficients of this polynomial are adjusted in
sequence to minimize the entropy of the image. Because the order of this polynomial is adaptive, this algorithm
applies more widely than the minimum-entropy algorithms with a fixed-order polynomial model [J1377]

"Supervised SAR Image MPM Segmentation Based on Region-Based Hierarchical Model"
This letter presents a novel method of supervised multiresolution segmentation for synthetic aperture radar
images. The method uses a region-based half-tree hierarchical Markov random field model for multiresolution
segmentation. To form the region-based multilayer model, the watershed algorithm is employed at each
resolution level independently. The nodes of a quadtree in the proposed model are defined as regions instead of
pixels. The relationship over scale is studied, and the region-based upward and downward maximization of
posterior marginal estimations are deduced. The experimental results for the segmentation of homogeneous
areas prove the region-based model much better in terms of robustness to speckle and preservation of edges
compared to the pixel-based hierarchical model and the Gibbs sampler with the single-resolution model [J1378]

"Generation of Accurate DEMs Using DInSAR Methodology (TopoDInSAR)"
This letter presents a new methodology for the generation of digital elevation models (DEMs) by means of
differential interferometry (DInSAR) algorithms with no need for classical phase unwrapping. During the last
years, several advanced DInSAR proposals have been published, most of them based on a linear deformation
adjustment together with topographic error estimation. In those cases, the input data are composed of a set of
differential interferograms with different temporal gaps. Consequently, interferograms are affected by severe
problems of temporal decorrelation, and the estimation of the topography can only be performed over coherent
pixels, which are sparsely spread over the image. The proposal presented in this letter consists in the usage of a
set of highly coherent topographic interferograms as input data for an advanced DInSAR algorithm. Then, using
classical linear model adjustment, a detailed DEM of the observed area is estimated. This methodology is
presented jointly with results obtained by processing real data acquired by European Remote Sensing satellites 1
and 2 [J1379]

"Analysis of Decomposed Surface Currents in a Limited Area"
A method of the Helmholtz decomposition for mapped surface currents on grid points is developed. This method
is simple, and decomposed currents are not dependent on the distance from the open boundary. This
decomposition is applied to surface currents observed by high-frequency (HF) radars. The observation was
conducted from April to May 1998 east of Okinawa Island, Japan. The spectral analysis of decomposed currents
reveals that the M2tidal peak for rotational components is much smaller than that for divergent components,
which suggests that the barotropic tidal components are mainly included in divergent currents. The real-vector
empirical orthogonal function (EOF) analysis of decomposed currents reveals an embedded eddy, which is
related with the convergence of currents [J1380]
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"On the Singular Nature of the Second-Order Peaks in HF Radar Sea Echo"
Electromagnetic (EM) scattering from the sea surface concerned with second-order Doppler spectra for finite-
length pulses is theoretically analyzed in the scattering regime typical of, but not confined to, high-frequency
(HF) radars. The Doppler spectra of the second-order cross section consist of three different parts: continuum
and two pairs of peaks-the second harmonic and corner reflection peaks. This paper is the first investigation of
fundamental properties of these peaks from the perspective of their use in measurements of surface currents. It
is shown that these peaks are of singular nature in the following sense: The main (singular) contribution is due to
particular pairs of waves, despite the fact that waves of many different wavelengths and directions contribute to
these peaks. This fact opens a possibility to employ these peaks in remote sensing of vertical profiles of surface
currents. Using the number of waves in the pulse ("the pulse length") LGt1 as a large parameter, an asymptotic
description of these peaks is developed. Height, width, and position of the peaks are explicitly found in terms of
L. The peak positions, to the leading order, do not depend on the pulse length, although a small explicitly found
O(L-1) shift has to be taken into account for the corner reflection peaks. The heights are ~lnL and ~L1/2for the
second harmonic and corner reflection peaks, respectively. The results open the way for wider use of the
second-order peaks for probing surface currents [J1381]

"Characterizing Observed Environmental Variability With HF Doppler Radar Surface Current
Mappers and Acoustic Doppler Current Profilers: Environmental Variability in the Coastal Ocean"
A network of high-frequency (HF) radars is deployed along the New Jersey coast providing synoptic current
maps across the entire shelf. These data serve a variety of user groups from scientific research to Coast Guard
search and rescue. In addition, model forecasts have been shown to improve with surface current assimilation. In
all applications, there is a need for better definitions and assessment of the measurement uncertainty. During a
summer coastal predictive skill experiment in 2001, an array of in situ current profilers was deployed near two
HF radar sites, one long-range and one standard-range system. Comparison statistics were calculated between
different vertical bins on the same current profiler, between different current profilers, and between the current
profilers and the different HF radars. The velocity difference in the vertical and horizontal directions were then
characterized using the observed root-mean-square (rms) differences. We further focused on two cases, one
with relatively high vertical variability, and the second with relatively low vertical variability. Observed differences
between the top bin of the current profiler and the HF radar were influenced by both system accuracy and the
environment. Using the in situ current profilers, the environmental variability over scales based on the HF radar
sampling was quantified. HF radar comparisons with the current profilers were on the same order as the
observed environmental difference over the same scales, indicating that the environment has a significant
influence on the observed differences. Velocity variability in the vertical and horizontal directions both contribute
to these differences. When the potential effects of the vertical variability could be minimized, the remaining
difference between the current profiler and the HF radar was similar to the measured horizontal velocity
difference (~2.5 cm/s) and below the resolution of the raw radial data at the time of the deployment [J1382]

"Remote Observation of the Spatial Variability of Surface Waves Interacting With an Estuarine
Outflow"
This paper explores the application of phased-array high-frequency (HF) radars to identify locations of enhanced
local waveheights. Measurements of the near-surface current velocities and waveheights were obtained from HF
radars deployed near the mouth of the Chesapeake Bay in the fall of 1997. The radar-derived near-surface
velocities were compared with the upper bin (2-m depth) of four upward-looking acoustic Doppler current
profilers (ADCPs). The slopes of the linear correlations were close to one and the root-mean-square (rms)
differences were similar to previous studies. Significant waveheight (Hs) estimates from both radars were
compared with a laser height gauge. The largest differences were observed during low winds due to
overestimates at one of the radar stations and during storms when the laser measurement failed. Further
analysis focused on the HF radar results from the more reliable of the two sites. The rms difference between this
radar and the in situ sensor was 0.29 m. Synoptic observations of Hs over the Chesapeake Bay revealed
regions of current-induced wave shoaling and refraction. Hs over the estuarine outflow increased between 19-
50% relative to the incident Hs in light onshore winds (~5 m/s). In stronger winds (>10 m/s), Hs also increased
by up to 25% when there was a tidal outflow in the surface layer, although the near-surface currents were
responding to both the wind and the ebbing tide. Hs was not enhanced when the outflow was below a thicker
layer (>5 m) of wind-forced onshore flow [J1383]

"A Method of Swell-Wave Parameter Extraction From HF Ocean Surface Radar Spectra"
A new method for the extraction of swell-wave parameters from high-frequency (HF) radar spectra is presented.
The method of extraction of the parameters, period, direction, and height, relies on a frequency-modulation
approach that describes the hydrodynamic interaction of the swell waves with the resonant, shorter, Bragg
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waves. The analysis process minimizes the electromagnetic second-order interaction and a simulation model
was used to validate the approach. This simplified method provides a fast means of examining swell conditions
over large areas of the ocean surface. Data are acquired using a pair of coastal ocean surface radar (COSRAD)
systems deployed at Tweed Heads, Qld., Australia. The radar covers a sweep (approximately 60deg) every 30
min with spatial resolution of the order of 3 km. A sample set of data from this deployment is used in a case
study to show the extraction of swell direction and amplitude using these methods. The results support the use
of the COSRAD HF radar for mapping swell in the near-shore zone [J1384]

"Tidal Current Measurements Using VHF Radar and ADCP in the Normand Breton Gulf:
Comparison of Observations and Numerical Model"
Performance and operational feasibility of very high-frequency (VHF) Doppler radar have been demonstrated in
a region dominated by strong tidal currents. An analysis of remote measurements of sea surface currents
acquired by Courants de Surface MEsureacutes par Radar (COSMER)-pulsed Doppler radar during Evaluation et
Preacutevision de l'Environnement Littoral (EPEL) experiment (supported by the French Navy) is presented in
this paper. The VHF COSMER radar was deployed to provide continuous sea surface current measurements
within an area of about 25 km times 25 km in the Normand Breton Gulf, France. This paper presents VHF
measurement comparisons with observations such as acoustic Doppler current profiler (ADCP), as well as
comparisons with numerical model TELEMAC 2-D. Results of tidal waves extraction, using harmonic analysis
and residual currents, are shown in this paper. We also present a case where radar method is limited, due to the
presence of additional peaks in the Doppler spectrum [J1385]

"An Empirical Method to Derive Ocean Waves From Second-Order Bragg Scattering: Prospects
and Limitations"
High-frequency (HF) radar wave processing is often based on the inversion of the Barrick-Weber equations,
introduced in 1977. This theory reaches its limitations if the length of the Bragg-scattering wave raises to the
order of the significant waveheight, because some assumptions are no longer met. In this case, the only solution
is moving to lower radar frequencies, which is not possible or desirable in all cases. This paper describes work
on an empirical solution which intends to overcome this limitation. However, during high sea state, the first-order
Bragg peaks sometimes could not be clearly identified which avoids the access to the second-order sidebands.
These cases cause problems to the algorithm which have not been solved yet and currently limit the maximum
significant waveheight to about the same values as reported for the integral inversion method. The regression
parameters of the empirical solution calibrated from the European Radar Ocean Sensing (EuroROSE) data set
are constant values for the complete experiment and when applied to the HF radar data they reconstruct the
measurements by a colocated wave buoy quite well. When including a radar-frequency-dependent scaling factor
to the regression parameters, the new algorithm can also be used at different radar frequencies. The second-
order frequency bands used for the empirical solution are sometimes disturbed by radio interference and ship
echoes. Investigations are presented to identify and solve these situations [J1386]

"Operational Wave, Current, and Wind Measurements With the Pisces HF Radar"
This paper presents results of a trial of a Pisces HF radar system aimed at assessing its use as a component of
a wave-monitoring network being installed around the coasts of England and Wales. The radar system has been
operating since December 2003 and the trial continued to June 2005. The data have been processed in near-
real time and displayed on a website. Radar measurements of the directional spectrum and derived parameters
are compared with those measured with a directional waverider and with products from the Met Office, United
Kingdom, operational wave model. Radar measurements of currents and winds are also compared with Met
Office model products and, in the case of winds, with the QuikSCAT scatterometer. Statistics on data availability
and accuracy are presented. The results demonstrate that useful availability and accuracy in wave and wind
parameters are obtained above a waveheight threshold of 2 m and at ranges up to 120 km at the radar operating
frequencies (7-10 MHz) used. Waveheight measurements above about 1 m can be made with reasonable
accuracy (e.g., mean difference of 2.5% during January-February 2004). Period and direction parameters in low
seas are often contaminated by noise in the radar signal. The comparisons provide some evidence of wave
model limitations in offshore wind and swell conditions [J1387]

"Extraction of Ocean Wave Spectra From Simulated Noisy Bistatic High-Frequency Radar Data"
An algorithm is developed for the inversion of bistatic high-frequency (HF) radar sea echo to give the
nondirectional wave spectrum. The bistatic HF radar second-order cross section of patch scattering, consisting of
a combination of four Fredholm-type integral equations, contains a nonlinear product of ocean wave directional
spectrum factors. The energy inside the first-order cross section is used to normalize this integrand. The
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unknown ocean wave spectrum is represented by a truncated Fourier series. The integral equation is then
converted to a matrix equation and a singular value decomposition (SVD) method is invoked to pseudoinvert the
kernel matrix. The new algorithm is verified with simulated radar Doppler spectrum for varying water depths, wind
velocities, and radar operating frequencies. To make the simulation more realistic, zero-mean Gaussian noise
from external sources is also taken into account [J1388]

"Coherence- and Amplitude-Based Analysis of Seismogenic Damage in Bam, Iran, Using ENVISAT
ASAR Data"
The sensitivity of synthetic aperture radar (SAR) and interferometric SAR (InSAR) to surface properties,
especially changes in height and roughness, combined with an all-weather capability, makes radar remote
sensing a potential tool for mapping urban damage caused by earthquakes. With InSAR, surface displacement
has been mapped successfully and in detail, but for urban-damage mapping, results have so far been less
conclusive. ENVISAT Advanced SAR images of Bam, Iran, that were acquired before and after the 2003
earthquake were used. Between preseismic and coseismic image pairs, coherence decreased with increasing
damage levels. However, contrary to previous studies, earthquake damage caused both increases and decreases
in amplitude. Therefore, its absolute value, which correlated with damage level, was used. Individually, coherence
difference led to better results than absolute amplitude change, although still with limited accuracy. The
combination of both resulted in an overall accuracy of 52%. Since vegetation causes decorrelation, a predisaster
Advanced Spaceborne Thermal Emission and Reflection Radiometer image was used to mask out vegetated
areas, which improved the accuracy by 4%. The ground-truth map showed damage levels per district instead of
per pixel. Therefore, the ratio of pixels classified as “damage” and “nondamage” was calculated for each damage
class of the map, and a clear relation was found. This shows that the aggregation level of the map partly
explains the low-accuracy figures of the pixel-based evaluation. Although improvement was made, InSAR
techniques for urban-damage mapping do not yet provide the accuracy levels needed for disaster mitigation.
However, substantial improvements can be expected from instruments with higher spatial resolution, such as the
recently launched Phased Array type L-band SAR and Terra SAR-X. [J1389]

"Target Classification and Remote Sensing of Ocean Current Shear Using a Dual-Use
Multifrequency HF Radar"
In this paper, we describe a high-frequency (HF) radar capable of multifrequency operation over the HF band for
dual-use application to ship classification and mapping ocean current shear and vector winds. The radar is based
on a digital transceiver peripheral component interconnect (PCI) card family that supports antenna arrays of four
to 32 elements with a single computer, with larger arrays possible using multiple computers and receiver cards.
The radar makes use of broadband loop antennas for receive elements, and a number of different possibilities
for transmit antennas, depending on the operating bandwidth desired. An option exists in the choice of
monostatic or multistatic operation, the latter providing the ability to use several transmit sites, with all radar echo
signal reception and processing conducted at a single master receiver site. As applications for such a
multifrequency radar capability, we show measurement and modeling examples of multiple frequency HF radar
cross section (RCS) of ships as an approach to ship target classification. Results of using 32 radar frequencies
to measure the fine structure in ocean current vertical shear are also shown, providing evidence of one edge of a
1-3-m deep uniform flow masked at the surface by wind-driven current shear in a different direction. Other
applications of current-shear measurements, such as vector wind mapping and volumetric current estimation in
coastal waters, are also discussed [J1390]

"SeaSonde Radial Velocities: Derivation and Internal Consistency"
This paper describes the methods presently used to produce unaveraged radial velocity maps from radar voltage
cross spectra measured by a SeaSonde, including a discussion of the multiple signal classification (MUSIC)
algorithm as it is applied to SeaSonde data and methods employed to alleviate difficulties associated with the
use of measured antenna patterns. We also describe internal consistency checks including visual observation of
the radial velocity map, consideration of the computed uncertainties and quantitative tests of radial velocities
measured by two radars along the baseline between the systems. Baseline analysis is illustrated by application
to two SeaSonde networks, with contrasting results that lead to a better understanding of SeaSonde output
[J1391]

"An Instantaneous-Frequency Filtering Technique for High-Frequency Radar Oceanography"
High-frequency (HF) radar systems are remote sensing tools that can be used to measure oceanographic
parameters. Problems can occur when using the conventional periodogram (PG) method for computing power
spectral estimates from backscattered radar signals. Temporal and spatial inhomogeneities within the radar
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measurement region can cause distortion in the spectra. This paper describes an instantaneous-frequency (IF)
filtering technique that has been developed to measure the first-order modulation contained within the radar
signal. Successful removal of this modulation is shown to yield an increased quality and quantity of ocean
measurements [J1392]

"Calibration and Validation of Direction-Finding High-Frequency Radar Ocean Surface Current
Observations"
This paper focuses on the validation of remotely sensed ocean surface currents from SeaSonde-type high-
frequency (HF) radar systems. Hourly observations during the period July 22, 2003 through September 9, 2003
are used from four separate radar sites deployed around the shores of Monterey Bay, CA. Calibration of
direction-finding techniques is addressed through the comparisons of results obtained using measured and ideal
(i.e., perfect) antenna patterns. Radial currents are compared with observations from a moored current meter and
from 16 surface drifter trajectories. In addition, four overwater baselines are used for radar-to-radar comparisons.
Use of measured antenna patterns improves system performance in almost all cases. Antenna-pattern
measurements repeated one year later at three of the four radar locations exhibit only minor changes indicating
that pattern distortions are stable. Calibrated results show root-mean-square (rms) radial velocity differences in
the range of 9.8-13.0 cm/s, which suggest radar observation error levels in the range of 6.9-9.2 cm/s. In most
cases, clear evidence of bearing errors can be seen, which range up to 30deg for uncalibrated radar-derived
radial currents and up to 15deg for currents obtained using measured antenna patterns. Bearing errors are not,
however, constant with angle. The results recommend use of measured antenna patterns in all SeaSonde-type
applications. They also recommend an expanded simulation effort to better describe the effects of antenna-
pattern distortions on bearing determination under a variety of ocean conditions [J1393]

"Insect ventral radar cross-section polarisation dependence measurements for radar entomology"
Radar entomology has developed such that routine long-term monitoring of insect flight through the atmospheric
boundary layer is now practical. Typical entomological radars use X-band (9.4 GHz) marine transceivers with a
vertical pencil beam and rotate the plane of polarisation about the beam axis. Ideally, insect species and other
parameters (mass etc.) should be estimated from the measured radar cross-section variation with polarisation
angle. For this, a library of known insect cross-section polarisation signatures is required. Two models are
currently used to parameterise the polarisation signature: the harmonic model and a model using the scattering
matrix for symmetric targets (SM3). Data from the literature and a doctoral research project are presented and
analysed to obtain parameters for both the harmonic and SM3 models. Knowledge of the measurement errors
allows SM3 parameter uncertainties to be quantified in most cases using a maximum likelihood approach.
Results for 68 insects representing 24 species are presented. These include several economically significant
species (e.g. bees and locusts), with individual insect masses ranging from 9 mg to 3 g [J1394]

"Imaging of Single and Double Scatterers in Urban Areas via SAR Tomography"
Microwave scattering is a rather complex mechanism, especially in urban areas. Three-dimensional (3-D)
synthetic aperture radar (SAR) tomography is a technique that uses multiple views to map the scattering power
at different heights, thus extending the capability of SAR sensors to fully image the scene in the 3-D space. This
paper presents a first validation of spaceborne long-term SAR tomography by demonstrating the capability to
resolve a simple layover case, i.e., to separate single- and double-scattering mechanisms within imaged pixels.
Results obtained with real data acquired by the European Remote Sensing 1 and 2 (ERS-1 and ERS-2)
satellites over the urban area of Napoli are presented. As an additional contribution, an innovative algorithm
estimating residual topography and surface deformation, called the spatial-differencing technique, is also
discussed in detail at the data calibration stage [J1395]

"Voxel-Based 3-D Modeling of Individual Trees for Estimating Leaf Area Density Using High-
Resolution Portable Scanning Lidar"
A method for accurate estimation of leaf area density (LAD) and the cumulative leaf area index (LAI) profiles of
small trees (Camellia sasanquaand Deutzia crenata) under different conditions was demonstrated, which used
precise voxel-based tree models produced by high-resolution portable scanning lidar. In this voxel-based canopy
profiling (VCP) method, data for each horizontal layer of the canopy of each tree were collected from
symmetrical azimuthal measurement points around the tree using optimally inclined laser beams. The data were
then converted into a voxel-based three-dimensional model that reproduced the tree precisely, including within
the canopy. This precise voxel model allowed the LAD and LAI of these trees, which have extremely dense and
nonrandomly distributed foliage, to be computed by direct counting of the beam-contact frequency in each layer
using a point-quadrat method. Corrections for leaf inclination and nonphotosynthetic tissues reduced the
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estimation error. A beam incident zenith angle near 57.5deg offered a good correction for leaf inclination without
knowledge of the actual leaf inclination. Non-photosynthetic tissues were removed by image-processing
techniques. The best LAD estimations showed errors of 17% at the minimum horizontal layer thickness and of
0.7% at the maximum thickness. The error of the best LAI estimations was also 0.7% [J1396]

"On the Usage of GRECOSAR, an Orbital Polarimetric SAR Simulator of Complex Targets, to
Vessel Classification Studies"
This paper presents a synthetic aperture radar (SAR) simulator that is able to generate polarimetric SAR
(POLSAR) and polarimetric inverse SAR data of complex targets. It solves the electromagnetic problem via high-
frequency approximations, such as physical optics and the physical theory of diffraction, with notable
computational efficiency. In principle, any orbital monostatic sensor working at any band, resolution, and
operating mode can be modeled. To make simulations more realistic, the target's bearing and speed are
considered, and for the particular case of vessels, even the translational and rotational movements induced by
the sea state. All these capabilities make the simulator a powerful tool for supplying large amounts of data with
precise scenario information and for testing future sensor configurations. In this paper, the usefulness of the
simulator on vessel classification studies is assessed. Several simulated polarimetric images are presented to
analyze the potentialities of coherent target decompositions for classifying complex geometries, thus basing an
operational algorithm. The limitations highlighted by the results suggest that other approaches, like POLSAR
interferometry, should be explored [J1397]

"A High-Resolution Dual-Doppler Technique for Fixed Multiantenna Airborne Radar"
A new technique is presented for the analysis of data collected by pairs of aircraft (AC)-mounted fixed radar
beams directed ~30deg apart, leading to two-dimensional wind field syntheses in the horizontal and vertical
planes. The technique was applied to the 95-GHz Wyoming Cloud Radar (WCR) configurations aboard the
University of Wyoming King Air and the National Center for Atmospheric Research C-130 research AC. The
construction of the data grid allows to closely follow the AC flight attitude, and thus the beam scanned surfaces,
with a resolution between 30 and 45 m. A weighted least squares method is employed to solve the velocity
inverse decomposition problem for every valid grid cell. The effect on the solution of the nonmeasured (cross-
plane) wind component is minimized by using an external estimate of the ambient wind. The error sources are
discussed, and maximum expected values for the velocity field errors are provided with reference to the radar
system, the data collection process, and specific aspects of the target under investigation. These uncertainties
(1-2 m/s) are quantified for two case studies that show the potential of the technique in retrieving the kinematic
field in transects of cumulus and stratus clouds. The technique produces smooth fine-scale kinematic fields
although each velocity point is the result of an independent calculation, and no binding constraint is imposed
among neighboring points as is done in other dual-Doppler techniques [J1398]

"Scatterometer Backscatter Uncertainty Due to Wind Variability"
Wind retrieval from scatterometer backscatter measurements is not trivial. A good assessment of the different
measurement uncertainties inherent in scatterometer systems is very important for successful wind retrieval and
quality control. One source of these uncertainties, i.e., geophysical noise, is dominated by the subcell wind
variability. Although the latter is known to dominate the total measurement noise at low winds, no attempt to fully
model such effect has yet been performed. In this paper, a simple method to derive a model of geophysical
noise for the European Remote Sensing Satellite (ERS) scatterometer is proposed. It is assumed that this noise
is mainly due to the spatial distribution of the backscatter footprints and the wind variability within the wind vector
cell. In a simulation experiment these parameters were varied, and the values for which the simulation compares
best to real data in the three-dimensional measurement space were selected. The resulting geophysical noise
model is dependent on wind speed and across subsatellite track location. The empirical method presented here
is straightforward and could be applied to other scatterometer systems [J1399]

"Robust Voltage Fitting Techniques for Meteor Doppler Speed Determination"
The nonlinear least square fitting techniques that the authors have employed until recently for measuring the
Doppler velocities of head-echo meteor returns have proven to be limited in their effectiveness under certain
circumstances where significant incoherent scattering from the ionosphere is present. Two alternative methods
developed to independently but jointly determine the Doppler speeds are presented. The first method uses the
Moore-Penrose matrix inverse to obtain the relevant meteor parameters. The second method is the steepest
descent searching technique. These techniques have been applied to simulated meteor returns as well as meteor
data set from February 2001. The Doppler velocities obtained using the new algorithms are presented. The
implications of the improved Doppler resolution as well as robustness of the new approach are also discussed
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[J1400]

"Conservative Polarimetric Scatterers and Their Role in Incorrect Extensions of the Cameron
Decomposition"
The properties of conservative symmetric polarimetric scatterer scattering matrices are examined. It is shown that
the unambiguous rotation angle for "conservative" symmetric polarimetric scatterers is the interval (-pi/4,+pi/4] as
compared with (-pi/2,+pi/2] for nonconservative symmetric scatterers. Errors relating to the Cameron
decomposition, which are recently introduced into the literature, are discussed. It is demonstrated that these
errors arise from a faulty symmetric scatterer scattering matrix distance measure. This, in turn, leads to an
improper mapping of the symmetric scatterer unit disk to a hemisphere. The correct mapping of the symmetric
scatterer unit disk to the symmetric scatterer unit sphere is described [J1401]

"CASA and LEAD: Adaptive Cyberinfrastructure for Real-Time Multiscale Weather Forecasting"
Two closely linked projects aim to dramatically improve storm forecasting speed and accuracy. CASA is creating
a distributed, collaborative, adaptive sensor network of low-power, high-resolution radars that respond to user
needs. LEAD offers dynamic workflow orchestration and data management in a Web services framework
designed to support on-demand, real-time, dynamically adaptive systems [J1402]

"Experiment and Spectral Analysis of a Low-Power -Band Heartbeat Detector Measuring From
Four Sides of a Human Body"
The accuracy of a Ka-band physiological movement detector was tested and compared for measurements from
four different body orientations and at five different distances. A rigorous spectral analysis approach is developed
when previously adopted small-angle approximation model is not applicable. This theory analyzes in detail the
harmonics observed in phase-modulated Ka-band Doppler radar, explaining the reason for better heart-rate
accuracy when detected from the back of the body. It also explains the advantage of double-sideband
transmission in avoiding the null point problem. Simulations have been performed to illustrate this theory and
provide design guidelines for the system. This theory has also been verified by experiments [J1403]

"Demonstration of knowledge-aided space-time adaptive processing using measured airborne
data"
The design and analysis of a knowledge-aided detector for airborne space-time adaptive processing (STAP)
applications are addressed. The proposed processor is composed of a training data selector, which chooses
secondary cells best representing the clutter statistics in the cell under test, and an adaptive processor for
detection processing. The data selector is a hybrid algorithm, which pre-screens training data through the use of
terrain information from the United States Geological Survey. Then, in the second stage, a data-driven selector
attempts to eliminate residual non-homogeneities. The performance of this new approach is analysed using
measured airborne radar data, obtained from the multi-channel airborne radar measurements program, and is
compared with alternative STAP detectors proposed in the open literature [J1404]

"Radar Polarimetry Analysis Applied to Single-Hole Fully Polarimetric Borehole Radar"
A fully polarimetric borehole radar system using four combinations of dipole and slot antennas was developed to
acquire fully polarimetric data sets in drilled boreholes. First, to implement radar polarimetry analysis, a
processing scheme suitable for analyzing a single-hole reflection data set acquired by the system is presented.
This processing consists of antenna-characteristic compensation, migration for image reconstruction, and time-
frequency analysis for single-frequency data set construction. Two polarimetric target decomposition methods,
namely: 1) Pauli decomposition and 2) eigenvector-based decomposition, are applied to characterize the
scattering problem of the subsurface fractures. The Pauli decomposition method provided important radar
polarimetry information of fractures, and the eigenvector-based decomposition method made a significant
contribution to understanding the scattering mechanisms from different fractures with different properties.
Furthermore, information about fracture classification can be obtained by analysis of the H-alpha distribution
provided by eigenvector-based decomposition of local radar image regions. The potential of polarimetric target
decomposition techniques to fracture characterization is shown, which, in turn, provides valuable information
about water permeabilities of fractures in hydrogeological studies [J1405]

"An Investigation of Some Geometrical Shapes and Selection of Shielding and Lumped Resistors
of Planar Dipole Antennas for GPR Applications Using FDTD"
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A ground-penetrating radar (GPR) antenna system is modeled using the three-dimensional finite-difference time-
domain technique. This paper investigates some basic geometrical shapes for planar dipoles to find what shape
gives the best performance for GPR applications. The antenna is resistor loaded and shielded by a rectangular
conducting cavity to suit the application. The effect of adding a wave-absorbing coat to the shield is also studied.
Furthermore, a genetic algorithm is used to optimize the cavity height and the resistor values [J1406]

"Arctic Sea Ice Type and Concentration Mapping Using Passive and Active Microwave Sensors"
The mapping of ice type concentrations in the Arctic is important for commercial operations and for climate-
related research. Algorithms based on moderate-resolution passive microwave sensors for mapping first-year ice
and multiyear ice concentrations suffer from a number of known problems. In this paper, it has been shown that
QuikSCAT scatterometer data can add complimentary information to that available from passive microwave,
which can assist in separating different ice classes. Specifically, we identify a class of ice that exhibits a passive
microwave signature which is characteristic of first-year ice, but has a scatterometer signature which is typical of
multiyear ice. We track the evolution and distribution of this new ice class throughout the Arctic during the winter
season of 2003-2004 and compare the results against the U.S. National Ice Center (NIC) ice charts. It has been
found that the new ice class is predominantly multiyear ice and is especially prevalent in the Fram Strait and the
high Arctic regions north of the islands Franz Josef Land and Severnaya Zemlya. A simple algorithm has been
proposed that enables a passive microwave-based partial ice concentration algorithm (for example, the NT
algorithm based on Special Sensor Microwave/Imager data) to be adapted using QuikSCAT scatterometer data,
so that the new ice class is corrected from the first-year ice class to the multiyear ice category. The algorithm
performance is measured against the NIC ice charts. We provide a discussion regarding the possible physical
causes of the effects that have been observed and described [J1407]

"Filament Preserving Model (FPM) Segmentation Applied to SAR Sea-Ice Imagery"
Modeling spatial context constraints using a Markov random field (MRF) has been widely used in the
segmentation of noisy images. Its applicability to synthetic aperture radar (SAR) sea-ice segmentation has also
been demonstrated recently. However, most existing MRF models are not capable of preserving filaments,
specifically leads and ridges for SAR sea ice, which are valuable for ship navigation applications and necessary
for identifying certain ice types. In this paper, a new statistical context model is proposed that, within the same
scene, can simultaneously preserve narrow elongated features while producing similar smooth segmentation
results comparable to typical MRF-based approaches. Tested on one synthetic image and two SAR sea-ice
scenes, this filament preserving model substantially improves classification accuracies when compared to
standard Gaussian mixture and MRF-based segmentation algorithms [J1408]

"Validating the SAR Wavenumber Shift Principle With the ERS–Envisat PS Coherent Combination"
Continuity of the European Remote Sensing Satellite Synthetic Aperture Radar (ERS SAR) archive by means of
Envisat Advanced SAR (ASAR) data acquired from March 2002 has introduced the problem of the coherent
combination of images coming from sensors with slightly different frequencies. The spectral shift principle states
that in case of extended distributed targets, the frequency shift is equivalent to a change of looking angle. In this
paper, the same principle is exploited to analyze the behavior of permanent scatterers (PSs) with an extension
that is smaller than the ground resolution cell. The conditions under which the PSs identified by ERS can be
continued by Envisat are then theoretically determined and experimentally validated. Moreover, this analysis
shows that acquisitions characterized by different frequencies can be used to identify the slant-range position of
scatterers with high subcell accuracy (tens of centimeters). From the processing side, a very precise images
coregistration step is required to get the results described in this paper [J1409]

"Integration of Radar Interferometry and Laser Scanning for Remote Monitoring of an Urban Site
Built on a Sliding Slope"
The Alpine village of Lamosano, Belluno, Italy, located near a wide and active landslide, has been seriously
threatened by ground instabilities since 1960. In this paper, the results obtained by two different remote-
monitoring techniques, synthetic aperature radar interferometry and three-dimensional laser-scanner imaging,
planned for Lamosano hazard assessment, are presented. Both techniques compare images taken at different
times to map and classify changes that occurred on the imaged scenario. The radar and laser data are gathered
at the same dates with about ten-month temporal separation. The displacements measured separately by each
of the two techniques highlight a similar sliding motion on the Lamosano village area, providing a good validation
to each other and contributing to the definition of the village instability hazard [J1410]

"Two-Dimensional Variation Algorithm for Fractal Analysis of Sea SAR Images"
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This paper proposes a novel algorithm for estimating the fractal dimension of sea synthetic aperture radar (SAR)
images. The algorithm is based on the variation method, and it is suitably designed for the analysis of sea SAR
images. The SAR image fractal dimension is a feature that provides a measure of the image roughness. Such a
feature can play an important role in the classification process for recognizing the presence of anomalies on the
sea surface. The innovation aspects of this paper are listed as follows: (1) an extension of the variation method,
which was proposed for the fractal analysis of one-dimensional signals, to the case of two-dimensional (2-D)
functions; (2) a numerical formulation of the variation method, which is suitable for processing 2-D discrete
signals; and (3) an optimization of the algorithm for sea SAR image analysis. The algorithm is tested and
validated both on simulated and real ERS-1/2 Precision Image sea SAR images and compared with the classical
estimation algorithm based on spectral analysis [J1411]

"TOPSAR: Terrain Observation by Progressive Scans"
In this paper, a novel (according to the authors' knowledge) type of scanning synthetic aperture radar (ScanSAR)
that solves the problems of scalloping and azimuth-varying ambiguities is introduced. The technique employs a
very simple counterrotation of the radar beam in the opposite direction to a SPOT: hence, the name terrain
observation with progressive scan (TOPS). After a short summary of the characteristics of the ScanSAR
technique and its problems, TOPSAR, which is the technique of design, the limits, and a focusing technique are
introduced. A synthetic example based on a possible future system follows [J1412]

"Automated delineation of dry and melt snow zones in Antarctica using active and passive
microwave observations from space"
This paper presents the algorithms and analysis results for delineating snow zones using active and passive
microwave satellite remote sensing data. With a high-resolution Radarsat synthetic aperture radar (SAR) image
mosaic, dry snow zones, percolation zones, wet snow zones, and blue ice patches for the Antarctic continent
have been successfully delineated. A competing region growing and merging algorithm is used to initially
segment the SAR images into a series of homogeneous regions. Based on the backscatter characteristics and
texture property, these image regions are classified into different snow zones. The higher level of knowledge
about the areal size of and adjacency relationship between snow zones is incorporated into the algorithms to
correct classification errors caused by the SAR image noise and relief-induced radiometric distortions.
Mathematical morphology operations and a line-tracing algorithm are designed to extract a vector line
representation of snow-zone boundaries. With the daily passive microwave Special Sensor Microwave/Imager
(SSM/I) data, dry and melt snow zones were derived using a multiscale wavelet-transform-based method. The
analysis results respectively derived from Radarsat SAR and SSM/I data were compared and correlated. The
complementary nature and comparative advantages of frequently repeated passive microwave data and spatially
detailed radar imagery for detecting and characterizing snow zones were demonstrated [J1413]

"Bistatic scattering from three-dimensional layered rough surfaces"
An analytical method to calculate the bistatic-scattering coefficients of a three-dimensional layered dielectric
structure with slightly rough interfaces is presented. The interfaces are allowed to be statistically distinct, but
possibly dependent. The waves in each region are represented as a superposition of an infinite number of up-
and down-going spectral components whose amplitudes are found by simultaneously matching the boundary
conditions at both interfaces. A small-perturbation formulation is used up to the first order, and the scattered
fields are derived. The calculation intrinsically takes into account multiple scattering processes between the
boundaries. The formulation is then validated against known solutions to special cases. New results are
generated for several cases of two- and three-layer media, which will be directly applicable for modeling of the
signals from radar systems and subsequent estimation of a layered medium subsurface properties, such as
moisture content and layer depths [J1414]

"SAR Sensor Trajectory Deviations: Fourier Domain Formulation and Extended Scene Simulation
of Raw Signal"
Synthetic aperture radar (SAR) raw signal simulation is a useful tool for SAR system design, mission planning,
processing algorithm testing, and inversion algorithm design. A two-dimensional (2-D) Fourier domain SAR raw
signal simulator, exploiting the efficiency of fast Fourier transform algorithms, has been presented some years
ago and is able to generate the raw signal corresponding to extended scenes. However, it cannot account for the
effects of sensor trajectory deviations with respect to the nominal straight-line path. This paper explores the
possibility of extending the efficient Fourier domain simulation approach to the case of sensor trajectory
deviations, which is more realistic for airborne SAR systems. We first of all obtain a general and compact
Fourier domain formulation of the SAR raw signal in the presence of arbitrary trajectory deviations, and show
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that in this general case no efficient simulation scheme can be devised. However, we demonstrate that, if a
narrow beam and slow trajectory deviation assumption is made, a full 2-D Fourier domain simulation can be
used. This approach can be applied only to some SAR systems and/or trajectory deviations, but it has the
advantage that processing time is practically not increased with respect to the nominal trajectory case. The
validity limits of the approach are analytically evaluated. Some simulation results are finally presented in order to
verify the effectiveness of the proposed simulation scheme. In another paper, which is the second part of this
work, it will be shown that the narrow beam-slow deviation assumption can be relaxed, at the expense of
computation efficiency, if a one-dimensional azimuth Fourier domain processing followed by a range time-domain
integration is used [J1415]

"Comparison of NASA Team2 and AES-york ice concentration algorithms against operational ice
charts from the Canadian ice service"
Ice concentration retrieved from spaceborne passive-microwave observations is a prime input to operational sea-
ice-monitoring programs, numerical weather prediction models, and global climate models. Atmospheric
Environment Service (AES)-York and the Enhanced National Aeronautics and Space Administration Team (NT2)
are two algorithms that calculate ice concentration from SpecialSensor Microwave/Imager observations. This
paper furnishes a comparison between ice concentrations (total, thin, and thick types) output from NT2 and AES-
York algorithms against the corresponding estimates from the operational analysis of Radarsat images in the
Canadian Ice Service (CIS). A new data fusion technique, which incorporates the actual sensor's footprint, was
developed to facilitate this study. Results have shown that the NT2 and AES-York algorithms underestimate total
ice concentration by 18.35% and 9.66% concentration counts on average, with 16.8% and 15.35% standard
deviation, respectively. However, the retrieved concentrations of thin and thick ice are in much more discrepancy
with the operational CIS estimates when either one of these two types dominates the viewing area. This is more
likely to occur when the total ice concentration approaches 100%. If thin and thick ice types coexist in
comparable concentrations, the algorithms' estimates agree with CIS's estimates. In terms of ice concentration
retrieval, thin ice is more problematic than thick ice. The concept of using a single tie point to represent a thin ice
surface is not realistic and provides the largest error source for retrieval accuracy. While AES-York provides
total ice concentration in slightly more agreement with CIS's estimates, NT2 provides better agreement in
retrieving thin and thick ice concentrations [J1416]

"On the Extension of the Minimum Cost Flow Algorithm for Phase Unwrapping of Multitemporal
Differential SAR Interferograms"
In this paper, an extension of the minimum cost flow (MCF) algorithm dealing with a sparse data grid, which
allows the unwrapping of multitemporal differential synthetic aperture radar (SAR) interferograms for the
generation of deformation time series, is presented. The proposed approach exploits both the spatial
characteristics and the temporal relationships among multiple interferograms relevant to a properly chosen
sequence. In particular, the presented solution involves two main steps: first of all, for each arc connecting
neighboring pixels on the interferometric azimuth/range grid, the unwrapped phase gradients are estimated via
the MCF technique applied in the temporal/perpendicular baseline plane. Following this step, these estimates are
used as a starting point for the spatial-unwrapping operation implemented again via the MCF approach but
carried out in the azimuth/range plane. The presented results, achieved on simulated and real European Remote
Sensing satellite SAR data, confirm the effectiveness of the extended MCF unwrapping algorithm [J1417]

"Melt Detection in Antarctic Ice Shelves Using Scatterometers and Microwave Radiometers"
Ku-band dual-polarization radar backscatter measurements from the SeaWinds-on-QuikSCAT scatterometer are
used to determine periods of surface freeze and melt in the Antarctic ice shelves. The normalized horizontal-
polarization radar backscatter (sigmao) and backscatter polarization ratio are used in maximum-likelihood
estimation of the ice state. This method is used to infer the daily ice-surface conditions for 25 study locations
located on the Ronne, Ross, Larsen, Amery, Shackleton, and other ice shelves. The temporal and spatial
variations of the radar response are observed for various neighborhood sizes surrounding each given location
during the study period. Criteria for determining the dates of melt onset and freeze-up for each Austral summer
are presented. Validation of the ice-state and melt-onset date estimates is performed by analyzing the
corresponding brightness temperature (Tb) measurements from Special Sensor Microwave/Imager (SSM/I)
radiometers. QuikSCAT sigmaomeasurements from 1999 to 2003 are analyzed and found to be effective in
determining periods of melt in Antarctic ice sheets at high temporal and spatial resolutions. These estimates can
be used in studies of the climatic effects of the seasonal and interannual melting of the Antarctic ice sheets
[J1418]
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"Analysis of Surface Roughness Heterogeneity and Scattering Behavior for Radar Measurements"
The use of a theoretical backscatter model to analyze medium to low spatial resolution microwave data is still
very complicated, particularly because of the difficulty in defining a unique roughness parameter, capable of
adequately representing heterogeneous terrain. In this paper, an approach is proposed for roughness analysis
and the modeling of backscattering, under conditions of surface heterogeneity. This paper is based on the use of
a semiempirical backscattering model, defined with a single roughness parameter Zs=s2/l (s being the root mean
square surface height and l the correlation length). The proposed backscattering model has been validated with
integral equation model simulations, for high radar incidence angles, and within its domain of roughness validity.
A range of experimental measurements was used to validate the model expressions. The effective low spatial
resolution roughness, inferred from signals backscattered from a surface of heterogeneous roughness, is defined
for different roughness classes [J1419]

"Automatic Construction of Building Footprints From Airborne LIDAR Data"
This paper presents a framework that applies a series of algorithms to automatically extract building footprints
from airborne light detection and ranging (LIDAR) measurements. In the proposed framework, the ground and
nonground LIDAR measurements are first separated using a progressive morphological filter. Then, building
measurements are identified from nonground measurements using a region-growing algorithm based on the
plane-fitting technique. Finally, raw footprints for segmented building measurements are derived by connecting
boundary points, and the raw footprints are further simplified and adjusted to remove noise caused by irregularly
spaced LIDAR measurements. Data sets from urbanized areas including large institutional, commercial, and
small residential buildings were employed to test the proposed framework. A quantitative analysis showed that
the total of omission and commission errors for extracted footprints for both institutional and residential areas
was about 12%. The results demonstrated that the proposed framework identified building footprints well [J1420]

"Correction for Rain Path Specific and Differential Attenuation of X-Band Dual-Polarization
Observations"
The accuracy of attenuation correction for X-band reflectivity (Z H) and differential reflectivity (ZDR)
measurements in rainfall is analyzed using coincident X-band and S-band polarimetric radar observations
collected during the International H2O Project in the period of May-June 2002 at northwestern Oklahoma. Two
distinct attenuation correction techniques that use the differential propagation phase shift (PhiDP) information,
which is not a power-dependent measurement, as a means to provide independent estimates of path-integrated
attenuation are assessed. The study is facilitated by nonattenuated X-band ZHand ZDR profiles simulated based
on raindrop size distribution parameters retrieved from matched multiparameter (ZH, ZDR, and KDP) S-band
observations. The major outcome of this assessment is that PhiDP-based attenuation correction for both
techniques can reach almost unbiased measurements (within 5% mean relative error) and low random error (15-
20% relative standard deviation). The study shows moderate differences in the error statistics of the evaluated
techniques. The sensitivity of attenuation correction uncertainty with respect to the assumed variability in
raindrops' oblateness-size relation and the noise in PhiDPmeasurement is also shown [J1421]

"Landmines Ground-Penetrating Radar Signal Enhancement by Digital Filtering"
Until now, humanitarian demining has been unable to provide a solution to the landmine removal problem.
Furthermore, new low-cost methods have to be developed quickly. While much progress has been made with the
introduction of new sensor types, other problems have been raised by these sensors. Ground-penetrating radars
(GPRs) are key sensors for landmine detection as they are capable of detecting landmines with low metal
contents. GPRs deliver so-called Bscan data, which are, roughly, vertical slice images of the ground. However,
due to the high dielectric permittivity contrast at the air-ground interface, a strong response is recorded at an
early time by GPRs. This response is the main component of the so-called clutter noise, and it blurs the
responses of landmines buried at shallow depths. The landmine detection task is therefore quite difficult, and a
preprocessing step, which aims at reducing the clutter, is often needed. In this paper, a difficult case for clutter
reduction, that is, when landmines and clutter responses overlap in time, is presented. A new and simple clutter
removal method based on the design of a two-dimensional digital filter, which is adapted to Bscan data, is
proposed. The designed filter must reduce the clutter on Bscan data significantly while protecting the landmine
responses. In order to do so, a frequency analysis of a clutter geometrical model is first led. Then, the same
process is applied to a geometrical model of a signal coming from a landmine. This results in building a high-
pass digital filter and determining its cutoff frequencies. Finally, simulations are presented on simulated and real
data, and a comparison with the classical clutter removal algorithm is made [J1422]

"Late-Season Rural Land-Cover Estimation With Polarimetric-SAR Intensity Pixel Blocks and -
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Tree-Structured Near-Neighbor Classifiers"
Synthetic aperture radar (SAR) image classification for late-season rural land-cover estimation is investigated. A
novel tree-structured nearest neighbor-like classifier is applied to polarimetric SAR intensity image pixel blocks.
The novel tree structure, called a sigma-tree, is generated by an ordered summation of unweighted template
refinements. Computation and memory costs of a sigma-tree classifier grow linearly. The reduced costs of
sigma-tree classifiers are obtained with the tradeoff of a guarantee of nearest neighbor mappings. Causal-
anticausal refinement-template design methods, combined with causal multiple-stage search engine structures,
are shown to yield sequential search decisions that are acceptably near-neighbor mappings. The performance of
a sigma-tree classifier is demonstrated for rural land-cover estimation with detected polarimetric C-band AirSAR
pixel data. Experiments are conducted on various polarization/pixel block size combinations to evaluate the
relative utility of spatial-only, polarimetric-only, and combined spatial/polarimetric classifier inputs [J1423]

"Doppler Spectra From a Two-Dimensional Ocean Surface at L-Band"
An approximate time-harmonic three-dimensional electromagnetic boundary-integral method, the small-slope
integral equation, is combined with a series expansion of the Creamer surface representation at second order
with respect to the height, denoted by Creamer (2). The resulting model provides at low numerical cost
simulations of the nonlinear ocean surface Doppler spectrum at L-band. As a result of approximations, the model
is designed for a low-wind speed, typically up to 5 m/s. It is shown that applying directly a second-order model
such as Creamer (2) to a semiempirical sea surface spectrum induces an unrealistic magnification of small-scale
roughness that is involved in the scattering process at microwave frequencies. This paper thus proposes an
undressed version of the Pierson-Moskowitz spectrum that corrects this artifact. Full-polarized Doppler
simulations at L-band and 70deg incidence are presented. Effects of the surface nonlinearities are outlined, and
the simulated Doppler spectra show correct variations with respect to wind speed and direction [J1424]

"Modeling and Migration of 2-D Georadar Data: A Stationary Phase Approach"
This paper presents the basic kinematic and dynamic imaging and migration equations for zero-offset two-
dimensional georadar profiling. The kinematic equations are derived from simple considerations of spatial impulse
responses and a generating function. The dynamic equations follow from a multidimensional stationary phase
approximation to the infinite spectral integrals. They show how the radar signal (amplitude and phase) depends
on the shape and curvature of the reflector. The imaging equations are evaluated for the special cases of a point
scatterer, a continuous reflector, and a terminating reflector. A general formula is developed by which to migrate
an arbitrary shaped event of variable amplitude on the georadar section [J1425]

"Improving urban road extraction in high-resolution images exploiting directional filtering,
perceptual grouping, and simple topological concepts"
In this letter, the problem of detecting urban road networks from high-resolution optical/synthetic aperture radar
(SAR) images is addressed. To this end, this letter exploits a priori knowledge about road direction distribution in
urban areas. In particular, this letter presents an adaptive filtering procedure able to capture the predominant
directions of these roads and enhance the extraction results. After road element extraction, to both discard
redundant segments and avoid gaps, a special perceptual grouping algorithm is devised, exploiting colinearity as
well as proximity concepts. Finally, the road network topology is considered, checking for road intersections and
regularizing the overall patterns using these focal points. The proposed procedure was tested on a pair of very
high resolution images, one from an optical sensor and one from a SAR sensor. The experiments show an
increase in both the completeness and the quality indexes for the extracted road network [J1426]

"Interferometry with ENVISAT wide swath ScanSAR data"
The possibility to get efficient topographic mapping and monitoring of large-scale motions with ScanSAR
interferometry has been demonstrated with the Shuttle Radar Topography Mission and RADARSAT mission. The
Environmental Satellite Advanced Synthetic Aperture Radar (ASAR) sensor has been designed to provide
enhanced capabilities for interferometric applications. Different types of interferometric products can be obtained
by combining the various ASAR modes as stripmap synthetic aperture radar [image mode (IM)] and ScanSAR
[wide swath (WS) mode]. This letter deals with the possibility to use WS data to get either mixed-mode (IM/WS)
or ScanSAR mode (WS/WS) differential interferograms. The impact of digital elevation model localization errors
on IM/WS interferograms and of scan pattern synchronization on WS/WS interferograms is investigated.
Experimental results are encouraging and show that ASAR ScanSAR data can be routinely used for
interferometric applications in both cases [J1427]
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"A new approach for synthesizing the range profile of moving targets via stepped-frequency
waveforms"
In radar target imaging, motion induces a range-Doppler coupling effect, which results in distortion in
synthesizing a range profile for a moving target. To eliminate or suppress the distortion of the synthetic range
profile, conventional technology such as motion compensation requires velocity estimation. Unfortunately, for a
high-speed moving target, it is difficult to achieve real-time accurate estimation of the velocity of the target.
Based on phase cancellation, a new technology is proposed to achieve a motion target range profile via
stepped-frequency waveform. The new technology does not need the estimation of the velocity. Hence, its
computational cost can be minimized. It is also easier to use. The simulation result confirms the effect of the new
technology [J1428]

"Automobile-based SAR/InSAR system for ground experiments"
An automobile-based synthetic aperture radar (SAR) system named AutoSAR is described. It is an experimental
SAR system operating on the ground, which was developed by the Pohang University of Science and
Technology, Korea. AutoSAR can also operate as an interferometric SAR (InSAR) when one additional receiving
antenna is used. The swath of AutoSAR is less than 1 km, and the azimuthal coverage is limited only by the
storage capacity of the system. SAR and InSAR images obtained at a test site near Pohang, Korea, are
presented. Being on an automobile, this system can easily obtain SAR data of any target area with a straight
road nearby [J1429]

"Simultaneous measurements of ku- and ka-band sea surface cross sections by an airborne
Radar"
The dual-frequency Airborne Precipitation Radar-2 (APR-2) was deployed during the Wakasa Bay Experiment in
2003, for validation of the Advanced Microwave Scanning Radiometer-EOS. Besides providing extensive
observations of diverse precipitating systems, this Ku-(13.4 GHz) and Ka-band (35.6 GHz) cross-track scanning
radar measured sea surface backscatter simultaneously. While the characteristics of the normalized sea surface
cross section sigma0at Ku-band are well understood and widely published, the existing experimental data
concerning sigma0at Ka-band are scarce and results are inconsistent. In this letter, the Ku/Ka-band
sigma0measurements collected by APR-2, together with the estimated uncertainties, are discussed. In general,
the measured sigma0 at Ka-band at around 10deg incidence angle appears to be close to that at Ku-band
sigma0, and Ka-band exhibits a nonnegligible difference in wind dependence with respect to Ku-band for
moderate to high winds [J1430]

"SAR image coregistration based on isolated point scatterers"
This work considers a technique for fast and accurate coregistration of multipass synthetic aperture radar images
based on isolated point scatterers analysis. Several tests, carried out on real data acquired by the European
Remote Sensing and Envisat satellites, are presented to demonstrate the registration accuracy improvements
with respect to standard cross-correlation techniques, carried out on extended image patches. Particularly
relevant is the robustness of this technique also in presence of a large baseline span and in case of high
temporal separation [J1431]

"A SAR conjugate mirror"
A radar transponder was constructed, which modifies the received signal such that its complex conjugate is
returned to the radar, qualities of the conjugate mirror used in optics and acoustics. For a monostatic synthetic
aperture radar (SAR), a perfect conjugate mirror will reflect a signal back to the radar with no phase shift due to
the propagation path. The signal received by the transponder is also decorrelated from other targets, enhancing
the transponder signal in the SAR image. This letter describes a transponder operated as a SAR conjugate
mirror and an experiment with the European Remote Sensing 1 satellite, demonstrating the feasibility and
characteristics. The significance for transponder design is addressed and possible applications discussed [J1432]

"On Huynen's decomposition of a Kennaugh matrix"
For some special case, Huynen's decomposition cannot be used to extract a desired target from an average
Kennaugh matrix. In this paper, the authors modify Huynen's method for overcoming its disadvantage, based on
a simple transform of a Kennaugh matrix. Using an example, the effectiveness of the modified method is
validated [J1433]

"Assessment of a multidimensional satellite rainfall error model for ensemble generation of satellite
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rainfall data"
This letter presents preliminary insights from the pursuit of the following scientific query: "How realistic is
ensemble generation of satellite rainfall data by a multidimensional satellite rainfall error model?" The authors
first evaluated the scale-dependent multidimensional error structure for two satellite rainfall algorithms developed
at the NASA Goddard Space Flight Center, namely: 1) the infrared (IR) estimates known as the 3B41RT product
and 2) the combined passive microwave (PMW) and IR estimates known as the 3B42RT product. Ground radar
(WSR-88D) rainfall fields from the Southern Plains of the U.S. were used as reference. Next, by reversing the
definition of reference and corrupted rain fields produced by a multidimensional satellite rainfall error model
(SREM2D, developed by Hossain and Anagnostou), the authors derived the inverse multidimensional error
structure of WSR-88D rainfall fields with respect to the satellite rainfall estimation algorithms. SREM2D was then
applied on actual satellite rainfall data with the pertinent inverse error parameters to generate an ensemble of
most likely realizations of the reference WSR-88D rainfall fields. The simulated ensemble was then compared
with that derived from a simpler (bidimensional) inverse error modeling approach. The accuracy of the SREM2D
rainfall ensemble was observed to be higher than the simpler error-modeling scheme for the 3B41RT product.
No tangible improvement was observed for the 3B42RT product, which is attributed to the heterogeneous nature
of 3B42RT data statistics that was not accounted for in the inverse SREM2D approach. The overall conclusion is
that a multidimensional error modeling approach such as SREM2D has the potential to generate realistic
ensembles of satellite rainfall fields, which should be considered as an improvement over the more widely used
simpler error-modeling scheme. A combined use of the multidimensional error model with a sequential error
correction scheme could theref--ore potentially improve the diagnosis of satellite rainfall-based predictability of
the global water and energy cycle [J1434]

"Detecting scene changes using synthetic aperture Radar interferometry"
In repeat-pass interferometric synthetic aperture radar (SAR), man-made scene disturbances are commonly
detected by identifying changes in the mean backscatter power of the scene or by identifying regions of low
coherence. Change statistics such as the sample mean backscatter-power ratio and the sample coherence,
however, are susceptible to high false-alarm rates unless the change in the mean backscatter power is large or
there is sufficient contrast in scene coherence between the changed and unchanged regions of the image pair.
Furthermore, as the sample mean backscatter-power ratio and sample coherence measure different properties of
a SAR image pair, both change statistics need to be considered to properly characterize scene changes. In this
paper, models describing the changed and unchanged regions of a scene are postulated, and the detection
problem is expressed in a Bayesian hypothesis-testing framework. Forming the log-likelihood ratio gives a single
sufficient statistic, encoding changes in both the coherence and the mean backscatter power, for discriminating
between the unchanged- and changed-scene models. The theoretical detection performance of the change
statistic is derived and shows a significant improvement over both the sample mean backscatter-power ratio and
sample coherence change statistics. Finally, the superior detection performance of the log-likelihood change
statistic is demonstrated using experimental data collected using the Defence Science and Technology
Organisation's Ingara X-band airborne SAR [J1435]

"MST-based stepwise connection strategies for multipass Radar data, with application to
coregistration and equalization"
This paper proposes a unified framework for predicting optimized pairing strategies for interferometric processing
of multipass synthetic aperture radar data. The approach consists in a minimum spanning tree (MST) structure
based on a distance function encoding an a priori model for the interferometric quality of each image pair. Using
a distance function modeled after the interferometric coherence allows reproducing many "small baseline"
strategies presented in the recent literature. A novel application of the method to the processing steps of image
coregistration and equalization is illustrated, using a test European Remote Sensing Satellite dataset.
Widespread methods used for these two operations rely on the computation of the amplitude cross correlation
over a large number of corresponding tie patches distributed over the scene. Geometric shift and radiometric
equalization parameters are estimated over the patches and used, respectively, within a polynomial warp model
and a radiometric correction scheme. The number of reliable patches available behaves similarly to the
interferometric synthetic aperture radar (InSAR) coherence with respect to the baselines, and can be assimilated
to a quality figure for the derivation of the MST. Results show an improvement in the quality of the stepwise
(SW)-processed image stack with respect to the classical single-master procedure, confirming that the SW
approach is able to provide better conditions for the estimation of correlation-related InSAR parameters [J1436]

"Azimuthal anisotropy of scatterometer measurements over land"
Studies of the Earth's land surface involving scatterometers are becoming an increasingly important application
field of microwave remote sensing. Similarly to scatterometer observations of ocean waves, the backscattering
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coefficient (sigma0) response of land surfaces depends on both the incidence and azimuth angle under which
the observations are made. In order to retrieve geophysical parameters from scatterometer data, it is necessary
to account for azimuthal-modulation effects of the backscattered signal. In the present study, this paper localizes
the regions affected by a strong azimuthal signal dependence when observed with the European Remote
Sensing Satellite Scatterometer and the SeaWinds Scatterometer on QuikSCAT (QSCAT). The possible physical
reasons for the azimuthal effects, relating the very detailed QSCAT azimuthal response to the spatial orientation
of special topographic features and land cover within the sensor footprint, were then discussed. Different
methods for normalizing the backscattering coefficient with respect of observation azimuth angle were also
proposed and evaluated. First, the mean local incidence angle of the sensor footprint using the shuttle radar
topography mission digital elevation model (DEM) were modeled and concluded that the resolution of the DEM is
too coarse to characterize most of the observed azimuthal effects. A more effective way of normalizing the
backscatter with respect to azimuth is then found to be by using historical backscatter observations to statistically
determine the expected backscatter at each observation azimuth and incidence angle as well as time of the year.
The efficiency of this method is limited to the availability of past measurements for each location on the Earth
[J1437]

"Titan, fractals, and filtering of Cassini altimeter data"
Fractal behavior of one Titan profile acquired by the Cassini altimeter during its first flyby is demonstrated and
quantitatively analyzed. The inadequacy of popular nonfractal models to represent scale-dependent behavior is
also discussed. Our results lead to the conjecture that a proper geometrical model of the Titan surface is
provided by the fractional Brownian motion stochastic process and that the particular acquired profile has a
fractal dimension of about 2.4. In addition, use of the developed statistical model allows the design of model-
based filters for a significant improvement of the measurement accuracy, at the expense of the horizontal
resolution [J1438]

"Performance prediction of a phase synchronization link for bistatic SAR"
Oscillator phase noise can dictate the performance of bistatic and multistatic synthetic aperture radar imaging. In
this letter, the use of a dedicated synchronization link to quantify and compensate oscillator phase noise is
investigated. Different synchronization schemes are presented, and their performance is analyzed. The error
contribution of the synchronization link itself, which may suffer from receiver noise, aliasing, interpolation, and
filter mismatch, is included in the analysis. The synchronization link performance is given in a frequency-domain
closed integral form [J1439]

"Impact of oscillator noise in bistatic and multistatic SAR"
This letter addresses the impact of limited oscillator stability in bistatic and multistatic synthetic aperture radars
(SARs). Oscillator noise deserves special attention in distributed SAR systems since there is no cancellation of
low-frequency phase errors as in a monostatic SAR, where the same oscillator signal is used for modulation and
demodulation. It is shown that the uncompensated phase noise may cause a time-variant shift, spurious
sidelobes, and a broadening of the impulse response, as well as a low-frequency phase modulation of the
focused SAR signal. Quantitative estimates are derived analytically for each of these errors based on a system-
theoretic model taking into account the second-order statistics of the oscillator phase noise [J1440]

"Polarization isolation requirements for linear dual-polarization weather Radar in simultaneous
transmission mode of operation"
A dual-polarization radar system operating in simultaneous transmission mode of both horizontal and vertical
polarization states is a viable implementation if only copolar measurements are needed. The simultaneous
transmission of horizontal and vertical polarizations results in an arbitrary elliptical polarization state transmitted,
whereas the reception states in horizontal and vertical polarizations are neither copolar nor cross-polar to the
transmitted state. Because of this, it is often referred as the hybrid mode. Previous studies have shown that the
hybrid mode in the linear horizontal and vertical polarization basis is capable of providing measurements similar
to the alternate transmission mode for most measurement conditions. These findings are based on the
assumption of perfect sensing systems. This paper presents the results of radar system limitations on hybrid
mode measurements that in turn are converted to system requirements. It is shown that the polarization purity
requirement is more stringent for the hybrid mode compared to the alternate mode of operation [J1441]

"Spectral signature calculations and target tracking for remote sensing"
Enhanced tornado detection and tracking can prevent loss of life and property damage. The research weather
surveillance radar (WSR)-88D locally operated by the National Severe Storms Laboratory (NSSL) in Norman,
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OK, has the unique capability of collecting massive volumes of time-series data over many hours, which
provides a rich environment for evaluating our new postprocessing algorithms. With the advent of more memory
and computing power, new state-of-the-art algorithms can be explored. In this paper, an approach of identifying
tornado vortices in Doppler spectra is proposed and investigated through the use of neural networks. Once the
coordinate of the tornado has been established, the research question becomes the following: Can we apply
target tracking algorithms to a volume of radar data to make estimations about where the tornado is going? In
recent years, particle filters have attracted great attention in several research communities. These filters are
used in problems where time-varying signals must be processed in real time, and the objective is to estimate
various unknowns of the signals and to detect events described by the signals. The standard solutions of such
problems in many applications are based on the Kalman or extended Kalman filters. In situations when the
models that describe the behavior of the system are highly nonlinear and/or the noise that distorts the signals is
non-Gaussian, the Kalman-filter-based algorithms provide solutions that may be far from optimal. Here, the path
of the tornado follows a path that may be described by a set of nonlinear equations. To estimate the path, the
particle filter will provide the better estimates. In addition to the single WSR-88D sensor designs, data fusion and
tracing designs are also given for a four-node remote sensor network in central Oklahoma. By incorporating the
data from each of the sensors, improvements in tracking are illustrated. The particle-filtering algorithms are
especially effective in a networked system of sensors when they are in a data-fusion setting. [J1442]

"Comments on “Compact Polarimetry Based on Symmetry Properties of Geophysical Media: The
Mode”"
For original paper see Souyris et al., ibid., vol.43, no.3, p.634 (2005). In their paper Souyris et al. discussed the
pi/4 mode of polarimetric SAR. Weizu Xiong feels that the calibration model used by Souyris et al. may be wrong
and derives a calibration model using polar theory [J1443]

"A numerical study of the modulation of ShortSea waves by longer waves"
The spatial spectrum of short sea waves is locally modulated by the presence of longer waves or currents; in the
remote sensing literature, this process is described by the hydrodynamic modulation transfer function (HMTF).
Such modulations are important in understanding radar images of sea waves with water wavelengths longer than
the radar range resolution. Existing models for the HMTF utilized in remote sensing are based on
approximations derived from consideration of conservation of wave action. However, the accuracy of these
approximations has been quantified only through comparison with experimental data; in such comparisons,
numerous empirical models for terms such as wind forcing and breaking wave dissipation are required, which
make direct evaluation of the hydrodynamic effects difficult. A method for providing direct insight into the
hydrodynamic modulation of short sea waves by longer waves is described in this paper, through use of
numerical nonlinear hydrodynamic codes for sea surface evolution. The codes applied are reviewed, and a
Monte Carlo simulation process based on a stochastic spectrum of short waves propagating over a single
deterministic long wave is described, including the data analysis techniques developed to extract a numerical
HMTF from the simulated surfaces. HMTF values obtained from the simulations are compared with those from a
first-order wave action solution and are found to be in reasonable agreement, although differences on the order
of 10% are observed. A numerical evaluation of long wave effects on the short wave dispersion relation is also
provided [J1444]

"Azimuth fractional transformation of the fractional chirp scaling algorithm (FrCSA)"
The fractional chirp scaling algorithm (FrCSA) is based on the use of the fractional Fourier transform (FrFT)
within the chirp scaling algorithm (CSA). In this paper, a closed-form expression for the azimuth FrFT of the
FrCSA is mathematically derived and analyzed from the high-resolution synthetic aperture radar imaging point of
view. The azimuth-FrFT expression of the FrCSA is compared to that of the classical fast Fourier transform
(FFT)-based CSA. As the FFT is a special case of the generalized FrFT, the derived expression is found to be
in total agreement with that of the FFT-based CSA when the transformation order is equal to unity; that is the
angle of rotation is equal to pi/2 [J1445]

"Investigations on the polarimetric behavior of a target near the soil"
The polarimetric behavior of the diffracted field from an object located close to the ground is investigated for a
varying incidence angle. Here, the field is described by the geometrical theory of diffraction in accordance to its
asymptotic formulas (krarrinfin). As a result, a ray system composed of 13 different rays was implemented for
the monostatic case by applying the principle of Fermat. The different spatial and creeping waves give a physical
insight in the mechanisms involved in the entire scattering process. By varying the angle from perpendicular to
grazing incidence 0deg-90deg, geometrical surface shadow boundaries are present for the backscattered field.
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At such boundaries, the spatial waves are replaced by their corresponding creeping waves, leading to a strong
attenuation. The diffracted field for look angles related to the transition zones has a characteristic polarimetric
behavior, which can be represented on the Poincare sphere. The typical locations on the sphere can be
exploited to get information about the geometrical parameters of the target and its height above the ground
[J1446]

"Dependence between standard deviation and measurement length for C-band backscattering
signatures of the Baltic Sea ice"
This paper studies whether the standard deviation (std) of the Baltic Sea ice backscattering coefficient
(sigmadeg) depends on the length of measurement (l). For many kinds of surfaces, especially for a fractal one,
this is the case. The study was conducted using one-dimensional C-band helicopter-borne scatterometer data
and ENVISAT synthetic aperture radar (SAR) images. The results with both data sets indicate mostly a strong
linear dependence between ln(l) and ln(std(sigmadeg)) up to a distance of at least a few kilometers. Based on
the analysis of empirical and simulated data (fractal and nonfractal profiles), it seems that sea ice sigmadeg as a
function of l is not completely described either by fractional Brownian motion or by a process with a single-scale
autocorrelation function. Neither can the values of sigmadeg be regarded as samples from only one probability
distribution. The regression coefficients describing the dependency of ln(l) versus ln(std(sigmadeg)) do not
discriminate various ice types better than just mean and std of sigmadeg. However, the use of regression
coefficients instead of mean and std is preferred due to their scale-invariant comparability with the results of
other studies. The dependence of std(sigmadeg) on l should also be taken generally into account in the data
analysis, e.g., when constructing classifiers for sea ice SAR data [J1447]

"Partially Supervised Oil-Slick Detection by SAR Imagery Using Kernel Expansion"
Spaceborne synthetic aperture radar (SAR) is well adapted to detect ocean pollution independently from daily or
weather conditions. In fact, oil slicks have a specific impact on ocean wave spectra. Initial wave spectra may be
characterized by three kinds of waves, namely big, medium, and small, which correspond physically to gravity
and gravity-capillary waves. The increase of viscosity, due to the presence of oil damps gravity-capillary waves.
This induces not only a damping of the backscattering to the sensor but also a damping of the energy of the
wave spectra. Thus, local segmentation of wave spectra may be achieved by the segmentation of a multiscale
decomposition of the original SAR image. In this paper, a semisupervised oil-slick detection is proposed by using
a kernel-based abnormal detection into the wavelet decomposition of a SAR image. It performs accurate
detection with no consideration to signal stationarity nor to the presence of strong backscatters (such as a ship).
The algorithm has been applied on ENVISAT Advanced SAR images. It yields accurate segmentation results
even for small slicks, with a very limited number of false alarms [J1448]

"Change Detection of Multitemporal SAR Data in Urban Areas Combining Feature-Based and
Pixel-Based Techniques"
In this paper, the problem of change detection from synthetic aperture radar (SAR) images is addressed.
Feature-level change-detection algorithms are still in their preliminary design stage. Indeed, while pixel-based
approaches are already implemented into existing, commercial software, this is not the case for feature
comparison approaches. Here, the authors propose a joint use of both approaches. The approach is based on
the extraction and comparison of linear features from multiple SAR images, to confirm pixel-based changes.
Though simple, the methodology proves to be effective, irrespectively of misregistration errors due to reprojection
problems or difference in the sensor's viewing geometry, which are common in multitemporal SAR images. The
procedure is validated through synthetic examples, but also two real change-detection situations, using airborne
and satellite SAR data over the area of the Getty Museum, Los Angeles, as well as over an area around the city
of Bam, Iran, stricken in 2003 by a serious earthquake [J1449]

"Geometrical SAR image registration"
Accurate subpixel registration of synthetic aperture radar (SAR) images is an issue that is again growing interest
since its initial developments related to two-pass interferometry. Recent progress in coherent (multichannel) SAR
processing raises the need for accurate registration of data takes acquired with large baseline spans, high
temporal coverage, and with different frequency and/or operational modes. In this paper, we discuss a SAR
image-registration procedure, based on the use of external measures which allows obtaining a very accurate
alignment of SAR images. The presented technique makes use of a digital elevation model and of the precise
information about the acquisition flight tracks, to compute the warping functions that map the position of each
pixel in the different takes, thus avoiding any approximation. The resulting algorithm is simple, robust, precise,
and very efficient; as a matter of fact, it may achieve high accuracy even in critical areas, such as steep
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topography regions. Moreover, the availability of an analytical and exact model allows performing a detailed
sensitivity analysis that can be useful in evaluating the applicability of this technique even to future high-
precision satellite systems. Extensive testing, carried out on several real European Remote Sensing and
ENVISAT datasets, clearly shows the effectiveness of such algorithm in registering critical SAR images [J1450]

"Efficient simulation of airborne SAR raw data of extended scenes"
In a previous paper, a two-dimensional Fourier domain synthetic aperture radar (SAR) raw signal simulator that
exploits the efficiency of fast Fourier transform algorithms was presented. It accounts for the effects of sensor
trajectory deviations and is able to generate the raw signal corresponding to extended scenes in a few seconds.
However, a narrow-beam-slow-deviation assumption is made; hence, the approach can be applied only to some
SAR systems and/or trajectory deviations. To overcome this limitation, in this paper, we show that the narrow-
beam-slow-deviation assumption can be relaxed, at the expense of computation efficiency, if use is made of
one-dimensional azimuth Fourier domain processing followed by range time-domain integration. The latter
approach only requires some reasonable assumptions on the sensor motion and on the SAR system features;
hence, it can be used for airborne SAR systems, and turns out to be still much more efficient than the time-
domain one; hence, extended scenes can still be considered. Validity limits of the approach are also analytically
evaluated, and several simulation results are finally presented to verify the effectiveness of the proposed
simulation scheme [J1451]

"Estimating volume change of mountain glaciers using SRTM and map-based topographic data"
This paper describes a method for estimating the volume change of mountain glaciers using the Shuttle Radar
Topography Mission (SRTM) C-band data (2000) and a digital elevation model (DEM) generated from
topographic maps. This approach was developed with SRTM data and topographic maps of 1: 25 000 scale
(1977) from the Akshiirak glaciers (Tien Shan, Central Asia). The DEM for 1977 was generated using 10-m
contour lines from 18 map sheets covering the Akshiirak massif and surrounding area. The nominal vertical
accuracy of the maps is 3.3 m. The standard deviation of the differences between the map-derived DEM and
the SRTM data on glacier-free areas of less than 25deg is 6.3 m. A single localized region in the western
periphery of the study area with systematic error in the SRTM data from -20 to 12 m on a 30-km spatial scale
was found and excluded from the error analysis. Assuming a 10-m map error on the upper snow-covered
glacier areas, the estimated root-mean-square error of the glacier surface change is 8.2 m. From 1977 to 1999,
the average glacier surface thinning is 15.1 m, and the estimated volume loss is 6.15 km3. The rate of the
Akshiirak glacier volume loss has increased by 2.7 times, compared with historical data from 1943 to 1977. The
SRTM data show an opportunity for quantifying climatic and dynamic surface elevation changes in mountain
glaciers. Ice, Cloud, and land Elevation Satellite (ICESat) laser altimetry and SRTM data could also be used for
the estimation of short-term surface changes of mountain glaciers [J1452]

"Fair polyline networks for constrained smoothing of digital terrain elevation data"
In this paper, a framework for smoothing gridlike digital terrain elevation data, which achieves a fair shape by
means of minimizing an energy functional, is presented. The minimization is performed under the side condition
of hard constraints, which comes from available horizontal and vertical accuracy bounds in the standard
elevation specification. In this paper, the framework is introduced, and the suitability of this method for the tasks
of accuracy-constrained smoothing, feature-preserving smoothing, and filling of data voids is demonstrated
[J1453]

"Meetings and simposia"
{no data available} [J1454]

"Radar cross-section enhancement of dihedral corner reflector using fractal-based metallo-
dielectric structures"
Effective use of fractal-based metallo-dielectric structures for enhancing the radar cross-section (RCS) of
dihedral corner reflectors is reported. RCS enhancement of about 30 dBsm is obtained for corner reflectors with
corner angles other than 90deg. This may find application in remote sensing and synthetic aperture radar [J1455]

"A hybrid time-domain model of electromagnetic induction from conducting, permeable targets"
Electromagnetic induction (EMI) is a popular technique to detect and discriminate buried unexploded ordnance
(UXO). However, modeling of the EMI response from many types of UXO is difficult due to the small skin depth
of the interior fields. In grid-based numerical methods, meshing the target volume or surface to resolve the skin
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depth is often highly impractical, yet a failure to do so yields inaccurate results. This paper addresses the
problem with a time-domain hybrid technique based on thin-skin approximation (TSA) that is very accurate for
small skin depths. The TSA method is applied to axisymmetric problems and is shown to be both fast and
accurate when the skin depth is small. The method is compared with analytical results, and excellent agreement
is obtained. For magnetic materials (such as steel), the TSA method is accurate for the complete time-domain
EMI response. In such cases, the TSA method provides an improved accuracy along with an order-of-magnitude
reduction in CPU time compared to a dense-mesh finite-element method (FEM). For nonmagnetic materials, the
TSA loses accuracy as time progresses and must be combined with a coarse-mesh FEM. In such cases, the
combined method still provides greater accuracy with comparable CPU time [J1456]

"Properties of surface waveguides derived from inversion of fundamental and higher mode
dispersive GPR data"
Thin surface layers of high-permittivity material (e.g., water-saturated soil) can cause a pronounced dispersion of
ground-penetrating radar waves. The dispersion characteristics depend on the permittivity and thickness of the
effective surface waveguide and the permittivity of the material below it. As for the analogous seismic case, the
values of these parameters can be estimated by applying a scheme that includes calculating the phase-velocity
spectra, picking dispersion curves from the spectra, and inverting the dispersion curves using a combined local
and global minimization procedure. Here, this scheme is extended by incorporating higher order modes. Explicit
expressions for the cutoff frequencies of the fundamental and higher order transverse electric (TE) and
transverse magnetic (TM) modes are derived. These expressions demonstrate that the cutoff frequency
decreases as the thickness and/or permittivity of the waveguide increase and/or the permittivity of the lower half-
space decreases. In addition, the TE cutoff frequencies are shown to be generally lower than the TM cutoff
frequencies. Numerical modeling of realistic models demonstrates the presence of the higher order modes with
the correct cutoff frequencies. Application of the modified inversion scheme to synthetic and field data
demonstrates its efficacy in providing the required physical property information. In particular, better-constrained
models are obtained by including higher order modes in the inversion [J1457]

"Generalized minimum-error thresholding for unsupervised change detection from SAR amplitude
imagery"
The availability of synthetic aperture radar (SAR) data offers great potential for environmental monitoring due to
the insensitiveness of SAR imagery to atmospheric and sunlight-illumination conditions. In addition, the short
revisit time provided by future SAR-based missions will allow a huge amount of multitemporal SAR data to
become systematically available for monitoring applications. In this paper, the problem of detecting the changes
that occurred on the ground by analyzing SAR imagery is addressed by a completely unsupervised approach,
i.e., by developing an automatic thresholding technique. The image-ratioing approach to SAR change detection is
adopted, and the Kittler and Illingworth minimum-error thresholding algorithm is generalized to take into account
the non-Gaussian distribution of the amplitude values of SAR images. In particular, a SAR-specific parametric
modeling approach for the ratio image is proposed and integrated into the thresholding process. Experimental
results, which confirm the accuracy of the method for real X-band SAR and spaceborne imaging radar C-band
images, are presented [J1458]

"Junction-aware extraction and regularization of urban road networks in high-resolution SAR
images"
A general processing framework for urban road network extraction in high-resolution synthetic aperture radar
images is proposed. It is based on novel multiscale detection of street candidates, followed by optimization using
a Markov random field description of the road network. The latter step, in the path of recent technical literature,
is enriched by the inclusion of a priori knowledge about road junctions and the automatic choice of most of the
involved parameters. Advantages over existing and previous extraction and optimization procedures are proved
by comparison using data from different sensors and locations [J1459]

"Enhanced Simulation of Radar Backscatter From Forests Using LiDAR and Optical Data"
Focusing on a forest dominated by Poplar Box (Eucalyptus populnea) near Injune in Queensland, Australia, light
detection and ranging (LiDAR) and optical remote sensing data are integrated with tree- and stand-level
information to parameterize a coherent L-band synthetic aperture radar (SAR) imaging simulation that models
microwave penetration and interaction with the canopy, understory, and ground. The approach used LiDAR data
to generate a three-dimensional representation of the distribution of tree components (leaves and small
branches) by species (based on 1-m3voxels) and the ground surface. Tree trunks were mapped across a 7.5-ha
forest stand using a LiDAR-derived height-scaled crown openness index. Primary and secondary branches were
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modeled as tapering cylinders and linked the canopy voxels to the LiDAR trunks. The dimensions of vegetation
and soil components and their geometric and dielectric properties required by the model were calibrated with
field-based measurements. Visual and numerical comparison between NASA JPL Airborne SAR data and the
model simulation suggests the effective modeling of SAR imagery at L-band. The study provides a proof-of-
concept approach for integrating LiDAR data in the parameterization of coherent SAR simulation models, and the
model presents options for better understanding of the information content of SAR data in real forest situations
[J1460]

"Bistatic SAR Processing and Experiments"
Bistatic synthetic aperture radar (SAR) uses a separated transmitter and receiver flying on different platforms to
achieve benefits like exploitation of additional information contained in the bistatic reflectivity of targets, reduced
vulnerability for military applications, forward-looking SAR imaging, or increased radar cross section. Besides
technical problems such as synchronization of the oscillators, involved adjustment of transmit pulse versus
receive gate timing, antenna pointing, flight coordination, and motion compensation, the development of a bistatic
focusing algorithm is still in progress and not sufficiently solved. As a step to a numerically efficient processor,
this paper presents a bistatic range migration algorithm for the translationally invariant case, where transmitter
and receiver have equal velocity vectors. In this paper, the algorithm was successfully applied to simulated and
real bistatic data. The real bistatic data have been acquired with the Forschungsgesellschaft fur Angewandte
Naturwissenschaften (FGAN)'s X-band SAR systems, namely the Airborne Experimental Radar II and the
Phased Array Multifunctional Imaging Radar, in October 2003 [J1461]

"Focusing of General Bistatic SAR Configuration Data With 2-D Inverse Scaled FFT"
This paper presents a bistatic focusing solution for the general case, when transmitter and receiver trajectories
move along nonparallel trajectories with different velocities. The approach in this paper is based on the point
target reference spectrum for an arbitrary bistatic configuration, derived from our previous publications. Based on
various simulations, the validity of the formula for both airborne and spaceborne configurations is demonstrated.
Focusing for special bistatic azimuth time-invariant configurations, "tandem" and "translationally invariant"
constellations are accomplished. All focusing algorithms have been developed in an interactive data language
and verified with adequate simulation results. The bistatic algorithm was further successfully applied to real
bistatic data acquired by the German Research Establishment for Applied Natural Sciences' PAMIR and AER-II
synthetic aperture radar systems. Processing in the general case turns out to be additionally truly azimuth time
variant. It is solved by implementing a novel two-dimensional inverse-scaled fast Fourier transform algorithm
[J1462]

"Improved Methods for Analysis of Decadal Elevation-Change Time Series Over Antarctica"
In this paper, several techniques to improve the processing and analysis of decadal elevation-change time series
(ECTS) constructed using satellite radar altimeter data over the Antarctic ice sheet are described. First, a
method that improves both the quality and quantity of ice-sheet ECTS is introduced. By dynamically selecting the
reference month used in constructing ECTS for a given local region, the maximum number of elevation-change
estimates are used in a matrix processing technique. This can improve ECTS quality while also generating ECTS
in new areas, leading to a significant increase in spatial coverage. Next, an improved autoregressive (IAR)
approach is presented for modeling nonlinear medium-period variations in decadal Antarctic ECTS. This builds
upon previous work where an AR model was used to characterize seasonal and interannual variations in ice-
sheet ECTS. The improved approach avoids overdecomposition by adopting an iterative local average filter to
estimate nonlinear medium-period trends. Monte Carlo simulations show that the IAR method significantly
outperforms the AR method when realistic nonlinear trends are present. Because of these characteristics, the
IAR model is able to adequately characterize seasonal, interannual, and medium-period nonlinear signals
present in decadal ECTS and extract their long-term trends with very small error. This is important for accurate
measurement of decadal elevation change over the Antarctic ice sheet and for assessing the impact of these
changes on the global sea level [J1463]

"Reply to Comments on “Compact Polarimetry Based on Symmetry Properties of Geophysical
Media: The Mode”"
For original paper see Souyris et al., ibid., vol.43, no.3, p.634 (2005) and for comment see Weizu Xiong, ibid.,
vol.44, no.9, p.2617 (2006). In their paper Souyris et al. discussed the pi/4 mode of polarimetric SAR. In the
comment Weizu Xiong felt that the calibration model used by Souyris et al. could be wrong and derived a
calibration model using polar theory. Souyris responds to these remarks [J1464]
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"Fawwaz T. Ulaby-Receives 2006 IEEE Edison Medal"
{no data available} [J1465]

"Polarimetric Features of Oyster Farm Observed by AIRSAR and JERS-1"
The polarimetric features of an oyster farm in a coastal area are analyzed to verify the applicability of radar
polarimetry and interferometry. L-band Airborne Synthetic Aperture Radar (AIRSAR) data and Japan Earth
Resources Satellite (JERS-1) data are used to examine the unique structure of an oyster farm located in South
Korea. A specific feature of the oyster farm is the presence of numerous arrays of structures of various
orientations that consist of exercise-bar-shaped poles protruding above sea level. This paper demonstrates that
tide level is strongly correlated with the double-bounce scattering power from the vertical pole structures. This
phenomenon is also verified by laboratory measurements using a network analyzer. In the laboratory experiment,
double-bounce scattering and total power showed increasing trends with increased height of the vertical poles.
Single-bounce scattering is sensitive to the orientation of horizontal poles relative to antenna orientation. HH-
polarization is the most effective technique for imaging oyster farms from L-band polarimetric AIRSAR data. The
authors were able to use a three-component decomposition of the AIRSAR data to distinguish an exposed tidal
flat from a submerged tidal flat. The characteristics of the exposed tidal flat are similar to those of the carbon
sponge in the laboratory test, except that the double-bounce scattering power is slightly greater in the real-world
example. The single-bounce scattering component in AIRSAR data is generally greater than that in laboratory
measurements because of sea-surface conditions and oyster growth. When the horizontal pole was aligned
normal to the radar look direction, single-bounce scattering was greater than the double-bounce scattering, even
under water-covered conditions. While a difference in tide height of 10 cm contributed approximately 3.0 dB in
the laboratory experiment, a difference in tide height of 20 cm contributed to only approximately 1.7 dB in the
JERS-1 SAR-- image intensity. JERS-1 SAR image intensity for areas dominated by double- and single-bounce
scattering was 0.78 and 0.56, respectively. Results confirm that polarimetric SAR data are useful in selecting
areas dominated by double-bounce scattering in oyster farms [J1466]

"Calibrating SeaWinds and QuikSCAT scatterometers using natural land targets"
The SeaWinds-on-QuikSCAT (QuikSCAT) and SeaWinds-on-ADEOS-2 (SeaWinds) scatterometers measure the
normalized radar backscatter (σo) of the earth's surface. These identical radar sensors are on different
spaceborne platforms in similar orbits. QuikSCAT and SeaWinds data are used to infer near-surface wind
vectors, polar sea-ice extent, polar-ice melt events, etc. In order to verify the relative calibration of these sensors,
a simple cross calibration based on land backscatter measurements is performed. A first-order polynomial model
is used to remove the incidence angle dependence of σofor selected regions of the Amazon rainforest and the
Sahara Desert. It is shown that the two sensors are well-calibrated to each other and require no bias corrections.
Additionally, evidence of a diurnal cycle in the Amazon rainforest backscatter is given. [J1467]

"The negative alpha filter: a new Processing technique for polarimetric SAR interferometry"
In this letter we develop a new concept, the negative alpha filter, which we suggest has application for
quantitative estimation of surface parameters beneath vegetation using polarimetric synthetic aperture radar
(SAR) interferometry (POLInSAR). We first derive the filter and then validate it using simulations of L-band
coherent forest scattering. We then show initial results of applying the filter to airborne data from the German
Aerospace Center's E-SAR L-band sensor. [J1468]

"Characterization and quantification of data voids in the shuttle Radar topography mission data"
The goal of this study was to characterize and quantify the occurrence of data voids in data from the Shuttle
Radar Topography Mission (SRTM) for the conterminous United States. For this purpose, SRTM data and
corresponding data from the national elevation data were downloaded in 21 samples spatially organized to cover
the main topography of the U.S. Void locations in SRTM data were compared to terrain attributes and
subsequently the area of individual data voids to the same attributes. It was found that data voids amounted to
0.3% of the total dataset. Data voids were found in all topographic settings but more often in slopes steeper than
approximately 20° that face south (170°), and also in flat areas such as lakes and rivers. It was also found that
more than 50% of all data voids were composed of connected pixels in groups less than six pixels. The largest
data voids could be attributed to water bodies, while the rest could be explained by terrain-radar interaction
characteristics. [J1469]

"Wideband measurements of ice sheet attenuation and basal scattering"
We are developing a multifrequency multistatic synthetic aperture radar (SAR) for determining polar ice sheet
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basal conditions. To obtain data for designing and optimizing radar performance, we performed field
measurements with a network-analyzer-based system during the 2003 field season at the North Greenland Ice
Core Project camp (75.1 N and 42.3 W). From the measurements, we determine the ice sheet complex transfer
function over the frequency range from 110-500 MHz by deconvolving out the system transfer function. Over this
frequency range, we observe an increase in total loss of 8±2.5 dB using a linear regression to the log-scale
data. With the ice sheet transfer function and an ice extinction model, we estimate the return loss from the basal
surface to be approximately 37 dB. These measurements have broad applicability to interpreting radar-sounding
data, which are widely used in glaciological studies of the polar ice sheets. These data have also been used in
the link budget for the design considerations of the multifrequency multistatic SAR system. [J1470]

"Precise topography- and aperture-dependent motion compensation for airborne SAR"
Efficient synthetic aperture radar (SAR) processing algorithms are unable to exactly implement the aperture- and
topography-dependent motion compensation due to the superposition of the synthetic apertures of several
targets having different motion errors and potentially different topographic heights. Thus, during motion
compensation, a reference level is assumed, resulting in residual phase errors that impact the focusing,
geometric fidelity, and phase accuracy of the processed SAR images. This letter proposes a new short fast
Fourier transform-based postprocessing methodology capable of efficient and precise compensation of these
topography- and aperture-dependent residual phase errors. In addition to wide beamwidth (very high resolution)
SAR systems, airborne repeat-pass interferometry especially benefits from this approach, as motion
compensation can be significantly improved, especially in areas with high topographic changes. Repeat-pass
interferometric data of the E-SAR system of the German Aerospace Center (DLR) are used to demonstrate the
performance of the proposed approach. [J1471]

"Topography-dependent motion compensation for repeat-pass interferometric SAR systems"
This letter presents a new motion compensation algorithm to process airborne interferometric repeat-pass
synthetic aperture radar (SAR) data. It accommodates topography variations during SAR data processing, using
an external digital elevation model. The proposed approach avoids phase artifacts, azimuth coregistration errors,
and impulse response degradation, which usually appear due to the assumption of a constant reference height
during motion compensation. It accurately modifies phase history of all targets before azimuth compression,
resulting in an enhanced image quality. Airborne L-band repeat-pass interferometric data of the German
Aerospace Center experimental airborne SAR (E-SAR) is used to validate the algorithm. [J1472]

"Motion extraction of atmospheric waves from spectroscopic imaging"
We describe a method for extracting atmospheric gravity wave motion from spectroscopic airglow images using
two-dimensional spectral analysis. This method detects quasi-monochromatic wave components and estimates
wavelengths, wave propagation directions, and phase speeds from the cross periodogram of two consecutive
time-differenced images. Monte Carlo simulations have been used to validate the phase-difference technique for
motion estimation and to compare its performance with a translational block-motion extraction method, which
represents the conventional approach. The new technique is shown to be more precise than its predecessor. We
have also applied the two techniques to real airglow images for both statistical and case studies. The variances
of the phase speeds generated by both methods are insignificant relative to the geophysical variation of the
gravity wave phase speeds. An individual wave study illustrates that the phase-difference method provides more
stable estimation of phase speeds than the block-motion method. [J1473]

"A novel algorithm for ship detection in SAR imagery based on the wavelet transform"
Carrying out an effective control of fishing activities is essential to guarantee a sustainable exploitation of sea
resources. Nevertheless, as the regulated areas are extended, they are difficult and time consuming to monitor
by means of traditional reconnaissance methods such as planes and patrol vessels. On the contrary, satellite-
based synthetic aperture radar (SAR) provides a powerful surveillance capability allowing the observation of
broad expanses, independently from weather effects and from the day and night cycle. Unfortunately, the
automatic interpretation of SAR images is often complicated, even though undetected targets are sometimes
visible by eye. Attending to these particular circumstances, a novel approach for ship detection is proposed
based on the analysis of SAR images by means of the discrete wavelet transform. The exposed method takes
advantage of the difference of statistical behavior among the ships and the surrounding sea, interpreting the
information through the wavelet coefficients in order to provide a more reliable detection. The analysis of the
detection performance over both simulated and real images confirms the robustness of the proposed algorithm.
[J1474]
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"Catch the wave [Jtsunami warning systems]"
This article discusses tsunami early warning systems. Firstly, wave detection sensors and their connection to a
satellite communication system are examined. This is followed by an outline of satellite radar remote detection of
the spread of the tsunami waves. The progress being made towards the installation of various permanent
warning systems is describes. Communication systems and public awareness initiatives are also considered.
[J1475]

"An optimal determination of variable antenna height and power for in-orbit SAR operations"
An optimal power and antenna height determination over a wide range of incidence angles is proposed for in-
orbit operations of the spaceborne stripmap synthetic aperture radar (SAR) with variable antenna height and
variable radiating element power. The antenna height and the average transmitted radio-frequency power of a
radiating element for each incidence angle are determined so that the mapping area can be maximized with the
constraints on the signal-to-noise ratio, ambiguities, and swath width, given the SAR geometry (an altitude and
incidence angles) and radar wavelength. With the receive-chain power consumption of one transmit/receive
module (Pr=10 mW) and the SAR instrument power consumption without the phased array antenna (PI=5 W),
the illustrative design example shows that the mapping area of the proposed SAR for the maximum incidence
angle (ηmax=75°) is about 269.1% of that resulted from utilizing only the variable antenna height. The proposed
optimization would have a more beneficial effect on applications that need the high-incidence-angle operations.
[J1476]

"An unsupervised approach based on the generalized Gaussian model to automatic change
detection in multitemporal SAR images"
We present a novel automatic and unsupervised change-detection approach specifically oriented to the analysis
of multitemporal single-channel single-polarization synthetic aperture radar (SAR) images. This approach is
based on a closed-loop process made up of three main steps: (1) a novel preprocessing based on a controlled
adaptive iterative filtering; (2) a comparison between multitemporal images carried out according to a standard
log-ratio operator; and (3) a novel approach to the automatic analysis of the log-ratio image for generating the
change-detection map. The first step aims at reducing the speckle noise in a controlled way in order to maximize
the discrimination capability between changed and unchanged classes. In the second step, the two filtered
multitemporal images are compared to generate a log-ratio image that contains explicit information on changed
areas. The third step produces the change-detection map according to a thresholding procedure based on a
reformulation of the Kittler-Illingworth (KI) threshold selection criterion. In particular, the modified KI criterion is
derived under the generalized Gaussian assumption for modeling the distributions of changed and unchanged
classes. This parametric model was chosen because it is capable of better fitting the conditional densities of
classes in the log-ratio image. In order to control the filtering step and, accordingly, the effects of the filtering
process on change-detection accuracy, we propose to identify automatically the optimal number of despeckling
filter iterations [Step 1] by analyzing the behavior of the modified KI criterion. This results in a completely
automatic and self-consistent change-detection approach that avoids the use of empirical methods for the
selection of the best number of filtering iterations. Experiments carried out on two sets of multitemporal images
(characterized by different levels of speckle noise) acquired by the European Remote Sensing 2 satellite SAR
sensor confirm the effectiveness of the proposed unsupervised approach, which results in change-detection
accuracies very similar to those that can be achieved by a manual supervised thresholding. [J1477]

"Accurate estimation of correlation in InSAR observations"
Interferometric synthetic aperture radar (InSAR) correlation, a measure of the similarity of two radar echoes,
provides a quantitative measure of surface and subsurface scattering properties and hence surface composition
and structure. Correlation is observed by comparing the radar return across several nearby radar image pixels,
but estimates of correlation are biased by finite data sample size and any underlying interferometer fringe
pattern. We present a method for correcting bias in InSAR correlation measurements resulting in significantly
more accurate estimates, so that inverse models of surface properties are more useful. We demonstrate the
value of the approach using data collected over Antarctica by the Radarsat spacecraft. [J1478]

"CFAR detection of extended objects in high-resolution SAR images"
This paper deals with the problem of constant false alarm rate detection of extended objects in high-resolution
synthetic aperture radar (SAR) images. Starting from the receiver proposed by Guida and Longo, where some
relevant properties of the location-scale distributions are exploited for ensuring constant false alarm against
Weibull background, the authors consider the application of the algorithm to the case of spotlight SAR images
collected by an airborne sensor developed by the Defense Evaluation and Research Agency laboratories. The
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algorithm has been reconceived for specific application to high-resolution SAR images where the reference
window is order of magnitudes larger than in the usual radar case. As a first step, a careful analysis based on
some real images has been made for testing the validity of the Weibull distribution hypothesis. Results are then
presented for different values of the system parameters (censoring depth and size of the reference window) and
demonstrate that the proposed detector is able to operate under changeable conditions of the underlying
background (vegetation and asphalt mixed with grass) and of the object size and shape. A little care, however,
should be taken to avoid overload situations that occur when the object dimensions become comparable with the
size of the reference window. Finally, real-time applications may be foreseen, since the computational charge of
the processor is generally low and increases weakly with the number of samples used for parameter estimation.
[J1479]

"Hydrometeor classification system using dual-polarization radar measurements: model
improvements and in situ verification"
A hydrometeor classification system based on a fuzzy logic technique using dual-polarization radar
measurements of precipitation is presented. In this study, five dual-polarization radar measurements (namely
horizontal reflectivity, differential reflectivity, specific differential phase, correlation coefficient, and linear
depolarization ratio) and altitude relating to environmental melting layer are used as input variables of the
system. The hydrometeor classification system chooses one of nine different hydrometeor categories as output.
The system presented in this paper is a further development of an existing hydrometeor classification system
model developed at Colorado State University (CSU). The hydrometeor classification system is evaluated by
comparing inferred results from the CSU CHILL Facility dual-polarization radar measurements with the in situ
sample data collected by the T-28 aircraft during the Severe Thunderstorm Electrification and Precipitation
Study. [J1480]

"An onboard processor and adaptive scanning controller for the Second-Generation Precipitation
Radar"
Technology for the 14- and 35-GHz Second-Generation Precipitation Radar (PR-2) is currently being developed
by the National Aeronautics and Space Administration Jet Propulsion Laboratory to support the development of
future spaceborne radar missions. PR-2 will rely on high-performance onboard processing techniques in order to
improve the observation capabilities (swath width, spatial resolution, and precision) of a low-Earth orbiting rainfall
radar. Using field-programmable gate arrays (FPGAs), we have developed a prototype spaceborne processor
and controller module that will support advanced capabilities in the PR-2 such as autotargeting of rain and
compression of rainfall science data. In this paper, we describe the new technology components designed for the
onboard processor, including an FPGA-based 40 × 109op/s pulse-compression receiver/filter with a range
sidelobe performance of -72 dB, and an adaptive scanning controller which yields a six-fold increase in the
number of radar looks over areas of precipitation. [J1481]

"Bayesian algorithm for microwave-based precipitation retrieval: description and application to TMI
measurements over ocean"
A physically oriented inversion algorithm to retrieve precipitation from satellite-based passive microwave
measurements named the Bayesian algorithm for microwave-based precipitation retrieval (BAMPR) is proposed.
First, we illustrate the procedure that BAMPR follows to produce precipitation estimates from observed
multichannel brightness temperatures. Retrieval products are the surface rain rates, columnar equivalent water
contents, and hydrometeor content profiles, together with the associated estimation uncertainties. Numerical tests
performed on simulated measurements show that retrieval errors are reduced when a rain type and pattern
classification procedure is employed, and that estimates are quite sensitive to the adopted error model. Finally,
for different tropical storms that were observed by the Tropical Rainfall Measuring Mission (TRMM) Microwave
Imager (TMI), we compare the rain retrieved from BAMPR relative to those retrieved from the Goddard Profiling
(Gprof) algorithm and the Precipitation Radar-adjusted TMI estimation of rainfall (PATER) algorithm. Despite a
similar inversion approach, the algorithms exhibit different performances that can be mainly related to different
training databases and retrieval constraints such as cloud classification. [J1482]

"Accuracy of differential shift estimation by correlation and split-bandwidth interferometry for
wideband and delta-k SAR systems"
Estimation of differential shift of image elements between two synthetic aperture radar (SAR) images is the basis
for many applications, like digital elevation model generation or ground motion mapping. The shift measurement
can be done nonambiguously on the macro scale at an accuracy depending on the range resolution of the
system or on the micro scale by employing interferometric methods. The latter suffers from phase cycle
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ambiguities and requires phase unwrapping. Modern wideband high-resolution SAR systems boast resolutions as
small as a few tens of a wavelength. If sufficiently many samples are used for macro-scale shift estimation, the
accuracy can be increased to a small fraction of a resolution cell and even in the order of a wavelength. Then,
accurate absolute ranging becomes precise enough to support phase unwrapping or even make it obsolete. This
letter establishes a few fundamental equations on the accuracy bounds of shift estimation accuracy for several
algorithms: coherent speckle correlation, incoherent speckle correlation, split-band interferometry, a
multifrequency approach, and correlation of point scatterers in clutter. It is shown that the performance of split-
band interferometry is close to the Crame´r-Rao bound for a broad variety of bandwidth ratios. Based on these
findings, Delta-k systems are proposed to best take advantage of the available radar bandwidth. [J1483]

"Transient interference excision in over-the-horizon radar using adaptive time-frequency analysis"
The performance of over-the-horizon radars (OTHRs) degrades significantly due to transient interferences such
as lightning, meteor echoes, and man-made impulse bursts. The conventional techniques used to suppress
these transient interferences generally follow a simple time-domain procedure which first localizes the transient,
sets the corrupted time samples to zero, and follows by data reconstruction via interpolations. However, for an
OTHR operation with a short coherent integration time (CIT) of a few seconds, the transient interference may
corrupt a significant portion of the received data such that data interpolation can become erroneous. In this
paper, a new transient interference excision technique is proposed. It utilizes the adaptive time-frequency
analysis technique to parameterize the radar signal. The transient interference can then be identified and
subsequently removed via their characteristic parameters. No data interpolation is needed. The performance of
the proposed technique is illustrated by simulated and experimental OTHR data. [J1484]

"Inversion of the surface properties of ice sheets from satellite microwave data"
Electromagnetic models are used as the basis for a least squares inversion technique to estimate the dry snow
zone surface properties of the terrestrial ice sheets from active and passive microwave satellite data. Retrieved
parameters include grain size, density, layer thickness, and accumulation rate. The prime motivation is to provide
information of direct value to the Cryosat altimeter mission. The derived parameters can be used to convert from
elevation change to snow mass change. They can also be used to predict geophysical retracking errors in
altimeter data and to estimate the resulting uncertainty in the altimeter elevation measurement. With this
technique, snow accumulation rate can also be estimated using passive microwave data. These data can then
be compared to historical European Remote Sensing (ERS) satellite altimeter data in order to assess the impact
of interannual variability in accumulation rate on the significance of rates of elevation change. The technique is in
the preliminary stages of assessment, but is demonstrated using ERS-2 altimeter data in conjunction with spatio-
temporally colocated Special Sensor Microwave/Imager (SSM/I) and QuikSCAT data. It is planned to apply the
technique ultimately to Cryosat. [J1485]

"Total zero Doppler Steering-a new method for minimizing the Doppler centroid"
This letter presents a new method, called total Zero Doppler steering, to perform yaw and pitch steering for
spaceborne synthetic aperture radar (SAR) systems. The new method reduces the Doppler centroid to
theoretically 0 Hz, independent of the range position of interest. Residual errors are only due to pointing
inaccuracy or due to approximations in the implementation of the total zero Doppler steering law. This letter
compares the new method with currently applied methods. The attitude angles and the residual Doppler centroid
frequencies are calculated and depicted exemplarily for the parameters of TerraSAR-X, for which the new
method will be implemented and used. The new method provides a number of advantages. The low residual
Doppler centroid and the reduced variation of the Doppler centroid over range allow a more accurate Doppler
centroid estimation. Due to the low residual Doppler centroid, the synthetic aperture radar (SAR) processing can
be alleviated, since the range cell migration is reduced and the Doppler frequencies are low. This facilitates the
use of very efficient processing algorithms, which are based on approximations whose quality is better for low
Doppler frequencies. The new method will furthermore optimize the overlap of the azimuth spectra of SAR image
pairs for cross-track interferometry. Low Doppler centroids will also reduce the impact of coregistration errors on
the interferometric phase. Furthermore, scalloping corrections in the ScanSAR processing are alleviated due to
the low variation of the Doppler centroid over range. [J1486]

"Dual-polarization measurements at C-band over the ocean: results from airborne radar
observations and comparison with ENVISAT ASAR data"
This paper presents an analysis of measurements of the normalized radar cross-section (NRCS) in vertical and
horizontal polarizations over the ocean obtained from the C-band airborne radar STORM. The dataset was
collected during the experiment called "Validation with a Polarimetric Airborne Radar of ENVISAT SAR over the
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Ocean (VALPARESO)", which took place during the calibration/validation phase of the ENVISAT Advanced
Synthetic Aperture Radar (ASAR). From this dataset, the properties of the polarization ratio are discussed and in
particular its dependencies with radar geometry (incidence and azimuth angle) as well as with meteorological
conditions (wind and sea state). The polarization ratio is found to be dependent on incidence and azimuth
angles. Its dependence with incidence angle is found to be significantly different from empirical models previously
proposed in the literature. It also exhibits some correlation with surface conditions (wind and wave) with a more
important correlation with significant wave steepness. Two new analytical formulations are proposed to model the
polarization ratio, one as a function of incidence angle only, the second one with additional dependence with
azimuth angle. It is shown that it is necessary to consider an azimuth-dependent polarization ratio for incidence
angles larger than 30°. Comparisons with the polarization ratio from ENVISAT ASAR images are used to assess
this model. [J1487]

"Forward model studies of water vapor using scanning microwave radiometers, global positioning
system, and radiosondes during the cloudiness intercomparison experiment"
Brightness temperatures computed from five absorption models and radiosonde observations were analyzed by
comparing them with measurements from three microwave radiometers at 23.8 and 31.4 GHz. Data were
obtained during the Cloudiness Inter-Comparison Experiment at the U.S. Department of Energy's Atmospheric
Radiation Measurement Program's (ARM) site in North-Central Oklahoma in 2003. The radiometers were
calibrated using two procedures, the so-called instantaneous "tipcal" method and an automatic self-calibration
algorithm. Measurements from the radiometers were in agreement, with less than a 0.4-K rms difference during
clear skies, when the instantaneous method was applied. Brightness temperatures from the radiometer and the
radiosonde showed a bias difference of less than 0.69 K when the most recent absorption models were
considered. Precipitable water vapor (PWV) computed from the radiometers were also compared to the PWV
derived from a Global Positioning System station that operates at the ARM site. The instruments agree to within
0.1 cm in PWV retrieval. [J1488]

"Directional wave information from the SeaSonde"
This paper describes methods used for the derivation of wave information from SeaSonde data, and gives
examples of their application to measured data. The SeaSonde is a compact high-frequency (HF) radar system
operated from the coast or offshore platform to produce current velocity maps and local estimates of the
directional wave spectrum. Two methods are described to obtain wave information from the second-order radar
spectrum: integral inversion and fitting with a model of the ocean wave spectrum. We describe results from both
standard- and long-range systems and include comparisons with simultaneous measurements from an S4
current meter. Due to general properties of the radar spectrum common to all HF radar systems, existing
interpretation methods fail when the waveheight exceeds a limiting value defined by the radar frequency. As a
result, standard- and long-range SeaSondes provide wave information for different wave height conditions
because of their differing radar frequencies. Standard-range SeaSondes are useful for low and moderate
waveheights, whereas long-range systems with lower transmit frequencies provide information when the waves
are high. We propose a low-cost low-power system, to be used exclusively for local wave measurements, which
would be capable of switching transmit frequency when the waveheight exceeds the critical limit, thereby
allowing observation of waves throughout the waveheight range. [J1489]

"A noise model for estimated synthetic aperture radar look cross spectra acquired over the ocean"
It is well known that look cross spectra processed from synthetic aperture radar (SAR) contain valuable
information on ocean waves. With the launch of the European satellite ENVISAT, SAR look cross spectra
(SLCS) have become available on an operational basis. Activities therefore exist at different European weather
centres to use the data for assimilation into numerical wave models. Furthermore there is scientific interest in
SLCS, e.g., concerning the estimation of the phase speed of ocean waves. For the estimation of ocean wave
parameters, it is important to have information about the accuracy of SLCS. In this paper, errors of estimated
SLCS due to SAR image speckle, spectral estimation errors, and image pattern decorrelation associated with
ocean wave motion are analyzed. A probability model is proposed for the estimated SLCS based on the
respective cross-spectrum coherence. The model is used to calculate signal-to-noise ratios and confidence limits
for the SLCS phase and magnitude, as well as the real and imaginary part. The coherence is factored into a
component describing look decorrelation due to SAR image speckle and a second factor describing the effect of
sea surface motion. It is shown that the ocean-wave-dependent decorrelation can be simulated using existing
nonlinear integral transforms for the look variance spectrum and the SLCS. The decorrelation effect associated
with speckle noise is related to SAR system parameters, e.g., the spatial SAR resolution. The probability model
is used to investigate the optimal choice of look processing parameters like the look separation time. A statistical
analysis based on a global dataset of a reprocessed dataset of European Remote Sensing 2 satellite SLCS is
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presented confirming the applicability of the probability model. The implications of the results for the retrieval of
two-dimensional wave spectra from SLCS are summarized. Possible future applications of the model like, for
example, the investigation of the turbulent air flow over waves, are discussed. [J1490]

"Use of fiducials and unsurveyed landmarks as geolocation tools in vehicular-based landmine
search"
When searching for land mines using vehicular-mounted sensors, it is important that the ground locations of the
detected mines be accurately determined. This is useful for data association when one has multiple looks at a
mine by a single sensor or if one uses multiple sensors. It is of ultimate importance for the primary mission,
which is to neutralize the detected mines or mark them for avoidance. This paper addresses the use of surveyed
landmarks, i.e., fiducials, as well as unsurveyed but visible landmarks within the sensor field of view for
improving the geolocation accuracy. Preliminary results show that in fact geolocation accuracy can be improved
significantly by using these tools. The method is primarily applicable to combat situations where a road is to be
cleared for advancing troops and equipment. This is in contrast to humanitarian demining where one has more
time and can approach suspected landmines from different viewpoints. [J1491]

"Kalman filtering for enhanced landmine detection using quadrupole resonance"
Quadrupole resonance (QR) is a novel technology recently applied to landmine detection. The detection process
is specific to the chemistry of the explosive, and therefore is less susceptible to the types of false alarms
experienced by metal detectors and ground-penetrating radars. Although QR is vulnerable to radio-frequency
interference (RFI) when the sensor is deployed in the field, adaptive RFI mitigation can remove most of the RFI.
In this paper, advanced signal processing algorithms applied to the postmitigation signal are studied to enhance
explosive detection. A new Kalman filtering strategy is proposed to estimate and detect the QR signal in the
postmitigation signal. The results using both simulated data and experimental data show that the proposed
algorithm can provide robust landmine detection performance. [J1492]

"Analysis of spatial and temporal stability of airborne laser swath mapping data in feature space"
Several features extracted from airborne laser swath mapping (ALSM) data are examined to determine their
effectiveness in separating buildings from trees across geographically and temporally diverse landscapes. These
two classes are often spatially mixed in urban and suburban areas and can be quite difficult to separate based
solely on geometric information due to the discrete sampling of ALSM. New median-based distance measures
are used to quantify the separability of the classes using the different features. Information-based measures are
also applied to the same data. For each of the test cases, it is possible to identify a common feature space in
which the distance between the two classes is large. This distance information is an indication of the separability
between classes and is therefore indicative of the potential success likely when trying to classify ALSM data.
This analysis provides new insights into the richness of simple two-return ALSM data and to the spatial and
temporal stability of ALSM features when discriminating between classes. [J1493]

"Computation of longwave electromagnetic response of nonhomogeneous media"
A method for the numeric estimation of the effective permittivity of any nonhomogeneous medium that admits
the effective medium approximation under the longwave approximation is presented. Media are modeled as
inclusions embedded in a continuous matrix. We show how the potentials at the inclusion boundaries are
sufficient information for the estimation of the effective permittivity. We also show efficient implementation
techniques to estimate them computationally, either by Monte Carlo random walk or by relaxation. We provide
numerical results for several regular two- and three-dimensional structures and show the dependence of the
effective response on the shape of the inclusions and their spatial arrangement, and the influence of the
percolation threshold. [J1494]

"Optimizing receiver configurations for resolution of equivalent dipole polarizabilities in situ"
Equivalent dipole polarizabilities are a succinct way to summarize the inductive response of an isolated
conductive body at distances greater than the scale of the body. At any time lag or frequency, an equivalent
dipole polarizability response is comprised of nine parameters: six specifying an equivalent dipole polarizability
matrix (which is symmetric) and three specifying the apparent location of the body center. Smith and Morrison
have given equations for calculating uncertainties in equivalent dipole polarizability and position based on
analysis of an iterative linearized inversion. Here, the root mean squared uncertainty in polarizability is weighted
and summed over a number of control points and minimized using an evolutionary algorithm for a number of
instrument designs. Three families of designs are presented: single-transmitter systems for use on a two-
dimensional grid of positions with negligible error in relative instrument location, two-transmitter systems for use
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on a line of positions with negligible error in relative instrument location, and three-transmitter systems for stand
alone use. Results for the one- and two-transmitter systems are strongly degraded by errors in instrument
position, whereas the three-transmitter systems are insensitive to instrument positioning errors. [J1495]

"An application of L-band synthetic aperture radar to tide height measurement"
A method for measuring the tide height near the coast from L-band synthetic aperture radar (SAR) data is
presented. Twenty-one coherent interferograms have been successfully constructed from Japanese Earth
Resources Satellite 1 (JERS-1) SAR data obtained over oyster sea-farming structures. A coherence analysis of
the 21 interferometric pairs showed that a perpendicular baseline of less than 3 km, with a temporal baseline
within 500 days, are required to obtain a coherent pair, with a coherence higher than 0.25, in the study area.
The coherent phases preserved in the interferograms showed a close relation with the sea level. The problem of
phase unwrapping to restore an absolute tide height was overcome by introducing normalized image intensities.
The radar measurements estimated by the proposed method were verified using tide gauge data, and
comparison of the two datasets yielded a correlation coefficient R2of 0.91, with a root mean square error of 5.76
cm. The results demonstrate that radar interferometry can be applied for a tide height measurement near the
coast given sufficient structures that return off-nadir radar pulses to the antenna. The multipolarized L-band SAR
system will provide better results, using only double-bounced signals, in the future. [J1496]

"A new wind vector algorithm for C-band SAR"
Ocean wind speed and wind direction are estimated simultaneously using the normalized radar cross sections
σ0corresponding to two neighboring (25-km) blocks, within a given synthetic aperture radar (SAR) image, having
slightly different incidence angles. This method is motivated by the methodology used for scatterometer data.
The wind direction ambiguity is removed by using the direction closest to that given by a buoy or some other
source of information. We demonstrate this method with 11 ENVISAT Advanced SAR sensor images of the Gulf
of Mexico and coastal waters of the North Atlantic. Estimated wind vectors are compared with wind
measurements from buoys and scatterometer data. We show that this method can surpass other methods in
some cases, even those with insufficient visible wind-induced streaks in the SAR images, to extract wind
vectors. [J1497]

"Permanent scatterers analysis for atmospheric correction in ground-based SAR interferometry"
Ground-based synthetic aperture radar (GB-SAR) interferometry has already been recognized as a powerful
tool, complementary or alternative to spaceborne SAR interferometry, for terrain monitoring, and for detecting
structural changes in buildings. It has been noted that, in spite of the very short range, compared with the
satellite configuration, in GB-SAR measurement the disturbances due to atmospheric effects cannot be
neglected either. The analysis of the interferometric phases of very coherent points, called permanent scatterers
(PSs), allows the evaluation of the atmospheric disturbance and the possibility of removing it. In this paper, the
PS analysis is carried out both on a test site facility and on a real campaign (Citrin Valley, Italy) that provided
data with a temporal baseline of about ten months. [J1498]

"On the utility of SeaWinds/QuikSCAT data for the estimation of the thermodynamic state of first-
year sea ice"
The thermodynamic state of sea ice is important to accurately and remotely monitor in order to provide improved
geophysical variable parameterizations in sea ice thermodynamic models. Operationally, monitoring the
thermodynamic state of sea ice can facilitate eased ship navigation routing. SeaWinds/QuikSCAT (QuikSCAT)
dual-polarization [i.e., horizontal (HH) and vertical (VV)] active microwave data are available at a sufficiently large
spatial scale and high temporal resolution to provide estimates of sea ice thermodynamics. This analysis
evaluated the temporal evolution of the backscatter coefficient (σ°) and VV/HH copolarization ratio from
QuikSCAT for estimating sea ice thermodynamics. QuikSCAT estimates were compared against RADARSAT-1
synthetic aperture radar (SAR) imagery and the Canadian Ice Service (CIS) prototype operational ice strength
algorithm. In situ data from the Collaborative Interdisciplinary Cryospheric Experiment (C-ICE) for 2000, 2001,
and 2002 were used as validation. Results indicate that the temporal evolution of σ° from QuikSCAT is
analogous to RADARSAT-1. The QuikSCAT σ° temporal evolution has the ability to identify winter, snow melt,
and ponding thermodynamic states. Moreover, the copolarization VV/HH ratio of QuikSCAT could provide a
second estimate of the ponding state in addition to identifying the drainage state that is difficult to detect by
single-polarization SAR. QuikSCAT detected thermodynamic states that were found to be in reasonable
agreement to that of in situ observations at the C-ICE camp for all years. Operational implications of this
analysis suggest QuikSCAT is a more effective and efficient medium for monitoring ice decay compared to
RADARSAT-1 and can be utilized to provide more robust modeled ice strength thresholds. [J1499]
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"Evaluation of ionospheric sporadic-E clutter in an arctic environment for the assessment of high-
frequency surface-wave radar surveillance"
This paper studies the Arctic ionospheric environment using ionosonde data and assesses the potential of high-
frequency surface-wave radar (HFSWR) surveillance for surface vessels and low-altitute air targets. The
evaluation is based on sporadic-E (Es) interference in the HFSWR signal. For surveillance problems up to 150
km, such as in the Northwest Passage through Canada's Arctic islands, the ionospheric Es clutter is the
dominant clutter that may degrade the performance of the future HFSWR systems. The results show that Es
occurs least often at Eureka in winter and at Resolute Bay in summer. Generally, Es occurs less often in the
Arctic than at midlatitudes. Observations also suggest that the best time to perform HFSWR surveillance in the
Arctic is between approximately 07:00-15:00 UT and 21:00-24:00 UT. During these hours, the number of days
that Es interference occurs in a month and the range of frequencies (in the 4-7 MHz range) reflected are
minimized compared to other times of the day. These observations suggest that the future HFSWR systems in
the Northwest Passage should be designed to operate at higher radio frequencies. For example, a radio
frequency higher than 7 MHz can be operated in order to minimize the Es interference during the hours of
07:00-15:00 UT and 21:00-24:00 UT. It is concluded that the Es interference in the HFSWR signal in the Arctic
can be equal to or less than that at midlatitudes (e.g., off the east coast of Newfoundland). Furthermore, the
overall performance of HFSWR will be better in the Arctic than at midlatitudes due to lower levels of interference
of sea clutter and man-made-related noises combined with a much better level of HFSWR propagation. [J1500]

"Dynamical evolution of the Brillouin precursor in Rocard-Powles-Debye model dielectrics"
When an ultrawide-band electromagnetic pulse penetrates into a causally dispersive dielectric, the interrelated
effects of phase dispersion and frequency dependent attenuation alter the pulse in a fundamental way that
results in the appearance of so-called precursor fields. For a Debye-type dielectric, the dynamical field evolution
is dominated by the Brillouin precursor as the propagation depth typically exceeds a single penetration depth at
the carrier frequency of the input pulse. This is because the peak amplitude in the Brillouin precursor decays
only as the square root of the inverse of the propagation distance. This nonexponential decay of the Brillouin
precursor makes it ideally suited for remote sensing. Of equal importance is the frequency structure of the
Brillouin precursor. Although the instantaneous oscillation frequency is zero at the peak amplitude point of the
Brillouin precursor, the actual oscillation frequency of this field structure is quite different, exhibiting a
complicated dependence on both the material dispersion and the input pulse characteristics. Finally, a Brillouin
pulse is defined and is shown to possess near optimal (if not optimal) penetration into a given Debye-type
dielectric. [J1501]

"Fully polarimetric measurements of brightness temperature distributions with a quasi-optical
radiometer system at 90 GHz"
The thermal microwave radiation of our natural and man-made environment contains many objects with fully
polarimetric information. Based on this assumption a quasi-optical imaging radiometer system was designed and
realized for the determination of the complete Stokes vector. To demonstrate the system performance, the beam
quality was verified by measurements and a polarimetric calibration procedure was developed. Measurements on
selected objects have been carried out to demonstrate the polarimetric effects primarily of the third and fourth
component of the Stokes vector. The measured results indicate new possible applications for remote sensing
and material testing. [J1502]

"Beam-filling effect correction with subpixel cloud fraction using a neural network"
In this study, the effects of cloud inhomogeneity on microwave rain rate retrievals are investigated. A single-
channel (85 GHz) empirically based algorithm using a neural network approach is presented. The objective is to
correct the beam-filling error (BFE), that might occur because of the inherent variability within coarse microwave
pixels, with subpixel information. To this aim, we used the Tropical Rainfall Measuring Mission passive
microwave, thermal infrared and radar data. The integration of spatial information into the retrieval algorithm
enables us to partially overcome the BFE. We use two parameters which characterize the horizontal cloud
inhomogeneity within the microwave radiometer field of view, and we add them to simulated brightness
temperatures as inputs of the neural network algorithm. The first one is the cloud fraction derived from infrared
measurement, and the second corresponds to the fraction of the rainy area derived from radar measurements.
The output rain rates were validated using the Precipitation Radar data. It was found that adding cloud fraction
of microwave pixels, can lead to more accurate retrievals. Instantaneous precipitation estimates demonstrated
correlations of 0.6-0.7 and 0.7-0.8 with radar-derived rain rates, for ocean and land retrievals respectively. In
spite of the problem inherent in deriving the cloud (or rain) fraction, the initial validation results presented in this
study are reasonably encouraging and show the advantage of utilizing the information from different sensors in
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order to optimize the retrieval of rainfall. [J1503]

"Estimation of raindrop size distribution from spaceborne Radar observations"
The Tropical Rainfall Measuring Mission (TRMM) Precipitation Radar uses surface reference method to estimate
the attenuation encountered in the observation of radar reflectivity. The cumulative attenuation estimated from
the surface reference method can be distributed along the radar range using a power law relation between the
specific attenuation (k) and reflectivity factor (Z). A physical interpretation of the variability in the k-Z relation can
be provided with the normalized drop size distributions. This paper describes an algorithm to estimate the drop
size distribution (DSD) parameters from the measured attenuation and reflectivity values obtained from TRMM
precipitation radar observations. Coincident data collected with ground polarimetric radar during the TRMM field
campaigns is used to cross-validate the estimates of drop size distribution parameters obtained from the TRMM
precipitation radar. The results of cross validation show fairly good agreement with the drop size distribution
parameters retrieved from TRMM precipitation radar and the ground-radar-based estimates. The algorithm is
subsequently used to generate monthly global maps of DSD. The global distribution of DSDs is critically
important for development of retrieval algorithms used by the Global Precipitation Mission Radiometers. [J1504]

"Detection and Processing of bistatically reflected GPS signals from low Earth orbit for the purpose
of ocean remote sensing"
We will show that ocean-reflected signals from the global positioning system (GPS) navigation satellite
constellation can be detected from a low-earth orbiting satellite and that these signals show rough correlation
with independent measurements of the sea winds. We will present waveforms of ocean-reflected GPS signals
that have been detected using the experiment onboard the United Kingdom's Disaster Monitoring Constellation
satellite and describe the processing methods used to obtain their delay and Doppler power distributions. The
GPS bistatic radar experiment has made several raw data collections, and reflected GPS signals have been
found on all attempts. The down linked data from an experiment has undergone extensive processing, and
ocean-scattered signals have been mapped across a wide range of delay and Doppler space revealing
characteristics which are known to be related to geophysical parameters such as surface roughness and wind
speed. Here we will discuss the effects of integration time, reflection incidence angle and examine several delay-
Doppler signal maps. The signals detected have been found to be in general agreement with an existing model
(based on geometric optics) and with limited independent measurements of sea winds; a brief comparison is
presented here. These results demonstrate that the concept of using bistatically reflected global navigation
satellite systems signals from low earth orbit is a viable means of ocean remote sensing. [J1505]

"Measurement of river surface currents with coherent microwave systems"
River surface currents have been measured using coherent microwave systems from a bridge, a cableway,
several riverbanks, a helicopter, and an airplane. In most cases, the microwave measurements have been
compared with conventional measurements of near-surface currents and found to be accurate to within about 10
cm/s. In all cases, the basis for the microwave measurement of surface current is the Doppler shift induced in
the signal backscattered from the rough water surface. In this paper, we outline the principles of the
measurements and the various implementations that have been used to make microwave measurements of
surface currents. Continuous-wave (CW) microwave systems have been used from a bridge to make long-term
measurements of surface currents; these are compared with current-meter measurements and with time series of
stage. A compact CW system has been developed and used on a cableway to measure surface currents at
various distances across a river; these measurements have been compared with acoustic ones. Pulsed Doppler
radars have been used to measure river surface currents from a riverbank, a helicopter, and an airplane. In the
first two cases, comparisons with both current-meter and acoustic measurements have been made. We suggest
that the CW system would be preferable to the pulsed Doppler radar to make such measurements from
helicopters in the future. Finally, we consider the implications of our experiments for the measurement of surface
currents from aircraft or satellites using interferometric synthetic aperture radars (INSARs). We find that a
combination along-track, cross-track INSAR is necessary but that significant limitations are inherent in the
technique. [J1506]

"Multitemporal repeat pass SAR interferometry of boreal forests"
Multitemporal interferometric European Remote Sensing 1 and 2 satellite tandem pairs from a forest test site in
Finland are examined in order to determine the stem volume retrieval accuracy. A form of multitemporal filtering
is introduced to investigate what forest stands show a multitemporal consistency in coherence. It is found that a
large stand size is a major factor to obtain accurate retrievals. The effect of heterogeneity of forest stands is also
discussed. Based on the stands showing highest multitemporal consistency different models for scattering and
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coherence are compared. The interferometric water cloud model is chosen for stem volume retrieval. The
variation of the model parameters with meteorological parameters is investigated and the results illustrate that
the best imaging conditions are obtained for subzero temperatures and windy conditions. It is shown that for the
20 stands showing highest multitemporal consistency the stem volume can be retrieved with a relative error of
21%, deteriorating when the number of testing stands is increased, e.g., for 80 stands the error is 48%. For 37
large forest stands representing 48% of the investigated area the relative stem volume error is 26%. With
experience from another site in Sweden we may conclude that the error level for a multitemporal interferometric
synthetic aperture radar evaluation of stem volume for large forest stands (>2 ha) in a well managed and
homogeneous boreal forest may be expected to be in the 15% to 25% range, deteriorating for small and
heterogeneous stands and for images acquired under nonwinter conditions. [J1507]

"Long-range third-harmonic generation in air using ultrashort intense laser pulses"
The generation of a powerful third-harmonic pulse in atmospheric air has been controlled over long-distance
propagation using divergent and negatively chirped fundamental pulses. The cofilamentation of the high-intensity
fundamental and third-harmonic pulses was observed over long propagation distance using the Lidar technique.
The high peak intensity and the extremely broad spectral content generated by both fundamental and third-
harmonic pulses imply promising applications for atmospheric remote sensing of pollutants and bioaerosols.
[J1508]

"Comparison of asymptotic backscattering models (SSA, WCA, and LCA) from one-dimensional
Gaussian ocean-like surfaces"
In this paper, recent asymptotic backscattering models are compared for one-dimensional multiscale dielectric
sea surfaces with Gaussian statistics and by considering the Elfouhaily et al. height spectrum. We focus on the
calculations of the normalized radar cross sections (NRCS) obtained from the weighted and local curvature
approximations (WCA and LCA), recently published by Elfouhaily, and of the first- and second-order small slope
approximation (SSA(1) plus SSA(2) denoted as SSA), developed by Voronovich. Voronovich et al. (2002 Waves
Random Media 11 247-269) presented simulations of the SSA by making an assumption over the SSA(2)
contribution (the model is referred to as SSAM). The NRCS computation is then similar to SSA(1), where the sea
spectrum is substituted by a modified spectrum defined as the product of the sea spectrum by the second-order
polarization term. The second-order statistical moment of WCA is calculated rigorously for any two-dimensional
height correlation of the surface with Gaussian statistics. The NRCS of the WCA, WCAQ (obtained from a
quadratic approximation of WCA), LCA, SSA, and SSAM backscattering models are compared for moderate wind
speeds, for microwave frequencies and for backscattering angles ranging from 0 (nadir) to 70°. [J1509]

"Differential tomography: a new framework for SAR interferometry"
A new interferometric mode crossing the differential synthetic aperture radar (SAR) interferometry and
multibaseline SAR tomography concepts, that can be termed differential SAR tomography, is proposed. Its
potentials, coming from the joint elevation-velocity resolution capability of multiple scatterers, are discussed.
Processing is cast in a bidimensional baseline-time spectral analysis framework, with sparse sampling. The use
of a modern data-dependent bidimensional spectral estimator is proposed for joint baseline-time processing.
Simulated results are reported for different baseline-time acquisition patterns and two motion conditions of
layover scatterers, showing that this new challenging interferometric technique is promising. [J1510]

"Generation of digital terrain models with a ground-based SAR system"
A novel technique for the retrieval of a digital terrain model (DTM) with a ground-based synthetic aperture radar
(GB-SAR) system is described. A set of SAR images collected over a test site located at Salice d'Ulzio, Italy, is
used to validate experimentally the proposed DTM retrieval technique. The topographic height is obtained using
an algorithm specifically tailored for a GB-SAR system equipped with two receive antennas. The comparison
with an existing DTM of the test site area shows that the retrieved DTM is accurate, with root mean square
height differences between the two DTMs below 5 m. [J1511]

"A maximum-likelihood estimator to simultaneously unwrap, geocode, and fuse SAR interferograms
from different viewing geometries into one digital elevation model"
This paper presents theory, algorithm, and results of a maximum-likelihood algorithm that is capable to fuse a
number of heterogeneous synthetic aperture radar interferograms into a single digital elevation model (DEM)
without the need for the critical phase-unwrapping step. The fusion process takes place in the object space, i.e.,
the map geometry, and considers the periodic likelihood function of each individual interferometric phase sample.
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The interferograms may vary regarding their radar wavelength, their baseline, their heading angle (ascending or
descending), and their incidence angle. Geometric baseline error estimates and a priori knowledge from other
estimates like existing DEMs are incorporated seamlessly into the estimation process. The presented approach
significantly differs from the standard DEM generation method where each interferogram is first phase-
unwrapped individually, then geocoded into a common map geometry, and finally averaged with DEMs
generated from other interferograms. By avoiding the phase-unwrapping step, the proposed algorithm does not
depend on gradients between samples and is therefore capable to reconstruct the arbitrary height of each single
scatterer. Because the height of each DEM sample is determined individually, spatial propagation of phase-
unwrapping errors is avoided. The algorithm is targeted to fuse an ensemble of interferometric multiangle or
multibaseline observations in areas of rugged terrain or highly ambiguous data where algorithms based on phase
unwrapping may fail. The algorithm is explained, and examples with real data from the Shuttle Radar
Topography Mission are given. Conditions of future missions are simulated, and optimization criteria for the
viewing geometry are discussed. [J1512]

"Spatial resolution and processing tradeoffs for HYDROS: application of reconstruction and
resolution enhancement techniques"
Recent developments in reconstruction and resolution enhancement for microwave instruments suggest a
possible tradeoff between computation, resolution, and downlink data rate based on postcollection
reconstruction/resolution enhancement processing. The Hydrospheric State (HYDROS) mission is designed to
measure global soil moisture and freeze/thaw state in support of weather and climate prediction, water, energy,
and carbon cycle studies, and natural hazards monitoring. It will use an active and passive L-band microwave
system that optimizes measurement accuracy, spatial resolution, and coverage. The active channels use
synthetic aperture radar-type processing to achieve fine spatial resolution, requiring a relatively high downlink
data rate and ground processor complexity. To support real-time applications and processing, an optional
postcollection reconstruction and resolution enhancement method is investigated. With this option, much lower
rate real-aperture radar data are used along with ground-based postprocessing algorithms to enhance the
resolution of the observations to achieve the desired 10-km resolution. Several approaches are investigated in
this paper. It is determined that a reconstruction/resolution enhancement technique combining both forward- and
aft-looking measurements enables estimation of 10-km resolution or better backscatter values at acceptable
accuracy. Key tradeoffs to achieve this goal are considered. [J1513]

"Detection of stationary foliage-obscured targets by polarimetric millimeter-wave Radar"
This paper introduces a technique to detect the presence of foliage-obscured targets using millimeter-wave
radars operating at near-grazing incidence. Radar return from a scene where a target is concealed behind
foliage consists of both foliage backscatter return and a polarimetrically distorted and reduced target return. A
data acquisition and signal processing technique that takes advantage of temporal decorrelations in foliage is
proposed to enhance target detection and resolve it from foliage. Furthermore, an inversion technique is
proposed to remove the polarimetric distortions in the target response. The techniques are verified through a
series of indoor and outdoor experiments. [J1514]

"Discontinuous galerkin time-domain method for GPR simulation in dispersive media"
This paper presents a newly developed high-order discontinuous Galerkin time-domain (DGTD) method for
solving Maxwell's equations in linear dispersive media with UPML boundary treatment. A unified formulation is
derived for linear dispersive media of Debye type and the artificial material in the UPML regions with the help of
auxiliary differential equations. The DGTD employs finite-element-type meshes, and uses piecewise high-order
polynomials for spatial discretization and Runge-Kutta method for time integrations. Arbitrary high-order accuracy
can be obtained for scattering of various objects in dispersive media. After validating the numerical convergence
of the DGTD method together with the second-order Yee's scheme, we apply this new method to the ground-
penetrating radar for the detection of buried objects in a lossy half space. [J1515]

"Assimilation of altimeter significant wave height into a third-generation global spectral wave
model"
Data from three different altimeters (Topex/Poseidon, Jason-1, and European Remote Sensing Satellite 2) have
been assimilated in a third-generation global spectral wave model forced by winds observed by scatterometer
onboard QuikSCAT. Two different approaches of assimilation have been discussed. In the first approach, a
simple scaling has been used to generate wave spectrum from altimeter-derived significant wave heights for
assimilation in the model. In the second approach, the influence of altimeter observation has been spread to
nearby grid points. Assimilation has been carried out every 6 h for five days. After the expiry of the assimilation
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phase, the model has been run in pure hindcast mode. Assimilation experiments have been carried out for the
months of September and December 2002. Impact of assimilation has been found to be quite high in the Indian
Ocean. It has been also found that the model is able to retain the memory of assimilation for a period of two and
a half days as far as global ocean is concerned. This memory is more for the Indian Ocean. The wave spectrum
generated by the model in the hindcast mode has been validated against the buoy-observed wave spectrum in
the high sea conditions. The more significant impact has been seen in the case of altimeter track in the vicinity
of the buoy. [J1516]

"Tree height influence on ERS interferometric phase in boreal forest"
The European Remote Sensing 1/2 (ERS-1/2) "tandem" coherence has been shown to provide estimates of stem
volume in boreal forest in agreement with in situ data. Tree height estimation from ERS interferometric phase
represents a further step in the investigations concerning the retrieval of biophysical parameters using repeat-
pass synthetic aperture radar (SAR) interferometry. At two test sites located in Sweden and Finland, sets of
respectively nine and eight ERS "tandem" interferograms were available. Images acquired under stable winter
weather conditions and during nighttime were found to be less affected by atmospheric artifacts. Reduction of
atmospheric artifacts in interferograms was performed with a phase screen estimated over a dense grid of open
areas. Nonetheless, at each test site, only a limited set of pairs was useful for tree height investigations. Under
stable winter conditions, the interferometric tree height obtained from an inversion of the differential
interferometric phase at stand level was found to be much lower than the true tree height. Spread and
uncertainty in the interferometric tree height measurements were caused by phase noise and residual
atmospheric artifacts. Using the semiempirical interferometric water cloud model (IWCM), the modeled
interferometric tree height was generally in reasonable agreement with the measurements, showing the need of
a phase term in interferometric modeling of forests. The inversion of the IWCM for tree height retrieval showed
the strong effect of phase noise and atmospheric artifacts on the estimates. Hence, tree height retrieval from
ERS repeat-pass SAR interferometry seems to have limited forestry applications. The results also indicate under
what conditions the forest influence is small on digital elevation models derived from repeat-pass interferometry.
[J1517]

"Estimation of gravity wave momentum flux with spectroscopic imaging"
Atmospheric gravity waves play a significant role in the dynamics and thermal balance of the upper atmosphere.
In this paper, we present a novel technique for automated and robust calculation of momentum flux of high-
frequency quasi-monochromatic wave components from spectroscopic imaging and horizontal radar wind
measurements. Our approach uses the two-dimensional (2-D) cross periodogram of two consecutive Doppler-
shifted time-differenced (TD) images to identify wave components and estimate intrinsic wave parameters.
Besides estimating the average perturbation of dominant waves in the whole field of view, this technique applies
2-D short-space Fourier transform to the TD images to identify localized wave events. With the wave parameters
acquired, the momentum flux carried by all vertically propagating wave components is calculated using an
analytical model relating the measured intensity perturbation to the wave amplitude. This model is tested by
comparing wave perturbation amplitudes inferred from spectroscopic images with those from sodium lidar
temperature measurements. The proposed technique enables characterization of the variations in the direction
and strength of gravity waves with high temporal resolution for each clear data-taking night. The nightly results
provide statistical information for investigating seasonal and geographical variations in momentum flux of gravity
waves. [J1518]

"Application of feature extraction methods for landmine detection using the Wichmann/Niitek
ground-penetrating radar"
Ground-penetrating radar (GPR) has been proposed as an alternative to classical electromagnetic induction
techniques for the landmine detection problem. The Wichmann/Niitek system provides a good platform for novel
GPR-based antitank mine detection and classification algorithm development due to its extremely high SNR.
When the GPR sensor is mounted on a moving vehicle, the target signatures are hyperbolas in a time-domain
data record. The goal of this work is to extract useful features that exploit this knowledge in order to improve
target detection. The algorithms can be divided into two steps: feature extraction and classification.
Preprocessing is also considered to remove both stationary effects and nonstationary drift of the data and to
improve the contrast of the desired hyperbolas. The algorithm is evaluated using real data over primarily plastic
antitank mines collected with a fielded GPR sensor at a government test site. [J1519]

"Migration velocity analysis and prestack migration of common-transmitter GPR data"
The accuracy of a migration image of ground-penetrating radar (GPR) depends strongly on the accuracy of
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permittivity distribution determined from multioffset data. This paper proposes a migration velocity analysis
method using a genetic algorithm (GA). The objective function is defined as the summation of normalized zero-
delay cross correlation of all common-image point gathers. Under the assumptions that the media are blockwise
and that the permittivity of each block can be expressed as a polynomial with limited terms, all coefficients of the
permittivity function of each block, which maximize the objective function, are determined by migration velocity
analysis method with GA. Prestack migration is performed by a reverse-time migration method based on
Maxwell's equations solved by the finite-difference time-domain method with a perfectly matched layer absorbing
boundary conditions. The migration velocity analysis method is applied to synthetic common-transmitter datasets
to test the method. Then, the velocity analysis and prestack migration method are applied to field data. From the
distribution of dielectric constant obtained from the field data, water content is derived, and the depth of a water
aquifer is deduced from the water content distribution and a migration stack profile. [J1520]

"Intercomparison of deep convective cloud fractions from passive infrared and microwave radiance
measurements"
The common method to detect deep convective clouds is from satellite infrared (IR) measurements, which is
based on thresholds of cloud-top temperatures. However, thick cirrus clouds with high cloud tops are difficult to
screen out using IR methods, resulting in an overestimation of deep convective cloud fractions. Two aircraft
cases with simultaneous Millimeter-wave Imaging Radiometer, Multispectral Atmospheric Mapping Sensor, and
ER-2 Doppler radar measurements during the Convection and Moisture Experiment 3 in August 1998 are
analyzed to investigate the influence of high thick cirrus clouds on two previously developed IR methods. In
contrast, a microwave method based on the brightness temperature differences between the three water vapor
channels around 183.3 GHz of the Advanced Microwave Sounding Unit-B (AMSU-B) (183.3±1,183.3±3, and
183.3±7 GHz) can screen out high thick cirrus clouds efficiently. The tropical deep convective cloud fractions
(30°S-30°N) estimated by the IR methods and the AMSU-B method are compared. Although their geographical
distributions are in well agreement with each other, the total fractions detected by the IR methods are about 2-
3.5 times greater than that detected by the AMSU-B method. Moreover, the overestimation of deep convective
cloud fractions by the IR method (11-μm brightness temperature less than 215 K) can result in a displacement in
the detected location of the deep convective clouds. The average thick cirrus clouds cover 2.5 times the area of
the deep convective clouds that generates them. [J1521]

"A Ka-band backscatter model function and an algorithm for measurement of the wind vector over
the sea surface"
A Ka-band backscatter model and an algorithm for measurement of the wind speed and direction over the sea
surface by a frequency-modulated continous-wave radar demonstrator system operated in scatterometer mode
have been developed. To evaluate the proposed algorithm, a simulation of the wind vector retrieval has been
performed. [J1522]

"Operational feasibility of neural-network-based radar rainfall estimation"
An operational radar rainfall estimation system based on the adaptive radial basis function (RBF) neural network
is developed. During the process of training and cross validation, the rainfall estimation was computed only at
the gauge locations. Once the training is done, the radar rainfall estimation based on neural networks is applied
to the full coverage area of the radar. Such large-scale application of the rainfall estimate poses several
questions in the context of operational applications. This letter addresses two of those questions, namely: 1) the
feasibility of adaptively updating RBF neural network models on a daily basis and 2) the ability of neural network
radar rainfall estimation at high spatial resolution within reasonable and practical time frame for operational
applications. Using the datasets collected by WSR-88D radar located in Melbourne, FL, it is demonstrated that
radar-based rainfall estimation using an adaptive RBF neural network is feasible. The results show that 73% of
overnight updating for the RBF neural network can be completed within 2 h, and the estimation over an area of
100 km×100 km can be generated within the time frame (a few tens of seconds-150 s), which is much smaller
than the average radar volume scan time. [J1523]

"Daytime interference ing of OSMAR"
In order to cancel the daytime interference of Ocean State Monitoring and Analyzing Radar, which appears in
some consecutive days, we analyze the interference characteristic. Based on the characteristic the sidelobe
cancellation technique and the orthogonal expansion method are proposed to cancel the interference. Both
methods increase the sea-echo-to-interference ratio, but the latter achieves better effect in the far distance,
which confirms the orthogonal expansion is the best method to remove the interference. [J1524]
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"An electromagnetic approach based on neural networks for the GPR investigation of buried
cylinders"
In this letter, neural networks (NNs) are used to reconstruct the geometric and dielectric characteristics of buried
cylinders. The NN is designed to work with input data extracted from the transient electric fields scattered by the
target. To this aim, a simple simulation of a typical ground-penetrating radar setting is performed and different
sets of data examined. Moreover, different neural network algorithms have been exploited, and results have been
compared. Finally, the "robustness" of the proposed approach has been tested against noisy data and against
uncertainties in the modelization. [J1525]

"Dynamic survey of architectural heritage by high-speed microwave interferometry"
The authors propose the use of a high-speed interferometric radar for remotely measuring both transient
displacements and steady-state vibrations of architectural heritage structures in order to test their stability
conditions. Demonstrative results of application of the technique to a prominent cultural heritage artwork, the
tower of Giotto in Florence, Italy, are reported. [J1526]

"Generation of wide-swath and high-resolution SAR images from multichannel small spaceborne
SAR systems"
Future spaceborne synthetic aperture radar (SAR) systems will be required to produce high-resolution imagery
over a wide area of surveillance. However, the minimum antenna area constraint makes it a contradiction to
simultaneously obtain both unambiguous wide-area and high azimuth resolution. To overcome this limitation, a
technique has been suggested that combines a broad illumination source with multiple receiving channels. Then,
the coherent combination of the recorded multichannel signals will allow for the unambiguous SAR mapping of a
wide ground area with fine azimuth resolution. This letter first gives an overview of current research work carried
out about the generation of wide-swath and high-resolution SAR images from multichannel small spaceborne
SAR systems, and then a space-time adaptive processing (STAP) approach combined with conventional SAR
imaging algorithms is presented, which could be of help to overcome the existing difficulties in data processing.
The main idea of the approach is to use a STAP-based method to properly overcome the aliasing affect caused
by the lower pulse repetition frequency and thereby retrieve the unambiguous azimuth wide (full) spectrum signal
from the received signal. Following this operation, conventional SAR data processing tools can be applied to fully
focus the SAR images. The performance of the approach is also discussed in this letter. The approach has the
advantages of simplicity, robustness, and high efficiency. [J1527]

"Reflections in bumpy terrain: implications of canopy surface variations for the radiation balance of
vegetation"
Data from an optical imaging sensor and a small-footprint lidar were used to examine the relation between
canopy reflectance and outer surface complexity in forest stands in the southern Cascades of Washington state.
Albedo was estimated from the Airborne Visible Infrared/Imaging Spectrometer; canopy surface variation (termed
"rugosity") was estimated from small-footprint lidar; and stand ages were obtained through U.S. Forest Service
records and global information system coverages. Results showed that albedo from Douglas-fir/western hemlock
stands decreased, and variation in the outer surface of the canopy increased with age. Estimates of rugosity
increased most rapidly in young stands and then more slowly after about 150 years. Albedo declined by 10%
across the age sequence, suggesting that older stands of this forest type enjoy a substantial advantage in
energy input. The results highlight the impacts of land-cover change on local energy balance and climate.
[J1528]

"An unsupervised segmentation method based on MPM for SAR images"
An unsupervised segmentation method for synthetic aperture radar (SAR) images is proposed. It alternately
approximates the maximization of the posterior marginals estimate of the pixel class labels and estimates all
model parameters except the number of classes during segmentation. In this method, a multilevel logistic (MLL)
model for the pixel class labels and Gamma distribution for the marginal distribution of each class in the
observed SAR image are employed. In our implementation, the expectation-maximization algorithm is used to
estimate parameters of the Gamma distributions, and the iterative conditional estimation algorithm is used to
estimate the MLL model parameters. The segmentation results for synthetic and real SAR images show that the
proposed method has a good performance. [J1529]

"Potential to estimate the canting angle of tilted structures in clouds from microwave radiances
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around 183 GHz"
The effects of cloud structures on microwave radiances at frequencies from 89-190 GHz are investigated by
simulations using the Goddard cumulus ensemble model data as input for a radiative transfer model. It was
found that the brightness temperatures at these frequencies have different sensitivities to clouds with a tilted
structure. The different sensitivities to altitude and amount of hydrometeors allow the estimation of the canting
angle and tilt direction of tilted clouds using brightness temperatures at the water vapor channels at 183.3 ± 1
and 183.3 ± 7 GHz. The estimated canting angle and tilt direction are in agreement with the model situation.
This method provides a potential to estimate tilted convective structures from microwave radiometric
observations at 183.3 ± 1 and 183.3 ± 7 GHz. It is applied to a tilted storm observed from the National
Aeronautics and Space Administration's ER-2 aircraft flying at about 20 km on August 26, 1998 during the third
Convection and Moisture Experiment using the observed downlooking brightness temperatures at the water
vapor channels of a Millimeter-wave Imaging Radiometer. The estimated results are in good agreement with the
realistic storm situation obtained from the simultaneous observations of the ER-2 Doppler radar. This method
also provides information about the vertical displacement of cloud structure and thereby to estimate the accurate
location of surface rainfall. This is important when validating precipitation retrieval based on observations of the
ice scattering above surface rainfall against surface rain observations using the microwave frequencies sensitive
to high altitudes. [J1530]

"Interference suppression in synthesized SAR images"
Radio interferences are becoming more and more an important source for image degradation in synthetic
aperture radar (SAR) imaging. Especially at longer wavelengths, interferences are often very strong, and their
suppression is required during data processing. However, at shorter wavelengths, interferences are often not
obvious in the image amplitude, and filtering is not performed in an operational way. Nevertheless, interferences
might significantly degrade the image phase, and the estimation of sensitive parameters like interferometric
coherence or polarimetric descriptors becomes imprecise. Interference suppression is usually performed on the
raw data, which are in most cases not available to the end-user. In this letter, a new interference suppression
method for focused SAR images is proposed. Its performance is tested on interferometric repeat-pass data
acquired by the German Aerospace Agency's experimental SAR system (E-SAR) at L-band. [J1531]

"Sea ice mapping method for SeaWinds"
A sea ice mapping algorithm for SeaWinds is developed that incorporates statistical and spatial a priori
information in a modified maximum a posteriori (MAP) framework. Spatial a priori data are incorporated in the
loss terms of a Bayes risk formulation. Conditional distributions and priors for sea ice and ocean statistics are
represented as empirical histograms that are forced to conform to a set of expected histograms via principal
component filtering. Tuning parameters for the algorithm allow adjustments in the algorithm's performance.
Results of the algorithm exhibit high correlation with the Remund-Long sea ice mapping algorithm for SeaWinds
and the Special Sensor Microwave/Imager National Aeronautics and Space Administration Team 30% ice edge,
and are verified with RADARSAT-1 ScanSAR imagery. The resulting sea ice maps exhibit high edge detail,
preserve polynyas and ice bodies disjoint from the primary ice sheet, and thus are suitable for use with wind
retrieval and sea ice studies. Principles employed in the algorithm may be of interest in other classification
studies. [J1532]

"Radar: the evolution since World War II"
Modern radar design has benefited from the evolution of specialized digital processing, allowing high resolution
ground mapping, target identification, and target tracking under many conditions. Air-to-air interception makes
use of complex decision processes to select from many modes that depend on the clutter backgrounds and flight
profiles. Today's multimode radars provide this information for each task while minimizing distractions. Fire
control radars support a wide selection of weapons, including cannons and guided missiles. This is possible
because of advanced digital processing. In the interval since WW II, radar design evolved from vacuum tubes to
semiconductors and then to massively integrated circuits. Computers specialized for fast Fourier transforms
(FFTs) have revolutionized radar data processing. System reliability has improved from a few hours to hundreds
of hours. Effective built-in test informs ground maintenance personnel of problems for easy maintenance and low
failure rates reduce or eliminate field maintenance benches at forward locations. Airborne surveillance radars,
such as AW ACS Joint Stars have changed the nature of warfare. Commanders have virtually full view of enemy
and friendly forces. Radars, in combination with other remote sensors, provide precise weapon delivery, reducing
collateral damage and making all weapons more effective [J1533]

"Compact polarimetry based on symmetry properties of geophysical media: the pi/4 mode"
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We assess the performance of synthetic aperture radar (SAR) compact polarimetry architectures based on mixed
basis measurements, where the transmitter polarization is either circular or orientated at 45°(pi/4), and the
receivers are at horizontal and vertical polarizations with respect to the radar line of sight. An original algorithm is
proposed to reconstruct the full polarimetric (FP) information from this architecture. The performance assessment
is twofold: it first concerns the level of information preserved in comparison with FP, both for point target analysis
and crop fields classification, using L-band SIRC/XSAR images acquired over Landes forest and Jet Propulsion
Laboratory AIRSAR images acquired over Flevoland. Then, it addresses the space implementation complexity, in
terms of processed swath, downloading features, power budget, calibration, and ionospheric effects. The
polarization uniqueness in transmission of this mixed basis mode, hereafter referred to as the pi/4 mode,
maintains the standard lower pulse repetition frequency operation and hence maximizes the coverage of the
sensor. Because of the mismatch between transmitter and receiver basis, the power budget is deteriorated by a
factor of 3 dB, but it can partly be compensated. [J1534]

"Information-theoretic heterogeneity measurement for SAR imagery"
A heterogeneity feature, calculable from synthetic aperture radar (SAR) images on a per-pixel basis, but relying
on global image statistics, is defined and discussed. Starting from the multiplicative speckle and texture models
relating the amount of texture and speckle to the local mean and variance at every pixel, such a feature is
rigorously derived from Shannon's information theory as the conditional information of local standard deviation to
local mean. Thanks to robust statistical estimation, it is very little sensitive to the noise affecting SAR data, and
thus capable of capturing subtle variations of texture whenever they are embedded in a heavy speckle.
Experimental results carried out on two SAR images with different degrees of noisiness demonstrate that the
proposed feature is likely to be useful for a variety of automated segmentation and classification tasks. [J1535]

"Adaptive removal of azimuth ambiguities in SAR images"
We introduce an innovative algorithm that is capable of suppression of strong azimuth ambiguities in single-look
complex (SLC) synthetic aperture radar images, to be used both for detected products and for interferometric
surveys. The algorithm exploits a band-pass filter to select that portion of the azimuth spectrum that is less
influenced by aliasing, the one that corresponds to the s in the replicated azimuth antenna pattern. The
selectivity of this filter adapts locally depending on the estimated ambiguity intensity: the filter is more selective
in the presence of strong ambiguities and becomes all-pass in absence of ambiguities. The design of such filter
frames in the Wiener approach with two different normalization options, depending on the use of the SLC image,
either for getting multilook averaged detected products or for interferometric applications. Preliminary results
achieved by processing ENVISAT Advanced Synthetic Aperture Radar sensor data are provided. [J1536]

"Parameterization of the tapered incident wave for numerical simulation of electromagnetic
scattering from rough surface"
The tapered wave with the tapering parameter g has been applied to numerical simulation of electromagnetic
scattering from randomly rough surface with illuminated finite surface length L. This communication presents how
to select the parameters g and L, and shows quantitative relationship with the incident angle. The parameter g,
as a function of incident angle, should be large enough to make the wave equation in the range of allowable
error. The surface length L, larger than several correlation lengths, should be large enough to suppress the
punctuated power at the surface edges and be limited to make efficient computation. Combining these criterions,
a graphical format to locate g and L for different incident angle θiis illustrated. An empirical formula for selecting
g and L as a function of θiis proposed. [J1537]

"Three-dimensional multipass SAR focusing: experiments with long-term spaceborne data"
Synthetic aperture radar (SAR) interferometry is a modern efficient technique that allows reconstructing the
height profile of the observed scene. However, apart for the presence of critical nonlinear inversion steps,
particularly crucial in abrupt topography scenarios, it does not allow one to separate different scattering
mechanisms in the elevation (height) direction within the ground pixel. Overlay of scattering at different
elevations in the same azimuth-range resolution cell can be due either to the penetration of the radiation below
the surface or to perspective ambiguities caused by the side-looking geometry. Multibaseline three-dimensional
(3-D) SAR focusing allows overcoming such a limitation and has thus raised great interest in the recent
research. First results with real data have been only obtained in the laboratory and with airborne systems, or
with limited time-span and spatial-coverage spaceborne data. This work presents a novel approach for the
tomographic processing of European Remote Sensing satellite (ERS) real data for extended scenes and long
time span. Besides facing problems common to the airborne case, such as the nonuniformly spaced passes, this
processing requires tackling additional difficulties specific to the spaceborne case, in particular a space-varying
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phase calibration of the data due to atmospheric variations and possible scene deformations occurring for years-
long temporal spans. First results are presented that confirm the capability of ERS multipass tomography to
resolve multiple targets within the same azimuth-range cell and to map the 3-D scattering properties of the
illuminated scene. [J1538]

"Ambiguity-free Doppler centroid estimation technique for airborne SAR using the Radon
transform"
In synthetic aperture radar (SAR) signal processing, the Doppler centroid estimation technique, called the
"clutter-lock", is important because it is related to the signal-to-noise ratio, geometric distortion, and radiometric
error of the final SAR image. Conventional algorithms have either ambiguity problems or somewhat high
computational load. Using the fact that the Doppler centroid and the squint angle are directly related, we propose
an ambiguity-free Doppler centroid estimation technique using Radon transform, named geometry-based
Doppler estimator. The proposed algorithm is computationally efficient and shows good performance of
estimating the absolute Doppler centroid. [J1539]

"Interlook cross-correlation function of speckle in SAR images of sea surface processed with
partially overlapped subapertures"
In the present paper, a general integral expression is derived and discussed for the cross-correlation function
(CCF) of speckle patterns in synthetic aperture radar (SAR) images processed by using partially overlapped
subapertures of arbitrary Doppler center frequencies (or equivalent azimuth times). It is shown that, under the
white noise approximation for the backscattered field, the CCF of the interlook speckle intensity patterns is given
by the squared modulus of the autocorrelation function of the amplitude weighting function of subapertures where
the time lag is the center time difference. It is also shown that the CCF of the interlook speckle patterns is
independent of the surface coherence time of sea surface. The integral expression for the intensity CCF is then
evaluated for a rectangular weighting function, and comparison is made with Japanese Earth Resources
Satellite-1 (JERS-1) L-band and RADARSAT-1 C-band SAR images of sea surface to test the theory. The CCFs
computed from the JERS-1 SAR data show excellent agreement with the theory, and good agreement is
obtained with the RADARSAT-1 data. [J1540]

"A new functional model for determining minimum and maximum detectable deformation gradient
resolved by satellite radar interferometry"
In this paper, a functional model for determining the minimum and maximum detectable deformation gradient in
terms of coherence for synthetic aperture radar (SAR) sensors is presented. The model is developed based on a
new methodology that incorporates both real and simulated data. Sets of representative surface deformation
models have been simulated, and the associated phase from these models introduced into real SAR data
acquired by European Remote Sensing 1 and 2 satellites. Subsequently, interferograms were derived, and
surface deformation was estimated. A number of cases of surface deformation with varying magnitudes and
spatial extent have been simulated. In each case, the resultant surface deformation has been compared with the
"true" surface deformation as defined by the deformation model. Based on these comparisons, a set of
observations that lead to a new functional model has been established. Finally, the proposed model has been
validated against external datasets and proven viable. Although the major weakness of the model is its reliance
on visual interpretation of interferograms, this model can serve as a decision-support tool to determine whether
or not to apply satellite radar interferometry to study a given surface deformation. [J1541]

"Retrieval of biophysical parameters of agricultural crops using polarimetric SAR interferometry"
An existing two-layer model for forest height estimation is adapted for agricultural crops in order to develop a
retrieval algorithm based on polarimetric synthetic aperture radar interferometry. This new inversion scheme is
specifically tailored for vertically oriented agricultural crops, with extinction coefficients dependent on the wave
polarization. Physical parameters of the vegetation scene are estimated from the location of the measured
coherences in the complex plane. The proposed inversion scheme is validated experimentally with indoor wide-
band polarimetric measurements on samples of corn and rice fields. Results show that the estimates of the
thickness of the vegetation layer and the ground topography are reasonably accurate for a wide range of
frequencies and baselines. Moreover, some interesting results are also obtained when using only dual-polarized
data, which brings up new applications for present and future spaceborne missions. [J1542]

"Development of comprehensive accuracy assessment indexes for building footprint extraction"
Presents a suite of indexes for comprehensively evaluating the results of automated building extraction. The

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 424 из 658



indexes described include detection rate, correctness, matched overlay, area omission error, area commission
error, root mean square error, corner difference, area difference, perimeter difference, and shape similarity.
These proposed unbiased quality measures should enable the accuracy assessment of the building extraction
process to address extraction issues such as completeness, geometric accuracy, and building shape similarity.
[J1543]

"Multiple wavelength time-of-flight sensor based on time-correlated single-photon counting"
This article describes a time-of-flight sensor based on multiple pulsed laser sources which utilizes time-
correlated single-photon counting. The sensor has demonstrated good performance at ranges of up to 17 km in
daylight conditions. Analysis techniques were developed to examine the returns from targets containing more
than one scattering surface. [J1544]

"A wavelet-based algorithm to estimate ocean wave group parameters from radar images"
In recent years, new remote sensing techniques have been developed to measure two-dimensional (2-D) sea
surface elevation fields. The availability of these data has led to the necessity to extend the classical analysis
methods for one-dimensional (1-D) buoy time series to two dimensions. This paper is concerned with the
derivation of group parameters from 2-D sea surface elevation fields using a wavelet-based technique. Wave
grouping is known to be an important factor in ship and offshore safety, as it plays a role in dangerous
resonance phenomenons and the generation of extreme waves. Synthetic aperture radar (SAR) data are used
for the analysis. The wavelet technique is introduced using synthetic ocean surfaces and simulated SAR data. It
is shown that the group structure of the ocean wave field can be recovered from the SAR image if the nonlinear
imaging effects are moderate. The method is applied to a global dataset of European Remote Sensing satellite
(ERS-2) wave mode data. Different group parameters including the area covered by the largest group and the
number of groups in a given area are calculated for over 33 000 SAR images. Global maps of the parameters
are presented. For comparison, classical 1-D grouping parameters are calculated from colocated wave model
data showing good overall agreement with the wavelet-derived parameters. ERS-2 image mode data are used
to study wave fields in coastal areas. Waves approaching the island of Sylt in the North Sea are investigated,
showing the potential of the wavelet technique to analyze the spatial wave dynamics associated with the bottom
topography. Observations concerning changes of wavelength and group parameters are compared to linear wave
theory. [J1545]

"Observation and characterization of radar backscatter over Greenland"
Characterization of the microwave signature of the Greenland snow surface enables delineation of the different
snow facies and is a tool for tracking the effects of climate change. A new empirical observation model is
introduced that uses a limited number of parameters to characterize the snow surface based on the dependence
of radar backscatter on incidence angle, azimuth angle, spatial gradient, and temporal rate of change. The
individual model parameters are discussed in depth with examples using data from the NASA Scatterometer
(NSCAT) and from the C-band European Remote Sensing (ERS) satellite Advanced Microwave Instrument in
scatterometer mode. The contribution of each model term to the overall accuracy of the model is evaluated. The
relative contributions of the modeled dependencies vary by region. Two studies illustrating applications of the
model are included. First, interannual changes over the Greenland ice sheet are investigated using nine years of
ERS data. Surface changes are observed as anomalies in the σ° model parameters. Second, intraannual
variations of the surface are investigated. These changes are observed in the average backscatter normalized to
a given observation geometry. The results indicate that the model can be used to obtain a more complete
understanding of multiyear change and to obtain low-variance high temporal resolution observations of
intraannual changes. The model may be applied for increased accuracy in scatterometer, synthetic aperture
radar (SAR), and wide-angle SAR studies. [J1546]

"Microwave backscatter modeling of erg surfaces in the Sahara desert"
The Sahara desert includes large expanses of sand dunes called ergs. These dunes are formed and constantly
reshaped by prevailing winds. Previous study shows that Saharan ergs exhibit significant radar backscatter (σ°)
modulation with azimuth angle (f). We use σ° measurements observed at various incidence angles and f from the
NASA Scatterometer (NSCAT), the SeaWinds scatterometer, the ERS scatterometer (ESCAT), and the Tropical
Rainfall Measuring Mission's Precipitation Radar to model the σ° response from sand dunes. Observations
reveal a characteristic relationship between the backscatter modulation and the dune type, i.e., the number and
orientation of the dune slopes. Sand dunes are modeled as a composite of tilted rough facets, which are
characterized by a probability distribution of tilt with a mean value, and small ripples on the facet surface. The
small ripples are modeled as cosinusoidal surface waves that contribute to the return signal at Bragg angles only.
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Longitudinal and transverse dunes are modeled with rough facets having Gaussian tilt distributions. The model
results in a σ° response similar to NSCAT and ESCAT observations over areas of known dune types in the
Sahara. The response is high at look angles equal to the mean tilts of the rough facets and is lower elsewhere.
This analysis provides a unique insight into scattering by large-scale sand bedforms. [J1547]

"Numerical Simulation of the Doppler spectrum of a flying target above dynamic oceanic surface by
using the FEM-DDM method"
To study the Doppler (DP) spectrum of a flying target above dynamic oceanic surface, a two-level quasi-
stationary algorithm (TLQSA) of the finite element method (FEM) with domain decomposition (DDM) is
developed. The DP spectrum of a fast-moving target requires small time-sampling rate. At most time steps,
scattering from the flying target is solved by the FEM solution in only one subdomain. Meanwhile, the
interactions between the target and rough sea surface in other subdomains are obtained by solving the global
DDM coupling matrices. The slowly moving sea surface is evolved at a larger time step and the DP of oceanic
clutter is obtained through all-subdomain FEM calculation. Numerical simulations of the DP spectrum from a
target flying above dynamic oceanic surface with and without the presence of a ship-like object are obtained.
The functional dependence of the DP spectrum in both the time and frequency domains upon sea surface wind
speed, target altitude, observation angle, etc., are demonstrated and discussed. [J1548]

"Unsupervised segmentation of synthetic aperture Radar sea ice imagery using a novel Markov
random field model"
Environmental and sensor challenges pose difficulties for the development of computer-assisted algorithms to
segment synthetic aperture radar (SAR) sea ice imagery. In this research, in support of operational activities at
the Canadian Ice Service, images containing visually separable classes of either ice and water or multiple ice
classes are segmented. This work uses image intensity to discriminate ice from water and uses texture features
to identify distinct ice types. In order to seamlessly combine image spatial relationships with various image
features, a novel Bayesian segmentation approach is developed and applied. This new approach uses a
function-based parameter to weight the two components in a Markov random field (MRF) model. The devised
model allows for automatic estimation of MRF model parameters to produce accurate unsupervised
segmentation results. Experiments demonstrate that the proposed algorithm is able to successfully segment
various SAR sea ice images and achieve improvement over existing published methods including the standard
MRF-based method, finite Gamma mixture model, and K-means clustering. [J1549]

"Human-centered concepts for exploration and understanding of Earth observation images"
The progress in information retrieval, computer vision, and image analysis makes it possible to establish very
complete bases of algorithms and operators. A specialist in remote sensing or image processing now has the
tools that allow him, at least in theory, to configure applications solving complex problems of image
understanding. However, in reality, earth observation (EO) data analysis is still performed in a very laborious
way at the end of repeated cycles of trial and error. To overcome this, we proposed a novel advanced remote
sensing information processing system knowledge-driven information mining (KIM). KIM is based on human-
centered concepts (HCCs), which implements new features and functions allowing improved feature extraction,
search on a semantic level, the availability of collected knowledge, interactive knowledge discovery, and new
visual user interfaces. We assess the HCC methodology for solving several difficult tasks in EO image
interpretation, using a broad variety of sensor data, from meter-resolution synthetic aperture radar and optical
images to hyperspectral data. [J1550]

"Unsupervised classification of polarimetric synthetic aperture Radar images using fuzzy clustering
and EM clustering"
Five clustering techniques are compared by classifying a polarimetric synthetic aperture radar image. The pixels
are complex covariance matrices, which are known to have the complex Wishart distribution. Two techniques are
fuzzy clustering algorithms based on the standard ℓ1and ℓ2metrics. Two others are new, combining a robust
fuzzy C-means clustering technique with a distance measure based on the Wishart distribution. The fifth
clustering technique is an application of the expectation-maximization algorithm assuming the data are Wishart.
The clustering algorithms that are based on the Wishart are demonstrably more effective than the clustering
algorithms that appeal only to the ℓpnorms. The results support the conclusion that the pixel model is more
important than the clustering mechanism. [J1551]

"Retrieval of information about turbulence in rain by using Doppler-polarimetric Radar"
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This paper considers new possibilities of turbulence intensity retrieval by using Doppler and Doppler-polarimetric
radar sounding. Peculiarities of microwave scattering on moving droplets of different size and shape underlie
new methods that are introduced, discussed, and checked by using radar data [J1552]

"Analysis of remotely sensed data: the formative decades and the future"
Developments in the field of image understanding in remote sensing over the past four decades are reviewed,
with an emphasis, initially, on the contributions of David Landgrebe and his colleagues at the Laboratory for
Applications of Remote Sensing, Purdue University. The differences in approach required for multispectral,
hyperspectral and radar image data are emphasised, culminating with a commentary on methods commonly
adopted for multisource image analysis. The treatment concludes by examining the requirements of an
operational multisource thematic mapping process, in which it is suggested that the most practical approach is to
analyze each data type separately, by techniques optimized to that data's characteristics, and then to fuse at the
label level. [J1553]

"Stand age retrieval in production forest stands in New Zealand using C- and L-band polarimetric
Radar"
Regressions of single-, dual-, quad-, and full-polarization L- and C-band synthetic aperture radar (SAR) against
stand age from 403 radiata pine stands in Kaingaroa Forest, New Zealand have been carried out, using the
National Aeronautics and Space Administration's Airborne SAR instrument. The regressions attempted to find
products suitable for the separation of young (two years or less) from old stands (25 years or older), and for the
estimation of stand age. Local incidence angle had no significant effect for C-band, but was always significant for
L-band, giving a standard error reduction of 13% to 32% for log stand age. Stand density was highly significant
for both bands, giving standard error reductions of 7% to 47%. Single- and dual-polarization products were
severely biased, and it was impossible to separate young and old stands, except L-band horizontal-(HH)-plus-
horizontal-vertical (HV). C-band quad-polarization gave less bias and lower error than for that L-band, when
local incidence angle and stand density were excluded. C-band full-polarization using covariance magnitudes
gave no improvement over C-band quad-polarization, but L-band did give a significant improvement. The C- and
L-band full-polarization products with six polarimetric indices gave significant improvements in the standard error.
The results show that regressions of SAR data with stand age are possible with full- and quad-polarization L-
and C-band datasets, although the prediction limits increase rapidly with stand age. The smallest error in
estimated stand age, with an RMS of 3.22 years, was for L-band full-polarization with six polarimetric indices,
calculated from a validation dataset. Separation of young and old forest stands was only possible for full-, quad-
polarization, and the L-band HH-plus-HV products. [J1554]

"A simplistic incidence angle approach to retrieve the soil moisture and surface roughness at X-
band"
Nowadays, it is an important point of research to classify the moisture and roughness using microwave data with
less complex models. For this purpose, microwave measurements were conducted for observing roughness and
soil moisture at X-band (9.5 GHz). These measurements were carried out over a range of incidence angle from
20° to 70° at the step of 5° for both polarizations (i.e., horizontal (H) and vertical (V) polarizations). Surface
roughness (i.e., root mean square height) and moisture were varied in controlled conditions. Microwave
emissivity has been derived with the measurements of reflectivity from a microwave system. Results show a
good angular variation of emissivity with surface roughness and moisture for both polarizations. An algorithm is
developed using incidence angle as a modulating factor for retrieving the soil moisture and surface roughness at
X-band. A good agreement between observed and retrieved surface roughness (i.e., standard error; SE-0.066
for H-polarization) and soil moisture (SE-0.045 for H-polarization) has been obtained by the proposed model.
[J1555]

"Sea surface velocity vector retrieval using dual-beam interferometry: first demonstration"
The dual-beam interferometer consists of two interferometric synthetic aperture radars (InSARs), one squinted at
20° forward of broadside, and the other 20° aft, to allow measurement of vector surface velocity with only a
single aircraft pass. Estimates of surface velocity vectors in the coastal region during high tidal flow are
presented. The data were gathered over the barrier islands west of Fort Myers, Florida, as part of a March 2004
deployment. Whereas no detailed bathymetry data were available, high-quality aerial photography appears to be
a useful tool in inferring bottom topography and possible current obstructions. The retrieved velocity field clearly
follows the expected outflow pattern. While comparisons with tidal current magnitudes predicted by the U.S.
National Ocean Service do reveal discrepancies of up to 0.5 m/s, these differences are most likely due to the
contribution of ocean surface waves to the overall InSAR velocity measurement. Velocity retrievals for the same
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area based on the data from different tracks show good consistency. The results constitute the first
demonstration of vector retrieval of the surface velocity field with a single-pass InSAR system and confirm the
robustness of the dual-beam interferometry principle. [J1556]

"Radiative transfer model for microwave bistatic scattering from forest canopies"
A bistatic forest scattering model is developed to simulate scattering coefficients from forest canopies. The model
is based on the Michigan Microwave Canopy Scattering (MIMICS) model (hence called Bi-MIMICS) and uses
radiative transfer theory, where the first-order fully polarimetric transformation matrix is used. Bistatic radar
systems offer advantages over monostatic radar systems because of the additional information provided by the
diversity of the geometry. By simulating the forest canopy scattering from multiple viewpoints, we can better
understand how the forest scatterers' shape, orientation, density, and permittivity affect the canopy scattering. Bi-
MIMICS is parametrized using selected forest stands with different canopy compositions and structure. The
simulation results show that bistatic scattering is more sensitive to forest biomass changes than backscattering.
Analyzing scattering contributions from different parts of the canopy gives us a better understanding of the
microwave's interaction with the tree components. The ground effects can also be studied. Knowledge of the
canopy's bistatic scattering behavior combined with additional synthetic aperture radar measurements can be
used to improve forest parameter retrievals. The simulation results of the model provide the required information
for the design of future bistatic radar systems for forest sensing applications. [J1557]

"A FARIMA-based technique for oil slick and low-wind areas discrimination in sea SAR imagery"
This paper introduces a new analysis technique, using the fractionally integrated autoregressive-moving average
(FARIMA) model, to distinguish between low-wind and oil slick areas in high-resolution sea synthetic aperture
radar (SAR) imagery. The method deals with the estimation of the fractional differencing and autoregressive-
moving average parameters of the mean radial power spectral density of sea SAR images. The algorithm is
applied and validated on dark areas corresponding to oil slicks, oil spills, and low-wind sea surface anomalies in
European Remote Sensing 1 and 2 Precision Images of the Mediterranean Sea, North Sea, and Atlantic Ocean.
[J1558]

"An array-compensated spherical reflector antenna for a very large number of scanned beams"
There are many stringent demands imposed on the applications of spaceborne antenna systems. One of the
most challenging demands is the generation of multiple beams with the ability to scan a very large number of
beamwidths. Since the parabolic reflectors have limitations in this application, a 35-m spherical reflector antenna
is proposed for a geostationary radar antenna at Ka-band (35.6 GHz) due to its inherent capability of scanning
the beams to very large number of beamwidths. The utility of using planar array feeds for correcting spherical
phase aberrations is investigated to overcome the performance degradation effects. Two different methodologies
are developed for the array excitation coefficients determination based on phase conjugate matching and the
results are compared. Using the compensating feed array, the radiation characteristics of the compensated
spherical reflector are simulated for no scan and large scan cases and the results are compared with the
uncompensated case to show performance improvement. In order to demonstrate the technological readiness of
the concept a 1.5-m breadboard model is designed to be built for experimental measurements. Some important
mechanical design tolerances and realistic array feed topologies are investigated. The antenna concept
developed in this paper is advocated to be used in the next generation of geostationary satellite antenna
systems for remote sensing radar applications. [J1559]

"Through-wall imaging (TWI) by radar: 2-D tomographic results and analyses"
A two-dimensional nonlinear inverse scattering technique is developed for imaging objects in a multilayered
medium that simulates the effects of building walls in the context of through-wall imaging (TWI). The
effectiveness and capacity of the inversion algorithm and the feasibility of through-wall imaging is demonstrated
via a number of numerical examples. It has been shown that using multifrequency data high-quality image
reconstruction can be achieved with a limited array view. [J1560]

"Earth observation image and DEM information aggregation for realistic 3-D visualization of natural
landscapes"
This paper presents a system to integrate digital elevation model (DEM) enhancement and Earth Observation
(EO) image analysis for realistic three-dimensional (3-D) rendering applications. There is an increasing interest
in interferometric synthetic aperture radar (InSAR) data, principally due to the availability of the nearly global
Shuttle Radar Topography Mission coverage. To remove artifacts and noise from an InSAR DEM, a
nonstationary Bayesian filtering is applied that preserves structural information. Land-cover or man-made
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structures are easily recognized in an optical image. The corresponding geometry encapsulated in the DEM
differs from our implicit perception and generally leads to unrealistic 3-D rendering. To improve this, DEM
regularization is achieved using only the visualization dataset (optical image and DEM). It consists of extracting
relevant information from the optical image and integrate them in the filtered DEM. To gather image information,
an object-based description of large optical EO images is obtained in two stages 1) an image is segmented to
create a partition of regions and 2) a novel dynamical algorithm is proposed to extract the regions and encode
them in a tree structure. Regions are modeled by objects primitives stored in a database. Spatial relationships
between regions are reflected by the presented tree of regions. Using the object-based description generation,
structures to be integrated into the DEM are interactively selected and classified among a set of user-thematic.
Each thematic is associated with a corresponding elevation modeling and enables to estimate the region's 3-D
structure. The proposed object line processing provides more realistic 3-D visualizations. [J1561]

"Radar backscattering model for multilayer mixed-species forests"
A multilayer canopy scattering model is developed for mixed-species forests. The multilayer model provides a
significantly enhanced representation of actual complex forest structures compared to the conventional canopy-
trunk layer models. Multilayer Michigan Microwave Canopy Scattering model (Multi-MIMICS) allows overlapping
layer configuration and a tapered trunk model applicable to forests of mixed species and/or mixed growth stages.
The model is the first-order solution to a set of radiative transfer equations and includes layer interactions
between overlapping layers. It simulates SAR backscattering coefficients based on input dimensional,
geometrical, and dielectric variables of forest canopies. The Multi-MIMICS is an efficient realization of actual
forest structures and can be shaped for specific interest of forest parameters. We present the model's application
and validation in the paper. The model is parameterized using data collected from a 220,000-ha area of forests
in central Queensland, Australia. Fifteen 50×50 m test sites representing the general forest diversity and growth
stages are chosen as ground truth. Polarimetric backscattering airborne SAR (AIRSAR) data of the same area
are acquired to validate the model simulations. The model predicts SAR backscattering coefficients of the test
areas. Simulation results show a good agreement with AIRSAR data at most frequencies and polarizations. The
simulated backscattering coefficient from the multilayer model and the standard MIMICS are also compared and
significant improvements are observed. [J1562]

"Leaf area index estimation of boreal forest using ENVISAT ASAR"
A method for retrieval of leaf area index (LAI) using ENVISAT Advanced Synthetic Aperture Radar
vertical/horizontal (VV/HH) polarization ratio was derived for boreal forests. Five alternating polarization single-
look complex images of the test site were acquired in summer 2003. The swath range from IS1-IS6 was studied.
The VV/HH polarization ratio correlated quite well with the ground truth LAI values. The mean error of the LAI
estimates was 0.27 for the test site with mixed forest when data from all images and stands were used without
separating between species (or swaths). The respective mean LAI estimation error was 0.3 for Norway spruce
(Picea abies (L.) Karst.) and 0.07 for Scots pine (Pinus sylvestris L.) dominated stands. [J1563]

"Observation of sea-ice thickness in the sea of Okhotsk by using dual-frequency and fully
polarimetric airborne SAR (pi-SAR) data"
To investigate the possibilities of using dual-frequency, multipolarization synthetic aperture radar (SAR) data to
monitor sea ice, we derived the relationship between various polarization characteristics and the physical
parameters of sea ice. We discuss the frequency and polarization characteristics of the backscattering
coefficients of sea ice and then characterize its thickness by comparing the corresponding backscattering
coefficient for each polarization with the physical parameters of the ice. We first propose a methodology for
classifying sea-ice types by using a polarimetric decomposition technique, before comparing an estimation of the
sea-ice thickness with the corresponding dual-frequency, multipolarization SAR data. We utilized the
backscattering ratio to estimate the thickness of the sea ice. This ratio canceled the effect of roughness on the
backscattering. The method was validated using Pi-SAR (polarimetric and interferometric airborne SAR)
observation data obtained at ground-truth sites. [J1564]

"Spatial assessment of two widely used land-cover datasets over the continental U.S"
Satellite-based land-cover datasets are required for various environmental studies. Two of the most widely used
land-cover datasets for the U.S. are the National Land-Cover Data (NLCD) at 30-m resolution and the Global
Land-Cover Characteristics (GLCC) at 1-km nominal resolution. Both datasets were produced around 1992 and
were expected to contribute similar land-cover information. This study investigated the NLCD distribution within
each of 11 GLCC classes at 1-km unit in ten U.S. states. Our analyses showed that the NLCD had similar
spatial distribution as the GLCC for the classes of grassland, shrubland, as well as deciduous and evergreen
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forests. Meanwhile, the GLCC class of cropland and pasture was highly correlated to the NLCD classes of row
crops and pasture/hay. The GLCC savanna was appropriately related to the NLCD grassland, pasture/hay, and
deciduous forest. The NLCD classes of row crops, pasture, and deciduous forest mainly dominated the GLCC
class of cropland/woodland mosaic. Spatial similarity was lower for the GLCC classes of mixed forest, wooded
wetland, and cropland/grassland mosaic. In addition to the NLCD urban areas, the GLCC urban and built-up
lands were consistently related to the NLCD vegetated areas due to the common mixture of urban and vegetated
lands. A set of subclass land-cover information provided through this study is valuable to understand the
degrees of spatial similarity for the global vegetated and urban-related classes in selected study areas. The
results of this study provide great reference for interchanging less-detailed global land-cover datasets for
detailed NLCD to support environmental studies. [J1565]

"NASA medal to John A. Reagan"
{no data available} [J1566]

"Rectangular building extraction from stereoscopic airborne Radar images"
From the recent availability of images recorded by synthetic aperture radar (SAR) airborne systems, automatic
results of digital elevation models (DEMs) on urban structures have been published lately. This paper deals with
automatic extraction of three-dimensional (3-D) buildings from stereoscopic high-resolution images recorded by
the SAR airborne RAMSES sensor from the French Aerospace Research Center (ONERA). On these images,
roofs are not very textured whereas typical strong L-shaped echoes are visible. These returns generally result
from dihedral corners between ground and structures. They provide a part of the building footprints and the
ground altitude, but not the building heights. Thus, we present an adapted processing scheme in two steps. First
is stereoscopic structure extraction from L-shaped echoes. Buildings are detected on each image using the
Hough transform. Then they are recognized during a stereoscopic refinement stage based on a criterion
optimization. Second, is height measurement. As most of previous extracted footprints indicate the ground
altitude, building heights are found by monoscopic and stereoscopic measures. Between structures, ground
altitudes are obtained by a dense matching process. Experiments are performed on images representing an
industrial area. Results are compared with a ground truth. Advantages and limitations of the method are brought
out. [J1567]

"Simulated Radar imagery of an ocean "Spiral Eddy""
Ocean submesoscale features appear to be widespread in the surface mixed layer and thus may be an
important link in the energy pathway from large to small scales. An example is the "spiral eddy," for which
several theories have been proposed. High-resolution radar imagery should be useful in testing these theories,
but there have as yet been no simulations of radar imagery from first principles. As a step in this direction, we
developed a capability to simulate imagery using a full-spectral calculation that includes the effects of both
wave-current interaction and wave damping due to a surface film. A particular model of a spiral eddy is used to
specify the surface velocity field and film distribution. Imagery is then simulated for a range of radar frequencies,
wind speeds, initial film pressures, and relative radar view directions. For winds of 3-8 m/s and an initial film
pressure of 0.5 mN/m, imagery for shorter radar wavelengths (X- and C-band) is dominated by the effects of film
damping. For longer wavelengths (L- and P-band) wave-current interactions and film damping are of comparable
magnitude; but for higher initial film pressures, the L- and P-band images also become dominated by film
damping. L-band imagery, in particular, is highly sensitive to the initial value of film pressure, and such a result
may have implications for determining properties of seawater films. Overall, the radar simulations produce
surface patterns having characteristics that resemble radar imagery of real ocean spiral eddies. [J1568]

"Deorientation theory of polarimetric scattering targets and application to terrain surface
classification"
Deorientation theory of polarimetric scattering targets is presented. Using a transformation of the target
scattering vector, the target orientation is turned to a certain fixed state and polarimetric scattering of the
transformed scattering vector shows the prominence of the generic characteristics of the target. A new set of
parameters u, v, w, ψ is defined based on a deorientation of the target scattering vector. Numerical simulation of
polarimetric scattering of nonspherical particles illustrates the meanings of the parameters u, v, w, ψ and the
entropy H. An unsupervised classification scheme of the terrain surfaces is developed, which classifies the
terrain surfaces using the set of u., v, H, and analyzes the orientation distribution of each class based on
deorientation angle ψ. As examples, a SIR-C polarimetric image over China's Guangdong Hui-Yang district is
classified into eight classes and a AirSAR polarimetric image over Canada's Boreal district is orientation-
analyzed using our approach of deorientation and four parameters u, v, ψ, and H. [J1569]
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"Digital elevation model of King Edward VII Peninsula, West Antarctica, from SAR interferometry
and ICESat laser altimetry"
We present a digital elevation model (DEM) of King Edward VII Peninsula, Sulzberger Bay, West Antarctica,
developed using 12 European Remote Sensing (ERS) synthetic aperture radar (SAR) scenes and 24 Ice, Cloud,
and land Elevation Satellite (ICESat) laser altimetry profiles. We employ differential interferograms from the ERS
tandem mission SAR scenes acquired in the austral fall of 1996, and four selected ICESat laser altimetry profiles
acquired in the austral fall of 2004, as ground control points (GCPs) to construct an improved geocentric 60-m
resolution DEM over the grounded ice region. We then extend the DEM to include two ice shelves using ICESat
profiles via Kriging. Twenty additional ICESat profiles acquired in 2003-2004 are used to assess the accuracy of
the DEM. After accounting for radar penetration depth and predicted surface changes, including effects due to
ice mass balance, solid Earth tides, and glacial isostatic adjustment, in part to account for the eight-year data
acquisition discrepancy, the resulting difference between the DEM and ICESat profiles is -0.57±5.88 m. After
removing the discrepancy between the DEM and ICESat profiles for a final combined DEM using a bicubic
spline, the overall difference is 0.05±1.35 m. [J1570]

"Full-vectorial three-dimensional microwave imaging through the iterative multiscaling strategy-a
preliminary assessment"
In this letter, a multiscaling strategy for full-vectorial three-dimensional inverse scattering problems is presented.
The approach is fully iterative, and it avoids solving any forward problem at each step. Thanks to the adaptive
multiresolution model, which offers considerable flexibility for the inclusion of the a priori knowledge and of the
knowledge acquired during the iterative steps of the multiscaling process, the overall computational burden as
well as the dimension of the search-space is considerably reduced. This allows to balance effectively the
tradeoff between computational costs and achievable resolution accuracy. The effectiveness of the proposed
approach is demonstrated through a selected set of preliminary experiments using homogeneous dielectric
scatterers in a noisy synthetic environment. [J1571]

"Evaluation and perspectives of using multitemporal L-band SAR data to monitor deforestation in
the Brazilian Amazoˆnia"
Japanese Earth Resources Satellite 1 (JERS-1) synthetic aperture radar (SAR) data were evaluated to map
areas of deforestation in a Brazilian Amazoˆnia test-site. The results were compared with information derived
from a Landsat TM multitemporal series. Unambiguous detection of deforested areas was observed only when
the entire deforestation process (slash, burning, and terrain clearing) had already occurred. This result
recommends further investigations on the effectiveness of horizontal polarization SAR data to map deforestation
in a consistent basis. The cross-polarized (horizontal-vertical) channel designed to be in the ALOS/PALSAR
system is expected to improve the distinction between forested and recently deforested areas. [J1572]

"Simultaneous spline approximation and topographic analysis for lidar elevation data in open-
source GIS"
Application of a spline approximation method to computation and analysis of lidar-based digital elevation models
is investigated to determine its accuracy and capability to create surfaces at different levels of detail. Quadtree
segmentation that adapts to the spatial heterogeneity of data points makes the method feasible for large
datasets. The results demonstrate the importance of smoothing for the surface accuracy and noise reduction. A
tension parameter is effective for tuning the level of detail in the elevation surface. Simultaneous computation of
topographic parameters is applied to extraction of sand dunes' features for assessment of dune migration and
beach erosion. [J1573]

"Analysis of geophysical networks derived from multiscale digital elevation models: a morphological
approach"
We provide a simple and elegant framework based on morphological transformations to generate multiscale
digital elevation models (DEMs) and to extract topologically significant multiscale geophysical networks. These
terrain features at multiple scales are collectively useful in deriving scaling laws, which exhibit several significant
terrain characteristics. We present results derived from a part of Cameron Highlands DEM. [J1574]

"On modeling air/spaceborne Radar returns in the melting layer"
The bright band is the enhanced radar echo associated with the melting of hydrometeors in stratiform rain. To
simulate this radar signature, a scattering model of melting snow is proposed in which the fractional water
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content is prescribed as a function of the radius of a spherical mixed-phase particle consisting of air, ice, and
water. The model is based on the observation that melting starts at the surface of the particle and then gradually
develops toward the center. To compute the scattering parameters of a nonuniform melting particle, the particle
is modeled as a sphere represented by a collection of 643cubic cells of identical size where the probability of
water at any cell is prescribed as a function of the radius. The internal field of the particle, used for deriving the
effective dielectric constant, is computed by the conjugate gradient and fast Fourier transform (CGFFT) numerical
methods. To make computations of the scattering parameters more efficient, a multilayer stratified-sphere
scattering model is introduced after demonstrating that the scattering parameters of the nonuniformly melting
particle can be accurately reproduced by the stratified sphere. In conjunction with a melting layer model that
describes the melting fractions and fall velocities of hydrometeors as a function of the distance from the 0°C
isotherm, the stratified-sphere model is used to simulate the radar bright-band profiles. These simulated profiles
are shown to compare well with measurements from the Precipitation Radar (PR) aboard the Tropical Rainfall
Measuring Mission (TRMM) satellite and a dual-wavelength airborne radar. The results suggest that the
proposed model of a melting snow particle may be useful in studying the characteristics of the bright-band in
particular and mixed-phase hydrometeors in general. [J1575]

"A physical approach for the observation of oil spills in SAR images"
In this paper, a physical approach to support oil spills observation over synthetic aperture radar (SAR) images is
presented. Electromagnetic model is based on an enhanced damping model that takes into account oil
viscoelastic properties and wind speed. As a matter of fact, a multisensor approach is considered and a constant
false alarm rate (CFAR) filter is used to minimize speckle effect. A set of experiments is presented and
discussed. They show that oil spill processing is effective over single-look SAR images using mean input data.
[J1576]

"Measurement of ocean surface winds using synthetic aperture radars"
A methodology for retrieving high-resolution ocean surface wind fields from satellite-borne synthetic aperture
radar (SAR) data is introduced and validated. The algorithms developed are suited for ocean SAR data, which
were acquired at the C band of either vertical (VV) or horizontal (HH) polarization in transmission and reception.
Wind directions are extracted from wind-induced streaks that are visible in SAR images of the ocean at
horizontal scales greater than 200 m. These wind streaks are very well aligned with the mean surface wind
direction. To extract the orientation of these streaks, two algorithms are introduced, which are applied either in
the spatial or spectral domain. Ocean surface wind speeds are derived from the normalized radar cross section
(NRCS) and image geometry of the calibrated SAR images, together with the local SAR-retrieved wind direction.
Therefore, several C-band models (CMOD IFR2, CMOD4, and CMODS) are available, which were developed for
VV polarization, and have to be extended for HH polarization. To compare the different algorithms and C-band
models as well as demonstrate their applicability, SAR-retrieved wind fields are compared to numerical-model
results considering advanced SAR (ASAR) data from Environmental Satellite (ENVISAT), a European satellite.
[J1577]

"Operational oil-slick characterization by SAR imagery and synergistic data"
A methodology is proposed for the semiautomatic detection, characterization, and classification of slicks detected
in C-band Synthetic Aperture Radar (SAR). For the first detection step, automatic algorithms were tested on
Environmental Research Satellite (ERS) and Environmental Satellite (EnviSat) images acquired during the
Prestige tanker accident. These tests reveal that simple filter or segmentation methods efficiently detect slicks
with high contrasts and simple shapes, while a new and more complex multiscale method is able to detect a
wider range of slicks. The characteristics of automatically detected slicks are then combined with meteooceanic
data in order to eliminate slicks related to wind anomalies and current fronts. The data suggest that slicks in cold
upwelling waters are natural, and confirm that slicks are heavy oils when high sea states are present. This
detection-classification methodology is validated with aircraft slick-tracking maps. In most cases, joint SAR and
environmental data are sufficient to classify the slicks. [J1578]

"Conference report-Recent advances in space technologies"
{no data available} [J1579]

"SAR-Derived coastal and marine applications: from research to operational products"
The synthetic aperture radar (SAR) has now successfully demonstrated its capacity to uniquely provide valuable
high-resolution information for coastal applications (oil-spill monitoring, ship detection, shallow-water bathymetry
mapping, sea-ice monitoring, high-resolution wind fields, coastal wave fields). However, it appears that the
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operational use of SAR-derived products still remains limited, particularly in Europe. Although costs and sampling
rate are often invoked to explain this limitation, it also appears that the SAR-instrument capabilities are generally
poorly known within the operational community. Consequently, no real initiative currently involves the sustainable
use of SAR in the main European projects for operational oceanography nor meteorology. Conversely, other
countries such as Norway and United States are now moving into the use of SAR on an operational basis for
coastal ocean monitoring. Significant efforts are being led by these countries to develop and harmonize such a
monitoring system and extend the number of locations. In order to promote the potential of SAR to routinely
scrutinize our coastal environment, the objective of this paper is to provide an overview of current SAR-related
issues, including a brief technical system description (coverage, revisit time, etc.) and qualitative and quantitative
descriptions of operational marine products. The prospects for achieving true operational usage and improving
these products will then be considered in terms of requirements (satellite receiving station, revisit time, low data
costs). [J1580]

"Current measurements by airborne along-track InSAR: measuring technique and experimental
results"
Since the first demonstration of high-resolution mapping of surface currents by airborne along-track
interferometric synthetic aperture radar (along-track InSAR) in the late 1980s, theoretical models of the along-
track InSAR imaging mechanism and recommendations for ideal instrument parameters, measuring strategies,
and data processing and interpretation techniques have been discussed in a number of publications. However,
due to the experimental nature of existing instruments and algorithms and a very limited reference database from
actual experiments, potential users have not recognized the along-track InSAR as a readily available tool for
current measurements until now. In order to promote the use of InSAR and to validate and demonstrate current
measurements on the basis of instrument parameters and data processing techniques proposed earlier, the
authors have carried out experiments with an airborne X-band along-track InSAR over spatially varying current
fields at two test sites in the German Bight of the North Sea. In this paper, an overview of the experimental
scenarios and the acquired data is given, and the newly implemented algorithms for the retrieval of two-
dimensional (2-D) surface current fields from the InSAR raw data are described. Using acoustic Doppler current
profiler (ADCP) data and predictions of a numerical circulation model as reference, a root mean square (rms)
error of spatial variations in the InSAR-derived current fields on the order of 0.1 m/s at an effective resolution of
about 100 m is obtained, which is consistent with theoretical expectations. Furthermore, it is shown that the
proposed iterative correction scheme for nonlinearities of the InSAR imaging mechanism on the basis of
numerical simulations works well and leads to a significant improvement. Altogether, it is concluded that the
proposed technique for current measurements by along-track InSAR is efficient, robust, and sufficiently mature
for applications that require high-resolut- ion snapshots of surface current fields within areas of some square
kilometers, such as the monitoring of bathymetric changes in coastal waters. [J1581]

"HF radar ocean current algorithm based on MUSIC and the validation experiments"
Wuhan University's ocean state measuring and analyzing radar (OSMAR2000), working at around 7.5 MHz in
the low region of the HF band with a 120-m-long linear receiving antenna array, can measure ocean surface
current at ranges of up to 200 km. An ocean surface current algorithm based on direction finding (DF) using the
multiple signal classification (MUSIC) method is developed for the OSMAR2000 radar. This paper describes the
OSMAR2000 ocean surface current algorithm based on MUSIC and the validation experiments in the East China
Sea. The results of the ocean surface current measurements demonstrate that the OSMAR2000 ocean surface
current algorithm based on MUSIC is feasible for the long range of ocean surface current mapping with a
sufficient bearing resolution. [J1582]

"Synthetic aperture radar imaging of axial convergence fronts in Cook Inlet, Alaska"
Axial fronts of tidal currents are observed in Cook Inlet, AK, on a RADARSAT-1 standard mode synthetic
aperture radar (SAR) image taken at 16:31:47 coordinated universal time (UTC) on July 12, 2002. The longest
front appears as a 100-km-long quasi-linear bright feature in the SAR image. This front is characterized by an
increase in the normalized radar cross section (NRCS) of 7 dB in the C-band horizontal polarization (C-HH)
RADARSAT-1 SAR image. Two other smaller fronts exist in the middle of the inlet. The NRCS modulations
appear to be less, at about 5 dB. A diagnostic Cook Inlet tidal model is developed to calculate the current
velocity fields of the inlet and to demonstrate that the variation in bottom friction caused by the bathymetry
distribution generates axial convergence at different tidal stages. The model, using the actual bathymetry, is
driven by predicted tides from six tidal stations along the inlet coast. The model results show that the tidal current
flowed into the inlet at the time the SAR image was obtained. Tidal current along two transects in the inlet is
extracted to show that there is a significant cross-channel convergence of the along-channel velocity component,
with a magnitude of 4 to 6 times 10-4s-1near the observed front positions. In general, a higher velocity

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 433 из 658



convergence from the model corresponds to higher NRCS return areas in this SAR image. [J1583]

"Extraction of coastal ocean wave fields from SAR images"
Wave spectra derived from synthetic aperture radar (SAR) images acquired by ENVISATs are compared to in
situ measurements by seven sensors, deployed in a field experiment carried out on the French coast of La
Manche (English Channel). The wave spectra inversion scheme is adapted for shallow water from the European
Space Agency (ESA)'s operational processing techniques used for level 2 ocean wave products. Under the low
to moderate wind speed observed conditions, overall good agreement is found between in situ and SAR
observations over a wide range of wave heights and directions, including waves propagating in the radar azimuth
direction and incidence angles different from the standard imagette products. [J1584]

"Wind- and wave-field measurements using marine X-band radar-image sequences"
This paper describes two algorithms for the retrieval of high-resolution wind and wave fields from radar-image
sequences acquired by a marine X-band radar. The wind-field retrieval algorithm consists of two parts. In the first
part, wind directions are extracted from wind-induced streaks, which are approximately in line with the mean
surface wind direction. The methodology is based on the retrieval of local gradients from the mean radar
backscatter image and assumes the surface wind direction to be oriented normal to the local gradient. In the
second part, wind speeds are derived from the mean radar cross section. Therefore, the dependence of the
radar backscatter on the wind vector and imaging geometry has to be determined. Such a relationship is
developed by using neural networks (NNs). For the verification of the algorithm, wind directions and speeds from
nearly 3300 radar-image sequences are compared to in situ data from a colocated wind sensor. The wave
retrieval algorithm is based on a methodology that, for the first time, enables the inversion of marine radar-
image sequences to an elevation-map time series of the ocean surface without prior calibration of the acquisition
system, and therefore, independent of external sensors. The retrieved ocean-surface elevation maps are
validated by comparison of the resulting radar-derived significant wave heights, with the significant wave heights
acquired from three colocated in situ sensors. It is shown that the accuracy of the radar-retrieved significant
wave height is consistent with the accuracy of the in situ sensors. [J1585]

"Performance of spaceborne bistatic synthetic aperture radar"
This paper reports on a model developed for evaluating major system performance of a spaceborne bistatic
synthetic aperture radar (SAR) for remote sensing applications. The procedure accounts for formation flying
aspects. It is particularly aimed at comparison of monostatic and bistatic cases, and, as a test case, it is applied
to study a novel configuration, based on a small satellite equipped with a receiving-only antenna orbiting in
tandem with a large, noncooperative transmitting spacecraft, the Italian COSMO-SkyMed mission. Numerical
results and plots show the effectiveness of the procedure as a mission design tool and put in evidence key
issues and characteristics of the proposed spaceborne bistatic formation. [J1586]

"Operational map-guided classification of SAR sea ice imagery"
This paper presents a map-guided sea ice classification system built to work in parallel with the Canadian Ice
Service (CIS) operations to produce pixel-based ice maps that complement actual "egg code" maps produced by
CIS. The system uses the CIS maps as input to guide classification by providing information on the number of
ice types and their final label for specific regions. Segmentation is based on a modified adaptive Markov random
field (MRF) model that uses synthetic aperture radar (SAR) intensities and texture features as input. The ice type
labeling is performed automatically by gathering evidences based on a priori information on one or two classes
and deducing the other labels iteratively by comparing distributions of segments. Three methods for comparing
the segment distributions (Fisher criterion, Mahalanobis distance, and Kolmogorov-Smirnov test) were
implemented and compared. The system is fully described with special attention to the labeling procedure.
Examples are presented in the form of two CIS SAR-based ice maps from the Gulf of Saint Lawrence region and
one example from the Beaufort Sea. The results indicate that when the segmentation is good, the labeling
attains best results (between 71% and 89%) based on evaluation by a sea ice analyst. Some problems remain to
be assessed which are primarily attributable to discrepancies in the information provided by the egg code and
what is actually visible in the SAR image. Subscale information on floe size and shape available to human
analysts, but not in this classification system, also appear to be a critical information for separating some ice
types. [J1587]

"A detail-preserving scale-driven approach to change detection in multitemporal SAR images"
This paper presents a novel approach to change detection in multitemporal synthetic aperture radar (SAR)
images. The proposed approach exploits a wavelet-based multiscale decomposition of the log-ratio image
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(obtained by a comparison of the original multitemporal data) aimed at achieving different scales (levels) of
representation of the change signal. Each scale is characterized by a different tradeoff between speckle
reduction and preservation of geometrical details. For each pixel, a subset of reliable scales is identified on the
basis of a local statistic measure applied to scale-dependent log-ratio images. The final change-detection result
is obtained according to an adaptive scale-driven fusion algorithm. Experimental results obtained on
multitemporal SAR images acquired by the ERS-1 satellite confirm the effectiveness of the proposed approach.
[J1588]

"Analysis of surface roughness and morphology of first-year sea ice melt ponds: implications for
microwave scattering"
Variations in wind forcing over summer first-year sea ice (FYI) melt ponds occur at hourly to weekly scales and
are a significant contributor to microwave backscatter (σ°) variability observed from spaceborne synthetic
aperture radar (SAR) platforms (e.g., ENVISAT-ASAR and RADARSAT-1). This variability impairs our ability to
use SAR to derive information on summer sea ice thermodynamic state and energy balance parameters such as
albedo and melt pond fraction. The surface roughness contribution of FYI melt ponds in the Canadian Arctic
Archipelago to like-polarized, C-band σ° estimates is analyzed through a spectral and statistical analysis of
surface wave height profiles for varying wind speeds, upwind fetch lengths, and melt pond depths. A unique
derivation of melt pond surface wave height spectra is presented based on digital video of melt pond surface
wave trains. Significant scale surface roughness was observed even at wind speeds of 3 m·s-1, resulting in
small perturbation model estimates of σ° (HH) ranging from -5 dB at 20° incidence to -22 dB at 50° incidence.
Results from a multivariate linear regression analysis show that 53.5% of observed variance in σ° (HH or VV)
can be explained by wind speed, upwind fetch from melt pond edges, and melt pond depth, with no appreciable
difference in the relative contribution of explanatory variables. Modeled omnidirectional σ° as a function of wind
speed and incidence angle for 100-m transects collected throughout the melt pond season act to elaborate the
role of fetch and depth, as well as the modulating effect of hummocks, on σ°. [J1589]

"An analysis of SeaWinds-based rain retrieval in severe weather events"
The Ku-band SeaWinds scatterometer estimates near-surface ocean wind vectors by relating measured
backscatter to a geophysical model function for the near-surface vector wind. The conventional wind retrieval
algorithm does not explicitly account for SeaWinds' sensitivity to rain, resulting in rain-caused wind retrieval
error. A new retrieval method, termed "simultaneous wind/rain retrieval," that estimates both wind and rain from
rain-contaminated measurements has been previously proposed and validated with Tropical Rain Measuring
Mission data. Here, the accuracy of rains retrieved by the new method is validated through comparison with the
Next Generation Weather Radar (NEXRAD) in coastal storm events. The rains detected by both sensors are
comparable, though SeaWinds-estimated rains exhibit greater variability. The performance of simultaneous
wind/rain retrieval in flagging excessively rain-contaminated winds is discussed and compared to existing
methods. A new rain-only retrieval algorithm for use in rain-backscatter-dominated areas is proposed and tested.
A simple noise model for SeaWinds rain estimates is developed, and Monte Carlo simulation is employed to
verify the model. The model shows that SeaWinds rain estimates have a standard deviation of 2.5 mm/h, which
is higher than the NEXRAD measurements. Thresholding SeaWinds rain estimates at 2 mm/h yields a better
rain flag than current rain flag algorithms. [J1590]

"A soft computing approach for rainfall retrieval from the TRMM microwave imager"
A neural network model for rainfall retrieval over ocean from remotely sensed microwave (MW) brightness
temperature (BT) is proposed. BT data are obtained from the Tropical Rainfall Measuring Mission (TRMM)
Microwave Imager (TMI). The BT values from different channels of TMI over the Pacific Ocean (163° to 177°W
and 18° to 34°S) are the input features. The near-surface rainfall rate from the Precipitation Radar (PR) are
considered as a target. The proposed model consists of a neural network with online feature selection (FS) and
clustering techniques. A K-means clustering algorithm is applied to cluster the selected features. Different
networks have been trained to give an instantaneous rainfall rate with all input features as well as with selected
features obtained by applying the FS algorithm. It is found that the hybrid network utilizing FS and clustering
techniques performs better. The developed network is also validated with two independent datasets on March
14, 2000 over the Atlantic Ocean having stratiform rain and on March 21, 2000 over the Pacific Ocean having
both stratiform and convective rain. In both cases, the hybrid network performs well with correlation coefficient
improving to 0.78 and 0.81, respectively, in contrast to 0.70 and 0.75 for the network with all features. The
rainfall rate retrieved from the hybrid network is also compared with the TMI surface rain rate, and a correlation
of 0.84 and 0.75 is found for the two events. The proposed hybrid model is validated with a Doppler Weather
Radar, and correlation of 0.52 is observed. [J1591]
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"Three-dimensional bistatic synthetic aperture radar imaging system: spatial resolution analysis"
A mathematical framework for analysing the spatial resolving capability of a general three-dimensional bistatic
synthetic aperture radar imaging system, in which the transmitter, receiver and imaged object (or region of
interest) may be non-coplanar and in which the transmitter and/or receiver may be moving, is presented. With
Earth observation applications in mind, this framework is used to characterise quantitatively the two-dimensional
ground-plane resolving capability of the three-dimensional imaging system. The theoretical results are confirmed
via simulations. [J1592]

"Polarimetric classification of land cover for Glen Affric radar project"
In recent years two polarimetric decompositions methods, the A/E method (Cloude and Pottier, 1997) and the
three-component decomposition method (Freeman and Durden, 1998) have become the main methods of the
polarimetric synthetic aperture radar data classification in radar imagery applications. In both methods the
structural composition of the land cover is modelled using the main backscatter responses, as a function of the
polarised channels, the level of energy received and the associated backscatter angles. To enhance the
coherence in the polarimetric decompositions, data are generally multi-looked and de-speckled. The authors
have applied and compared the 'Freeman' three-component decomposition followed by the Wishart complex
classifier with the A/E decomposition algorithms to the de-speckled and edge-enhanced Glen Affric, fully
polarimetric L-band radar data. The Glen Affric radar site was chosen for its extensive and diverse semi-natural
woodlands of native Scots Pine, and its varied topography. The application results demonstrate the response of
the radar classification from a semi-natural land cover on a rapid topography. [J1593]

"Distortions of the low frequency signal by Martian ionosphere at vertical propagation"
A mathematical tool is described that takes into account signal distortions caused by phase dispersion and signal
absorption in the Mars ionosphere during reflection from the Mars surface below the orbiter. This tool is used to
estimate the distortion of the cross-correlation function by phase dispersion and signal absorption caused during
a double traverse of the radio signal through the Mars nighttime ionosphere on frequencies used for the radar
experiment MARSIS. Ionospheric absorption reduces the cross-correlation function distortions caused by
ionospheric dispersion. It is shown, that the value of signal absorption depends on free electron number density
in the lower part of an ionosphere. [J1594]

"Special Issue on subsurface sensing using Ground Penetrating Radar (GPR)"
{no data available} [J1595]

"UHF surface currents radar hardware system design"
Design methods for the UHF surface currents radar system are presented. The UHF radar system is developed
on the basis of the successful OSMAR system. It is modified to operate at UHF (310MHz) and wide FM sweep
width (5-10MHz) to match the expected water wavelengths and channel dimension. Transmit power is under 5W,
and the maximum range over fresh water will be more than 1Km. All hardware modules had been finished;
simulation and field test proved this system can be used successfully. [J1596]

"Current measurements by SAR along-track interferometry from a Space Shuttle"
We present one of the first studies on ocean current retrievals from interferometric synthetic aperture radar
(InSAR) data acquired during the Shuttle Radar Topography Mission (SRTM) in February 2000. The InSAR
system of SRTM was designed for high-resolution topographic mapping of the Earth's land surfaces, using two
SAR antennas on a Space Shuttle with a cross-track separation of 60 m. An additional along-track antenna
separation of 7 m resulted in an effective time lag of about 0.5 ms between the two images, which could
theoretically be exploited for target velocity retrievals. However, the feasibility of ocean current measurements
with SRTM has been questionable, since the time lag was much shorter than the theoretical optimum (about 3
ms at X-band) and the signal-to-noise ratio over water was quite low. Nevertheless, some X-band InSAR
images of coastal areas exhibit clear signatures of tidal flow patterns. As an example, we discuss an image of
the Dutch Wadden Sea. We convert the InSAR data into a line-of-sight current field, which is then compared
with results of the numerical circulation model KUSTWAD. For tidal phases close to the conditions at the time of
the SRTM overpass; we obtain correlation coefficients of up to 0.6 and rms differences on the order of 0.2 m/s.
Furthermore we find that SRTM resolves current variations down to spatial scales on the order of 1 km. This is
consistent with predictions of a numerical InSAR imaging model. Remaining differences between SRTM- and
KUSTWAD-derived currents can be attributed mainly to residual motion errors in the SRTM data as well as to a
limited representation of the conditions at the time of the SRTM overpass in the available KUSTWAD results.
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[J1597]

"Superresolution mapping using a Hopfield neural network with lidar data"
Superresolution mapping is a set of techniques to obtain a subpixel map from land cover proportion images
produced by soft classification. Together with the information from the land cover proportion images,
supplementary information at the subpixel level can be used to produce more detailed and accurate land cover
maps. This research aims to use the elevation data from light detection and ranging (lidar) as an additional
source of information for superresolution mapping using the Hopfield neural network (HNN). A new height
function was added to the energy function of the HNN for superresolution mapping. The value of the height
function was calculated for each subpixel of a certain class based on the Gaussian distribution. A set of
simulated data was used to test the new technique. The results suggest that 0.8-m spatial resolution digital
surface models can be combined with optical data at 4-m spatial resolution for superresolution mapping. [J1598]

"Four-component scattering model for polarimetric SAR image decomposition"
A four-component scattering model is proposed to decompose polarimetric synthetic aperture radar (SAR)
images. The covariance matrix approach is used to deal with the nonreflection symmetric scattering case. This
scheme includes and extends the three-component decomposition method introduced by Freeman and Durden
dealing with the reflection symmetry condition that the co-pol and the cross-pol correlations are close to zero.
Helix scattering power is added as the fourth component to the three-component scattering model which
describes surface, double bounce, and volume scattering. This helix scattering term is added to take account of
the co-pol and the cross-pol correlations which generally appear in complex urban area scattering and
disappear for a natural distributed scatterer. This term is relevant for describing man-made targets in urban area
scattering. In addition, asymmetric volume scattering covariance matrices are introduced in dependence of the
relative backscattering magnitude between HH and VV. A modification of probability density function for a cloud
of dipole scatterers yields asymmetric covariance matrices. An appropriate choice among the symmetric or
asymmetric volume scattering covariance matrices allows us to make a best fit to the measured data. A four-
component decomposition algorithm is developed to deal with a general scattering case. The result of this
decomposition is demonstrated with L-band Pi-SAR images taken over the city of Niigata, Japan. [J1599]

"Validation of the Shuttle Radar Topography Mission height data"
The Shuttle Radar Topography Mission (SRTM) provided data for detailed topographical maps of about 80% of
the Earth's land surface. SRTM consisted of single-pass C- and X-band interferometric synthetic aperture radars
(INSARs). In order to utilize SRTM data in remote sensing applications the data must be calibrated and
validated. This paper presents The University of Michigan's SRTM calibration and validation campaign and our
results using recently acquired C-band SRTM data of our calibration sites. An array of calibration targets was
deployed with the intention of determining the accuracy of INSAR-derived digital elevation maps. The array
spanned one of the X-band swaths and stretched from Toledo, OH to Lansing, MI. Passive and active targets
were used. The passive targets included trihedrals and tophats. The locations in latitude, longitude, and
elevation of the point targets were determined using differential GPS. We also acquired U.S. Geological Survey
(USGS) digital elevation models (DEMs) to use in the calibration and validation work. The SRTM data used in
this study are both Principal Investigator Processor (PI) data, which are not the refined final data product, and
the ground data processing system (GDPS) data, which are a more refined data product. We report that both
datasets for southeastern Michigan exceed the SRTM mission specifications for absolute and relative height
errors for our point targets. A more extensive analysis of the SRTM GDPS data indicates that it meets the
absolute and relative accuracy requirements even for bare surface areas. In addition, we validate the PI height
error files, which are used to provide a statistical characterization of the difference between the SRTM GDPS
and USGS DEM heights. The statistical characterization of the GDPS-USGS difference is of interest in forest
parameter retrieval algorithms. [J1600]

"Slicks detection on the sea surface based upon polarimetric SAR data"
This letter proposes a generalized-likelihood ratio test-based edge detector to be fed by possibly polarimetric
synthetic aperture radar (SAR) data. It can be used to detect dark spots on the sea surface and, hence, as the
first stage of a system for identification and monitoring of oil spills. The proposed constant false alarm rate
(CFAR) detector does not require secondary data (namely pixels from a slick-free area); remarkably, a
preliminary performance assessment, carried out by resorting to real SAR recordings, shows that it guarantees
detection capabilities comparable to those of previously proposed polarimetric CFAR detectors (which though
make use of secondary data). The preliminary performance assessment also seems to indicate that processing
polarimetric data does not ensure improved detection capabilities. [J1601]
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"Building characterization using L-band polarimetric interferometric SAR data"
This letter proposes a building characterization technique for L-band polarimetric interferometric synthetic
aperture radar (SAR) data. This characterization consists of building identification and height estimation. Initially,
a polarimetric interferometric segmentation is performed to isolate buildings from their surroundings. This
classification identifies three basic categories: single bounce, double bounce, and volume diffusion. In order to
compensate for the misclassifications among the volume and the double-bounce classes, interferometric phases
given by the high-resolution Estimation of Signal Parameters via Rotational Invariance Techniques (ESPRIT)
method are analyzed. Once buildings are localized, a phase-to-height procedure is applied to retrieve building
height information. The method is validated using E-SAR, German Aerospace Center (DLR) fully polarimetric
SAR data, at L-band, repeat-pass mode, over the Oberpfaffenhofen, Germany, test site, with a spatial resolution
of 1.5 m in range and azimuth. More than 80% of buildings are retrieved with acceptably accurate height
estimates. [J1602]

"Pol-InSAR observations from an Alpine glacier in the cold infiltration zone at L- and P-band"
In the frame of the Swiss Alpine Airborne SAR Experiment 2003 (SASARE), multitemporal/multibaseline
polarimetric synthetic aperture radar (SAR) interferometry (Pol-InSAR) datasets were acquired with the German
Experimental SAR (E-SAR) platform at L- and P-band in the region of the Aletsch glacier in Switzerland. For
SASARE, several sub-test-sites had been selected below and significantly above the equilibrium line. We provide
results from the analysis of the multibaseline Pol-InSAR L- and P-band measurements of the polarization-
dependent complex interferometric coherence of an Alpine glacier in the cold infiltration zone. Interferometric
volume decorrelation is demonstrated as a function of polarization. Conventional polarimetric decomposition
techniques confirm the polarization-dependent backscattering properties of the analyzed snow and ice surfaces.
[J1603]

"The correlation between lightning and DSD parameters"
The number of lightning strokes that struck a fixed region about the Clemson Atmospheric Research Laboratory
(CARL) in Clemson, SC were recorded. These were correlated to characteristics of the drop size distribution
(DSD). The DSD was parameterized in the usual way, using a two-parameter exponential function, where the
two parameters are Λ and N0. The results showed that a power law fit adequately correlates both Λ and N0to
the number of lightning strokes per hour per square mile. A linear fit performs poorly in this regard. The results
also showed that the rain rate R was well-correlated to the number of lightning strokes per hour per square mile
if a power law fit is employed. The use of lightning flash polarity was not found to be useful in relating R to
lightning. These results are used to develop an understanding of the relationship between drop size statistics
and lightning characteristics. The future utility of these findings to the remote sensing of rain rate is discussed.
[J1604]

"A systems approach to GPM dual-frequency retrieval"
A systems approach to the development of spaceborne dual-frequency radar retrievals is presented. The
necessary integral equations governing the backscatter and forward scatter propagation of electromagnetic
waves are redeveloped through the parameters of the drop-size distribution (DSD) namely the median drop
diameter, Do, and normalized intercept parameter Nw. The backward iteration algorithm using these equations is
reviewed and cast in terms of a closed-loop control-system model with feedback on measured radar reflectivity
values. This model is preferred over the fixed-point method because the closed-loop model calculates and
iterates based on the input variables for measured reflectivity instead of using attenuation as a loop control
variable. The closed-loop model is examined and analyzed in terms of sensitivity to measurement error and DSD
parameters and is used to describe and develop the convergence region of the retrievals in the DSD space. The
impact of the convergence region is evaluated to define the relative contribution of the methodology in a global
sense. It is shown that about half the rainfall falls into the convergence zone demonstrated in this paper. [J1605]

"Investigating of snow wetness parameter using a two-phase backscattering model"
A two-phase backscattering model with nonsymmetrical inclusions is applied to calculate radar backscatter from
a half-space of wet snow using strong fluctuation theory. Wet snow is assumed to consist of dry snow (host) and
liquid water (inclusions). The shape and size of water inclusions are considered using an anisotropic and azimuth
symmetric correlation function. The relationship between correlation lengths and snow wetness is presented by
comparing strong fluctuation theory with the experimental data at 1.2, 8.6, 17, and 35.6 GHz. In the
comparisons, correlation lengths are used as free fitting parameters. The effect of snow wetness on the
backscattering coefficient is investigated. Numerical results of comparison between the two-phase backscattering
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model with nonsymmetrical inclusions and the experimental data are illustrated at 1.2, 8.6, 17, and 35.6 GHz.
The effect of size and shape of water inclusions at different snow wetness values to backscatter level is shown.
The comparison of angular response of backscattering coefficient (decibels) to wet snow between the model and
the experimental data is presented at 2.6, 8.6, 17, and 35.6 GHz. [J1606]

"Effect of multiple scattering on the phase signature of wet subsurface structures: applications to
polarimetric L- and C-band SAR"
We propose a two-layer integral equation model (IEM) model including multiple-scattering terms to reproduce the
phase signature of buried wet structures that we observed on L-band synthetic aperture radar (SAR) images.
We have good agreement between the extended (single+multiple scattering) IEM model and previous results
obtained using a single-scattering IEM model combined with finite-difference time-domain simulations. We show
that the multiple scattering not only significantly influences the copolarized phase difference but can also be
related to the soil moisture content. In order to assess the validity of our extended model, we performed radar
measurements on a natural outdoor site and showed that they could be fairly well fitted to the extended model.
A parametric analysis presents the dependence of the copolarized phase difference on roughness parameters
(rms height and correlation length) and radar parameters (frequency and incidence angle). Our study also shows
that the phase signature should allow detection of buried wet structures down to a larger depth for C-band (3.8
m) than for L-band (2.6 m). This signature could then be used to map subsurface moisture in arid regions using
polarimetric SAR systems. [J1607]

"Visual demonstration of three-scale sea-surface roughness under light wind conditions"
During the Southern Ocean Waves Experiment (SOWEX) an aircraft carried a down-looking video camera to
help document the sea surface. Reflected images of the aircraft were intermittently observed in the video
recorded at 15-30-m height under light and variable wind conditions. A numerical simulation was developed to
relate image contrast to the gravity-capillary wave contribution to sea-surface mean square slope (mss).
"Carnival fun-house" mirror-type distortions of the image in the absence of the gravity-capillary waves relate to
intermediate-scale wave persistence when wind forcing stops. Video image estimates of mss correlated better
with 36-GHz scanning radar altimeter estimates than with the wind speed measured at 30-m height. When the
gravity-capillary waves disappeared in the absence of wind forcing, about one-third of the 0.0015 residual mss
was contributed by the dominant waves, and about two-thirds was contributed by the 1-10-m wavelength region.
Near the shores of a lake in Alaska, reflected aircraft images were also observed, indicating that the gravity-
capillary wave contribution to mss was only about 0.000 001, even though the wind speed at the 160-m aircraft
height was 10 m/s. [J1608]

"IWRAP: the Imaging Wind and Rain Airborne Profiler for remote sensing of the ocean and the
atmospheric boundary layer within tropical cyclones"
The Imaging Wind and Rain Airborne Profiler (IWRAP) is the first high-resolution dual-band airborne Doppler
radar designed to study the inner core of tropical cyclones (TCs). IWRAP is operated from a National Oceanic
and Atmospheric Administration WP-3D aircraft during missions through TCs and severe ocean storms. The
system is designed to provide high-resolution dual-polarized C- and Ku-band reflectivity and Doppler velocity
profiles of the atmospheric boundary layer (ABL) within the inner core precipitation bands of TCs and to study
the effects precipitation has on ocean wind scatterometry as it applies to TCs. IWRAP implements a very unique
measurement strategy; it profiles simultaneously at four separate incidence angles (approximately 30°, 35°, 40°,
and 50°) while conically scanning at 60 rpm. A summary of the principles of operation and the design of the
instrument is given, followed by examples of IWRAP's unique imaging capability. To our knowledge, these
examples include the highest resolution measurements of the ABL winds in a hurricane ever obtained. [J1609]

"Numerical simulations of radar surface air pressure measurements at O2 bands"
An active microwave method is investigated for measuring surface air pressure by using radar reflections at
frequencies around 53-55 GHz O2bands. The numerical simulation results for homogeneous backgrounds show
that with an airborne radar working at these O2absorption bands, the rms errors of the radar surface pressure
estimations with 15-dB signal-to-noise ratio can be as low as 4-7 mb. A radar system that covers these
wavelengths will have great potentials for weather observations and other meteorological applications. [J1610]

"Comments on "Interference from 24-GHz automotive Radars to passive microwave Earth remote
sensing Satellites""
In a recent paper, Younis et al. propose an apparently interesting methodology for the computation of the
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interference received by a spaceborne passive sensor from terrestrial interferences. However, the paper seems
to require some clarifications, as some of the conclusions are questionable. This comments paper aims at
identifying the most outstanding issues of the publication. [J1611]

"Reply to comments on "Interference from 24-GHz automotive radars to passive microwave Earth
remote sensing satellites""
We appreciate that authors Kerr et al. concur that our paper [ibid., vol.42, no.7, p.1387-98 (2004)] provides the
right approach to the analysis of potential interference from anthropogenic sources to remote sensing satellites.
The potential for such interference is likely to grow as new active systems are developed, necessitating
acceptable procedures for interference analysis based on accepted scientific knowledge and engineering
principles. While some simple clarifications are in order to improve the acceptability of our procedure, we
suggest, however, that Kerr et al. have not studied our paper in detail and misinterpret several points. [J1612]

"Adaptive inverse synthetic aperture radar imaging for nonuniformly moving targets"
A novel adaptive inverse synthetic aperture radar (ISAR) imaging technique is proposed for targets with
nonuniform motion. The proposed algorithm is referred to as the generalized range-Doppler (GRD) ISAR
imaging technique and is based on the fractional Fourier transform (FRFT). By utilizing this technique, clear
ISAR imaging can be achieved for nonuniformly moving targets without involvement of complex motion
compensation. Simulation results have proved that the new algorithm is robust and also computationally efficient
as compared with previously reported algorithms such as joint time-frequency (JTF) imaging. [J1613]

"Multisensor approach to automated classification of sea ice image data"
A multisensor data fusion algorithm based on a multilayer neural network is presented for sea ice classification in
the winter period. The algorithm uses European Remote Sensing (ERS), RADARSAT synthetic aperture radar
(SAR), and low-resolution television camera images and image texture features. Based on a set of in situ
observations made at the Kara Sea, a neural network is trained, and its structure is optimized using a pruning
method. The performance of the algorithm with different combinations of input features (sensors) is assessed and
compared with the performance of a linear discriminant analysis (LDA)-based algorithm. We show that for both
algorithms a substantial improvement can be gained by fusion of the three different types of data (91.2% for the
neural network) as compared with single-source ERS (66.0%) and RADARSAT (70.7%) SAR image
classification. Incorporation of texture increases classification accuracy. This positive effect of texture becomes
weaker with increasing number of sensors (from 8.4 to 6.4 percent points for the use of two and three sensors,
respectively). In view of the short training time and smaller number of adjustable parameters, this result suggests
that semiparametric classification methods can be considered as a good alternative to the neural networks and
traditional parametric statistical classifiers applied for the sea ice classification. [J1614]

"Integration of optical and radar classifications for mapping pasture type in Western Australia"
In this study, independent classifications of Landsat Thematic Mapper imagery and Jet Propulsion Laboratory
AirSAR were combined to create an integrated classification of pasture and other vegetation types for a study
area in the agricultural zone of Western Australia. The resulting classification combines greenness and
brightness information from optical data with structure and water content information from synthetic aperture
radar (SAR). Field observations of vegetation type, botanical composition, ground cover percentage, wet and dry
biomass, canopy height, and soil water content were collected at 34 sites representing a range of pastures,
browse shrubs, and crops. An unsupervised version of the Complex Wishart classification procedure, based on
preserving scattering characteristics from the Freeman and Durden backscatter decomposition, was applied to
the C-, L-, and P-band polarimetric SAR data. The optical classification was carried out using a principle
component analysis on the green, red, and near-infrared bands and clustering on the basis of a class centroid
distance measure and knowledge of ground targets. These two classification results were then fused together.
Assessment of a confusion matrix using the individual sites showed that identification of more uniform, dense,
and structurally distinct canopies was better than that of more diverse, sparse, and structurally ambiguous
canopies, as the former were better represented by the canopy height attribute used in the SAR classification
component. The optical classification enabled correction of SAR misclassification of vegetation due to surface
roughness and soil moisture effects, or similar backscatter responses from herbaceous or arboreal canopies. The
results show that simplification of vegetation into groups based upon properties with sensitive responses in both
the optical and SAR domains, and combination of separate SAR and optical classifications, has potential for
improving classification of diverse and heterogeneous herbaceous and browse cover in grazing lands. However,
collection of ground calibration data must be at an appropriate spatial scale and include canopy and surface
measurements directly related to backscatter mechanisms and spectral sensitivity. [J1615]
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"On merging high- and low-resolution DEMs from TOPSAR and SRTM using a prediction-error
filter"
High-resolution digital elevation models (DEMs) are often limited in spatial coverage; they also may possess
systematic artifacts when compared to comprehensive low-resolution maps. Here we correct artifacts and
interpolate regions of missing data in airborne Topographic Synthetic Aperture Radar (TOPSAR) DEMs using a
low-resolution Shuttle Radar Topography Mission (SRTM) DEM. We use a prediction error (PE) filter to
interpolate and fill missing data so that the interpolated regions have the same spectral content as the valid
regions of the TOPSAR DEM. The SRTM DEM is used as an additional constraint in the interpolation. We use
cross-validation methods to obtain the optimal weighting for the PE filter and SRTM DEM constraints. [J1616]

"Cloud bottom altitude determination from a satellite"
The letter is devoted to the introduction of a new technique to derive the cloud bottom height (CBH) from
satellite measurements of the cloud reflectance in the oxygen A-band. The information on the cloud top height
needed in the retrieval of the CBH must be obtained from separate measurements to insure small biases in the
retrieved CBH. Such measurements can be performed by a space-based lidar. [J1617]

"Suppressing coherent noise in radar applications with long dwell times"
A method for suppressing internally produced coherent noise in radar applications is presented and
experimentally demonstrated. The technique enhances conventional coherent averaging and involves interpulse
phase modulation that is introduced digitally in the transmit waveform and removed digitally following digitization
in the receiver. Experimental demonstration of this concept resulted in an additional noise floor reduction of 15 to
20 dB (compared to the conventional coherent averaging alone) when the number of coherent averages was
between 1000 to 100 000, beyond which no significant suppression was observed. [J1618]

"Coherence optimization using the polarization state conformation in PolInSAR"
A new coherence optimization algorithm is proposed for polarimetric synthetic aperture radar (SAR)
interferometry applications by using the polarization state conformation algorithm based on the polarimetric basis
transformation along with the polarization signatures. Through application of this algorithm, the resemblance
between the scattering mechanisms of the same target in the repeat-pass polarimetric SAR (POLSAR) images is
maximized. Then, coherence maps between the repeat-pass POLSAR images, before and after application of
the algorithm, are generated. The coherences obtained by this method represent the best coherences or
optimized coherences between the POLSAR images. The effects predicted by the theory are confirmed by the
POLSAR data acquired by the Jet Propulsion Laboratory Spaceborne Imaging Radar mission. [J1619]

"Study of surface brightness from backscattered laser intensity: calibration of laser data"
Systematic laboratory measurements of laser backscatter intensity are presented for brightness calibration
targets, and a calibration scheme for airborne laser scanner intensity data is proposed. Thus far, the use of
these data has been partly hampered by the variability of the intensity with time, and no test fields have been
available for airborne reflectance calibration. Portable brightness targets (tarps), with nominal reflectances from
5% to 70%, were manufactured, and, based on these measurements, found suitable for lidar reflectance
standards. Furthermore, the variability of the recorded intensity from the tarps as a function of incidence angle
was low. The measurements also provide new information on the surface albedo dependence of backscattering
effects: as the surface brightness increases from 5% to 70%, the hotspot brightness peak amplitudes increase by
20% to 30%, and their apparent widths reduce to a half, which implies that hotspots could be used as an albedo
discriminator. [J1620]

"On the generation of ERS/ENVISAT DInSAR time-series via the SBAS technique"
We exploit the small baseline subset (SBAS) algorithm for generating deformation time-series from SAR data
acquired by sensors with different characteristics but with the same illumination geometry. In particular, our
approach is focused on the use of European Remote Sensing (ERS) and ENVISAT satellite data, the latter
acquired by the Advanced Synthetic Aperture Radar sensor on the IS2 swath. The proposed solution is oriented
to investigate large-scale displacements with a relatively low spatial resolution (about 100×100 m) and
implements an easy but effective combination of ERS and ENVISAT multilook interferograms which benefits of
the temporal overlap between the acquisitions of the two sensors. Moreover, the algorithm does not rely on
specific hypothesis on the spatial or temporal characteristics of the investigated deformations. Presented results,
achieved on a synthetic aperture radar dataset relevant to the Napoli city area (Italy), confirm the validity of the
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approach. [J1621]

"Open water detection from Baltic Sea ice Radarsat-1 SAR imagery"
An algorithm for open water and sea ice discrimination for Radarsat-1 ScanSAR images is presented. The
algorithm is based on segmentation and local synthetic aperture radar signal intensity autocorrelation. The
algorithm performance is evaluated by comparing the results to operational digitized ice charts, in which the sea
ice information is based on human interpretation of multiple data sources, including remote sensing data. The
algorithm locates the open water of the digitized ice charts with about 90% accuracy. [J1622]

"Initialization of Markov random field clustering of large remote sensing images"
Markov random field (MRF) clustering, utilizing both spectral and spatial interpixel dependency information, often
improves classification accuracy for remote sensing images, such as multichannel polarimetric synthetic aperture
radar (SAR) images. However, it is heavily sensitive to initial conditions such as the choice of the number of
clusters and their parameters. In this paper, an initialization scheme for MRF clustering approaches is suggested
for remote sensing images. The proposed method derives suitable initial cluster parameters from a set of
homogeneous regions, and estimates the number of clusters using the pseudolikelihood information criterion
(PLIC). The method works best for an image consisting of many large homogeneous regions, such as
agricultural crops areas. It is illustrated using a well-known polarimetric SAR image of Flevoland in the
Netherlands. The experiment shows a superior performance compared to several other methods, such as fuzzy
C-means and iterated conditional modes (ICM) clustering. [J1623]

"A Classification Approach Based on SVM for Electromagnetic Subsurface Sensing"
In clearing terrains contaminated or potentially contaminated by landmines and/or unexploded ordnances
(UXOs), a quick wide-area surveillance is often required. Nevertheless, the identification of dangerous areas
(instead of the detection of each subsurface object) can be enough for some scenarios/applications, allowing a
suitable level of security in a cost-saving way. In such a framework, this paper describes a probabilistic approach
for the definition of risk maps. Starting from the measurement of the scattered electromagnetic field, the
probability of occurrence of dangerous targets in an investigated subsurface area is determined through a
suitably defined classifier based on a support vector machine. To assess the effectiveness of the proposed
approach and to evaluate its robustness, selected numerical results related to a two-dimensional geometry are
presented. [J1624]

"An Automatic Image Registration for Applications in Remote Sensing"
This paper deals with a major problem encountered in the area of remote sensing consisting of the registration
of multitemporal and/or multisensor images. In general, such images have different gray-level characteristics, and
simple techniques such as those based on correlation cannot be applied directly. In this work, a new automatic
satellite image registration approach is proposed. This technique exploits the invariant relations between regions
of a reference and a sensed image, respectively. It involves an edge-based selection of the most distinctive
control points (CPs) in the reference image. The search for the corresponding CPs in the sensed image is
based on local similarity detection by means of template matching according to a combined invariants-based
similarity measure. The final warping of the images according to the selected CPs is performed by using the
thin-plate spline interpolation. The procedure is fully automatic and computationally efficient. The proposed
algorithm for this technique has been successfully applied to register multitemporal SPOT and synthetic aperture
radar images from urban and agricultural areas. The experimental results demonstrate the robustness, efficiency
and accuracy of the algorithm. [J1625]

"An ultrawide-band microwave radar sensor for nondestructive evaluation of pavement subsurface"
A new ultrawide-band (UWB) microwave radar sensor operating from 0.6 to 5.6 GHz has been developed using
microwave integrated circuits for pavement subsurface characterization. UWB antennas operating from 0.5-10-
GHz have been designed and tested for use in the sensor. A new simple, yet effective, accurate procedure was
also developed to compensate for the common amplitude deviations and nonlinear phase errors produced by the
inherent imperfection of the system. The developed compensation method is applicable to other systems and
effectively reduces the potential masking of adjacent targets as well as facilitating and increasing the accuracy
for target identification of the sensor. The sensor has been used to assess a pavement sample with less than
0.1 in of error in the pavement's layer thickness. The developed system represents the first UWB stepped-
frequency radar sensor completely realized using microwave integrated circuits over the frequency range of 0.6-
5.6 GHz for subsurface sensing applications. [J1626]

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 442 из 658



"Cloud Statistics Measured With the Infrared Cloud Imager (ICI)"
The Infrared Cloud Imager (ICI) is a ground-based thermal infrared imaging system that measures spatial cloud
statistics with a 320$,times,$240-pixel uncooled microbolometer detector array. Clouds are identified from the
residual radiance that remains after water vapor emission is removed from radiometrically calibrated sky images
(the water vapor correction relies on measurements of precipitable water vapor and near-surface air
temperature). Cloud amount, the percentage of an ICI image containing clouds, is presented for data from
Atmospheric Radiation Measurement (ARM) sites at Barrow, AK in February–April 2002, Lamont, OK in
February–April 2003, and Barrow, AK in March–April 2004. In Oklahoma, the percent cloud cover determined
from full ICI images was slightly higher than that found from a single-pixel time series, suggesting that cloudiness
may be under sampled by vertically viewing lidars or radars under highly variable conditions. Full-image and
single-pixel statistics agreed more closely for Arctic clouds, which tend to be uniform for long periods of time.
Good agreement is found in comparing cloud amount from ICI and active remote sensors during day and night,
but much worse agreement is found between ICI and the ARM Whole Sky Imager during nighttime relative to
daytime, indicating the importance of the diurnally consistent ICI measurements. [J1627]

"Statistical Assessment of Eigenvector-Based Target Decomposition Theorems in Radar
Polarimetry"
The performance of quantitative remote sensing based on multidimensional synthetic aperture radars (SARs),
and polarimetric SAR systems in particular, depends strongly on a correct statistical characterization of the data,
i.e., on a complete knowledge of the effects of the speckle noise. In this framework, the eigendecompostion of
the covariance or coherency matrices and the associated$H/underlinealpha/A$decomposition have demonstrated
the potential for quantitative estimation of physical parameters. In this paper, we present a detailed study of the
statistics associated with this decomposition. This analysis requires the introduction of mathematical tools that
are not well known in the remote sensing community. For this reason, we include a review section to present
them. Using this work, we then present an expression for the probability density function of the sample
eigenvalues of the covariance or coherency matrix. The availability of this expression allows a complete study of
the separated sample eigenvalues, as well as, the entropy H and the anisotropy A. As demonstrated, all these
parameters must be considered as asymptotically nonbiased with respect to the number of looks. In order to
reduce the biases for a small number of averaged samples, a novel estimator for the eigenvalues is proposed.
The results of this work are analyzed by means of simulated and real airborne SAR data. This analysis permits
us to determine in detail the effects of the number of averaged samples in the estimation of physical information
in radar polarimetry. [J1628]

"Efficient Texture Analysis of SAR Imagery"
We address the problem of efficiency in texture analysis for synthetic aperture radar (SAR) imagery. Motivated
by the statistical occupancy model, we introduce the notion of patch reoccurrences. Using the reoccurrences, we
propose the use of approximate textural features in analysis of SAR images. We describe how the proposed
approximate features can be extracted for two popular texture analysis methods—the gray-level cooccurrence
matrix and Gabor wavelets. Results on image texture classification show that the proposed method can provide
an improved efficiency in the analysis of SAR imagery, without introducing any significant degradation in the
classification results. [J1629]

"An investigation of bistatic calibration objects"
Several popular metallic bistatic calibration objects are investigated, including a sphere, long and short cylinders,
dihedral, trihedral, circular disk and wire mesh. Comparisons are made between the advantages and
disadvantages of various objects for calibration. The analysis addresses sensitivity to object alignment error,
availability of accurate radar cross section (RCS) calculations and bistatic RCS levels. Both theoretical concepts
and practical considerations are discussed based on measurements accomplished at the European Microwave
Signature Laboratory (EMSL) of the EC Joint Research Center (JRC) in Ispra, Italy. This facility has the
capability to produce far-field fully polarimetric precision bistatic measurements in a 30 cm diameter quiet zone,
suitable for comparing different calibration objects. [J1630]

"Measurements on individual trees using multiple VHF SAR images"
Multiple VHF-band radar images from the airborne CARABAS-II system, retrieved with varying look direction to
the imaged area, are coregistered and combined to improve spatial and radiometric resolution. Combined images
over boreal forest in southern Sweden are used to identify and make backscatter measurements of individual
trees. A coregistration scheme is proposed, and backscatter is compared to ground measurements of individual
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stem volume. It is found that the spatial resolution and radiometric precision could be significantly improved by
combining the images coherently. A nearly linear relation between backscattered amplitude and individual stem
volume for trees with a stem volume over 0.2 m3was found, which is in agreement with previous results at stand
level. [J1631]

"Measurement of canopy geometry characteristics using LiDAR laser altimetry: a feasibility study"
Airborne scanning laser altimetry offers the potential for extracting high-resolution vegetation structure
characteristics for monitoring and modeling the land surface. A unique dataset is used to study the sensitivity of
laser interception profiles and laser-derived leaf area index (LAI) to assumptions about the surface structure and
the measurement process. To simulate laser interception, one- and three-dimensional (3-D) vegetation structure
models have been developed for maize and sunflower crops. Over sunflowers, a simple regression technique
has been developed to extract laser-derived LAI, which accounts for measurement and model biases. Over
maize, a 3-D structure/interception model that accounts for the effects of the laser inclination angle and
detection threshold has enabled the fraction of radiation reaching the ground surface to be modelled to within
0.5% of the observed fraction. Good agreement was found between modelled and measured profiles of laser
interception with a vertical resolution of 10 cm. [J1632]

"Constrained iterative technique with embedded neural network for dual-polarization radar
correction of rain path attenuation"
A new stable backward iterative technique to correct for path attenuation and differential attenuation is presented
here. The technique named, neural network iterative polarimetric precipitation estimator by radar (NIPPER), is
based on a polarimetric model used to train an embedded neural network, constrained by the measurement of
the differential phase along the rain path. Simulations are used to investigate the efficiency, accuracy, and the
robustness of the proposed technique. The precipitation is characterized with respect to raindrop size, shape,
and orientation distribution. The performance of NIPPER is evaluated by using simulated radar volumes scan
generated from S-band radar measurements. A sensitivity analysis is performed in order to evaluate the
expected errors of NIPPER. These evaluations show relatively better performance and robustness of the
attenuation correction process when compared with currently available techniques. [J1633]

"An investigation of bistatic calibration techniques"
Several popular bistatic calibration techniques are investigated and comparisons made between the relative
merits of the various techniques. The analysis addresses sensitivity to object alignment error, sensitivity to
polarization impurity, and ease of implementation. Both theoretical concepts and practical considerations are
discussed based on measurements accomplished at the European Microwave Signature Laboratory of the
European Commission Joint Research Center, Ispra, Italy. This facility has the capability to produce far-field fully
polarimetric precision bistatic measurements in a 30-cm-diameter quiet zone, suitable for comparing different
calibration methods. [J1634]

"Modeling temporal evolution of junco marshes radar signatures"
In this work, multitemporal synthetic aperture radar (SAR) data in conjunction with an electromagnetic (EM)
model and a vegetation growth model were used to monitor and explain burn-regrowth events of junco
vegetation in a wetland environment. The data used were from Radarsat-1, ENVISAT Advanced Synthetic
Aperture Radar (ASAR), and European Remote Sensing 2 (ERS-2) temporal series. The EM model is based on
radiative transfer theory and describes junco vegetation as a set of vertical dielectric cylinders on a flat flooded
surface. It was used, together with the vegetation growth model, to predict the temporal evolution of the radar
response during a burn-regrowth event. This simulation was compared with the ERS-2 vertical (VV) data. It was
observed a "bell-shaped" temporal trend that was confirmed by the simulated data with a mean error of 2.5 dB.
Additionally, in view of current and future ENVISAT ASAR Alternating Polarization Mode Precision data, the
horizontal (HH) SAR temporal response was also simulated giving as a result strong differences between
simulated HH and VV temporal trends. These differences are in good agreement with the ones observed
between Radarsat-1 HH and ERS-2 VV SAR data acquired at close dates and also with the same differences
observed between HH and VV ENVISAT ASAR data. Electromagnetic modeling results provide a sound
theoretical interpretation of these observations. [J1635]

"Low VHF-band backscatter from coniferous forests on sloping terrain"
Low-frequency synthetic aperture radar (SAR) is a promising technique for stem volume retrieval, particularly for
dense forests, due to the good penetration of forest canopies. However, it is well known that the dominant
scattering mechanism, the trunk-ground dihedral interaction, decreases rapidly on sloping terrain. In this paper,
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we use low VHF-band SAR data, collected with CARABAS over dense coniferous forests in Sweden, to examine
the effect of topography. Using flight passes with different headings, the effect of slope and aspect angle on
backscatter is characterized. For tall trees ( 30 m), on the steepest slopes in the test-site (up to 12°),
differences of up to 8 dB are observed between images acquired with different look directions relative to the
slope. A physical model is developed to investigate the different scattering mechanisms and their sensitivity to
terrain slopes. The model shows that the trunk-ground scattering still dominates the response for large trees on
moderate slopes, and a semiempirical model for the effect of topography on backscatter is proposed. The model
shows good agreement with measurements, indicating the possibility of using it to compensate for the effects of
sloping terrain when retrieving stem volume in coniferous forest. [J1636]

"On the Impact of Covariance Contamination for Adaptive Detection in Hyperspectral Imaging"
Adaptive detection has been a staple in areas such as radar and sonar for a number of years. A key tenet of
adaptive detectors is their use of a "noise only" covariance estimate from a secondary data set. When samples
bearing the target signal are included in this covariance estimate, it becomes contaminated. The impact of
covariance contamination is evaluated for three popular adaptive detection statistics. Multiple test cases are
presented using real data, not simulations, and it is shown that significant contamination occurs with as few as
eight target samples included in a 100 000+ sample covariance estimate. In addition to number of samples,
sensitivity of the detection statistic to contamination from targets present also depends on algorithm type.
Hyperspectral imaging (HSI) data offer insight into the impact of covariance contamination on adaptive detection
and how it is related to signal-to-noise ratio (SNR) and spectral similarity. [J1637]

"Automated georeferencing and orthorectification of Amazon basin-wide SAR mosaics using SRTM
DEM data"
Frequently large synthetic aperture radar (SAR) mosaics are not precisely georeferenced because topographic
distortions are not removed during the mosaicking process due to the lack of adequate digital elevation models
(DEMs). The Shuttle Radar Topography Mission (SRTM) has recently provided high-resolution DEM data with
nearly global coverage and makes it possible to rectify SAR mosaics. Though techniques are available for
rectifying individual scenes of SAR imagery using DEM data, these methods encounter difficulties when rectifying
SAR mosaics because abrupt geometric discontinuities occur in SAR mosaics at scene boundaries. This paper
introduces an automated method to removing topographic distortions from SAR mosaics and producing
orthorectified mosaics, without accessing original SAR images. The procedures include SAR image simulation
from DEMs, two-staged image matching between SAR mosaics and the simulated image, automated tie-point
derivation and screening, piecewise image rectification for localized adjustment, and production of orthorectified
mosaics. The method is used to orthorectify both high-water and low-water Global Rain Forest Mapping project
SAR mosaics covering the entire Amazon basin. Validation results show that one-pixel (i.e., 92 m) positioning
accuracy (root mean square error) was achieved in both cases, compared to 14-16 pixel errors (i.e., 1288-1472
m) of the original mosaics. [J1638]

"Markov random field on region adjacency graph for the fusion of SAR and optical data in
radargrammetric applications"
This paper deals with the estimation of an elevation model using a pair of synthetic aperture radar (SAR) images
and an optical image in semiurban areas. The proposed method is based on a Markovian regularization of an
elevation field defined on a region adjacency graph (RAG). This RAG is obtained by oversegmenting the optical
image. The support for elevation hypotheses is given by the structural matching of features extracted from both
SAR images. The regularization model takes into account discontinuities of buildings thanks to an implicit edge
process. Starting from a good initialization, optimization is obtained through an iterated conditional mode
algorithm. [J1639]

"Electromagnetic Compatibility Handbook [JBook Review]"
{no data available} [J1640]

"Numerical simulation of bistatic scattering from a target at low altitude above rough sea surface
under an EM-wave incidence at low grazing angle by using the finite element method"
To study bistatic scattering from a target at low altitude above two-dimensional (2-D) randomly rough sea
surface under an electromagnetic (EM) wave incidence at low grazing angle (LGA), a numerical approach of the
finite element method (FEM) is developed. The conformal perfectly matched layer (PML), as the truncation
boundary of the FEM, is employed to reduce the reflection error of planar PML in conventional FEM. Numerical
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code of our FEM is examined by available solution of the FBM (forward backward iterative) method. Bistatic and
back-scattering from composite model of a target above randomly rough sea surface generated by Monte Carlo
realization, and functional dependence upon the sea surface wind speed, target altitude, incident and scattering
angles etc. are numerically demonstrated and discussed. This study presents numerical description for the
observation principle and physical insight associated with the coupling interactions of a complex volumetric target
and randomly rough sea surface. [J1641]

"Unifying regularization and Bayesian estimation methods for enhanced imaging with remotely
sensed Data-part II: implementation and performance issues"
The fused Bayesian-regularization (FBR) method from a companion paper provides a rigorous theoretical
formalism for optimal estimation of the power spatial spectrum pattern (SSP) of the wave field scattered from the
probing surface as it is required for enhanced radar imaging of the remotely sensed scenes. Being nonlinear and
solution-dependent, the optimal FBR method requires extremely complex nonlinear solution-dependent operator
inversions and, therefore, cannot be recommended as a numerically realizable estimator of the SSP. Here, we
design a family of robust easy-to-implement FBR algorithms, provide the relevant computational recipes, and
discuss their performances. We comment on the practical aspects of the robustified FBR estimators, such as
numerical implementation and improvement in the output SNR. The advantage in using the proposed robust
FBR method is demonstrated through simulations of enhancing the SAR images formed using the conventional
matched filtering of the trajectory signal. [J1642]

"Unifying regularization and Bayesian estimation methods for enhanced imaging with remotely
sensed Data-part I: theory"
The problem of estimating, from one sampled realization of the remotely sensed data signal, the power spatial
spectrum pattern (SSP) of the wave field scattered from the probing surface is treated as it is required for
enhanced radar imaging of the remotely sensed scenes. Specifically, we propose to unify the Bayesian
estimation strategy with the maximum-entropy (ME) information-theoretic principle for incorporating the prior
knowledge through developing the fused Bayesian-regularization (FBR) technique for SSP estimation. The first
aspect of the proposed approach concerns the ME-based incorporating the a priori information about the
geometrical properties of an image to tailor the metrics structure in the solution space to the problem at hand.
The second aspect alleviates the problem ill-posedness associated with preserving the boundary values,
calibration, and spectral a priori fixed model properties of an image through the regularizing projection constraints
imposed on the solution. When applied to SSP estimation without incorporating the metrics and regularization
considerations, the procedure leads to the previously derived maximum-likelihood method. When such
considerations are incorporated, the optimal FBR technique leads to a new nonlinear imaging algorithm that
implies adaptive formation of the second-order sufficient statistics of the data, their smoothing, and projection
applying the composite regularizing window operator. We provide analytical techniques to find these statistics
and windows, and the optimal FBR estimator itself. Numerical recipes, performance issues, and simulation
examples are treated in a companion paper. [J1643]

"Highly stable tunable dual-wavelength Q-switched fiber laser for DIAL applications"
We demonstrate a stable dual-wavelength Q-switched fiber laser for applications in differential absorption Lidar
with tunability in absolute wavelength over several nanometers and discrete tuning in wavelength spacing from
1.1 to 3.3 nm. Single longitudinal-mode operation is also achieved by employing Sagnac loop saturable absorber
filter. The delayed self homodyne linewidth measurement of the dual-wavelength continuous-wave laser shows a
very narrow spectral linewidth and frequency jitter ( [J1644]

"Migration through resolution cell compensation in ISAR imaging"
Range-Doppler (RD) processing is widely used in conventional inverse synthetic aperture radar (ISAR) imaging.
The unwanted translational motion of moving targets is compensated by envelope alignment and autofocus. For
existing ISAR imaging algorithms, the scatterers' migration through resolution cells (MTRC) caused by the
rotational motion is usually ignored. With the improvement of resolution or the increase of target size, MTRC
cannot be neglected. In this letter, the keystone formatting algorithm developed in SAR is used for the MTRC
compensation in ISAR. Before the keystone formatting, coherent processing must be performed on the raw
phase history data. An effective approach is proposed for this kind of coherent processing. Numerical examples
are provided to demonstrate the performance of the proposed approach. [J1645]

"Pattern recognition of multiple signals from ground penetrating radar for metal and plastic objects"
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The author describes methods for pattern recognition of multiple time signals of embedded targets in water or
soil. The received time signals are investigated using characteristic features of metal and plastic pipes in water
for better detection of plastic and for soil with noisy signals. The classification of time signals is done by
statistical signal parameters, ARMAX, Prony modelling, a new difference vector method of the model transfer
function H(z) in the coefficient vector feature space, principal component analysis (PCA), and the classification
(more than the estimation or identification) of radar targets via complex frequencies (CNR-complex natural
resonances) of these multiple time signals. [J1646]

"The determination of cloud altitudes using GOME reflectance spectra: multilayered cloud systems"
This paper is devoted to the application of the Semi-Analytical Cloud Retrieval Algorithm (SACURA) to the
cloud-top height determination using data from the Global Ozone Measurement Experiment (GOME) instrument
onboard Earth Remote Sensing satellite (ERS-2). In particular, measurements of the top-of-atmosphere
reflectance in the oxygen absorption A-band are used. The technique is based on the asymptotic radiative
transfer theory as applied to studies of the oxygen absorption bands in reflected light. Our approach is valid for
optically thick clouds with cloud optical thickness larger than approximately 5. The accuracy of the algorithm is
checked against independent retrieval techniques for completely cloudy pixels. In particular, the close
coincidence with data obtained from the Along Track Scanning Radiometer (ATSR-2) onboard ERS-2 is found.
Some results of retrievals using these different instruments disagree (up to 2 km). This is explained by the strong
horizontal inhomogeneity of clouds under investigation, which is not accounted by the SACURA or, possibly, by
well-known problems of infrared techniques as applied to low-level clouds. The effective cloud geometrical
thickness l is also retrieved. This parameter is defined as the geometrical thickness of a vertically homogeneous
cloud, which allows for the minimization of differences between observed and calculated top-of-atmosphere
reflectance spectra. For inhomogeneous clouds, the value of l differs from a real cloud geometrical thickness, but
it gives us an indication of the possible existence of the multilayered cloud system in the field of view of the
optical instrument. [J1647]

"Multivariate statistical integration of Satellite infrared and microwave radiometric measurements
for rainfall retrieval at the geostationary scale"
The objective of this paper is to investigate how the complementarity between low earth orbit (LEO) microwave
(MW) and geostationary earth orbit (GEO) infrared (IR) radiometric measurements can be exploited for satellite
rainfall detection and estimation. Rainfall retrieval is pursued at the space-time scale of typical geostationary
observations, that is at a spatial resolution of few kilometers and a repetition period of few tens of minutes. The
basic idea behind the investigated statistical integration methods follows an established approach consisting in
using the satellite MW-based rain-rate estimates, assumed to be accurate enough, to calibrate spaceborne IR
measurements on sufficiently limited subregions and time windows. The proposed methodologies are focused on
new statistical approaches, namely the multivariate probability matching (MPM) and variance-constrained multiple
regression (VMR). The MPM and VMR methods are rigorously formulated and systematically analyzed in terms
of relative detection and estimation accuracy and computing efficiency. In order to demonstrate the potentiality of
the proposed MW-IR combined rainfall algorithm (MICRA), three case studies are discussed, two on a global
scale on November 1999 and 2000 and one over the Mediterranean area. A comprehensive set of statistical
parameters for detection and estimation assessment is introduced to evaluate the error budget. For a
comparative evaluation, the analysis of these case studies has been extended to similar techniques available in
literature. [J1648]

"Rain field and reflectivity vertical profile reconstruction from C-band Radar volumetric data"
Operating a meteorological radar is generally a challenging task when in presence of a significant beam
blockage as in complex orography. Apart from enhanced ground clutter, mountainous obstructions of the radar
beam can significantly reduce the radar visibility and, thus, its monitoring capabilities. Self-consistent adaptive
techniques to reconstruct vertical profiles of reflectivity (VPR) and near-surface rain-rate fields from high-
elevation reflectivity bins are here proposed, compared, and tested for ranges up to 60 km. The methodology is
based on statistical estimators trained by a large reflectivity volumetric datasets, classified into stratiform and
convective rain regimes and resampled onto a uniform Cartesian grid by means of a modified Cressman
technique. For what concerns reflectivity vertical profiles, two methods, respectively named statistical nonlinear
reconstruction (NSR) and neural network reconstruction (NNR), are considered. The NSR method is based on
the principal component analysis, applied to the radar dataset, in order to extract significant reflectivity-profile
variance. A retrieval technique, based on a nonlinear multiple regression scheme, is then used to infer near-
surface reflectivity from available high-altitude echoes at a given range. The NNR is based on a three-layer
artificial neural network trained by means a feedforward backpropagation algorithm. For what concerns the near-
surface rain retrieval, besides a power-law reflectivity-rain-rate (ZR) approach, a three-layer neural network
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technique is also set up in order to estimate surface rain rate from reconstructed VPR. The proposed
reconstruction techniques are here illustrated by using volumetric data acquired by the C-band Doppler single-
polarization radar, operated in L'Aquila, Italy. A case study, related to a rainfall event that occurred during fall
2000, is discussed. Using a test area within 60 km from the radar site and simulating the presence of beam
obstructions, a comparison of NSR and NNR with conventional area average reconstruction techniques shows
that the percentage improvement of both NSR and NNR approaches is significant, both for the error bias (by
30% to more than 50%, depending on altitude) and variance (by 10% to more than 20%). A sensitivity test indic-
ates that the VPR reconstruction procedure is fairly robust to missing data, especially in terms of error bias. The
comparison of estimated radar rainfall with rain gauge data measurement is also illustrated. The mean field bias
closer to its optimal value and an error variance much smaller is obtained when neural network techniques are
applied than with conventional ZR methods for both techniques of reconstruction. With respect to the latter, the
obtained improvement is more than 40% in terms of root mean square error and is comparable when estimating
near-surface rain rate using either NSR or NNR methods to reconstruct the reflectivity vertical profiles.
Limitations, potential, and future developments of the proposed adaptive reconstruction techniques are finally
discussed. [J1649]

"Pseudowhitening of weather Radar signals to improve spectral moment and polarimetric variable
estimates at low signal-to-noise ratios"
Pseudowhitening of oversampled signals in range is proposed as a method to improve the performance of
spectral moment and polarimetric variable estimators on weather surveillance radars. In an attempt to overcome
the noise sensitivity of the whitening transformation, a solution based on the minimum mean-square-error
criterion is considered first; however, this transformation is less practical than whitening because it requires
knowledge of the signal-to-noise ratio at every range location. Pseudowhitening techniques are introduced as
practical solutions that achieve a suboptimal compromise between variance reduction and noise sensitivity.
Based on regularization methods for the solution of ill-conditioned problems, two pseudowhitening schemes are
proposed: the clipped singular value decomposition transformation and the sharpening filter. By comparing their
statistical performance with theoretical minimum bounds, it is shown that pseudowhitening-based estimators are
almost optimal under practical conditions. Estimators based on pseudowhitening techniques avoid the pitfalls of
their whitening-transformation-based counterparts and lead to more accurate radar products and/or rapid data
acquisition for a much wider range of signal-to-noise ratios. [J1650]

"Three-dimensional inverse scattering of a dielectric target embedded in a lossy half-space"
A modified iterative Born method is applied for three-dimensional inversion of a lossless dielectric target
embedded in a lossy half-space. The forward solver employs a modified form of the extended Born method, and
the half-space Green's function is computed efficiently via the complex-image technique. Example results are
shown, with all scattering data based on a computational model, utilizing a rigorous forward solver distinct from
that employed in the inversion. In addition, distinct gridding schemes are used in the forward and inverse
solvers. Simple Tikhonov regularization is found to yield adequate results for inversion of noisy data. [J1651]

"Total ozone mapping by integrating databases from remote sensing instruments and empirical
models"
Atmospheric studies often require the generation of high-resolution maps of ozone distribution across space and
time. The high natural variability of ozone concentrations and the different levels of accuracy of the algorithms
used to generate data from remote sensing instruments introduce major sources of uncertainty in ozone
modeling and mapping. These aspects of atmospheric ozone distribution cannot be confronted satisfactorily by
means of conventional interpolation and statistical data analysis. We suggest that the techniques of Modern
Spatiotemporal Geostatistics (MSG) can be used efficiently to integrate salient (although of varying uncertainty)
physical knowledge bases about atmospheric ozone in order to generate and update realistic pictures of ozone
distribution across space and time. The MSG techniques rely on a powerful scientific methodology that does not
make the restrictive modeling assumptions of previous techniques. A numerical study is discussed involving
datasets generated by measuring instruments onboard the Nimbus 7 satellite. In addition to exact (hard) ozone
data, the MSG techniques process uncertain measurements and secondary (soft) information in terms of total
ozone-tropopause pressure empirical relationships. Nonlinear estimators are used, in general, and non-Gaussian
probability laws are automatically incorporated. The proposed total ozone analysis can take into consideration
major sources of error in the Total Ozone Mapping Spectrometer solar backscatter ultraviolet tropospheric ozone
residual (related to data sampling, etc.) and produce high spatial resolution maps that are more accurate and
informative than those obtained by conventional interpolation techniques. [J1652]
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"Target simulator to calibrate wideband radar in measuring the internal layers of the Greenland ice
sheet"
We developed a hardware target simulator for measuring the system response and testing of an airborne
wideband radar that operates over the frequency range 600-900 MHz to map the near-surface internal layers in
glacial ice. It uses optical and microwave delay lines for evaluating and optimizing the performance of the
wideband radar in the continental United States without expensive field trips to polar regions and can be used to
test the radar without interfering with commercial wireless devices and television stations. The target simulator
replicates the feed-through signal between the transmit and receive antenna, as well as reflections from the air-
firn interface and the internal layers of the ice sheet, which are spaced about 50 cm apart. This is because the
measured radar resolution is about 60 cm in free space and can map layers with about 50-cm resolution in firn.
We simulated the internal layers by incorporating a feedback loop with a short delay line. The target simulator is
being used for testing and evaluation of the radar in the laboratory and for in-flight testing of the radar. [J1653]

"Improving operational measurement of precipitation using radar in mountainous terrain-Part I:
methods"
Four major rainfall events that affected the Western Alps between autumn 1994 and autumn 2000 are analyzed
to assess the bias between the radar rainfall estimates at rain gauge locations and the gauge amounts. The aim
of this study is to demonstrate the importance of: 1) bias adjustment; 2) the training procedure used to train
various adjustment methods by means of independent data; and 3) a quality check of the radar-gauge couples
that were used for the training itself. A first adjustment method is simply based on a single "bias-correction"
coefficient. A weighted multiple regression (WMR) is well worth the additional effort of determining three
additional coefficients, which give a spatial distribution of the adjustment factor rather than a constant one for the
whole domain as the output. The independent dataset that was used to train the gauge-adjustment techniques
consists of daily radar/gauge amounts accumulated during the first day of each event. The following days are
used for an independent verification that is dealt with in a companion letter, which will validate the methods and
illustrate the improvements and the feasibility of a real-time application during intense events. The WMR
technique tries to correct not only the overall bias but also the beam-broadening, visibility, and orography
influences. The training procedure of both the bulk- and WMR-adjustment methods highlighted a considerable
radar underestimation, which is certainly not surprising in mountainous terrain. The WMR-derived coefficients
also clearly show that the radar underestimates precipitation for higher sampling volumes and longer distances.
Since the WMR is fast and simple to use, it represents an alternative to more sophisticated methods and seems
to be particularly useful for operational services. [J1654]

"An update on the IEM surface backscattering model"
The integral equation approach to modeling scattering from rough surfaces was introduced in 1992. At that time,
it was noted that there was a need to find a transition reflection coefficient that could change its argument from
the incident angle to the specular angle as frequency or roughness scale got large. One such reflection
coefficient was published in 2001. In this letter, we would like to include this reflection coefficient in the integral
equation model to interpret several multifrequency backscattering measurements from surfaces with surface
parameters defined by the investigators who acquired the data. [J1655]

"Maximum a posteriori estimation of height profiles in InSAR imaging"
We present a statistical method to solve the height estimation problem in interferometric synthetic aperture radar
(InSAR) applications. It is based on the use of multifrequency SAR raw datasets obtained by partitioning in
subbands the available raw data spectrum, and on a Bayesian estimator using Markov random fields to model
the a priori distribution of the unknown images. The method allows recovering topographic profiles affected by
strong height discontinuities and allows to perform efficient noise rejections. [J1656]

"Fuzzy-coded space-frequency quantization for SAR data compression"
In this letter, we propose a new image coding technique, which is a combination of space frequency quantization
and a context-based modeling using fuzzy logic. The compression results showed that the proposed coder
outperforms the state-of-the-art coders in the rate-distortion sense for compression of processed synthetic
aperture radar amplitude data. [J1657]

"River dike deformation measurement with airborne SAR"
Due to extremely high water levels or extremely dry periods, river dikes can deform and eventually burst. The
deformation can be measured with repeat-pass synthetic aperture radar (SAR) interferometry. Two flights (5.5-
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day interval) with an airborne C-band SAR were carried out to verify a particular case. During the second flight,
the dike was deliberately deformed. Interferogram analyses showed that the dike deformed by at most 2 mm on
this day, in approximate agreement with tachymeter measurements. Corner reflector analysis showed a
deformation of about 1 cm during the 5.5-day interval, in good agreement with ground measurements. [J1658]

"Improving operational measurement of precipitation using radar in mountainous terrain-Part II:
verification and applications"
This is the second letter of the series on improving operational measurement of precipitation using radar in
mountainous terrain. Four major rainfall events (11 days) that affected the Western Alps between autumn 1994
and autumn 2000 are analyzed. In the first letter, the focus was on the advantages/disadvantages of the
adjustment techniques, the importance of the training, and quality check of the radar-gauge couples used for the
training itself. In this letter, our objective is to verify the improvement that can be eventually be obtained by
applying in real time the adjustment techniques previously described. The first day of each event was used in the
training, and the remaining seven days provided the dataset for the verification (up to 70 gauges in a 12000-
km2area within 157 km from the radar). A simple bulk adjustment is able to reduce the root-mean-square
differences between the daily radar and gauge amounts. A further improvement can be obtained by using,
instead of a single bulk-adjusted coefficient, the four correction coefficients derived through a weighted multiple
regression (WMR). Thanks to the four WMR-derived coefficients, it is possible to correct several errors in one
step (not only "bias," but also beam-broadening, shielding, and orographic enhancement). As a consequence, it
represents an inexpensive alternative to more sophisticated methods (e.g., vertical reflectivity profile correction),
and at least during intense "long-lasting" (one day or more) events, it could be used operationally to improve-in
real time-precipitation estimates over mountainous terrain. [J1659]

"A connectionist approach to SODAR pattern classification"
SODAR (or acoustic radar) systems are a useful tool to efficiently probe the lower planetary boundary layer
(LPBL). The observations obtained by these systems can prove to be extremely useful if classified and
interpreted correctly. The manual identification of different types of SODAR-recorded lower atmospheric
microstructures is a laborious task and can be performed only by an expert having wide experience with the
system and the variety of observations recorded by it. In this letter, we have developed a connectionist system to
classify or identify SODAR patterns. The results demonstrate that the multilayer perceptron-based model is
capable of successfully identifying the different SODAR patterns. [J1660]

"Uniting space, ground, and underwater measurements for improved estimates of rain rate"
Global precipitation is monitored from a variety of platforms including spaceborne, ground-, and ocean-based
platforms. Intercomparisons of these observations are crucial to validating the measurements and providing
confidence for each measurement technique. Probability distribution functions of rain rates are used to compare
satellite and ground-based radar observations. A preferred adjustment technique for improving rain rate
distribution estimates is identified using measurements from ground-based radar and rain gauges within the
coverage area of the radar. The underwater measurement of rainfall shows similarities to radar measurements,
but with intermediate spatial resolution and high temporal resolution. Reconciling these different measurement
techniques provides understanding and confidence for all of the methods. [J1661]

"Shape reconstruction of 2-D buried objects under a Kirchhoff approximation"
The problem of reconstructing the shape of buried metallic objects for multifrequency plane wave incidence in a
two-dimensional geometry is dealt with under the Kirchhoff approximation and solved by means of the singular
value decomposition approach. Numerical results show the effectiveness of the solution method and outline the
role of the parameters of the measurement configuration and of the properties of the ground on the features of
the reconstruction. [J1662]

"A pod-based dual-beam SAR"
A dual-beam along-track interferometric synthetic aperture radar that is entirely self-contained within an aircraft
pod has been developed by the University of Massachusetts to study sea surface processes in coastal regions.
The radar operates at 5.3 GHz with a bandwidth of up to 25 MHz. System hardware is described. Initial test
flights aboard the National Oceanic and Atmospheric Administration's WP-3D research aircraft were performed to
evaluate system performance over land and water surfaces. Imagery were collected for fore and aft squinted
beams, though no interferometric data were collected. Notable look-angle dependences are observed in the sea
surface normalized radar cross section under very low wind conditions. [J1663]
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"Delta-K interferometric SAR technique for snow water equivalent (SWE) retrieval"
This letter describes the concept of using delta-K technique on interferometric synthetic aperture radar (InSAR)
data for deriving the snow water equivalent (SWE) of dry snow-covered ground by utilizing the presence of
scatterers in both datasets. The main scattering contribution from a dry snow cover is from the snow-ground
interface. Thus, the interferometric phase of two SAR images, one with no snow and one with dry snow cover,
contains information on the SWE. By performing a delta-K processing of the two SAR scenes followed by
averaging, an estimation of the SWE can be achieved. The first step in the delta-K InSAR processing is to split
the band into two nonoverlapping subfrequency band images. The resulting two subband images then contain
two new carrier frequencies with a small delta frequency or delta-K separation. The next step is to multiply the
two subband images together to obtain the delta-K image, one for summer and one for winter. Finally, the delta-
K interferometric SAR image is generated by multiplying the two delta-K images from summer and winter
together. In this letter, experimental results using European Remote sensing Satellite 1 (ERS-1) data from a
summer and winter situation show that the delta-K phase can be estimated to a few degrees accuracy for an
area of 10×10 km2corresponding to an SWE accuracy of approximately 100 mm. [J1664]

"Long-term thinning of the southeast Greenland ice sheet from Seasat, Geosat, and GFO Satellite
Radar altimetry"
Geosat Follow On (GFO) radar altimeter data are processed with previous altimeter datasets to measure long-
term elevation change of higher elevation portions of the southern Greenland ice sheet over time periods from
1978-1988, 1985-2002, and 1978-2002. Average elevation change results indicate approximately zero overall
elevation change for all time periods. The results also indicate that upper-elevation thinning in southeast
Greenland has been widespread and has existed for several decades. [J1665]

"A physical model to determine snowfall over land by microwave radiometry"
Falling snow is an important component of global precipitation in extratropical regions. This paper describes the
methodology and results of physically based retrievals of snow falling over land surfaces. Because microwave
brightness temperatures emitted by snow-covered surfaces are highly variable, precipitating snow above such
surfaces is difficult to observe using window channels that occur at low frequencies (ν100 GHz) where water
vapor screens the surface emission, and sensitivity to frozen hydrometeors is significant. However, the scattering
effect of snowfall in the atmosphere at those higher frequencies is also impacted by water vapor in the upper
atmosphere. The theory of scattering by randomly oriented dry snow particles at high microwave frequencies
appears to be better described by regarding snow as a concatenation of "equivalent" ice spheres rather than as
a sphere with the effective dielectric constant of an air-ice mixture. An equivalent sphere snow scattering model
was validated against high-frequency attenuation measurements. Satellite-based high-frequency observations
from an Advanced Microwave Sounding Unit (AMSU-B) instrument during the March 5-6, 2001 New England
blizzard were used to retrieve snowfall over land. Vertical distributions of snow, temperature, and relative
humidity profiles were derived from the Mesoscale Model (MM5) cloud model. Those data were applied and
modified in a radiative transfer model that derived brightness temperatures consistent with the AMSU-B
observations. The retrieved snowfall distribution was validated with radar reflectivity measurements obtained from
a ground-based radar network. [J1666]

"The contribution of multitemporal SAR data in assessing hydrological parameters"
The sensitivity of radar backscattering to the principal hydrological parameters, such as vegetation biomass, soil
moisture, and surface roughness, is discussed. Results obtained by using multifrequency synthetic aperture
radar (SAR) data measured by the Jet Propulsion Laboratory Airborne Synthetic Aperture Radar, Spaceborne
Imaging Radar-C, and European Remote Sensing 1/2 sensors are summarized. The sensitivity of L- and C-
bands to spatial variations of plant and soil parameters is masked by the presence of surface roughness, which
in turn affects the radar signal. However, from the observation of data collected at different dates and averaged
over a relatively wide area that includes several fields, the correlation to soil moisture and vegetation biomass is
found to be significant, since the effects of spatial variations are smoothed. On the other hand, the sensitivity to
surface roughness becomes appreciable when multitemporal data are averaged in time, thus reducing the
effects of temporal moisture variations. [J1667]

"A separable filter for directional smoothing"
Anisotropic and directional filters can smooth noisy images while preserving object boundaries. Data from remote
sensing instruments often have missing pixels due to geometric or power limitations. In such cases, these
nonisotropic filters are very inefficient, because transform methods cannot be used when there is missing data or
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when logical operations need to be performed. A directional filter is introduced in this letter that retains the ability
to handle missing data and is separable, making it computationally efficient. We demonstrate the directional filter
on weather radar data where it can be used to smooth along fronts. Since the filter introduced here can be
parameterized for scale, orientation, and aspect ratio, this filter can be used in any directional filtering application
where transform methods cannot be used, but computational efficiency is desired. [J1668]

"Interpolation-free coregistration and phase-correction of airborne SAR interferograms"
This letter discusses the detection and correction of residual motion errors that appear in airborne synthetic
aperture radar (SAR) interferograms due to the lack of precision in the navigation system. As it is shown, the
effect of this lack of precision is twofold: azimuth registration errors and phase azimuth undulations. Up to now,
the correction of the former was carried out by estimating the registration error and interpolating, while the latter
was based on the estimation of the phase azimuth undulations to compensate the phase of the computed
interferogram. In this letter, a new correction method is proposed, which avoids the interpolation step and
corrects at the same time the azimuth phase undulations. Additionally, the spectral diversity technique, used to
estimate registration errors, is critically analyzed. Airborne L-band repeat-pass interferometric data of the
German Aerospace Center (DLR) experimental airborne SAR is used to validate the method. [J1669]

"Ground-based SAR interferometry for terrain mapping: theory and sensitivity analysis"
This short communication studies the problem of terrain mapping by means of the ground-based synthetic
aperture radar (GB-SAR) interferometry technique. A phase-to-height relationship tailored for the GB-SAR
interferometric configuration is introduced and verified by a simulated analysis. A sensitivity study is carried out
aiming to optimize the use of a GB-SAR system for the terrain mapping and to derive the precision of this
technique. [J1670]

"Electron temperature effects on small-scale plasma irregularities associated with charged dust in
the Earth's mesosphere"
Polar mesospheric summer echoes (PMSEs) are strong radar echoes in the 50-MHz to 1.3-GHz frequency
range produced by scattering from electron irregularities in the earth's mesosphere. The electron irregularities
believed to produce PMSEs result from electron charging on subvisible dust that exists in the mesosphere. The
study of PMSEs is a forefront issue in near earth space science because of the tremendous remote sensing
diagnostic possibilities that exist for studying the earth's middle atmosphere. Recently, experimental results have
shown that PMSEs may be modulated by radio wave heating the irregularity source region with a ground-based
ionospheric heating facility. The strength of the PMSEs is reduced within second time scales upon turning on the
radio wave heating, and there is a similar time scale for recovery of the PMSEs upon turning the radio wave
heating off. The numerical model is used to investigate the time evolution of the effects of radio wave heating on
the irregularities believed to produce PMSEs. The effects of dust charging and chemistry as well as diffusion is
included in the model. The results indicate that diffusion of electrons and ions are of primary importance at early
times after turn on or turn off of the radio wave heating while dust charging may have important effects at later
times. Also, the scale size of the irregularities has important effects on the reduction and recovery behavior of
the irregularities. [J1671]

"The determination of cloud altitudes using SCIAMACHY onboard ENVISAT"
This letter shows first results for the application of a recently developed semianalytical cloud retrieval algorithm
for the determination of cloud top heights from space. The technique is based on the measurements of the top-
of-atmosphere reflectance in the oxygen A-band. The depth of the band depends on the cloud top height and its
geometrical thickness. The data obtained are compared to ground-based measurements of the cloud top height
using a cloud-profiling radar. [J1672]

"Acoustooptic correlation processing in random noise radar"
A new technique has been developed that permits coherent processing of backscatter data acquired by a radar
system transmitting ultrawideband (UWB) random noise waveforms and processing the received signals using a
heterodyne correlation receiver. This technique has been used in various applications, such as Doppler
estimation, polarimetry, interferometry, buried-object detection, synthetic aperture radar (SAR) imaging, inverse
SAR (ISAR) imaging, foliage penetration imaging, etc. One of the major advantages of the noise radar system is
its inherent immunity to external interference. In such a radar system, the correlation receiver consists of a
programmable variable-delay line, a mixer followed by a lowpass filter. One drawback of this type of receiver is
that it sequentially processes the target returns, thus limiting the system response time and the dynamic
detection range. We have recently integrated a novel heterodyning acoustooptic (AO) time-integrating correlation
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receiver that uses a traveling-wave AO deflector for wideband signal processing. The transmit waveform
modulates the intensity of a laser diode that is multiplied by the traveling-wave modulation produced by the AO
deflector, and the correlation is time-integrated on a charge-coupled device photodetector array. The principal
advantages of this AO correlation receiver are its ability to generate a large range of variable delays, as well as
to perform the signal correlation operation in parallel. Compared to the conventional sequential correlation
receiver using a variable stepped delay line and correlator, implementation of the AO variable-delay line and
heterodyning correlator can 1) reduce the processing time and greatly increase the processing gain due to the
parallel correlation mechanism and 2) greatly increase the number of range cells depending on the number of
resolvable spots of the AO deflector. This results in rapid data acquisition, longer integration time on parallel
detector pixels (3000 pixels), and improved SNR. It is also shown that this radar has more range gates (up to
1000), which ultimately improves the detectable range resolution. Furthermore, several field experiments
performed with different target arrangements demonstrate that the acoustooptic variable-delay line and c-
orrelator is able to profile various targets instantaneously and with very high SNR. [J1673]

"Multibaseline ATI-SAR for robust ocean surface velocity estimation"
An open problem of along-track interferometry (ATI) for synthetic aperture radar (SAR) sensing of ocean surface
currents is the need of ancillary wind information for inversion of Doppler centroid measurements, that have to be
compensated for the propagation velocity of advancing and/or receding Bragg scatterers. We propose three
classes of estimators which exploit multibaseline (MB) ATI acquisition and Doppler resolution for robust data
inversion under different degrees of a priori information about the wind direction and the value of the
characteristic Bragg frequency. Performance analysis and comparison with conventional ATI show that the
proposed MB estimators can produce accurate velocity estimates in the absence of detailed ancillary data.
[J1674]

"Validating lidar depolarization calibration using solar radiation scattered by ice clouds"
This letter proposes the use of solar background radiation scattered by ice clouds for validating space lidar
depolarization calibration. The method takes advantage of the fact that the background light scattered by optically
thick ice clouds is almost entirely unpolarized. The theory is examined with background light measurements
acquired by the Cloud Physics Lidar. [J1675]

"Ship detection based on coherence images derived from cross correlation of multilook SAR
images"
A new simple technique is presented to extract ships from synthetic aperture radar (SAR) images. The procedure
is to compute the cross-correlation values between two images extracted by moving windows of a small size
from the multilook SAR intensity (or amplitude) images. A coherence image, consisting of the cross-correlation
values of the intensity images, is then produced. Ships are deterministic targets, so that their interlook subimages
possess higher degree of coherence than the uncorrelated random images of the surrounding sea surface. The
main advantage of this method over the conventional constant false-alarm rate is its ability to detect, under
favorable conditions, "invisible" images of ships embedded in the speckled image of the sea surface. The
technique is tested using a RADARSAT-1 image in which one known and several unknown ships are present.
The use of complex images and the exploitation of short decorrelation times of small-scale ocean waves to
obtain an extra look are also discussed. [J1676]

"Bayesian algorithm for the estimation of the dielectric constant from active and passive remotely
sensed data"
An inversion technique based on the merging of microwave remotely sensed data is applied to ground-based
radiometer and scatterometer data acquired for the same area. The purpose of this technique is to retrieve the
dielectric constant of bare soils. The algorithm is based on a Bayesian approach and combines prior information
on the dielectric constant and surface roughness with observed data, in order to obtain a marginal posterior
probability density function. The function describes how the probability is distributed within the range of the
dielectric constant values, given the measured values of emissivity and backscattering coefficient. The algorithm
allows for the incorporation of all the available sources of information, such as multipolarization and
multifrequency data. Several criteria, which have been used to compare the predicted and the observed values,
show that for dielectric constant values higher than 10 the best performance is achieved when data with one
polarization and one or two frequencies are exploited. For dielectric constant values of less than 10, the
configuration with two polarizations produces the best estimates. [J1677]

"Generalized optimization of polarimetric contrast enhancement"
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A generalized optimization of polarimetric contrast enhancement (GOPCE) is proposed in this letter. For this
problem, it is not only necessary to find the optimal polarization states such that the received power ratio of a
desired target and clutter is maximal, but also necessary to find three optimal coefficients such that the ratio of
two factors associated with the desired target and clutter is maximal, where both the factors consist of three
parameters, i.e., the Cloude entropy and two special similarity parameters. The optimal coefficients of the
GOPCE are obtained by solving an eigenvalue problem. Using an example, we demonstrate that the GOPCE
can be employed for detecting roads in a forest area by using polarimetric synthetic aperture radar data. [J1678]

"An advanced system for the automatic classification of multitemporal SAR images"
A novel system for the classification of multitemporal synthetic aperture radar (SAR) images is presented. It has
been developed by integrating an analysis of the multitemporal SAR signal physics with a pattern recognition
approach. The system is made up of a feature-extraction module and a neural-network classifier, as well as a
set of standard preprocessing procedures. The feature-extraction module derives a set of features from a series
of multitemporal SAR images. These features are based on the concepts of long-term coherence and
backscattering temporal variability and have been defined according to an analysis of the multitemporal SAR
signal behavior in the presence of different land-cover classes. The neural-network classifier (which is based on
a radial basis function neural architecture) properly exploits the multitemporal features for producing accurate
land-cover maps. Thanks to the effectiveness of the extracted features, the number of measures that can be
provided as input to the classifier is significantly smaller than the number of available multitemporal images. This
reduces the complexity of the neural architecture (and consequently increases the generalization capabilities of
the classifier) and relaxes the requirements relating to the number of training patterns to be used for classifier
learning. Experimental results (obtained on a multitemporal series of European Remote Sensing 1 satellite SAR
images) confirm the effectiveness of the proposed system, which exhibits both high classification accuracy and
good stability versus parameter settings. These results also point out that properly integrating a pattern
recognition procedure (based on machine learning) with an accurate feature extraction phase (based on the SAR
sensor physics understanding) represents an effective approach to SAR data analysis. [J1679]

"Diurnal change of Amazon rain forest σ0 observed by Ku-band spaceborne radar"
A Ku-band precipitation radar on the Tropical Rainfall Measuring Mission satellite provides backscattering
coefficients (σ0) of Earth surfaces. The data are used to investigate σ0characteristics of rain forest, and they
show unique dependence on incidence angles and little dependence on seasons. A diurnal cycle is found in
σ0of the Amazon rain forest, showing the maximum σ0in the morning and the minimum in the evening. It is
inferred that the diurnal cycle is caused by dew drops on the leaves in the forests, and discussion on the dew
effects with a simple model follows. [J1680]

"A spatially selective approach to Doppler estimation for frame-based satellite SAR processing"
When Doppler centroid estimators are applied to satellite synthetic aperture radar (SAR) data, biased estimates
are often obtained because of anomalies in the received data. Typical anomalies include areas of low SNR,
strong discrete targets, and radiometric discontinuities. In this paper, a new method of Doppler centroid
estimation is presented that takes advantage of principles such as spatial diversity, estimator quality checks,
geometric models, and the fitting of a "global" estimate over a wide area of a SAR scene. In the proposed
scheme, Doppler estimates are made over small blocks of data covering a whole frame, so that all parts of the
scene are potentially represented. The quality of each block estimate is examined using data statistics or
estimator quality measures. Poor estimates are rejected, and the remaining estimates are used to fit a surface
model of the Doppler centroid versus the range and azimuth extent of the scene. A physical model that relates
the satellite's orbit, attitude, and beam-pointing-direction to the Doppler centroid is used to get realistic surface
fits and to reduce the complexity (dimensionality) of the estimation problem. The method is tested with
RADARSAT-1 and Shuttle Radar Topography Mission X-band SAR (SRTM/X-SAR) spaceborne data and is
found to work well with scenes that do have radiometric anomalies, and in scenes where attitude adjustments
cause the Doppler to change rapidly. [J1681]

"Measurement of 2-D sea surface elevation fields using complex synthetic aperture radar data"
A method is presented to derive two-dimensional sea surface elevation fields from complex synthetic aperture
radar (SAR) data. Applied to spaceborne SAR data as acquired by European Remote Sensing 2 (ERS-2) or the
Environmental Satellite (ENVISAT), the method allows to analyze the structure of ocean wave fields, e.g., wave
grouping or individual wave heights on a global scale. The technique, thus, provides wave parameters not
obtained with common SAR wave retrieval schemes, which are designed to estimate the 2-D wave spectrum,
i.e., second-order statistical moments of the wave field. Estimates of sea surface elevation fields are obtained
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based on the existing theory of SAR ocean wave imaging, i.e., the modulation of the SAR image intensity due
real aperture radar and motion-related effects. A power series expansion is derived for SAR intensity images that
enables the analysis of nonlinear effects as well as to derive a quasi-linear approximation of the SAR imaging
model in the spatial domain. A statistical analysis is performed based on a global dataset of 2D wave spectra
provided by the European Centre for Medium-Range Weather Forecast. Distributions are given for the relative
error of the quasi-linear approximation in the spatial domain. It is shown that the error can be reduced by
smoothing the SAR image in the azimuthal direction at the cost of lower resolution. Smoothed elevation fields
are retrieved by the minimization of a cost function defined in the Fourier domain based on the quasi-linear
approximation of the imaging process. A multilook technique is applied to infer the information on wave
propagation directions, which is required because the SAR transfer function is non-Hermitian, i.e., the SAR
image is not determined by the "frozen" sea surface, but wave motion has a significant impact. The method is
applied to simulated SAR images as well as to data acquired by ERS-2. The errors of the retrieved wave field
due to image noise, uncertainties in the SAR imaging model, and bandwidth limitations are analyzed. In
particular, the fact that the estimated elevation field is smoothed due to the finite system resolution and smearing
effects associated with wave motion is discussed. A statistical test is proposed to check the homogeneity of the
SAR image. T- he method makes sure that atmospheric effects are not misinterpreted as being caused by ocean
waves. [J1682]

"Classification of contamination in salt marsh plants using hyperspectral reflectance"
In this paper, we compare the classification effectiveness of two relatively new techniques on data consisting of
leaf-level reflectance from five species of salt marsh and two species of crop plants (in four experiments) that
have been exposed to varying levels of different heavy metal or petroleum toxicity, with a control treatment for
each experiment. If these methodologies work well on leaf-level data, then there is hope that they will also work
well on data from air- and spaceborne platforms. The classification methods compared were support vector
classification (SVC) of exposed and nonexposed plants based on the spectral reflectance data, and partial least
squares compression of the spectral reflectance data followed by classification using logistic discrimination
(PLS/LD). The statistic we used to compare the effectiveness of the methodologies was the leave-one-out
cross-validation estimate of the prediction error. Our results suggest that both techniques perform reasonably
well, but that SVC was superior to PLS/LD for use on hyperspectral data and it is worth exploring as a technique
for classifying heavy-metal or petroleum exposed plants for the more complicated data from air- and spaceborne
sensors. [J1683]

"Automatic variogram parameter extraction for textural classification of the panchromatic IKONOS
imagery"
Range and sill are two important parameters of a variogram. Their extraction usually involves experimental fitting
of variograms using models specified by the analyst and requires much use of trial and error. The objective of
this paper is to design an algorithm for extracting the range and sill of a variogram automatically without fitting a
model. Combined with the semivariance at the lag of one pixel (γ1), the extracted range and sill were applied to
the textural classification of a panchromatic IKONOS image over Xichang, Sichuan Province, China. Results
show that any of these three parameters can lead to the increase of the classification accuracy. When all three
parameters were used with the raw image data, the average kappa statistic for five window sizes increased from
0.24 to 0.76, indicating promise of the range and sill in texture classification. [J1684]

"Analysis and statistical characterization of interferometric SAR signals based on the power spectral
density function"
Interferometric signal analysis is applied in many fields including filtering, parameter estimation, and interferogram
processing optimization. Sample applications include the determination of terrain and orbit parameters,
interferogram phase estimation, and optimal processing of synthetic aperture radar (SAR) interferograms. In this
communication, the relevance of the power spectral density to interferometric SAR mode exploration and
interferogram multilooking or filtering is discussed. The interferometric SAR modes include strip-map, scansar,
and spotlight. For the verification of the multilooking characteristics of SAR interferograms, two frequently used
filters serve as empirical reference. Based on a simplified interferometric system model and Guassian distributed
scatterers, the power spectral density description is developed. [J1685]

"Plane-wave characterization of antennas close to a planar interface"
The plane-wave scattering matrix is used to characterize antennas that are located just above a planar interface
that separates two media. The plane-wave transmitting spectrum for the field radiated downward into the lower
medium is expressed directly in terms of the current distribution of the transmitting antenna. The transmitting
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spectrum for a reciprocal antenna determines the plane-wave receiving spectrum for the field that propagates
upward in the lower medium. A measurement procedure is discussed for determining the plane-wave
transmitting and receiving spectra from measurements with a probe that is located in the lower medium. [J1686]

"A numerical study of buried biomass effects on ground-penetrating radar performance"
It is widely acknowledged that tree roots and other forms of buried biomass can have an adverse effect on the
performance of ground-penetrating radars (GPRs). In this paper, we present analyses that examine that effect for
ground-contacting GPR systems. A test site containing extensive root infiltration at Eglin Air Force Base, Florida,
was excavated, and the root structure and soil were thoroughly characterized. A numerical simulator based on
the discrete dipole approximation, which is an integral-equation-based method, was developed, validated, and
subsequently used to compute scattering from root structures modeled by an ensemble of buried cylinders. An
examination of the results is presented that quantifies the potential for false alarms and increased clutter due to
buried roots. [J1687]

"Retrieving ocean surface wind speed from the TRMM Precipitation Radar measurements"
Spaceborne scatterometery has been used for many years now to retrieve the ocean surface wind field from
normalized radar cross-section measurements of the ocean surface. Though designed specifically for the
measurement of precipitation profiles in the atmosphere, the Precipitation Radar (PR) of the Tropical Rainfall
Measuring Mission (TRMM) also acquires surface backscattering measurements of the global oceans. As such,
this instrument provides an interesting opportunity to explore the benefits and pitfalls of alternative radar
configurations in the satellite remote sensing of ocean winds. In this paper, a technique was developed for
retrieving ocean surface winds using surface backscattering measurements from the TRMM PR. The wind
retrieval algorithm developed for TRMM PR makes use of a maximum-likelihood estimation technique to
compensate for the low backscattering associated with the PR configuration. The high vertical resolution of the
PR serves to filter-out rain-contaminated cells normally integrated into Ku-band scatterometer measurements.
The algorithm was validated through comparisons of ocean surface wind speeds derived from PR with remotely
measured winds from TMI and QuikSCAT, as well as in situ observations from oceanographic buoys, revealing
good agreements in wind speed estimations. [J1688]

"Correlation and covariance of satellite scatterometer measurements"
Capable scatterometer designs have been developed that seek improved resolution through the use of higher
pulse sampling rates. The high sampling rates bring the traditional scatterometry assumption of measurement
independence into question. This paper uses fundamental scattering theory to derive general expressions for
correlation and covariance between scatterometer measurements and provides practical analysis using current
and future instruments as examples. The paper derives expressions for the measurement variance parameter
Kpwhen measurement correlation due to Rayleigh fading effects is present and relates Kpto the statistics of
multiple pulse measurements. A function of the transmit signal modulation and receive processing, the
measurement correlation is zero for nonoverlapping measurements but can become significant for overlapping
measurements at high pulse sampling rates. The paper discusses the effects of correlation on the accuracy of
scatterometer measurements and evaluates tradeoffs between spatial overlap, levels of additive noise, and
measurement precision. [J1689]

"Measurement of concrete highway rough surface parameters by an X-band scatterometer"
A nondestructive evaluation (NDE) method is developed to detect the dielectric constant and surface roughness
of concrete highway pavement. The system is based on Leader's slope-expansion scattering theory. Different
from most other scattering theories, the slope-expansion method does not pose stringent requirements about the
nature of the rough surface. Yet, it can calculate the in-plane scattered field (or power), including the nonzero
slope terms up to the second order. The explicit expression of the scattered power is given, provided that the
incident wave is plane wave, and the surface is Gaussian distributed. A microwave scatterometer operating in X-
band is implemented. The measurement system consists of a pair of horn antennas. The measured scattered
power is used as the input to the software application. The program then computes the dielectric constant and
surface roughness inversely by the least square inversion technique. Several samples have been measured in
the laboratory. To verify the test results, a laser profiler and a radar system were used to provide a direct
measurement result. [J1690]

"Electromagnetic forward-scattering measurements over a known, controlled sea surface at
grazing"
A series of low-angle radar measurements were conducted over a large wave pool capable of producing a wide
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range of scaled sea conditions. The X-band (8-12 GHz) measurements were performed for 1°, 3°, and 5° look
down angles (LDAs) for the HH and VV polarizations. The roughened water simulated a one-dimensional 1/10th-
scale Pierson-Moskowitz surface at sea states 0, 3, and 5. The wave profiles were detailed using both ultrasonic
point detectors and a laser sheeting technique capable of measuring a cross section of the sea. The compiled
data represent the first forward-scattering measurement 1) preformed under a variety of controlled conditions for
low grazing angles and 2) with detail profiling of the wave structure syncronized with the radar. Presented are
the experimental setup with calibration methodology, measurement conditions, and selected radio-frequency
forward-scattering (HH polarization) results for the 5° LDA for sea state 0, 3, and 5 sea conditions. [J1691]

"Joint time-frequency analysis for investigation of layered masonry structures using penetrating
radar"
Joint time-frequency analysis of penetrating radar response has been tested using simulated and experimental
data as a processing tool for detecting stratified features inside a masonry structure. The radar response has
been simulated exploiting the formalism of the propagators inside a finite number of dielectric layers.
Experimental testing has been carried out by varying the thickness of the hollow space between two walls.
[J1692]

"GPR phase-based techniques for profiling rough surfaces and detecting small, low-contrast
landmines under flat ground"
We present a new technique whereby phase variation signatures are used to profile two-dimensional (2-D)
rough surfaces and to discern shallowly buried, small, low-contrast landmines under a flat ground. The method
has been tested using data measured over a composite surface containing two rough dielectric surface patches,
and over a flat ground under which small, low-contrast antipersonnel landmines are shallowly buried. The results
show that the phase-based technique is capable of profiling rough surfaces and of detecting small, low-contrast
landmines with different internal structures buried underneath a flat ground. [J1693]

"A generalized Karhunen-Loeve basis for efficient estimation of tropospheric refractivity using radar
clutter"
In this paper, we consider the problem of obtaining a reduced-dimension parameterization of a propagation
medium for the purpose of estimating the medium from transmission data. The application addressed is
microwave remote sensing of tropospheric index-of-refraction profiles over the sea surface, using radar clutter
returns. The proposed parameterization balances the desire to represent features prominent in the a priori
statistics of the profiles versus the need to capture elements of the profile that significantly affect the observed
clutter data. In linear estimation problems, basis vectors for the unknown parameter vector that optimizes this
tradeoff have been derived as the reduced-rank Wiener filter or, equivalently, the generalized Karhunen-Loeve
transform (GKLT). In this paper, we reinterpret the linear result, producing an extension to the nonlinear
refractivity estimation problem. The resulting procedure produces basis vectors for tropospheric refractivity that
are less dependent on features that have little effect on the clutter measurements. This results in a more efficient
parameterization and reduces mean-square estimation error relative to an approach driven purely by the
statistical prior. Application of the generalized KL technique to finding efficient basis vectors for refractivity
profiles taken off the southern California coast is presented. [J1694]

"A systematic comparison of QuikSCAT and SAR ocean surface wind speeds"
We performed a systematic comparison of wind speed measurements from the SeaWinds QuikSCAT
scatterometer and wind speeds computed from RADARSAT-1 synthetic aperture radar (SAR) normalized radar
cross section measurements. These comparisons were made over in the Gulf of Alaska and extended over a
two-year period, 2000 and 2001. The SAR wind speed estimates require a wind direction to initialize the
retrieval. Here, we first used wind directions from the Navy Operational Global Atmospheric Prediction System
(NOGAPS) model. For these retrievals, the standard deviation between the resulting SAR and QuikSCAT wind
speed measurements was 1.78 m/s. When we used the QuikSCAT-measured wind directions to initialize the
inversion, comparisons improve to a standard deviation of 1.36 m/s. We used these SAR-scatterometer
comparisons to generate a new C-band horizontal polarization model function. With this new model function, the
wind speed inversion improves to a standard deviation of 1.24 m/s with no mean bias. These results strongly
suggest that SAR and QuikSCAT measurements can be combined to make better high-resolution wind
measurements than either instrument could alone in coastal areas. [J1695]

"Estimation of three-dimensional motion parameters in interferometric ISAR imaging"
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In most interferometric inverse synthetic aperture radar (InISAR) systems, the pixels between two ISAR images
derived from corresponding antennas usually do not register properly. As such, correct phase difference between
two ISAR images could not be obtained. A three-dimensional (3-D) motion compensation method, or 3-D
focusing, is put forward in this paper. With a multiple antenna pair configuration, the angular motion parameters
both in the azimuth and pitching directions are accurately estimated without the usual phase-unwrapping
processing. As such, there is no phase ambiguity in the inteferometric systems. The angle motion trajectory
measurement here is based on the range profiles (or spatial spectrum) so that the "angle scintillation"
phenomenon can be effectively suppressed. The angular motion trajectory is then obtained by curve fitting of the
spatial spectrum (range profile in the cross-range direction). The compensated ISAR images are registered
accurately. Finally, the simulation data are used to illustrate the accuracy of the proposed method. [J1696]

"Terrain elevation mapping results from airborne spotlight-mode coherent cross-track SAR stereo"
Coherent cross-track synthetic aperture radar (SAR) stereo is shown to produce high-resolution three-
dimensional maps of the Earth surface. This mode utilizes image pairs with common synthetic apertures but
different squint angles allowing automated stereo correspondence and disparity estimation using complex
correlation calculations. This paper presents two Ku-band, coherent cross-track stereo collects over rolling and
rugged terrain. The first collect generates a digital elevation map (DEM) with 1-m posts over rolling terrain using
complex SAR imagery with spatial resolution of 0.125 m and a stereo convergence angle of 13.8°. The second
collect produces multiple DEMs with 3-m posts over rugged terrain utilizing complex SAR imagery with spatial
resolutions better than 0.5 m and stereo convergence angles greater than 40°. The resulting DEMs are
compared to ground-truth DEMs and relative height root-mean-square, linear error 90-percent confidence, and
maximum height error are reported. [J1697]

"Radar scattering behavior of estuarine outflow plumes"
We present results of dual-polarized radar scattering measurements of the Chesapeake Bay outflow plume.
Near-unity polarization ratios (ratios of horizontally polarized radar echoes over vertically polarized ones) are
observed in large incidence angle (60° to 80°) radar echoes from the outflow plume and its frontal boundary
(normally referred to as a front) under strong surface current convergence (0.008-0.02 S-1), suggesting the
existence of steepened and breaking waves in the regions. Cumulative distribution functions of the horizontally
polarized radar returns from the front show approximately 90% of the radar echoes are from steepened and
breaking waves. Vertically polarized echoes do not show this effect. These experimental results substantiate
early modeling investigators' speculation of featured scattering contributing to horizontally polarized radar
signatures of oceanic fronts. Our results also suggest that horizontal radar polarization can be used to remotely
sense additional hydrodynamic processes such as wave trapping, blocking, and breaking near oceanic fronts
better than what is possible with only vertical polarization. [J1698]

"Calibration of passive microwave polarimeters that use hybrid coupler-based correlators"
Four calibration algorithms are studied for microwave polarimeters that use hybrid coupler-based correlators: (1)
conventional two-look of hot and cold sources; (2) three looks of hot and cold source combinations; (3) two-look
with correlated source; and (4) four-look combining methods (2) and (3). The systematic errors are found to
depend on the polarimeter component parameters and accuracy of calibration noise temperatures. A case study
radiometer in four different remote sensing scenarios was considered in light of these results. Applications for
ocean surface salinity, ocean surface winds, and soil moisture were found to be sensitive to different systematic
errors. Finally, a standard uncertainty analysis was performed on the four-look calibration algorithm, which was
found to be most sensitive to the correlated calibration source. [J1699]

"Retrievals of underlying surface roughness and moisture from polarimetric pulse echoes in the
specular direction through stratified vegetation canopy"
The time-dependent Mueller matrix solution of vector radiative transfer for stratified random media of
nonspherical scatterers is presented. Copolarized and cross-polarized bistatic scattering for a polarized pulse
incidence are numerically simulated. Numerical results well demonstrate volumetric and surface scattering
mechanism and depict the fraction distribution of random scatterers of stratified random media. The peak tails in
polarized echoes due to wave reflections from the underlying surface can be identified. Its copolarized peaks in
the specular direction are employed for simultaneous retrievals of the underlying surface roughness and moisture
with the presence of stratified vegetation canopy. [J1700]

"Simulation of near-surface detection of objects in layered media by the BCGS-FFT method"
Near-surface electromagnetic characterization of objects buried in multilayered earth is important for the
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detection and identification of landmines, unexploded ordnance, and underground structures. However, so far
little progress has been made in the development of fast algorithms for inhomogeneous objects in a layered
medium. We report an iterative technique, the stabilized biconjugate gradient fast Fourier transform (BCGS-FFT)
method, that simulates near-surface detection of three-dimensional, inhomogeneous objects buried in
multilayered media. The CPU time and memory cost of the BCGS-FFT method is O(NlogN) and O(N),
respectively, where N is the number of unknowns. This method is significantly more efficient than method of
moments. It is capable of solving large-scale electromagnetic scattering problems with an arbitrary
inhomogeneous object embedded in a layered medium with an arbitrary number of layers. Examples in
subsurface detection of large buried objects are shown to demonstrate the efficacy of this method. At present,
the object must be located completely within one single layer in this multilayer medium, but efforts are underway
to remove this limitation. [J1701]

"Subsurface cavity imaging by crosshole borehole radar measurements"
Travel time tomography uses direct waves of crosshole radar data. A great deal of information concerning the
media is contained in later arrivals, such as reflections and diffractions. More reliable results can be obtained by
incorporating both direct waves and later arrivals. In this paper, the combination of travel time tomography and
migration is introduced. A smoothed velocity model obtained by travel time tomography is used as the basis of
migration. Then, a reverse-time migration technique is applied to direct-wave-suppressed crosshole data. The
result of tomography indicates that there is an abnormal area, and the result of migration gives a more accurate
position of the abnormal area, which is a cavity. The real example shows that the cooperation of tomography and
migration is an effective technique for subsurface-cavity imaging. The synthesis of all information, including
parallel crosshole measurement and forward simulation, assists in the interpretation of the results of tomography
and migration. [J1702]

"Geometrical optics prediction of surface scattering statistics"
A composite-roughness formulation of the geometrical optics approximation is applied to study the statistics of
near-nadir electromagnetic scattering from the sea surface. For scattering from Gaussian random surfaces, the
scattering cross section is dependent only on the probability density of surface slopes. The statistical distribution
of the scattered intensity depends on both the slope probability density function and $the mean absolute value of
the surface curvature. The curvature is of interest because it provides a measure of capillary wave spectra.
Numerical results are obtained for scattering from isotropic surfaces for a fixed number N of specular scatterers
and for N Poisson distributed. Obtaining viable estimates of, and hence of capillary wave spectra, from
backscatter data at microwave frequencies may not be practical. Optical measurements for which individual point
scatterers can be identified may, however, yield estimates of the surface curvature. [J1703]

"A neural fuzzy network approach to Radar pulse compression"
To make good range resolution and accuracy compatible with a high detection capability while maintaining the
low average transmitted power, pulse compression processing giving low-range sidelobes is necessary. The
traditional algorithms such as the direct autocorrelation filter (ACF), least squares (LS) inverse filter, and linear
programming (LP) filter based on three-element Barker code (B13 code) have been developed. Recently, the
neural network algorithms were issued. However, the traditional algorithms cannot achieve the requirements of
high signal-to-sidelobe ratio and low integrated sidelobe level (ISL), and the normal neural networks such as the
backpropagation (BP) network usually produce the extra problems of low convergence speed and are sensitive to
the Doppler frequency shift. To overcome these defects, a new approach using a neural fuzzy network to deal
with pulse compression in a radar system is presented. Two different Barker codes are carried out by a six-layer
self-constructing neural fuzzy network (SONFIN). Simulation results show that this neural fuzzy network pulse
compression (NFNPC) algorithm has significant advantages in noise rejection performance, range resolution
ability, and Doppler tolerance, which are superior to the traditional and BP algorithms. [J1704]

"Wheat cycle monitoring using radar data and a neural network trained by a model"
This paper describes an algorithm aimed at monitoring the soil moisture and the growth cycle of wheat fields
using radar data. The algorithm is based on neural networks trained by model simulations and multitemporal
ground data measured on fields taken as a reference. The backscatter of wheat canopies is modeled by a
discrete approach, based on the radiative transfer theory and including multiple scattering effects. European
Remote Sensing satellite synthetic aperture radar signatures and detailed ground truth, collected over wheat
fields at the Great Driffield (U.K.) site, are used to test the model and train the networks. Multitemporal,
multifrequency data collected by the Radiometer-Scatterometer (RASAM) instrument at the Central Plain site are
used to test the retrieval algorithm. [J1705]
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"Directional borehole radar with dipole antenna array using optical modulators"
In this paper, we describe a directional borehole radar comprising a dipole antenna array with an optical
modulator capable of determining the position of targets in three dimensions (3-D). Optical modulators using a
Mach-Zehnder interferometer are used to transform electrical signals into optical signals at the feeding points of
the dipole antennas. The advantages of using these modulators are that we can easily arrange the dipole
antennas in a borehole, and that we can expect a good agreement between the experimental data and a
theoretical model representing the array. We have made a prototype borehole radar system with five dipole
antennas for the reception. In order to model the antennas, we used the method of moment (MoM), utilizing a
modified Green's function for dipole antennas in multiple cylindrical layers. The Green's function is evaluated
analytically by numerical integration. Cross-hole and single-hole measurements were carried out in granite at the
Kamaishi mine (Iwate, Japan), and we obtained good agreement between the experimental data and the MoM
results. After applying superresolution techniques to the data received by the array, we estimated the 3-D
scattering position of a geological interface in granite. The results were in fairly good agreement with borehole
scanner images. [J1706]

"A study of scattering from an object below a rough surface"
A numerical model is applied in a Monte Carlo study of scattering from a three dimensional penetrable object
below a lossy dielectric rough interface. Both time and frequency domain results are investigated to illustrate the
relative importance of coherent and incoherent scattering effects in the sample problem considered. Results
show that introducing a reduced transmission coefficient is reasonable for object coherent scattering predictions
in this example, and that incoherent object/surface interaction effects approximately follow a simple scaling
behavior as surface roughness is increased. [J1707]

"A new hybrid-beam data acquisition strategy to support ScanSAR radiometric calibration"
Wide-swath synthetic aperture radar (SAR) coverage is provided by RADARSAT using a multiple-beam scanning
strategy called ScanSAR. Each beam covers a different range, and is allocated a fixed period of time in which to
transmit and receive radar pulses. During SAR processing, the data from each beam must be "stitched" together
to form a complete image of the scanned area. This data must be radiometrically calibrated to compensate for
antenna beam patterns. However, incorrect measurements of the satellite roll angle cause errors in radiometric
calibration, and can lead to visible artifacts in the image (e.g. banding). A new ScanSAR data acquisition
technique is proposed that improves roll angle estimation through the use of radar pulses, transmitted by one
beam and received by another. The new data are called "hybrid beam data" and can be utilized with modified
versions of existing roll estimation algorithms. This paper shows how the hybrid beam data are collected,
accommodating pulse repetition frequency, range gate delay, and other timing changes as beams are switched.
[J1708]

"Doppler centroid estimation for ScanSAR data"
We introduce a novel accurate technique to estimate the Doppler centroid (DC) in ScanSAR missions. The
technique starts from the ambiguous DC measures in the subswaths and uses a method alternative to standard
unwrapping to undo the jumps in estimates induced by modulo pulse repetition frequency (PRF) measures. The
proposed alternative is less error prone than the usual unwrapping techniques. Doppler Ambiguity is then solved
by implementing a maximum-likelihood estimate that exploits the different PRFs used in different subswaths. An
azimuth pointing of the antenna that does not change with subswaths, or that changes in a known way, is
assumed. However, if the PRF diversity is strong enough, unknown small changes in azimuth pointing are
tolerated and accurately estimated. This estimator is much simpler and more efficient, than those in the literature.
Results achieved with both RADARSAT 1 and ENVISAT ScanSAR data are reported. [J1709]

"On neural network algorithms for retrieving forest biomass from SAR data"
We discuss the application of neural network algorithms (NNAs) for retrieving forest biomass from multifrequency
(L- and P-band) multipolarization (hh, vv, and vv) backscattering. After discussing the training and pruning
procedures, we examine the performances of neural algorithms in inverting combinations of radar backscattering
coefficients at different frequencies and polarization states. The analysis includes an evaluation of the expected
sensitivity of the algorithm to measurement noise stemming both from speckle and from fluctuations of vegetation
and soil parameters. The NNA accomplishments are compared with those of linear regressions for the same
channel combinations. The application of NNAs to invert actual multifrequency multipolarization measurements
reported in literature is then considered. The NNA retrieval accuracy is now compared with those yielded by
linear and nonlinear regressions and by a model-based technique. A direct analysis of the information content of

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 460 из 658



the radar measurements is finally carried out through an extended pruning procedure of the net. [J1710]

"Comparing cooccurrence probabilities and Markov random fields for texture analysis of SAR sea
ice imagery"
This paper compares the discrimination ability of two texture analysis methods: Markov random fields (MRFs)
and gray-level cooccurrence probabilities (GLCPs). There exists limited published research comparing different
texture methods, especially with regard to segmenting remotely sensed imagery. The role of window size in
texture feature consistency and separability as well as the role in handling of multiple textures within a window
are investigated. Necessary testing is performed on samples of synthetic (MRF generated), Brodatz, and
synthetic aperture radar (SAR) sea ice imagery. GLCPs are demonstrated to have improved discrimination ability
relative to MRFs with decreasing window size, which is important when performing image segmentation. On the
other hand, GLCPs are more sensitive to texture boundary confusion than MRFs given their respective
segmentation procedures. [J1711]

"ARKTOS: an intelligent system for SAR sea ice image classification"
We present an intelligent system for satellite sea ice image analysis named Advanced Reasoning using
Knowledge for Typing Of Sea ice (ARKTOS). ARKTOS performs fully automated analysis of synthetic aperture
radar (SAR) sea ice images by mimicking the reasoning process of sea ice experts. ARKTOS automatically
segments a SAR image of sea ice, generates descriptors for the segments of the image, and then uses expert
system rules to classify these sea ice features. ARKTOS also utilizes multisource data fusion to improve
classification and performs belief handling using Dempster-Shafer. As a software package, ARKTOS comprises
components in image processing, rule-based classification, multisource data fusion, and graphical user interface-
based knowledge engineering and modification. As a research project over the past ten years, ARKTOS has
undergone phases such as knowledge acquisition, prototyping, refinement, evaluation, deployment, and
operationalization at the U.S. National Ice Center. In this paper, we focus on the methodology, evaluations, and
classification results of ARKTOS. [J1712]

"Discrimination mode processing for EMI and GPR sensors for hand-held land mine detection"
Signal processing algorithms for hand-held mine detection sensors are described. The goals of the algorithms
are to provide alarms to a human operator indicating the likelihood of the presence of a buried mine. Two modes
of operations are considered: search mode and discrimination mode. Search mode generates an initial detection
at a suspected location and discrimination mode confirms that the suspected location contains a land mine.
Search mode requires that the signal processing algorithm generate a detection confidence value immediately at
the current sample location and no delay in producing an alarm confidence is tolerable. Search mode detection
has a high false-alarm rate. Discrimination mode allows the operator to interrogate the entire suspected location
to eliminate false alarms. It does not require that the signal processing algorithm produce an alarm confidence
immediately for the current sample location, but rather allows the system to process all the data acquired over
the region before producing an alarm. This paper proposes discrimination mode processing algorithms for metal
detectors (MDs), or electromagnetic induction sensors (EMIs), ground-penetrating radars (GPRs), and their
fusion. The MD discrimination mode algorithm employs a model-based approach and uses the target model
parameters to discriminate between mines and clutter objects. The GPR discrimination mode algorithm uses the
consistency of detection as well as the shape of the detection peaks over several sweeps to improve the
discrimination accuracy. The performances of the proposed algorithms were examined on a dataset collected at
a government test site, and performance was compared with baseline techniques. Experimental results showed
that the proposed method can reduce the probability of false alarm by as much as 70% at a 100% correct
detection rate and performed comparable to the best human operator on a blind test with data collected at
approximately 1000 locations. [J1713]

"Polarimetric scattering from two-layered two-dimensional random rough surfaces with and without
buried objects"
A three-dimensional polarimetric analysis of the two-layered rough ground with and without buried objects is
investigated here. A rigorous electromagnetic surface integral-equation-based model is used in this analysis. The
statistical average of the polarimetric scattering matrix elements is computed based on the Monte Carlo
simulations for both the vertically and horizontally polarized incident waves. The results show a significant impact
on the scattered intensities due to the two-layer nature of the ground. However, these intensities show almost no
difference between the ground signature with or without the object. On the other hand, the statistical average of
the covariance matrix elements shows a distinct difference between these two signatures despite the small size
of the buried object. [J1714]
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"Scattering from natural soils modeled by dielectric fractal profiles: the forward-backward approach"
The forward-backward (FB) method is an efficient technique for numerical evaluation of electromagnetic
scattering from rough surfaces. In its usual formulation, this technique can be only applied to perfectly or highly
conducting surfaces. In addition, up to now FB has been employed to compute scattering from surfaces modeled
by Gaussian stochastic processes with Gaussian or Pierson-Moscowitz spectra. Accordingly, this technique can
be fruitfully used for numerical simulations of scattering from sea surfaces. However, in order to properly deal
with natural soil surfaces, extension to the dielectric interface case and to fractal surface models is needed.
Extension of the FB method to the dielectric interface case has been recently presented, whereas application to
fractal surface models is presented here. Original contribution of the present paper is twofold. First of all, the FB
method for dielectric profiles is framed within the theory of iterative methods for the solution of linear systems. In
addition, application of the FB method to dielectric band-limited fractional Brownian motion fractal one-
dimensional surfaces is explored. Numerical experiments show that, for most of realistic values of dielectric
constant and fractal parameters actually encountered for natural soil profiles, the FB method is very rapidly
convergent, and its results are in perfect agreement with "exact" ones (i.e. with results of method of moments
solved via a direct method). [J1715]

"Exploration of factors limiting biomass estimation by polarimetric radar in tropical forests"
Direct inversion of radar return signals for forest biomass estimation is limited by signal saturation at medium
biomass levels (roughly 150 ton/ha for P-band). Disturbing factors such as forest structural differences-and,
notably, at low biomass levels, terrain roughness, and soil moisture variation-cause further complications. A new
and indirect inversion approach is proposed that may circumvent such problems. Using multifrequency
polarimetric radar the forest structure can be assessed accurately. Ecological relationships link these structures
with biomass levels, even for high biomass levels. The LIFEFORM model is introduced as a new approach to
transform field observations of the complex tropical forest into input files for the theoretical UTARTCAN
polarimetric backscatter model. The validity of UTARTCAN for a wide range of forest structures is shown.
Backscatter simulations for a wide range of forest structures, terrain roughness, and soil moisture clearly show
the limitations of the direct approach and the validity of the proposed indirect approach up to very high levels of
biomass. [J1716]

"Reconstruction of backscatter and extinction coefficients in lidar: a stochastic filtering approach"
Reconstruction of the backscatter and extinction coefficients is a crucial step in many quantitative remote sensing
applications, such as radar, light detection and ranging (lidar), and sonar. We present a novel stochastic filtering
approach for the estimation of the backscatter and extinction coefficients from time-range elastic-backscatter
lidar data. The Bayesian perspective is adopted; we take as prior a causal first-order autoregressive Gauss-
Markov random field tailored to enforce smoothness on time and range dimensions. By using a reduced-order
state-space representation of the prior, we derive a suboptimal stochastic filter that recursively computes the
backscatter and extinction coefficients at each range-time inversion cell. The estimator is a kind of adaptive
extended Kalman filter, being efficient from the computational point of view. A set of experiments illustrates the
effectiveness of the proposed approach, namely its advantage over the classical Klett deterministic approach.
[J1717]

"Directional analysis of SAR images aiming at wind direction"
Currently, the retrieval of wind fields from synthetic aperture radar (SAR) images suffers from inadequate
knowledge of the wind direction. State-of-the-art spectral analysis works fine on open seas, but is limited in
spatial resolution. The method described here is based on the local gradients computed with standard image
processing algorithms. It handles image features not caused by wind and can be applied to irregularly shaped
regions. The new method has already been applied to many images from the European Remote sensing Satellite
SARs and RADARSAT-1 ScanSAR, usually supplying reasonable wind fields. The spatial sampling most
frequently used was 20 × 20 and 10×10 km2. In some cases, samplings down to 1×1 km2were tested. This
paper describes the local gradients method including the filtering of nonwind generated image features and gives
some application examples. [J1718]

"Homomorphic wavelet-based statistical despeckling of SAR images"
In this paper, we introduce the homomorphic Γ-WMAP (wavelet maximum a posteriori) filter, a wavelet-based
statistical speckle filter equivalent to the well known Γ-MAP filter. We perform a logarithmic transformation in
order to make the speckle contribution additive and statistically independent of the radar cross section. Further,
we propose to use the normal inverse Gaussian (NIG) distribution as a statistical model for the wavelet
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coefficients of both the reflectance image and the noise image. We show that the NIG distribution is an excellent
statistical model for the wavelet coefficients of synthetic aperture radar images, and we present a method for
estimating the parameters. We compare the homomorphic Γ-WMAP filter with the Γ-MAP filter and and the
recently introduced Γ-WMAP filter, which are both based on the same statistical assumptions. The homomorphic
Γ-WMAP filter is shown to have better performance with regard to smoothing homogeneous regions. It may in
some cases introduce a small bias, but in our studies it is always less than that introduced by the Γ-MAP filter.
Further, the speckle removed by the homomorphic Γ-WMAP filter has statistics closer to the theoretical model
than the speckle contribution removed with the other filters. [J1719]

"Unsupervised terrain classification preserving polarimetric scattering characteristics"
In this paper, we proposed an unsupervised terrain and land-use classification algorithm using polarimetric
synthetic aperture radar data. Unlike other algorithms that classify pixels statistically and ignore their scattering
characteristics, this algorithm not only uses a statistical classifier, but also preserves the purity of dominant
polarimetric scattering properties. This algorithm uses a combination of a scattering model-based decomposition
developed by Freeman and Durden and the maximum-likelihood classifier based on the complex Wishart
distribution. The first step is to apply the Freeman and Durden decomposition to divide pixels into three
scattering categories: surface scattering, volume scattering, and double-bounce scattering. To preserve the purity
of scattering characteristics, pixels in a scattering category are restricted to be classified with other pixels in the
same scattering category. An efficient and effective class initialization scheme is also devised to initially merge
clusters from many small clusters in each scattering category by applying a merge criterion developed based on
the Wishart distance measure. Then, the iterative Wishart classifier is applied. The stability in convergence is
much superior to that of the previous algorithm using the entropy/anisotropy/Wishart classifier. Finally, an
automated color rendering scheme is proposed, based on the classes' scattering category to code the pixels to
resemble their natural color. This algorithm is also flexible and computationally efficient. The effectiveness of this
algorithm is demonstrated using the Jet Propulsion Laboratory's AIRSAR and the German Aerospace Center's
(DLR) E-SAR L-band polarimetric synthetic aperture radar images. [J1720]

"A geometric performance assessment of the EO-1 advanced land imager"
The Earth Observing 1 (EO-1) Advanced Land Imager (ALI) demonstrates technology applicable to a successor
system to the Landsat Thematic Mapper series. A study of the geometric performance characteristics of the ALI
was conducted under the auspices of the EO-1 Science Validation Team. This study evaluated ALI performance
with respect to absolute pointing knowledge, focal plane sensor chip assembly alignment, and band-to-band
registration for purposes of comparing this new technology to the heritage Landsat systems. On-orbit geometric
calibration procedures were developed that allowed the generation of ALI geometrically corrected products that
compare favorably with their Landsat 7 counterparts with respect to absolute geodetic accuracy, internal image
geometry, and band registration. [J1721]

"A quantitative and comparative analysis of endmember extraction algorithms from hyperspectral
data"
Linear spectral unmixing is a commonly accepted approach to mixed-pixel classification in hyperspectral
imagery. This approach involves two steps. First, to find spectrally unique signatures of pure ground components,
usually known as endmembers, and, second, to express mixed pixels as linear combinations of endmember
materials. Over the past years, several algorithms have been developed for autonomous and supervised
endmember extraction from hyperspectral data. Due to a lack of commonly accepted data and quantitative
approaches to substantiate new algorithms, available methods have not been rigorously compared by using a
unified scheme. In this paper, we present a comparative study of standard endmember extraction algorithms
using a custom-designed quantitative and comparative framework that involves both the spectral and spatial
information. The algorithms considered in this study represent substantially different design choices. A database
formed by simulated and real hyperspectral data collected by the Airborne Visible and Infrared Imaging
Spectrometer (AVIRIS) is used to investigate the impact of noise, mixture complexity, and use of
radiance/reflectance data on algorithm performance. The results obtained indicate that endmember selection and
subsequent mixed-pixel interpretation by a linear mixture model are more successful when methods combining
spatial and spectral information are applied. [J1722]

"Statistical analysis of multilook SAR interferograms for CFAR detection of ground moving targets"
This paper examines the statistics of the phase and magnitude of multilook synthetic aperture radar (SAR)
interferograms toward deployment of along-track interferometry (ATI) for slow ground moving-target indication
(GMTI). While the known probability density function (pdf) of the interferogram's phase (derived under the
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assumption of Gaussian backscatter) is shown to agree almost perfectly for a wide variety of backscatter
conditions, the corresponding magnitude's pdf tends to deviate strongly in most cases. Motivated by this
discrepancy, a novel distribution is derived for the interferogram's magnitude. This pdf, called the polynomial or
p-distribution, matches the real data much more accurately, particularly for heterogeneous composite terrain. For
extremely heterogeneous terrain, such as urban areas, both pdfs for interferometric phase and magnitude fail
and are extended. Based on these statistics, a completely automatic detection scheme with constant false-alarm
rates (CFARs) for slow moving targets is proposed. All involved parameters required to determine the detection
thresholds are estimated from the sample data. It is demonstrated, on the basis of experimental airborne SAR
data, that this detector is capable of detecting slow moving vehicles within severe ground clutter. [J1723]

"Standoff sensing of bioaerosols using intensified range-gated spectral analysis of laser-induced
fluorescence"
In atmospheric sensing, one application that has demonstrated several impressive successes over the last two
decades is the light detection and ranging (LIDAR). Elastic LIDAR has shown an important capability in providing
aerosol density and spatial distribution from a standoff position. However, it provides limited information on the
material composition of the aerosol component. On the other hand, inelastic LIDARs (including laser-induced
fluorescence and Raman LIDARs) measure the spectrally distributed returned signal that may contain important
clues about the nature of the scatterers. In order to investigate the capability of these LIDARs in characterizing
bioaerosols from a standoff position, Defence Research & Development Canada initiated a three-year program in
spring 1999, named SINBAHD (Standoff Integrated Bioaerosol Active Hyperspectral Detection). The aim of the
program was to investigate the sensitivity and discrimination capabilities of an inelastic LIDAR based on the
intensified range-gated spectral detection of laser-induced fluorescence. An exploratory prototype based on this
technique has shown sensitivity of a few living bioaerosol particles per liter of air for a range of 1.4 km at night.
Furthermore, based on spectral signatures measured during open-air releases, good discrimination capabilities
were obtained between Bacillius subtilis var globiggi (BG) and Erwinia herbicola (EH). These results agree well
with a performance model using Raman returns from atmospheric nitrogen as a calibration tool. [J1724]

"Classifying land development in high-resolution panchromatic satellite images using straight-line
statistics"
We introduce a set of measures based on straight lines to assess land development levels in high-resolution (1
m) panchromatic satellite images. Most urban areas locally (such as in a 400×400 m2area) exhibit a
preponderance of straight-line features, generally appearing in fairly simple quasi-periodic organizations.
Wilderness and rural areas produce line structures in more random spatial arrangements. We use this
observation to perform an initial triage on the image to restrict the attention of subsequent more computationally
intensive analyses. Statistical measures based on straight lines guide the analysis. We base these measures on
length, contrast, orientation, periodicity, and location. On these, we trained and tested parametric and
nonparametric classifiers. These tests were for a two-class problem (urban versus rural). However, because our
ultimate goal is to extract residential regions, we then extended these ideas to address the detection of suburban
regions. To do so, some use of spatial coherence is required; suburban regions are especially difficult to detect.
Therefore, we introduce a decision system to perform suburban region classification via an overlapping voting
method for consensus discovery. Our data were taken from regions all around the world, which underscores the
robustness of our approach. Based on extensive testing, we can report very promising results in distinguishing
developed areas. [J1725]

"Arecibo Observatory 40th anniversary celebration"
The National Astronomy and Ionosphere Center (NAIC), operated by Cornell University for the National Science
Foundation, has its laboratory at Arecibo in Puerto Rico. The Observatory's main instrument is a radio/radar
telescope that utilizes a giant reflector antenna 1,000 feet in diameter, the largest in the world by a considerable
margin. A 40th anniversary celebration of the 1963 inauguration of this Observatory was held at the site in
Puerto Rico on 1 November 2003. About 135 invited guests enjoyed the nearly daylong ceremony. The author
describes how he has been associated with the Observatory since its inception and notes some of the major
discoveries and accomplishments radio scientists have made using the Arecibo Observatory over the last 40
years. The structure of the telescope is described. An account is given of the events taking place during the
celebrations. [J1726]

"A deep parametric study of resistor-loaded bow-tie antennas for ground-penetrating radar
applications using FDTD"
Resistor-loaded bow-tie antennas are analyzed thoroughly to find out their performance on ground-penetrating
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radar (GPR) applications. The analysis is done with the finite-difference time-domain (FDTD) technique. The
antenna is pulse driven and enclosed in a rectangular conducting cavity. The ability to detect a buried
conducting sheet using two such identical antennas for transmitting and receiving is investigated. Simulations are
carried out for various antenna parameters like end resistor values, flare angle, and antenna length. The gap
between the two antennas and their height above the ground are also varied. Moreover, the results are obtained
for different sizes, depths, and positions of the buried sheet. It is studied how the broadband impedance
characteristics and better target discrimination with low clutter can be achieved by optimally selecting these
antenna parameters. Also, it is shown that apart from the total parallel end resistance, the individual end resistor
values and the number of resistors connected have no significant effect on the input impedance and the
received signal. [J1727]

"The b-factor as a function of frequency and canopy type at H-polarization"
For anticipated synergistic approaches of the L-band radiometer on the Soil Moisture and Ocean Salinity (SMOS)
mission with higher frequency microwave radiometers such as the Advanced Microwave Scanning Radiometer
(AMSR) (C-band), a reanalysis has been performed on the frequency dependence of the linear relationship
between vegetation optical depth (τo) and vegetation water content (W), given by τo=b·W. Insight into the
frequency dependence of the b-factor is important for the retrieval of surface moisture from dual- or
multifrequency microwave brightness temperature observations from space over vegetation-covered regions
using model inversion techniques. The b-values presented in the literature are based on different methods and
approaches. Therefore, a direct comparison is not straightforward and requires a critical analysis. This paper
confirms that when a large frequency domain is considered, the b-factor is inversely proportional to the power of
the wavelength b=c/(λ)x, which is in line with theoretical considerations. It was found that different canopy types
could be separated into different groups, each with a different combination of values for log(c) and x, which
characterize the linearized relationship log(b)=log(c)-x·log(λ). A comparison of ratios bC/bL(with C and L denoting
C- and L-band, respectively) also resulted in basically the same groups. [J1728]

"Sampling the mesoscale ocean surface currents with various satellite altimeter configurations"
Ten-day composites of maximum cross-correlation (MCC) ocean surface current vectors from 1-km spatial
resolution Advanced Very High Resolution Radiometer (AVHRR) 11-μm thermal infrared images are used to
simulate the ocean surface current retrieval capabilities of three satellite altimeter configurations over a large
California coastal region. Ground track positions of the nadir sampling TOPEX/Poseidon (TP; now the Jason-1)
satellite altimeters are used to compute the cross-track velocity components from the corresponding optimally
interpolated MCC vectors for a ten-day period. Next, the Jason-1-only and the TP plus Jason-1 "tandem
mission" sampling are simulated as well as the combination of all available satellite altimeters including
European Remote Sensing Satellite 2 and Geosat Follow-On. Finally, we simulate surface current retrievals from
the proposed Wide Swath Ocean Altimeter (WSOA), which will have both along- and cross-track velocity
components over a spatial swath. Comparisons of vector current fields, their differences, and wavenumber
spectra from optimally interpolated maps of the "simulated altimetry velocities" with the corresponding MCC field
indicates that (1) the combined coverage from Jason-1 plus TP as well as the combination of all available
satellite altimeters results in a better representation of the currents than that of Jason-1 alone and (2) the
retrieved currents from the WSOA provide an even greater improvement over the tandem mapping and multiple
satellites. It will be possible in the future to regularly map the mesoscale surface currents of the ocean with
wide-swath ocean altimeters. [J1729]

"Quantitative retrieval of soil moisture content and surface roughness from multipolarized radar
observations of bare soil surfaces"
A semiempirical polarimetric backscattering model for bare soil surfaces is inverted directly to retrieve both the
volumetric soil moisture content Mvand the rms surface height s from multipolarized radar observations. The rms
surface height s and the moisture content Mvcan be read from inversion diagrams using the measurements of
the cross-polarized backscattering coefficient σvh0and the copolarized ratio p(=σhh0/σvv0). Otherwise, the
surface parameters can be estimated simply by solving two equations (σvh0and p) in two unknowns (Mvand s).
The inversion technique has been applied to the polarimetric backscattering coefficients measured by ground-
based polarimetric scatterometers and the Jet Propulsion Laboratory airborne synthetic aperture radar. A good
agreement was observed between the values of surface parameters (the rms height s, roughness parameter ks,
and the volumetric soil moisture content Mv) estimated by the inversion technique and those measured in situ.
[J1730]

"Evaluation of JERS-1 SAR images from a coastal wind retrieval point of view"
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Wind retrieval from Japanese Earth Resources Satellite-1 (JERS-1) synthetic aperture radar (SAR) using an L-
band model function in coastal regions is evaluated. It is known that JERS-1 SAR has excessive ambiguities.
This paper also gives a quantitative evaluation of excessive ambiguities in coastal scenes of JERS-1 SAR. First,
focusing on the cases where wind blows from the shore in Sagami Bay, we investigate phenomena of wind
speed increase with offshore distance using European Remote sensing Satellite-1 (ERS-1) SAR-derived wind
speeds. The relation between wind speed and offshore distance is well formulated, which indicates the transition
of the atmospheric boundary layer from land to sea surface. Wind speeds derived from JERS-1 SAR should be
overestimated due to the excessive ambiguity. Then, for observation time of each JERS-1 SAR capturing the
cases that wind blows from the shore in Sagami Bay, the expected wind speed growth profile is derived from the
wind speed growth formula and an in situ wind observation of Hiratsuka Experiment Station. We convert the
wind-speed profile into the sigma-0 profile by an L-band model function. Finally, the profiles of JERS-1 SAR-
observed and the estimated sigma-0 are compared, and the excessive ambiguity is estimated as the difference
between them. As a result, the dynamic range of first azimuth ambiguity is as large as that of the wind-relating
signal from the ocean surface. Moreover, higher order azimuth ambiguities and range ambiguity also may have a
significant impact on near-shore wind retrieval. [J1731]

"Time-frequency radar processing for meteor detection"
In this paper, we present signal processing techniques to detect meteor returns from Arecibo Observatory 430-
MHz UHF radar data. We exploit the characteristics of the transmit waveform in the frequency domain as well as
in the time domain. Two detection methods are investigated. First, when a meteor is present in the radar return
over several interpulse periods, there will be a periodic structure in frequency spectrum. By detecting this
structure, we detect the presence of a meteor. Second, we construct a matched filter bank to detect the energy
of different Doppler frequency components. When the energy exceeds a certain threshold, we declare meteor
detection. We also find the altitude of a meteor by finding the peak of the matched filter output. Analytical and
experimental results show that we can efficiently and reliably detect meteors using these methods. [J1732]

"First demonstration of surface currents imaged by hybrid along- and cross-track interferometric
SAR"
This paper is concerned with the simultaneous measurement of terrain heights and currents using an airborne
interferometric synthetic aperture radar (INSAR). For the first time, a hybrid two-antenna INSAR system with
both along- and across-track baseline components is used to measure high-resolution digital elevation maps
(DEMs) and current fields in a Wadden sea area. Coastal applications like the monitoring of sediment transport
or the numerical modeling of morphodynamic processes require measurements of topography and currents.
Classical in situ measurements of these parameters are both expensive and time consuming, or even impossible
if higher spatial resolution is required. Pure along-track interferometers (ATIs) have demonstrated their ability to
provide information on ocean currents, while across-track interferometric systems (XTIs) have been successfully
used to measure DEMs. In this paper, a hybrid system with both ATI and XTI components is used to acquire
synoptic measurement for the first time. An experiment with an airborne system taking data over a Wadden sea
area is presented demonstrating the potential of the technique. A geometrical model is developed for the
interferometric phase of hybrid INSAR systems. This model combines ATI and XTI techniques using a baseline
that spans between two antennas consisting of along-track and across-track components. In this model, both the
effect of topography and the radial velocity of the water surface enter into the resulting interferometric phase. To
separate both components, the system takes data of the respective scene flying two or more tracks with different
flight directions, e.g., antiparallel tracks. This approach leads to a set of linear equations that has a unique
solution for the along- and cross-track phase. Finally, an additional phase bias has to be considered due to the
radial velocity and the influence of squint. This is caused by a misregistration effect between both antennas,
which is related to cross-track imaging of surface motion. The new INSAR technique is tested with data acquired
during a campaign in February 1997 over the Weser Estuary at the German coast. The airborne INSAR system
AeS-1 was used. The interferometer configuration consists of two SAR antennas separated by a mixed alon- g-
track and cross-track baseline. Two datasets acquired on antiparallel tracks are used. The calculated velocities
were compared with a hydrodynamic model operated by the Federal Waterway Engineering and Research
Establishment. The experimental results agree well with the numerical model. In particular, the mean velocity of
0.7 ms-1matches in both datasets. Deviations in the fine-scale structure of the current field are discussed.
Topographic analysis and validation are performed in a separate investigation. The impact of surface gravity
waves and wind drift, which are known to cause significant artifacts in the ATI phase under certain
circumstances, is discussed. [J1733]

"The Bayesian hierarchical classifier (BHC) and its application to short vegetation using
multifrequency polarimetric SAR"
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Given an image of a scene comprised of a number of distinct terrain classes, the optimum Bayesian classifier
(OBC) provides the highest possible classification accuracy of the imaged scene, provided we have a priori
knowledge of the probability density function (pdf) of the sensor's output for each terrain class. If the imaging
sensor consists of multiple channels, application of OBC requires knowledge of the joint pdf of the observations
made by all the channels. In practice, the volume of data needed in order to generate an accurate
multidimensional pdf far exceeds the size of available datasets. The data-size requirement may be relaxed by
assuming the pdfs to be Gaussian in form, but such an assumption leads to suboptimum classification
performance. This paper addresses the data size issue by (1) taking advantage of the maximum-entropy density
estimation (MEDE) technique introduced in a companion paper and (2) using marginal pdfs in a hierarchical
approach. Using multidate synthetic aperture radar observations, it was shown that the Bayesian hierarchical
classifier introduced in this paper can classify short vegetation classes with an accuracy of 93%, without
retraining, compared with an accuracy of 84% for the maximum-likelihood estimator (with Gaussian assumption)
and only 74% with ISODATA. [J1734]

"Polarization properties of the GPS signal scattered off a wind-driven ocean"
A Global Positioning System (GPS) transmitter-receiver pair form a bistatic radar for ocean remote sensing when
the receiving platform carries a downlooking antenna capable of collecting the GPS signal scattered off the
ocean surface. The aggregate GPS signal scattered by the ocean and received in a general bistatic
configuration has been calculated for representative geometries and a variety of wind speeds and directions,
using the integral equation method (IEM) combined with a realistic ocean correlation function (spectrum). The
role of polarization of the reflected signal is investigated and its dependence on wind speed and direction is
analyzed to assess its suitability as a detector of the wind vector. The complexity of the scattering calculations is
handled by an efficient integration scheme based on combining Gaussian quadrature with a local interpolation of
the surface correlation function. Additionally, since a large number of scattering contributions are required the
code has been parallelized for efficiency. Some relevant features of the parallelization scheme are outlined.
[J1735]

"A wideband radar for high-resolution mapping of near-surface internal layers in glacial ice"
Snow accumulation rate is an important parameter in determining the mass balance of polar ice sheets.
Accumulation rate is currently determined by analyzing ice cores and snow pits. Inadequate sampling of the
spatial variations in the ice sheet accumulation has resulted in accumulation rate uncertainties as large as 24%.
We designed and developed a 600-900-MHz airborne radar system for high-resolution mapping of the near-
surface internal layers for estimating the accumulation rate of polar ice sheets. Our radar system can provide
improved spatial and temporal coverage by mapping a continuous profile of the isochronous layers in the ice
sheet. During the 2002 field season in Greenland, we successfully mapped the near-surface layers to a depth of
200 m in the dry-snow zone, 120 m in the percolation zone, and 20 m in the melt zone. We determined the
water equivalent accumulation rate at the NASA-U_1 site to be 34.9±5.1 cm/year from 1964 to 1992. This is in
close agreement with the ice-core derived accumulation rate of 34.6 cm/year for the same period. [J1736]

"Aerosol properties over bright-reflecting source regions"
Retrieving aerosol properties from satellite remote sensing over a bright surface is a challenging problem in the
research of atmospheric and land applications. In this paper we propose a new approach to retrieve aerosol
properties over surfaces such as arid, semiarid, and urban areas, where the surface reflectance is usually very
bright in the red part of visible spectrum and in the near infrared, but is much darker in the blue spectral region
(i.e., wavelength [J1737]

"Analysis of temporal backscattering of cotton crops using a semiempirical model"
To develop an operational methodology for estimating soil moisture and crop biophysical parameters and to
generate a crop cover map, backscattering signatures of vegetation canopies are investigated using
multitemporal Radarsat synthetic aperture radar (SAR) data over a predominantly cotton-growing area in India
during low to peak crop growth stage. A simple parameterization of the water-cloud model with volumetric soil
moisture content (mv) and leaf area idex (LAI) is used to simulate the microwave backscattering coefficient (σ0),
as it is found to be a good candidate for operational purposes as demonstrated by several workers in past. The
influence of crop height (H), LAI, and mvon σ0is investigated during peak crop growth stage. A linear
relationship between LAI and crop height is derived semiempirically, and a linear zone is chosen for analysis
during the peak crop-growing stage. Estimation of average volume fraction of leaves (V~l) and attenuation factor
(L) by two different approaches is discussed: 1) using linear relationship between LAI versus crop height and 2)
from the water-cloud model parameter (κ) estimation by iterative minimum least square error approach. It is
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observed that model-estimated parameters agree well with the measured values within an acceptable error limit.
At lower soil moisture, mv 0.02(cm3·cm-3), the dynamic range of σ0is found to be about +5 dB for 0-70 cm of
crop height but monotonously decreases to at a transition point, having mv≈0.38(cm3·cm-3). A positive
correlation is found between backscattering coefficient and crop height till this transition point but shows a
negative correlation beyond that, signifying the predominant attenuation by vegetation over soil. Differential
moisture sensitivity (dσ0/dmv) of the backscattering coefficient decreases by half from 20.55 dB/(cm3·cm-3) for
dry and bare-field conditions to 10.68 dB/(cm3·cm-3) for wet and crop-covered fields (mv=0.38cm3·cm-3,
H=70cm), whereas differential crop height sensitivity (dσ0/dH) varies from-0.22-0.03 dB/cm for bare-field
conditions to crop-covered fields with crop height 70 cm. It is found that the percentage of relative error is
smallest (2.27%) for LAI and attenuation factor estimation using the value of V~l, from LAI models, whereas it is
4.25% when estimating from the attenuation coefficient (κ) from the model. [J1738]

"Ground-based dual-frequency radiometry of bare soil at high temporal resolution"
We report on an experiment linking microwave brightness temperatures and emissivities to the dynamics of in
situ measured water content. The bare plot of 14×20 m was instrumented with two ground-based radiometers
(1.4 and 11.4 GHz, respectively) and in situ time domain reflectometer (TDR) and temperature probes installed at
five depths in three soil profiles. All data were recorded every 30 min from May to July 2002. The measured
brightness temperature dynamics is a superposition of three patterns. The largest variations were caused by the
changes in water content due to precipitation and the subsequent drying process. During dry periods, we
observed daily oscillations of brightness temperature. Calculating effective soil temperatures based on the in situ
measured temperature profiles revealed that these oscillations were partially due to changes in water content in
the very topsoil. This effect was especially pronounced for the 11.4-GHz measurements, indicating that the very
surface experienced the strongest changes in water content. At 1.4 GHz and horizontal polarization, the
brightness temperature measurements turned out to be very sensitive to sun reflection at the ground. This
reflection was visible through exceptionally high brightness temperature values at distinct times of the day. We
observed pronounced hysteresis loops when comparing the emissivities of the two radiometers or the
radiometric signals with the water content measured in situ at 2-cm depth. Such loops could be seen for the
daily wetting and drying cycles as well as in the longer term drying and wetting behavior. This demonstrates that
the gradient of the water content in the topsoil is a dynamic property depending on various time scales. These
gradients affected the measurements of radiometers and TDR probes to different degrees and at different times.
Despite an almost smooth surface, slight changes in the surface structure during the experiment caused a
substantial variability with respect to the relationships between water content and emissivity for both radiometers.
This is an indication that surface structures smaller than the wavelength may exert important effects on the
emissivity of a bare soil. [J1739]

"The effect of scene elevation on the coherence of wide-angle crossing-node SAR pairs"
The interference between two radar images, acquired from approximately the same location, has a number of
uses. In particular, the literature abounds with examples of coherent change detection (CCD) and interferometric
synthetic aperture radar (InSAR) uses that, respectively, enable the detection of small changes and the
extraction of terrain elevation. In almost all of these examples, collections have been deliberately constrained so
that they have almost identical collection geometries. Details of the variation in geometry have been analyzed
extensively but generally only with respect to variation in the mean grazing angle. Much of this variation is due to
the angular variation in the scene reflectivity; however, when collection geometries differ in other respects, the
reduction in performance cannot be entirely explained by angular variations alone. This paper identifies a source
of performance degradation when the collection geometries are different for scenes containing local relief. The
error is due to approximations during image formation that both the collection geometry and the terrain are flat.
The effect of these errors is derived as a blurring kernel to the true scene. The impact of the blurring is then
assessed in the interferometric case and broken into common and differential blurring terms to facilitate the
impact of some special cases and to explain why the parallel-pass geometry works as well as it does even
though the true three-dimensional nature of the collection and the ground are ignored. [J1740]

"Algorithms for estimating the complete group of polarization invariants of the scattering matrix
(SM) based on measuring all SM elements"
The procedure for estimating polarization invariants of the backscattering matrix in horizontal-vertical basis is
considered for radar observation of arbitrary nonreciprocal objects. Two polarization invariants are added to the
well-known six Huynen-Euler invariants. These new invariants (nonreciprocity angle and difference in absolute
phases of the symmetric and antisymmetric parts of the scattering matrix) describe the nonreciprocal properties
of the object itself. With the simultaneous measurement of all eight quadratures of the scattering matrix
elements, the closed-form expressions for calculating the eight polarization invariants are given. The derived
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expressions are the starting point for complete estimation of the polarization properties of arbitrary radar objects
with a nonsymmetric scattering matrix. The given approach can be used to study various polarization effects in
remote radar sensing of artificial and natural objects, and also to simulate polarization measurement processes
and estimation errors caused by the measurements of scattering matrix elements at different instants. [J1741]

"Investigation of broadband electromagnetic induction scattering by highly conductive, permeable,
arbitrarily shaped 3-D objects"
Operating as low as tens of hertz and as high as hundreds of kilohertz, new broadband electromagnetic
induction (EMI) sensors have shown promise for classification of unseen buried metallic objects. The three-
dimensional (3-D) and bodies-of-revolution (BOR) numerical studies reported here are designed to explain key
scattering sensitivities that may either be useful in or may limit object classification capability. The target is
excited either by a spatially uniform oscillating primary magnetic field or by the oscillating field from a loop
antenna. The problem is formulated in terms of Poison's equation for scalar potential outside the object, where
conductivity and electric field values are low and consequent conduction currents are generally negligible. The
Helmholtz equation for vector potential applies inside the highly conducting and permeable object. In both
regions, the electromagnetic phenomena of interest are magneto-quasi-static (MQS). The simulation algorithm
uses the method of auxiliary sources (MAS), with auxiliary magnetic charges and auxiliary magnetic current
elements distributed on auxiliary surfaces. These surfaces generally conform to but do not coincide with physical
surfaces, providing extraordinarily efficient and accurate 3-D solutions. Comparisons to available analytical
solutions and experimental data validate the solutions. The simulations and data illuminate broadband MQS
scattering phenomenology for both magnetic and nonmagnetic metallic objects. Distinctive sensitivities are shown
and signature effects analyzed relative to the scatterer's shape and aspect ratio, orientation, sharp points and
edges, finite wall thickness in hollow bodies, and compound structure in which a geometrically complex body
consists of a number of distinct sections, e.g., fins. [J1742]

"Parametric autofocus of SAR imaging-inherent accuracy limitations and realization"
In synthetic aperture radar (SAR) imaging, low scene contrast may degrade the performance of most of the
existing autofocus methods. In this paper, by dividing a slow-time signal into three isolated components, namely
target, clutter, and noise, in SAR imaging, a novel parametric statistical model is proposed during the coherent
processing interval. Based on the model, Cramer-Rao bounds (CRBs) of the estimation of unknown parameters
are derived. It is shown that the CRBs of the target parameter estimation strongly depend on the background,
i.e., clutter and noise, and the CRBs of the background parameter estimation may be obtained regardless of the
target component. Motivated from this result and using the estimated background parameters, a novel effective
parametric autofocus method is developed, which is applicable to any scene contrast. In addition, a preprojection
is also introduced to simplify the subsequent parameter estimation. Finally, the proposed model and the novel
method are illustrated by some real SAR data. [J1743]

"Polarimetric Characteristics of sea ice in the sea of Okhotsk observed by airborne L-band SAR"
The Phased-Array L-Band SAR (PALSAR) aboard the Advanced Land Observing Satellite (ALOS) is capable of
globally acquiring fully polarimetric data. In order to confirm the ability of L-band polarimetric synthetic aperture
radar (SAR) to investigate sea ice before the ALOS launch, we conducted a field experiment using an airborne
Polarimetric and Interferometric SAR (Pi-SAR) in the Sea of Okhotsk in 1999. This paper presents the analyzed
results of data acquired in that experiment. The extracted polarimetric parameters of several ice types suggested
that polarimetric coherences and phase differences between right-right (RR) and left-left (LL) are good
candidates for discriminating ice types. The polarimetric anisotropy as well as the beta angle of the first
eigenvector calculated in the polarimetric decomposition procedure are alternative parameters that are sensitive
to ice type differences. Due to the low depolarization characteristics of open water, it could be discriminated from
sea ice by scattering entropy in all incidence angle ranges. From the relation between ice thickness and the
polarimetric parameters, we found that backscattering coefficients and vertical (VV) to horizontal (HH)
backscattering ratio are highly correlated with ice thickness. Since the ratio is sensitive to ice surface dielectric
constants, a simple simulation using the integral equation method surface model was conducted by using the
physical parameters of typical sea ice. A two-dimensional ice thickness map was derived from an empirical
relation between the VV-to-HH backscattering ratio and ice thickness. [J1744]

"An autoregressive model for analysis of ice sheet elevation change time series"
We present an autoregressive (AR) model that can effectively characterize both seasonal and interannual
variations in ice sheet elevation change time series constructed from satellite radar or laser altimeter data. The
AR model can be used in conjunction with weighted least squares regression to accurately estimate any longer
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term linear trend present in the cyclically varying elevation change time series. This approach is robust in that it
can account for seasonal and interannual elevation change variations, missing points in the time series, signal
aperiodicity, time series heteroscedasticity, and time series with a noninteger number of yearly cycles. In
addition, we derive a theoretically valid estimate of the uncertainty (standard error) in the long-term linear trend.
Monte Carlo simulations were conducted that closely emulated actual characteristics of five-year elevation
change time series from Antarctica. The Monte Carlo results indicate that the autoregressive approach yields
long-term linear trends that are less biased than two other approaches that have been recently used for analysis
of ice sheet elevation change time series. In addition, the simulation results demonstrate that the variability
(uncertainty) of the long-term linear trend estimates from the AR approach is in very good agreement with the
derived theoretical standard error estimates. [J1745]

"Estimation and correction of beam mismatch of the precipitation Radar after an orbit boost of the
tropical rainfall measuring mission Satellite"
The Tropical Rainfall Measuring Mission (TRMM) satellite changed its altitude from 350 to 402.5 km in August
2001. As a result, the level-1 algorithm for the new orbit of the Precipitation Radar (PR) onboard the TRMM has
to correct the "beam mismatch" resulting from the altitude change. Since the PR uses fixed transmission-
reception timing, an altitude change of 50 km corresponds to a delay of return signals of 1 pulse repetition
interval (PRI). This is not a serious problem if the angle bin of the next pulse is the same as the angle bin of the
current pulse. Otherwise, return signals arrive at the PR when the antenna direction shifts to the next angle bin.
This is called a "beam mismatch." It affects one pulse sample out of 32 averaged pulse samples. In other words,
one "beam mismatch" pulse sample and 31 normal pulse samples are averaged at the onboard processor of the
PR. A new algorithm was added to the PR's level-1 algorithm, 1B21, to eliminate this mismatch sample at the
402.5-km altitude. In this paper, the effect of beam mismatch is estimated for both rain echo and surface echo in
terms of the received power and the incident angle dependency. The basic function of the beam mismatch
correction algorithm is to estimate the received power of the mismatched pulse. Theoretically, the effective
round-trip antenna pattern of a mismatched pulse has a peak right in the middle of the transmission and
reception directions with a gain reduction of 6 dB. The new 1B21 algorithm uses the average of the received
power of successive angle bins with a 6-dB gain reduction as the power from the mismatched pulse. The
effectiveness of the correction algorithm was evaluated using high angular resolution data obtained during
external calibration observations and the statistics of the normalized radar cross section of the earth's surface
(σ0), which is thought to be unchanged. The estimated error was less than 0.2 dB for the rain echo, and a large
error of up to 0.5 dB was found at the boundary of the surface based on the error estimation using high angular
resolution data. The difference in σ0and its angle dependency is explained using a simple surface model. The
model results indicate the correction error reaches up to 0.8 dB at the skirts- of the surface echo. [J1746]

"Noise radar using random phase and frequency modulation"
Pulse compression radar is used in a great number of applications. Excellent range resolution and high
electronic counter-countermeasures performance is achieved by wideband long pulses, which spread out the
transmitted energy in frequency and time. By using a random noise waveform, the range ambiguity is
suppressed as well. In most applications, the random signal is transmitted directly from a noise-generating
microwave source. A sine wave, which is phase or frequency modulated by random noise, is an alternative, and
in this paper, the ambiguity function and the statistical characteristics of the correlation output for the latter
configuration are further analyzed. Range resolution is then improved because the noise bandwidth of the
modulated carrier is wider than that of the modulating signal, and the range sidelobes are also further
suppressed. Random biphase modulation gives a 4-dB (pi2/4) improvement, but much higher sidelobe
suppression could be achieved using continuous phase/frequency modulation. Due to the randomness of the
waveform, the output correlation integral is accompanied by a noise floor, which limits the possible sidelobe
suppression as determined by the time-bandwidth product. In synthetic aperture radar (SAR) applications with
distributed targets, this product should be large compared with the number of resolution elements inside the
antenna main beam. The advantages of low range sidelobes and enhanced range resolution make
frequency/phase-modulated noise radar attractive for many applications, including SAR mapping, surveillance,
altimetry, and scatterometry. Computer algorithms for reference signal delay and compression are discussed as
replacements for the classical delay line implementation. [J1747]

"Efficient Simulation of hybrid stripmap/spotlight SAR raw signals from extended scenes"
The hybrid stripmap/spotlight mode for a synthetic aperture radar (SAR) system is able to generate microwave
images with an azimuth resolution better than the one achieved in the stripmap mode and a ground coverage
better than the one of the spotlight mode. In this paper, time- and frequency-domain-based procedures to
simulate the raw signal in the hybrid stripmap/spotlight mode are presented and compared. We show that a two-

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 470 из 658



dimensional Fourier domain approach, although highly desirable for its efficiency, is not viable. Accordingly, we
propose a one-dimensional (1-D) range Fourier domain approach, followed by 1-D azimuth time-domain
integration. This method is much more efficient than the time-domain one, so that extended scenes can be
considered. In addition, it involves approximations usually acceptable in actual cases. Effectiveness of the
simulation scheme is assessed by using numerical examples. [J1748]

"Volume decorrelation effects in polarimetric SAR interferometry"
Volume decorrelation is an aspect of synthetic aperture radar interferometry that is currently at stake. It stems
from the distribution in height of the backscattering cross section in a imaged scene, and it widely affects
interferometric coherence images, e.g., in the presence of forests or buildings. The interest in its reduction lies
on the fact that "resolving" volume decorrelation and fixing the exact position of the scattering centers in a
resolution cell may lead to an estimation of the height of the observed distributed scatterers. Indeed, the
determination of the volume scattering contribution is determinant in digital elevation model generation as well as
in biomass estimation. However, volume decorrelation itself may be a source of information on the mechanisms
that originate it. In this paper, a distinction is made between the behavior of volume decorrelation due to random
volumes and stationary distributed targets. The two cases are then studied by means of polarimetry: the
response of such targets to different polarizations is considered by applying a series of decompositions of the
scattering matrix, and a systematic analysis of the interferometric coherence characteristics is reported. [J1749]

"Measurement system of complex permittivity of ornamental rocks in L frequency band"
The use of ground-penetrating radar (GPR) techniques at high frequencies for historical building investigations
requires an accurate knowledge of the material complex permittivity. A new measurement system is presented,
which by exploiting a resonance phenomenon, yields accurate values of permittivity and resistivity also in the
case of low-loss materials. These parameters are obtained from an amplitude-only measurement of the
transmission response curve of a rectangular waveguide cavity, loaded by the sample under test. The setup
requires the availability of brick-shaped samples, which can be obtained easily in the case of rock materials.
Permittivities and resistivities were measured in the frequency range 1.1-1.7 GHz on samples of marbles,
sandstones, and limestones. The measurement method and the experimental results are presented and
discussed. [J1750]

"Multiple-incidence and multifrequency for profile reconstruction of random rough surfaces using
the 3-D electromagnetic fast multipole model"
A fast algorithm for reconstructing the profile of random rough surfaces using electromagnetic scattering data is
presented. The algorithm is based on merging a fast forward solver and an efficient optimization technique. The
steepest descent fast multipole method is used as the three-dimensional fast forward solver. A rapidly
convergent descent method employing a "marching-on" strategy for processing multifrequency and multi-
incidence angle data is introduced to minimize an underlying cost function. The cost function represents the error
between true (synthetic) and simulated scattered field data. Several key issues that impact the accuracy in
reconstructing the rough profile are examined in this work, e.g., the location and number of receivers, the
incident and scattered directions, the surface roughness, and details regarding the manner in which sensitivity
information is computed in the inversion scheme. The results show that using the multiple-incidence (one angle
at a time) and the multifrequency (one frequency at a time) strategies lead to improve the profile reconstruction.
[J1751]

"Elevation change of the Antarctic ice sheet, 1995-2000, from ERS-2 satellite radar altimetry"
We analyzed Antarctic ice-sheet elevation change (dH/dt) from 1995 to 2000 using 123 million elevation change
measurements from European Remote Sensing 2 ice-mode satellite radar altimeter data covering an area of
about 7.2 million km2. Almost all drainage basins in east Antarctica had average dH/dt values within ±3.0
cm/year, whereas drainage basins in west Antarctica had substantial spatial variability with average dH/dt values
ranging between -11 to +12 cm/year. The east Antarctic ice sheet had a five-year trend of 1±0.6 cm/year, where
13 out of the 14 basins had either a positive trend or a trend that was not significantly different than zero. The
west Antarctic ice sheet had a five-year trend of -3.6±1.0 cm/year due largely to strong negative trends of
around 10 cm/year for basins in Marie Byrd Land along the Pacific sector of the Antarctic coast. The continent
as a whole had a five-year dH/dt trend of 0.4±0.4 cm/year. Finally, time series constructed for the Pine Island,
Thwaites, De Vicq, and Land glaciers in west Antarctic showed five-year dH/dt trends from -26 to -135 cm/year
that were significantly more negative than the average dH/dt trends in their respective basins. The strongly
negative dH/dt values for these coastal glacier outlets are consistent with recently reported results indicating
increased basal melting at these glaciers' grounding lines caused by ocean thermal forcing. [J1752]
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"Ambiguity resolution for permanent scatterer interferometry"
In the permanent scatterer technique of synthetic aperture radar interferometry, there is a need for an efficient
and reliable nonlinear parameter inversion algorithm that includes estimation of the phase cycle ambiguities.
Present techniques make use of a direct search of the solution space, treating the observations as deterministic
and equally weighted, and which do not yield an exact solution. Moreover, they do not describe the quality of the
estimated parameters. Here, we use the integer least squares estimator, which has the highest probability of
correct integer estimation for problems with a multivariate normal distribution. With this estimator, the propagated
variance-covariance matrix of the estimated parameters can be obtained. We have adapted the LAMBDA
method, part of an integer least squares estimator developed for the ambiguity resolution of carrier phase
observations in global positioning systems, to the problem of permanent scatterers. Key elements of the
proposed method are the introduction of pseudo-observations to regularize the system of equations,
decorrelation of the ambiguities for an efficient estimation, and the combination of a bootstrap estimator with an
integer least squares search to obtain the final integer estimates. The performance of the proposed algorithm is
demonstrated using simulated and real data. [J1753]

"Ground-based radar interferometry for landslides monitoring: atmospheric and instrumental
decorrelation sources on experimental data"
The application of ground-based radar interferometry for landslide monitoring is analyzed: a case study based
on an experimental campaign carried out in Italy during 2002 is discussed. Interferometric data obtained from
coherent synthetic aperture radar (SAR) images acquired by means of C-band ground-based equipment are
analyzed. The campaign was aimed at retrieving potential terrain movements of a small landslide observed
hundreds of meters away. Critical aspects related to spatial and temporal decorrelation are discussed: the use of
optical photogrammetry as a technique for evaluating mechanical stability and correcting geometric distortion is
presented. Results also confirmed that the application of ground-based radar interferometry can be attractive and
effective if the acquired SAR images maintain an adequate coherence on different dates. [J1754]

"Coregistration of multiangle fine spatial resolution SAR images"
Provides a first assessment of a coregistration technique suitable for multiangle fine spatial resolution synthetic
aperture radar (SAR) images. The technique is based on crossroad and road junction extraction and matching
and exploits recently introduced road extraction routines for SAR data. These features are matched using
relational and geometrical analysis. Results are encouraging and show the possibility to exploit multiangle SAR
available from future airborne and satellite missions. [J1755]

"Azimuth resolution of spaceborne P, VHF-band SAR"
A degradation of spatial resolution performance of spaceborne synthetic aperture radar (SAR) images, which is
due to the atmospheric radio waves propagation effects, is considered in this letter. A special calculation
procedure of spatial resolution performances, in particular of the SAR azimuth resolution, is offered. Herein, the
analysis of a potential spatial resolution, resulting from the influence of the atmosphere, on SAR images is
presented. [J1756]

"Unambiguous SAR signal reconstruction from nonuniform displaced phase center sampling"
The displaced phase center (DPC) technique will enable a wide-swath synthetic aperture radar (SAR) with high
azimuth resolution. In a classic DPC system, the pulse repetition frequency (PRF) has to be chosen such that
the SAR carrier moves just one half of its antenna length between subsequent radar pulses. Any deviation from
this PRF will result in a nonuniform sampling of the synthetic aperture. This letter derives an innovative
reconstruction algorithm and shows that an unambiguous reconstruction of a SAR signal is possible for
nonuniform sampling of the synthetic aperture. This algorithm will also have great potential for multistatic satellite
constellations as well as the dual receive antenna mode in Radarsat 2 and TerraSAR-X. [J1757]

"The mean echo and echo cross product from a beamforming interferometric altimeter and their
application to elevation measurement"
This paper describes the echo from a beamforming interferometric altimeter from a uniformly scattering surface
inclined at an angle to a sphere, underlain by a uniformly scattering volume. The rough "surface" impulse
response and the echo and interferometric cross product are determined as functions of the beam direction and
the vector surface gradient. These expressions are used to determine the multilooked echo and interferometric
phase from such a system. The "effective" number of looks and the multilooked echo coherence, which

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 472 из 658



determine the statistics of the echo power and the interferometric phase, are defined. The dependence of the
multilooked echo power and interferometric phase are investigated as functions of the surface vector gradient,
surface roughness, volume scattering, and SNR. These behaviors are illustrated using values based on a
practical system. The precision of the elevation measurement is examined in the light of the effective number of
looks and the coherence of the multilooked echo and cross product. Some conclusions concerning the practical
recovery of the range from the echo power are discussed. [J1758]

"Beam characteristics of three-dimensional SAR in curved or random paths"
Interferometric synthetic aperture radar (InSAR) provides average height information by combining data from two
parallel paths. True three-dimensional (3-D) SAR also detects the height distribution, which is of significant
interest in airborne reconnaissance, forest inventory, and subsurface or wall-penetrating sensing applications as
examples. In this paper, the beam performance of 3-D SAR is studied and compared for different curved line
paths, such as circles, ellipses, and spirals ending up with random sampling. Curved path geometry reduces the
ambiguity in height angle of traditional multipass SAR, and random path variation further improves the sidelobe
suppression. The poor sidelobe suppression of a single circle path is significantly improved in near-range
geometry in combination with high range resolution. By introducing a window function dependent on focus point
and path position, high sidelobe suppression was achieved in an extended ground area below the circle path.
[J1759]

"The speed and beam of a ship from its wake's SAR images"
Synthetic aperture radar (SAR) images of ships and their wakes frequently exhibit long dark and bright streaks.
Some of them can be attributed to the Kelvin wavewake and others to the turbulent and bright narrow V-wake.
The wakes contain information about the ship. The present work deals with estimates of the ship beam and its
velocity by processing SAR images of the Kelvin and turbulent wakes. It is assumed that the ship moves along a
straight path with constant speed. For the detection of the linear features of the ship wake, the fast discrete
Radon transform is employed. Once the turbulent wake is detected, the ship beam is estimated by a novel
method that exploits the expansion of the turbulent wake aft a ship. A semiempirical relation between the ship
beam and the width of its turbulent wake is derived and analyzed. An algorithm for estimating the width of the
turbulent wake in SAR images and the ship beam is developed. The spectrum of ship-generated waves along
the Kelvin cusp-lines is discussed. Processing of the lines, pertaining to the Kelvin wake bounds, and analysis of
the spectral peaks enables to estimate the ship speed. Numerical examples of processing of airborne SAR
images are provided. [J1760]

"A fast intensity-hue-saturation fusion technique with spectral adjustment for IKONOS imagery"
Among various image fusion methods, intensity-hue-saturation (IHS) technique is capable of quickly merging the
massive volumes of data. For IKONOS imagery, IHS can yield satisfactory "spatial" enhancement but may
introduce "spectral" distortion, appearing as a change in colors between compositions of resampled and fused
multispectral bands. To solve this problem, a fast IHS fusion technique with spectral adjustment is presented.
The experimental results demonstrate that the proposed approach can provide better performance than the
original IHS method, both in processing speed and image quality. [J1761]

"A global quality measurement of pan-sharpened multispectral imagery"
This letter focuses on quality assessment of fusion of multispectral (MS) images with high-resolution
panchromatic (Pan) observations. A new quality index suitable for MS imagery having four spectral bands is
defined from the theory of hypercomplex numbers, or quaternions. Both spectral and radiometric distortion
measurements are encapsulated in a unique measurement, simultaneously accounting for local mean bias,
changes in contrast, and loss of correlation of individual bands, together with spectral distortion. Results are
presented and discussed on very high-resolution QuickBird data, through comparisons between state-of-the-art
and advanced MS+Pan merge algorithms. [J1762]

"Harmonic radar transceiver design: miniature tags for insect tracking"
The design and operation along with verifying measurements of a harmonic radar transceiver, or tag, developed
for insect tracking are presented. A short length of wire formed the antenna while a beam lead Schottky diode
across a resonant loop formed the frequency doubler circuit yielding a total tag mass of less than 3 mg.
Simulators using the method-of-moments for the antenna, finite-integral time-domain for the loop, and harmonic
balance for the nonlinear diode element were used to predict and optimize the transceiver performance. This
performance is compared to the ideal case and to measurements performed using a pulsed magnetron source
within an anechoic chamber. A method for analysis of the tag is presented and used to optimize the design by
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creating the largest possible return signal at the second harmonic frequency for a particular incident power
density. These methods were verified through measurement of tags both in isolation and mounted on insects.
For excitation at 9.41 GHz the optimum tag in isolation had an antenna length of 12 mm with a loop diameter of
1 mm which yielded a harmonic cross-section of 40 mm2. For tags mounted on Colorado potato beetles,
optimum performance was achieved with an 8 mm dipole fed 2 mm from the beetle attached end. A theory is
developed that describes harmonic radar in a fashion similar to the conventional radar range equation but with
harmonic cross-section replacing the conventional radar cross-section. This method provides a straightforward
description of harmonic radar system performance as well as provides a means to describe harmonic radar tag
performance. [J1763]

"Identification and analysis of airborne laser swath mapping data in a novel feature space"
Several novel features are examined to determine their effectiveness in separating buildings from trees in
airborne laser swath mapping (ALSM) data. New one- and two-dimensional distance measures are created to
quantify the separability of the classes using the different features. Several features involving the intensity of the
laser returns were found to be highly effective at separating the classes. The new distance measure provides
insight into what makes a good/bad feature when discriminating between classes. It also lays the groundwork for
future classification of ALSM data by providing a systematic method of ranking features to be used for
classification. [J1764]

"Synthetic aperture Radar oil spill segmentation by stochastic complexity minimization"
We present a new algorithm for oil spill segmentation in synthetic aperture radar (SAR) images, using the
minimum description length (MDL) principle and a polygonal active grid. This algorithm is based on two steps: a
first partitioning step into homogeneous regions and a second classification step with an automatic MDL
thresholding. The obtained method allows one to segment the different candidate oil spills in an image
automatically and in a few seconds. [J1765]

"Polarization state conformation and its application to change detection in polarimetric SAR data"
For polarimetric SAR (POLSAR) images, it is ideal that scattering geometries of the same target should display
resemblance between multidate images, which are used in change detection applications, since the scattering
mechanisms may change due to the data acquisition geometry. However, sometimes it is difficult to achieve
these conditions. An attempt is made to maximize the resemblance between the scattering geometries in
multidate images for a specific target. An algorithm is developed based on the polarimetric basis transformation
along with the polarization signatures. As a result, the resemblance between the scattering mechanisms of the
same target in both images is maximized. The effects predicted by the theory are confirmed by the change
detection analysis of POLSAR data acquired by the Jet Propulsion Laboratory Spaceborne Imaging Radar-C
mission. [J1766]

"Four years of Landsat-7 on-orbit geometric calibration and performance"
Unlike its predecessors, Landsat-7 has undergone regular geometric and radiometric performance monitoring
and calibration since launch in April 1999. This ongoing activity, which includes issuing quarterly updates to
calibration parameters, has generated a wealth of geometric performance data over the four-year on-orbit period
of operations. A suite of geometric characterization (measurement and evaluation procedures) and calibration
(procedures to derive improved estimates of instrument parameters) methods are employed by the Landsat-7
Image Assessment System to maintain the geometric calibration and to track specific aspects of geometric
performance. These include geodetic accuracy, band-to-band registration accuracy, and image-to-image
registration accuracy. These characterization and calibration activities maintain image product geometric
accuracy at a high level-by monitoring performance to determine when calibration is necessary, generating new
calibration parameters, and verifying that new parameters achieve desired improvements in accuracy. Landsat-7
continues to meet and exceed all geometric accuracy requirements, although aging components have begun to
affect performance. [J1767]

"Cross calibration of the Landsat-7 ETM+ and EO-1 ALI sensor"
As part of the Earth Observer 1 (EO-1) Mission, the Advanced Land Imager (ALI) demonstrates a potential
technological direction for Landsat Data Continuity Missions. To evaluate ALI's capabilities in this role, a cross-
calibration methodology has been developed using image pairs from the Landsat-7 (L7) Enhanced Thematic
Mapper Plus (ETM+) and EO-1 (ALI) to verify the radiometric calibration of ALI with respect to the well-
calibrated L7 ETM+ sensor. Results have been obtained using two different approaches. The first approach
involves calibration of nearly simultaneous surface observations based on image statistics from areas observed
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simultaneously by the two sensors. The second approach uses vicarious calibration techniques to compare the
predicted top-of-atmosphere radiance derived from ground reference data collected during the overpass to the
measured radiance obtained from the sensor. The results indicate that the relative sensor chip assemblies gains
agree with the ETM+ visible and near-infrared bands to within 2% and the shortwave infrared bands to within
4%. [J1768]

"Landsat ETM+ and SAR image fusion based on generalized intensity Modulation"
This work presents a novel multisensor image fusion algorithm, which extends panchrmomatic sharpening of
multispectral (MS) data through intensity modulation to the integration of MS and synthetic aperture radar (SAR)
imagery. The method relies on SAR texture, extracted by ratioing the despeckled SAR image to its low-pass
approximation. SAR texture is used to modulate the generalized intensity (GI) of the MS image, which is given
by a linear transform extending intensity-hue-saturation transform to an arbitrary number of bands. Before
modulation, the GI is enhanced by injection of high-pass details extracted from the available panchrmomatic
image by means of the "a&grave;-trous" wavelet decomposition. The texture-modulated panchrmomatic-
sharpened GI replaces the GI calculated from the resampled original MS data. Then, the inverse transform is
applied to obtain the fusion product. Experimental results are presented on Landsat-7 Enhanced Thematic
Mapper Plus and European Remote Sensing 2 satellite images of an urban area. The results demonstrate
accurate spectral preservation on vegetated regions, bare soil, and also on textured areas (buildings and road
network) where SAR texture information enhances the fusion product, which can be usefully applied for both
visual analysis and classification purposes. [J1769]

"Landsat-5 TM reflective-band absolute radiometric calibration"
The Landsat-5 Thematic Mapper (TM) sensor provides the longest running continuous dataset of moderate
spatial resolution remote sensing imagery, dating back to its launch in March 1984. Historically, the radiometric
calibration procedure for this imagery used the instrument's response to the Internal Calibrator (IC) on a scene-
by-scene basis to determine the gain and offset of each detector. Due to observed degradations in the IC, a new
procedure was implemented for U.S.-processed data in May 2003. This new calibration procedure is based on a
lifetime radiometric calibration model for the instrument's reflective bands (1-5 and 7) and is derived, in part,
from the IC response without the related degradation effects and is tied to the cross calibration with the Landsat-
7 Enhanced Thematic Mapper Plus. Reflective-band absolute radiometric accuracy of the instrument tends to be
on the order of 7% to 10%, based on a variety of calibration methods. [J1770]

"In-flight absolute calibration of the Landsat-5 TM on the test site Salar de Uyuni"
In Brazil, the increase of the application of quantitative approaches in the natural resources studies using remote
sensing technology has required knowledge about the radiometric conditions of remote sensors as the Thematic
Mapper (TM) and the Enhanced TM Plus, for instance. The establishment of a correlation between radiometric
data and biophysical and geophysical ones has become a frequent need in the Brazilian remote sensing
community, and it has increased the demand of calibration coefficients in order to transform digital numbers to
physical values like radiance and reflectance. Since the China-Brazil Environmental Remote Sensing Satellite
became a reality, the necessity to perform calibration campaigns increased significantly. Following Price and
other researcher's suggestions, an in-flight absolute calibration of the Landsat-5 data was carried out in the
Salar de Uyuni, Bolivia. It was only possible to determine calibration coefficients for bands TM2, TM3, and TM4
due to the saturation of band TM1 and surface moisture conditions that impacted the TM5 and TM7. The
methodology applied here seemed to be sufficient to determine valid calibration coefficients for orbital sensors.
[J1771]

"In-flight validation and recovery of water surface temperature with Landsat-5 thermal infrared data
using an automated high-altitude lake validation site at Lake Tahoe"
The absolute radiometric accuracy of the thermal infrared band (B6) of the Thematic Mapper (TM) instrument on
the Landsat-5 (L5) satellite was assessed over a period of approximately four years using data from the Lake
Tahoe automated validation site (California-Nevada). The Lake Tahoe site was established in July 1999, and
measurements of the skin and bulk temperature have been made approximately every 2 min from four
permanently moored buoys since mid-1999. Assessment involved using a radiative transfer model to propagate
surface skin temperature measurements made at the time of the L5 overpass to predict the at-sensor radiance.
The predicted radiance was then convolved with the L5B6 system response function to obtain the predicted
L5B6 radiance, which was then compared with the radiance measured by L5B6. Twenty-four cloud-free scenes
acquired between 1999 and 2003 were used in the analysis with scene temperatures ranging between 4°C and
22°C. The results indicate L5B6 had a radiance bias of 2.5% (1.6°C) in late 1999, which gradually decreased to
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0.8% (0.5°C) in mid-2002. Since that time, the bias has remained positive (predicted minus measured) and
between 0.3% (0.2°C) and 1.4% (0.9°C). The cause for the cold bias (L5 radiances are lower than expected) is
unresolved, but likely related to changes in instrument temperature associated with changes in instrument
usage. The in situ data were then used to develop algorithms to recover the skin and bulk temperature of the
water by regressing the L5B6 radiance and the National Center for Environmental Prediction (NCEP) total
column water data to either the skin or bulk temperature. Use of the NCEP data provides an alternative
approach to the split-window approach used with instruments that have two thermal infrared bands. The results
indicate the surface skin and bulk temperature can be recovered with a standard error of 0.6°C. This error is
larger than errors obtained with other instruments due, in part, to the calibration bias. L5 provides the only long-
duration high spatial resolution thermal infrared measurements of the land surface. If these data are to be used
effectively in studies designed to monitor change, it is essential to continue to monitor ins- trument performance
in-flight and develop quantitative algorithms for recovering surface temperature. [J1772]

"Measuring surface wind direction by monostatic HF ground-wave radar at the eastern China Sea"
The extraction of full wind vectors from data obtained by single-site (monostatic) high-frequency ground-wave
radar (HFGWR) is an ongoing challenge because of the inherent directional ambiguities. Here, a new algorithm
for resolving the ambiguity of wind direction from monostatic data is presented. The true wind direction is
determined by minimizing the sum of the difference among three wind directions derived from three different
radar look angles. The wind directions estimated by applying the algorithm to data obtained from the
OSMAR2000 HFGWR situated at the Eastern China Sea are compared with values obtained from ship-borne
instrumentation. The mean difference between the ground-truthed values and those obtained from the radar data
is approximately 20°. The distance limit for wind direction sensing using the OSMAR2000 is about 200 km,
which is the range for which signal-to-noise ratios typically exceed about 23 dB in the relevant first-order
portions of the backscatter spectra. [J1773]

"A case study of internal solitary wave propagation during ASIAEX 2001"
During the recent Asian Seas International Acoustics Experiment (ASIAEX), extensive current meter moorings
were deployed around the continental shelf-break area in the northeastern South China Sea. Thirteen
RADARSAT SAR images were collected during the field test to integrate with the in situ measurements from the
moorings, ship-board sensors, and conductivity/temperatire/depth (CTD) casts. Besides providing a synoptic view
of the entire region, satellite imagery is very useful for tracking the internal waves, locating surface fronts, and
identifying mesoscale features. During ASIAEX in May 2001, many large internal waves were observed at the
test area and were the major oceanic features studied for acoustic volume interaction. Based on the internal
wave distribution maps compiled from satellite data, the wave crests can be as long as 200 km with an
amplitude of 100 m. Environmental parameters have been calculated based on extensive CTD casts data near
the ASIAEX area. Nonlinear internal wave models have been applied to integrate and assimilate both synthetic
aperture radar (SAR) and mooring data. Using SAR data in deep water as an initial condition, numerical
simulations produced the wave evolution on the continental shelf and compared reasonably well with the
mooring measurements at the downstream station. The shoaling, turning, and dissipation of large internal waves
at the shelf break have been studied and are very important issues for acoustic propagation. [J1774]

"ROSE project leads the way to better environmental monitoring"
One family of gas detection techniques is that of Remote Optical Measurement Techniques (ROMTs). ROMTs,
also known as 'open-path monitoring techniques' encompass a variety of optical techniques for detecting
gaseous compounds in ambient air. Open-path instruments present a variety of methods of measuring
concentrations of gases in ambient air, but they aren't frequently used because of the uncertainty of long path
measurement. Some recent research has been done to better understand these challenges. The European
Commission funded a project to address the lack of performance standards and to improve the understanding of
the factors affecting the validity of measurements made with ROMT instrumentation. Entitled the 'ROSE' project
(Remote Optical Sensing Evaluation), the consortium of partners devised a plan to assess ROMTs in a variety of
real-life applications in order to understand the factors affecting performance along with a programme of
modeling to assist the application of the knowledge gained. [J1775]

"Fitting a statistical model to SIR-C SAR images of the sea surface"
A suite of statistical procedures aimed at assessing to what extent polarimetric and/or multifrequency synthetic
aperture radar (SAR) images of the sea surface can be modeled in terms of spherically invariant random vectors
and matrices (SIRVs and SIRMs) is presented. The proposed tests assume that images can be described by
resorting to the compound-Gaussian model, but do not require any a priori knowledge about the actual first-
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order probability density function (pdf) of the texture. The tests have also been used to analyze three data sets
from STR-C/X-SAR missions. [J1776]

"Foil chaff ejection systems for rocket-borne measurement of neutral winds in the mesosphere and
lower thermosphere"
The foil chaff technique has been used on microrockets such as "Viper" for a long time to measure neutral winds
with high altitude resolution in the mesosphere and lower thermosphere. We have developed two new foil chaff
storage and ejection systems for muti-instrumented sounding rockets. The first system uses a spring loaded split
cylinder which holds the foil chaff, housed in an outer cylinder. The shaft of the split cylinder is kept in place by
a lock plate and a stainless steel wire. The split cylinder is ejected by cutting the wire. The second system is of
differential pressure type. The cap of an airtight cylinder has a shaft and a sponge piece for sweeping out the foil
chaff. The cylinder is sealed at ground level and at the desired height of release, the cap comes out due to
differential pressure and brings out the foil chaff. Both these systems were successfully tested on a Japanese
sounding rocket in January 2000, releasing about 20 000 pieces of foil chaff during the rocket's descent. Neutral
winds were measured in the height range of 85.5-95.0 km with a height resolution of 300 m. copyright 2004
American Institute of Physics. [J1777]

"Sighted automation and fine resolution imaging"
First Page of the Article [J1778]

"Trained detection of buried mines in SAR images via the deflection-optimal criterion"
In this paper, we apply a deflection-optimal linear-quadratic detector to the detection of buried mines in images
formed by a forward-looking ground-penetrating synthetic aperture radar. The detector is a linear-quadratic form
that maximizes the output SNR (deflection), and its parameters are estimated from a set of training data. We
show that this detector is useful when the signal to be detected is expected to be stochastic, with an unknown
distribution, and when only a small set of training data is available to estimate its statistics. The detector
structure can be understood in terms of the singular value decomposition; the statistical variations of the target
signature are modeled using a compact set of orthogonal "eigenmodes" (or principal components) of the training
dataset. Because only the largest eigenvalues and associated eigenvectors contribute, statistical variations that
are underrepresented in the training data do not significantly corrupt the detector performance. The resulting
detection algorithm is tested on data that are not in the training set, which has been collected at government test
sites, and the algorithm performance is reported. [J1779]

"Cloud cover comparisons of the MODIS daytime cloud mask with surface instruments at the north
slope of Alaska ARM site"
This paper compares daytime cloud fraction derived from the Moderate Resolution Imaging Spectrometer
(MODIS), an imager on the National Aeronautics and Space Administration's Earth Observing System Aqua and
Terra platforms, to observations from a suite of surface-based instrumentation located at the Department of
Energy's atmospheric radiation measurement (ARM) program North Slope of Alaska (NSA) Clouds and Radiation
Testbed site. In this systematic comparison of satellite-to-surface measurements, 3650 cases are analyzed from
February through September 2001. The surface instruments used in these comparisons include the Vaisala
Ceilometer (VCEIL), the Micropulse Lidar (MPL), the Active Remote Sensing of Clouds (ARSCL) composite
laser-derived data product, the Whole-Sky Imager (WSI), and the Normal Incidence Pyrheliometer (NIP). In
terms of the active sensors, VCEIL cloud cover results compare to within ±20% of MODIS results 77% of the
time. As expected, VCEIL is found to be insensitive to optically thin high-level clouds. MPL results are consistent
with MODIS in 83% of the cases; however, the MPL preliminary.cbh variable reports spurious clouds in clear-
sky conditions. The ARSCL composite laser-derived data product agrees with MODIS in 81% of the cases,
improving upon high cloud detection of the VCEIL, while eliminating the spurious clear-sky cloud detections in
the MPL preliminary.cbh variable. For the passive WSI, cloud cover agrees with the MODIS cloud fraction in
74% of the cases, with the difference primarily caused by the insensitivity of the WSI to thin clouds. Detailed
analysis of individual cases shows that the MODIS cloud mask generally detects more thin cirrus than the
surface-based instruments, but it sometimes fails to detect low-level cumulus and fog over the ARM NSA site.
[J1780]

"Azimuthal harmonic coefficients of the microwave backscattering from a non-Gaussian ocean
surface with the first-order SSA model"
In this paper, the first-order small slope approximation is applied to a rough sea surface with non-Gaussian
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statistics, for which the third- and the fourth-order statistics are taken into account in the calculation of the radar
cross section. From the Cox and Munk slope distribution, the higher order statistic moments are derived, and
behaviors of the corresponding correlation functions are assumed. We show that the fourth order (related to the
peakedness or kurtosis) is isotropic, whereas the third order (related to the skewness) has a behavior as cos(ψ),
where ψ is the wave direction along the wind direction. Thus, using the Elfouhaily et al. sea height spectrum,
related to the second-order statistics, we show that the normalized radar backscattering cross section (NRBCS)
can be expanded as an even Fourier series in cos(nφ) (where n is a positive integer), for which the harmonic
coefficients require only a single integration over the radial distance. This result is consistent with experimental
data done for microwave frequencies. In addition, we show for microwave frequencies (like C- and Ku-bands)
that the Fourier series can be truncated up to the second order, since the higher order harmonic coefficients
vanish. The NRBCS is also compared with empirical backscattering models CMOD2-I3 and SASS-II, valid in C-
and Ku-bands, according to the scattering angle and the wind direction. The first-order harmonic coefficient
predicts the surface asymmetry along the upwind and downwind directions, whereas the second-order harmonic
coefficient describes the surface asymmetry along the upwind and crosswind directions. [J1781]

"Detecting landmines with ground-penetrating radar using feature-based rules, order statistics, and
adaptive whitening"
An approach to detecting landmines using ground-penetrating radar (GPR) based on feature-based rules, order
statistics, and adaptive whitening (FROSAW) is described. FROSAW relies on independent adaptation of
whitening statistics in different depths and combining feature-based methods with anomaly detection using rules.
Constant false alarm rate (CFAR) detectors are used for anomaly detection on the depth-dependent adaptively
whitened data. A single CFAR confidence measure is computed via a function of order statistics. Anomalies are
detected at locations with high CFAR confidence. Depth-dependent features are computed on regions containing
anomalies. Rules based on the features are used to reject alarms that do not exhibit mine-like properties. The
utility of combining the CFAR and feature-based methods is evaluated. The algorithms and analysis are applied
to data acquired from tens of thousands of square meters from several outdoor test sites with a state-of-the-art
array of GPR sensors. [J1782]

"EMI-based classification of multiple closely spaced subsurface objects via independent component
analysis"
Previous work in subsurface object discrimination using electromagnetic induction data has shown that
discrimination algorithms based on statistical signal processing techniques are effective for classifying data from
objects that occur in isolation. However, for multiple closely spaced subsurface objects, the raw (unprocessed)
measurement is a mixture of the responses from several objects and as such cannot be used directly to
determine the identity of each of the individual objects. Thus, we propose to separate individual signatures from
the mixture by posing the problem as a blind source separation (BSS) problem and effecting signature
separation using independent component analysis. We propose to apply BSS to separate the mixed signatures
and then follow the separation process with a Bayesian classifier. This approach is evaluated using both
simulated data and data from unexploded ordnance items. The results show that this approach can be used to
effectively classify multiple closely spaced objects. [J1783]

"Modeling of ground-penetrating Radar for accurate characterization of subsurface electric
properties"
The possibility to estimate accurately the subsurface electric properties from ground-penetrating radar (GPR)
signals using inverse modeling is obstructed by the appropriateness of the forward model describing the GPR
subsurface system. In this paper, we improved the recently developed approach of Lambot et al. whose success
relies on a stepped-frequency continuous-wave (SFCW) radar combined with an off-ground monostatic
transverse electromagnetic horn antenna. This radar configuration enables realistic and efficient forward
modeling. We included in the initial model: 1) the multiple reflections occurring between the antenna and the soil
surface using a positive feedback loop in the antenna block diagram and 2) the frequency dependence of the
electric properties using a local linear approximation of the Debye model. The model was validated in laboratory
conditions on a tank filled with a two-layered sand subject to different water contents. Results showed
remarkable agreement between the measured and modeled Green's functions. Model inversion for the dielectric
permittivity further demonstrated the accuracy of the method. Inversion for the electric conductivity led to less
satisfactory results. However, a sensitivity analysis demonstrated the good stability properties of the inverse
solution and put forward the necessity to reduce the remaining clutter by a factor 10. This may partly be
achieved through a better characterization of the antenna transfer functions and by performing measurements in
an environment without close extraneous scatterers. [J1784]
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"Correction to "The Mean Echo and Echo Cross Product From a Beamforming Interferometric
Altimeter and Their Application to Elevation Measurement""
{no data available} [J1785]

"Chaotic lidar"
A novel chaotic lidar (CLIDAR) system that utilizes a chaotic laser as the light source is proposed and studied.
In CLIDAR, the detection and ranging are realized by correlating the signal waveform reflected back from the
target with a delayed reference waveform. Benefiting from the very broad bandwidth of the chaotic waveform that
can be easily generated by a semiconductor laser, a centimeter-range resolution is readily achieved. The
correlation performance of CLIDAR is studied both numerically and experimentally. The power spectra, phase
portraits, time series, and correlation traces of the chaotic waveforms obtained at different operating conditions
are compared. The relation between the complexity of the attractor and the correlation property is examined. The
correlation dimension and the largest positive Lyapunov exponent of each waveform are calculated. To compare
the correlation performance of the waveforms quantitatively, peak sidelobe levels of the correlation traces with
different correlation lengths and relative noise levels are investigated. Preliminary experiments show a
subcentimeter accuracy in ranging with a 3-cm-range resolution, which currently is limited by the bandwidth of
the oscilloscope used. [J1786]

"Landsat thematic mapper reflective-band radiometric artifacts"
Radiometric "artifacts" are known to be present to varying degrees in the reflective-band imagery from both
Landsat-4 and Lansat-5 Thematic Mappers (TMs). The most common artifacts are known as scan-correlated
shift (SCS), memory effect (ME), and coherent noise (CN). The characterization and correction of these artifacts
has been performed for both the Landsat-4 and Lansat-5 TMs. SCS is a sudden shift in bias that can be as
large as 2 DN. However, this artifact can be accurately quantified and easily removed from imagery using a line-
by-line bias subtraction. ME causes the detector response to undershoot after a sudden transition from a bright
target to a dark target. For large transitions, this can cause a 2% radiometric error. This artifact can be removed
through a spatial filtering operation. Lastly, CN is a periodic pattern that is most often seen in homogeneous
portions of TM imagery. The amplitude of this noise artifact is quite small, less than 0.5 DN. While CN has been
accurately characterized, a correction procedure is not recommended, due to the small amplitude of this artifact.
Recommendations are given for proper processing of TM imagery to remove the effects of these artifacts.
[J1787]

"Ocean wave spectra from a linear polarimetric SAR"
Conventional horizontal or vertical polarization synthetic aperture radar (SAR) images seldom perform well in
detecting azimuthally traveling ocean waves. However, theoretical analyses suggest that linear-polarimetric
backscatter measurements may be more sensitive to these waves and, therefore, that a SAR with linear
polarization is expected to give a better measurement of azimuthally traveling ocean waves. We derive the
polarization-orientation modulation transform function and tilt modulation transform function of the linear-
polarimetric SAR. Through numerical simulations based on these formulations, we examine the effects of radar
and ocean wave parameters on linear-polarimetric SAR image spectra. We suggest a method to eliminate the
180° directional ambiguity in determining the true wave direction. Our numerical simulations show that the
correlation between ocean wave spectra and SAR image spectra is improved for larger radar incidence angles
and longer ocean waves. For real aperture radar, we suggest that the polarimetric modulation allows
measurement of waves traveling in the azimuth direction. Moreover, as suggested by Schuler et al., this may be
the dominant modulation for many SAR aircraft measurements, particularly for moderate sea states. [J1788]

"SAR image data compression using wavelet packet transform and universal-trellis coded
quantization"
A wavelet packet image coding algorithm for synthetic aperture radar (SAR) image data compression is
proposed in this paper. High rate-distortion (R-D) performance of this algorithm [wavelet packet quantization
universal trellis-coded quantization (WPQUTCQ)] is achieved by incorporating the wavelet packet transform for
representing the rich texture information of SAR image data, the quadtree technique for classifying the wavelet
packet coefficients, and the universal trellis-coded quantization (UTCQ). For a typical SAR image, WPQUTCQ
outperforms set partitioning in hiearchical trees and JPEG2000 by about 1.21 and 0.81 dB in peak signal-to-
noise ratio (PSNR) at 2 bpp, respectively. The effect of best basis selection on the R-D performance of coding
algorithm for SAR image data compression is also evaluated through comparing the effects of different cost
functions (e.g., entropy, the texture energy, which is designed for SAR image data compression particularly, and
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the cost function, based on the actual coding strategy proposed by us) on the R-D performance of WPQUTCQ.
The experimental results show the suitability of the cost function based on the actual coding strategy for SAR
image data compression when compared with other cost functions. For a typical SAR image, the coding results
by WPQUTCQ corresponding to the cost function based on the actual coding strategy achieve gains 0.59 and
0.49 dB on average in PSNR when compared with the coding results corresponding to entropy and the texture
energy, respectively. [J1789]

"A novel approach to the classification of regional-scale Radar mosaics for tropical vegetation
mapping"
The Global Rain Forest Mapping (GRFM) radar mosaics, generated from L-band Japanese Earth Resources
Satellite 1 imagery downsampled to 100-m pixel size, provide a two-season spatially continuous coverage of the
humid tropical ecosystems of the world. This paper presents a novel classification approach suitable for regional-
scale vegetation mapping using the GRFM datasets. The mapping system consists of: 1) an application-
dependent wavelet-based edge-preserving smoothing algorithm and 2) a two-stage per-pixel hybrid learning
nearest multiple-prototype (NMP) classifier, whose unsupervised first stage is a per-pixel near-optimal vector
quantizer, called enhanced Linde-Buzo-Gray (ELBG), recently proposed in pattern recognition literature.
Identified as ENMP (NMP with ELBG), this novel classification approach is compared against two alternative
systems in the classification of forest cover disturbances located across an area in the Amazon Basin. Surface
classes of interest are primary forest, degraded forest, nonforest, and water bodies. Reference maps, derived
from 30-m resolution Landsat Thematic Mapper imagery, are provided by the National Aeronautics and Space
Administration and the Food and Agriculture Organization of the United Nations. Abundant quantitative and
qualitative evidence shows that: 1) in a forest/nonforest data-mapping task, ENMP provides a testing accuracy
of 87%, in line with training accuracies, i.e., the proposed method seems capable of generalizing well over the
GRFM South America dataset and 2) among three competing approaches, ENMP provides the best compromise
between ease of use, mapping accuracy, and computational time. Starting from these results, ENMP is employed
to generate a swamp forest map of the whole Amazon Basin from the two-season GRFM radar mosaic of South
America, in the context of the Global Land Cover project (GLC 2000). [J1790]

"On the detection of Faraday rotation in linearly polarized L-band SAR backscatter signatures"
The potentially measurable effects of Faraday rotation on linearly polarized backscatter measurements from
space are addressed. Single-polarized, dual-polarized, and quad-polarized backscatter measurements subject to
Faraday rotation are first modeled. Then, the impacts are assessed using L-band polarimetric synthetic aperture
radar (SAR) data. Due to Faraday rotation, the received signal will include other polarization characteristics of
the surface, which may be detectable under certain conditions. Model results are used to suggest data
characteristics that will reveal the presence of Faraday rotation in a given single-polarized, dual-polarized, or
quad-polarized L-band SAR dataset, provided the user can identify scatterers within the scene whose general
behavior is known or can compare the data to another, similar dataset with zero Faraday rotation. The data
characteristics found to be most sensitive to a small amount of Faraday rotation (i.e., a one-way rotation *)]. For
a diverse, but representative, set of natural terrain, the level of distortion across a range of backscatter measures
is shown to be acceptable (i.e., minimal) for one-way Faraday rotations of less than 5°, and 3° if the radiometric
uncertainty in the HV backscatter is specified to be less than 0.5 dB. [J1791]

"Calibration of linearly polarized polarimetric SAR data subject to Faraday rotation"
A model for linearly polarized fully polarimetric backscatter measurements is used, incorporating the effects of
system noise, channel amplitude, phase imbalance, crosstalk, and Faraday rotation. A step-by-step procedure is
outlined for correction (or calibration) of fully polarimetric data subject to Faraday rotation, to recover the true
scattering matrix. The procedure identifies steps for crosstalk removal and correction of channel imbalances that
are robust in the presence of Faraday rotation. The final steps in the procedure involve a novel strategy for
estimation and correction of Faraday rotation. Three approaches to estimate the (one-way) Faraday rotation
angle Ω directly from linear (quad-) polarized synthetic aperture radar (SAR) backscatter data obtained by a
spaceborne SAR system are described. Each approach can initially be applied to the signature of any scatterer
within the scene. Sensitivity analyses are presented that show that at least one of the measures can be used to
estimate Ω to within ±3° to 5°, with reasonable levels of residual crosstalk, noise floor, channel amplitude, and
phase imbalance. Ambiguities may be present in the estimates of Ω of ±npi/2-the impact of this is discussed,
and several approaches are suggested to deal with this possibility. The approach described in this paper is
relevant for future L-band spaceborne SARs and removes one key obstacle to the deployment of even longer
wavelength SARs (e.g., an ultrahigh frequency or P-band SAR) in Earth orbit. [J1792]

"A simple and exact solution for the interferometric and stereo SAR geolocation problem"
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This paper provides a closed-form solution to the geolocation problem arising in the generation of digital
elevation models (DEMs) via both stereo and interferometric synthetic aperture radar techniques. The proposed
solution is found with no approximations in an arbitrary Cartesian reference system, thus efficiently allowing the
generation of DEMs in a chosen cartographic projection. Moreover, it is amenable of an easy and precise
sensitivity analysis that exploits the full three-dimensional nature of the problem, thus being particularly useful
when high-squinted and/or crossed-track acquisitions are considered. [J1793]

"Application of the biorthogonal multiresolution time-domain method to the analysis of elastic-wave
interactions with buried targets"
The biorthogonal multiresolution time-domain (Bi-MRTD) method is introduced for the analysis of elastic-wave
interaction with buried targets. We provide a detailed discussion on implementation of the perfectly matched
layer and on treatment of the interface between two different materials. The algorithm has also been parallelized
by the use of the message-passing interface. The numerical results show that numerical dispersion can be
significantly improved by using biorthogonal wavelets as bases, as compared to the conventional pulse
expansion employed in the finite-difference time-domain (FDTD) method. We demonstrate that with comparison
to the second-order FDTD, the Bi-MRTD yields significant CPU time and memory savings for large problems, for
a fixed level of accuracy. [J1794]

"Baltic Sea ice SAR segmentation and classification using modified pulse-coupled neural networks"
A method for segmentation and classification of Baltic Sea ice synthetic aperture radar (SAR) images, based on
pulse-coupled neural networks (PCNNs), is presented. Also, automated training, which is based on decomposing
the total pixel value distribution into a mixture of class distributions, is presented and discussed. The algorithms
have been trained and tested using logarithmic scale Radarsat-1 ScanSAR Wide mode images over the Baltic
Sea ice. Before the decomposition into mixture of class distributions, an incidence angle correction, specifically
designed for these Baltic Sea ice SAR images, is applied. Because the data distributions in the uniform areas of
these images are very close to Gaussian distributions, the data are decomposed into a mixture of Gaussian
distributions, using the Expectation-Maximazation algorithm. Only uniform image areas are used in the
decomposition phase. The mixture of distributions is compared to the distributions of the Baltic Sea ice classes,
based on earlier scatterometer measurements and visual video interpretations of the sea ice classes. The
parameter values for the PCNN segmentation are defined based on this mixture of distributions. The PCNN
segmentation results are also compared to the operational sea ice information of digitized ice charts and to visual
interpretation of the sea ice class. [J1795]

"Injection-seeded Q-switched fiber ring laser"
We present a narrow linewidth, injection-seeded Q-switched Er fiber ring oscillator, that provides over 600 μW of
average output power at 500 Hz, with 1.2 μJ per pulse, before the output appears to be significantly affected by
stimulated Brillouin scattering. This laser configuration provides multiple advantages in LIDAR systems because
it offers the possibility of broad and rapid tunability. [J1796]

"Ground-penetrating radar measurement of soil water content dynamics using a suspended horn
antenna"
A ground-penetrating radar (GPR) with a suspended horn antenna was used to obtain continual measurement of
near-surface soil water content dynamics within a well-defined footprint. Water contents inferred from radar
surface reflectivity (SR) were in agreement with gravimetric measurements from the top 1-cm soil layer. This
sensitivity to top 1 cm was confirmed by comparison of SR with deeper measurements (1-5 cm) obtained by
time-domain reflectometry. Measurements over sand and silt loam showed the role of soil type in controling
near-surface dynamics of soil water due to evaporation and drainage processes. GPR with a horn antenna
provided insights into physical processes that could affect larger scale radar platforms (air- or spaceborne) and
enabled verification of radar measurements at well-defined spatial scales and detailed temporal resolutions not
available by other radar remote sensing systems. [J1797]

"Radiative transfer modeling of cross-polarized backscatter from a pine forest using the discrete
ordinate and eigenvalue method"
Radiative transfer models have been widely used to interpret the radar backscatter from forested areas. Most of
these models are based on an iterative solution of the radiative transfer equation, usually solved up to first or
second order, thus taking into account single and double scattering. Although this method leads to results
agreeing well with copolarized backscatter measurements, it produces less accurate estimates for horizontal-

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 481 из 658



vertical (HV) polarization. This paper presents a radiative transfer backscatter model that accounts for multiple
scattering by using the discrete ordinate and eigenvalue method applied to a layered medium. Using parameters
derived from an architectural tree model, calculations at C- and L-band are compared with HV data acquired for
a maritime pine forest in the southwest of France during the Spaceborne Imaging Radar-C missions. Good
agreement is found at C-band for all values of forest biomass, and reasonable agreement at L-band for high
biomass, when the soil backscatter plays a minor role. For low biomass, the L-band modeling is inadequate
because of difficulties in estimating the soil backscatter. Comparison with calculations from a first-order radiative
transfer model shows that multiple scattering is significant, especially at C-band. [J1798]

"Channeling phenomenon in electromagnetic forward scattering at low grazing"
Channeling phenomenon is a type of forward scattering and multipath that occasionally occurs when a well-
formed sea wave briefly reflects or focuses the out-of-plane energy toward the receiver, yielding a higher than
expected, broadband power gain. A series of X-band, forward-scattering measurements in a large wave tank
observed multiple channeling events at low grazing angles. The wave tank simulated a one-dimensional, 1/10th-
scale Pierson-Moskowitz surface at sea states 0, 3, and 5. During the measurements, channeling events were
observed under crosswind wave conditions when a properly constructed wave trough, coinciding with the radar's
line of sight, channeled or focused the out-of-plane, forward-scattered energy toward the receiver. Presented is
a summary of the channeling events observed and a physical model of the channeling phenomenon based on
experimental observations and numerical simulations. [J1799]

"Speckle filtering in polarimetric SAR data based on the subspace decomposition"
In this paper, a new approach to speckle filtering of synthetic aperture radar (SAR) data is presented. We define
a parameter space consisting of two orthogonal subspaces-the signal subspace and the noise subspace. Then,
the full polarimetric information from the signal subspace is obtained after speckle filtering. In this way, edges of
different kinds of targets are preserved. The effectiveness of this method is demonstrated using the National
Aeronautics and Space Administration Jet Propulsion Laboratory airborne L-band polarimetric SAR data. [J1800]

"Bayesian wavelet shrinkage with edge detection for SAR image despeckling"
In this paper, we present a wavelet-based despeckling method for synthetic aperture radar images and derive a
Bayesian wavelet shrinkage factor to estimate noise-free wavelet coefficients. To preserve edges during
despeckling, we apply a modified ratio edge detector to the original image and use the obtained edge information
in our despeckling framework. Experimental results demonstrate that our method compares favorably to several
other despeckling methods on test images. [J1801]

"A phase signature for detecting wet subsurface structures using polarimetric L-band SAR"
In this paper, we investigate the ability of L-band synthetic aperture radar (SAR) systems to penetrate soils to
retrieve information about subsurface wet structures. Our experiment site, the Pyla dune, is a bare sandy area
allowing high radar penetration and known to have large wet subsurface structures (paleosoils) at varying depths.
Buried paleosoils, which act as moisture tanks, are detectable with radar, since they present a high permittivity
due to their water content. By analyzing airborne polarimetric SAR data, we established that a phase signature is
correlated to the buried wet palesoils: a phase difference of 23° between the horizontal (HH) and vertical (VV)
channels was clearly observed. It allows detection of the paleosoil down to a larger depth (5.2 m) than when
only considering HH and HV amplitude signals (3.5 m). In order to confirm this result, field measurements were
performed that led to the same observed phase difference. We could fit our observations to the semiempirical
model proposed by Oh and Sarabandi, and we reproduced the observed phenomenon using a two-layer integral
equation method (IEM) model of the Pyla dune, which was completed by finite-difference time-domain (FDTD)
numerical simulations. We show that the soil moisture significantly influences the radar response in terms of
phase difference between the copolarized modes. Our study also shows that the single-scattering IEM model
reproduces the observed phase difference fairly well for a natural outdoor site when combined to FDTD
simulation results. This phase signature could be used as a new tool to map subsurface moisture in arid regions.
[J1802]

"Small-target detection in sea clutter"
Sea clutter in marine surveillance radar makes the task of detecting small targets a very challenging problem. In
this paper, a set of three signal processing techniques designed to suppress unwanted sea clutter radar echo
and achieve target detection with no prior knowledge of the ocean and environmental conditions is presented.
These include signal averaging, time-frequency representation, and morphological filtering. Datasets from real
marine radar operating in staring mode are used to illustrate the performance of the new approaches. [J1803]
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"Focusing bistatic synthetic aperture radar using dip move out"
The appearance of new synthetic aperture radar (SAR) acquisition techniques based on opportunity sources
enhances interest in bistatic geometries. In seismic data acquisition, each source is currently accompanied by up
to 10 000 receivers, and in the last two decades, the bistatic geometry has been carefully studied by scores of
authors. Rather then introducing new focusing techniques, within the first-order Born approximation (no multiple
reflections), seismic bistatic acquisitions are transformed into monostatic ones using a simple operator named
"dip move out" (DMO). In essence, the elliptical locus of the reflectors corresponding to a spike in the bistatic
survey is forward modeled as if observed in a monostatic one. The outcome of the model, the so-called smile, is
a short operator, slowly time varying but space stationary. To transform a bistatic survey into a monostatic one, it
is enough to convolve the initial dataset with this smile. Based on the well-known similarity between seismic and
SAR surveys, DMO is first described in its simple geometric understanding and is then used in the SAR case.
The same processing that is being used for movement compensation can be applied to the bistatic to monostatic
survey transformation. Synthetic examples are also provided. [J1804]

"A small-baseline approach for investigating deformations on full-resolution differential SAR
interferograms"
This paper presents a differential synthetic aperture radar (SAR) interferometry (DIFSAR) approach for
investigating deformation phenomena on full-resolution DIFSAR interferograms. In particular, our algorithm
extends the capability of the small-baseline subset (SBAS) technique that relies on small-baseline DIFSAR
interferograms only and is mainly focused on investigating large-scale deformations with spatial resolutions of
about 100×100 m. The proposed technique is implemented by using two different sets of data generated at low
(multilook data) and full (single-look data) spatial resolution, respectively. The former is used to identify and
estimate, via the conventional SBAS technique, large spatial scale deformation patterns, topographic errors in the
available digital elevation model, and possible atmospheric phase artifacts; the latter allows us to detect, on the
full-resolution residual phase components, structures highly coherent over time (buildings, rocks, lava, structures,
etc.), as well as their height and displacements. In particular, the estimation of the temporal evolution of these
local deformations is easily implemented by applying the singular value decomposition technique. The proposed
algorithm has been tested with data acquired by the European Remote Sensing satellites relative to the
Campania area (Italy) and validated by using geodetic measurements. [J1805]

"Study of quantization effects on rainfall rate estimation from GPM dual-frequency radar"
The effect of quantization on rainfall rate estimation from the Global Precipitation Measurement dual-frequency
radar is studied quantitatively through numerical simulations. The error generated by a deterministic quantization
or by a dithered quantization on rainfall rate estimation is combined with the errors from statistical fluctuation of
the signal and the receiver noise. The preliminary results for the rain-rate range of 1-10 mmh-1are presented.
[J1806]

"Diameters of the orbital tubes in long-term interferometric SAR surveys"
This letter studies the impact of the use of permanent scatterers (PS) on the distribution of the perpendicular
baselines in long-term satellite interferometric synthetic aperture radar surveys. This letter also evaluates the
relation between the radar center frequency and the dispersion of the estimates of the elevations of the PS as a
function of noise and of the time jitter due to atmospheric disturbances. [J1807]

"Boreal forest coherence-based measures of interferometric pair suitability for operational stem
volume retrieval"
The performance of interferometric synthetic aperture radar (INSAR)-based boreal forest stem volume retrieval is
strongly affected by weather conditions around the time of the SAR image acquisitions. Since weather conditions
cannot be controlled, the suitability of a particular interferometric pair for stem volume retrieval can only be
assessed afterward. In this letter, four objective measures based on observed forest coherence were compared
in assessing the suitability of interferometric pairs for stem volume retrieval. These suitability measures can be
used to identify the best and worst pairs, i.e., the ones with the most and least favorable weather conditions.
Stem volume retrievals were performed using single European Remote Sensing (ERS-1/2) Tandem
interferometric pairs by inverting a backscattering-coherence model for boreal forests. A total of 14 ERS Tandem
image pairs acquired in varying weather conditions were studied, and the stem volume retrieval performance
was assessed against ground-based stem volume estimates on 134 boreal forest stands. Stem volume retrieval
performance as measured by R2-values between INSAR-estimated stem volumes and ground truth was found to
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be directly proportional to boreal forest coherence. The interferometric coherence-contrast (ICC), i.e., the
difference in coherence between sparsest and densest boreal forest stands was found to be the best of the four
studied suitability measures. The ICC could be used as a suitability parameter in the selection of the best
interferometric pairs for operational boreal forest stem volume retrieval. [J1808]

"Assessing the quality of SeaWinds rain measurements"
While SeaWinds was designed to measure ocean winds, it can also measure rain over the ocean. SeaWinds on
QuikSCAT active measurements of integrated columnar rain rate obtained via simultaneous wind/rain retrieval
are evaluated via Monte Carlo simulation and the Crame´r-Rao lower bound on estimate accuracy. Although
sufficiently accurate in many conditions, the simultaneous wind/rain retrieval method used with SeaWinds on
QuikSCAT data is ill-conditioned for certain wind directions and measurement geometries, sometimes yielding
spurious rain rates in zero-rain conditions. To assess the validity of SeaWinds-derived rain rates, a simple
empirically based rain thresholding scheme is presented, derived from simulated data. Thresholded QuikSCAT
rain rates are compared to Tropical Rainfall Measuring Mission Microwave Imager monthly-averaged data,
demonstrating good correlation for monthly-averaged data. [J1809]

"Automatic detection and validity of the sea-ice edge: an application of enhanced-resolution
QuikScat/SeaWinds data"
Sea-ice edge detection is an essential task at the different national ice services to secure navigation in ice-
covered seas. Comparison between the Remund and Long ice mask image from enhanced-resolution
QuikScat/SeaWinds (QS) products and the analyzed ice edge from high-resolution RADARSAT synthetic
aperture radar has shown that the automatically determined QS ice mask underestimates the Arctic ice extent.
QS data was statistically analyzed by colocating the data with ice charts around Greenland and with the National
Aeronautics and Space Administration Team's Special Sensor Microwave/Imager (SSM/I) ice concentration
algorithm over the whole Arctic region. All variables, i.e., the backscatter in vertical and horizontal polarization,
the active polarization ratio (APR) and the daily standard deviation, are sensitive to ice types and are strongly
correlated with ice concentration when the relationship is expressed in exponential form. Our study showed that
the APR is especially suitable for ice-ocean separation, and a threshold of -0.02 was determined. An ice edge
algorithm based on this APR threshold was developed using the other variables with conservative season-
dependent thresholds to eliminate additional ocean noise. Also, the history of the ice cover is considered in order
to detect single ice fields that are separated from the main Arctic pack ice. Validation with RADARSAT 1 and
with the Advanced Very High Resolution Radiometer showed that the new algorithm successfully detects very
low ice concentrations of about 10% during the entire year. The validity of the detected ice edge for near-real-
time issues is also discussed in relation to the ice motion in the Marginal Ice Zone and the integration time
necessary to produce the enhanced-resolution images. The new algorithm improves the automatic global ice
edge resolution by a factor of two when compared to SSM/I products and could be used in both model
initialization and data assimilation. [J1810]

"Ku-band backscatter from the Cowlitz River: Bragg scattering with and without rain"
Ku-band backscatter from the Cowlitz River in southwestern Washington State was measured for incidence
angles from 0° to 80°. The measurements were made for light-wind conditions with and without rain. In rain-free
conditions, Bragg scattering was the dominant scattering mechanism for both horizontal (HH) and vertical (VV)
polarizations out to 75°, beyond which the SNR dropped very low at HH. When a light rain was falling on the
river, the cross section increased substantially at moderate incidence angles. Doppler spectra taken during rain
showed that VV polarized backscatter is primarily from Bragg scattering from ring waves, while HH polarization
scatters from both ring waves and stationary splash products, depending on the incidence angle. From the VV
polarized measurements, surface wave height spectrum for ring waves is inferred for light rains. Finally, a
change in spectral properties was observed when rain changed to hail. [J1811]

"Interference from 24-GHz automotive radars to passive microwave earth remote sensing satellites"
The automotive industry is currently considering the introduction of short-range radars (SRR) operating near 24
GHz for improving road traffic safety. SSRs are intended to observe the full azimuthal space cover around a
vehicle using up to eight sensors. The sensors would operate in an ultrawideband (UWB) mode, occupying 3-5
GHz of bandwidth. Interference from SRR transmitters with passive microwave remote sensing satellites used for
weather and climate monitoring could occur as the result of several coupling mechanisms, including direct
coupling via the transmit antenna beam and scattering and diffraction of the transmitted signals from leading
vehicles, buildings, and other nearby objects. In this study, we estimate the amount of coupling anticipated to
occur from SRRs, including the direct and scattered contributions. The calculations are based on bistatic

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 484 из 658



scattering measurements of a typical automobile and ray optical simulations of reflection and propagation in an
urban environment. Using these calculations, the maximum allowable SRR transmitted power for interference
levels acceptable for meteorological and climatological remote sensing applications are quantified. The study
provides criteria for SRR operation with the Earth Exploration Satellite Service on a noninterference basis.
[J1812]

"Faraday rotation correction in the polarimetric mode of MIRAS"
This paper describes a new method to compensate the Faraday rotation in polarimetric radiometric
measurements under the assumption that the polarimetric brightness temperature matrix of the target is
diagonal. Simulations results of how this method can be used within the Soil Moisture and Ocean Salinity
mission and the Microwave Imaging Radiometer with Aperture Synthesis imaging radiometer are presented.
[J1813]

"Simultaneous wind and rain retrieval using SeaWinds data"
The SeaWinds scatterometers onboard the QuikSCAT and the Advanced Earth Observing Satellite 2 measure
ocean winds on a global scale via the relationship between the normalized radar backscattering cross section of
the ocean and the vector wind. The current wind retrieval method ignores scattering and attenuation of ocean
rain, which alter backscatter measurements and corrupt retrieved winds. Using a simple rain backscatter and
attenuation model, two methods of improving wind estimation in the presence of rain are evaluated. First, if no
suitable prior knowledge of the rain rate is available, a maximum-likelihood estimation technique is used to
simultaneously retrieve the wind velocity and rain rate. Second, when a suitable outside estimate of the rain rate
is available, wind retrieval is performed by correcting the wind geophysical model function for the known rain via
the rain backscatter model. The new retrieval techniques are evaluated via simulation and validation with data
from the National Centers for Environmental Prediction and the Tropical Rainfall Measuring Mission Precipitation
Radar. The simultaneous wind/rain estimation method yields most accurate winds in the "sweet spot" of
SeaWinds' swath. On the outer-beam edges of the swath, simultaneous wind/rain estimation is not usable. Wind
speeds from simultaneous wind/rain retrieval are nearly unbiased for all rain rates and wind speeds, while
conventionally retrieved wind speeds become increasingly biased with rain rate. A synoptic example
demonstrates that the new method is capable of reducing the rain-induced wind vector error while producing a
consistent (yet noisy) estimate of the rain rate. [J1814]

"Evaluation of high-resolution ocean surface vector winds measured by QuikSCAT scatterometer in
coastal regions"
The SeaWinds scatterometer onboard QuikSCAT covers approximately 90% of the global ocean under clear and
cloudy condition in 24 h, and the standard data product has 25-km spatial resolution. Such spatial resolution is
not sufficient to resolve small-scale processes, especially in coastal oceans. Based on range-compressed
normalized backscatter and a modified wind retrieval algorithm, a coastal wind dataset at 12.5-km resolution was
produced. Even with larger error, the high-resolution winds, in medium to high strength, would still be useful over
coastal ocean. Using measurements from moored buoys from the National Buoy Data Center, the high-resolution
QuikSCAT wind data are found to have similar accuracy as standard data in the open ocean. The accuracy of
both high- and standard-resolution winds, particularly in wind directions, is found to degrade near shore. The
increase in error is likely caused by the inadequacy of the geophysical model function/ambiguity removal scheme
in addressing coastal conditions and light winds situations. The modified algorithm helps to bring the directional
accuracy of the high-resolution winds to the accuracy of the standard-resolution winds in near-shore regions,
particularly in the nadir and far zones across the satellite track. [J1815]

"On the possibility of automatic multisensor image registration"
Multisensor image registration is needed in a large number of applications of remote sensing imagery. The
accuracy achieved with usual methods (manual control points extraction, estimation of an analytical deformation
model) is not satisfactory for many applications where a subpixel accuracy for each pixel of the image is needed
(change detection or image fusion, for instance). Unfortunately, there are few works in the literature about the
fine registration of multisensor images and even less about the extension of approaches similar to those based
on fine correlation for the case of monomodal imagery. In this paper, we analyze the problem of the automatic
multisensor image registration and we introduce similarity measures which can replace the correlation coefficient
in a deformation map estimation scheme. We show an example where the deformation map between a radar
image and an optical one is fully automatically estimated. [J1816]

"Comparison of stereo-extracted DTM from different high-resolution sensors: SPOT-5, EROS-a,
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IKONOS-II, and QuickBird"
Digital elevation models (DEMs) extracted from high-resolution stereo-images (SPOT-5, EROS-A, IKONOS-II,
and QuickBird) using a three-dimensional multisensor physical model developed at the Canada Centre for
Remote Sensing, Natural Resources Canada were evaluated. In a first step, the photogrammetric bundle
adjustment was setup for the stereo-images with few accurate ground control points. In a second step, DEMs
were generated using an area-based multiscale image matching method and then compared to 0.2-m accurate
light detection and ranging (LIDAR) elevation data. Elevation linear errors with 68% confidence level (LE68) of
6.5, 20, 6.4, and 6.7 m were achieved for SPOT, EROS, IKONOS, and QuickBird, respectively. The poor results
for EROS are mainly due to its asynchronous low orbit, which generated large geometric and radiometric
differences. However, when such differences were not large, LE68 of 10 m (four pixels) was achieved. Since the
SPOT, IKONOS, and QuickBird DEMs were in fact digital surface models, where the height of land covers was
included, elevation accuracy was performed only on bare surfaces (soils and lakes), where there was no
difference between the stereo-extracted elevations and the LIDAR data. LE68 of 2.2, 1.5, and 1.2 m were then
obtained for SPOT, IKONOS, and QuickBird, respectively. When compared to sensor resolution, multidate
across-track SPOT with a smaller base-to-height (B/H) ratio of 0.77 achieved three to four times better results
than same-date in-track IKONOS and QuickBird with B/H of around 1: 0.5 pixels versus 1.5 or 2 pixels. [J1817]

"Characterizing errors in airborne laser altimetry data to extract soil roughness"
Airborne laser altimetry has the potential to make frequent detailed observations that are important for many
aspects of studying land surface processes. However, the uncertainties inherent in airborne laser altimetry data
have rarely been well measured. Uncertainty is often specified as generally as 20 cm in elevation and 40 cm
planimetric. To better constrain these uncertainties, we present an analysis of several datasets acquired
specifically to study the temporal consistency of laser altimetry data and, thus, assess its operational value. The
error budget has three main components, each with a time regime. For measurements acquired less than 50 ms
apart, elevations have a local standard deviation in height of 3.5 cm, enabling the local measurement of surface
roughness of the order of 5 cm. Points acquired seconds apart acquire an additional random error due to
differential geographic positioning system fluctuation. Measurements made up to an hour apart show an
elevation drift of 7 cm over a half hour. Over months, this drift gives rise to a random elevation offset between
swathes, with an average of 6.4 cm. The root mean square planimetric error in point location was derived as
37.4 cm. We conclude by considering the consequences of these uncertainties on the principle application of
laser altimetry in the U.K. intertidal zone monitoring. [J1818]

"Segmentation of textured polarimetric SAR scenes by likelihood approximation"
A hierarchical stepwise optimization process is developed for polarimetric synthetic aperture radar image
segmentation. We show that image segmentation can be viewed as a likelihood approximation problem. The
likelihood segment merging criteria are derived using the multivariate complex Gaussian, the Wishart distribution,
and the K-distribution. In the presence of spatial texture, the Gaussian-Wishart segmentation is not appropriate.
The K-distribution segmentation is more effective in textured forested areas. The validity of the product model is
also assessed, and a field-adaptable segmentation strategy combining different criteria is examined. [J1819]

"Application of log-cumulants to the detection of spatiotemporal discontinuities in multitemporal
SAR images"
Multitemporal satellite synthetic aperture radar (SAR) images are a useful source of information for geophysicists
to monitor changing regions. In this paper, a new approach is proposed to extract from multitemporal SAR
images two kinds of information: temporal changes (flooded areas, coastline erosion, etc.) and stable spatial
features (roads, rivers, etc.). The novelty of the proposed approach is to detect simultaneously these two kinds of
discontinuities. In a first step, the contrast and the heterogeneity information is extracted by a "multitemporal"
application of the ratio of local means and by new three-dimensional texture parameters based on the log-
cumulants. In a second step, the resulting attributes that measure the time variability or the presence of spatial
features are merged. An interactive fuzzy fusion approach is proposed to provide end-users with a simple and
easily understandable tool for tuning the change-detection results. The performances of the proposed attributes
and fusion technique are presented on a set of seven multitemporal SAR images acquired by the European
Remote Sensing (ERS-1) satellite. [J1820]

"Spatiotriangulation with multisensor VIR/SAR images"
The objectives of this research study was to evaluate the spatiotriangulation applied to multisensor satellite
images, which enabled the simultaneous geometric processing of a large number of images and strips together
to reduce the control point requirement. The spatiotriangulation is based on the three-dimensional physical
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models developed for multisensor images at the Canada Centre for Remote Sensing, Natural Resources Canada
and on a least squares block bundle adjustment process with orbital constraints. The spatiotriangulation was
applied to 49 images in six blocks (Landsat-7 ETM+, panchromatic SPOT-4 HRV, multiband ASTER, multimode
radar RADARSAT-1, and ERS-1) acquired over the Rocky Mountains, Canada, from different viewing/look
angles. The first results of least squares block bundle adjustments showed that the same error residuals (around
20 m) were obtained with the different image blocks whether independently or simultaneously processed. In
addition to ground control points (GCPs), elevation tie points (ETPs), with a known elevation value, instead of
normal tie points were used in the overlaps because the viewing/look-angle differences of overlapping images
were generally small (8°). The second and most important results were related to simultaneous bundle
adjustments of the largest "master" Landsat-7 block (600 km × 500 km) using 25 GCPs in the two outer strips
and the smallest "slave" block(s) using no GCP but only ETPs. The errors, verified by a large number of
independent check points (ICPs) in the "slave" blocks, were between 15-35 m (1.5-2 resolutions), depending on
the "slave" block. However, the combined image pointing and map errors of ICPs (25-30 m) are included in
these 15-35-m error results, and the internal accuracy of the blocks should, thus, be better (around one
resolution). The research study demonstrated, thus, the possibility to use the largest block with a reduced
number of GCPs to simultaneously adjust single image(s)/strip(s) or smallest block(s) with only ETPs, and with
no degradation in the accuracy. [J1821]

"A dual-frequency rain profiling method without the use of a surface reference technique"
A method to estimate the drop size distribution (DSD) parameters for dual-frequency radar observations that
does not rely on the surface echoes is proposed. The method adjusts the estimates of attenuation factor at the
surface iteratively until these estimates retrieve the reflectivity factors that are equal to the original measured
reflectivity factors. In this iteration method, the backward-recursion equations are used as a main routine to
calculate the DSD parameters for each range bin. The estimates of attenuation factor at the surface are obtained
from these DSD parameters. The method is applied to the airborne radar data from the CaPE experiment in
1991. The comparison between the results derived from the surface reference technique and those derived from
the proposed method is presented and discussed. [J1822]

"NPOESS aircraft sounder testbed-microwave: observations of clouds and precipitation at 54, 118,
183, and 425 GHz"
The National Polar-orbiting Operational Environmental Satellite System (NPOESS) Aircraft Sounder Testbed-
Microwave (NAST-M) includes spectrometers operating near the oxygen lines at 50-57, 118.75, and 424.76
GHz, and a spectrometer centered on the water vapor absorption line at 183.31 GHz. All four of the
spectrometers' antenna horns are collocated, have 3-dB (full-width at half-maximum) beamwidths of 7.5°, and
are directed at a single mirror that scans cross-track beneath the aircraft with a swath up to 100-km wide. The
first part of the paper describes the instrumentation and calibration for the newly installed spectrometers at
183.31 and 424.76 GHz. The second part demonstrates the potential performance of NAST-M, by presenting
radiance images and precipitation rate and cell-top retrievals obtained during overflights of isolated convective
storm cells, and by comparing these results with coincident visible images. NAST-M radiances are also
compared with visible, infrared, and radar images. The nonlinear retrieval method was trained with a simple
precipitation model. The data were obtained during the Cirrus Regional Study of Tropical Anvils and Cirrus
Layers-Florida Area Cirrus Experiment (CRYSTAL-FACE 2002) and the Pacific THORpex (THe Observing-
system Research and predictability experiment) Observing System Test (PTOST 2003). [J1823]

"Precipitation type determination from spaceborne radar observations"
The Tropical Rainfall Measuring Mission (TRMM) program is dedicated to observing and understanding the
impact of tropical rainfall. Two important products of the TRMM precipitation radar include the classification of
precipitation into convective and stratiform type as well as determination of the height of the brightband.
Currently, TRMM uses an algorithm to arrive at these products based on a characterization of horizontal and
vertical variability of reflectivity. This paper presents a new algorithm for classifying precipitation type into
convective or stratiform as well as detect the height of brightband developed using wavelet analysis. The results
obtained from wavelet analysis are compared against simultaneous ground validation products from the TRMM
program. The results show that the wavelet-based algorithms provide fairly accurate results for both
convective/stratiform classification as well as brightband determination. [J1824]

"Microwave scattering from mixed-species forests, Queensland, Australia"
The potential of synthetic aperture radar (SAR) data for retrieving the above-ground and component (e.g.,
branch, trunk) biomass of mixed-species forests (including woodlands) typical to subtropical Queensland,
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Australia, was evaluated using a wave scattering model based on that of Durden et al. (1989). The model was
parameterized using field data collected for nine forest types, which were selected through combined analysis of
1: 4000 aerial photographs and light detection and ranging data. The simulated SAR backscatter data
demonstrated a good correspondence at most frequencies and polarizations with Airborne SAR data. Analysis of
scattering mechanisms revealed dominance of C-band horizontal-vertical (HV) volume scattering and increases
with small-branch/foliage biomass, dominance of L- and P-band HH trunk-ground scattering and increases with
trunk biomass, and dominance of L-band HV volume (branch) scattering and increases with large-branch
biomass. The study concluded that above-ground biomass estimated using empirical relationships with selected
SAR channels will be more reliable for forests of similar structural form due to dominance of microwave
interaction with particular biomass components and the strength and consistency of relationships between these
and the affiliated components that represent the total. In mixed-species forests, retrieval will be compromised by
interaction with a greater diversity of structures and variability in relationships between structural components.
Although empirical relationships with selected combinations of channels (e.g., L-band HH/HV) might allow
retrieval of component and total biomass of forests containing trees of similar form (e.g., as mapped using
Landsat sensor data), the use of SAR inversion models was considered a more appropriate route for retrieving
the biomass of forests containing a mix of structural forms. [J1825]

"Synergy of active and passive satellite microwave data for the study of first-year sea ice in the
Caspian and Aral seas"
The paper discusses application of active and passive microwave data for assessment of time and space
variations of first-year ice cover. The Caspian and Aral seas are chosen as main study areas. The Caspian Sea
evolution is primarily climate driven, while for the Aral Sea there is a mix of anthropic and climate factors. We
analyze ice cover conditions using a novel method that combines active and passive satellite measurements for
ice discrimination. This method uses the synergy of simultaneous data from active (radar altimeter) and passive
(radiometer) microwave instruments onboard the TOPEX/Poseidon (T/P) satellite, launched in 1992. The
benefits, drawbacks, and potential of ice cover studies using the proposed method are discussed. We analyze in
detail how this method is influenced by the difference in footprints of the T/P sensors and by the radiometric
properties of ice and snow at different stages of ice cover evolution. In order to link the T/P-derived results to
historical observations that end in the mid-1980s, long time series of passive microwave data from SMMR and
SSM/I sensors have also been analyzed. Satellite time series of ice cover extent and duration of ice period have
been obtained for the Caspian and Aral seas since 1978. A good agreement is obtained between historical and
satellite data, with significant spatial and temporal variability of ice conditions. There is a marked decrease of
both duration of ice season and ice extent during the winters 1998/1999-2001/2002. These satellite-derived time
series of sea ice parameters are very valuable in view of the heterogeneous and mostly unpublished data on ice
conditions over the Caspian and Aral seas since the mid-1980s. [J1826]

"The hydrosphere State (hydros) Satellite mission: an Earth system pathfinder for global mapping
of soil moisture and land freeze/thaw"
The Hydrosphere State Mission (Hydros) is a pathfinder mission in the National Aeronautics and Space
Administration (NASA) Earth System Science Pathfinder Program (ESSP). The objective of the mission is to
provide exploratory global measurements of the earth's soil moisture at 10-km resolution with two- to three-days
revisit and land-surface freeze/thaw conditions at 3-km resolution with one- to two-days revisit. The mission
builds on the heritage of ground-based and airborne passive and active low-frequency microwave measurements
that have demonstrated and validated the effectiveness of the measurements and associated algorithms for
estimating the amount and phase (frozen or thawed) of surface soil moisture. The mission data will enable
advances in weather and climate prediction and in mapping processes that link the water, energy, and carbon
cycles. The Hydros instrument is a combined radar and radiometer system operating at 1.26 GHz (with VV, HH,
and HV polarizations) and 1.41 GHz (with H, V, and U polarizations), respectively. The radar and the radiometer
share the aperture of a 6-m antenna with a look-angle of 39° with respect to nadir. The lightweight deployable
mesh antenna is rotated at 14.6 rpm to provide a constant look-angle scan across a swath width of 1000 km.
The wide swath provides global coverage that meet the revisit requirements. The radiometer measurements
allow retrieval of soil moisture in diverse (nonforested) landscapes with a resolution of 40 km. The radar
measurements allow the retrieval of soil moisture at relatively high resolution (3 km). The mission includes
combined radar/radiometer data products that will use the synergy of the two sensors to deliver enhanced-
quality 10-km resolution soil moisture estimates. In this paper, the science requirements and their traceability to
the instrument design are outlined. A review of the underlying measurement physics and key instrument
performance parameters are also presented. [J1827]

"Three-dimensional SAR imaging of a ground moving target using the InISAR technique"
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In this paper, a three-dimensional (3-D) interferometric synthetic aperture radar (ISAR) imaging method for
moving targets is presented. This imaging method is based on the ISAR principle and the simple observation
that all scatterers on a moving target move in tandem. The angular motion parameters in the cross-range
directions could be estimated using the overall range profile of the moving target. Registration of the respective
complex images at the two (or more) interferometric antennas can then be achieved via compensating the
respective echoes at the raw data level, thus avoiding phase-unwrapping processing and image-resampling
processing as required by conventional methods. Finally, a 3-D image of the moving target can then be
reconstructed from the 3-D spatial coordinates of these scatterers. Furthermore, the method works well even for
a target moving in heavily cluttered environments. [J1828]

"Boundary-constrained agglomerative segmentation"
Automated interpretation of remotely sensed data poses certain demands to image segmentation algorithms,
regarding speed, memory requirements, segmentation quality, noise robustness, complexity, and reproducibility.
This paper addresses these issues by formulating image segmentation as source channel coding with side
information. A cost function is developed that approximates the expected code length for a hypothetical two-part
coding scheme. The cost function combines region-based and edge-based considerations, and it supports the
utilization of reference data to enhance segmentation results. Optimization is implemented by an agglomerative
segmentation algorithm that iteratively creates a tree-like description of the image. Given a fixed tree level and
the output of the edge detector, the cost function is parameter-free, so that no exhaustive parameter-tuning is
necessary. Additionally, a criterion is presented to reliably select an adequate tree level with high descriptive
quality. It is shown by statistical analysis that the cost function is appropriate for both multispectral and synthetic
aperture radar data. Experimental results confirm the high quality of the resulting segmentations. [J1829]

"Stochastic geometrical modeling for built-up area understanding from a single SAR intensity image
with meter resolution"
To investigate the limits and merits of information extraction from a single high-resolution synthetic aperture
radar (SAR) backscatter image, we introduce a model-based algorithm for the automatic reconstruction of
building areas from single-observation meter-resolution SAR intensity data. The reconstruction is based on the
maximum a posteriori estimation by Monte Carlo methods of an optimal scene that is modeled as a set of
mutually interacting Poisson-distributed marked points describing parametric building objects. Each of the objects
can be hierarchically decomposed into a collection of radiometrically and geometrically specified object facets
that in turn get mapped into data features by ground-to-range projection and inverse Gaussian statistics. The
detection of the facets is based on a likelihood ratio. Results are presented for airborne data with resolutions in
the range of 0.5-2 m on urban scenes covering agglomerations of buildings. To achieve robust results for
building reconstruction, the integration with data from other sources is needed. [J1830]

"A Bayesian filtering technique for SAR interferometric phase fields"
SAR interferograms are affected by a strong noise component which often prevents correct phase unwrapping
and always impairs the phase reconstruction accuracy. To obtain satisfactory performance, most filtering
techniques exploit prior information by means of ad hoc, empirical strategies. In this paper, we recast phase
filtering as a Bayesian estimation problem in which the image prior is modeled as a suitable Markov random
field, and the filtered phase field is the configuration with maximum a posteriori probability. Assuming the image
to be residue free and generally smooth, a two-component MRF model is adopted, where the first component
penalizes residues, while the second one penalizes discontinuities. Constrained simulated annealing is then used
to find the optimal solution. The experimental analysis shows that, by gradually adjusting the MRF parameters,
the algorithm filters out most of the high-frequency noise and, in the limit, eliminates all residues, allowing for a
trivial phase unwrapping. Given a limited processing time, the algorithm is still able to eliminate most residues,
paving the way for the successful use of any subsequent phase unwrapping technique. [J1831]

"Development of a ground-based polarimetric broadband SAR system for noninvasive ground-truth
validation in vegetation monitoring"
We have developed a ground-based polarimetric broadband synthetic aperture radar (SAR) system for
noninvasive ground-truth validation in polarimetric SAR remote sensing of terrestrial vegetation cover. This
system consists of a vector network analyzer, one dual-polarized antenna, and an antenna positioner. It can be
operated in a frequency range from 50 MHz to 20 GHz, with a scanning aperture of 20 m in the horizontal and
1.5 m in the vertical direction. Tests carried out with standard reflectors showed that the polarimetric
measurement capabilities of this system are satisfactory. Using the polarimetric ground-based SAR (GB-SAR)
system, we carried out measurements on a specific vegetation cover pertinent to the remote sensing of forested
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regions within Sendai City, consisting of three different kinds of trees common within the Kawauchi Campus of
Tohoku University. Measurements were collected in spring, summer, and autumn. Three-dimensional (3-D)
polarization-sensitive images were reconstructed from the acquired data. Analysis of the 3-D polarimetric images
of each measurement found differences (at times strong differences) among the polarization signatures. There
were stronger reflections in all of the HH, VH, VV images in the second (summer) measurement, especially in
the VH image, due to the substantial growth of branches and leaves in summer. This ground-truth validation
system provided valuable information about the scattering mechanisms of the three trees selected for analysis in
different seasons, which can be detected by broadband polarimetric ground-based SAR measurements. The
experimental results demonstrate the excellent polarimetric performance of the newly developed SAR imaging
system, which should find many useful and immediate applications in noninvasive ground-truth validation of
diverse terrestrial vegetation covers. [J1832]

"A time-domain raw signal Simulator for interferometric SAR"
In this paper, we present a time-domain (TD) raw signal simulator for an interferometric synthetic aperture radar
(SAR). We consider the case of a spaceborne SAR operating in stripmap, spotlight, and hybrid modes, but the
case of an airborne SAR can be considered as well. The spaceborne platform is considered as traveling on its
nominal (Keplerian) orbit, and the targets are located on an ellipsoidal earth. We describe an accurate TD
simulator, highlighting its usefulness in studying the effects on the SAR impulse response and on images from
targets with limited extension due to operational conditions different from the nominal one. [J1833]

"On the use of permanent symmetric scatterers for ship characterization"
The symmetric scattering characterization method (SSCM) has been recently introduced for high-resolution
characterization of certain targets under coherent conditions. SSCM is based on the Poincare´ sphere
representation, which supports a high-resolution decomposition of symmetric target scattering, as well as
assessment and validation of the backscatter coherence. In this paper, the SSCM is investigated for ship
characterization using Convair-580 polarimetric synthetic aperture radar (SAR) data. It is shown that the target
Poincare´ parameters permit identification of dominant scatterers with a significant symmetric scattering
component. The polarization orientation angle of these quasi-symmetric scatterers is used to derive an estimate
of the ship's pitch angle, under certain conditions. The effect of SAR system focus setting errors and Doppler
centroid mistracking on the SSCM performance is investigated. It is shown that the SSCM is sensitive to the
system focus setting and Doppler centroid shift. The first-order effects of these errors can be removed prior to
the application of the SSCM method. [J1834]

"A new statistical model for Markovian classification of urban areas in high-resolution SAR images"
We propose a classification method suitable for high-resolution synthetic aperture radar (SAR) images over
urban areas. When processing SAR images, there is a strong need for statistical models of scattering to take into
account multiplicative noise and high dynamics. For instance, the classification process needs to be based on
the use of statistics. Our main contribution is the choice of an accurate model for high-resolution SAR images
over urban areas and its use in a Markovian classification algorithm. Clutter in SAR images becomes non-
Gaussian when the resolution is high or when the area is man-made. Many models have been proposed to fit
with non-Gaussian scattering statistics (K, Weibull, Log-normal, Nakagami-Rice, etc.), but none of them is
flexible enough to model all kinds of surfaces in our context. As a consequence, we use a mathematical model
that relies on the Fisher distribution and the log-moment estimation and which is relevant for one-look data. This
estimation method is based on the second-kind statistics, which are detailed in the paper. We also prove its
accuracy for urban areas at high resolution. The quality of the classification that is obtained by mixing this model
and a Markovian segmentation is high and enables us to distinguish between ground, buildings, and vegetation.
[J1835]

"Simulation study of stochastic dark line features in correlated K-distributed images"
Intensity fluctuation of synthetic aperture radar (SAR) images, due to speckle and texture, statistically brings
series connections of dark pixels. Resolution enhancement of SAR systems can provide texture with correlation
properties. In this paper, simulation studies are carried out to investigate the relation between the occurrence of
the stochastic dark line features and texture correlation. [J1836]

"Models and useful relations for bistatic SAR processing"
The paper derives a vectorial model for expressing transmitter and receiver trajectories for arbitrary transmitter
and receiver motion (nonidentical velocity vectors) in a bistatic synthetic aperture radar constellation. The point
target response is first modeled in the space-time domain and then transformed to the frequency domain by the
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method of stationary phase giving the point target reference spectrum. In the reference spectrum, two phasor
functions can be identified, the first one resembling some quasi-monostatic contribution and the second one
being a bistatic deformation phasor transforming into an elliptic arc in the spatial domain. The multiplication of
the two phasors in the frequency domain transforms into a convolution like operation in the space-time domain,
indicating that the bistatic dataset can be expressed as a convolution like (range and azimuth variant) mapping of
a monostatic dataset. In this regard, the paper extends the solution for the constant offset case known from the
geophysical literature (associated with "Rocca's smile operator") showing that this case is a specialization of the
more general one considered in this work. [J1837]

"Correction to "Ground-Penetrating Radar Measurement of Soil Water Content Dynamics Using a
Suspended Horn Antenna""
{no data available} [J1838]

"Radar imaging of moving targets in foliage using multifrequency multiaperture polarimetric SAR"
Because of the low signal-to-clutter ratio, it is a difficult problem to detect and image moving targets in foliage. In
this paper, a multifrequency multiaperture polarimetric synthetic aperture radar (MFMA POLSAR) system is
proposed for imaging of moving targets in foliage. The MFMA POLSAR extends the multifrequency antenna
array SAR (MF-SAR) system to multiple polarizations. Full polarization is used in MFMA POLSAR to achieve an
optimal polarization adaptive to the environment such that the images obtained by different apertures are of the
best coherence that is used to obtain the highest accuracy of the phase estimation. It is also shown that the
MFMA POLSAR cannot only accurately locate both the slow and the fast moving targets but also reveal moving
targets in foliage. [J1839]

"Large-scale inverse Ku-band backscatter modeling of sea ice"
Polar sea ice characteristics provide important inputs to models of several geophysical processes. Microwave
scatterometers are ideal for monitoring these regions due to their sensitivity to ice properties and insensitivity to
atmospheric distortions. Many forward electromagnetic scattering models have been proposed to predict the
normalized radar cross section (σ°) from sea ice characteristics. These models are based on very small scale
ice features and generally assume that the region of interest is spatially homogeneous. Unfortunately,
spaceborne scatterometer footprints are very large (5-50 km) and usually contain very heterogeneous mixtures of
sea ice surface parameters. In this paper, we use scatterometer data in a large-scale inverse modeling
experiment. Given the limited data resolution, we adopt a simple geometric optics forward-scattering model to
analyze surface and volume scattering contributions to observed Ku-band signatures. A model inversion
technique based on recursive optimization of an objective function is developed. The result is a least squares
estimate of three surface parameters: the power reflection coefficient at nadir, the rms surface slope, and the
volume scattering albedo. Simulations demonstrate the performance of the method in the presence of noise. The
inverse model is implemented using Ku-band image reconstructed data collected by the National Aeronautics
and Space Administration scatterometer. The results are used to analyze and interpret σ° phenomena occurring
in the Antarctic and the Arctic. [J1840]

"Minimum description length synthetic aperture radar image segmentation"
We present a new minimum description length (MDL) approach based on a deformable partition-a polygonal
grid-for automatic segmentation of a speckled image composed of several homogeneous regions. The image
segmentation thus consists in the estimation of the polygonal grid, or, more precisely, its number of regions, its
number of nodes and the location of its nodes. These estimations are performed by minimizing a unique MDL
criterion which takes into account the probabilistic properties of speckle fluctuations and a measure of the
stochastic complexity of the polygonal grid. This approach then leads to a global MDL criterion without an
undetermined parameter since no other regularization term than the stochastic complexity of the polygonal grid is
necessary and noise parameters can be estimated with maximum likelihood-like approaches. The performance
of this technique is illustrated on synthetic and real synthetic aperture radar images of agricultural regions and
the influence of different terms of the model is analyzed. [J1841]

"Synthetic aperture inversion for arbitrary flight paths and nonflat topography"
The paper considers synthetic aperture radar (SAR) and other synthetic aperture imaging systems in which a
backscattered wave is measured from positions along an arbitrary (known) flight path. The received
backscattered signals are used to produce an image of the terrain. We assume a single-scattering model for the
radar data, and we assume that the ground topography is known but not necessarily flat. We focus on cases in
which the antenna footprint is so large that the standard narrow-beam algorithms are not useful. We show that
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certain artifacts can be avoided if the antenna and antenna footprint avoid particular relationships with the ground
topography. We give an explicit backprojection imaging algorithm that corrects for the ground topography, flight
path, antenna beam pattern, source waveform, and other geometrical factors. For the case of a non-directional
antenna, the image produced by the above algorithm contains artifacts. For this case, we analyze the strength of
the artifacts relative to the strength of the true image. The analysis shows that the artifacts can be somewhat
suppressed by increasing the frequency, integration time, and the curvature of the flight path. [J1842]

"Retrievals of profiles of fine and coarse aerosols using lidar and radiometric space
measurements"
The Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) spaceborne lidar, expected to
be launched in 2004, will collect profiles of the lidar attenuated backscattering coefficients of aerosol and clouds
at 0.53 and 1.06 μm. The measurements are sensitive to the vertical distribution of aerosols. However, the
information is insufficient to be mapped into unique aerosol physical properties and vertical distribution. Spectral
radiances measured by the Moderate Resolution Imaging Spectrometer (MODIS) on the Aqua spacecraft,
acquired simultaneously with the CALIPSO observations, can constrain the solutions. The combination of the
MODIS and CALIPSO data can be used to derive extinction profiles of the fine and coarse modes of the aerosol
size distribution for aerosol optical thickness of 0.1 and larger. Here we describe a new inversion method
developed to invert simultaneously MODIS and CALIPSO data over glint-free ocean. The method is applied to
aircraft lidar and MODIS data collected over a dust storm off the coast of West Africa during the Saharan Dust
Experiment (SHADE). The backscattering-to-extinction ratio (BER) (BER=ωoP(180)/4pi) can be retrieved from
the synergism between measurements avoiding a priori hypotheses required for inverting lidar measurements
alone. For dust, the resultant value of BER =0.016 sr-1is over 50% smaller than what is expected using Mie
theory, but in good agreement with recent results obtained from Raman lidar observations of dust episodes. The
inversion is robust in the presence of 10% and 20% noise in the lidar signal at 0.53 and 1.06 μm, respectively.
Calibration errors of the lidar of 5% to 10% can cause an error in optical thickness of 20% to 40%, respectively,
in the tested cases. [J1843]

"Road vectors update using SAR imagery: a snake-based method"
The paper presents an approach for roads detection based on synthetic aperture radar (SAR) images and road
databases. The vectors provided by the database are refined using active contours (snakes). In this framework,
we firstly develop a restoration filter based on the frost filter achieving an acceptable compromise between
speckle elimination and lines preserving. This is followed by a line plausibility calculation step which is used to
deform the snake from its initial location toward the final solution. The snake is reformulated using finite elements
method. The setting of the snake parameters is not an obvious problem especially when they are tuned by trial-
and-error process. We propose a new automatic computational rule for the snake parameters. Our approach is
validated by a series of tests on synthetic and SAR images. [J1844]

"Minimum entropy regularization in frequency-wavenumber migration to localize subsurface
objects"
Optimized versions of frequency-wavenumber (F-K) migration methods are introduced to better focus ground-
penetrating radar (GPR) data in applications of shallow subsurface object localization, e.g., landmine
remediation. Migration methods are based on the wave equation and operate by backpropagating the received
data into the earth so as to localize buried objects. Traditional F-K migration is based on an underlying
assumption that the wavefields propagate in a homogeneous medium. The presence of a rough air-ground
interface in the GPR case degrades the localization ability. To overcome this problem in the context of the F-K
algorithm, we introduce lateral variations in the velocity of waves in the medium. An optimization approach is
employed to choose that velocity function that results in a well-focused image where an entropy-like criterion is
used to quantify the notion of focus. Extension of the basic method to lossy medium is also described. The utility
of these techniques is demonstrated using field data from a number of GPR systems. [J1845]

"SAR image denoising via Bayesian wavelet shrinkage based on heavy-tailed modeling"
Synthetic aperture radar (SAR) images are inherently affected by multiplicative speckle noise, which is due to the
coherent nature of the scattering phenomenon. This paper proposes a novel Bayesian-based algorithm within
the framework of wavelet analysis, which reduces speckle in SAR images while preserving the structural features
and textural information of the scene. First, we show that the subband decompositions of logarithmically
transformed SAR images are accurately modeled by alpha-stable distributions, a family of heavy-tailed densities.
Consequently, we exploit this a priori information by designing a maximum a posteriori (MAP) estimator. We use
the alpha-stable model to develop a blind speckle-suppression processor that performs a nonlinear operation on
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the data and we relate this nonlinearity to the degree of non-Gaussianity of the data. Finally, we compare our
proposed method to current state-of-the-art soft thresholding techniques applied on real SAR imagery and we
quantify the achieved performance improvement. [J1846]

"Contribution of the fractal dimension to multiscale adaptive filtering of SAR imagery"
Radar images can show great variability from pixel to pixel, which is an obstacle to effective processing. This
variability, due to speckle created by the radar wave coherence, necessitates the use of more adapted filters.
Previous studies have shown that multiresolution wavelet analysis yields better results but produces artefacts
due to multiscale decomposition. This paper proposes a method that reduces these effects by introducing the
fractal dimension. The resultant filter combines wavelet decomposition and variance change model based on the
level of variance estimated by studying the fractal dimension of the image. [J1847]

"DORT method as applied to ultrawideband signals for detection of buried objects"
The decomposition of the time reversal operator (DORT) method, originally developed in acoustics, allows
detection of scatterers embedded in the probed domain and provides some very robust means for focusing an
incident wave onto a given scatterer. Hence, this method is very helpful for clutter reduction. Here, it is applied
to the detection of buried cylindrical objects with the help of electromagnetic ultrawideband signals. It is shown
that when the set of antennas is located on a piece of line above an interface, the use of the DORT method
remains simple, whatever the polarization, provided the contribution from the target can be separated from that
of the interface. Using wideband signals also permits one to excite natural resonances of the buried scatterer,
which can easily be extracted from the eigenvalues of the time reversal operator. Numerical examples based on
a finite-difference time-domain algorithm are given. [J1848]

"An empirical model of EM scattering from steepening wave profiles derived from numerical
computations"
The variation in scattered power from steepening wave profiles, as functions of radar frequency and bistatic
grazing angles, has been investigated using a hydrodynamic code called CHY and a version of the forward-
backward (FB) electromagnetic scattering code. A comparison of the frequency response of the FB numerical
results with radar data showed excellent agreement and has indicated that the lateral coherence of a breaking
wave is around one third of the water wavelength. A simple empirically derived model based on the height
spectrum of the surface has been shown to capture almost all the important trends in the scattering, including
the Doppler velocities, but with the exception of the effect of multipath. The Doppler spectrum of the steepening
wave was found to be well modeled by a Lorentzian lineshape with different spectral widths for vertical-vertical
and horizontal-horizontal polarization. [J1849]

"A multiple-model prediction approach for sea clutter modeling"
Accurate modeling of sea clutter is an important problem in remote sensing and radar signal processing
applications. Due to a recent discovery that sea clutter, the electromagnetic wave backscatter from a sea
surface, is chaotic rather than purely random, computational intelligence techniques such as neural networks
have been applied to develop new models for sea clutter. In this paper, we propose using the multiple neural
network model approach to construct a predictive model for sea clutter. The motivation comes from the
observation that the sea usually has some unpredictable motions that result in impulsive events such as sea
spikes. Although a single nonlinear model could describe the Bragg scattering reasonably as shown in the
literature, it is usually incapable of capturing sea spikes motions. Therefore, target detection performance might
be degraded when such a clutter model is employed. Using a multiple radial basis function (RBF) net predictor,
we found that a sea clutter signal with different underlying dynamics from sea spikes to normal motions can be
modeled accurately. The multiple model (MM) approach automatically assigns different RBF predictors to model
sea spikes and other mechanisms like Bragg scattering. The proposed multiple RBF neural network uses the
expectation-maximization algorithm and multistep prediction for training, and hence it is suitable for real-time
signal processing. Using real-life radar clutter data collected at the east coast of Canada, the proposed MM
approach is shown to be effective in isolating and characterizing various components of sea clutter and,
therefore, provides a promising model for clutter suppression in radar detection. [J1850]

"Detection of wave groups in SAR images and radar image sequences"
The properties of individual wave groups in space and time utilizing synthetic aperture radar (SAR) images and
nautical radar image sequences are studied. This is possible by the quantitative measurement and analysis of
wave groups both spatially and spatio-temporally. The SAR, with its high spatial resolution and large coverage,
offers a unique opportunity to study and derive wave groups. In addition to SAR images, nautical radar image
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sequences allow the investigation of wave groups in space and time and, therefore, the measurement of
parameters such as the group velocity. The detection of wave groups is based on the determination of the
envelope function, which was first adopted for one-dimensional (1-D) time series by Longuet-Higgins. The
method is extended from 1-D to spatial and spatio-temporal dimensions to derive wave groups in images and
image sequences. To test the algorithm, wave groups are derived from SAR images and two radar image
sequences, recorded at locations in deep and shallow water. It is demonstrated that the algorithm can be
employed for the determination of both location and size of wave groups from radar images. Investigating the
detected wave groups in radar image sequences additionally allows the measurement of the spatial and
temporal development of wave groups and their extension and phase velocities. Comparison of measured wave
group velocities in shallow and deep water gives a deviation of the average value from the group velocities
resulting from linear wave theory and shows a clear oscillation of the group velocities in two dimensions. [J1851]

"Efficient simulation of SAR interferograms of large areas and of rugged terrain"
Interferometric synthetic aperture radar (InSAR) techniques are today applied in many areas of remote sensing,
ranging from digital elevation model (DEM) generation to surface motion mapping and InSAR tomography. To
enhance the understanding of the InSAR mapping process and to test new algorithms, accurate tools for the
simulation of the topographic InSAR phase are necessary. Whereas the equations for the interferometric phase
of a given DEM are well known, the actual implementation is tedious. Furthermore, a straightforward
implementation would take far more computation time than all the other InSAR processing steps put together.
This paper presents a novel algorithm for the efficient simulation of the InSAR phase, taking into account the
special problems in mountainous terrain. Simulation results are compared to and illustrated with real data from
the European Remote Sensing satellite (ERS-1/2) tandem mission and the Shuttle Radar Topography Mission
(SRTM). Accuracy estimates for the phase simulation are given for different terrain types. The algorithm is
described in enough detail that it can be implemented as a general-purpose tool for the accurate simulation of
interferograms with virtually unlimited size, taking no more processing time than other InSAR processing steps.
The algorithm in the presented form is used operationally within the interferometry software GENESIS to support
the processing of SRTM/X-SAR data at the German Aerospace Center (DLR). [J1852]

"Estimating lava volume by precision combination of multiple baseline spaceborne and airborne
interferometric synthetic aperture radar: the 1997 eruption of Okmok volcano, Alaska"
Interferometric synthetic aperture radar (InSAR) techniques are used to calculate the volume of extrusion at
Okmok volcano, Alaska by constructing precise digital elevation models (DEMs) that represent volcano
topography before and after the 1997 eruption. The posteruption DEM is generated using airborne topographic
synthetic aperture radar (TOPSAR) data where a three-dimensional affine transformation is used to account for
the misalignments between different DEM patches. The preeruption DEM is produced using repeat-pass
European Remote Sensing satellite data; multiple interferograms are combined to reduce errors due to
atmospheric variations, and deformation rates are estimated independently and removed from the interferograms
used for DEM generation. The extrusive flow volume associated with the 1997 eruption of Okmok volcano is
0.154±0.025 km3. The thickest portion is approximately 50 m, although field measurements of the flow margin's
height do not exceed 20 m. The in situ measurements at lava edges are not representative of the total thickness,
and precise DEM data are absolutely essential to calculate eruption volume based on lava thickness estimations.
This study is an example that demonstrates how InSAR will play a significant role in studying volcanoes in
remote areas. [J1853]

"Airborne differential SAR interferometry: first results at L-band"
In recent years, differential interferometry using spaceborne synthetic aperture radar (SAR) sensors has become
an established technique for detecting and monitoring centimetre-scale deformations of the Earth's surface, as
well as glacier flows and landslides. Although often very efficient, the use of spaceborne SAR data has several
drawbacks, namely phase artifacts caused by atmospheric effects and very low coherence due to long data
acquisition intervals and the short radar wavelength of the sensor. Most important, current spaceborne sensors
are not able to ensure flexible monitoring of critical regions. Airborne sensors may overcome most of the
problems mentioned above, but up to now, the operational use of airborne differential SAR interferometry has
been prevented by insufficiently accurate motion compensation of the platform. In this letter, first results of
airborne differential interferometry using the German Aerospace Center (DLR) experimental SAR system (E-
SAR) in the interferometric repeat-pass mode are addressed. This includes an analysis of long-term
decorrelation behavior in L-band and, particularly, the correction of residual motion errors in heavily decorrelated
interferograms. A first differential interferogram of agricultural and forested areas is presented and analyzed.
[J1854]
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"Estimation of azimuth phase undulations with multisquint processing in airborne interferometric
SAR images"
Presents a technique to detect and correct phase errors appearing in interferometric airborne synthetic aperture
radar (SAR) systems due to the lack of precision in the navigation system. The technique is based on a
multisquint processing approach, i.e. by processing the same image pairs with different squint angles we can
combine the information of different interferograms to obtain the desired phase correction. Airborne single-pass
interferometric data from the Deutsches Zentrum für Luft- und Raumfahrt (DLR) experimental airborne SAR is
used to validate the method. [J1855]

"Estimation of rock glacier surface deformation using SAR interferometry data"
The detection and quantification of surface deformation of an active rock glacier using the differential synthetic
aperture radar (SAR) interferometry (D-InSAR) technique is presented. An average deformation rate of -6 mm/35
days in the radar line of ight was estimated for the summer of 1992. The maximum deformation rate, -18 mm/35
days, was identified at the upper part of the rock glacier, whereas the deformation rate at the snout of the rock
glacier was about -10 mm/35 days. The spatial distribution of the surface deformation in the D-InSAR
displacement map is smooth and supports the idea that ice is the stress-transferring medium in rock glaciers.
[J1856]

"On the possibility of aperture synthesis with a single mobile antenna in radio astronomy"
The classic aperture synthesis widely used in radio astronomy, synthetic aperture radar, and remote sensing is
based on the measurement of the degree of spatial coherence in the diffraction pattern of a radio emission
source. All these applications imply correlation with a coherent reference signal. The possibility of obtaining the
same information from the autocorrelation of a signal recorded on a single, mobile antenna is considered.
Comparison of the output of an ordinary cross-correlation two-element radio interferometer and the
autocorrelation output of a mobile antenna shows a similarity that allows extraction of information about the radio
source spatial coherence in the latter case. The limitations of this method of aperture synthesis are considered.
[J1857]

"The application of wavelets correlator for ship wake detection in SAR images"
The detection of the wake can provide substantial information about a ship, such as its size, direction, and speed
of movement. In general though, ship-generated wakes in synthetic aperture radar images are associated with
high sea clutter, which will cause some deterioration in the detection performance. Therefore, a wavelet
correlator, based on an orthogonal basis function, is adopted. Three highpass images-horizontal, vertical, and
diagonal direction-are generated for each resolution scale, followed by a process to correlate among the moduli
of different scale modulus images formed from the three highpass images. The output of the correlation process
is highly representative at the ship's wake edges. Comparisons with other methods indicate the superior
performance of the present approach, in that not only can the wakes be detected, but their V-shaped pattern is
well preserved. The second stage involves the application of the Radon transform technique to an estimation of
the V-opening angle from the detected ship wakes. Ship-generated wake edges are found to be the local
maxima in the wavelet transform method of several adjacent scales, and hence, the wake edge will be
enhanced in the reconstructed data. The background noise is also greatly reduced. In particular, the process of
spatial correlation is found to be critical. Compared to a direct Radon transform, the proposed scheme is
demonstrated to be much more effective in terms of efficiency, as well as reliability, for ship wake detection in
noisy backgrounds. [J1858]

"Methods and examples for remote sensing data assimilation in land surface process modeling"
Land surface process models describe the energy, water, carbon, and nutrient fluxes on a local to regional scale
using a set of environmental land surface parameters and variables. They need time series of spatially distributed
inputs to account for the large spatial and temporal variability of land surface processes. In principle many of
these inputs can be derived through remote sensing using both optical and microwave sensors. New approaches
in four-dimensional data-assimilation (4DDA) form the basis to combine remote sensing data and spatially
explicit land surface process models more effectively. This paper describes basic techniques for 4DDA in land
surface process modeling. Two case studies were carried out to demonstrate different successful approaches of
remote sensing data assimilation into land surface process models. The assimilation of surface soil moisture
estimates from European Remote Sensing (ERS) synthetic aperture radar data in a flood forecasting scheme is
presented, as well as the combination of a land surface process model and a radiative transfer model to improve
the accuracy of land surface parameter retrieval from optical data [Landsat Thematic Mapper (TM)]. [J1859]
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"Use of multiincidence angle RADARSAT-1 SAR data to incorporate the effect of surface
roughness in soil moisture estimation"
The proposed study offers an approach to incorporate the effect of surface roughness in the estimation of soil
moisture from space without actually measuring surface roughness conditions on ground. It is required to acquire
synthetic aperture radar data at low and high incidence angles, such that the soil moisture changes are negligible
between the two acquisitions. [J1860]

"Land-cover classification using multitemporal ERS-1/2 InSAR data"
In this study the potential of ERS-1/2 Tandem InSAR data for land-cover classification was investigated at a
2500 km2study area around the Helsinki metropolitan area in Southern Finland. A time-series of 14 ERS-1/2
SAR Tandem image pairs was processed into 28 five-look intensity images, 14 Tandem coherence images and
two coherence images with a longer temporal baseline (36 and 246 days). All image data was coregistered and
orthorectified into map coordinates using an InSAR DEM. A two-stage hybrid classifier method was employed,
where the water-class was classified separately in the first classifier stage, and the remaining classes were
classified with an ISODATA classifier. Temporal averaging and Principal Components Transformation (PCT)
were used to reduce the number of images fed into ISODATA. Classification accuracy was assessed using high-
resolution aerial orthophotos, digital base maps and the Finnish National Forest Inventory (NFI). The overall
accuracy for six classes (Field/Open Land, Dense Forest, Sparse Forest, Mixed Urban, Dense Urban, Water)
was found to be 90% with kappa coefficient of 0.86. Interferometric coherence carries more land-cover related
information than the backscattered intensity. This study confirms that the ERS-1/2 Tandem archives could be
exploited for land-cover classification. [J1861]

"High-resolution measurements of scattering in wheat canopies-implications for crop parameter
retrieval"
Polarimetric X- and C-band measurements by the University of Sheffield ground-based synthetic aperture radar
(GB-SAR) indoor system provide three-dimensional images of the scattering processes in wheat canopies, at
resolutions of around a wavelength (3-6 cm). The scattering shows a pronounced layered structure, with strong
returns from the soil and the flag leaves, and in some cases a second leaf layer. Differential attenuation at
horizontal (H) and vertical (V) polarization, due to the predominantly vertical structure of the wheat stems, gives
rise to marked effects. At both C and X bands, direct return from the canopy exceeds the soil return at large
incidence angles for VV polarization, but is comparable to or less than the soil return in all other cases. At HV,
the apparent ground return is probably due to a double-bounce mechanism, and volume scattering is never the
dominant term. Direct sensing of the crop canopy is most effective at X band, VV, and large incidence angles,
under which conditions the return is dominated by the flag leaf layer. Field measurements with the outdoor GB-
SAR system suggest, however, that for sensitivity to biomass and reduced susceptibility to disturbances by
rainfall, a two-channel C-band system operating at a medium range of incidence angles is preferred. [J1862]

"Crop classification using multiconfiguration C-band SAR data"
This paper reports on an investigation aimed at evaluating the performance of a neural-network based crop
classification technique, which makes use of backscattering coefficients measured in different C-band synthetic
aperture radar (SAR) configurations (multipolarization/multitemporal). To this end, C-band AirSAR and European
Remote Sensing Satellite (ERS) data collected on the Flevoland site, extracted from the European RAdar-Optical
Research Assemblage (ERA-ORA) library, have been used. The results obtained in classifying seven types of
crops are discussed on the basis of the computed confusion matrices. The effect of increasing the number of
polarizations and/or measurements dates are discussed and a scheme of interyear dynamic classification of five
crop types is considered. [J1863]

"Subsurface imaging in south-central Egypt using low-frequency radar: Bir Safsaf revisited"
We present the capabilities of low-frequency radar systems to sound the subsurface for a site located in south-
central Egypt, the Bir Safsaf region. This site was already intensively studied since the SIR-A and SIR-B orbital
radars revealed buried paleodrainage channels. Our approach is based on the coupling between two
complementary radar techniques: the orbital synthetic aperture radar (SAR) in C and L bands (5.3 and 1.25
GHz) for imaging large-scale subsurface structures, and the ground-penetrating radar (GPR) at 500 and 900
MHz for sounding the soil at a local scale. We show that the total backscattered power computed from L-band
SAR and 900-MHz GPR profiles can be correlated, and we combined both data to derive the geological structure
of the subsurface. GPR data provide information on the geometry of the buried scatterers and layers, while the
analysis of polarimetric SAR data provides information on the distribution of rocks in the sedimentary layers and
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at the interface between these layers. The analysis of 500-MHz GPR data revealed some deeper structures that
should be detected by lower frequency SARs, such as a P-band system. [J1864]

"SAR monitoring of progressive and seasonal ground deformation using the permanent scatterers
technique"
Spaceborne differential radar interferometry has proven a remarkable potential for mapping ground deformation
phenomena (e.g., urban subsidence, volcano dynamics, coseismic and postseismic displacements along faults,
as well as slope instability). However, a full operational capability has not been achieved yet due to atmospheric
disturbances and phase decorrelation phenomena. These drawbacks can often be-at least partially-overcome by
carrying out measurements on a subset of image pixels corresponding to natural or artificial stable reflectors
[permanent scatterers (PS)] and exploiting long temporal series of interferometric data. This approach allows one
to push the measurement precision very close to its theoretical limit (in the order of 1 mm for C-band
European Remote Sensing (ERS)-like sensors). In this paper, the detection of both time-uniform and seasonal
deformation phenomena is addressed, and a first assessment of the precision achievable by means of the PS
Technique is discussed. Results highlighting deformation phenomena occurring in two test sites in California are
reported (Fremont in the Southern Bay Area and San Jose in the Santa Clara Valley). [J1865]

"A comparison between soil roughness statistics used in surface scattering models derived from
mechanical and laser profilers"
The objective of this paper is to quantify the impact of the type of surface-profiling instrument on the roughness
measurements in radar remote sensing studies. Particularly, the use of mechanical profilers as compared to more
precise laser profilers is investigated. The motivations for this study are twofold. First, simple and inexpensive
mechanical profilers will probably still be used extensively for in situ ground measurements in the next few
years, e.g., to investigate the use of multipolarization, multiincidence angle satellite data, i.e., Advanced Synthetic
Aperture Radar (ASAR) onboard the European Space Agency Environmental Satellite. Second, a great amount
of roughness data have been acquired in the past by means of mechanical profilers and, to date, a quantification
of the error budget affecting these measurements is still missing. The paper focuses on modeling and quantifying
the measurement errors associated with profiles a few meters long. To determine the errors, we compare soil
roughness measurements obtained using laser and mechanical profilers over agricultural surfaces with different
roughness characteristics. The analyzed datasets consist of roughness measurements acquired over the Matera
site (Italy) and the Marestaing site, near Toulouse (France), in 1998 and 2000, respectively. Analytical
expressions for first and second statistical moments of roughness parameters as a function of different sources of
measurement errors are derived and compared to experimental values. The results show that mechanical
measurements, once appropriately calibrated, are in overall good agreement with laser measurements. Practical
indications of the most appropriate profiler length and number of independent measurements to be recorded are
also derived in the paper. [J1866]

"Evaporation of groundwater from arid playas measured by C-band SAR"
Salt-bearing groundwater evaporates within arid playas and roughens the surface during the summer months.
We show that it is possible to infer the rates of evaporation of groundwater using radar backscatter
measurements. Using an empirically derived relationship between backscatter coefficient and surface roughness,
a model of how surface roughness changes with a continuous process of halite crystal efflorescence, and an
assumed value for the salinity of the regional groundwater, we calculate the volumetric rate at which the
groundwater must have evaporated. The method is illustrated with data from the European Remote Sensing 1
satellite synthetic aperture radar sensor that imaged the Chott el Djerid playa in southern Tunisia from 1992 to
1993. Independent measurements and calculations indicate that the radar method overestimates the rate of
evaporation. The reasons for this probably lie in the assumptions about the salt budget of the groundwater or
the model of how the salt crust roughens with time. [J1867]

"Joint statistical properties of RMS height and correlation length derived from multisite 1-m
roughness measurements"
This paper aims to establish the joint roughness statistics for rms height s and correlation length l for agricultural
bare soil fields and a variety of tillage conditions. To do so, we make use of a unique pan-European database of
profile measurements covering five different sites and containing approximately 1.5 km of profile data. A
preliminary assessment of the validity of the derived roughness statistics for electromagnetic scattering models is
also carried out by comparing σ0predictions obtained using the integral equation model with derived roughness
statistics and European Remote Sensing 1 and 2 (ERS 1/2) synthetic aperture radar observations. The results
are then summarized within the overall context of roughness description and we discuss the implications in terms
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of forward modeling and inversion. The limitations of s and l parameters as roughness descriptors are also
underlined. [J1868]

"Foreword to the special issue on the retrieval of bio- and geophysical parameters from sar data for
land applications"
First Page of the Article [J1869]

"Multitemporal repeat-pass SAR interferometry of boreal forests"
Multitemporal European Remote Sensing satellites 1 and 2 (ERS-1/2) and the Japanese Earth Resources
Satellite 1 (JERS-1) interferometric synthetic aperture radar (InSAR) data from a boreal forest test site in
Sweden (stem volumes up to 335 m3/ha, equivalent to above-ground dry biomass of 200 tons/ha) are studied
in order to estimate stem volume using coherence and backscatter. The changes of JERS-1 backscatter and
ERS-1/2 tandem coherence between images are consistent over the area studied, in contrast to ERS-1/2
backscatter. A model-based regression analysis has been performed, and the use of the model for inversion is
discussed and compared with other approaches found in the literature. The model parameters are discussed in
terms of their relation to wind speed and temperature. Results from the different acquisitions are combined to
improve the stem volume estimation. The accuracy in terms of rms error (RMSE) for standwise estimated stem
volume is ≈10 m3/ha using ERS-1/2 coherence. Using backscatter and coherence from JERS-1 we obtain an
RMSE of ≈30-35 m3/ha. Finally, conditions for accurate retrieval of stem volume using multitemporal InSAR
observations are discussed. We conclude that C- and L-band repeat-pass InSAR can provide stem volume
estimates in boreal forests with accuracies similar to those of standard in situ measurements. [J1870]

"Effect of dielectric properties of moist salinized soils on backscattering coefficients extracted from
RADARSAT image"
This paper presents the experimental results regarding changes in the dielectric properties of artificially
moistened and salinized soils and on soil samples taken from a salt lake. The complex dielectric constants of soil
samples were measured using a microwave network analyzer. We evaluated the real and imaginary parts of
dielectric constants of artificially moistened and salinized soil samples prepared in the laboratory as a function of
microwave frequency, salinity, and water content. The soil moisture strongly affected the real part of dielectric
constant ε'. The frequency and the salinity of soils have little influence on the real part of dielectric constant ε'.
The imaginary part of the dielectric constant ε'' is strongly affected by both the salinity and moisture of soil
samples, especially at low frequencies. When f0backscattering coefficients extracted from a RADARSAT image
(C-HH) that was acquired at same time with the soil sampling at the Jilantai Salt Lake area. We discovered that
the correlation coefficient between σ0extracted from the RADARSAT image and ε" measured in the soil sample
is 0.70, whereas the correlation coefficient of σ0and ε' is 0.27. The correlation coefficient between σ0and the soil
sample salinity is 0.69. This suggests that soil salinity has a significant contribution to the backscattering
coefficient σ0recorded in a synthetic aperture radar (SAR) image. Consequently, a SAR image can be a useful
tool for monitoring soil salinity. [J1871]

"Frequency dependence of scattering and extinction of dense media based on three-dimensional
simulations of Maxwell's equations with applications to snow"
The frequency dependence of scattering by geophysical media at microwave frequencies is an important topic
because multifrequency measurements are used in remote sensing applications. In this paper, we study
rigorously the frequency dependence of scattering by dense media using Monte Carlo simulations of the three-
dimensional solutions of Maxwell's equations. The particle positions are generated by deposition and bonding
techniques. The extinction, scattering, and absorption properties of dense media are calculated for dense media
of sticky and nonsticky particles. Numerical solutions of Maxwell's equations indicate that the frequency
dependence of densely packed sticky small particles are much weaker than that of independent scattering.
Numerical results are illustrated using parameters of snow in microwave remote sensing. Comparisons are made
with extinction measurements as a function of frequency. [J1872]

"Parametric spectral moments estimation for wind profiling radar"
The purpose of this work is the estimation of Doppler echoes spectral moments. In case of strong overlapping,
Fourier-like techniques provide poor results because of the lack of resolution. We propose the use of stochastic
maximum-likelihood (SML) and subspace-based methods (WPSF algorithm) for a joint estimation of spectral
moments. The statistical performances (theoretical and empirical by Monte Carlo simulations) of estimators are
compared with the Cramer-Rao lower bound. The results of tests performed on very high frequency (VHF) times
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series obtained during Thunderstorm, Arecibo, PR during September and October 1998 validate the model and
algorithms and confirm the interest of both approaches. [J1873]

"Understanding C-band radar backscatter from wheat canopy using a multiple-scattering coherent
model"
This paper describes a modeling approach to interpret the C-band synthetic aperture radar (SAR) data from
wheat canopies as provided by European Remote Sensing (ERS) satellites, RADARSAT, and the forthcoming
Environmental Satellite/Advanced Synthetic Aperture Radar (ENVISAT/ASAR) satellite. At a first step, the results
of a first-order modeling were compared to ERS data and scatterometer data over the growing season at two
different test sites. The prediction by first-order approach was in disagreement with the data from stem extension
stage to soft ripening stage. The first-order approach was found to overestimate the attenuation at vertical (V)
polarization, resulting in a predicted backscattering coefficient one order of magnitude lower than that observed
by the SAR system. To improve the prediction, a multiple-scattering modeling based on numerical solution of
multiple-scattering Foldy-Lax equation was used. The multiple-scattering modeling provides better backscatter
estimates at vertical-vertical (VV) polarization for both test sites. Then, the model is used to derive the prevailing
interactions mechanisms at horizontal-horizontal (HH) and VV polarizations and 23° and 40° of incidence angle.
Finally, the retrieval of crop parameters from C-band SAR data is addressed. [J1874]

"Herbaceous biomass retrieval in habitats of complex composition: a model merging SAR images
with unmixed landsat TM data"
A remote sensing methodology for herbaceous areal above-ground biomass (AAB) estimation in a
heterogeneous Mediterranean environment is presented. The methodology is based on an adaptation of the
semiempirical water-cloud backscatter model to complex vegetation canopies combined with shrubs, dwarf
shrubs, and herbaceous plants. The model included usage of the green leaf biomass volumetric density as a
canopy descriptor and of cover fractions derived from unmixing Landsat Thematic Mapper image data for the
three vegetation formations. The inclusion of the unmixed cover fractions improves modeling synthetic aperture
radar backscatter, as it allows separation between the different radiation interaction mechanisms. The method
was first assessed with reference to the reproduction of the backscatter from the vegetation formations. In the
next phase, the accuracy of AAB retrievals from the backscatter data was evaluated. Results of testing the
methodology in a region of climatic gradient in central Israel have shown a good correspondence between
observed and predicted AAB values (R2=0.82). This indicates that the methodology developed may lay a basis
for mapping important and more advanced ecological information such as primary production and contribute to
better understanding of processes in Mediterranean and semiarid regions. [J1875]

"Toward precision forestry: plot-level parameter retrieval for slash pine plantations with JPL
AIRSAR"
During an EOCAP-SAR project, Airsar P-, L-, and C-band data were used to test the capability of synthetic
aperture radar (SAR) to predict biometric parameters which are frequently used by timber managers as inputs to
growth, harvest, and yield models. Test site was a commercially managed area in Jesup, southeastern Georgia,
with stands owned by Plum Creek Timber Company. A biometric survey data set from 118 cluster plots in two
thinned and two unthinned slash pine stands was used to determine the correlation with the Airsar data at the
plot level. A statistical model was used to test all possible scenarios of polarimetric and frequency combinations.
Using a weighted least squares linear regression model, PHVproved to be the single most significant
band/polarization combination to correlate with dominant height, basal area, and volume at adjusted squared
correlation coefficients of 0.70, 0.80, and 0.84, respectively. [J1876]

"Multitemporal C-band radar measurements on wheat fields"
This paper investigates the relationship between C-band backscatter measurements and wheat biomass and the
underlying soil moisture content. It aims to define strategies for retrieval algorithms with a view to using satellite
C-band synthetic aperture radar (SAR) data to monitor wheat growth. The study is based on a ground-based
scatterometer experiment conducted on a wheat field at the Matera site in Italy during the 2001 growing season.
From March to June 2001, eight C-band scatterometer acquisitions at horizontal-horizontal and vertical-vertical
polarization, with incidence angles ranging from 23° to 60°, were taken. At the same time, soil moisture, wheat
biomass, and canopy structure were collected. The paper describes the experiment and investigates the radar
sensitivity to biophysical parameters at different polarizations and incidence angles, and at different wheat
phenological stages. Based on the experimental results, the retrieval of wheat biomass and soil moisture content
using Advanced Synthetic Aperture Radar data is discussed. [J1877]
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"Multitemporal JERS repeat-pass coherence for growing-stock volume estimation of Siberian
forest"
Multitemporal radar data from the Japanese Earth Resources Satellite (JERS) satellite from the period 1993 to
1998 have been used to investigate if L-band interferometric coherence with a 44-day temporal baseline is
suitable for estimations of growing-stock volume in boreal forest. Two forest regions north of Krasnoyarsk in
Siberia have been used as test areas. Seasonal variations in the repeat-pass coherence have been studied, and
a comparison with C-band coherence from the European Remote sensing Satellite 1 and 2 (ERS-1/2) tandem
missions in 1997 and 1998 has been done. JERS coherence from the winter shows a clear correlation with the
forest growing-stock volume. For the summer scenes, the spread in the values is too large to give reliable
results. Acquisitions from the spring and fall show large problems with decorrelation caused by temporal
changes. The results indicate potential of repeat-pass interferometric L-band coherence in winter, as will be
provided by the forthcoming Advanced Land Observing Satellite/Phased Array type L-band Synthetic Aperture
Radar (ALOS/PALSAR) to map growing-stock volume in Siberia and boreal forests. [J1878]

"Penetration depth as a DInSAR observable and proxy for soil moisture"
We use prior theory and experimental results to construct a quantitative relationship between soil moisture and
the penetration depth of synthetic aperture radar (SAR) microwaves at L-, C-, and X-bands. This relationship is
nonlinear and indicates that a change of 5% volumetric water content (VWC) can cause between 1 and 50 mm
of change in C-band penetration depth depending on initial VWC. Because these depths are within the range of
differential interferogram SAR (DInSAR) measurement capability, penetration depth may be a viable proxy for
measuring soil moisture. DInSAR is unlikely to detect a measurable change in penetration depth above 30%
VWC, though certain clay rich soils may continue to cause surface deformation above that level. The possibility
of using clay swelling as a proxy for soil moisture was found to be less feasible than penetration depth. Soil
moisture may also be a significant, and previously unrecognized, source of noise in the measurement of subtle
deformation signals or the creation of digital elevation models using repeat-pass DInSAR. [J1879]

"An advanced ambiguity selection algorithm for SeaWinds"
SeaWinds on QuikSCAT, a spaceborne Ku-band scatterometer, estimates ocean winds via the relationship
between the normalized radar backscatter and the vector wind. Scatterometer wind retrieval generates several
possible wind vector solutions or ambiguities at each resolution cell, requiring a separate ambiguity selection
step to give a unique solution. In processing SeaWinds on QuikSCAT data, the ambiguity selection is "nudged"
or initialized using numerical weather prediction winds. We describe a sophisticated new ambiguity selection
approach developed at Brigham Young University (BYU) that does not require nudging. The BYU method utilizes
a low-order data-driven Karhunen-Loeve wind field model to promote self-consistency. Ambiguity selected winds
from the BYU method and standard SeaWinds processing are compared over a set of 102 revs. A manual
examination of the data suggests that the nonnudging BYU method selects a more self-consistent wind field in
the absence of cyclonic storms. Over a set of cyclonic storm regions, BYU performs better in 9% of the cases
and worse in 20% of the cases. Overall, the BYU algorithm selects 93% of the same ambiguities as the standard
dataset. This comparison helps validate both nonnudging and nudging techniques and indicates that SeaWinds
ambiguity selection can be generally accomplished without nudging. [J1880]

"An L-band geophysical model function for SAR wind retrieval using JERS-1 SAR"
An L-band geophysical model function is developed using Japanese Earth Resources Satellite-1 (JERS-1)
synthetic aperture radar (SAR) data. First, we estimate the SAR system noise, which has been a serious
problem peculiar to the JERS-1 SAR. It is found that the system noise has a feature common in all the SAR
images and that the azimuth-averaged profile of noise can be expressed as a parabolic function of range. By
subtracting the estimated noise from the SAR images, we can extract the relatively calibrated ocean signals.
Second, using the noise-removed SAR data and wind vector data from the NASA Scatterometer and buoys
operated by the Japan Meteorological Agency, we generate a match-up dataset, which consists of the SAR
sigma-0, the incidence angle, the surface wind speed, and wind direction. Third, we investigate the sigma-0
dependence on incidence angle, wind speed, and wind direction. While the incidence angle dependence is
negligible in the present results, we can derive distinct sigma-0 dependence on wind speed and direction. For
wind speeds below 8 m/s, the wind direction dependence is not significant. However, for higher wind speeds, the
upwind-downwind asymmetry becomes very large. Finally, taking into account these characteristics, a new L-
band-HH geophysical model function is produced for the SAR wind retrieval using a third-order harmonics
formula. Resultant estimates of SAR-derived wind speed have an rms error of 2.09 m/s with a negligible bias
against the truth wind speed. This result enables us to convert JERS-1 SAR images into the reliable wind-speed
maps. [J1881]
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"AIRS/AMSU/HSB precipitation estimates"
Precipitation rates (mm per hour) with 15- and 50-km horizontal resolution are among the initial products of
Atmospheric Infrared Sounder/Advanced Microwave Sounding Unit/Humidity Sounder for Brazil
(AIRS/AMSU/HSB). They will help identify the meteorological state of the atmosphere and any AIRS soundings
potentially contaminated by precipitation. These retrieval methods can also be applied to the AMSU 23-191-GHz
data from operational weather satellites such as NOAA-15, -16, and -17. The global extension and calibration of
these methods are subjects for future research. The precipitation-rate estimation method presented is based on
the opaque-channel approach described by Staelin and Chen (2000), but it utilizes more channels (17) and
training data and infers 54-GHz band radiance perturbations at 15-km resolution. The dynamic range now
reaches 100 mm/h. The method utilizes neural networks trained using the National Weather Service's Next
Generation Weather Radar (NEXRAD) precipitation estimates for 38 coincident rainy orbits of NOAA-15 AMSU
data obtained over the eastern United States and coastal waters during a full year. The rms discrepancies
between AMSU and NEXRAD were evaluated for the following NEXRAD rain-rate categories: 32 mm/h. The rms
discrepancies for the 3790 15-km pixels not used to train the estimator were 1.0, 2.0, 2.3, 2.7, 3.5, 6.9, 19.0,
and 42.9 mm/h, respectively. The 50-km retrievals were computed by spatially filtering the 15-km retrievals. The
rms discrepancies over the same categories for all 4709 50-km pixels flagged as potentially precipitating were
0.5, 0.9, 1.1, 1.8, 3.2, 6.6, 12.9, and 22.1 mm/h, respectively. Representative images of precipitation for tropical,
mid-latitude, and snow conditions suggest the method's potential global applicability. [J1882]

"Three-dimensional focusing with multipass SAR data"
Deals with the use of multipass synthetic aperture radar (SAR) data in order to achieve three-dimensional
tomography reconstruction in presence of volumetric scattering. Starting from azimuth- and range-focused SAR
data relative to the same area, neglecting any mutual interaction between the targets, and assuming the
propagation in homogeneous media, we investigate the possibility to focus the data also in the elevation
direction. The problem is formulated in the framework of linear inverse problem and the solution makes use of
the singular value decomposition of the relevant operator. This allows us to properly take into account
nonuniform orbit separation and to exploit a priori knowledge regarding the size of the volume interested by the
scattering mechanism, thus leading to superresolution in the elevation direction. Results obtained on simulated
data demonstrate the feasibility of the proposed processing technique. [J1883]

"Water quality retrievals from combined Landsat TM data and ERS-2 SAR data in the Gulf of
Finland"
This paper presents the applicability of combined Landsat Thematic Mapper and European Remote Sensing 2
synthetic aperture radar (SAR) data to turbidity, Secchi disk depth, and suspended sediment concentration
retrievals in the Gulf of Finland. The results show that the estimated accuracy of these water quality variables
using a neural network is much higher than the accuracy using simple and multivariate regression approaches.
The results also demonstrate that SAR is only a marginally helpful to improve the estimation of these three
variables for the practical use in the study area. However, the method still needs to be refined in the area under
study. [J1884]

"Unsupervised classification of radar images using hidden Markov chains and hidden Markov
random fields"
Due to the enormous quantity of radar images acquired by satellites and through shuttle missions, there is an
evident need for efficient automatic analysis tools. This paper describes unsupervised classification of radar
images in the framework of hidden Markov models and generalized mixture estimation. Hidden Markov chain
models, applied to a Hilbert-Peano scan of the image, constitute a fast and robust alternative to hidden Markov
random field models for spatial regularization of image analysis problems, even though the latter provide a finer
and more intuitive modeling of spatial relationships. We here compare the two approaches and show that they
can be combined in a way that conserves their respective advantages. We also describe how the distribution
families and parameters of classes with constant or textured radar reflectivity can be determined through
generalized mixture estimation. Sample results obtained on real and simulated radar images are presented.
[J1885]

"A calibration method for fully polarimetric microwave radiometers"
A technique for absolute end-to-end calibration of a fully polarimetric microwave radiometer is presented. The
technique is based on the tripolarimetric calibration technique of Gasiewski and Kunkee, but is extended to
provide a means of calibrating all four Stokes parameters. The extension is facilitated using a biaxial phase-
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retarding microwave plate to provide a precisely known fourth Stokes signal from the Gasiewski-Kunkee (GK)
linearly polarized standard. The relations needed to determine the Stokes vector produced by the augmented
standard are presented, and the effects of nonidealities in the various components are discussed. The
application of the extended standard to determining the complete set of radiometer constants (the calibration
matrix elements) for the National Oceanic and Atmospheric Administration Polarimetric Scanning Radiometer in
a laboratory environment is illustrated. A calibration matrix inversion technique and error analysis are described,
as well. The uncertainties associated with practical implementation of the fully polarimetric standard for
spaceborne wind vector measurements are discussed relative to error thresholds anticipated for wind vector
retrieval from the U.S. National Polar-Orbiting Environmental Satellite System. [J1886]

"High-resolution measurements with a spaceborne pencil-beam scatterometer using combined
range/Doppler discrimination techniques"
Conically scanning pencil-beam scatterometer systems, such as the SeaWinds radar, constitute an important
class of instruments for spaceborne climate observation. In addition to ocean winds, scatterometer data are being
applied to a wide range of land and cryospheric applications. A key issue for future scatterometer missions is
improved spatial resolution. Pencil-beam scatterometers to date have been real-aperture systems where only
range discrimination is used, resulting in a relatively coarse resolution of approximately 25 km. In this paper, the
addition of Doppler discrimination techniques is proposed to meet the need for higher resolution. The unique
issues associated with the simultaneous application of range and Doppler processing to a conically scanning
radar are addressed, and expressions for the theoretical measurement performance of such a system are
derived. Important differences with side-looking imaging radars, which also may employ Doppler techniques, are
highlighted. Conceptual design examples based on scatterometer missions of current interest are provided to
illustrate this new high-resolution scatterometer approach. It is shown that spatial resolution of pencil-beam
scatterometer systems can be improved by an order of magnitude by utilizing combined range/Doppler
discrimination techniques, while maintaining the wide-swath and constant incidence angle needed for many
geophysical measurements. [J1887]

"Lessons learned from full-spectral modeling of signatures of an estuary front"
Previously, we have modeled radar signatures, involving large variations ( 10-15 dB) in radar cross section
(RCS), that have been observed at strongly convergent ocean fronts and at an estuarine front. In each of these
cases, we obtained quantitative agreement with measurement but only by including wave-breaking (WB) effects
in an approximate manner. However, in each case, we used the composite scattering (CS) model at a frequency
(9.4 GHz) where this model may be deficient. For this reason, questions remain concerning the importance of
WB effects in these simulations. In the present study, we monitor the sensitivity of the simulations with respect to
this CS approximation by comparing the results of this model with those from an alternative theory, based on
simulations of RCS, derived from a common wave spectrum. The spectrum is calculated using a full-spectral
treatment of wave-current interaction. The resulting simulations are used to model the radar signature of the
buoyant plume associated with the efflux of fresh water from the Chesapeake Bay that was observed during the
Chesapeake Outflow Plume Experiment 2 (COPE-II). In both cases, it is possible to simulate this signature, in
quantitative agreement with experiment, but only by including WB effects. We find that the CS model predictions
for the behavior of the signature do not agree with the comparable predictions from the remaining model.
Additional simulations indicate the difference between the two models, which is rather large because of the large
(60°) angle of incidence, occurs because the CS model includes higher order terms that are not included in the
Kirchoff Approximation. [J1888]

"Analysis of the distorted Born approximation for subsurface reconstruction: truncation and
uncertainties effects"
The problem of determining the dielectric permittivity profile of buried objects starting from the knowledge of the
scattered field is considered in the two-dimensional geometry when incomplete near-zone data are collected at
a single frequency under a multiview/multistatic measurement configuration. In particular, attention is paid to the
practical issues of the truncated observation domain and the presence of uncertainties on data. The problem is
tackled with reference to the scalar polarization by linearization of the mathematical relationship between the
unknown dielectric permittivity profile and the scattered field. A homogeneous, possibly lossy, half-space
geometry for the subsurface modeling is adopted, thus leading to the so-called distorted Born approximation
(DBA). A thorough investigation of the class of unknown functions that can be reliably retrieved is performed by
dealing with singular value decomposition of the relevant linear operator. It results that even if sources and
receivers are located at the interface, a very restricted set of profile variations can be reconstructed by a stable
inversion algorithm. In particular, reduced vertical features of the buried objects with respect to the horizontal
ones can be reconstructed under DBA. Moreover, the truncation of the observation domain further restricts this

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 502 из 658



set, affecting mainly the vertical resolution. Numerical results confirming the validity of the analysis are also
provided. [J1889]

"Single-reference near-field calibration procedure for step-frequency ground penetrating radar"
The antenna system of ground penetrating radar is usually positioned in the vicinity of the ground surface to
obtain sufficient spatial resolution for detecting small targets. Therefore, received signals are subject to errors
caused by unwanted reflections and coupling. A near-field calibration procedure taking into account these effects
as well as antenna dispersion is presented. For practical convenience, only a metal plane is used here as a
calibration standard. Calibration data are measured for a set of distances between the antenna and metal plane.
The reference reflections in all positions are computed using polynomial representation of the reflected signal.
Then, error coefficients are obtained by a solution of a linear system of equations in the least squares sense.
Experimental verification of the proposed calibration technique demonstrated efficient removal of artefacts caused
by unwanted reflections. Moreover, peaks in the radar range profile become sharper after calibration if the
antenna is dispersive. Consequently, the ground response in the form of an exponential term can be effectively
subtracted from the received signal. This helps to reveal and discriminate shallow underground targets obscured
by strong reflection of the ground surface. Experimental examples are given to illustrate the performance of the
method. [J1890]

"Microwave backscatter from non-Gaussian seas"
Rough-surface scattering theory is applied to study microwave backscattering from seas characterized by a non-
Gaussian wave-height distribution. The relationship of the geometrical optics limit of rough-surface scattering
theory to the probability density of surface slopes is used to relate the coefficients of Gram-Charlier expansions,
describing measured slope statistics, to the wavenumber spectra of non-Gaussian surface components.
Functional forms for the spectra consistent with measured slope statistics are assumed, and the backscatter
predicted by rough-surface scattering theory is compared with measured cross sections. The predicted upwind-
downwind asymmetry of scattering cross sections is comparable to that observed, and a measurable
dependence of cross sections on atmospheric stability is predicted. [J1891]

"A test statistic in the complex Wishart distribution and its application to change detection in
polarimetric SAR data"
When working with multilook fully polarimetric synthetic aperture radar (SAR) data, an appropriate way of
representing the backscattered signal consists of the so-called covariance matrix. For each pixel, this is a 3×3
Hermitian positive definite matrix that follows a complex Wishart distribution. Based on this distribution, a test
statistic for equality of two such matrices and an associated asymptotic probability for obtaining a smaller value
of the test statistic are derived and applied successfully to change detection in polarimetric SAR data. In a case
study, EMISAR L-band data from April 17, 1998 and May 20, 1998 covering agricultural fields near Foulum,
Denmark are used. Multilook full covariance matrix data, azimuthal symmetric data, covariance matrix diagonal-
only data, and horizontal-horizontal (HH), vertical-vertical (VV), or horizontal-vertical (HV) data alone can be
used. If applied to HH, VV, or HV data alone, the derived test statistic reduces to the well-known gamma
likelihood-ratio test statistic. The derived test statistic and the associated significance value can be applied as a
line or edge detector in fully polarimetric SAR data also. [J1892]

"CFAR edge detector for polarimetric SAR images"
Finding the edges between different regions in an image is one of the fundamental steps of image analysis, and
several edge detectors suitable for the special statistics of synthetic aperture radar (SAR) intensity images have
previously been developed. In this paper, a new edge detector for polarimetric SAR images is presented using a
newly developed test statistic in the complex Wishart distribution to test for equality of covariance matrices. The
new edge detector can be applied to a wide range of SAR data from single-channel intensity data to
multifrequency and/or multitemporal polarimetric SAR data. By simply changing the parameters characterizing the
test statistic according to the applied SAR data, constant false-alarm rate detection is always obtained. An
adaptive filtering scheme is presented, and the distributions of the detector are verified using simulated
polarimetric SAR images. Using SAR data from the Danish airborne polarimetric SAR, EMISAR, it is
demonstrated that superior edge detection results are obtained using polarimetric and/or multifrequency data
compared to using only intensity data. [J1893]

"Application of frequency correlation function to radar target detection"
Analysis of high-resolution 35 GHz synthetic aperture radar (SAR) imagery of terrain reveals that when point
targets, such as vehicles, are viewed at angles close to grazing incidence, they are often difficult to distinguish
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from tree trunks because the radar cross section (RCS) intensities of the vehicles are comparable to the upper
end of the RCS exhibited by tree trunks. To resolve the point target/tree trunk ambiguity problem, a detailed
study was conducted to evaluate the use of new detection features based on the complex frequency correlation
function (FCF). This paper presents an analytical examination of FCF and its physical meaning, the results of a
numerical simulation study conducted to evaluate the performance of a detection algorithm that uses FCF, and
the corroboration of theory with experimental observations conducted at 35 and 95 GHz. The FCF-based
detection algorithm was found to correctly identify tree trunks as such in over 90% of the cases, while exhibiting
a false alarm rate of only 3%. [J1894]

"A generalized divergence measure for robust image registration"
Entropy-based divergence measures have shown promising results in many areas of engineering and image
processing. We define a new generalized divergence measure, namely, the Jensen-Renyi (1996, 1976)
divergence. Some properties such as convexity and its upper bound are derived. Based on the Jensen-Renyi
divergence, we propose a new approach to the problem of image registration. Some appealing advantages of
registration by Jensen-Renyi divergence are illustrated, and its connections to mutual information-based
registration techniques are analyzed. As the key focus of this paper, we apply Jensen-Renyi divergence for
inverse synthetic aperture radar (ISAR) image registration. The goal is to estimate the target motion during the
imaging time. Our approach applies Jensen-Renyi divergence to measure the statistical dependence between
consecutive ISAR image frames, which would be maximal if the images are geometrically aligned. Simulation
results demonstrate that the proposed method is efficient and effective. [J1895]

"Design and calibration of the SeaWinds Scatterometer"
The SeaWinds Scatterometer is a Ku-band Earth orbiting remote sensing radar. It has a 1 m dish antenna
shared by two beams with respective nadir look angles of 40 and 46 deg, scanning azimuthally to provide
greater than 90% daily coverage of the Earth at an altitude of 800 km. The first sensor was launched in 1999
and produces sea surface wind field to 2 m/s accuracy at 25 km resolution. The design and calibration of the
SeaWinds radar is described here. [J1896]

"Subcomplementary code pairs: new codes for ST/MST radar observations"
A new type of codes, named subcomplementary codes, are introduced. These codes are close to, but not
strictly, complementary. Each of the two sequences of the pair has an equal number of opposite elements, which
enables the codes to have very high interference-suppression-factor (ISF) performances in and around the radar
center frequency. The disadvantage of these codes is the presence of sidelobes of amplitude of -N in their
autocorrelation functions for lag 1 (N being the code length). Some properties of these codes are presented
along with a technique for generating the code pairs. Subcomplementary code pairs have been found for values
of N equal to 4, 8, 16, 20, and 32. A simulation study confirms a major improvement in ISF over complementary
code pairs around the zero Doppler frequency. Experimental observations were performed with the middle and
upper atmosphere radar in Japan using complementary and subcomplementary code pairs of length 16 and an
uncoded pulse for range resolution performance comparisons. The results obtained so far indicate that the
effects of the sidelobes in the subcomplementary code pair are minimal for wind observations, although
significant for shear velocity observations. The degradation in performance in signal-to-noise ratio observations
is found to be noticeable but not severe. The subcomplementary code pairs may, therefore, be used in situations
where their advantages for interference suppression are exploited and where the effects of their weaknesses are
not so important as in the case of observations for applications in meteorology. [J1897]

"Texture-based characterization of urban environments on satellite SAR images"
We investigate the use of co-occurrence texture measures to provide information on different building densities
inside a town structure. We try to improve the pixel-by-pixel classification of an urban area by considering
texture measures as a means for block analysis and classification. We find some interesting hints concerning the
optimal dimension of the window to be considered for texture measures, as well as the most useful measures.
Moreover, we show that it is possible to use medium-resolution readily available satellite synthetic aperture radar
images for a more refined urban analysis than previously shown. [J1898]

"ISAR imaging in strong ground clutter using a new stepped-frequency signal format"
In this paper, a new easy-to-implement variant of the stepped-frequency signal format is presented for ground
clutter cancellation application. A sequence of pulse-groups, where each pulse-group consists of two pulses of
the same carrier frequency, is transmitted. The carrier frequency of each subsequent burst is stepped at Δf.
Simple first-order cancellation of ground clutter can be carried out by comparing the returns of the two adjacent
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pulses, as the clutter movement (due to wind, etc.) can be assumed negligible within this interval (typically
[J1899]

"A novel technique for the processing of short-dwell spotlight SAR data"
The range migration algorithm (RMA) is an accurate algorithm to process spotlight synthetic aperture radar
(SAR) data. However, in applying the RMA to process the SAR data, especially for short-dwell data, the data
length has to be extended in azimuth by zero-padding it to the length of the azimuth filter. On the other hand,
the spectral analysis (SPECAN, which is a deramp followed by a fast Fourier transform) algorithm is efficient,
since the data extension is unnecessary, but an assumption is made that all targets have the same FM rate and
the same range cell migration. A novel algorithm is introduced here to combine the accuracy of the RMA and
the efficiency of SPECAN. It involves bulk azimuth uncompressing the RMA processed data with a single linear
FM filter, and then refocusing the data using SPECAN, all done without the azimuth extension in the RMA.
Localized artifacts generated can be removed easily. Point target simulations, including one with a high squint
angle of 60°, were successfully performed to verify the algorithm. [J1900]

"Ionospheric effects on SAR imaging: a numerical study"
There has been an increasing interest in the use of spaceborne very high frequency ultra high frequency (VHF-
UHF) synthetic aperture radar (SAR) for measuring forest biomass and for detecting underground facilities. The
propagation characteristics of the low-frequency electromagnetic wave are severely affected by the ionosphere.
Recently, Faraday rotation effects and SAR image degradation have been studied using an analytical model and
a homogeneous ionosphere. In this paper, a numerical model is developed to investigate the SAR image
degradation caused by an inhomogeneous ionosphere. Both horizontal and vertical structures of the ionosphere
are considered in this model. Three different cases are studied. The first is a vertically homogenous ionosphere,
where the simulation condition is the same as in the analytical study by Ishimaru and others. The second is a
vertical profile, which is introduced using the Chapman formula. The ray-bending effect is added for the
ionosphere with a layered structure. Finally, both the vertical profile in electron density and the horizontal
gradient in total electron content are considered in the simulation. Simulation results show good agreement with
the theoretical analysis under the same conditions of the ionosphere. When both horizontal and vertical
structures and the inhomogeneity of the ionosphere are considered in the model, the simulation result shows
further image degradation and shift caused by the ray-bending effect. The simulation results also show the
strong frequency dependence of the SAR image resolution. [J1901]

"A new interpolation kernel for SAR interferometric registration"
Estimation of digital elevation maps from electromagnetic signals received at an interferometric synthetic aperture
radar (SAR) requires significant processing. In this framework, a key step is the interferometric registration,
which can be mathematically framed as an interpolation procedure. A new interpolation kernel for SAR
interferometric registration is presented and discussed in comparison with five classical ones. It is based on the
Knab sampling window that has been successfully employed in various electromagnetic problems and which has
been proposed as capable of best preserving the stochastic information. The numerical experiments show the
superiority of the new interpolation kernel. [J1902]

"Estimation of coherent field attenuation through dense foliage including multiple scattering"
Single-scattering theory is shown to be insufficient for the estimation of effective propagation constant in foliage
at high microwave and millimetre-wave frequencies. Clusters of broad leaves and needles are treated as a unit
scatterer whose ensemble forward scattering is used in Foldy's approximation to estimate attenuation rate in
foliage. It is shown that single-scattering approximation overestimates forward scattering as high as 3-4 dB at 35
GHz. [J1903]

"Training DHMMs of mine and clutter to minimize landmine detection errors"
Minimum classification error (MCE) training is proposed to improve performance of a discrete hidden Markov
model (DHMM)-based landmine detection system. The system (baseline) was proposed previously for detection
of both metal and nonmetal mines from ground-penetrating radar signatures collected by moving vehicles. An
initial DHMM model is trained by conventional methods of vector quantization and the Baum-Welch algorithm. A
sequential generalized probabilistic descent (GPD) algorithm that minimizes an empirical loss function is then
used to estimate the landmine/background DHMM parameters, and an evolutionary algorithm (EA) based on
fitness score of classification accuracy is used to generate and select codebooks. The landmine data of one
geographical site was used for model training, and those of two different sites were used for evaluation of
system performance. Three scenarios were studied: 1) apply MCE/GPD alone to DHMM estimation, 2) apply EA
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alone to codebook generation, and 3) first apply EA to codebook generation and then apply MCE/GPD to DHMM
estimation. Overall, the combined EA and MCE/GPD training led to the best performance. At the same level of
detection rate as the baseline DHMM system, the false-alarm rate was reduced by a factor of two, indicating
significant performance improvement. [J1904]

"The effect of modified Markov random fields on the local minima occurrence in microwave
imaging"
The application of a maximum a posteriori estimation method for microwave imaging that makes use of a
Markov random field (MRF) a priori statistical model is presented. In particular, the MRF family adopted is
generalized for complex profiles, characterized by a quadratic energy function and "modified" such to make it
possible to statistically represent spatial interactions between real and imaginary parts. Thanks to its peculiarities,
the use of this approach simultaneously favors in many cases well posedness and robustness against local
minima occurrence, as well as high quality in the reconstructed images. Numerical results show the performance
of the method. [J1905]

"Fast and accurate algorithm for the short-pulse electromagnetic scattering from conducting circular
plates buried inside a lossy dispersive half-space"
The method of moments in the Hankel transform domain is applied to the determination of the fields scattered by
a conducting circular plate buried in a lossy dispersive half-space when the plate is illuminated by a plane wave.
The scattered fields obtained in the frequency domain are used to model the time-domain short-pulse scattering
via the inverse fast Fourier transform. The authors show that the choice of adequate basis functions in the
approximation of the current density induced on the plate makes it possible to obtain very accurate results for
the scattered fields while using low computer memory requirements and short CPU times. This implies that the
algorithm developed for the particular problem treated in this paper provides a good benchmark for the validation
of any other numerical algorithms dealing with the analysis of the scattering from buried conducting objects with
more complex geometry. [J1906]

"SAR raw data compression by subband coding"
A technique for compressing synthetic aperture radar raw data using multiresolution representations and
subband coding is considered. In particular, we present the performance of a transform coding compression
method using wavelet basis, coupled with a threshold quantizer optimized for Gaussian statistics, as well as a
proper subband bit allocation strategy. The performances achieved in terms of bit rate reduction and certain
quality parameters computed on the images obtained by compressed data have been evaluated. These show an
increased performance in the compression method with respect to conventional methods, albeit with a slightly
increased complexity in the algorithm implementation. [J1907]

"Lossy predictive coding of SAR raw data"
In this paper, we propose to employ predictive coding for lossy compression of synthetic aperture radar (SAR)
raw data. We exploit the known result that a blockwise normalized SAR raw signal is a Gaussian stationary
process in order to design an optimal decorrelator for this signal. We show that, due to the statistical properties
of the SAR signal, an along-range linear predictor with few taps is able to effectively capture most of the raw
signal correlation. The proposed predictive coding algorithm, which performs quantization of the prediction error,
optionally followed by entropy coding, exhibits a number of advantages, and notably an interesting
performance/complexity trade-off, with respect to other techniques such as flexible block adaptive quantization
(FBAQ) or methods based on transform-coding; fractional output bit-rates can also be achieved in the entropy-
constrained mode. Simulation results on real-world SIR-C/X-SAR as well as simulated raw and image data show
that the proposed algorithm outperforms FBAQ as to SNR, at a computational cost compatible with modern SAR
systems. [J1908]

"Temporal analysis of a landslide by means of a ground-based SAR Interferometer"
A ground-based synthetic aperture radar (GB-SAR) interferometer is used to retrieve the velocity field of a
landslide. High-resolution images are obtained by means of a time domain SAR processor. An in-depth analysis
of the sequence of SAR interferograms enables the recognition of a slowly deforming upper scarp in the scene,
and a debris flow that feeds the accumulation zone of the landslide, where a fast change in terrain morphology is
observed. The estimated deformation map is in agreement with the available measurements obtained by means
of Global Positioning System receivers. Results show that GB-SAR interferometry is a cost-effective solution for
the monitoring of landslides. The proposed method is shown to be a valid complement to space- and airborne
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SAR and to the traditional geodetic instruments. [J1909]

"A least squares database approach for SAR interferometric data"
Presents a least squares (LS) approach for the retrieval of a temporal deformation sequence from a set of
interferometric synthetic aperture radar images. The method uses a database of interferograms spanning
different longand short-term intervals, and by solving all the deformations as a unique LS problem provides a
chronologically ordered sequence, i.e. a picture of the development of the deformation pattern in time. The
approach is illustrated in detail and discussed with respect to both the results of its application on a case study
and to possible alternative methods. [J1910]

"Inversion of surface parameters from polarimetric SAR"
Proposes a new model for the inversion of surface roughness and soil moisture from polarimetric synthetic
aperture radar (SAR) data, based on the eigenvalues and eigenvectors of the polarimetric coherency matrix. It
demonstrates how three polarimetric parameters, namely the scattering entropy (H), the scattering anisotropy (A),
and the alpha angle (α) may be used in order to decouple surface roughness from moisture content estimation
offering the possibility of a straightforward inversion of these two surface parameters. The potential of the
proposed inversion algorithm is investigated using fully polarimetric laboratory measurements as well as airborne
L-band SAR data and ground measurements from two different test sites in Germany, the Elbe-Auen site and
the Weiherbach site. [J1911]

"Adaptive phase measurement system for surface profile measurement"
A hybrid phase measuring system is described which is an adaptive development of traditional phase locked
loops. It is based around a digital delay line. The target application is a slope-measuring continuous wave lidar
designed to determine surface profiles at shallow angles of incidence. The lidar unit, of which the phase shifter is
a key element, is a pioneering system designed to obtain a vector field representation of propagating deep water
ocean gravity waves. The application of the system is in the new discipline of deterministic sea wave prediction
(DWSP) and is intended to operate in fixed time mode. In the normal tracking mode, the phase difference to be
estimated is much less than pi/2, but however, due to the nature of the physical situation, sudden large jumps of
several times pi are possible. The system time constants adapt to such jumps, producing an evolving
compromise between phase error and the time taken to recover the tracking mode. [J1912]

"Reflectivity estimation for SAR image compression"
Synthetic aperture radar (SAR) images suffer from speckle noise that degrades image quality. Also, speckle
removal is needed for lossy image compression as such noise increases image entropy. Nevertheless, most
lossy compression schemes act as lowpass filters that might not suit multiplicative noise reduction. In order to
build a compression scheme that takes into consideration statistics of SAR images, a well-known reflectivity
estimator is integrated into an JPEG 2000-like image compression strategy, so that image compression artifacts
may be viewed as an adaptive despeckle filter instead of a simple lowpass filter. It yields a compression
algorithm that acts in a similar way to the Lee (or Kuan) filter. [J1913]

"A progressive morphological filter for removing nonground measurements from airborne LIDAR
data"
Recent advances in airborne light detection and ranging (LIDAR) technology allow rapid and inexpensive
measurements of topography over large areas. This technology is becoming a primary method for generating
high-resolution digital terrain models (DTMs) that are essential to numerous applications such as flood modeling
and landslide prediction. Airborne LIDAR systems usually return a three-dimensional cloud of point
measurements from reflective objects scanned by the laser beneath the flight path. In order to generate a DTM,
measurements from nonground features such as buildings, vehicles, and vegetation have to be classified and
removed. In this paper, a progressive morphological filter was developed to detect nonground LIDAR
measurements. By gradually increasing the window size of the filter and using elevation difference thresholds,
the measurements of vehicles, vegetation, and buildings are removed, while ground data are preserved.
Datasets from mountainous and flat urbanized areas were selected to test the progressive morphological filter.
The results show that the filter can remove most of the nonground points effectively. [J1914]

"Development of a ground-based radar for scattering measurements"
A ground-based C-band scatterometer system has been constructed at the Multimedia University, Malaysia. This
is an inexpensive FM-CW radar that was efficiently constructed from a combination of commercially available
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components and in-house fabricated circuitry. The system has full polarimetric capability for determining the
complete backscattering matrix of a natural target. It will be used to conduct in-situ backscatter measurements
on Earth terrain, such as vegetation fields, forests, and soil surfaces. This paper presents the system design and
the evaluation results of the scatterometer system. The system was tested at a football field. A metal sphere was
used as the calibration target. The backscattering matrices of an 8" trihedral corner reflector and of a 4" × 8"
dihedral corner reflector were measured. The dihedral was rotated at different angles to provide different sets of
polarimetric data. The results were compared with the theoretical values to verify the effectiveness of the
calibration technique. The external calibration and internal calibration procedures, as well as the approach used
in measuring the relative phase response, are discussed. [J1915]

"Pyramidal rain field decomposition using radial basis function neural networks for tracking and
forecasting purposes"
In this paper, we present how we used neural networks (NNs) and a pyramidal approach to model the data
obtained by a weather radar and to short-range forecast the rainfall behavior. Very short-range forecasting
useful, for instance, for estimating the path attenuation in terrestrial point-to-point communications. Radial basis
function NNs are used both to approximate the rain field and to forecast the parameters of this approximation in
order to anticipate the movements and changes in geometric characteristics of significant meteorological
structures. The procedure is validated by applying it to actual weather radar data and comparing the outcome
with a linear forecasting method, the steady-state method, and the persistence method. The same approach is
probably useful also for predicting the behavior of other meteorological phenomena like clusters of clouds
observed from satellites. [J1916]

"Scalable multilevel fast multipole method for multiple targets in the vicinity of a half space"
We extend the multilevel fast multipole algorithm (MLFMA) to the case of electromagnetic scattering from an
arbitrary number of dielectric and/or perfectly conducting targets in the presence of a half space. This multitarget
MLFMA is implemented in an iterative fashion, in which the fields incident on and scattered from each target are
updated sequentially by considering each target in isolation, with appropriate field updating to account for
intertarget scattering. Each target is analyzed in parallel on a separate computer node, and intertarget interaction
is addressed via message passaging between the processors. We also utilize the aforementioned iterative
formulation employed for handling interactions between multiple targets to develop a new means of solving the
MLFMA matrix equation for an isolated target. This new formulation generally results in significant acceleration in
the analysis of scattering from single targets, thereby also accelerating the analysis of scattering from multiple
targets (within the context of the iterative multitarget analysis developed). [J1917]

"Comparison of radar and video observations of shallow water breaking waves"
Simultaneous microwave and video measurements of shallow water breaking waves are presented. A
comparison of the data from the two sensors shows that short-duration spikes in the measured X-band radar
cross section are highly correlated with the presence of breaking waves in the video imagery. In addition, the
radar backscatter from shallow water breaking events is responsible for 40% to 50% of the total cross section,
which is a much larger contribution than typically observed for deepwater breaking events. Based on estimates
of the area of individual breaking regions determined from digitized video images, the radar cross section per
unit area of the turbulent breaking region is shown to be well approximated by a value of -1.9 dB at 31° grazing.
Finally, there are some differences between the radar and video signals that suggest that microwave radar may
be less sensitive than video techniques to relict foam not associated with active wave breaking. In general, the
results indicate that radar is a very good detector of shallow water breaking waves and suggest that radar can be
used for the measurement of the spatial and temporal variations of wave breaking. [J1918]

"JERS SAR interferometry for land subsidence monitoring"
In this paper, the potential of L-band repeat-pass differential synthetic aperture radar (SAR) interferometry for
land subsidence monitoring is evaluated using Japanese Earth Resources Satellite (JERS) SAR data. Bologna,
Mexico City, and the Ruhrgebiet are selected as application sites representing slow to fast deformation velocities.
The investigation includes feasibility aspects such as data availability, the temporal decorrelation over different
landcover classes and the range of useful spatial baselines, an analysis of the achieved deformation accuracy,
and considerations on the complementarity to European Remote Sensing satellite (ERS) SAR interferometry and
leveling surveys. In spite of the rather limited data availability, land subsidence maps could be generated for the
three selected application sites. In contrast to ERS C-band SAR data, JERS L-band interferometry permitted the
retrieval of subsidence values over vegetated areas and forest when using interferograms of less than one year
acquisition time interval and short baseline. In addition, the longer L-band wavelength was found to be superior

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 508 из 658



in the case of large deformation gradients that lead to phase-unwrapping problems in C-band interferometry.
[J1919]

"QuikSCAT wind retrievals for tropical cyclones"
The use of QuikSCAT data for wind retrievals of tropical cyclones is described. The evidence of QuikSCAT
σ0dependence on wind direction for >30-m/s wind speeds is presented. The QuikSCAT σ0s show a peak-to-
peak wind direction modulation of 1 dB at 35-m/s wind speed, and the amplitude of modulation decreases with
increasing wind speed. The decreasing directional sensitivity to wind speed agrees well with the trend of
QSCAT1 model function at near 20 m/s. A correction of the QSCAT1 model function for above 23-m/s wind
speed is proposed. We explored two microwave radiative transfer models to correct the attenuation and
scattering effects of rain for wind retrievals. One is derived from the collocated QuikSCAT and Special Sensor
Microwave/Imager (SSM/I) dataset, and the other one is a published parametric model developed for rain radars.
These two radiative transfer models account for the effects of volume scattering, scattering from rain-roughened
surfaces and rain attenuation. The models suggest that the σ0s of wind-roughened sea surfaces for 40-50-m/s
winds are comparable to the σ0s of rain contributions for up to about 10-15 mm/h. Both radiative transfer models
have been used to retrieve the ocean wind vectors from the collocated QuikSCAT and SSM/I rain rate data for
several tropical cyclones. The resulting wind speed estimates of these tropical cyclones show improved
agreement with the wind fields derived from the best track analysis and Holland's model for up to about 15-
mm/h SSM/I rain rate. A comparative analysis of maximum wind speed estimates suggests that other rain
parameters likely have to be considered for further improvements. [J1920]

"A time-frequency application with the Stokes-Woodward technique"
Elfouhaily et al. (2003) generalized Woodward's theorem and applied it to the case of random signals jointly
modulated in amplitude and frequency. This generalization yields a new spectral technique to estimate the
amount of energy due to mode coupling without calling for higher order statistics. Two power spectra are
detected; the first is related to the independent modes, and the second contains extra energy caused by mode
coupling. This detection is now extended from frequency to time-frequency domain. A comparison between a
wavelet transform and our time-frequency technique shows good agreement along with new insight into the time
occurrence of the nonlinearities or mode coupling. An application to water surface waves is given as an example.
[J1921]

"Linear features extraction in rain forest context from interferometric SAR images by fusion of
coherence and amplitude information"
This paper presents an almost unsupervised fusion algorithm on linear features (LF) extraction in synthetic
aperture radar (SAR) interferometric data, in particular for mangroves/shorelines and thin internal channels. The
spatial information on LFs is first extracted in the coherence image, where they are wider and more visible: water
regions (in particular thin internal channels) are dark areas (low coherence) due to the temporal decorrelation of
backscattering signals in these and surrounding regions, whereas conventional vegetation regions are brighter
areas (high coherence). These approximate locations of LFs are further refined by using the edge map coming
from a semantic fuzzy fusion of the coefficient of variation (CV) and the ratio of local means (RLM) measured in
the amplitude image. The final detection of LFs is then performed by merging the two fuzzy inputs: the spatial
information and the edge location map. The membership degree statistics of CV and RLM semantic fusion
measures are introduced in order to illustrate the location detection ability. The originality of this method in
comparison with conventional approaches is in the fusion scheme that follows the interpreter behavior by using
first the coherence image for a fuzzy detection where thin LFs are more visible, but have low location accuracy,
and then the amplitude image where they are poorly visible, but with higher location accuracy, to obtain
improved results. A quantitative performance evaluation is also presented. The method has been applied on real
interferometric SAR images from European Remote Sensing satellites over the western part of Cameroon.
[J1922]

"Measurement of glacier geophysical properties from InSAR wrapped phase"
A method is presented for calculating longitudinal glacier strain rates directly from the wrapped phase of an
interferometric synthetic aperture radar (InSAR) interferogram assuming the ice flow path is known. This
technique enables strain rates to be calculated for scenes lacking any velocity control points or areas within a
scene where the phase is not continuously unwrappable from a velocity control point. The contributions to the
error in the estimate of the strain rate are evaluated, and recommendations for appropriate SAR and InSAR
parameters are presented. An example using Radarsat-1 InSAR data of an East Antarctic ice stream
demonstrates the technique for calculating longitudinal strain rate profiles and estimating tensile strength of ice
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(186-215 kPa) from locations of crevasse initiation. The strain rate error was found to be 17% corresponding to
a tensile strength of ice error of 5.3%. [J1923]

"Measurements of soil compaction rate by using JERS-1 SAR and a prediction model"
The soil compaction rate in a reclaimed land has been estimated by using the Japanese Earth Resources
Satellite 1 (JERS-1) synthetic aperture radar (SAR) two-pass differential interferometry (DInSAR) and magnetic
probe extensometer (an accuracy of ±1 mm) from 42 ground stations. Twelve JERS-1 SAR interferometric pairs
were acquired in the study area. We applied a soil compaction prediction model based on a hyperbolic method
using the ground truth data and the DInSAR measurements. The hyperbolic model fitted well to the ground
measurements with an rms error of 1.65 cm. The rms error of the model driven by DInSAR measurements was
2.24 cm. The two model results agreed well, showing a difference of 8.1% (12.9 cm) in permanent settlement
that is defined as the amount of vertical subsidence as time goes to infinity. A two-dimensional (2-D) subsidence
map was constructed from five qualified pairs. The correlation coefficient R between the radar measurements
and the ground truth data was 0.87 with an rms error of 1.44 cm. The results demonstrate that the L-band
DInSAR combined with a prediction model is useful for geotechnical applications. [J1924]

"Segmentation of SAR images using multitemporal information"
The maximum likelihood method of SAR segmentation has the potential to retain single pixel accuracy without
requiring heuristic decisions. Normally, a probabilistic measure is used to merge individual regions without
assuming any prior knowledge for the underlying cross-sections. However, for a reasonable multitemporal
scene, there may be considerable information available from the varying cross-sections over time. An example is
given where this information can be extracted by an initial classification. It is then shown how the segmentation
scheme can be modified to incorporate this information via an estimate of the multitemporal underlying class
distributions. Using single-look Radarsat data at 8 m resolution, it is demonstrated how the final segment
population can be significantly reduced. From a comparison with ground survey data and a high-resolution
AirSAR image, the structural quality of the segmentation is shown to be improved. [J1925]

"Multichannel ATI-SAR with application to the adaptive Doppler filtering of ocean swell waves"
Multichannel along-track interferometric (MATI) SAR systems are discussed from the point of view of ocean
remote sensing. It is shown that the signals scattered by range moving scatterers can be Doppler filtered using a
MATI-SAR. Processing techniques are presented, including a phase screen method for the removal of phase
errors (including systematic errors and also those resulting from platform motion). A particular radar system (the
ESR, enhanced surveillance radar) is described; this has a 3 cm wavelength MATI with two, three or four
beams. It is used for investigating and exploiting Doppler effects in ocean radar scattering. It is demonstrated
that, by applying adaptive Doppler filtering techniques, the MATI-SAR can significantly increase the imaging
sensitivity of ocean features with respect to a conventional SAR. Examples illustrate the use of the ESR MATI-
SAR system for imaging ship generated swell waves. Using three beams, the visibility of the wave images is
increased by 9.5 dB looking downwind and 5.0 dB looking upwind for horizontal polarisation at grazing angles of
39° and 32°, respectively. Associated Doppler filter responses are shown which show that the scatterers
modulated by the swell wave are located in the neighbourhood of the wave crests. [J1926]

"An improved simulation model for spaceborne scatterometer measurements"
Development of scatterometer designs and applications requires extensive data simulation. The advancing
capabilities of instruments motivates our proposal for an improved simulation model for noisy scatterometer
measurements. Previous simulation models do not separately account for the two forms of random variation-
signal fading and additive noise-which affect scatterometer measurements. The proposed model is able to
generate data that are statistically equivalent (in a mean and variance sense) to actual instrument measurements
by accounting for both variations, while maintaining ease of implementation. The model is particularly adept at
handling design tradeoffs related to signal-to-noise ratios by appropriately separating fading and additive noise.
Unlike previous models, the new model also can account for correlation between measurements, an issue that
has recently become important. [J1927]

"Sustained data recording system based on disk array"
Most sustained data recording systems in many real-time fields are based on tape equipments. We have
developed an innovative sustained data recording system based on disk array which consists of Array Controller
Module (ACM), String Controller Module (SCM) and Main Controller Module (MCM). This system has a better
performance and higher reliability than the traditional tape recorder and can be used conveniently in many areas
of data recording, storing, playback, and remote backup. This novel recording system has been used in radar

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 510 из 658



data recorder for spacecraft orbit tracking and satellite remote sensing data recording successfully. [J1928]

"Coherence estimation from multilook incoherent SAR imagery"
This paper presents an unsupervised method capable to provide estimates of temporal coherence starting from a
pair of multilook detected synthetic aperture radar (SAR) images of the same scene. The method relies on
robust measurements of the temporal correlation of speckle patterns between the two pass dates. To this end, a
nonlinear transformation aimed at decorrelating the data across time while retaining the multiplicative noise
model is defined as the pixel geometric mean and ratio of the two overlapped images. The temporal correlation
coefficient (TCC) of speckle is analytically derived from the noise variances, measured in the transformed pair of
images as regression coefficients of local standard deviation to local mean, calculated on homogeneous, i.e.,
nontextured, pixels. Such pixels are identified based on the observation that homogeneous areas produce
clustered scatter-points that are aligned along the regression line. Experiments were carried out on two pairs of
multitemporal SAR observations, from the European Remote Sensing 1/2 (ERS-1/2) tandem mission and from
the 1994 SIR-C mission. A good fit with the true coherence values was found, irrespective of the presence of
textures; when the true coherence was unavailable, the estimated coherence results match the available ground
truth data. [J1929]

"Laser "firefly" clustering: A new concept in atmospheric probing"
Profiling the chemical and particulate composition of the atmosphere is of growing importance as awareness of
the role of pollution monitoring increases and deliberate contamination by hostile elements becomes a sad
reality. Low cost, flexible, safe and mobile solutions are sought. In this letter, we propose an innovative concept
of distributed probes in which miniature, low power lasers are deployed in situ at the altitude of interest. We term
these laser transmitters "fireflies". The emitted light is at eye safety levels and is modulated by orthogonally
coded signals, which make it possible to distinguish between the transmitters. The light is scattered by the
aerosols and molecules in the locality of the firefly and received on the ground. Analysis of the received signals
makes it possible to obtain a spatial map of the atmospheric constituents without having to perform mechanical
scanning. It is shown that signal-to-noise ratios (SNRs) of above 10 dB can be achieved when using more than
1700 fireflies at an altitude of 1 km for a midlatitude summer clear night scenario. At half the altitude, 350 fireflies
suffice to achieve the same SNR for the same environment. [J1930]

"Automatic generation of high-quality building models from lidar data"
Automating data acquisition for 3D city models is an important research topic in photogrammetry. In addition to
techniques that rely on aerial images, generating 3D building models from point clouds provided. by light
detection and ranging (Lidar) sensors is gaining importance. The progress in sensor technology has triggered
this development. Airborne laser scanners can deliver dense point clouds with densities of up to one point per
square meter. Using this information, it's possible to detect buildings and their approximate outlines and also to
extract planar roof faces and create models that correctly resemble the roof structures. The author presents a
method for automatically generating 3D building models from point clouds generated by the Lidar sensing
technology. [J1931]

"Almost translation invariant wavelet transformations for speckle reduction of SAR images"
Two wavelet transformations are used for speckle reduction and enhancement of synthetic aperture radar (SAR)
images. First, a discrete wavelet transformation (DWT) based on oversampled filter banks is used. The
oversampled DWT is called a double-density DWT (DD-DWT) and is based on a single-scaling function (low
pass) and two distinct wavelet functions (high pass). Second, a discrete wavelet transformation based on two
dual real wavelet trees is applied. Each tree produces a set of real DWTs, which together form the complex
wavelet transformation (CWT), i.e., a transformation with both real and imaginary parts. Both of these DWTs are
almost translation invariant and are useful for speckle reduction through their subband images, and the speckle
reduction is obtained by thresholding the subband image coefficients of the digitized SAR images. A thresholding
method based on the use of nonlinear functions, which are adapted for each selected subband, is used. The
nonlinear functions are based on sigmoid functions. The denoising method presented shows great promise for
speckle removal and, hence, can provide good detection performance for SAR-based recognition. [J1932]

"Automated removal of ghost noise from SAR images using wavelet packet transform"
Due to interference caused by ground transmitters, so-called ghost noise occurs on images obtained from
synthetic aperture radar (SAR). This letter proposes a scheme based on the wavelet packet transform to remove
this ghost noise from the SAR image. The wavelet packet transform is employed to decompose the SAR image
with the ghost noise both in the spatial and in the spatial frequency domain. To automatically detect and remove
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the ghost noise, an energy detection method is developed in this letter. The performance of the proposed
scheme is demonstrated by some experimental results on real SAR images. In addition, we point out that the
proposed scheme is also useful for other applications of image processing and analysis. [J1933]

"On the surface field integral equations"
Surface field integral equations are the basic tools for electromagnetic waves scattering calculations. They are of
particular importance for the evaluation of the ocean or soil surface contributions to backscattering and emissivity
in remote sensing applications based on the use of radars or microwave radiometers. The proofs of these
fundamental integral equations are disseminated in the scientific literature, and the original references are old.
This paper proposes a comprehensive derivation of these relationships for both perfectly conducting and
dielectric bodies, starting from Maxwell equations, through Kottler's formulas. Several basic properties for
discontinuities in vector surface integrals are required, and the derivations are included. Some original proofs are
also provided. [J1934]

"A new maximum-likelihood joint segmentation technique for multitemporal SAR and multiband
optical images"
In this paper, we devise a new technique for the fusion of a sequence of multitemporal single-channel synthetic
aperture radar (SAR) images of a given area with a single multiband optical image. Unlike for SAR, the
availability of optical images is largely affected by atmospheric conditions, so that this is a case of practical
interest. First, a statistical model for the joint distribution of SAR and optical data is provided. Then, a split-merge
test based on this model is derived, and its performance is evaluated both analytically and using a Monte Carlo
simulation. A new segmentation technique is introduced (OPT MUM), based on the test and on a region-growing
scheme. The effectiveness of the proposed technique for the fusion of multitemporal SAR and multiband optical
images is tested on synthetic and real images. Results show that the proposed scheme allows to both 1)
discriminate characteristics that would be impossible to distinguish using only a single sensor and 2) increase
the overall discrimination performance, even when each sensor has its own discrimination capability. [J1935]

"Statistical and operational performance assessment of multitemporal SAR image filtering"
Multitemporal synthetic aperture radar (SAR) image filtering is a useful preprocessing step for many applications
that require speckle reduction. Several multitemporal filters are now available with very different characteristics.
In this paper, the performance of three multitemporal filters is assessed with respect to statistical and operational
criteria. Statistical criteria include measures of bias, noise reduction, and preservation of both spatial and
temporal information. Operational criteria evaluate the accuracy of manual detection of geographical features
such as points, lines, and surfaces. This study was carried out with the help of ten photointerpreters. It uses a
set of seven multitemporal SAR images from the European Remote Sensing 1 (ERS-1) satellite. It provides
guidelines to select multitemporal filters according to the application and the subsequent processing. [J1936]

"A radar course at undergraduate level: an approach to systems engineering"
This paper describes the undergraduate radar course taught at the Escola Universitaria Politecnica del Baix
Llobregat (EUPBL) of the Universitat Politecnica de Catalunya (UPC), Barcelona, Spain. At present, the EUPBL
offers a three-year degree in Technical Telecommunications Engineering. This paper briefly describes the
EUPBL, the organization of the degree program, the structure of the radar course, the evaluation methods, and
two practical exercises on a sonar demonstrator and a global positioning system kit. [J1937]

"A Markov random field approach to spatio-temporal contextual image classification"
Markov random fields (MRFs) provide a useful and theoretically well-established tool for integrating temporal
contextual information into the classification process. In particular, when dealing with a sequence of temporal
images, the usual MRF-based approach consists in adopting a "cascade" scheme, i.e., in propagating the
temporal information from the current image to the next one of the sequence. The simplicity of the cascade
scheme makes it attractive; on the other hand, it does not fully exploit the temporal information available in a
sequence of temporal images. In this paper, a "mutual" MRF approach is proposed that aims at improving both
the accuracy and the reliability of the classification process by means of a better exploitation of the temporal
information. It involves carrying out a bidirectional exchange of the temporal information between the defined
single-time MRF models of consecutive images. A difficult issue related to MRFs is the determination of the MRF
model parameters that weight the energy terms related to the available information sources. To solve this
problem, we propose a simple and fast method based on the concept of "minimum perturbation" and
implemented with the pseudoinverse technique for the minimization of the sum of squared errors. Experimental
results on a multitemporal dataset made up of two multisensor (Landsat Thematic Mapper and European
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Remote Sensing 1 synthetic aperture radar) images are reported. The results obtained by the proposed "mutual"
approach show a clear improvement in terms of classification accuracy over those yielded by a reference MRF-
based classifier. The presented method to automatically estimate the MRF parameters yielded significant results
that make it an attractive alternative to the usual trial-and-error search procedure. [J1938]

"Segmentation of remotely sensed images using wavelet features and their evaluation in soft
computing framework"
The present paper describes a feature extraction method based on M-band wavelet packet frames for
segmenting remotely sensed images. These wavelet features are then evaluated and selected using an efficient
neurofuzzy algorithm. Both the feature extraction and neurofuzzy feature evaluation methods are unsupervised,
and they do not require the knowledge of the number and distribution of classes corresponding to various land
covers in remotely sensed images. The effectiveness of the methodology is demonstrated on two four-band
Indian Remote Sensing 1A satellite (IRS-1A) images containing five to six overlapping classes and a three-band
SPOT image containing seven overlapping classes. [J1939]

"Recovering radar shadow to improve interferometric phase unwrapping and DEM reconstruction"
This letter presents a new approach to actively use radar shadow in order to unwrap and geocode objects that
cannot be reconstructed by synthetic aperture radar interferometry alone. This new algorithm may significantly
improve phase unwrapping and digital elevation model reconstruction in mountainous topography or in urban
areas. The algorithm is explained and examples are given with data from the Shuttle Radar Topography Mission,
where shadow is a serious problem in Alpine terrain. [J1940]

"A new polarimetric classification approach evaluated for agricultural crops"
Statistical properties of the polarimetric backscatter behavior for a single homogeneous area with constant radar
reflectivity are described by the Wishart distribution or its marginal distributions. These distributions do not
necessarily well describe the statistics for a collection of homogeneous areas of the same class because of
variation in, for example, biophysical parameters. Using Kolmogorov-Smirnov (KS) tests of fit, it is shown that,
for example, the Beta distribution is a better descriptor for the polarimetric correlation, and the log-normal
distribution for the backscatter level. An evaluation is given for a number of agricultural crop classes, grasslands,
and fruit tree plantations at the Flevoland test site, using an AirSAR (C-, L- and P-band polarimetric) image from
July 3, 1991. A new reversible transform of the covariance matrix into backscatter intensities will be introduced in
order to describe the full polarimetric target properties in a mathematically alternative way, allowing for the
development of simple, versatile, and robust classifiers. Moreover, it allows for polarimetric image segmentation
using conventional approaches. The effect of azimuthally asymmetric backscatter behavior on the classification
results is discussed. Several models are proposed, and results are compared with results from the literature for
the same test site. It can be concluded that the introduced classifiers perform very well, with levels of accuracy
for this test site, with 14 cover types, of 90.4% for C-band, 88.7% for L-band, and 96.3% for the combination of
C- and L-band. [J1941]

"Fast SAR image restoration, segmentation, and detection of high-reflectance regions"
An iterative filter that can be used for speckle reduction and restoration of synthetic aperture radar (SAR) images
is presented here. This method can be considered as a first step in the extraction of other important information.
The second step is the detection of high-reflectance regions and continues with the segmentation of the total
image. We have worked in three-look simulated and real European Remote Sensing 1 satellite amplitude
images. The iterative filter is based on a membrane model Markov random field approximation optimized by a
synchronous local iterative method. The final form of restoration gives a total sum-preserving regularization for
the pixel values of our image. The high-reflectance regions are defined as the brightest regions of the restored
image. After the separation of this extreme class, we give a fast segmentation method using the histogram of
the restored image. [J1942]

"Automatic spectral target recognition in hyperspectral imagery"
Automatic target recognition (ATR) in hyperspectral imagery is a challenging problem due to recent advances of
remote sensing instruments which have significantly improved sensor's spectral resolution. As a result, small and
subtle targets can be uncovered and extracted from image scenes, which may not be identified by prior
knowledge. In particular, when target size is smaller than pixel resolution, target recognition must be carried out
at subpixel level. Under such circumstance, traditional spatial-based image processing techniques are generally
not applicable and may not perform well if they are applied. The work presented here investigates this issue and
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develops spectral-based algorithms for automatic spectral target recognition (ASTR) in hyperspectral imagery
with no required a priori knowledge, specifically, in reconnaissance and surveillance applications. The proposed
ASTR consists of two stage processes, automatic target generation process (ATGP) followed by target
classification process (TCP). The ATGP generates a set of targets from image data in an unsupervised manner
which will subsequently be classified by the TCP. Depending upon how an initial target is selected in ATGP, two
versions of the ASTR can be implemented, referred to as desired target detection and classification algorithm
(DTDCA) and automatic target detection and classification algorithm (ATDCA). The former can be used to search
for a specific target in unknown scenes while the latter can be used to detect anomalies in blind environments.
In order to evaluate their performance, a comparative and quantitative study using real hyperspectral images is
conducted for analysis. [J1943]

"Pulsed photoacoustic calibration of a differential absorption water vapor lidar"
We have designed and constructed a photoacoustic (PA) cell to be used for wavelength calibration in a water
vapor differential absorption lidar (DIAL) system. This system will be used to remotely determine atmospheric
H2O16concentrations. The accuracy of these measurements depends critically on the ability to tune to and
detune from lines in the water vapor spectrum. Specifically, the signal-to-noise ratio of the PA signal must be
strong enough to locate the center frequency of an absorption line with accuracy and repeatability better than
0.2 times the Lorentzian half width of the absorption (0.1 cm-1). So, although it represents only a peripheral part
of the DIAL experiment, the calibration provided by the PA cell is critical to its overall success. In the
environment of a mobile lidar system, problems with mechanical and electronic noise are potentially greater than
those in a typical laboratory setting, and the cell is designed to address this situation. The PA cell utilizes a
"figure-8" beam tunnel geometry which partially separates the tunnel into two subchambers, each with a
microphone mounted in it. The laser beam is allowed to pass through only one of these subchambers. The
microphone in the side that receives the laser beam records both PA signal and background noise, while the
other microphone records only background noise. A differential lowpass filter and microphone amplifier circuit, of
a design dedicated to this application, uses the output of the two microphones to subtract the background noise
from the PA signal. The PA cell described within is of simple mechanical design and is constructed at very little
cost. copyright 2003 American Institute of Physics. [J1944]

"Design and construction of a multipurpose wideband anechoic chamber"
An electromagnetic anechoic chamber has been constructed at the Multimedia University. It is designed to
operate over a very wide frequency range from 30 MHz through 18 GHz. It can be used for electromagnetic
compatibility (EMC) tests, antenna measurements, radar cross section (RCS) measurements, testing RF
transceivers, calibration of scatterometers, and other electromagnetic research experiments. The geometry of the
chamber is asymmetrical, consisting of a combination of rectangular and tapered volumes. The size of the
chamber is about 64 ft × 32 ft × 24 ft high. Ease of construction and ease of lining of the absorbers were
preserved so that the actual quietness is comparable to the theoretical simulation result. The transmitting source
is placed at one end of the chamber, and the receiving antenna or object under test is placed in a designated
quiet zone at the other end. The walls and ceilings are configured such that no first-order and or second-order
reflections (except those reflected from the floor) propagate into the quiet zone. Hence, less-expensive absorbers
can be used to achieve the required wideband performance. Reflection from the floor is required by the
international EMC standards for radiated electromagnetic interference (EMI) emission tests; therefore, the
chamber is designed for this capability. However, absorbing material can be placed on the floor to convert a
semi-anechoic chamber into a fully anechoic chamber for radar and antenna measurements. [J1945]

"Evidence for viscosity, thermal conduction and diffusion waves in the Earth's atmosphere (invited)"
Over the last 40 years, radar studies of atmospheric backscatter have shown tantalizing evidence for flat, mirror-
like partial reflectors embedded in the air. These have been observed at all heights, but especially in the
stratosphere (above 10 km) and mesosphere (especially in the region 60-90 km altitude), and at a variety of
frequencies, from 2 to at least 50 MHz. These structures appear to have vertical depths of only a few meters or
less. They often seem independent of atmospheric turbulence scatter. Various explanations have been advanced
to account for these unusual structures, but a strong candidate is the possibility that they are due to diffusion
waves generated by reflection and/or critical level interactions of gravity waves or infrasound. In this review, we
will examine the evidence for these structures, and expand on the possibility that they are indeed organized
structures which develop due to the diffusive characteristics of the medium. copyright 2003 American Institute of
Physics. [J1946]

"Development and testing of a frequency-agile optical parametric oscillator system for differential
absorption lidar"
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An all-solid-state fast-tuning lidar transmitter for range- and temporally resolved atmospheric gas concentration
measurements has been developed and thoroughly tested. The instrument is based on a commercial optical
parametric oscillator (OPO) laser system, which has been redesigned with piezoelectric transducers mounted on
the wavelength-tuning mirror and on the crystal angle tuning element in the OPO. Piezoelectric transducers
similarly control a frequency-mixing stage and doubling stage, which have been incorporated to extend system
capabilities to the mid-IR and UV regions. The construction allows the system to be tuned to any wavelength, in
any order, in the range of the piezoelectric transducers on a shot-to-shot basis. This extends the measurement
capabilities far beyond the two-wavelength differential absorption lidar method and enables simultaneous
measurements of several gases. The system performance in terms of wavelength, linewidth, and power stability
is monitored in real time by an etalon-based wave meter and gas cells. The tests showed that the system was
able to produce radiation in the 220-4300-nm-wavelength region, with an average linewidth better than 0.2cm-
1and a shot-to-shot tunability up to 160cm-1within 20 ms. The utility of real-time linewidth and wavelength
measurements is demonstrated by the ability to identify occasional poor quality laser shots and disregard these
measurements. Also, absorption cell measurements of methane and mercury demonstrate the performance in
obtaining stable wavelength and linewidth during rapid scans in the mid-IR and UV regions. copyright 2003
American Institute of Physics. [J1947]

"Measurements of ocean surface waves and currents using L- and C-band along-track
interferometric SAR"
Along-track interferometric synthetic aperture radar (ATI-SAR) is an active coherent imaging system, utilizing two
antennas separated along the platform flight direction. The phase information of ATI-SAR from the Doppler shift
of the backscattered signal represents the line-of-sight velocity of the water scatterers. While the advent of ATI-
SAR provided us with a potentially powerful technique for ocean surface current and wave mapping, the surface
current has not been measured exactly from the ATI-SAR velocity because the Doppler shift is not simply
proportional to the component of the mean surface current. It also includes other types of contributions
associated with the phase velocity of the Bragg waves and orbital motions of all ocean waves that are longer
than Bragg waves. In this paper, we review how the phase difference measured by ATI-SAR is related to the
mean Doppler frequency, and we develop a new and practically useful method to extract the surface current
component utilizing simultaneously measured L- and C-band ATI-SAR data. Since the measured ATI-SAR
velocity shows a different value at a different radar-frequency, we investigate the influence of Bragg-resonant
waves and long ocean wave motions on the ATI-SAR velocity according to the radar frequency. The Bragg-
wave phase velocity component, which is a significant source of error for extracting the surface current, can be
effectively eliminated by using L- and C-band ATI-SAR. The method is applied to L- and C-band ATI-SAR
measurements acquired at the Ulsan coast in the southeastern part of the Korean peninsula. The resulting
ocean surface current vectors are compared with in situ measurements collected by recording current meter. We
furthermore extract ocean surface wave information from the ATI-SAR phase image using a quasi-linear
transform. [J1948]

"On the use of complex SAR image spectral analysis for target detection: assessment of
polarimetry"
The objective of this paper is to assess the joint use of the magnitude and the phase of a synthetic aperture
radar (SAR) polarimetric image for point target detection and analysis. We first consider a single-look complex
(SLC), single polarized radar image including point targets embedded in clutter. A series of sublooks are
generated from this SLC image, both in azimuth and in range in order to analyze the inherent speckle effects.
The two-looks internal Hermitian product (2L-IHP) is defined and is further shown to qualitatively increase the
target/environment contrast. The processing of azimuth and range spectra preliminary to the 2L-IHP derivation
(spectral whitening, generation and overlapping of sublooks) is described. A simulation tool is developed to model
a point target behavior. Then, the polarimetric extension of the 2L-IHP is proposed, and the optimized
polarimetric 2L-IHP is defined. The gain is twofold: in comparison with single polarization, polarimetry is shown
to enhance detection capabilities, but also to provide additional information for target analysis. [J1949]

"Faraday rotation effects on L-band spaceborne SAR data"
Several proposed near-future spaceborne radar missions, such as the Advanced Land Observing Satellite
(ALOS) and TerraSAR, will include an L-band instrument. At such low frequencies, the Faraday rotation in the
ionosphere, which rotates the polarization plane of the radar signal, becomes an important consideration in
instrument design. In this paper, both simple analytic approximations and numerical models are used to derive
likely values of Faraday rotation and determine their impact on polarimetric imagery and derived products. One-
way rotations exceeding 5° are likely to significantly reduce the accuracy of geophysical parameter recovery,
such as forest biomass. On average, Faraday rotation can be neglected at solar minimum, but correction
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methods are needed at other times of the solar cycle and under disturbed conditions. Methods for implementing
such corrections based on estimates of the Faraday rotation and prerotation of the transmitted signal are
described. [J1950]

"Noise Radar for range/Doppler processing and digital beamforming using low-bit ADC"
Pulse compression radar is used in a great number of radar applications. Excellent range resolution and high
resistance to electronic countermeasures (ECM) can be achieved by long wideband modulated pulses, which
spread out the transmitted energy in frequency and time. By using random noise as the waveform, the range
ambiguity can be suppressed as well. In this paper, noise radar for Doppler/range indication and digital
beamforming is described. Main factors influencing the resolution and sidelobe level in range and Doppler are
surveyed. In particular, the possible use of binary or low-bit analog-to-digital converters (ADCs) in noise radar is
analyzed, which highly improves the signal-processing rate and reduces the costs. The very significant
improvement of sidelobe suppression, when an extra noise signal is added before ADC, is explained theoretically
and confirmed by simulation results. Mostly, the random signal is transmitted directly from a noise generating
high-frequency source. A sine wave, which is phase or frequency modulated by random noise, is an alternative,
giving lower range sidelobes, and higher transmitted mean power when peak-limited transmitters are applied.
The dynamic requirements and the bandwidth of the modulating signal can be reduced as well. [J1951]

"Target decomposition analysis of SIR-C imagery for characterization of scattering mechanisms
and their dependence on observation parameters"
Multitemporal Shuttle Imaging Radar C (SIR-C) images taken over the Sarobetsu test site were analyzed using
target decomposition to characterize the scattering mechanisms and relate them with the target conditions.
Analysis results indicate a change in the dominant scattering mechanism with a change in the observation
parameters, which is reasonably related with the surface conditions estimated from aerial photographs. [J1952]

"Electromagnetic detection of dielectric scatterers using phaseless synthetic and real data and the
memetic algorithm"
Phaseless data are used to evaluate the application of an electromagnetic inverse-scattering-based procedure
for the detection of cylindrical inhomogeneities, which are schematized as multilayer infinite dielectric cylinders
with elliptic cross sections. The electromagnetic inverse problem is recast as a global optimization problem and
iteratively solved by an efficient memetic algorithm, which combines deterministic and stochastic concepts.
Moreover, a recursive analytical procedure is used for the forward-scattering computation. The possibility of
localizing and reconstructing the scatterers by using phaseless input data, which would greatly simplify the
design of the imaging apparatus, is evaluated both with reference to synthetically produced data and by means
of experimental data obtained by a microwave tomograph. [J1953]

"DInSAR measurement of soil moisture"
Differential interferometric sythetic aperture radar (DInSAR) measurements using the European Remote Sensing
2 (ERS-2) satellite in a high-plains region of Colorado show intriguing spatial variations in millimeter-scale path-
length change that may correspond to variations in soil moisture of a few percent by volume, in both farm fields
and uncultivated terrain. The observed signal is hypothesized to result from both changes in penetration depth
and the swelling of clay-rich soils, both due to changes in soil moisture. Comparisons with our field
measurements of soil moisture cannot conclusively verify this, but strong support is found from prior and
complementary research as well as the visual correlation with hydrological features such as stream channels and
watershed boundaries on a 50-m scale. Detection of these subtle signals was facilitated using a digital elevation
model with high vertical accuracy. If our interpretations are correct, C-band DInSAR is a promising new tool for
the remote sensing of soil moisture in a variety of terrain. [J1954]

"Calibrating the Quikscat/SeaWinds Radar for measuring rainrate over the oceans"
This effort continues a study of the effects of rain, over the oceans, on the signal retrieved by the SeaWinds
scatterometer. It is determined that the backscatter radar cross section can be used to estimate the volumetric
rain rate, averaged horizontally, across the surface resolution cells of the scatterometer. The dual polarization of
the radar has a key role in developing this capability. The relative magnitudes of the radar backscatter depends
on the volumetric rain rate, the rain column height and surface wind velocity, the viewing angle, as well as the
polarization (due to the oblateness of raindrops at the higher rain rates). The approach to calibrating the
SeaWinds normalized radar cross section (NRCS) is to collect National Weather Service Next Generation
Weather Radar (NEXRAD) radar-derived rain rate measurements (4-km spatial resolution and 6-min rotating

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 516 из 658



cycles) colocated in space (offshore) and time with scatterometer observations. These calibration functions lead
to a Z-R relationship, which is then used at mid-ocean locations to estimate the rain rate in 0.25° or larger
resolution cells, which are compared with Tropical Rainfall Mapping Mission (TRMM) Microwave Imager (TMI)
rain estimates. Experimental results to date are in general agreement with simplified theoretical models of
backscatter from rain, for this frequency, 14 GHz. These comparisons show very good agreement on a cell-by-
cell basis with the TMI estimates for both wide areas (1000 km) and smaller area rain events. [J1955]

"Maximum-likelihood estimation of specific differential phase and attenuation in rain"
Precise estimation of propagation parameters in precipitation media is of interest to improve the performance of
communications systems and in remote sensing applications. In this paper, we present maximum-likelihood
estimators of specific attenuation and specific differential phase in rain. The model used for obtaining the cited
estimators assumes coherent propagation, reflection symmetry of the medium, and Gaussian statistics of the
scattering matrix measurements. No assumptions about the microphysical properties of the medium are needed.
The performance of the estimators is evaluated through simulated data. Results show negligible estimators bias
and variances close to Cramer-Rao bounds. [J1956]

"Soil moisture retrieval using the passive/active L- and S-band radar/radiometer"
In the present study, remote sensing of soil moisture is carried out using the Passive and Active L- and S-band
airborne sensor (PALS). The data in this paper were taken from five days of overflights near Chickasha, OK
during the 1999 Southern Great Plains (SGP99) experiment. Presently, we analyze the collected data to
understand the relationships between the observed signals (radiometer brightness temperature and radar
backscatter) and surface parameters (surface soil moisture, temperature, vegetation water content, and
roughness). In addition, a radiative transfer model and two radar backscatter models are used to simulate the
PALS observations. An integration of observations, regression retrievals, and forward modeling is used to derive
the best estimates of soil moisture under varying surface conditions. [J1957]

"Four-year result of external calibration for Precipitation Radar (PR) of the Tropical Rainfall
Measuring Mission (TRMM) satellite"
External calibration experiments using active radar calibrator (ARC) were conducted for the calibration of the
Precipitation Radar (PR) of the Tropical Rainfall Measuring Mission (TRMM) satellite from 1998 to 2001. Three
modes of ARC operation are used for the experiment: the ARC transmitter mode for the receiver system of PR,
the ARC receiver mode for the transmitter of PR, and the transponder mode for the overall system of PR. The
experiments were conducted several times a year. The results of the experiments show that the performance of
the PR is close to the prelaunch performance and that PR has been working stably for four years. [J1958]

"Information fusion for scene understanding from interferometric SAR data in urban environments"
We present a framework for scene understanding from interferometric synthetic aperture radar data that is based
on Bayesian machine learning and information extraction and fusion. A generic description of the data in terms
of multiple models is automatically generated from the original signals. The obtained feature space is then
mapped to user semantics representing urban scene elements in a supervised step. The procedure is applicable
at multiple scales. We give examples of urban area classification and building recognition of Shuttle Radar
Topography Mission data and of building reconstruction from submetric resolution Intermap data. [J1959]

"SAR raw signal simulation for urban structures"
A synthetic aperture radar (SAR) raw signal simulator for urban scenes is presented along with models it
employs to compute the backscattered field and to account for the imaging radar sensor characteristics. Urban
areas are represented as a set of dielectric buildings placed over a random rough nonflat dielectric terrain. The
adopted models allow evaluation of the raw signal on a sound physical and mathematical background: the
scattering model employs the Kirchhoff approach appropriately extended to include multiple-reflection effects,
and the radar model operates in the two-dimensional Fourier transformed domain. Details to assess how and
why the simulator is also efficient with respect to the computational time are provided. In addition, relevant
examples are discussed to show the simulator potentialities and assess the validity of the main results. It is
shown that the simulator is able to quantitatively assess performances of SAR sensors over urban structures.
The proposed simulator turns out to be also useful to train numerical schemes devoted to feature extraction, and
to test any specific SAR processing technique. Comments for further developments of the simulation tool are
presented. [J1960]
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"Texture analysis and classification of ERS SAR images for map updating of urban areas in The
Netherlands"
In single-band and single-polarized synthetic aperture radar (SAR) image classification, texture holds useful
information. In a study to assess the map-updating capabilities of such sensors in urban areas, some modern
texture measures were investigated. Among them were histogram measures, wavelet energy, fractal dimension,
lacunarity, and semivariograms. The latter were chosen as an alternative for the well-known gray-level
cooccurrence family of features. The area that was studied using a European Remote Sensing Satellite 1 (ERS-
1) SAR image was the conurbation around Rotterdam and The Hague in The Netherlands. The area can be
characterized as a well-planned dispersed urban area with residential areas, industry, greenhouses, pasture,
arable land, and some forest. The digital map to be updated was a 1:250000 Vector Map (VMap1). The study
was done on the basis of nonparametric separability measures and classification techniques because most
texture distributions were not normal. The conclusion is that texture improves the classification accuracy. The
measures that performed best were mean intensity (actually no texture), variance, weighted-rank fill ratio, and
semivariogram, but the accuracies vary for different classes. Despite the improvement, the overall classification
accuracy indicates that the land-cover information content of ERS-1 leaves something to be desired. [J1961]

"Optimum model-based segmentation techniques for multifrequency polarimetric SAR images of
urban areas"
A new technique, named diagonal polarimetric merge-using-moments (DPOL MUM), is proposed for the
segmentation of multifrequency polarimetric synthetic aperture radar (SAR) images that exploits the characteristic
block diagonal structure of their covariance matrix. This technique is based on the newly introduced split-merge
test, which has a reduced fluctuation error than the straight extension of the polarimetric test (POL MUM) and is
shown to yield a more accurate segmentation on simulated SAR images. DPOL MUM is especially useful in the
extraction of information from urban areas that are characterized by the presence of different spectral and
polarimetric characteristics. Its effectiveness is demonstrated by applying it to segment a set of SIR-C images of
the town of Pavia. The classification of the image segmented with DPOL MUM shows higher probability of
correct classification compared to POL MUM and to a similar technique that does not use the correlation
properties (MT MUM). [J1962]

"Improvements to urban area characterization using multitemporal and multiangle SAR images"
We present some improvements to urban area characterization by means of synthetic aperture radar (SAR)
images using multitemporal and multiangle datasets. The first aim of this research is to show that a temporal
sequence of satellite SAR data may improve the classification accuracy and the discriminability of land cover
classes in an urban area. Similarly, a second point worth discussing is to what extent multiangle SAR data
allows extracting complementary urban features, exploiting different acquisition geometries. To these aims, in this
paper, we show results on the same urban test site (Pavia, northern Italy), referring to a sequence of European
Remote Sensing Satellite 1/2 (ERS-1/2) C-band images and to a set of simulated X-band data with a finer
spatial resolution and different viewing angles. In particular, the multitemporal data is analyzed by means of a
novel procedure based on a neuro-fuzzy classifier whose input is a subset of the ERS sequence chosen using
the histogram distance index. Instead, the multiangle dataset is used to provide a better characterization of the
road network in the area, overcoming effects due to the orientation of the SAR sensor. [J1963]

"Texture and speckle statistics in polarimetric SAR synthesized images"
We investigate in this paper the one-point statistical properties of the backscattered power derived by
polarization synthesis of polarimetric synthetic aperture radar (SAR) observations. In particular, we focus our
attention on the normalized second moment of intensity and its dependency on the polarization state. For the
analysis of this dependency, a novel graphical representation-an extension of the polarization response-is
introduced: the polarimetric texture signature. The second moment of backscattered power characterizes
statistically the variation of the radar signal due to speckle and the underlying radar cross section. The classical
texture product model with a scalar radar reflectivity implies that the normalized second moment of intensity does
not depend on the polarization state. However, such dependency is found in experimental observations, a fact
that calls for further investigation of the phenomenon. Considering at first speckle statistics for homogeneous
areas having no texture, it is demonstrated that correlation among the single-look speckle patterns, which are
added on an intensity basis in a multilook operation, is responsible for a weak polarization dependency of the
normalized second moment. Concerning the textural properties, a new model is proposed-the mixture model-
where it is assumed that polarimetrically diverse scattering mechanisms contribute to the total return from an
ensemble of resolution elements. Numerical simulations are used to reconstruct the texture signatures according
to the mixture model, starting from simple assumptions related to scattering processes from natural targets. It is
found that the polarimetric texture signature can be an interesting discriminator of weak targets against clutter,
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when only polarimetric diversity and not radiometric diversity plays a role. The effects predicted by the theory are
confirmed by experimental analysis of polarimetric data acquired by the Jet Propulsion Laboratory AIRSAR
sensor. Finally a classification scheme based on the polarimetric texture signature is proposed. [J1964]

"The use of fully polarimetric information for the fuzzy neural classification of SAR images"
Presents a method, based on a fuzzy neural network, that uses fully polarimetric information for terrain and land-
use classification of synthetic aperture radar (SAR) image. The proposed approach makes use of statistical
properties of polarimetric data, and takes advantage of a fuzzy neural network. A distance measure, based on a
complex Wishart distribution, is applied using the fuzzy c-means clustering algorithm, and the clustering result is
then incorporated into the neural network. Instead of preselecting the polarization channels to form a feature
vector, all elements of the polarimetric covariance matrix serve as the target feature vector as inputs to the
neural network. It is thus expected that the neural network will include fully polarimetric backscattering
information for image classification. With the generalization, adaptation, and other capabilities of the neural
network, information contained in the covariance matrix, such as the amplitude, the phase difference, the degree
of polarization, etc., can be fully explored. A test image, acquired by the Jet Propulsion Laboratory Airborne SAR
(AIRSAR) system, is used to demonstrate the advantages of the proposed method. It is shown that the
proposed approach can greatly enhance the adaptability and the flexibility giving fully polarimetric SAR for terrain
cover classification. The integration of fuzzy c-means (FCM) and fast generalization dynamic learning neural
network (DLNN) capabilities makes the proposed algorithm an attractive and alternative method for polarimetric
SAR classification. [J1965]

"Urban building height variance from multibaseline ERS coherence"
Multibaseline European Remote Sensing (ERS) interferometric synthetic aperture radar coherence images from
Cardiff, U.K. are investigated with respect to urban form. A model of spatial coherence, taking into account the
vertical distribution of scatterers, is inverted to allow urban building height variance to be retrieved. Sixty-nine
coherence maps are employed, generated from 20 ERS images. No a priori information is required in the
analysis. However, realistic vertical scatterer distributions are retrieved, and Cardiff's central business district is
automatically identified. This analysis demonstrates the utility of the urban decorrelation models employed.
[J1966]

"DTM extraction of lidar returns via adaptive processing"
Airborne light detection and ranging is emerging as a tool to provide accurate digital terrain models (DTMs) of
forest areas, since it can penetrate beneath the canopy. Although traditional techniques, such as linear
prediction, have shown to be robust type methods for the extraction of DTMs, they fail to effectively model terrain
with steep slopes and large variability. In this paper, a modified linear prediction technique, followed by adaptive
processing and refinement, is developed. A comparison with the traditional linear prediction method is provided
along with statistical measures to ascertain the validity of the foregoing technique. [J1967]

"Multi-mode ENVISAT ASAR interferometry: techniques and preliminary results"
The paper focuses on the interferometric capabilities of current and future SAR systems, like ENVISAT,
RADARSAT-2, etc. The authors introduce a technique to obtain interferometric surveys by combining two
images, coming from any SAR mode, together with a digital elevation mode (DEM). The DEM is exploited during
the interferogram generation to provide, at one time, effective noise removal and compensation for the
topographic-dependent fringes. The final product is a 'differential' (topography-compensated) interferogram to be
used for monitoring over landslides, upswelling, etc. An innovative technique is also discussed to estimate local
coherence maps, to be used for classification and change detection. Such a technique exploits windows whose
shapes and sizes adapt locally to the target features, to attain at one time the highest resolution and the best
statistical confidence. Finally, applications involving the various ENVISAT ASAR modes are discussed. [J1968]

"Two-dimensional finite-difference modeling of media with inclined uniaxial conductivity with an
equivalent biaxial conductivity tensor for homogeneous TM-type wave propagation problems"
The principle of numerically modeling the surface impedance of a homogeneous transverse magnetic (TM)-type
plane wave incident upon an inhomogeneous half-space with inclined uniaxial electrical anisotropy as an
equivalent half-space with fundamental electrical biaxial anisotropy is demonstrated. The self-consistent
impedance method is introduced and shown to accurately model the surface impedance response of these two-
dimensional (2-D) induction problems at low frequencies relevant to surface impedance geophysics, though there
is inaccuracy in the surface impedance phase as the frequency is increased. While the impedance method has
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been introduced to demonstrate this modeling concept, the modeling principles introduced can be applied to
other 2-D numerical methods. [J1969]

"Digital beamforming in SAR systems"
The rapid progression in digital hardware and signal processing capabilities stimulates the development of radar
systems. The tendency is to move the digital interface toward the antenna, replacing, whenever possible, analog
RF-hardware. Based on software codes, these digital systems are more flexible and easier to reconfigure than
RF-hardware. This letter illustrates the general concept for digital beamforming (DBF) in synthetic aperture radar
systems and investigates their principle capabilities, limitations, and performance parameters. It is shown that
using DBF a simultaneous improvement in azimuth coverage and resolution can be achieved. [J1970]

"Systematic data acquisitions-a prerequisite for meaningful biophysical parameter retrieval?"
Implementation of systematic Earth observation data acquisition plans over extensive regions, in which the
spatial and temporal components of relevant ground targets are adequately taken into account, is a prerequisite
for successful retrieval of bio- and geophysical parameters and imperative to accommodate extrapolation of
locally developed models to regional scales as required in the context of terrestrial carbon cycle science.
Straightforward in concept, but surprisingly uncommon in mission operations thus far, the key characteristics of
such a systematic data acquisition strategy are outlined in this short communication. [J1971]

"Variable pulse repetition frequency for the Global Precipitation Measurement Project (GPM)"
Pulse patterns are designed by adopting variable pulse repetition frequency (VPRF) for space missions involving
beam scans in the cross-track direction, especially intended for the Global Precipitation Measurement Project
(GPM). To cope with large variance in range from a satellite, which is caused by the beam swing and the Earth
oblateness, a systematic algorithm is proposed, increasing sampling rates. [J1972]

"Analysis of multistatic configurations for spaceborne SAR interferometry"
Spaceborne bistatic and multistatic SAR configurations are an attractive approach to acquire along-track and
cross-track interferograms on a global scale. An efficient realisation of such systems may be achieved by a set
of low-cost, passive receivers onboard a constellation of microsatellites which simultaneously record the
backscattered signals transmitted by a conventional spaceborne radar. The authors introduce several multistatic
SAR configurations suitable for global single-pass interferometry and discuss their advantages and limitations.
The achievable interferometric performance is analysed in detail, taking into account thermal noise, block
adaptive quantisation, range and azimuth ambiguities, and geometric decorrelation for both surface and random
volume scatterers. Based on the estimated interferometric phase errors, the relative height accuracies for three
illuminators (PALSAR, ASAR, TerraSAR-X) are derived. The achievable height accuracies are of the order of 2
m for PALSAR and ASAR, and of the order of 1 m for TerraSAR-X. However, it turns out that for vegetated
areas, volume decorrelation may become a limiting factor for configurations with large interferometric baselines.
These restrictions can be overcome by making the interferometric configuration fully polarimetric and/or
increasing the number of available baselines. [J1973]

"Three-stage inversion process for polarimetric SAR interferometry"
The authors provide a new geometrical approach for the inversion of a two-layer coherent scattering model,
widely used for the interpretation of polarimetric interferometric SAR data. It has been shown in several recent
publications that, by using interferograms in multiple polarisation channels, estimation of vegetation height,
underlying ground topography and mean extinction is possible. Furthermore, this can be achieved with a single
frequency sensor without the need for a separate reference DEM, other a priori information or the use of data-
specific regression formulas. The authors first review the details of this approach and then develop a three-stage
inversion procedure to illustrate the steps involved in parameter estimation. They then consider several possible
sources of error in the inversion. In particular, they concentrate on the effects of vertical tree structure and on
the effects of temporal decorrelation on inversion accuracy. It is shown that the former leads to errors, mainly in
the extinction estimation, while the latter does not change the model structure but reduces the available
parameter set and increases the variance of the parameter estimates. Finally, the new algorithm is applied to
simulated vector coherent SAR data for a random canopy. [J1974]

"Polarisation orientation angle measurements of ocean internal waves and current fronts using
polarimetric SAR"
Previous studies have shown that polarimetric synthetic aperture radar (POLSAR) data may be used to measure
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parameters such as bare surface roughness. Polarisation orientation angles, derived from POLSAR data, can be
utilised to produce estimates of topography. Orientation angles have been used for SAR data compensation, in
areas of rugged terrain, to ensure accurate estimation of geophysical parameters such as biomass and soil
moisture. Orientation angles have also recently been investigated for use in measuring directional ocean wave
spectra. Studies of these ocean features are conventionally done by measuring feature-related microwave
backscatter intensity perturbations. In the work presented, a new approach is taken. Investigations have been
made of changes in the polarisation orientation angle caused by ocean wave-current interaction features. The
study uses airborne POLSAR data obtained in the New York Bight and in the Gulf Stream, east of Cape
Hatteras. A model is used to determine the parametric dependencies of the orientation angle on internal wave
current, wind-wave direction and wind-wave speed. An empirical relation is proposed to relate orientation angle
perturbations to the underlying internal wave current strength. [J1975]

"Perspectives and visions for future SAR systems"
It is shown how far new SAR techniques, technologies and system principles, which at present are under
consideration or under development, respectively, will fulfil future user requirements. Starting from the status
quo, the expected development of future SAR techniques and technology is presented, leading to the vision of
an autonomous, global reconnaissance and remote sensing system with integrated communication and
positioning capability. This system will have central illuminators together with a synchronised fleet of both
airborne and spaceborne receivers, which enable continuous availability with a nearly global coverage, and
dedicated information transfer to specific users in real time. [J1976]

"Recent advances in extra-wide-band polarimetry, interferometry and polarimetric interferometry in
synthetic aperture remote sensing and its applications"
The development of radar polarimetry and radar interferometry is advancing rapidly, and these novel radar
technologies are revamping 'synthetic aperture radar imaging' decisively. The successive advancements are
sketched eginning with the fundamental formulations and highlighting the salient points of these diverse remote
sensing techniques. Whereas with radar polarimetry the textural fine-structure, target orientation and shape,
symmetries and material constituents can be recovered with considerable improvements above that of standard
'amplitude-only polarisation radar'; with radar interferometry the spatial (in depth) structure can be explored. In
'polarimetric-interferometric synthetic aperture radar (POL-IN-SAR) imaging' it is possible to recover such co-
registered textural plus spatial properties simultaneously. This includes the extraction of 'digital elevation maps
(DEM)' from either 'fully polarimetric (scattering matrix)' or 'interferometric (dual antenna) SAR image data takes'
with the additional benefit of obtaining co-registered three-dimensional 'POL-IN-DEM' information. Extra-wide-
band POL-IN-SAR imaging-when applied to 'repeat-pass image overlay interferometry'-provides differential
background validation and measurement, stress assessment, and environmental stress-change monitoring
capabilities with hitherto unattained accuracy, which are essential tools for improved global biomass estimation
and also for wetland assessment and monitoring. More recently, by applying multiple parallel repeat-pass EWB-
POL-D(RP)-IN-SAR imaging along stacked (altitudinal) or displaced (horizontal) flight-lines will result in
'tomographic (multi-interferometric) polarimetric SAR stereo-imaging', including foliage- and ground-penetrating
capabilities. In addition, various closely related topics of (i) acquiring additional and protecting existing spectral
windows of the 'natural electromagnetic spectrum (NES)' pertinent to remote sensing; and (ii) mitigation against
common 'radio frequency interference (RFI)' and intentional 'directive jamming of airborne and spaceborne POL-
IN-SAR imaging platforms' are appraised. [J1977]

"Scene characterization using subaperture polarimetric SAR data"
In synthetic aperture radar (SAR) polarimetry, the measured polarimetric signatures are used to analyze physical
scattering properties of the imaged media. It is generally assumed that the sensor has a fixed orientation with
respect to the objects. However, SAR sensors operating at lower frequencies, like L- and P-band, have a wide
azimuth beamwidth, i.e., during the formation of the synthetic aperture, multiple squint angles are integrated to
build the full-resolution SAR image. Variations in the polarimetric properties with the azimuthal look angle remain
unconsidered. In this paper, a fully polarimetric subaperture analysis method is introduced. Using deconvolution,
synthesized SAR images are decomposed into subaperture datasets, which correspond to the scene responses
under different azimuthal look angles. A statistical analysis of the polarimetric parameters permits to clearly
discriminate media showing a nonstationary behavior during the SAR integration. Finally, a method is proposed,
which eliminates the influence of azimuthal backscattering variations in conventional polarimetric SAR data
analysis. The effectiveness of the new methods is demonstrated on fully polarimetric SAR data, acquired by the
German Aerospace Center (DLR) airborne experimental SAR sensor (E-SAR) at L-band. [J1978]

"Global wind speed retrieval from SAR"
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The global availability of synthetic aperture radar (SAR) wave mode data from the European Remote Sensing
(ERS) satellites ERS-1 and ERS-2, as well as ENVISAT, allows for the investigation of the wind field over the
ocean on a global and continuous basis. For this purpose, 27 days of ERS-2 SAR wave mode data were
processed, representing a total of 34310 imagettes of size 10 km ×5 km, available every 200 km along the
satellite track. In this paper, two methods for retrieving wind speeds from SAR imagettes are presented and
validated, showing the applicability of ENVISAT alike SAR wave mode data for global ocean wind retrieval. The
first method is based on the well-tested empirical C-band scatterometer (SCAT) models, which describe the
dependency of the normalized radar cross section (NRCS) on wind speed and direction. To apply C-band
models to SAR data, the NRCS needs to be accurately calibrated. This is performed by a new efficient method
utilizing a subset of colocated measurements from ERS-2 SCAT and model winds from the European Centre for
Medium-Range Weather Forecast (ECMWF). SAR wind speeds are computed from the calibrated imagettes and
compared to the entire set of colocated ERS-2 SCAT and ECMWF model data. Comparison to ERS-2 SCAT
winds result in a correlation of 0.95 with a bias of -0.01 m s-1and an rms error of 1.0 m s-1. The second
approach is based on neural networks (NNs), which allow the retrieval of wind speeds from uncalibrated SAR
imagettes. NNs are trained using the mean intensity of ERS-2 SAR imagettes and colocated wind data from the
ERS-2 SCAT and ECMWF model data. Validation of the NN-retrieved SAR wind speeds to ERS-2 SCAT and
ECMWF model wind data result in a correlation of 0.96 with a bias of -0.04 m s-1and an rms error of 0.93 m s-
1. [J1979]

"Linear and nonlinear terrain deformation maps from a reduced set of interferometric SAR images"
In this paper, an advanced technique for the generation of deformation maps using synthetic aperture radar
(SAR) data is presented. The algorithm estimates the linear and nonlinear components of the displacement, the
error of the digital elevation model (DEM) used to cancel the topographic terms, and the atmospheric artifacts
from a reduced set of low spatial resolution interferograms. The pixel candidates are selected from those
presenting a good coherence level in the whole set of interferograms and the resulting nonuniform mesh
tessellated with the Delauney triangulation to establish connections among them. The linear component of
movement and DEM error are estimated adjusting a linear model to the data only on the connections. Later on,
this information, once unwrapped to retrieve the absolute values, is used to calculate the nonlinear component of
movement and atmospheric artifacts with alternate filtering techniques in both the temporal and spatial domains.
The method presents high flexibility with respect to the required number of images and the baselines length.
However, better results are obtained with large datasets of short baseline interferograms. The technique has
been tested with European Remote Sensing SAR data from an area of Catalonia (Spain) and validated with on-
field precise leveling measurements. [J1980]

"Speckle filtering and coherence estimation of polarimetric SAR interferometry data for forest
applications"
Recently, polarimetric synthetic aperture radar (SAR) interferometry has generated much interest for forest
applications. Forest heights and ground topography can be extracted based on interferometric coherence using a
random volume over ground coherent mixture model. The coherence estimation is of paramount importance for
the accuracy of forest height estimation. The coherence (or correlation coefficient) is a statistical average of
neighboring pixels of similar scattering characteristics. The commonly used algorithm is the boxcar filter, which
has the deficiency of indiscriminate averaging of neighboring pixels. The result is that coherence values are lower
than they should be. In this paper, we propose a new algorithm to improve the accuracy in the coherence
estimation based on speckle filtering of the 6×6 polarimetric interferometry matrix. Simulated images are used to
verify the effectiveness of this adaptive algorithm. German Aerospace Center (DLR) L-Band E-SAR data are
applied to demonstrate the improved accuracy in coherence and in forest height estimation. [J1981]

"Further numerical studies of backscattering from time-evolving nonlinear sea surfaces"
Previous studies have demonstrated that the West et al. (1987) numerical model for nonlinear hydrodynamic
evolution of a sea surface produces significant features in calculated L-band backscattered Doppler spectra
compared to a linear sea surface evolution model. These prior comparisons were limited, however, to a
maximum wind speed of 2.0 m/s due to failure of the West et al. algorithm when steep short-wave features
formed on the surface. In this paper, L-band Doppler spectra with the West et al. model are reported for wind
speeds up to 5.0 m/s through the use of a curvature filter to reduce these steep short waves. The higher wind
speed results again show significant deviations from those reported with a linear hydrodynamic model, including
increased spectral broadening and polarization dependencies. [J1982]

"Efficient spotlight SAR raw signal simulation of extended scenes"
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Synthetic aperture radar (SAR) raw signal simulation is a powerful tool for designing new sensors, testing
processing algorithms, planning missions, and devising inversion algorithms. In this paper, a spotlight SAR raw
signal simulator for distributed targets is presented. The proposed procedure is based on a Fourier domain
analysis: a proper analytical reformulation of the spotlight SAR raw signal expression is presented. It is shown
that this reformulation allows us to design a very efficient simulation scheme that employs fast Fourier transform
codes. Accordingly, the computational load is dramatically reduced with respect to a time-domain simulation and
this, for the first time, makes spotlight simulation of extended scenes feasible. [J1983]

"Multitemporal/multiband SAR classification of urban areas using spatial analysis: statistical versus
neural kernel-based approach"
In this paper, we derive two techniques for the classification of multifrequency/multitemporal polarimetric SAR
images, based respectively on a statistical and on a neural approach. Both techniques are especially designed to
exploit the spatial structure of the observed scene, thus allowing more stable classification results. Such
techniques are useful when looking at medium- to large-scale features, like the boundaries between urban and
nonurban areas. They are applied to a set of SIR-C images of a urban area, to test their effectiveness in the
identification of the different classes that compose the observed scene. A lower and an upper bound to the
classification performance are introduced to characterize their limits. They correspond respectively to pixel-by-
pixel classification and to the joint classification of the pixels belonging to the different classes identified in the
ground truth. The results achieved with the two approaches are quantitatively analyzed by comparing them to the
ground truth. Moreover, a hybrid approach is presented, where the homogeneous regions identified through
statistical segmentation are classified using a neurofuzzy technique. Finally, a quantitative analysis of the results
achieved with all the proposed techniques is carried out, showing that their classification performance is much
higher than the lower bound and reasonably close to the upper bound. This is a consequence of their
effectiveness in the exploitation of the spatial information. [J1984]

"A comparison of two 85-GHz SSM/I ice concentration algorithms with AVHRR and ERS-2 SAR
imagery"
Sea ice concentrations obtained with two algorithms from Special Sensor Microwave/Imager (SSM/I) data are
compared to spaceborne visible/infrared and active microwave imagery for the Greenland Sea in spring. Both
algorithms, the ARTIST Sea Ice algorithm (ASI) and the SEA LION algorithm (SLA), utilize 85-GHz SSM/I
brightness temperatures with a spatial resolution of 15 km ×13 km. Ice concentrations obtained from Advanced
Very High Resolution Radiometer (AVHRR) infrared data in cloud-free areas are underestimated by SLA and
ASI ice concentrations by 3.6% and 8.3% (correlation coefficients of 0.90 and 0.91). Ice concentrations estimated
from texture classified ERS-2 synthetic aperture radar (SAR) images by assigning experience-based ice
concentrations to ice-type classes are overestimated by SLA and ASI ice concentrations by 4.4% and 1.5%
(correlation coefficients of 0.84 and 0.77). However, omitting low/high ice concentrations forming up to 80%
(AVHRR) and 60% (SAR) of the entire dataset reveals a significantly different statistic. For instance, the
correlation between AVHRR and SLA and ASI ice concentrations drops to 0.77 and 0.70, respectively. All
presented techniques to obtain ice concentrations need improvement and future developments should involve
larger datasets. However, with care, both algorithms can be used to obtain reasonable ice concentration maps
with a 12.5 km ×12.5 km grid-cell size. [J1985]

"Path Processing and block adjustment with RADARSAT-1 SAR images"
The objectives of this research study was to determine the conditions of experimentation and application of path
processing and block adjustment with synthetic aperture radar (SAR) images when few controls are available.
The path and block processing enabled the simultaneous adjustment of all images together to reduce the control
point requirement. The method is based on the three-dimensional physical model developed for multisensor
images at the Canada Centre for Remote Sensing, Natural Resources Canada. These processes were applied
to 15 RADARSAT-1 SAR fine mode images (five paths by three rows) acquired over the Rocky Mountains,
Canada from different look angles (F1 and F4) with a weak intersection geometry (6° angle). The first results of
the least squares block adjustment showed that the same errors were obtained with image paths or block (20 m
for three-image paths and five-path block) as with a single image (18 m). In addition to ground control points
(GCPs), elevation tie points (ETPs), with a known elevation value, were used in the overlaps because the 6°
look-angle difference of overlapping paths was small. However when using only GCPs in the outer paths for
block adjustments, the error results deteriorated from 25 m in both directions for the three-path block to 270 m in
X direction for the five-path block. This deterioration was a combination of the image pointing and cartographic
errors of GCPs (25-30 m) and the weak 6° intersection angle. Consequently, GCP distribution every two paths
was the solution with this dataset, and better results (35 m) was then achieved using a reduced number of
GCPs in the outer paths (25 or even 10 GCPs) and middle path (six GCPs) and 20 ETPs in each overlap.
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However, the combined image pointing and cartographic errors of GCPs (25-30 m) are included in these 35-m
error results, and the internal accuracy of the block should thus be better (around one resolution). Finally, the
same minimum requirement of GCPs, as a function of their accuracy and the overlap intersection geometry, can
be applied for an image, a path or a block. [J1986]

"Polarimetric SAR speckle noise model"
Synthetic aperture radar (SAR) data are affected by speckle noise, originated by the SAR system's coherent
nature. The problem of speckle noise in one-dimensional (1-D) data is already solved, as speckle has a
multiplicative characteristic. SAR polarimetry represents an extension to multidimensional data by the use of
polarization wave diversity. As a consequence of the existence of a correlation degree between the SAR images,
the 1-D speckle noise model cannot be extended to multidimensional SAR data. This paper is devoted to
present a completely new speckle noise model for the complex covariance matrix describing polarimetric SAR
data in the distributed scatterers case. As is shown, this new model is able to identify which are the noise
mechanisms in all the covariance matrix elements. The speckle noise model is validated by using real L-band
polarimetric data acquired with the German E-SAR sensor. [J1987]

"Feasibility of wide-area subdecimeter navigation with GALILEO and Modernized GPS"
Precise corrections with a three-dimensional voxel model of the ionosphere based on Global Navigation Satellite
System (GNSS) data from a wide-area network of ground receivers can help resolve differential carrier-phase
ambiguities over very long baselines of hundreds of kilometers in present two-frequency systems [Global
Positioning System (GPS) and Global Orbiting Navigation Satellite System (GLONASS)] or in planned three-
frequency systems (GALILEO, Modernized GPS). A study based on simulated three-frequency data from a
modified GNSS signal generator indicates that all the phase ambiguities could be resolved successfully more
than 90% of the time. This should be useful in surveying large areas with instruments that require very precise
geolocation (e.g. radar or lidar altimetry, interferometric synthetic aperture radar, interferometric sonar, etc.).
[J1988]

"The 2002 International Geoscience and Remote Sensing Symposium (IGARSS '02): Remote
Sensing: Integrating our view of the planet"
First Page of the Article [J1989]

"A modification to the Goldstein radar interferogram filter"
We present a modification to the adaptive Goldstein radar interferogram filter which improves the quality of
interferometry products. The proposed approach makes the Goldstein filter parameter alpha dependent on
coherence, such that incoherent areas are filtered more than coherent areas. This modification minimizes loss of
signal while still reducing the level of noise. [J1990]

"Airborne polarimetric radar measurements of rainfall profiles"
This work reports airborne Ku-band dual-polarization measurements of precipitation, acquired in three hurricanes
during the Third Convection and Moisture Experiment (CAMEX-3) in 1998. Dual-polarization signatures in
intense convective rain are seen at incidence angles as small as 20° off nadir. Dual-polarization rain estimates
using the specific propagation differential phase shift are compared with single-polarization rain profiling
algorithm results. [J1991]

"Global mapping of attenuation at Ku- and Ka-band"
The propagation of radio waves for Earth-space slant path at C-band and higher frequencies is dominated by
precipitation in the atmosphere. At a given frequency, attenuation depends on the length of the radio path, the
size distribution, and the phase state of the hydrometeor profile. Using the observations from the Tropical
Rainfall Measuring Mission (TRMM) spaceborne Ku-band (13.8 GHz) radar at low Earth orbit of 350 km above
Earth, global attenuation maps are produced at the Ku-band frequency. A simple microphysical model for
precipitation developed using hydrometeor size distributions and thermodynamic phase state is used to estimate
attenuation and reflectivity observations at Ka-band (35 GHz) where numerous high-bandwidth satellite
applications are being planned including the next-generation space-based radar for the Global Precipitation
Mission (GPM). Differences in the microphysical structure in convective and stratiform precipitation are also
incorporated in the model. The results show substantial attenuation variation in a 12-month period at both Ku-
and Ka-bands over the various regions of the globe, including the contrast between land and ocean. The
estimates of attenuation made at Ku- and Ka-band will be useful in the design and development of spaceborne
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systems. [J1992]

"Development of a retrodirective PARC for ALOS/PALSAR calibration"
Polarimetric radar calibration is a procedure that corrects the polarization distortion of a measured scattering
matrix by referring to the scattering matrix of a known target. The present paper describes the principle, design,
manufacture and measurement results of a novel retrodirective polarimetric active radar calibrator (PARC). It
accommodates both the depolarization characteristic by using dual-polarized antennas and retrodirectivity with
the Van Atta array concept simultaneously. The PARC was designed for Phased Array L-band SAR (PALSAR)
calibration based on the proposed principle. It consists of a 6×6-element antenna array with a 1-m-square
aperture and four amplifiers with a 20-dB gain. The whole array is divided into four 3×3-element subarrays to
form a two-dimensional (2-D) Van Atta array. Retrodirectivity extends the angular width, where the radar cross
section exceeds 35 dBm2, which is a preliminary design goal, to almost twice the width of a conventional array
reflector of the same size. However, it should be noted that the present design needs at least four times as
many amplifiers as a conventional fixed-beam array reflector to be capable of 2-D source tracking. A prototype
model of the present retrodirective PARC is manufactured in the L-band to allow Advanced Land-Observation
Satellite (ALOS)/PALSAR calibration. The results we obtained through measurement agree well with the
theoretical predictions, and substantiate the premise behind the present design of the retrodirective PARC for
polarimetric SAR calibration. [J1993]

"Three-dimensional imaging of buried objects in very lossy earth by inversion of VETEM data"
The very early time electromagnetic system (VETEM) is an efficient tool for the detection of buried objects in
very lossy earth, which allows a deeper penetration depth compared to the ground-penetrating radar. In this
paper, the inversion of VETEM data is investigated using three-dimensional (3-D) inverse scattering techniques,
where multiple frequencies are applied in the frequency range from 0-5 MHz. For small and moderately sized
problems, the Born approximation and/or the Born iterative method have been used with the aid of the singular
value decomposition and/or the conjugate gradient method in solving the linearized integral equations. For large-
scale problems, a localized 3-D inversion method based on the Born approximation has been proposed for the
inversion of VETEM data over a large measurement domain. Ways to process and to calibrate the experimental
VETEM data are discussed to capture the real physics of buried objects. Reconstruction examples using
synthesized VETEM data and real-world VETEM data are given to test the validity and efficiency of the proposed
approach. [J1994]

"Microphysical cross validation of spaceborne radar and ground polarimetric radar"
Ground-based polarimetric radar observations along the beam path of the Tropical Rainfall Measuring Mission
(TRMM) Precipitation Radar (PR), matched in resolution volume and aligned to PR measurements, are used to
estimate the parameters of a gamma raindrop size distribution (RSD) model along the radar beam in the
presence of rain. The PR operates at 13.8 GHz, and its signal returns can undergo significant attenuation due to
rain, which requires compensation to adequately assess the rain rate. The current PR algorithm used for
attenuation correction of the reflectivity is cross-validated using ground-based dual-polarization radar
measurements. Data from the Texas and Florida Underflights (TEFLUN-B) campaign and TRMM Large-scale
Biosphere Atmosphere (LBA) experiment are used in the analysis. The statistical behavior of the raindrop size
distribution parameters are presented along the vertical profile through the rain layer, which is used to evaluate
the PR attenuation correction and rainfall algorithms. The PR rain rate estimates are compared to ground radar
estimates. The standard error of the difference between the rainfall estimates from PR and ground radar was
within the error of the rainfall estimates from the two instruments. Though no systematic differences between PR
attenuation-corrected reflectivity and ground radar reflectivity measurements are observed, there may exist some
undercorrection and overcorrection on a beam-by-beam basis. Comparison of the normalized reflectivity versus
rainfall relation between PR and ground polarimetric radar is also presented. [J1995]

"Effective imaging of buried dielectric objects"
Ultrawide-band CW radar have shown good potential for remote imaging of surface laid or shallow buried
landmine-like objects. However when sensing fields near to the ground, a number of factors including direct
antenna coupling, air/ground coupling, receiver noise floor, and effective dynamic range conspire to degrade or
mask the scattered return, resulting in a loss of signal magnitude, range accuracy, and range resolution. The
present paper addresses the latter problems using a near-field detection methodology and providing a thorough
experimental and systems analysis of the signal-to-clutter issues. The method proves advantageous in sensing
weak echoes in the vicinity of the sensor from objects of low dielectric contrast with their environment. To
enhance image processing gains, an effective space frequency synthetic aperture technique applicable to the
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two-media problem is outlined. The algorithm is straightforward and robust enough to be implemented on
compact GPR systems operating in real time. The remaining problem of object identification will not be
addressed here. To demonstrate the utility of these combined techniques, field experiments, over different
frequency bands, were conducted and their results are reported [J1996]

"Statistical method to detect subsurface objects using array ground-penetrating radar data"
We introduce a combination of high-dimensional analysis of variance (HANOVA) and sequential probability ratio
test (SPRT) to detect buried objects from an array ground-penetrating radar (GPR) surveying a region of interest
in a progressive manner. Using HANOVA, we exploit the transient characteristic of GPR signals in the time
domain to extract information about buried objects at fixed positions of the array. Based on the output of the
HANOVA, the SPRT is employed to make detection decisions recursively as the array moves downtrack. The
method is on-line implementable and of low computational complexity. Our approach is validated using field-data
from two quite different GPR sensing systems designed for landmine detection applications [J1997]

"How strict are theoretical bounds for dielectric properties of mixtures?"
This report discusses bounds for mixing rules. Several theoretical bounds and limits for the effective permittivity
of heterogeneous media have been derived. However, it may happen that the bounds are trespassed in the real-
life applications. Examples of such behavior are given for snow, random media simulations, lossy heterogeneous
materials, and magnetic and magnetoelectric materials. Reasons for the bound-violation phenomenon are
discussed [J1998]

"Quasi-magnetostatic solution for a conducting and permeable spheroid with arbitrary excitation"
Broad-band electromagnetic induction (EMI) methods are promising in the detection and discrimination of
subsurface metallic targets. In this paper, the quasi-magnetostatic solution for a conducting and permeable
prolate spheroid under arbitrary excitation by a time-harmonic primary field is obtained by using the separation of
variables method with vector spheroidal wave functions. Numerical results for the induced dipole moments are
presented for uniform axial and transverse excitations, where the primary field is oriented along the major and
minor axis of the prolate spheroid, respectively. They show that the EMI frequency responses are sensitive to
the orientation and permeability of the spheroid. An approximation is also developed that aims to extend the
exact solution to higher frequencies by assuming slight penetration of the primary field into the spheroid. Under
this approximation, a system of equations that refers only to the external field expansions is derived. It is shown
that, for spheroids with high relative permeability, this approximation is in fact capable of yielding an accurate
broad-band response even for highly elongated spheroids [J1999]

"A novel multifractal estimation method and its application to remote image segmentation"
Based on the gliding-box and relative differential box-counting algorithms, a novel method that estimates
accurately the multifractal exponents, a distinct characteristics of gray-scale digital images, is proposed. Four
natural texture images are used to test the performance of the novel multifractal measure. Comparisons with
published methods show that the proposed method can efficiently describe texture images and can provide
accurate classification results [J2000]

"Comparison of C- and X-band InSAR data for 3D characterization of an urban area"
In this paper we offer an overview of a number of algorithms suitable for 3D characterization of an urban
environment from interferometric SAR data. By means of these algorithms we compare fine resolution C- and X-
band SAR measurements over the same area to understand what useful information can be derived from these
measurements. In addition we examine the similarities and differences of these data sets that are acquired with
different frequency bands, bandwidths, and radar look direction. These data sets are recorded over Los Angeles,
California, by the C-band NASA/JPL AIRSAR system, and by X-band Intermap Star-3i system. We analyze the
original range measurements as reconstructed after the phase unwrapping procedure, the bald earth topography
that we were able to retrieve, and the 3D shapes of some of the buildings in the UCLA area. Our results show
that both data sets provide useful information of urban 3D characteristics. The better ground resolution of the X-
band system results in better building shape extraction. Lower resolution of the C-band data, surprisingly, was
not a limiting factor for extraction of large building structures. We demonstrate that it is possible to extract the
terrain elevation model (bald earth topography), and the heights of large building structures by means of our
algorithms [J2001]

"Interferometric alignment of the X-SAR antenna system on the space shuttle radar topography
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mission"
The on-orbit alignment of the antenna beams of both the X-band and C-band radar systems during operations of
the shuttle radar topography mission/X-band synthetic aperture radar (SRTM/X-SAR) was a key requirement for
achieving best interferometric performance. In this paper, we consider the X-SAR antenna beam alignment in
azimuth. For a single-pass cross-track SAR interferometer, we establish the relation between yaw and pitch
misalignment of the antenna beams and the resulting relative shift of the Doppler frequency bands. This relation
is used to provide solutions for the mechanical adjustments of the outboard antenna and electronic beam
steering to correct for azimuth misalignment. Furthermore, the effects of the X-SAR effective outboard antenna
pattern on the azimuth beam alignment are analyzed. As a result, a so-called "relaxing" factor is derived, which
increases the limit for the difference in antenna azimuth angle with respect to the requirement on spectral
overlap, and hence spatial interferogram resolution. However, we also show that the alignment requirement is
driven by the constraint on decreasing the azimuth ambiguity-to-signal ratio (AASR) for the effective outboard
antenna pattern to reduce the resulting additional height error. The strategy for misalignment determination and
correction is presented, and results of the analysis of the in-flight X-SAR antenna beam alignment are discussed
[J2002]

"The multiple interaction model for nonshallow scatterers buried beneath 2-d random rough
surfaces"
The multiple interaction model is hybridized with the robust Steepest Descent Fast Multipole Method (SDFMM)
to compute the signature of nonshallow penetrable scatterers buried beneath two-dimensional random rough
surfaces. The most attractive feature of the multiple interaction model with using the SDFMM is removing the
quasi-planar structure constraint for analyzing nonquasi-planar scatterers. The results show that the buried
object's signature is largely due to the first interaction mechanism; however, the contribution of each additional
interaction is explicitly calculated, though they may become insignificant especially for lossy background soil
[J2003]

"Role of processing geometry in SAR raw data focusing"
Synthetic aperture radar (SAR) systems require that a focusing operation be performed on the received
backscattered echoes (raw data) to generate high-resolution microwave images. Either due to platform attitude
instabilities, or to Earth rotation effects, the SAR raw data may be acquired in "squinted" geometries, i.e., with
the radar beam directed with an offset angle (squint angle) from the broadside direction. This research
investigates the impact of the focusing operation carried out on squinted raw data acquisitions performed by
SAR sensors operating in the stripmap mode. To this end the 2D frequency SAR processing approach is
generalized with respect to conical, i.e., nonorthogonal, reference systems. This allows analysis of the geometric,
spectral, and phase aberrations introduced in the images by the chosen processing geometry with respect to the
acquisition, and identification of the focusing procedure that minimizes these aberrations. The whole theory is
validated by experimental results carried out on simulated data. Moreover, the extension of this analysis to the
interferometric case where these aberrations may have a significant role is also investigated [J2004]

"MMW scattering by rough lossy dielectric cylinders and tree trunks"
The millimeter-wave (MMW) radar backscatter response of a rough, lossy, dielectric cylinder is examined both
analytically and experimentally. Models for both the coherent and incoherent components of the scattered field
are developed based on the geometric-optics approximation. The accuracy of the analytical models and their
applicability in predicting the backscatter response of tree trunks are determined experimentally by measuring
the radar backscatter at 95 GHz from a rough conducting cylinder and from a section of a tree trunk. In both
cases, very good agreement was achieved between the model predictions and the measurements [J2005]

"Simultaneous analysis of downlink beacon dynamics and sky brightness temperature. Part I.
Remote sensing of a slant path"
This paper investigates the remote sensing of height and displacement velocity of turbulent clouds, composed
mainly of liquid water, using a combination of simultaneous radiometric and geostationary satellite beacon
measurements. Because a radiometer integrates the sky brightness temperature distribution observed within the
solid angle subtended by the antenna beamwidth, the paper shows how this process can be modeled as a low-
pass filter using the small angle approximation and the frozen-in hypothesis. The 3-dB cutoff frequency of that
filter is used in conjunction with the Fresnel frequency of the amplitude scintillations power spectrum to derive
the cross-path wind speed and the height of the turbulent layer/cloud. In order to quantify the 3-dB cutoff
frequency of the filter-radiometer, a dual aperture radiometer was constructed and was used in conjunction with
a ground station receiver monitoring the 39.5-GHz beacon transmissions of ITALSAT F1 and measuring
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amplitude scintillations. The experimental results derived on cloud heights are then compared with the vertical
profiles obtained by a 94-GHz radar, indicating agreement except in those cases where the thickness of the
cloud structure becomes important. This aspect is then discussed in the paper and a radiometric definition is
given for the cloud height. Finally, the important aspect of instrumentation is described including the effect of the
radiation pattern of a radiometer antenna upon the cross correlation and cross spectrum between two coaxial
measured antenna temperatures [J2006]

"Correction to "radar attenuation by sand: laboratory measurements of radar transmission""
First Page of the Article [J2007]

"Evaluation of EarthRadar unexploded ordnance testing at Fort A.P. Hill, Virginia"
Previously, K. Bakhtar and E. Sagal [ibid. vol. 17, pp. 4-11, 2002] made remarkable claims for the performance
of the Bakhtar Associates ground-penetrating radar (GPR) in detecting and classifying buried unexploded
ordnance (UXO). In this article, we report the results of the series of blind tests on the EarthRadar carried out
during the Fall of 2000 and Spring of 2001, which led to very different conclusions regarding the radar's
performance. The contents of this article are excerpted from the final report on the testing, prepared by the
Institute for Defense Analyses [J2008]

"Very high-frequency radar mapping of surface currents"
An ocean surface current radar (OSCR) in the very high frequency (VHF) mode was deployed in South Florida
Ocean Measurement Center (SFOMC) during the summer of 1999. During this period, a 29-d continuous time
series of vector surface currents was acquired starting on 9 July 1999 and ending 7 August 1999. Over a 20-min
sample interval, the VHF radar mapped coastal ocean currents over a 7.5 km × 8 km domain with a horizontal
resolution of 250 m at 700 grid points. A total of 2078 snapshots of the two-dimensional current vectors were
acquired during this time series and of these samples, only 69 samples (3.3%) were missing from the time
series. During this period, complex surface circulation patterns were observed that included coherent,
submesoscale vortices with diameters of 2 to 3 km inshore of the Florida Current. Comparisons to subsurface
measurements from moored and ship-board acoustic Doppler current profiles revealed regression slopes of close
to unity with biases ranging from 4 to 8 cm s-1between surface and subsurface measurements at 3 to 4 m
beneath the surface. Correlation coefficients were 0.8 or above with phases of-10 to-20° suggestive of an
anticyclonic veering of current with depth relative to the surface current. The radar-derived surface current field
provided spatial context for an observational network using mooring-, ship- and autonomous underwater vehicle-
sensor packages that were deployed at the SFOMC [J2009]

"Advanced digital processing for amplitude and range determination in optical RADAR systems
[Jfusion reactor inspection]"
An amplitude modulated laser radar has been developed by the Italian Agency for New Technologies, Energy
and the Environment (ENEA) for periodic in-vessel inspection in large fusion machines. The viewing system is
based on a transceiving optical radar using a radio frequency (RF) modulated single-mode 840-nm wavelength
laser beam. The sounding beam is transmitted through a coherent optical fiber to a probe, on the tip of which a
focusing optics and suitable scanning system, using a silica prism, steers the laser beam in order to obtain a
complete 3-D mapping of the in-vessel surface. This paper describes the digital signal processing system used
to modulate the laser beam, as well as to measure both the amplitude of the backscattered laser beam and the
phase difference between it and the modulation signal. This information, together with the information on the
scanning system position, are acquired and then used by the visualization system to produce both 2-D and 3-D
images. The system is based on VME boards and directly acquires and processes in real-time three 79.5-MHz
RF signals by using a digital receiver and four digital signal processors. The system principles, the mathematical
algorithm, and the system architecture are described hereafter [J2010]

"Processing of multiple-receiver spaceborne arrays for wide-area SAR"
The instantaneous area illuminated by a single-aperture synthetic aperture radar (SAR) is fundamentally limited
by the minimum SAR antenna area constraint. This limitation is due to the fact that the number of illuminated
resolution cells cannot exceed the number of collected data samples. However, if spatial sampling is added
through the use of multiple-receiver arrays, then the maximum unambiguous illumination area is increased
because multiple beams can be formed to reject range-Doppler ambiguities. Furthermore, the maximum
unambiguous illumination area increases with the number of receivers in the array. One spaceborne
implementation of multiple-aperture SAR that has been proposed is a constellation of formation-flying satellites.
In this implementation, several satellites fly in a cluster and work together as a single coherent system. There are
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many advantages to the constellation implementation including cost benefits, graceful performance degradation,
and the possibility of performing in multiple modes. The disadvantage is that the spatial samples provided by
such a constellation will be sparse and irregularly spaced; consequently, traditional matched filtering produces
unsatisfactory results. We investigate SAR performance and processing of sparse, multiple-aperture arrays.
Three filters are evaluated: the matched filter, maximum-likelihood filter, and minimum mean-square error filter
[J2011]

"Maximum likelihood signal processing techniques to detect a step pattern of change in
multitemporal SAR images"
In this paper, we address the problem of deriving adequate detection and classification schemes to fully exploit
the information available in a sequence of SAR images. In particular, we address the case of detecting a step
reflectivity change pattern against a constant pattern. Initially we propose two different techniques, based on a
maximum likelihood approach, that make different use of prior knowledge on the searched pattern. They process
the whole sequence to achieve optimal discrimination capability between regions affected and not affected by a
step change. The first technique (KSP-detector) assumes a complete knowledge of the pattern of change, While
the second one (USP-detector) is based on the assumption of a totally unknown pattern. A fully analytical
expression of the detection performances of both techniques is obtained, which shows the large improvement
achievable using longer sequences instead of only two images. By comparing the two techniques it is also
apparent that KSP achieves better performance, but the USP-detector is more robust. As a compromise
solution, a third technique is then developed, assuming a partial knowledge of the pattern of change, and its
performance is compared to the previous ones. The practical effectiveness of the technique on real data is
shown by applying the USP-detector to a sequence of 10 ERS-1 SAR images of forest and agricultural areas,
which is also used to validate the theoretical results [J2012]

"Ocean current estimated from X-band radar sea surface, images"
Sea surface currents can be derived from X-band radar sea surface images. The basic theory is previously
known. However, in practice, the current estimates may be deteriorated by several sources of error. Trials with
real radar data previously indicated that some further research was required to obtain reasonable current
estimates. A current measurement algorithm has been derived, which compensates for some of the errors. In
addition, a novel current measurement algorithm has been derived, using a slightly different approach to the
problem, which makes it possible to avoid several of the sources of errors. Signal analysis is used in
combination with knowledge about the properties of the three-dimensional image spectrum. The algorithms are
tested on real radar data and compared to simultaneous microwave dual-frequency measurements and wind
measurements. In addition, the estimated currents are evaluated by comparing to values obtained from the tidal
model. Finally, the sea surface current vector field is estimated, with a resolution of 256 m, to provide more
detailed information about the current within the radar image, which constitutes an area of many square
kilometers [J2013]

"Polarimetric radar remote sensing of ocean surface wind"
Experimental data are presented to support the development of a new concept for ocean wind velocity
measurement (speed and direction) with the polarimetric microwave radar technology. This new concept has
strong potential for improving the wind direction accuracy and extending the useful swath width by up to 30% for
follow-on NASA spaceborne scatterometer mission to SeaWinds series. The key issue is whether there is a
relationship between the polarization state of ocean backscatter and surface wind velocity at NASA
scatterometer frequencies (13 GHz). An airborne Ku-band polarimetric scatterometer (POLSCAT) was developed
for proof-of-concept measurements. A set of aircraft flights indicated repeatable wind direction signals in the
POLSCAT observations of sea surfaces at 9-11 m/s wind speed. The correlation coefficients between co- and
cross-polarized radar response of ocean surfaces have a peak-to-peak amplitude of about 0.4 and are shown to
have an odd-symmetry with respect to the wind direction, unlike the normalized radar cross sections [J2014]

"A comparison between different polarimetric measurement schemes"
The usefulness of polarization information in remote sensing applications has been clearly demonstrated in the
last two decades. Land covers and meteorological targets are complex and their backscatter returns are time
varying. Their polarimetric characteristics should be determined in terms of second order statistics of scattering
matrix elements. These are contained. in the polarimetric covariance matrix. Estimation of polarimetric covariance
matrix elements has been addressed by different authors based on different scattering matrix measurement
methods. The most widely used and implemented method consists in the alternate transmission of two
orthogonal polarizations while. receiving with both. Recently, a method that considers simultaneous transmission
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of two orthogonal polarizations, which are phase coded with orthogonal signals, has been proposed. Another
method, specifically developed to obtain the polarimetric covariance matrix, is based on transmitting three
different polarizations and receiving their corresponding co-polar and cross-polar counterparts. Different data sets
result from each measurement technique and different estimators of polarimetric covariance matrix elements
have been developed for the different data sets available. These various methods are investigated in here.
Based on simulated data the performance of the different estimators under different working conditions are
analyzed. Effects on the estimators of operation frequency, pulse repetition frequency (PRF) and temporal
properties of targets are discussed [J2015]

"Multidomain pseudospectral time-domain simulations of scattering by objects buried in lossy
media"
A multidomain pseudospectral time-domain (PSTD) method with a newly developed well-posed PML is
introduced as an accurate and flexible tool for the modeling of electromagnetic scattering by 2-D objects buried
in an inhomogeneous lossy medium. Compared with the previous single-domain Fourier PSTD method, this
approach allows for an accurate treatment of curved geometries with subdomains, curvilinear mapping, and high-
order Chebyshev polynomials. The effectiveness of the algorithm is confirmed by an excellent agreement
between the numerical results and analytical solutions for perfectly conducting as well as permeable dielectric
cylinders. The algorithm has been applied to model various ground-penetrating radar (GPR) applications
involving curved objects in a lossy half space with an undulating surface. This multidomain PSTD algorithm is
potentially a very useful tool for simulating antennas near complex objects and inhomogeneous media. [J2016]

"A linear prediction land mine detection algorithm for hand held ground penetrating radar"
Land mine detection using ground penetrating radar (GPR) is a difficult task because the background clutter
characteristics are nonstationary and the land mine signatures are inconsistent. A particularly difficult scenario is
the case for which a GPR is mounted on a hand held device with no position or velocity information available to
a signal processing algorithm. This paper proposes the use of linear prediction in the frequency domain for land
mine detection in this scenario. A frequency domain clutter vector sample is partitioned into subbands. Each
subband is modeled by a linear prediction model; the current vector sample is expressed as a linear combination
of the past few vector samples plus random noise. The detector first computes the maximum likelihood estimate
of the prediction coefficients, and then uses the generalized likelihood method to determine if a land mine is
present. The effect of subband processing on the accuracy of the detector is evaluated. Detection results are
presented on data collected from a variety of geographical locations. The data sets contain over 2300 mine
encounters of different size, shape and content, and a larger number of measurements from locations with no
mines. The proposed detector is compared to the baseline differential energy detector. The proposed algorithm
reduces the false alarm rate by 60% for all the targets at 90% probability of detection, and 70% for the deep
anti-tank mines at 90% probability of detection. [J2017]

"Quantitative analysis of RADARSAT SAR data over a sparse forest canopy"
This article studies the behavior of the backscattering coefficient of a sparse forest canopy composed of
relatively short black spruce trees. Qualitative analysis of the multiangular data measured by the RADARSAT
synthetic aperture radar (SAR) sensor shows a good agreement with surface and vegetation volume scattering
fundamental behaviors. For a quantitative analysis, allometric equations and measurements of tree components
collected within the framework of the Extended Collaboration to Link Ecophysiology and Forest Productivity
(ECOLEAP) project are used, in an existing multilayer radiative transfer model for forest canopies, to simulate
the RADARSAT SAR data. In our approach, the fractional cover of trees estimated from aerial photographs is
used as a weighting parameter to adapt the closed-canopy backscattering model to the sparse forest under
study. Our objective is to analyze the sensitivity of the backscattering coefficient as a function of sensor
configuration, soil wetness, forest cover, and forest structural properties in order to determine the suitable soil,
vegetation, and sensor parameters for a given thematic application. For the entire incidence angle domain (20°
to 50°) of the sensor, simulations show that over a sparse forest composed of mature trees the monitoring of the
ground surface is possible only under very wet soil conditions. Therefore, this article informs about the ability of
the RADARSAT SAR sensor in monitoring wetlands. [J2018]

"Semi-empirical model of the ensemble-averaged differential Mueller matrix for microwave
backscattering from bare soil surfaces"
A semi-empirical model of the ensemble-averaged differential Mueller matrix for microwave backscattering from
bare soil surfaces is presented. Based on existing scattering models and data sets measured by polarimetric
scatterometers and the JPL AirSAR, the parameters of the co-polarized phase-difference probability density
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function, namely the degree of correlation α and the co-polarized phase-difference &sigmav;, in addition to the
backscattering coefficients σνν0,σhh0and σνh0, are modeled empirically in terms of the volumetric soil moisture
content mνand the surface roughness parameters ks and kl, where k=2pif/c, s is the rms height and l is the
correlation length. Consequently, the ensemble-averaged differential Mueller matrix (or the differential Stokes
scattering operator) is specified completely by σνν0,σhh0,σνh0,α, and ζ. [J2019]

"Frequency responses of ground-penetrating radars operating over highly lossy grounds"
The finite-difference time-domain (FDTD) method is used to investigate the effects of highly lossy grounds and
the frequency-band selection on ground-penetrating-radar (GPR) signals. The ground is modeled as a
heterogeneous half space with arbitrary background permittivity and conductivity. The heterogeneities encompass
both embedded scatterers and surface holes, which model the surface roughness. The decay of the waves in
relation to the conductivity of the ground is demonstrated. The detectability of the buried targets is investigated
with respect to the operating frequency of the GPR, the background conductivity of the ground, the density of
the conducting inhomogeneities in the ground, and the surface roughness. The GPR is modeled as transmitting
and receiving antennas isolated by conducting shields, whose inner walls are coated with absorbers simulated by
perfectly matched layers (PML). The feed of the transmitter is modeled by a single-cell dipole with constant
current density in its volume. The time variation of the current density is selected as a smooth pulse with
arbitrary center frequency, which is referred to as the operating frequency of the GPR. [J2020]

"Modeling non-Rayleigh speckle distribution in SAR images"
In non-Rayleigh distributed radar images, the number of scatterers can be viewed as a Poisson distributed
random variable, with the mean itself random. When this mean is Gamma distributed, then the image classically
satisfies the K distribution. We add three new possible distributions for this mean: inverse Gamma, Beta of the
first kind, and Beta of the second kind. We show that new intensity distributions so obtained can be estimated,
with the interest of the extension validated on a real image. [J2021]

"Surface roughness characterizations of sea ice and ice sheets: case studies with MISR data"
This work is an examination of potential uses of multiangular remote sensing imagery for mapping and
characterizing sea ice and ice sheet surfaces based on surface roughness properties. We use data from the
Multi-angle Imaging SpectroRadiometer (MISR) to demonstrate that ice sheet and sea ice surfaces have
characteristic angular signatures and that these angular signatures may be used in much the same way as
spectral signatures are used in multispectral classification. Three case studies are examined: sea ice in the
Beaufort Sea off the north coast of Alaska, the Jakobshavn Glacier on the western edge of the Greenland ice
sheet, and a region in Antarctica south of McMurdo station containing glaciers and blue-ice areas. The MISR
sea ice image appears to delineate different first-year ice types and, to some extent, the transition from first-year
to multiyear ice. The MISR image shows good agreement with sea ice types that are evident in concurrent
synthetic aperture radar (SAR) imagery and ice analysis charts from the National Ice Center. Over the
Jakobshavn Glacier, surface roughness data from airborne laser altimeter transects correlate well with MISR-
derived estimates of surface roughness. In Antarctica, ablation-related blue-ice areas, which are difficult to
distinguish from bare ice exposed by crevasses, are easily detected using multiangular data. [J2022]

"Elastic waves interacting with buried land mines: a study using the FDTD method"
A three-dimensional (3-D) finite-difference model for elastic waves in the ground has been developed and
implemented. The model has been created to supplement the development of a sensor that uses elastic waves
to detect buried land mines. The model is used to investigate the propagation characteristics of elastic waves in
the ground and to explore the interaction of elastic waves with buried land mines. When elastic waves interact
with a buried mine, a strong resonance occurs at the mine location. The resonance can be used to enhance the
mine's signature and to distinguish the mine from clutter. Results presented in this paper explain the features of
elastic wave propagation in the ground and show the interaction of elastic waves with both an anti-personnel
mine and an anti-tank mine. [J2023]

"Monte Carlo simulations for clutter statistics in minefields: AP-mine-like-target buried near a
dielectric object beneath 2-D random rough ground surfaces"
A rigorous three-dimensional (3-D) electromagnetic model is developed to analyze the scattering from anti-
personnel (AP) nonmetallic mine-like target when it is buried near a clutter object under two-dimensional (2-D)
random rough surfaces. The steepest descent fast multipole method (SDFMM) is implemented to solve for the
unknown electric and magnetic surface currents on the ground surface, on the target and on the clutter object. A
comprehensive numerical investigation of two clutter sources; the ground roughness and the nearby benign
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object, is presented based on using more than 800 random rough surface realizations which could not be
achieved without using fast algorithms such as the SDFMM. The statistics of the scattered near-electric fields
are computed using the Monte Carlo simulations for both polarizations. For the parameters used here, the
results show that the average and the standard deviation of the target signature represent 5-7% and 3-3.5% of
the total scattered signal, respectively, while they represent 16-20% and 7-12% of the signal for the clutter
object, respectively. This study indicates the high possibility of a false alarm during the detection process when
the target is located nearby a realistic object such as a piece of a tree root. [J2024]

"Biophysical forest type characterization in the Colombian Amazon by airborne polarimetric SAR"
Fully polarimetric C-, L-, and P-band data were collected by NASA's AirSAR system in May 1993 at the
Araracuara test site, a well-surveyed forest reserve in the center of the Colombian Amazon. The area is
characterized by a high diversity of forest types, soil types, and flooding conditions. In this paper a polarimetric
classification technique is used to assess AirSAR's potential for forest structural type mapping and, indirectly,
forest biophysical characterization. Field observations were made at 23 0.1 ha plots to obtain additional
quantitative descriptions on forest structure and ground surface conditions, but also to assess the suitability of
existing map legends for synthetic aperture radar (SAR) mapping. It could be shown that a new type of legend
leads to physically better interpretable results. it method based on iterated conditional modes is introduced and
is shown to yield radar-derived classifications with a high level of agreement with the landscape-ecological map,
as well as with the ground observations. The following results may indicate the high level of accuracy obtained:
15 classes can be differentiated, the average radar classification agreement ranges from 68% to 94%
(depending on the type of classification and approach), and for only a few classes the agreement is less than
70%. The relation between physical forest structure and polarimetric signal properties is studied explicitly using
polarimetric decomposition. A new method is introduced based on the decomposition of polarimetric coherence,
instead of power. It is based on simple physical descriptions of the wave-object interaction. The accuracy of the
complex coherence estimation is described using the complex Wishart distribution. Thus, several interesting
physical relations between polarimetric signal and forest structure can be revealed. The physical limitations of
this technique and its relation with sample size are indicated. [J2025]

"A delay/Doppler-mapping receiver system for GPS-reflection remote sensing"
A delay/Doppler-mapping receiver system, developed specifically for global positioning system (GPS)-reflection
remote sensing, is described, and example delay/Doppler waveforms are presented. The high-quality data
obtained with this system provide a more accurate and detailed examination of ground-based and aircraft GPS-
reflection phenomenology than has been available to date. As an example, systematic effects in the reflected
signal delay waveform, due to nonideal behavior of the C/A-code auto-correlation function, are presented for the
first time. Both a single-channel open-loop recording system and a recently developed 16-channel recorder are
presented. The open-loop data from either recorder are postprocessed with a software GPS receiver that
performs the following functions: signal detection; phase and delay tracking; delay, Doppler, and delay/Doppler
waveform mapping; dual-frequency (L1 and L2) processing; C/A-code and Y-code waveform extraction; coherent
integrations as short as 125 μs; navigation message decoding; and precise observable time tagging. The
software can perform these functions on all detectable satellite signals without dead time, and custom signal-
processing features can easily be included into the system [J2026]

"Multilook APES for multibaseline SAR interferometry"
We extend the amplitude and phase estimation (APES) adaptive filter of Stoica et al. (see IEEE Signal
Processing Lett., vol.6, p.205-206, Aug. 1999 and IEEE Trans. Signal Processing, vol.48, p.338-52, Feb2000.) to
the multiple look scenario. Several important radar and sonar applications can benefit from the new multilook
APES filter. The properties of the APES algorithm allow for the accurate solution of the layover problem and the
undistorted estimation of radar reflectivity for topographic mapping by means of multibaseline interferometry
[J2027]

"Fractal surfaces and electromagnetic extended boundary conditions"
In this paper, we employ the extended boundary condition method with the Weierstrass-Mandelbrot (WM) fractal
function to model and solve a relevant electromagnetic scattering problem. The key point of the procedure is the
property of the WM to be an almost periodic function. This allows to generalize techniques employed for periodic
problems and to express the field by means of a superposition of Floquet modes. The procedure is devised for
the general case of dielectric surfaces. Criteria for assessing the validity of the method are discussed and
provided. Validity of the method is confirmed by numerical results [J2028]
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"Removal of nonprecipitation echoes in weather radar using multifractals and intensity"
In this paper, we present an algorithm for the automated removal of nonprecipitation related echoes such as
atmospheric anomalous propagation (AP) in the lower elevations of meteorological-radar volume scans. The
motivation or the development of this technique is the need for an objective quality control algorithm that
minimizes human interaction. The algorithm uses both textural and intensity information obtained from the two
lower-elevation reflectivity maps. The texture of the reflectivity maps is analyzed with the help of multifractals.
Four multifractal exponents are computed for each pixel of the reflectivity maps and are compared to a "strict"
and a "soft" threshold. Pixels with multifractal exponents larger than the strict threshold are marked as "nonrain,"
and pixels with exponents smaller than the soft threshold are marked as "rain." Pixels with all other exponent
values are further examined using intensity information. We evaluate our QC procedure by comparison with the
Tropical Rainfall Measurement Mission (TRMM) Ground Validation Project quality control algorithm that was
developed by TRMM scientists. Comparisons are based on a number of selected cases where nonprecipitation
and a variety of rain events are present, and results show that both algorithms are effective in eliminating
nonprecipitation related echoes while maintaining the rain pixels [J2029]

"Profiling of atmospheric water vapor with MIR and LASE"
Concurrent measurements of atmospheric water vapor profiles were conducted over the Atlantic Ocean on
September 25, 1995 with both the Millimeter-wave Imaging Radiometer (MIR) and Lidar Atmospheric Sounding
Experiment (LASE) on board the NASA ER-2 aircraft. LASE provides high precision measurements of both
aerosol backscatter and water vapor profiles; aerosol backscatter has a vertical resolution of 60 m while the
water vapor profiles have a resolution of 330 m in the low-to-mid troposphere and 550 m in the upper
troposphere. Therefore, LASE measurements provide an excellent resource for assessing the capabilities and
limitations of MIR as a water vapor profiler. Previously, the water vapor profiles retrieved from the MIR
measurements have been compared with those of rawinsonde and Raman lidar observations at point locations.
The frequency and extent of the comparisons made in that fashion were largely constrained by the requirement
of near coincidence in time and space. The data acquired concurrently by MIR and LASE from this ER-2 aircraft
flight enable the comparison of MIR-retrieved and LASE-measured moisture profiles over a long stretch of time
and space. In addition, the LASE-measured profiles of aerosol backscatter provide a resource to assess the
impact of clouds on the retrieval of water vapor profiles from the MIR measurements. It is shown that profiles of
water vapor mixing ratio retrieved from the MIR data generally conform to those measured by the LASE;
however, differences in the values of mixing ratio at individual altitude levels are quite often not small. The
standard deviations of these differences are found to be about. ±0.98, ±0.84, ±0.95, ±0.42, and ±0.06 g/kg at
altitudes of 1.25, 2.75, 4.75, 7.25, and 10.25 km. It is demonstrated that a substantial portion of these differences
are due to the poor vertical resolution inherent in the profile retrieval using the MIR radiometric measurements.
Additionally, MIR water vapor profiling under cloudy conditions is demonstrated, and it is shown that location and
height of the low-altitude clouds estimated from the retrieval process were generally consistent with those
observed by the LASE. For study cases where cirrus clouds are- present, retrievals from the MIR data over-
estimate the mixing ratio; this over-estimate is provoked by brightness temperature decreases that occur at 183-
220 GHz within these regions. Undoubtedly, the retrieval method needs an additional procedure to account for
the mm-wave scattering by cloud ice particles so that water vapor profiling can be improved within regions where
cirrus clouds are present. [J2030]

"Validation of sea ice motion from QuikSCAT with those from SSM/I and buoy"
Arctic sea ice motion for the period from October 1999 to March 2000 derived from QuikSCAT and ocean buoy
observations.Special Sensor Microwave/Imager (SSM/I) data using the wavelet analysis method agrees well with
ocean buoy observations. Results from QuikSCAT and SSM/I are compatible when compared with buoy
observations and complement each other. Sea ice drift merged from daily results from QuikSCAT, SSM/I, and
buoy data gives more complete coverage of sea ice motion. Based on observations of six months of sea ice
motion maps, the sea ice motion maps in the Arctic derived from QuikSCAT data appear to have smoother (less
noisy) patterns than those from NSCAT, especially in boundary areas, possibly due to constant radar scanning
incidence angle. For late summer, QuikSCAT data can provide good sea ice motion information in the Arctic as
early as the beginning of September. For early summer, QuikSCAT can provide at least partial sea ice motion
information until mid-June. In the Antarctic, a case study shows that sea ice motion derived from QuikSCAT data
is consistent with pressure field contours. [J2031]

"Orthorectification of 1960s satellite photographs covering Greenland"
This article presents a rigorous, high-precision model for geometric orthorectification of declassified intelligence
satellite photography (DISP) imagery for the generation of a seamless, full-coverage mosaic of the Greenland
ice sheet. This model integrates the bundle adjustment method and satellite orbital parameters, solving for
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interior orientation (including lens distortion) and exterior orientation parameters simultaneously. In addition, the
techniques of adaptive filtering, bright-strip removal, radiometric balancing, and mosaic postprocessing are
discussed. Two full-coverage mosaics of Greenland using 24 DISP images from eight orbits of the ARGON
9034A Mission of May 1962 and 36 images from 14 orbits of the 9058A/59A mission of October 1963 were
created. The average planimetric accuracy (relative to the synthetic aperture radar (SAR) mosaic) is about 168 m
from statistical measurements of 182 points in topographically flat areas and 186 m from statistical
measurements of 201 points in mountainous areas. The two mosaic products have been delivered to the U.S.
National Snow and Ice Data Center (NSIDC) for use by the research community. [J2032]

"Retrievals of column water vapor using millimeter-wave radiometric measurements"
The airborne Millimeter-wave Imaging Radiometer (MIR) measurements conducted over the Midwest region of
the continental United States during January/February 1997 and over the Alaska-Arctic region during May 1998
are used to estimate column water vapor W2under a clear sky. On board the same aircraft are two other
instruments, the Cloud Lidar System (CLS) and MODerate-resolution Imaging Spectrometer (MODIS) Airborne
Simulator (MAS), which provide cloud cover information and independent measurements of W, respectively. The
MIR-estimated W values are compared and found to be in very good agreement with those measured by
rawinsondes at near concurrence. A close correlation is found between the MIR-estimated W and that estimated
from the MAS near-IR reflectance ratios. Water surface emissivities at several MIR frequencies are obtained in
the process of the W retrieval from several flights over the Midwest lakes. These estimated emissivities
compared favorably with values calculated for a calm water surface, which are based on a di-electric permittivity
model and MAS-measured surface temperatures. The results from all comparisons strongly demonstrate the
soundness of the technique for estimating W. [J2033]

"An updated analysis of the ocean surface wind direction signal in passive microwave brightness
temperatures"
We analyze the wind direction signal for vertically (v) and horizontally (h) polarized microwave radiation at 37
GHz, 19 GHz, and 11 GHz; and an Earth incidence angle of 53°. We use brightness temperatures from SSM/I
and TMI and wind vectors from buoys and the QUIKSCAT scatterometer. The wind vectors are space and time
collocated with the radiometer measurements. Water vapor, cloud water and sea surface temperature are
obtained from independent measurements and are uncorrelated with the wind direction. We find a wind direction
signal that is noticeably smaller at low and moderate wind speeds than a previous analysis had indicated. We
attribute the discrepancy to errors in the atmospheric parameters that were present in the data set of the earlier
study. We show that the polarization combination 2v-h is almost insensitive to atmospheric changes and agrees
with the earlier results. The strength of our new signals agrees well with JPL aircraft radiometer measurements.
It is significantly smaller than the prediction of the two-scale sea surface emission model for low and
intermediate wind speeds. [J2034]

"Statistical properties of logarithmically transformed speckle"
In synthetic aperture radar (SAR) image processing and analysis, the logarithmic transform is often employed to
convert the multiplicative speckle model to an additive noise model. However, this nonlinear operation totally
changes the statistics of SAR images. In this communication, we first review the statistical properties of speckle
noise in both the intensity and the amplitude formats. Then, we derive the probability density functions, the
mean values, and the variances to characterize the log-transformed speckle. Finally we discuss the problems
introduced by the logarithmic transform on statistical analysis of SAR images. The statistical models developed in
this communication will facilitate subsequent SAR image processing tasks based on the additive noise model
[J2035]

"Use of ground observations to simulate the seasonal changes in the backscattering coefficient of
the subarctic forest"
RADARSAT synthetic aperture radar (SAR) data acquired at C Band, HH polarization, and for the 20°-27° and
45°-49° incidence angle ranges were available over northern Quebec, Canada, (54°N, 72°12'W), in the fall of
1996, the winter of 1997, and the spring of 1997. The main land occupation of this area is sparse black spruce
(Picea mariana) forests. Vegetation characteristics are jointly used with snow and soil observations coinciding
with the satellite overpasses to simulate the seasonal changes in the backscattering coefficient of the subarctic
forest. The aim of this study is twofold. First to evaluate the effects of the seasonal changes in vegetation on the
RADARSAT SAR data, and second to use backscattering models as a tool for a better interpretation and
understanding of the RADARSAT SAR data over snow-covered forested areas. Simulations show the
importance of the surface-vegetation interaction term and the wet snow surface roughness on the discrimination
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between open forest and denser forest, and on the contrast between wet snow and dry snow covers. When
comparing the simulations to the RADARSAT SAR data, the poorest results are obtained in the spring for a
rough wet snow. It is shown that they are mainly due to a crude evaluation of the vegetation dielectric constant
rather than to uncertainties introduced by the spatial variability in the wet snow surface roughness [J2036]

"A generalized power law spectrum and its applications to the backscattering of soil surfaces based
on the integral equation model"
A generalized power law spectrum is proposed to describe the random rough surfaces in this paper. The
parameters of the spectrum are related to the traditional physical parameters of root mean square (rms) height
and correlation length. It can naturally reduce to the spectra of Gaussian and exponential correlation functions.
The corresponding correlation functions are also derived. It can provide wider range of spectra to describe the
random rough surfaces than other spectra. Based on the proposed spectrum, backscattering of soil surfaces is
studied by using the integral equation model (IEM). The simulation results are compared with the experimental
measurements of real soil surfaces at L, C, and X bands for the different roughness scales and moisture
conditions. The reasonably good agreements between the measurements and the simulations are observed for
all three-frequency bands and different incidence angles with the same sets of the physical roughness
parameters [J2037]

"The characteristic polarization states and the equi-power curves"
Characteristic polarization state theory is restudied for the symmetric coherent Sinclair scattering matrix case.
First, the geometric relations of the characteristic polarization states on the Poincare sphere are derived. Based
on these relations, simple formulas are given for all of the characteristic polarization states of this Sinclair matrix
in Stokes vector form. From the formulation, it is clear that the CO-POL Nulls are fundamental characteristic
polarization states for the symmetric coherent Sinclair scattering matrix case, in that the others can
straightforwardly be obtained from the Stokes vectors of the CO-POL Nulls. For further study of the characteristic
polarization state and the distribution of the received powers on the Poincare sphere, the authors introduce the
concept of the equi-power curve. It is defined as the curve on the Poincare sphere on which the received
powers in some defined channel have the same value. They deal with the characteristics of the equi-power
curves for various special cases. In addition, they show how the characteristic polarization states are generated
by the equi-power curves. It is demonstrated that the characteristic polarization states can usually be regarded
as the points of contact of the Poincare sphere and a conicoid representing a power-related quadratic form. This
leads to a new method to introduce the characteristic polarization states [J2038]

"Measurements of the propagation parameters of tree canopies at MMW frequencies"
The presence of trees in a given scene can hamper detection of nearby targets by millimeter-wave (MMW)
radars especially at near grazing incidence. Proper characterization of scattering and attenuation in tree
canopies is important for optimal detection algorithms. In this paper, a new technique for determining the
extinction and volume backscattering coefficients in tree canopies using the measured radar backscatter
response is proposed and verified experimentally. The technique, which can be applied to already available
wideband radar backscatter data, is used to compute the extinction and volume backscattering coefficients of
different tree canopies under various physical conditions. The dynamic range of these coefficients are presented
and results at 35 GHz are compared with results at 95 GHz [J2039]

"Unconstrained inversion of waveheight spectra from SAR images"
A procedure for inverting the nonlinear relationship between the waveheight spectrum and the SAR image
spectrum is presented, and this procedure is evaluated using simulated data as well as actual ERS SAR data
collected near Duck, NC. Results of this nonlinear inversion are compared with those obtained from a quasi-
linear estimation procedure using simulated data, in order to illustrate the effects of nonlinearities in the imaging
process. These effects include the well-known azimuth falloff effect as well as the generation of harmonics which
appear in the background region of the spectrum. The nonlinear inversion technique is able to reproduce the
input image spectrum to high accuracy, although the wave spectrum obtained by this procedure is not
necessarily the same as the input wave spectrum. In general, the estimated wave spectrum is quite similar to
the portion of the input wave spectrum within the SAR passband region, but none of the energy outside the
passband is recovered. The background signals due to nonlinear effects can cause large errors in the quasi-
linear estimation procedure because these signals appear in regions of the spectrum where the SAR modulation
transfer function (mtf) is small. Results using actual SAR data also indicate that energy within the passband is
recovered fairly accurately, although energy outside the passband is clearly lost [J2040]
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"The role of government support for research in U.S. academic institutions"
The U.S. government provides support funds for academic research in engineering through a variety of
agencies. The majority of the funds for academic research is provided through the U.S. Department of Defense
(DoD) and the National Science Foundation (NSF). Together these two U.S. government agencies, provide
about &Bscr; in total research funding annually to U.S. universities. Support funds for academic microwave-
oriented research provided by these two agencies have proved instrumental in development of a strong
academic base that has provided the intellectual energy resulting in the development of the U.S.
communications, radar, remote sensing, and wireless industries. The history of U.S. government support for
basic research is discussed, along with the organization of the DoD and NSF funding offices. Research funding
distributions and trends are also discussed [J2041]

"Applications and frustrations in using ground penetrating radar"
In this paper the author concentrates on the narrow portion of the electromagnetic spectrum from a few MHz to a
few GHz where geophysicists used ground penetrating radar which is sometimes called georadar, ground
probing radar, or subsurface radar. Ground penetrating radar is deployed today from the space shuttle, aircraft,
on the surface, in and between boreholes and sometimes from within or between mine shafts. The author
discusses these applications and some of the problems involved [J2042]

"Development and validation of altimeter wind speed algorithms using an extended collocated
Buoy/Topex dataset"
The development and validation of altimeter wind speed algorithms is investigated following the collation of the
largest dataset to-date of coincident altimeter/buoy open ocean measurements. Nonlinear relationships between
buoy wind and Topex backscatter are fitted to the 4500 points dataset using least-squares (LSQ). The addition
of altimeter significant wave height (SWH) information causes a small but significant reduction of about 10% in
root-mean-square (rms) error. The new LSQ algorithms yield significant improvement of the global wind speed
bias and rms error compared to earlier models, but describe the wind to backscatter relationship poorly at
extreme wind speeds. Best results are obtained with the Gourrion et al. (2000) model, improving on the Witter
and Chelton (WC91) (1991) model used operationally. A residual dependence on sea state persists in all wind
algorithms, which underestimate winds in young sea conditions on average by 1-1.5 m/s. A case study confirms
that ordinary LSQ attribute excessive weight to the peak of the wind speed histogram and yield algorithms with
poor performance at extreme winds. Measurement errors are shown to greatly influence the fitted models
performance, as accounting for normally distributed errors in both altimeter and buoy measurements with
orthogonal distance regressions (ODRs) yields significant improvements [J2043]

"A new method to separate ground clutter and atmospheric reflections in the case of similar
Doppler velocities"
This paper introduces a new ground clutter suppression technique which preserves weather echoes. This clutter
suppression method uses both statistical and polarimetric properties of the target and clutter. This technique is
intended for use in atmospheric studies for weather echoes the spectral properties of which do not differ much
from those of ground clutter. This technique can be applied both to the total signal or to its separate Doppler
frequency components [J2044]

"Subpixel variability of remotely sensed soil moisture: an inter-comparison study of SAR and
ESTAR"
The representation of subpixel variability in soil moisture estimates from passive microwave data was
investigated through sensitivity analysis and by comparison against the spatial structure of soil moisture fields
derived from radar data. This work shows that the subpixel variability not represented in brightness temperature
fields is directly associated with the spatial organization of soil hydraulic properties and the spatial distribution of
vegetation. The significant implication of this result is that the physical connection between soil moisture
estimates at the pixel scale and local values within the pixel weakens strongly as the sensor resolution
decreases. Subsequently, the application of scaling and fractal interpolation principles to downscale passive
microwave data to the spatial resolution of radar data was investigated as a means to recover spatial structure.
In particular, ESTAR soil moisture data was successfully downscaled from 200 to 40 m using only one radar
frequency (e.g., L-band). This application suggests that the combined use of active and passive single-band
microwave remote-sensing of soil moisture is a viable approach to improve the spatial resolution of soil moisture
remote-sensing [J2045]
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"Computation of storm-surge damage using distributed models and remote sensing data: a case
study for the super cyclone in Orissa State, India"
This paper describes two spatial distributed models based on one-dimensional (1-D) energy balance equation to
assess land surface damage caused by a storm surge. IRS LISS III and RADARSAT SAR data were used to
generate critical model input parameters. The model's performance was validated for the Orissa super cyclone
storm surge, India [J2046]

"Multisource classification using ICM and Dempster-Shafer theory"
We propose to use evidential reasoning in order to relax Bayesian decisions given by a Markovian classification
algorithm, the multiscale iterated conditional mode (ICM) algorithm. The Dempster-Shafer rule of combination
enables us to fuse decisions in a local spatial neighborhood which we further extend to be multisource. This
approach enables us to more directly fuse information. Application to the classification of very noisy images
produces interesting results [J2047]

"On reconciling ground-based with spaceborne normalized radar cross section measurements"
This study examines differences in the normalized radar cross section, derived from ground-based versus
spaceborne radar data. A simple homogeneous half-space model, indicates that agreement between the two
improves as 1) the distance from the scatterer is increased; and/or 2) the extinction coefficient increases [J2048]

"Thermal analysis of buried land mines over a diurnal cycle"
The passive infrared (IR) imaging signature of buried mines under three different soil surface conditions is
investigated in this work. The three-dimensional (3-D) nature of the mine, the site, and the temporal attributes of
surrounding climate and exposed radiation are accounted for with large and moderate-scale clutter surfaces as
well as a smooth surface. The effect of the short- and long-wavelength radiation as well as the convective heat
transfer is incorporated in this analysis and the temporal development of the temperature distribution over a
diurnal cycle is presented for different surface conditions. The occurrence of false alarm mine spots is
demonstrated using the moderate scale clutter surface and a critical period of time for the landmine signature is
established for different soil surface conditions. The present results show that mines buried at moderate depths
in the soil would not produce a direct signature [J2049]

"Multifrequency reconstruction of moderately rough interfaces via quasi-ray Gaussian beams"
In this paper, we present a new technique for determining the surface profile of a moderately rough interface
between air and a homogeneous dielectric half-space. Based on sparsely sampled step-frequency ground
penetrating radar measurements, the proposed inversion scheme uses a quasi-ray Gaussian beam fast forward
model, coupled with a low-order parameterization of the surface profile in terms of B-splines. The profile
estimation problem is posed as a parameter optimization problem, which is solved using a multiresolution
continuation method via frequency hopping. Numerical experiments establish that the algorithm is efficient and
yields accurate reconstructions throughout most of the illuminated region even in noisy environments, losing
accuracy only in regions with very weak illumination [J2050]

"Analyzing low-frequency electromagnetic scattering from a composite object"
In this paper, we present a method for solving electromagnetic scattering from a composite object at low
frequencies using the method of moments (MoM) and loop-tree basis. Many applications involve composite
objects which consist of several homogeneous regions. The loop-tree basis used for analyzing scattering from a
homogeneous body at low frequencies could not be directly applied to analyze the low-frequency scattering from
a composite object. In general, it is very difficult, if not impossible, to find a set of loop-tree basis functions that
is valid for the structures on both sides of the interfaces. In this paper, we treat a composite object as a limiting
case of multibody problem so that we could setup the MoM equation using the loop-tree basis found on each
single body. A process is then developed to eliminate the redundant unknowns. The proposed method makes it
possible to analyze low-frequency scattering from an arbitrary composite object. The validity and applications are
illustrated with representative numerical examples [J2051]

"Monitoring of rain water storage in forests with satellite radar"
The sensitivity of radar backscatter to the amount of intercepted rain in temperate deciduous forests is analyzed
to determine the feasibility of retrieval of this parameter from satellite radar data. A backscatter model is
validated with X-band radar measurements of a single tree exposed to rain. A good agreement between
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simulation and measurements is observed and this demonstrates the ability of radar to measure the amount of
intercepted rain. The backscatter model is next applied to simulate different satellite radar configurations. To
account for forest variability, the backscatter difference between a wet and dry forest canopy is calculated for
four deciduous tree species, above a wet and a dry soil. On average, the simulated backscatter of a wet forest
canopy is 1 dB higher than the backscatter of a dry forest canopy at co-polarized L-band and 2 dB at co-
polarized C and X-band. The simulated sensitivity is in agreement with observations. It is argued that current
satellites can retrieve the amount of intercepted rain at best with a reliability of 50%, due to the variability in soil
moisture, species composition and system noise. The authors expect that the reliability will improve with the
launch of the next generation radar satellites. The results of this analysis may also be used to assess the
influence of rain, fog or dew upon other radar applications for temperate deciduous forests [J2052]

"A novel 3-D subsurface radar imaging technique"
The problem of the formation of subsurface images using stand-off forward looking radar is by far more severe
than that of forming the radar images in the free-space. A subsurface image needs to be accurately focused
taking into account both the refraction and dispersion of the wavefield. This paper presents a novel imaging
algorithm specially tailored for subsurface sensing. A simple and effective characterization technique for the
retrieval of the dielectric permittivity is outlined. The proposed soil characterization and subsurface imaging
techniques are validated experimentally. Results show that the geometric distortion in the subsurface images due
to the refraction and dispersion of the wavefields is successfully corrected [J2053]

"FDTD modeling and analysis of a broadband antenna suitable for oil-field imaging while drilling"
This paper develops a finite-difference time-domain (FDTD) approach suitable for modeling general antenna
structures which include cylindrical dipoles. The medium averaging is a key factor of the method since the FDTD
grid size is comparable to the dimensions of the antenna. It is essential in the FDTD calculation to account for
the effective media seen by different electric field components. The input impedance calculated by the FDTD
approach agrees well with the published results for a cylindrical dipole, although only one cell in the transverse
direction is assigned as the metallic conductor. This FDTD approach is then used to model and analyze a novel
broadband antenna which can be used in a borehole radar system for oil-field imaging while drilling. The
antenna is essentially a horizontal cut on a metallic drill collar with a vertical cylindrical dipole placed across the
cut and loaded at the ends. Based on the modeling results, we found that a proper resistive loading is the key in
order to increase the bandwidth of the antenna and reduce ringing. When properly loaded, the antenna has a
fairly flat input impedance ranging from 50 MHz to 600 MHz. The real part of the input impedance varies
favorably around 75 Ω. In addition, the input impedance of the antenna is not very sensitive to the surrounding
medium. The simulated antenna radiation of the electric field shows good azimuthal discrimination. For a lossless
medium with a permittivity of 20 &epsi;0the front-back ratio climbs from around 15 dB at 100 MHz to about 45
dB at 600 MHz [J2054]

"Effects of random inhomogeneity on radar measurements and rain rate estimation"
The authors study the sampling effect on radar measurements of inhomogeneous media and the resultant rain
estimation. A two-level drop size distribution (DSD) model is proposed, in which DSD parameters are assumed
to be variable for representing the sampling effects. The dependence of statistical moments on the variation of
DSD parameters are calculated and applied to radar-based rain estimation [J2055]

"Progressive space frequency quantization for SAR data compression"
The authors propose a new wavelet image coding technique for synthetic aperture radar (SAR) data
compression called a progressive space-frequency quantization (PSFQ). PSFQ performs spatial quantization via
rate distortion-optimized zerotree pruning of wavelet coefficients that are coded using a progressive subband
coding technique. They compared the performances of zerotree-based methods: EZW, SPIHT, SFQ, and PSFQ
with the classical wavelet-based method (CWM), which uses uniform scalar quantization of subbands followed
by recency rank coding. The performances of the methods based on zerotree quantization were better than the
CWM in the rate distortion sense. The embedded coding techniques perform better SNR results than the
methods using scalar quantization. However, the probability density function (PDF) of the reconstructed
amplitude SAR data compressed using CWM, better corresponded to the PDF of the original data than the PDF
of the reconstructed data compressed using the zerotree based methods. The amplitude PDF of the
reconstructed data obtained using PSFQ compression algorithm better corresponded to the original PDF than the
amplitude PDF of the data obtained using the multilook method [J2056]

"Multiple scattering simulations for the Japanese space lidar project ELISE"

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 538 из 658



Spaceborne lidar observations have a great potential to improve our knowledge of the atmosphere. However,
contrary to ground-based or airborne lidar measurements in observations from space multiple scattering (MS)
has to be accounted for under all atmospheric conditions. A simple way to achieve this is to introduce the
approximative MS factor F in the single scattering lidar equation. We determined F for measurements of
aerosols, ice and water clouds as they were planned with the Japanese space lidar ELISE. We found that F is
almost constant in cirrus clouds and in water clouds which are penetrable by lidar. In aerosol layers F depends
on penetration depth, extinction coefficient and aerosol type. In comparison to LITE the MS factor is smaller (for
aerosols and water clouds) or almost equal (cirrus) [J2057]

"Road detection in spaceborne SAR images using a genetic algorithm"
This paper presents a technique for the detection of roads in a spaceborne synthetic aperture radar (SAR)
image using a genetic algorithm (GA). Roads in a spaceborne SAR image can be modeled as curvilinear
structures that possess width. Curve segments, which represent the candidate positions for roads, are extracted
from the image using a curvilinear structure detector, and the roads are accurately detected by grouping those
curve segments. For this purpose, the authors designed a grouping method based on a GA, which is a global
optimization method. They combined perceptual grouping factors with it and tried to reduce its overall
computational cost by introducing a concept of region growing. In this process, a selected initial seed is grown
into a finally grouped segment by the iterated GA process, which considers segments only in a search region.
To detect roads more accurately, postprocessing, including noisy curve segment removal, is performed after
grouping. The authors applied their method to ERS-1 SAR and SIR-C/X-SAR images that have a resolution of
about 30 m. The experimental results show that our method can accurately detect road networks as well as
single-track roads and is much faster than a globally applied GA approach [J2058]

"Minimum mean square error space-varying filtering of interferometric SAR data"
This paper addresses the problem of filtering interferometric synthetic aperture radar (IFSAR) signals in presence
of nonplanar topography to mitigate geometrical decorrelation effects. The problem is space-variant. The authors
assume knowledge about the scene topography and derive an optimal, minimum mean square error (MMSE),
filtering procedure. The algorithm is flexible and, beside the standard stripmap-stripmap interferometry, it may be
applied to IFSAR data acquired in any operative mode. For instance, in scan-scan, scan-strip, and scan-spot
interferometry. The scene topography contribution may be either derived from an external rough digital elevation
model (DEM) or directly estimated from the SAR data. The filtering technique is extended to the azimuth
direction to account for possible Doppler centroid decorrelation. Experimental results carried out on real data
confirm the validity of the theory and show that this filtering procedure allows the authors to obtain a reduction of
the interferometric noise content. Its gain is particularly marked in the cases of steep topography, where
application of the standard common band filters could deteriorate the signal quality, or for large Doppler centroid
shifts between the two acquisitions [J2059]

"Delay-Doppler analysis of bistatically reflected signals from the ocean surface: theory and
application"
We present a new stochastic theory for delay-Doppler mapping of the ocean surface for bistatic scattering. This
stochastic theory should complement nicely the previous theories for the Global Positioning System (GPS)
reflected signals from ocean surfaces, especially that of Zavorotny and Voronovich (2000). We quantify the
Doppler spread of the reflected signal before interpreting the delay. Our theoretical results compare very well to
Doppler spectra computed using data collected during an airborne campaign. The bandwidth of the spectra is
linked to the geometry and to the ocean roughness. The bulk of the Doppler spread is caused by the rms slope
and not by the surface orbital velocity. Our stochastic theory is generalized to include the delay mapping made
possible by the existence of the pseudorandom noise code on the GPS L-band carrier. These results can be
seen as a generalization of Woodward's theorem for FM signals to delay-Doppler analysis of more complicated
signals. Our formulation is amenable to inversion for the determination of geophysical parameters such as
surface wind vector and mean sea level. Another novelty in our approach is the inclusion of the sea state
[J2060]

"Surface roughness and slope measurements using polarimetric SAR data"
In this paper, the circular polarization coherence, ρRRLL, is investigated as a potential estimator of terrain
surface roughness and small-scale slopes. The studies utilize microwave backscatter collected from 1) dielectric
surfaces in an anechoic chamber and 2) a desert test site using P-, L-, and C-band NASA/JPL AIRSAR data.
These experimental studies and supporting theory, indicate a sensitive decrease of |ρRRLL| with increasing
surface roughness ks over a range 0 &les; ks &les; 1. For the present studies this decrease is caused largely by
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the depolarizing effects of small-scale surface slopes in the azimuth direction rather than by volume, or multiple
scatter. For cases when the scatter is reflection symmetric, the value of |ρRRLL| depends on the surface
roughness and on the local incidence angle. The dependence of |ρPRRLL| on the local incidence angle is
supported by theory and experimental results. For these same scattering cases, however, |ρPRRLL| is
independent of the surface dielectric constant. Estimation of the functional dependency of |ρPRRLL| versus ks,
for a mid-range incidence angle, has been carried out using roughness estimates derived from an empirical
model [J2061]

"Adaptive noise reduction of InSAR images based on a complex-valued MRF model and its
application t o phase unwrapping problem"
We propose a new adaptive noise reduction method for interferometric synthetic aperture radar (InSAR)
complex-amplitude images. In the proposed method, we detect residues (singular points) in the phase image as
well as their neighbors at first. Normal areas that contain no residue are used for the estimation of correct pixel
values at the marked residues according to 5th order non-causal complex-valued Markov random field (CMRF)
model. The process is performed block-wise with the assumption of a locally stationary condition of statistics.
Using a CMRF lattice complex-valued neural-network, the error energy defined as the squared norm of distance
between signal and estimated values is minimized by LMS steepest descent algorithm. Eventually, the number of
residues is decreased. An application is also presented. An InSAR image around Mt. Fuji is processed by the
proposed technique and then phase-unwrapped by the branch-cut method. It is found that after the application
of the proposed method, a better phase unwrapped image can be obtained successfully [J2062]

"Multisource data classification with dependence trees"
In order to apply a statistical approach to the classification of multisource remote-sensing data, one of the main
problems to face lies in the estimation of probability distribution functions. This problem arises out of the difficulty
of defining a common statistical model for such heterogeneous data. A possible solution is to adopt
nonparametric approaches, which rely on the availability of training samples without any assumption about the
related statistical distributions. The purpose of this paper is to investigate the suitability of the concept of
dependence trees for the integration of multisource information through estimation of probability distributions.
First, this concept, introduced by Chow and Liu (1968), is used to provide an approximation of a probability
distribution defined in an N-dimensional space by a product of N-1 probability distributions defined in two-
dimensional (2-D) spaces; this approximation corresponds, in terms of graph theoretical interpretation, to a tree
of dependence. For each land cover class, a dependence tree is generated by minimizing an appropriate
closeness measure. Then, a nonparametric estimation of the second-order probability distributions is carried out
through the Parzen window approach, based on the implementation of 2-D Gaussian kernels. In this way, it is
possible to reduce the complexity of the estimation, while capturing a significant part of the interdependence
among variables. A comparison with other multisource data fusion methods, namely, the multilayer perceptron
(MLP) method, the k-nearest neighbor (k-NN) method, and a Bayesian hierarchical classifier (BHC), is made.
Experimental results obtained on multisensor [airborne thematic mapper (ATM) and synthetic aperture radar
(SAR)] and multisource (experimental synthetic aperture radar (E-SAR) and a textural feature) data sets show
that the proposed fusion method based on dependence trees is able to provide a classification accuracy similar
to those of the other methods considered, but with the advantage of a reduced computational load [J2063]

"Change detection for thematic mapping by means of airborne multitemporal polarimetric SAR
imagery"
The paper addresses the detection of changes in multitemporal polarimetric radar images, focusing on small
objects and narrow linear features. The images were acquired at C- and L-band by the airborne EMISAR
system. It is found that the radar intensities are better suited for change detection than the correlation coefficient
and the phase difference between the co-polarized channels. In the case of linear features, there is no obvious
difference between the C- and L-bands, and slight variations of the flight tracks are acceptable at look angles
larger than 35 degrees. Theoretical detection thresholds are evaluated from the statistical distribution of the
intensity ratio due to speckle. For the linear features and for urban environments, the observed thresholds are
larger than the theoretical predictions. This is interpreted as an effect of radar intensity variations on length
scales smaller than the spatial image resolution. The signature of urban areas is very sensitive to deviations
between the flight tracks, and the sensitivity is larger at C-band than at L-band. On the other hand, the intensity
contrast between buildings and the urban background is smaller at L-band and larger at C-band. For change
detection, thresholds may have to be chosen separately for each object class because the intensity ratios of
different object classes vary differently as a function of time [J2064]
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"On the estimation of radar polarization orientation shifts induced by terrain slopes"
In recent studies, D. L. Schuler et al. (2000) applied polarimetric imaging radar-derived orientation angles to
measure topography, and J. S. Lee et al. (2000) used orientation angles for polarimetric SAR data
compensation, to ensure accurate estimation of geophysical parameters in rugged terrain areas. To support
these applications, it is important to accurately estimate shifts in orientation angles induced by the azimuth slope
variations. However, in many cases, inconsistency in the estimation of orientation angle shifts was encountered
in several areas, introducing noisy and erroneous results. The present authors develop a unified analysis of
estimation algorithms based on the circular polarization covariance matrix. The concept of reflection symmetry is
used to explain the soundness of the circular polarization method and to show problems associated with other
algorithms. L-band polarimetric synthetic aperture radar (SAR) images of Camp Roberts, CA, are used to
substantiate this theory [J2065]

"Finite-difference time-domain simulation of scattering from objects in continuous random media"
A three-dimensional (3D) finite-difference time-domain (FDTD) scheme is introduced to model the scattering
from objects in continuous random media. FDTD techniques have been previously applied to scattering from
random rough surfaces and randomly placed objects in a homogeneous background, but little has been done to
simulate continuous random media with embedded objects where volumetric scattering effects are important. In
this work, Monte Carlo analysis is used in conjunction with FDTD to study the scattering from perfectly
electrically conducting (PEC) objects embedded in continuous random media. The random medium models
under consideration are chosen to be inhomogeneous soils with a spatially fluctuating random permittivities and
prescribed correlation functions. The ability of frequency averaging techniques to discriminate objects in this
scenarion is also briefly investigated. The simulation scheme described in this work can be adapted and used to
help in interpreting the scattered field data from targets in random environments such as geophysical media,
biological media, or atmospheric turbulence [J2066]

"Simulating coherent backscattering from crops during the growing cycle"
The backscattering coefficient and the position of interferometric phase center of wheat and sunflowers during
the growing cycle have been computed by using a coherent electromagnetic model. In the model, the scattered
fields are added coherently and the attenuation in the canopy is computed by means of Foldy's approximation.
The comparison between model simulations and experimental data has shown that model results match
reasonably well with the measured backscattering. As the plant grows, the backscattering of wheat ("narrow leaf"
crop) decreases, whereas that of sunflowers ("broad leaf") increases. An analysis of the various terms that
contribute to backscattering has indicated that the most significant contribution is given by the double scattering
soil-stalk and that the position of the interferometric phase center is close to the soil. When the contribution of
leaves is more significant, as in the case of sunflowers, the interferometric phase center goes up to about one
quarter of the full plant height. This result demonstrates the potential of the interferometric observation in
providing significant new information on crop classification algorithms based on scattering mechanisms [J2067]

"Exact closed-form geolocation for SAR interferometry"
Exact closed-form algorithms for InSAR-derived digital elevation model (DEM) geolocation are described. They
are based on the knowledge of orbit parameters and time/Doppler frequency coordinates of each SAR image, as
well as of their interferometric phase. The proposed scheme gives a simple framework for deriving the
geolocation accuracy [J2068]

"Error estimates for a histogram in scatterometer geophysical model function estimation"
The relationship between the normalized radar cross section σ° and the ocean surface wind field, i.e., the
geophysical model function, is a key element in scatterometry. Due to many unsolved physical modeling
problems, only a semi-empirical approach can be used to quantitatively relate the observed σ° to the wind field.
Once the appropriate functional form has been selected, a model calibration procedure based on colocated σ°
measurements and external wind field observations/determinations is accomplished. To this end, a σ° data
grouping (binning) is performed to limit measurement uncertainties and reduce data volume. On this note, the
binning procedure is revisited as an histogram estimation procedure and the relevant errors are determined. It is
shown that in the best case of wind field error-free model the bias error introduced by the binning is negligible
(but for low wind regimes) while the variance error is significant [J2069]

"Frequency dependence of scattering by dense media of small particles based on Monte Carlo
simulation of Maxwell equations"
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The frequency dependence of extinction and scattering by geophysical medium at microwave frequencies is an
important scattering topic because multifrequency measurements are used in remote sensing applications.
Classical independent scattering theory states that if the particles are small, scattering is proportional to the
fourth power in three-dimensional (3D) scattering and the third power in two-dimensional (2D) scattering. In this
paper, the authors present Monte Carlo simulation results of dense media scattering. The dense media consists
of densely packed small particles. Solutions are based on rigorous methods of generating dense media and
subsequent numerical solutions of Maxwell's equation. Numerical simulations indicate that the frequency
dependence of densely packed sticky particles is weaker than independent scattering [J2070]

"Wind speed measurement using forward scattered GPS signals"
Instrumentation and retrieval algorithms are described which use the forward scattered range-coded signals from
the global positioning system (GPS) radio navigation system for the measurement of sea surface roughness.
This roughness has long been known to be dependent upon the surface wind speed. Experiments were
conducted from aircraft along the TOPEX ground track and over experimental surface truth buoys. These flights
used a receiver capable of recording the cross-correlation power in the reflected signal. The shape of this power
distribution was then compared against analytical models, which employ a geometric optics approach. Two
techniques for matching these functions were studied. The first recognized the most significant information
content in the reflected signal is contained in the trailing edge slope of the waveform. The second attempted to
match the complete shape of the waveform by approximating it as a series expansion and obtaining the
nonlinear least squares estimate. Discussion is also presented on anomalies in the receiver operation and their
identification and correction [J2071]

"Evaluation of a compound probability model with tower-mounted scatterometer data"
Six months of data from the YSCAT94 experiment conducted at the CCIW WAVES research platform on Lake
Ontario, Canada, are analyzed to evaluate a compound probability model. YSCAT was an ultrawideband small
footprint (&ap;1 m) microwave scatterometer that operated at frequencies of 2-18 GHz, incidence angles from 0°
to 60°, both h-pol and v-pol, and which tracked the wind using simultaneous weather measurements. The
probability distribution function of the measured instantaneous backscattered amplitude (p(a)) is compared to
theoretical distributions developed from-the composite model and a simple wave spectrum. Model parameters of
the resulting Rayleigh/generalized lognormal distribution probability density function (pdf) (C, a1, and a2) are
derived directly from the data and are found to demonstrate relationships with wind speed, incidence angle, and
radar frequency [J2072]

"Comparison of two microwave radiobrightness models and validation with field measurements"
This paper compares microwave brightness temperature (TB) estimated by two radiobrightness models: a
multilayer coherent radiative transfer (CRT) model and a single-layer Fresnel reflectance model. Two dielectric
mixing schemes were used along with the models to calculate permittivity (real part of the dielectric constant).
Model TBand permittivity estimates were compared and validated against Huntsville, AL 1998 field experiment
measurements. Model differences can be attributed to the mixing scheme, the radiobrightness model, or the
vertical profile representation. Two sets of simulations were performed to quantify the sources of variation, one
using observed son temperature and moisture profiles as input, and another using uniform profiles. Using
uniform profiles, systematic differences in permittivity estimated by the mixing schemes resulted in TBdifferences
as large as 15 K. However, for uniform profiles, differences in TBestimated by the radiobrightness models for a
given permittivity value were less than 2 K. For cases using observed profiles, near-surface drying of the profiles
resulted in TBvalues from the CRT model 6-10 K higher than estimates from the Fresnel model, which
determines TBbased on 0-5 cm mean moisture and temperature. Therefore, the major sources of TB variations
were the dielectric mixing scheme and the shape of the near-surface moisture profile. No radiobrightness/mixing
scheme combination exhibited superiority across all plots and times [J2073]

"Direction interval retrieval with thresholded nudging: a method for improving the accuracy of
QuikSCAT winds"
The SeaWinds scatterometer was developed by NASA JPL, Pasadena, CA, to measure the speed and direction
of ocean surface winds. It was then launched onboard the QuikSCAT spacecraft. The accuracy of the majority of
the swath and the size of the swath are such that the SeaWinds on QuikSCAT Mission (QSCAT) meets its
science requirements despite shortcomings at certain cross-track positions. Nonetheless, it is desirable to modify
the baseline processing in order to improve the quality of the less accurate portions of the swath, in particular
near the far swath and nadir. Two disparate problems have been identified for these regions. At far swath,
ambiguity removal skill is degraded due to the absence of inner beam measurements, limited azimuth diversity
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and boundary effects. Near nadir, due to nonoptimal measurement geometry, (measurement azimuths
approximately 180° apart) there is a marked decrease in directional accuracy even when ambiguity removal
works correctly. Two algorithms have been developed: direction interval retrieval (DIR) to address the nadir
performance issue and thresholded nudging (TN) to improve ambiguity removal at far swath. The authors
illustrate the impact of the two techniques by exhibiting prelaunch simulation results and postlaunch statistical
performance metrics with respect to ECMWF wind fields and buoy data [J2074]

"Dielectric profiles reconstruction via the quadratic approach in 2-D geometry from multifrequency
and multifrequency/multiview data"
Deals with the reconstruction of the contrast function of a dielectric cylinder with rectangular cross section
starting from the knowledge of the electric scattered far field produced under the incidence of plane waves. We
analyze the set of the reconstructable Fourier harmonics of the unknown permittivity contrast function with linear
and quadratic approaches. This set depends on the ranges of the wavenumbers β, of the angles of incidence
θiof the impinging plane waves, and of the observation angles θo. We discuss a simple way to describe such a
dependence, which allows us to find out that the set of the retrievable harmonics for the quadratic approach
contains that for the linear one. Moreover, our investigation points out how increasing the amount of independent
data through a multifrequency/multiview measurement scheme allows us to enlarge the set of the retrievable
unknown harmonics with respect to a multifrequency/single-view one. Our analysis is confirmed by numerical
results. Memory storage requirements and processing time consumption for the quadratic approach are greatly
reduced thanks to the massive use of the fast Fourier transform algorithm. [J2075]

"A novel lacunarity estimation method applied to SAR image segmentation"
Based on the relative differential box-counting algorithm and the gliding-box algorithm, a novel method for
estimating the lacunarity features of grayscale digital images is proposed. Four natural texture images are used
to test the performance of the novel lacunarity measure. Comparisons with published methods show that the
proposed method can efficiently describe texture images, and provide accurate classification results. Real
synthetic aperture radar (SAR) images analyses are found to have different lacunarity values for different
regions. We show that good results can be obtained with appropriate lacunarity parameters applied to SAR
images segmentation. [J2076]

"Characterization of residual information for SeaWinds quality control"
Recent work has shown the important properties of the wind inversion residual or maximum-likelihood estimator
(MLE) for quality Control (QC) of QuikSCAT Hierarchical Data Format (HDF) observations. Since March 2000,
the QuikSCAT near-real-time (NRT) Binary Universal Format Representation (BUFR) product is available. As
this product is used for numerical weather prediction (NWP) assimilation purposes, a QC procedure for the
BUFR product is needed. We study the behavior of the MLE in order to determine whether the HDF QC
procedure is appropriate for BUFR data. A comparison using real HDF and BUFR data reveals that the MLE
distributions of HDF and BUFR differ and are actually poorly correlated. One important difference between BUFR
and HDF is the amount of signal averaging prior to wind inversion. The averaging reduces the number of
observations used in the wind retrieval for the BUFR product as compared to HDF. We show with a simple
example that different MLE distributions are indeed expected due to this averaging. We also run a simulation in
order to link theory and reality and better understand the behavior of the MLE. Despite the different MLE
behavior in BUFR and HDF, the quality of the retrieved winds, as compared with the European Centre for
Medium-Range Weather Forecasts winds, is very similar. We develop an MLE-based QC procedure for BUFR,
similarly to the one in HDF, and we compare both. The skill of the QC in BUFR is again very similar to the one
in HDF, showing that despite the different MLE behavior in both formats, the properties of the MLE as a QC
indicator remain very similar. [J2077]

"Subsurface object sensing with a multifrequency microwave radiometer"
Experimental results are reported for sensing of subsurface objects with a multifrequency radiometer (MFRAD)
system. Properties of the MFRAD system are reviewed, and the calibration and experimental procedures are
discussed. Results with subsurface metallic, styrofoam, and plastic targets are then provided that demonstrate an
oscillatory behavior in brightness temperatures versus frequency in the presence of a subsurface object.
Measured data are also compared with a simple layered medium brightness temperature model and show
reasonable agreement with predicted trends of brightness temperatures versus frequency. The oscillatory
behaviors versus frequency obtained in the presence of both metallic and nonmetallic subsurface objects should
prove advantageous for designing object detection procedures. [J2078]
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"Observations of soil moisture using a passive and active low-frequency microwave airborne
sensor during SGP99"
Data were acquired by the Passive and Active L- and S-band airborne sensor (PALS) during the 1999 Southern
Great Plains (SGP99) experiment in Oklahoma to study remote sensing of soil moisture in vegetated terrain
using low-frequency microwave radiometer and radar measurements. The PALS instrument measures
radiometric brightness temperature and radar backscatter at L- and S-band frequencies with multiple
polarizations and approximately equal spatial resolutions. The data acquired during SGP99 provide information
on the sensitivities of multichannel low-frequency passive and active measurements to soil moisture for
vegetation conditions including bare, pasture, and crop surface cover with field-averaged vegetation water
contents mainly in the 0-2.5 kg m-2range. Precipitation occurring during the experiment provided an opportunity
to observe wetting and drying surface conditions. Good correlations with soil moisture were observed in the
radiometric channels. The 1.41-GHz horizontal-polarization channel showed the greatest sensitivity to soil
moisture over the range of vegetation observed. For the fields sampled, a radiometric soil moisture retrieval
accuracy of 2.3% volumetric was obtained. The radar channels showed significant correlation with soil moisture
for some individual fields, with greatest sensitivity at 1.26-GHz vertical copolarized channel. However, variability
in vegetation cover degraded the radar correlations for the combined field data. Images generated from data
collected on a sequence of flight lines over the watershed region showed similar patterns of soil moisture change
in the radiometer and radar responses. This indicates that under vegetated conditions for which soil moisture
estimates may not be feasible using current radar algorithms, the radar measurements nevertheless show a
response to soil moisture change, and they can provide useful information on the spatial and temporal variability
of soil moisture. An illustration of the change detection approach is given. [J2079]

"A new scattering mechanism enhancement scheme for polarimetric SAR images"
A new scattering mechanism enhancement scheme has been developed for natural (distributed) targets based on
the eigenvalues and corresponding eigenvectors of the covariance matrix in order to identify different scattering
events. First, three new vectors (v1, v2, and v3) were constructed from the eigenvectors of the covariance matrix
with some modifications. Then, those modified vectors were weighted by the eigenvalues of the covariance
matrix as a weighting function. Thus, three vertices (A, B, and C) could be obtained in the three-dimensional
space. In order to utilize them equally, a triangle (ΔABC) was constructed by connecting these three vertices.
The shape of the triangle may be changed due to the different scattering mechanisms because the vertices are
obtained from the combination of eigenvalues and eigenvectors. The result indicated that different scattering
mechanisms can be represented by using an exterior angle derived from the interior angles of the triangle.
Results obtained from the newly developed scattering enhancement scheme, when compared with the results
derived from existing schemes, were in agreement in terms of the dominant scattering mechanisms, including
surface scattering, double-bounce scattering, and volume scattering. The experimental results with the
Spaceborne Imaging Radar version C (SIR-C) L-band full polarimetric data demonstrate the effectiveness of the
new scattering enhancement scheme. [J2080]

"SAR interferometry and statistical topography"
The paper introduces a parametric model for the power spectrum density of synthetic aperture radar (SAR)
interferograms. This model is derived by assuming the interferogram as a stationary frequency-modulated
process and by exploiting the statistical description of earth topography provided by multifractal fields. Despite
the small number of parameters involved (three to six in most cases), the model has been proven robust and
accurate in most of the cases tested. In particular, the parametric probability distribution assumed for ground
terrain slopes fitted the actual histogram (derived from existing digital elevation models) in a range of three to
five decades. Applications to blind baseline estimation and phase unwrapping are then briefly discussed. [J2081]

"Soil moisture estimation from ERS/SAR data: toward an operational methodology"
Previous studies have shown the possibility of using European Remote Sensing/synthetic aperture radar
(ERS/SAR) data to monitor surface soil moisture from space. The linear relationships between soil moisture and
the SAR signal have been derived empirically and, thus, were a priori specific to the considered watershed. In
order to overcome this limit, this study focused on two objectives. The first one was to validate over two years of
data the empirical sensitivity of the radar signal to soil moisture, in the case of three agricultural watersheds with
different soil compositions and land cover uses. The slope of the observed relationship was very consistent.
Conversely, the offset could change, making the soil moisture retrieval only relative (and not absolute). The
second one was to propose an "operational" methodology for soil moisture monitoring based on ERS/SAR data.
The implementation of this methodology is based on two steps: the calibration period and the operational period.
During the calibration period, ground truth campaigns are performed to measure vegetation parameters (to
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correct the SAR signal from the vegetation effect), and the ERS/SAR data is processed only once a field land
cover map is established. In contrast, during the operational period, no vegetation field campaigns are performed,
and the images are processed as soon as they are available. The results confirm the relevance of this
operational methodology, since no loss of performance (in soil moisture retrieval) is observed between the
calibration and operational periods. [J2082]

"Incidence angle dependence of the statistical properties of C-band HH-polarization backscattering
signatures of the Baltic Sea ice"
Incidence angle dependence of three statistical parameters-the mean of the backscattering coefficient (σ°),
standard deviation, and autocorrelation coefficient of texture (σTand ρT)-of the C-band horizontal-horizontal (HH)
polarization backscattering signatures of the Baltic Sea ice are investigated using RADARSAT ScanSAR Narrow
images and helicopter-borne Helsinki University of Technology Scatterometer (HUTSCAT) data. The analysis of
the large amount of data shows that the relationship between the mean σ° in decibel scale and the incidence
angle in the range from 19° to 46° is usually well described by a linear model. In general, the RADARSAT and
HUTSCAT results agree with each other, and they are also supported by theoretical backscattering model
calculations; the more deformed the ice, the smaller the slope between σ° and the incidence angle, and the
higher the moisture content of snow or ice, the larger the slope. The derived σ° incidence angle dependencies
can be used to roughly compensate the σ° incidence angle variation in the SAR images to help their visual and
automated classification. The variability of σTand ρTwith the increasing incidence angle is insignificant compared
to the variability within each ice type. Their average changes with the incidence angle are so small that, in
practice, their trends do not need to be compensated. The results of this study can be utilized when developing
classification algorithms for the RADARSAT ScanSAR and ENVISAT HH-polarization Wide Swath images of the
Baltic Sea ice. [J2083]

"Sensor integration in airborne mapping"
The rapid technological developments of the 1990s have completely redefined the mapping practice. In less than
a decade, digital techniques have come to outnumber traditional analog data acquisition and processing
methods. Supported by an unprecedented demand for large-volume, accurate spatial data, these new digital
techniques emerged as dominant mapping technologies by the end of the decade. Two key components of this
emerging technology are the electronic sensor-based digital camera and GPS/INS-based direct platform
orientation. In fact, these new platform orientation systems are rapidly becoming a core component of modern
airborne mapping and remote sensing systems. To achieve the ultimate potential of the new hardware
components, in other words to provide the highest mapping accuracy, the sensors should be carefully modeled
and calibrated accordingly both individually and as an integrated sensor suite. The paper discusses the
developments achieved by a totally digital airborne mapping system, including concept, system architecture,
calibration, and performance results. [J2084]

"Validation of surface scattering models across large footprints for global scatterometer
applications"
Medium- to low-resolution active microwave sensors such as spaceborne scatterometers and wide-swath mode
synthetic aperture radars have great potential as tools for long-term monitoring over land and ice. Their large
area coverage and low data cost make them ideal for measuring mesoscale land-surface changes. One
approach to the interpretation of such data is to employ a theoretical backscatter model that can be inverted to
estimate some representative surface parameters. To optimize such a method, it is necessary to use scattering
models that are applicable to large (>1 km) footprints that inevitably contain a range of surface characteristics.
This paper investigates the validity of a number of surface scattering models for such a task. The analysis is
carried out both from a theoretical modeling approach as well as through comparison with real data from the
European Remote Sensing (ERS) scatterometer over nonvegetated areas. Modified models that incorporate
surface heterogeneity through probability distributions are also introduced. It is shown than the ERS
scatterometer data are better represented using these modified models than the standard theoretical models.
Good results are also obtained using the semiempirical model by Oh et al. (1992) that seems to implicitly
incorporate target heterogeneity. [J2085]

"Preparing an urban test site for SRTM data validation"
In this paper, we describe a method to obtain a reliable set of elevation data suitable for data validation on the
Shuttle Radar Topography Mission (SRTM), starting from laser scanning measurements on an urban test site:
Pavia, Northern Italy. The elevation dataset is obtained through extraction of digital terrain models. The source
digital surface model is first filtered by means of a lowpass or morphological kernel. Then, buildings are
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suppressed through analysis of the height histogram. Finally, a lowpass filter suppresses the surviving elevation
artifacts. We show that, starting from a digital surface model at 1-m ground resolution, we end up with a digital
terrain model that can be used as a ground truth for SRTM topographic analysis of an urban area. [J2086]

"Noniterative techniques for GPR imaging through a nonplanar air-ground interface"
It is often advantageous to acquire pulse-echo ground-penetrating radar (GPR) measurements from antennas
that are offset from the air-ground interface by a nonnegligible distance, either because the ground's surface is
rough, or because measurements must be collected remotely. This paper describes the effects of incorrectly
estimating the location of the air-ground interface on GPR images created with the plane-to-plane
backpropagation (PPB) method. To compensate for a nonplanar air-ground interface, the wideband time-domain
synthetic aperture method is reviewed and reformulated, using Snell's law of refraction, to account for
measurements taken some distance above an undulating interface. A modification of the PPB algorithm that
accounts for a nonplanar interface is also formulated, and examples of imaging with both methods are given to
validate, the algorithms' performance for surface variations that are relatively smooth with respect to the radar
waveform wavelengths. Additionally, a method for inferring the surface topography from the radar returns is
described. Finally, the modified PPB is demonstrated by imaging buried targets sensed in field-acquired data.
[J2087]

"Mapping performance of curved-path SAR"
Synthetic aperture radar (SAR) mapping is usually performed along a straight path. Curved paths away from the
target area will increase the mapping rate significantly. Drawbacks are more complex signal processing and
decreased azimuth resolution due to the reduced dwell time. In this paper, curved SAR mapping is analyzed in
more detail, including squinted beam geometry. Relationships are derived how the SAR resolution and mapping
rate are influenced by the curved SAR path. The nonlinear phase error, which defocuses the SAR image, is
more accentuated than for straight-line SAR, in particular at squinted observation angles. Simulation examples
show how the nonlinear phase error depends on side acceleration and mapping geometry after scene center
motion compensation. [J2088]

"On shape, orientation, and structure of atmospheric cells inside wind rolls in two SAR images"
Synthetic aperture radar (SAR) images of the sea surface often show roll-vortex structures and other features
which, in general, are spread out over several length scales and may present spatial periodicity as well as
intermittence. Standard techniques, such as two-dimensional (2-D) Fourier analysis, are unsuitable both when it
is of interest to detect intermittent phenomena and to analyze the spatial disposition of the backscatter structures
inside the SAR images. For the above reasons, the 2-D continuous wavelet transform analysis has been applied
to two European Remote Sensing mission SAR images over the Mediterranean Sea, showing wind rolls and
atmospheric gravity waves. Through the evaluation of the wavelet variance map, which ideally corresponds to
the 2-D Fourier spectrum, it has been possible to assess the presence of two main energy areas at large (from
7-28 km) and small (from 0.5-2 km) spatial scales. While the large-scale fluctuations may be ascribed to
atmospheric gravity waves and other features induced by the surroundings, the small-scale fluctuations reveal
the inner structure of the atmospheric wind rolls. The SAR-like maps, obtained by adding the wavelet coefficient
maps pertaining to the small scales, have permitted us to highlight the high- and low-intensity backscatter cells
associated with the wind rolls. These cells have been statistically characterized by means of the frequency
distributions of the size of the cells maximum and minimum axes, of the orientation of the maximum axis, and of
their area. The results indicate that high- and low-intensity backscatter cells have similar characteristics in both
cases studied: they appear of elliptic shape, with the major axis along the wind roll direction; the average axes
ratio is 2.5:1. The frequency distributions of the cell area indicate a continuous distribution of sizes, without
significant gaps. [J2089]

"Development of a hand-held forensic-lidar for standoff detection of chemicals"
The design of a forensic-lidar is reported, enabling a single operator to perform the spectral identification of a
labeled object at 5 m distance using a compact, hand-held instrument, low-power excitation (1 mW) and short
sampling times (under 2 s) from a sample less than 100-mcm thick. The system integrates a modified single-
lens-reflex (SLR) telephoto camera with an optical-fiber coupled Raman probe head. Spectral analysis was
achieved using an optical-fiber coupled spectrograph employing a volume-phase holographic grating, charge
coupled device array detection and visible excitation. Thus, spectra may be acquired from objects encased in
transparent packaging or behind glass windows. The use of a modified SLR camera enables accurate sample
alignment using the visible spectrum and collection of surface-enhanced resonance Raman scattered flux
through the SLR camera lens using epi-illumination. A single operator may acquire fingerprint recognition of a
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material using a single hand-held unit and spectrum-matching software. The instrument design is reported with
preliminary performance such as spectrograph resolution and transmission. A preliminary spectrum is presented
at a standoff distance of 5 m. copyright 2002 American Institute of Physics. [J2090]

"Low angle scattering from 2-D targets on a time-evolving sea surface"
The results of a numerical investigation of the electromagnetic scattering from two-dimensional (2-D) targets on
a time-evolving sea surface are presented. The 2-D radar cross section (RCS), or "echo width," is computed as
a function of time as the sea surface evolves linearly using the spectrally accelerated generalized forward-
backward method. It is shown that the RCS varies with time on the order of seconds, which is much longer than
the typical pulse width or pulse repetition rate of search radars. It is also observed that for low-grazing angles of
incidence the primary sea surface influence on the RCS comes from the long waves in the ocean spectrum.
[J2091]

"Spaceborne lidar calibration from cirrus and molecular backscatter returns"
In order to make optimal quantitative use of multiwavelength spaceborne lidar data, it is essential that the lidar be
well calibrated. Due to system gain/efficiency changes that can be expected to occur during the course of a
shuttle or satellite mission, it is essential to employ a calibration approach that can be implemented on-orbit,
preferably repeatable at least a few times per orbit. For wavelengths less than about 550 nm, in situ calibration
can be accomplished via normalization to high-altitude nearly molecular scattering regions. However, for longer
wavelengths beyond about 800 nm, particularly the popular Nd: YAG fundamental wavelength at 1064 nm, the
Rayleigh normalization approach becomes questionable due to both an inherently weaker signal and a stronger,
variable, and somewhat unknown aerosol scattering contribution. For lidars operating at both longer and shorter
wavelengths, a viable approach is to retrieve the longer wavelength calibrations ratioed to the shorter wavelength
calibrations via comparisons of spectral backscatter from known/quantifiable scatterers. Cirrus clouds are good
for this purpose because they occur at high altitudes with significant frequency and provide strong nearly
spectrally flat backscatter. This paper presents both the molecular normalization and cirrus spectral backscatter
ratio calibration approaches, including results obtained from case studies of lidar data collected during the LITE
shuttle mission. Attention is focused on developing a simple autonomous approach applicable to satellite lidar
missions such as Cloud-Aerosol Lidar Infrared Pathfinder Satellite Observations (CALIPSO) and the Geoscience
Laser Altimeter System (GLAS). [J2092]

"Multiple classifiers applied to multisource remote sensing data"
The combination of multisource remote sensing and geographic data is believed to offer improved accuracies in
land cover classification. For such classification, the conventional parametric statistical classifiers, which have
been applied successfully in remote sensing for the last two decades, are not appropriate, since a convenient
multivariate statistical model does not exist for the data. In this paper, several single and multiple classifiers, that
are appropriate for the classification of multisource remote sensing and geographic data are considered. The
focus is on multiple classifiers: bagging algorithms, boosting algorithms, and consensus-theoretic classifiers.
These multiple classifiers have different characteristics. The performance of the algorithms in terms of accuracies
is compared for two multisource remote sensing and geographic datasets. In the experiments, the multiple
classifiers outperform the single classifiers in terms of overall accuracies. [J2093]

"Glacier motion estimation using SAR offset-tracking procedures"
Two image-to-image patch offset techniques for estimating feature motion between satellite synthetic aperture
radar (SAR) images are discussed. Intensity tracking, based on patch intensity cross-correlation optimization,
and coherence tracking, based on patch coherence optimization, are used to estimate the movement of glacier
surfaces between two SAR images in both slant-range and azimuth direction. The accuracy and application
range of the two methods are examined in the case of the surge of Monacobreen in Northern Svalbard between
1992 and 1996. Offset-tracking procedures of SAR images are an alternative to differential SAR interferometry
for the estimation of glacier motion when differential SAR interferometry is limited by loss of coherence, i.e. in
the case of rapid and incoherent flow and of large acquisition time intervals between the two SAR images. In
addition, an offset-tracking procedure in the azimuth direction may be combined with differential SAR
interferometry in the slant-range direction in order to retrieve a two-dimensional displacement map when SAR
data of only one orbit configuration are available. [J2094]

"A new algorithm for surface deformation monitoring based on small baseline differential SAR
interferograms"
We present a new differential synthetic aperture radar (SAR) interferometry algorithm for monitoring the temporal
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evolution of surface deformations. The presented technique is based on an appropriate combination of differential
interferograms produced by data pairs characterized by a small orbital separation (baseline) in order to limit the
spatial decorrelation phenomena. The application of the singular value decomposition method allows us to easily
"link" independent SAR acquisition datasets, separated by large baselines, thus increasing the observation
temporal sampling rate. The availability of both spatial and temporal information in the processed data is used to
identify and filter out atmospheric phase artifacts. We present results obtained on the data acquired from 1992 to
2000 by the European Remote Sensing satellites and relative to the Campi Flegrei caldera and to the city of
Naples, Italy, that demonstrate the capability of the proposed approach to follow the dynamics of the detected
deformations. [J2095]

"Road detection in dense urban areas using SAR imagery and the usefulness of multiple views"
This paper deals with the automatic extraction of the road network in dense urban areas using a few-meters-
resolution synthetic aperture radar (SAR) images. The first part presents the proposed method, which is an
adaptation of previous work to the specific case of urban areas. The major modifications are 1) the clique
potentials of the Markov random field that extracts the road network are adapted and 2) a multiscale framework
is used. Results on shuttle mission and aerial SAR images with different resolutions are presented. The second
part is dedicated to road extraction combining two SAR images taken with different flight directions (orthogonal
and antiparallel passes), and the obtained improvement is analyzed. [J2096]

"A review of speckle filtering in the context of estimation theory"
Speckle filter performance depends strongly on the speckle and scene models used as the basis for filter
development. These models implicitly incorporate certain assumptions about speckle, scene, and observed
signals. In this study, the multiplicative and the product speckle models, which have been used for the
development of most of the well-known filters, are analyzed, and their implicit assumptions with regard to the
stationarity-nonstationarity nature of speckle are discussed. This leads to the definition of two categories of
speckle filters: the stationary and the nonstationary multiplicative speckle model filters. The various approximate
models used for the multiplicative speckle noise model are assessed as functions of speckle and scene
characteristics to derive the requirements on scene signal variations for the validity of both the stationary and
nonstationary multiplicative speckle models. Speckle filtering is then studied in the context of estimation theory,
so as to develop a procedure for speckle filtering. It is shown that speckle filtering can be effective only in locally
stationary scenes. Regions in which the signals are not stationary have to be filtered separately using a priori
scene templates for the best matching of nonstationary scene features. The use of multiresolution techniques is
crucial for accurate estimation of filter parameters. Under the guidance of the speckle filtering procedure,
structural-multiresolution versions of the Lee (1980) and Frost et al. (1982) filters are developed for optimum
application of these filters in the context of nonstationary scene signals. [J2097]

"Speckle removal from SAR images in the undecimated wavelet domain"
Speckle reduction is approached as a minimum mean-square error (MMSE) filtering performed in the
undecimated wavelet domain by means of an adaptive rescaling of the detail coefficients, whose amplitude is
divided by the variance ratio of the noisy coefficient to the noise-free one. All the above quantities are
analytically calculated from the speckled image, the variance and autocorrelation of the fading variable, and the
wavelet filters only, without resorting to any model to describe the underlying backscatter. On the test image
Lena corrupted by synthetic speckle, the proposed method outperforms Kuan's local linear MMSE filtering by
almost 3-dB signal-to-noise ratio. When true synthetic aperture radar (SAR) images are concerned, empirical
criteria based on distributions of multiscale local coefficient of variation, calculated in the undecimated wavelet
domain, are introduced to mitigate the rescaling of coefficients in highly heterogeneous areas where the speckle
does not obey a fully developed model, to avoid blurring strong textures and point targets. Experiments carried
out on widespread test SAR images and on a speckled mosaic image, comprising synthetic shapes, textures,
and details from optical images, demonstrate that the visual quality of the results is excellent in terms of both
background smoothing and preservation of edge sharpness, textures, and point targets. The absence of
decimation in the wavelet decomposition avoids typical impairments often introduced by critically subsampled
wavelet-based denoising. [J2098]

"A self-describing data transfer model for ITS applications"
The wide variety of remote sensors used in Intelligent Transportation Systems (ITS) applications (loops, probe
vehicles, radar, cameras, etc.) has created a need for general methods by which data can be shared among
agencies and users who own disparate computer systems. In this paper, we present a methodology that
demonstrates that it is possible to create, encode, and decode a self-describing data stream using: 1) existing
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data description language standards; 2) parsers to enforce language compliance; 3) a simple content language
that flows out of the data description language; and 4) architecture neutral encoders and decoders based on
ASN.1. [J2099]

"Layover solution in multibaseline SAR interferometry"
In this work, spectral estimation techniques are used to exploit baseline diversity of a multichannel interferometric
synthetic aperture radar (SAR) system and overcome the layover problem. This problem arises when different
height contributions collapse in the same range-azimuth resolution cell, due to the presence of strong terrain
slopes or discontinuities in the sensed scene. We propose a multilook approach to counteract the presence of
multiplicative noise, which is due to the extended nature of natural targets; to this purpose we extend the RELAX
algorithm to the multilook data scenario (M-RELAX). A thorough performance analysis of nonparametric
(beamforming and Capon) and parametric (root MUSIC and M-RELAX) techniques is carried out based on Monte
Carlo simulations and Cramer-Rao lower bounds (CRLB) calculation. The results suggest the superiority of
parametric methods over nonparametric ones. [J2100]

"Atmospheric multiple scattering effects on GLAS altimetry. II. Analysis of expected errors in
Antarctic altitude measurements"
For pt.I see ibid., vol.39, no.1, p.92-101 (2001). The altimetry bias in the Geoscience Laser Altimeter System
(GLAS) or other laser altimeters resulting from atmospheric multiple scattering is studied in relationship to current
knowledge of cloud properties over the Antarctic Plateau. Estimates of seasonal and interannual changes in the
bias are presented. Results show the bias in altitude from multiple scattering in clouds would be a significant
error source without correction. The selective use of low-optical-depth clouds or cloud-free observations, as well
as improved analysis of the return pulse such as by the Gaussian method used here, is necessary to minimize
the surface altitude errors. The magnitude of the bias is affected by variations in cloud height, cloud effective
particle size, and optical depth. Interannual variations in these properties as well as in cloud cover fraction could
lead to significant year-to-year variations in the altitude bias. Although cloud-free observations reduce biases in
surface elevation measurements from space, over Antarctica these may often include near-surface blowing
snow, also a source of scattering-induced delay. With careful selection and analysis of data, laser altimetry
specifications can be met. [J2101]

"Relationships between rainfall rate and 35-GHz attenuation and differential attenuation: modeling
the effects of raindrop size distribution, canting, and oscillation"
Power law relationships of the form R=aAbare derived, where R is the rainfall rate, and A is the 35-GHz specific
attenuation Ahor specific differential attenuation ΔA=Ah-Av, where the subscripts h and v indicate horizontal and
vertical polarizations. The effects of raindrop size distribution, canting, and oscillation on these relationships are
evaluated quantitatively. The drop size distributions (DSDs) are obtained from ground-based disdrometer
measurements from three different geographical locations around the world. The R-Ahrelationship is negligibly
affected by raindrop canting and oscillation. It is affected to some extent by DSD variations, with less than 15%
fractional standard error (FSE) in the estimated rainfall rate RAh. On the other hand, the R-ΔA relationship is
most sensitive to raindrop oscillation, up to about 35% difference in RΔAcompared to the no-oscillation case,
and the effect of canting is about 9% for a standard deviation of 10° of the polar canting angle compared with no
canting. The FSE due to variations in the DSD for R-1is greater than 30% and increases with decreasing R.
However, for R>20 mm h-1, the FSE in RΔAis comparable (and even lower for R>30 mm h-1) to that of RAh.
The exceptions to this are rainfall rates with DSDs dominated by smaller raindrops (diameters less than 2.4 mm).
It is also emphasized that because oscillation and canting affect ΔA but not Ah, they could be used in
combination for determining the presence of drop oscillation and canting and for estimating an effective raindrop
shape model (axial ratio versus size). [J2102]

"Topographic SAR interferometry formulation for high-precision DEM generation"
In repeat-pass synthetic aperture radar (SAR) interferometry, the approximations, allowing the phase-to-height
conversion, prevent high-resolution mapped relief. In this paper, we present a more general and exact
formulation giving a new relationship between the interferogram phase and the target height. It is based on the
interferometric SAR geometry and on a better expansion of the path length difference between the sensor and
the target. This formulation emphasizes the impact of baseline uncertainties on digital elevation model (DEM)
accuracy. A quantitative assessment of the required baseline accuracy is computed. The impact of orbital
parameters, used in the new formulation, on interferogram generation is studied. Thus, a new simulator algorithm
is developed and tested on a set of reference and simulated DEM examples. Examples of interferogram
simulation and DEM generation validate this new approach in the case of a mountainous area in Mustang
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(Nepal). [J2103]

"Full-wave analysis of microwave scattering from short vegetation: an investigation on the effect of
multiple scattering"
A full-wave solution for polarimetric scattering from a cluster of randomly oriented three-dimensional lossy
dielectric structures above an impedance surface is presented to investigate the importance of multiple
scattering. The problem is formulated using an integral equation in conjunction with the exact image
representation of dyadic Green's function for the half-space problem. Then, the integral equation is solved for
the induced equivalent polarization currents using the method of moments. The accuracy of the numerical code
is verified using other existing numerical results and experimental observations. The model is then used to
examine the effect of multiple scattering among a cluster of relatively short stems and is shown that multiple
scattering significantly affects the cross-polarized backscatter whereas it has a moderate effect on the
copolarized backscattering depending on the stem density. [J2104]

"Comments on "Non-iterative quality phase-gradient autofocus (QPGA) algorithm for spotlight SAR
imagery""
For original paper see ibid., vol.36, no.5, pt.1, p.1531-9 (1998). The quality phase-gradient autofocus (QPGA)
technique was proposed to speed up the estimation convergence of phase-gradient autofocus by selectively
increasing the pool of quality synchronization sources instead of selecting the "brightest" pixels within the image.
It is now found that the QPGA, with its inherent scatter "growing" concept and target-filtering procedure, is also
able to focus in environments with stationary and moving targets. [J2105]

"Modeling and reduction of SAR interferometric phase noise in the wavelet domain"
This paper addresses the problem of interferometric phase noise reduction in synthetic aperture radar
interferometry. A new phase noise model in the complex domain is introduced and validated by using both
simulated and real interferograms. This noise model is also derived in the complex wavelet domain, where a
novel noise reduction algorithm, which is not based on a windowing process and without the necessity of phase
unwrapping, is addressed. The use of the wavelet transform allows to maintain the spatial resolution in the
filtered phase image and prevents to filter low coherence areas. By using both, simulated as well as real
interferometric phase images, the performance of this algorithm, in terms of noise reduction, spatial resolution
maintenance, and computational efficiency, is reported and compared with other conventional filtering
approaches. [J2106]

"Ultra-wideband continuous-wave random noise arc-SAR"
A coherent ultra-wideband random noise radar system operating in the 1-2-GHz frequency range has been
developed at the University of Nebraska. A unique signal processing procedure based on heterodyne correlation
techniques preserves phase coherence within the system, thereby enabling it to be used for synthetic aperture
radar (SAR) imaging. Data acquisition is performed using a rotating boom with antennas installed atop a van
containing radar equipment. This setup facilitates a simple and low-cost mobile SAR implementation, best suited
for short-range quasi-stripmap Arc-SAR imaging. The use of ultra-wideband signals provides reasonable
resolution of the obtained imagery. The amplitude and the phase response of the system are used to form the
frequency-domain target scattering profile matrix, which are then transformed into a SAR image. The paper
discusses the theory of SAR imaging using random noise signals and presents a detailed description of the
radar and experimental imagery obtained using this system. [J2107]

"Characterization of target symmetric scattering using polarimetric SARs"
Cameron's coherent target decomposition (CTD) theory and the classification method that Cameron developed
for operational use of his CTD are reconsidered. It is shown that Cameron's classification leads to a coarse
scattering segmentation because of the large class dispersion that corresponds to a synthetic aperture radar
(SAR) system with about ±8-dB channel imbalance. The application of Cameron's method within known SAR
radiometric calibration requirements limits the utility of the classification. In addition, Cameron's classification is
applied under the implicit assumption on the coherence nature of target scattering, and this might yield erroneous
results within areas of noncoherent scattering. A new method, named the symmetric scattering characterization
method (SSCM), is introduced to better exploit the information provided by the largest target symmetric
scattering component in the context of coherent scattering. The Poincare´ sphere is used as the basis for a
more complete representation of symmetric scattering than Cameron's unit disk, thus enabling the SSCM to
generate better segmentation of target symmetric scattering with much higher resolution. In order to limit the

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 550 из 658



application of the SSCM to targets of coherent scattering, new methods are developed for assessment and
validation of the coherent nature of point and extended target scattering. [J2108]

"On current limits of soil moisture retrieval from ERS-SAR data"
Assesses the feasibility of retrieving soil moisture content over smooth bare-soil fields using European Remote
Sensing synthetic aperture radar (ERS-SAR) data. The roughness conditions considered in this study
correspond to those observed in agricultural fields at the time of sowing. Within this context, the retrieval
possibilities of a single-parameter ERS-SAR configuration is assessed using appropriately trained neural
networks. Three sources of error affecting soil moisture retrieval (inversion, measurement, and model errors) are
identified, and their relative influence on retrieval performance is assessed using synthetic datasets as well as a
large pan-European database of ground and ERS-1 and ERS-2 measurements. The results from this study
indicate that no more than two soil moisture classes can reliably be distinguished using the ERS configuration,
even for the restricted roughness range considered. [J2109]

"Wind velocity observation with a CW Doppler radar"
We study the problem of gathering information about wind velocity from continuous-wave clear-air Doppler radar
measurements. The radar is assumed to be a monostatic fixed-frequency Doppler radar, and the wind velocity
as well as the reflectivity are modeled as random fields with statistical parameters depending on the altitude. We
seek to reconstruct the hodograph curve of the wind profile, i.e., the projection of the wind velocity profile to the
ground plane. We show that under certain assumptions of the wind field, the problem reduces to a well-known
problem occurring in classical X-ray tomography. Numerical simulations based on the use of X-ray inversion
methods are presented. [J2110]

"Polarimetric scattering indexes and information entropy of the SAR imagery for surface
monitoring"
The Mueller matrix solution and eigenanalysis of the coherency matrix for completely polarimetric scattering have
been applied to the analysis of synthetic aperture radar (SAR) imagery. Copolarized and cross-polarized
backscattering for any polarized incidence can be obtained. The polarization index is usually defined as a
parameter to classify the difference between polarized scattering signatures from the terrain surfaces. The
eigenvalues of the coherency matrix and information entropy are derived to directly relate with measurements of
the copolarized and cross-polarized indexes. Thus, it combines the Mueller matrix simulation, the information
entropy of the coherence matrix, and two polarization indexes together and yields a quantitative evaluation for
surface classification in the SAR imagery. This theory is applied to analysis of the AirSAR images and field
measurements. [J2111]

"A wavelet transform coder supporting browsing and transmission of sea ice SAR imagery"
A wavelet-transform-based algorithm for sea ice synthetic aperture radar (SAR) image data compression is
presented. Compression of the relatively low resolution (100 m) SAR data is necessary to enable the
transmission of such images from the Finnish Ice Service to users in the Baltic Sea. On board the ships, the
SAR images are used for navigation purposes. Hence, in the visual appearance of the compressed image,
special attention must be paid to the sharpness of small details. Several target-dependent features are
incorporated in the compression scheme developed. The addition of these features was motivated by an
examination of the wavelet coefficient statistics for the SAR data. In the quantization phase, the sensitivity
characteristics of the human visual system were taken into account. As a result, the proposed algorithm deviates
in several respects from the standard procedures used in wavelet-based compression. The algorithm requires
the setting up of multiple user-defined parameters to satisfy the requirements of the users and data. This
requires supervision of an expert, but also makes it flexible for many kinds of data and user requirements. The
algorithm presented gives satisfactory results with a compression ratio of 20:1. Since only the location of ice-
covered areas is of significance for ship traffic, the algorithm introduced contains an option to mask off open sea
areas with the aid of an automatic open-water detection procedure. We also report the results of a user
evaluation, in which the proposed algorithm is compared to the algorithm currently used by the Finnish Ice
Service, as well as to the JPEG standard. The results of the evaluation favor the use of the proposed algorithm.
[J2112]

"SAR speckle reduction using wavelet denoising and Markov random field modeling"
The granular appearance of speckle noise in synthetic aperture radar (SAR) imagery makes it very difficult to
visually and automatically interpret SAR data. Therefore, speckle reduction is a prerequisite for many SAR image
processing tasks. In this paper, we develop a speckle reduction algorithm by fusing the wavelet Bayesian
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denoising technique with Markov-random-field-based image regularization. Wavelet coefficients are modeled
independently and identically by a two-state Gaussian mixture model, while their spatial dependence is
characterized by a Markov random field imposed on the hidden state of Gaussian mixtures. The Expectation-
Maximization algorithm is used to estimate hyperparameters and specify the mixture model, and the iterated-
conditional-modes method is implemented to optimize the state configuration. The noise-free wavelet
coefficients are finally estimated by a shrinkage function based on local weighted averaging of the Bayesian
estimator. Experimental results show that the proposed method outperforms standard wavelet denoising
techniques in terms of the signal-to-noise ratio and the equivalent-number-of-looks measures in most cases. It
also achieves better performance than the refined Lee filter. [J2113]

"A group-theoretic analysis of symmetric target scattering with application to landmine detection"
Landmines are generally constructed such that they possess a high level of geometric symmetry and are then
buried in a manner that preserves this symmetry. The scattered response of such a symmetric target will
likewise exhibit the symmetry of the target, as well as the electromagnetic reciprocity exhibited by all scatterers.
Group theory provides a mathematic tool for describing geometric symmetry, and it can likewise be used to
describe the symmetries inherent in the bistatic scattering from mines. Specifically, group theory can be used to
determine specific forms of the dyadic Green's function of symmetric scatterers, such that multiple scattering
solutions can be determined from a knowledge of a single bistatic geometry. Likewise, group theory can be used
both to determine and analyze degenerate cases, wherein specific bistatic responses can be identified as zero
regardless of target size, shape, or material. These results suggest a method for classifying subsurface targets
as either symmetric or asymmetric. From the group-theoretic analysis, scattering features can be constructed
that are indicative of target symmetry, but invariant with respect to other target parameters such as size, shape,
or material. These features provide a physically based, target-independent value to aid in mine detection and/or
clutter rejection. To test the efficacy of this idea, an extensive collection of bistatic ground-penetrating radar
(GPR) measurements was taken for both a symmetric and an asymmetric target. The two targets were easily
discernable using symmetry features only, a result that suggests symmetry features can be effective in
identifying subsurface targets. [J2114]

"Classification of pixels in a noisy grayscale image of polar ice"
Often, in synthetic aperture radar (SAR) images of polar ice, one encounters shadow-like features across the
images. Such features make it difficult to classify pixels into ice and water. Accordingly, it becomes a challenge
to determine the true size and boundaries of ice floes in an SAR image of polar ice. We develop a simple
statistical procedure which classifies pixels of an image by eliminating the effects of shadow-like features.
Methodology developed in this paper is illustrated using some noisy SAR images of ice floes in the Arctic sea.
[J2115]

"An ultrafast wide-band millimeter-wave (MMW) polarimetric radar for remote sensing applications"
With the advent of high-frequency radio frequency (RF) circuits and components technology, millimeter-wave
(MMW) radars are being proposed for a large number of military and civilian applications. Accurate and high-
resolution characterization of the polarimetric radar backscatter responses of both clutter and man-made targets
at MMW frequencies is essential for the development of radar systems and optimal detection and tracking
algorithms. Toward this end, a new design is developed for ultrafast, wide-band, polarimetric, instrumentation
radars that operate at 35 and 95 GHz. With this new design, the complete scattering matrix of a target
(magnitude and phase) can be measured over a bandwidth of 500 MHz in less than 2 μs. In this paper, the
design concepts and procedures for the construction and calibration of these radars are described. In addition,
the signal processing algorithm and data-acquisition procedure used with the new radars are presented. To
demonstrate the accuracy and applicability of the new radars, backscatter measurements of certain points and
distributed targets are compared with their analytical radar cross section (RCS) and previously measured σ°
values, respectively, and good agreements are shown. These systems, which can be mounted on a precision
gimbal assembly that facilitates their application as high-resolution imaging radar systems, are used to determine
the MMW two-way propagation loss of a corn field for different plant moisture conditions. [J2116]

"A canonical problem in electromagnetic backscattering from buildings"
In this paper, a geometric and electromagnetic model of a typical element of urban structure is presented, in
order to analytically evaluate in closed form its electromagnetic return to an active microwave sensor. This model
can be used to understand what information on geometric and dielectric properties of a building can be extracted
from microwave remote sensing data. The geometrical model consists of a rectangular parallelepiped whose
vertical walls form a generic angle with respect to the sensor line of flight. The parallelepiped is placed on a
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rough surface. The radar return from such a structure can be decomposed into single-scattering contributions
from the (rough) ground, the building roof (a plane surface in our model), and vertical walls and multiple
scattering contributions from dihedral structures formed by vertical walls and ground. In our model, single-
scattering contributions are evaluated by using either physical optics (PO) or geometrical optics (GO), depending
on surface roughness. In order to account for multiple scattering between buildings and terrain, we use GO to
evaluate the field reflected by the smooth wall toward the ground (first bounce) or the sensor (second or third
bounce) and GO or PO (according to ground surface roughness) to evaluate the field scattered by the ground
toward the wall (first or second bounce) or the sensor (second bounce). Finally, the above model is used to
analyze the field backscattered from a building as a function of the main scene parameters; in particular, the
angle between vertical walls and sensor line of night and the dependence on the look angle are analyzed.
[J2117]

"A simple model for SAR azimuth speckle, focusing, and interferometric decorrelation"
The phenomenon of speckle in synthetic aperture radar (SAR) images is well known as a characteristic grainy
appearance of radar images. Speckle is frequently a significant obstacle to visual interpretations of radar data or
target identification. In addition, it is usually the dominant noise source in SAR interferometry, since it is
responsible for image decorrelation that degrades interferometric fringes, places severe constraints on orbits,
and limits the accuracy of height measurements. This communication deals with the geometric sources of
speckle. This conventional picture is extended to the case of vertically separated scatterers, and the formulation
that results is applied to the structurally similar topics of azimuth focusing, interferometric decorrelation from
defocusing, and atmospheric phase delays. [J2118]

"Analysis of the SAR imaging process of the ocean surface using Volterra models"
The synthetic aperture radar (SAR) process of the ocean surface mapping is studied using a decomposition
based on a Volterra model. By a mathematical expansion of the complex exponential of the complete SAR
transform, these models decompose the nonlinear distortion mechanisms of the SAR spectrum over different
spectra of polynomial interactions. Thus, they offer an alternative modeling (to the exact SAR transform) giving a
theoretical separation between the SAR Fourier components linearly derived from the sea surface elevation and
the artifacts created by nonlinearities of the SAR mapping of the ocean surface. The paper gives a systematic
assessment of such an approximation of the ocean surface SAR imaging process. Higher order statistics (HOS)
of the SAR transform and their calculus and implementation are presented. In fact, nonlinearity detection, location
(in the Fourier domain) and quantification can only be performed by HOS, reduced to a second-order Volterra
model. The Volterra expansion of the SAR imaging process opens new theoretical inversion schemes since
under certain conditions on the linear part, Volterra models are easily invertible. Our method is first tested on
simulated SAR images in order to validate the HOS tools. We then show results of this nonlinearity analysis
performed on images from the ERS-1 satellite and we present cases of nonlinearity detection [J2119]

"SAR interferometric phase statistics in wavelet domain"
Synthetic aperture radar (SAR) interferometry is employed to obtain topographic information. Owing to noise,
interferometric information has to be filtered. The wavelet transform can be employed to filter the interferometric
phase, maintaining the spatial resolution, but new signal models have to be studied in this domain for further
processing [J2120]

"Multipath and ground clutter analysis for a UWB noise radar"
An ultrawideband (UWB) random-noise radar operating in the 1-2 GHz frequency band has been developed and
field-tested up to a 200 m range at the Environmental Remote Sensing Laboratory (ERSL) of the University of
Nebraska. A unique heterodyne correlation technique based on a delayed transmitted waveform using a
photonic delay line has been used to inject coherence within this system. The performance of this radar in the
presence of ground reflections is investigated analytically and experimentally, and the mitigating effects of UWB
waveform on multipath-induced interference are analyzed. In addition, the ground clutter statistics, in a look-
down mode, are theoretically established and experimentally verified. The performance of this radar in detecting
clutter embedded targets with small radar cross section (RCS) is also experimentally examined. [J2121]

"On rewriting the imaging mechanism of underwater bottom topography by synthetic aperture radar
as a Volterra series expansion"
Ocean surface current gradients can be imaged by real and synthetic aperture radar (RAR/SAR) due to the so-
called hydrodynamic modulation mechanism. This is the reason why underwater bottom topography and internal
waves are visible on radar images. Several physical models exist for this imaging mechanism. When trying to
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obtain current information from SAR images, a problem arises: the imaging mechanism can be nonlinear. We
propose to rewrite the classical modeling of the SAR underwater bottom topography imaging mechanism by
using a Volterra series expansion. The Volterra model can be seen as a tool allowing us to study whether the
imaging mechanism can be inverted or not. It is a transposition of a well-studied physical problem into a more
explicit expression. The conditions for the inversion of the Volterra model are presented and a scheme for
estimating the bathymetry from SAR images is described. The main property of the inversion algorithm is its
independence from the physical model used for the mechanism [J2122]

"Digital elevation map generation using VHF-band SAR data in forested areas"
The paper investigates digital elevation model (DEM) generation based on data from the ultra wideband coherent
all radio band sensing (CARABAS) very high frequency (VRF)-band synthetic aperture radar (SAR). The results
show excellent capability to penetrate forest areas, i.e., the generated DEMs are found to be close to the true
ground height. A conventional DEM, based on stereo photography and surveying, and additional phase
differential Global Positioning System (GPS) measurements have been used for comparison. The results in
heavily vegetated areas (stem volume up to 600 m3/ha) show a mean height difference of less than 1.5 m and a
root-mean-square (rms) error of less than 1.0 in compared to the conventional DEM. Stable backscattering
properties allows us to use large baselines in order to obtain high height sensitivity. However, the amount of poor
data due to low coherence increases with the increase of the baseline. The optimum baseline which balances
these two effects is found to correspond to an incidence angle difference of 4°-8°. [J2123]

"Estimation of wavefield power distribution in the remotely sensed environment: Bayesian
maximum entropy approach"
The problem of estimating, from one random realization of the remotely sensed signal, the spatial spectrum
pattern (SSP) of the wavefield sources distributed in the environment is cast in the framework of Bayesian
estimation theory. The kernel spectral estimation method that is familiar, for the classical SSP estimation
problem, with the Fourier transform operator and white noise in the observations is extended to incorporate
spatial correlation in the data, the system-oriented model of the signal formation operator, and the maximum
entropy (ME) statistical a priori information about the SSP. To derive the estimate of the SSP, we applied the
Bayesian strategy for maximization of the a posteriori probability density function of the randomized ME model of
the SSP. The estimator was obtained as a nonlinear adaptive algorithm that also permits a concise robust
implementation. The optimal algorithm implies formation of the second-order sufficient statistics of the data and
their smoothing by applying the window operator. The new formalism of the sufficient statistics and windows,
explaining their adjustment to the metrics in a solution space, a priori nonparametric model and assumed
correlation properties of the desired SSP, is developed. Simulation results are included to illustrate the overall
performance of the proposed method in an example of application to radar image formation. [J2124]

"Continuous pavement profiling with ground-penetrating radar"
Ultra-wideband (UWB) monostatic ground-penetrating radar (GPR) has been proven to be very useful in road
and highway pavement profiling. Pavement profiling involves estimating the thickness and permittivity of each
underground layer, which can be done through layer stripping inversion, using efficient time-delay-estimation
algorithms. In monostatic GPR applications, time delay estimation is routinely performed on a scan-by-scan
basis. The authors first propose a multiscan data model for the continuous survey, by taking into account the
vertical motion of moving vehicles as well as the lateral continuity of echoes arising from a multilayered media
along the scan direction. Then a new algorithm, referred to as MCPEG (motion compensation and parameter
estimation for GPR), is presented for simultaneous motion compensation and time-delay estimation. MCPEG
outperforms the conventional scan-by-scan estimation approach in terms of both computational efficiency and
estimation accuracy. Numerical and experimental examples are provided to demonstrate the performance of the
new algorithm [J2125]

"Time-domain inverse scattering method for cross-borehole radar imaging"
In this paper, we consider a solution method of the inverse problem of imaging two-dimensional (2D) objects
buried underground by cross-hole radar data in the time domain. In addition to less information on the targets
due to restriction on the arrangement of transmitters and receivers than for full-view cases such as imaging of
objects in free space, the large search region between boreholes makes solving the inverse problem difficult.
Although iterative optimization approaches take long computing time, these approaches give much better image
qualities for high-contrast objects than linear inversions such as a diffraction tomography. However, the
reconstruction in a large search region with limited-view measurements often fails trapped in a local minimum.
To overcome this difficulty, we propose a two-step iterative approach: the first step is to reduce the search

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 554 из 658



region to a smaller one and the second step is the accurate reconstruction of the targets in the small region.
Both steps are based on an iterative optimization approach, i.e., the forward-backward time-stepping method
previously proposed. This two-step approach is tested for detection of tunnel-like objects surrounded by a
heterogeneous background medium to evaluate its performance. Numerical results indicate the efficiency of the
approach and its ability of circumventing local minima. [J2126]

"High-resolution InSAR image simulation for forest canopies"
High-resolution interferometric airborne synthetic aperture radar (SAR) images of Indonesian tropical rain forests
have been acquired during the European Space Agency (ESA) Indonesian Radar Experiment (INDREX) 1996
campaign. Research efforts are directed toward development of automated canopy reconstruction algorithms. In
this paper, interferometric synthetic aperture radar (InSAR) image simulation is discussed as one of the tools to
support development of such inversion algorithms. First, the relevant physics, observation geometry, and radar
characteristics are described. It is assumed that a forest can be modeled as a cloud of uniformly distributed
isotropically scattering elements located within crown volumes. These volumes were measured during a field
experiment for a 7.2 ha plot. Simulated data comprise intensity, phase, as well as coherence images. These are
compared, in a statistical sense, with real data acquired in C- and X-bands. The canopy attenuation was
simulated over a range of values. The normalized second intensity moment, the mean coherence magnitude, the
coherence histogram, and the autocorrelation function of coherence were taken as measures for comparison. It
can be concluded that simulated and real C-band images compare well for an extinction coefficient in the range
of 0.15-0.3 m-1. For X-band, the selected measures of agreement lead to contradictions, indicating that the
physical assumptions made may be less valid than for C-band. [J2127]

"Hierarchical network flow phase unwrapping"
The well-studied interferometric synthetic aperture radar (InSAR) problem for digital elevation map generation
involves the derivation of topography from the radar phase. The topography is a function of the full phase,
whereas the measured phase is known modulo 2pi, necessitating the process of recovering full phase values via
phase unwrapping. This mathematical process becomes difficult through the presence of noise and phase
discontinuities. This paper is motivated by research which models phase unwrapping as a network-flow
minimization problem. A major limitation is that often a substantial computational effort is required to find
solutions. Commonly, these phase images are huge (&Gt;10 million pixels), and obviously the sheer size of the
problem itself makes phase unwrapping challenging. This paper addresses the development of a computationally
efficient hierarchical algorithm, based on a "divide-and-conquer" approach. We have shown that the phase-
unwrapping problem can first be partitioned into independent phase-unwrapping subproblems, which can further
be recombined to produce the unwrapped phase. Interestingly, the recombination step itself can be interpreted
as an unwrapping problem, for which a modified network-flow solution applies! In short, this paper develops a
parallelization of the network-flow algorithm, allowing images of virtually unlimited size to be unwrapped and
leading to dramatic decreases in the algorithm execution time. [J2128]

"Estimating the effective number of looks in interferometric SAR data"
The probability density function (pdf) of the multi-look interferometric phase between two complex synthetic
aperture radar (SAR) images is parameterized by the number of looks and the complex correlation coefficient. In
practice, adjacent pixels in a real SAR interferogram, are statistically dependent due to filtering, and hence, the
number of looks is usually smaller than the number of samples averaged. It has been shown that compensation
with an effective number of looks, rather than an intractable rederivation of the pdf, can account for the statistical
dependence. This paper addresses the challenge of how to determine a suitable value for the effective number
of looks. It is shown that an optimum value can be found via a maximum-likelihood estimator (MLE) based on
the interferometric phase pdf. However, since such an MLE is computationally intensive and numerically
unstable, an estimator based on the method of moments (MoM) possessing similar fidelity is proposed. MoM is
fast and robust and can be used in operational applications, such as determining constant false alarm rate
(CFAR) detection thresholds for moving-target detection in SAR along-track interferometry. [J2129]

"Unwrapping ground displacement signals in satellite radar interferograms with aid of GPS data
and MRF regularization"
Synthetic aperture radar (SAR) images acquired by radar satellites at different times can be combined into
interferograms that reveal information about the change in range from ground to satellite, wrapped into phase
fringes corresponding to half the radar wavelength. We describe a methodology that uses Markov random field
(MRF) regularization and simulated annealing optimization to unwrap such differential interferograms. Often,
repeated Global Positioning System (GPS) geodetic measurements are available in an area covered by
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interferograms. Here, such repeated GPS observations are used to provide a complementary measurement of
the unwrapped change in range at sparse locations. The process of unwrapping interferograms can be initialized
and guided with such sparsely located "correct" values. Both interferograms and GPS observations may include
several error factors, which are reduced before combining the two observations. GPS-measured range change is
used to eliminate residual orbital error. In the unwrapping procedure, a vectorized lowpass filter is used to gain
temporarily increased smoother variation of the phase. For the purposes of initializing the unwrapping process,
virtual unwrapped interferograms are created by ordinary kriging of GPS-measured range change. The initial
interferograms are then optimized further by using MRF regularization that incorporate the assumption of a
smoothly varying displacement field and the relationship of the unwrapped images to the GPS observations. A
simulated annealing optimization algorithm is used to find an optimal solution of the MRF regularization. The
smoothed unwrapped interferograms are then used to construct unwrapped versions of the unfiltered input
interferogram. Several additional image analyses methods are used in the optimization process to make the
unwrapping more efficient and faster. The unwrapping technique is applied to unwrap interferograms from the
Reykjanes Peninsula, in southwest Iceland. [J2130]

"Phase unwrapping for large SAR interferograms: statistical segmentation and generalized network
models"
Two-dimensional (2-D) phase unwrapping is a key step in the analysis of interferometric synthetic aperture radar
(InSAR) data. While challenging even in the best of circumstances, this problem poses unique difficulties when
the dimensions of the interferometric input data exceed the limits of one's computational capabilities. In order to
deal with such cases, we propose a technique for applying the statistical-cost, network-flow phase-unwrapping
algorithm (SNAPHU) of Chen and Zebker (2001) to large datasets. Specifically, we introduce a methodology
whereby a large interferogram is partitioned into a set of several smaller tiles that are unwrapped individually and
then divided further into independent, irregularly shaped reliable regions. These regions are subsequently
assembled into a full unwrapped solution, with the phase offsets between regions computed in a secondary
optimization problem whose objective is to maximize the a posteriori probability of the final solution. As this
secondary problem assumes the same statistical models as employed in the initial tile-unwrapping stage, the
technique results in a solution that approximates the solution that would have been obtained had the full-size
interferogram been unwrapped as a single piece. The secondary problem is framed in terms of network-flow
ideas, allowing the use of an existing nonlinear solver. Applying the algorithm to a large topographic
interferogram acquired over central Alaska, we find that the technique is less prone to unwrapping artifacts than
more simple tiling approaches. [J2131]

"SAR-retrieved wind in polar regions-comparison with in situ data and atmospheric model output"
European remote sensing (ERS) satellites synthetic aperture radar (SAR) wind retrievals using CMOD-IFR2 are,
for the first time, retrieved in the marginal ice zone (MIZ) and in Arctic coastal areas and compared with in situ
observations from reseach vessels (RVs) and output from a high-resolution atmospheric model. The root mean
squares (rms) of the comparisons were 1.6 m s-1and 2 m s-1, respectively. The spatial variation of the SAR
wind fields established a decrease in wind speed close to the ice edge for the late summer situations where the
wind was along the ice edge with the ice to the left. This decrease is believed to be due to changes in
atmospheric stability, possibly through development of an internal boundary layer caused by the cold ice cover
and melt water. Lower wind speed near the ice edge is confirmed by the atmospheric model and the in situ
observations. Furthermore, good results are obtained from SAR wind retrieval in leads when compared with
model output during a cold-air outbreak. Routine measurements in the MIZ are useful for estimating the wind
stress, and therefore SAR may play an important role in this region. Finally, the identification of a jet out from
Hinlopen Strait in the Svalbard region and low wind wakes along the coast in the SAR-retrieved wind field is
confirmed by in situ observations as the RV moves through the region. The jet is also confirmed by the
atmospheric model, which is able to reproduce the situation. [J2132]

"On airborne measurement of the sea surface wind vector by a scatterometer (altimeter) with a
nadir-looking wide-beam antenna"
A pilot needs operational information about wind over sea as well as wave height to provide safety for a
hydroplane landing on water. Near-surface wind speed and direction can be obtained with an airborne
microwave scatterometer, a radar designed for measuring the scatter characteristics of a surface. Mostly narrow-
beam antennas are applied for such wind measurement. Unfortunately, a microwave narrow-beam antenna has
considerable size that hampers its placement on flying apparatus. In this connection, a possibility to apply a
conventional airborne radar altimeter as a scatterometer with a nadir-looking wide-beam antenna in conjunction
with Doppler filtering for recovering the wind vector over sea is discussed, and measuring algorithms of sea
surface wind speed and direction are proposed. The obtained result can be interesting for many studies in
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oceanography, meteorology, air-sea interaction, and climate change and for creation of an airborne radar system
for amphibious airplane safe landing on the sea surface, in particular for search and rescue operations in coastal
areas. [J2133]

"Observation of hurricane-generated ocean swell refraction at the Gulf Stream north wall with the
RADARSAT-1 synthetic aperture radar"
We analyze the refraction of long oceanic waves at the Gulf Stream's north wall off the Florida coast as
observed in imagery obtained from the RADARSAT-1 synthetic aperture radar (SAR) during the passage of
Hurricane Bonnie on August 25, 1998. The wave spectra are derived from RADARSAT-1 SAR images from both
inside and outside the Gulf Stream. From the image spectra, we can determine both the long wave's dominant
wavelength and its propagation direction with 180° ambiguity. We find that the wavelength of hurricane-
generated ocean waves can exceed 200 m. The calculated dominant wavelength from the SAR image spectra
agree very well with in situ measurements made by National Oceanic and Atmospheric Administration National
Data Buoy Center buoys. Since the waves mainly propagate toward the continental shelf from the open ocean,
we can eliminate the wave propagation ambiguity. We also discuss the velocity-bunching mechanism. We find
that in this very long wave case, the RADARSAT-1 SAR wave spectra should not be appreciably affected by the
azimuth falloff, and we find that the ocean swell measurements can be considered reliable. We observe that the
oceanic long waves change their propagation directions as they leave the Gulf Stream current. A wave-current
interaction model is used to simulate the wave refraction at the Gulf Stream boundary. In addition, the wave
shoaling effect is discussed. We find that wave refraction is the dominant mechanism at the Gulf Stream
boundary for these very long ocean swells, while wave reflection is not a dominant factor. We extract 256-by-
256 pixel full-resolution subimages from the SAR image on both sides of the Gulf Stream boundary, and then
derive the wave spectra. The SAR-observed swell refraction angles at the Gulf Stream north wall agree
reasonably well with those calculated by the wave-current interaction model. [J2134]

"Electromagnetic logging technique based on borehole radar"
An electromagnetic logging technique based on borehole radar is introduced in this paper. The tool consists of
one transmitter and two receivers, which can be used to cancel the effect of the antenna characteristics by
taking the ratio of two receiver signals. Since receiver signals measured in the time domain can be converted
into the frequency domain by Fourier transformation, the amplitude ratio and the phase difference between two
receiver signals in a wide-frequency band are obtainable. The response of the tool to different formations is
investigated, and the algorithm that converts the amplitude and the phase information to the conductivity and the
relative permittivity of the surrounding medium is given by a three-dimensional finite-difference time domain. The
effect of the borehole on measurement and the response of the tool to a formation interface are simulated and
analyzed numerically. The validity of this technique is confirmed by experiment. This technique can be applied to
detect physical properties, including the conductivity and the relative permittivity, of the surrounding medium and
the locations of the fractures intersecting the borehole. [J2135]

"Experimental validation of a PO-based shape reconstruction algorithm"
The effectiveness of a linear inverse scattering algorithm for the shape reconstruction of perfectly conducting
objects is experimentally validated by processing measured data. The data are collected via an automatic system
for free-space measurements under reflection mode geometry. The amplitude and phase of the scattered field is
measured in a multistatic and multifrequency configuration for different locations (views) of the transmitting
antenna. The reliability of the measurement setup is shown by a comparison with simulated data. No a priori
knowledge of the shape of the scatterers is assumed. The results of inversions of experimental data collected
under single-view illumination agree well with those of inversions of synthetic data, so showing the robustness of
the algorithm. [J2136]

"Radar image study of simulated breaking waves"
Radar images of electromagnetic scattering from one-dimensional simulated ocean breaking waves are
described. Backscatter results from 10-14 GHz at 60° to 80° incident angles are considered for surfaces that
satisfy an impedance boundary condition. The generalized forward-backward method with spectral accelerations
was used as an exact numerical solution to obtain backscatter returns from several surface profiles, and radar
images are formed through back-projection tomography. Detailed investigations of the images are provided to
clarify major and secondary scattering events, as well as the polarization dependence, and a ray-tracing analysis
is performed to interpret multipath scattering mechanisms. By adding surface roughness outside the breaking
region, small-scale roughness scattering effects are also investigated. [J2137]
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"Forest variable estimation from fusion of SAR and multispectral optical data"
Radar and optical remote sensing data are used in a unified algorithm to estimate forest variables. The study
site is the H. J. Andrews experimental forest in Oregon, which has significant topography and several mature
and old-growth conifer stands with biomass values sometimes exceeding 1000 tons/ha. Polarimetric
multifrequency Airborne Synthetic Aperture Radar (AIRSAR) backscatter, interferometric C-band Topographic
Synthetic Aperture Radar (TOPSAR) coherence, and multispectral Landsat Thematic Mapper (TM) digital
numbers are used in a regression analysis that relates them to forest variable measurements on the ground.
Parametric expressions are derived and used to estimate the same variables(s) at other locations from the
combination of AIRSAR and TM data. It is shown that the estimation accuracy is significantly improved when the
radar and optical data are used in combination compared to estimating the same variable from a single data type
alone. [J2138]

"Nonuniform azimuth image shift observed in the Radarsat images of ships in motion"
This paper describes, for the first time to the authors' knowledge, the phenomenon of nonuniform azimuth image
shift of a rigid body observed in the Radarsat synthetic aperture radar (SAR) images of cruising ships. The effect
is caused by the different slant-range velocities of coherent scatterers across the hull associated with the ship
motions. The slant-range velocity is estimated from the SAR image of an identified ship, and it is compared with
that computed from a numerical model using the ship's specification and meteorological data. The result
indicates that the dominant contribution to the nonuniform image shift is the pitching motion of the ship. Further
comparison is made with the wave orbital velocity, and the results are shown to be in good agreement.
Comparisons are also made between the SAR-derived slant-range velocities of two unknown ships and wave
orbital velocities, and reasonable agreement is obtained. One of the ships' images exhibits not only nonuniform
shift but also image skew. The latter skewing effect may be caused by rolling of the ship. [J2139]

"Estimating terrestrial snow depth with the TOPEX-Poseidon altimeter and radiometer"
Active and passive microwave measurements obtained by the dual-frequency TOPEX-Poseidon radar altimeter
from the Northern Great Plains of the United States are used to develop a snow pack radar backscatter model.
The model results are compared with daily time series of surface snow observations made by the U.S. National
Weather Service. The model results show that Ku-band provides more accurate snow depth determinations than
does C-band. Comparing the snow depth determinations derived from the TOPEX-Poseidon nadir-looking
passive microwave radiometers with the oblique-looking Satellite Sensor Microwave Imager (SSM/I) passive
microwave observations and surface observations shows that both instruments accurately portray the temporal
characteristics of the snow depth time series. While both retrievals consistently underestimate the actual snow
depths, the TOPEX-Poseidon results are more accurate. [J2140]

"Detection of storm-damaged forested areas using airborne CARABAS-II VHF SAR image data"
Strong winds cause severe damage worldwide to forested land every year. The devastating storms that struck
large parts of Europe in late 1999 destroyed the equivalent of several years of normal forest harvesting,
amounting to very large economical sums. Therefore, rapid mapping of damaged areas is of major importance for
assessment of short-term actions as well as for long-term reforestation purposes. In this paper, the use of
airborne CARABAS-II very high frequency (VHF) (20-90 MHz) synthetic aperture radar (SAR) imagery for high
spatial resolution mapping of wind-thrown forests has been investigated and evaluated. The investigation was
performed at a test site located in southern Sweden and dominated by Norway spruce forests. A regression
model estimating radar backscattering amplitude prior to the storm was developed. The estimated amplitudes
were compared to measured amplitudes after the storm. The results clearly show that the backscattering
amplitude, at a given stem volume, is considerably higher for wind-thrown forests than for unaffected forests.
Furthermore, the backscattering from fully harvested storm-damaged areas was, as expected, significantly lower
than from unaffected stands. These findings imply that VHF SAR imagery has potential for mapping wind-thrown
forests. However, to prevent ambiguities in increased backscattering caused by normal stem volume growth or
wind-fellings, multitemporal change detection techniques using VHF SAR images acquired prior to and after
wind-fellings would be preferable. [J2141]

"Diurnal and spatial variation of xylem dielectric constant in Norway Spruce (Picea abies [JL.]
Karst.) as related to microclimate, xylem sap flow, and xylem chemistry"
Spatial and temporal variations in vegetation dielectric properties strongly influence the microwave backscatter
characteristics of forested landscapes. This paper examines the relationship between xylem tissue dielectric
constant, xylem sap flux density, and xylem sap chemical composition as measured in the stems of two Norway
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Spruce (Picea abies [L.] Karst.) trees in the Fichtelgebirge region of Northern Bavaria, Germany. Dielectric
constant and xylem sap flux were monitored continuously from June through October 1995, at several heights
along the tree trunks. At the end of the measurement series, each tree was harvested, and its xylem sap
extracted and analyzed to determine the concentrations of amino acids and cations. Results show that the sap
flux density was correlated with vapor pressure deficit (VPD) at all heights in the stem. In contrast, the xylem
tissue dielectric constant is influenced by VPD but can exhibit a significant temporal lag relative to changes in
VPD. This lag varies with position along the tree trunk. The temporal variability of the dielectric constant is
compared with both trees at several positions along the tree trunks. Results of xylem sap chemical analysis are
presented. We show that spatial and temporal variability in the xylem tissue dielectric constant is influenced not
only by water content, but by variations in xylem sap chemistry as well. This has important implications for
microwave remote sensing of forested landscapes, as useful information may be acquired regarding stand
physiology and water relations and where variations in dielectric properties within individual trees and across
geographic areas can be significant error sources for forest inventory mapping. [J2142]

"Planetary delay-Doppler radar and the long-code method"
Delay-Doppler mapping continues to be the most widely used imaging technique in radar astronomy. Various
methods have been devised to partition echoes in delay-Doppler space for different degrees of echo dispersion
(as quantified by the overspreading factor F). These include the standard interpulse/intercode methods for
underspread (F 1) echoes, intrapulse methods for grossly overspread echoes, and the long-code method for the
intermediate case of moderate overspreading. Here the standard and long-code methods are compared, treating
various aspects of experiment design, data analysis, and calibration. Previous and future applications of the long-
code method are also reviewed. [J2143]

"Burst-mode and ScanSAR interferometry"
ScanSAR interferometry is an attractive option for efficient topographic mapping of large areas and for monitoring
of large-scale motions. Only ScanSAR interferometry made it possible to map almost the entire landmass of the
Earth in the 11-day Shuttle Radar Topography Mission. Also the operational satellites RADARSAT and ENVISAT
offer ScanSAR imaging modes and thus allow for repeat-pass ScanSAR interferometry. This paper gives a
complete description of ScanSAR and burst-mode interferometric signal properties and compares different
processing algorithms. The problems addressed are azimuth scanning pattern synchronization, spectral shift
filtering in the presence of high squint, Doppler centroid estimation, different phase-preserving ScanSAR
processing algorithms, ScanSAR interferogram formation, coregistration, and beam alignment. Interferograms and
digital elevation models from RADARSAT ScanSAR narrow modes are presented. The novel "pack-and-go"
algorithm for efficient burst-mode range processing and a new time-variant fast interpolator for interferometric
coregistration are introduced. [J2144]

"A digital signal processor for Doppler radar sensing of vital signs"
A signal processor for the determination of respiration and heart rates in Doppler radar measurements is
described. The processor can reliably calculate both rates for a subject at distances as large as 2 m. The rate
determination is based on autocorrelation and uses several enhancement techniques, including a center clipper.
Several representative results are included to show the future potential of using the processor for this purpose.
Calculated heart rates agree for over 88% of the time with the reference rate, within a 2% margin, for all
datasets. These results indicate excellent prospects for remote monitoring of vital signs through noncontact radar
techniques. [J2145]

"On the scattering mechanism of power lines at millimeter-waves"
The radar signature of power lines is of high importance in the design of systems for helicopter collision
avoidance. Laboratory measurements have been reported previously, but field measurements at millimeter waves
are missing. The present contribution describes measurements done in ground-based configuration with a real
aperture scanning-beam radar operating simultaneously at 35 and 94 GHz. By scanning, an aspect angle
interval of 60° was covered, including the broadside aspect. The narrow beam width allowed to discriminate
between different wires separated horizontally. While these measurements were done under a very shallow
incidence angle, assisting measurements were done with the same radar mounted into an aircraft using synthetic
aperture radar techniques. The results for shallow and steep incidence are compared and show the significant
influence of this parameter on the signature of the power line. Additionally the measurement results are
compared with those from model calculations. [J2146]

"SAR raw signal simulation of oil slicks in ocean environments"
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Synthetic aperture radar (SAR) raw signal simulation is a powerful tool for design of oil slick detection and
interpretation systems. In this paper, the ocean simulation issues are presented, and the main problems relating
to the oil presence on the sea surface are treated. Attention is focused on the electromagnetic side of the
problem, taking account of the sensor signatures, the dielectric, physical-chemical, and geometric nature of the
oil slick, and the environmental conditions. The presented SAR simulator is based on an ocean model and an oil
slick model. The former makes use of multiscale description of the ocean surface: the distributed surface model
for the SAR-ocean interaction is considered by taking into account the nonlinear hydrodynamic effect for the
water particle movement. The latter model implements a modification of the ocean spectrum, based on the
Marangoni theory and accounting for the nonlinear wave interaction mechanism. However, the proposed SAR
raw signal simulator is modular and flexible, thus allowing other possible physical models for modeling the oil
slick effect over the ocean spectrum. Meaningful SAR simulation experiments are presented and discussed,
elucidating the role of difference on pollutants, oil thickness, wind speed and direction, incident wavelength and
angle and other radar parameters. Validation of the simulator is also presented by comparison with experimental
data. A striking conclusion of the paper is that higher order moments (from the second on) of oil slick SAR
image statistics are quite different compared to those pertinent to an equivalent wind speed decrease on the
imaged area. This suggests a convenient way to define new appropriate oil slick signatures. [J2147]

"A multiple-cascade-classifier system for a robust and partially unsupervised updating of land-cover
maps"
A system for a regular updating of land-cover maps is proposed that is based on the use of multitemporal
remote sensing images. Such a system is able to address the updating problem under the realistic but critical
constraint that, for the image to be classified (i.e., the most recent of the considered multitemporal dataset) no
ground truth information is available. The system is composed of an ensemble of partially unsupervised
classifiers integrated in a multiple-classifier architecture. Each classifier of the ensemble exhibits the following
novel characteristics: (1) it is developed in the framework of the cascade-classification approach to exploit the
temporal correlation existing between images acquired at different times in the considered area; and (2) it is
based on a partially unsupervised methodology capable of accomplishing the classification process under the
aforementioned critical constraint. Both a parametric maximum-likelihood (ML) classification approach and a
nonparametric radial basis function (RBF) neural-network classification approach are used as basic methods for
the development of partially unsupervised cascade classifiers. In addition, in order to generate an effective
ensemble of classification algorithms, hybrid ML and RBF neural-network cascade classifiers are defined by
exploiting the characteristics of the cascade-classification methodology. The results yielded by the different
classifiers are combined by using standard unsupervised combination strategies. This allows the definition of a
robust and accurate partially unsupervised classification system capable of analyzing a wide typology of remote
sensing data (e.g., images acquired by passive sensors, synthetic aperture radar images, and multisensor and
multisource data). Experimental results obtained on a real multitemporal and multisource dataset confirm the
effectiveness of the proposed system. [J2148]

"Retrieval of land surface parameters in the Sahel from ERS wind scatterometer data: a "brute
force" method"
The retrieval of surface parameters, namely, the soil moisture content and the herbaceous above-ground
biomass, from European Remote Sensing (ERS) wind-scatterometer data is investigated for a Sahelian study
site during the period 1993-1994. Thanks to the low dimension of the unknown parameter vector, a systematic
exploration of the parameter space could be carried out. This method allows the recovery of the optimal
parameter set as well as an exhaustive description of the subdomain of acceptable solutions. The mapping of
this subdomain points out the lack of constraints brought by the ERS dataset on the determination of the surface
parameters. Particularly, additional constraints should be found on the rapid and short-scale variation of the soil
moisture content. Moreover, it is shown that the distributions of the retrieved parameters are not normal nor log
normal, as could be expected from random variables. As a consequence, the optimal parameter set is neither
the average nor the maximum likelihood, and the computation of an a posteriori standard deviation of the
parameters is meaningless. [J2149]

"HF radar wave and wind measurement over the Eastern China Sea"
High-frequency (HF) radar can be employed to measure sea surface state parameters such as waveheight, wind
field, and surface current velocity. This paper describes the application of the HF ground wave radar in remote
sensing the surface conditions over the Eastern China Sea in October 2000. The radar, referred to as the
OSMAR2000, was developed by Wuhan University. Preliminary wave spectra, waveheights, and wind fields
estimated from the collected data are presented and compared with ship-recorded measurements where such
are available. The range for wind direction sensing is up to 200 km. Wave information and wind speed can be
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provided up to a range of 120 km. The mean difference between radar- and ship-measured significant
waveheight is 0.323 m; wind direction is measured within 20°; and wind speed to within 0.6 m/s. With such
agreement being fairly reasonable, the feasibility of the inversion algorithm and the ocean state real-time sensing
capability of OSMAR2000 are demonstrated. [J2150]

"Impact of rain on spaceborne Ku-band wind scatterometer data"
The accuracy of Ku-band ocean wind scatterometers (i.e., NSCAT and SeaWinds) is impacted to varying
degrees by rain. In order to determine how to best flag rain-contaminated wind vector cells and ultimately to
calibrate out the effects of rain as much as possible, we must understand the impact of rain on the backscatter
measurements that are used to retrieve wind vectors. This study uses collocated SSM/I rain rate measurements,
NCEP wind fields, and SeaWinds on QuikSCAT backscatter measurements to empirically fit a simple theoretical
model of the effect of rain on σ0, and to check the validity of that model. The chief findings of the study are (1)
horizontal polarization measurements are more sensitive to rain than vertical polarization, (2) sensitivity to rain
varies dramatically with wind speed, and (3) the additional backscatter due to rain overshadows the rain-related
attenuation. [J2151]

"A model-based approach to the automatic extraction of linear features from airborne images"
The authors describe a model-based method for the automatic extraction of linear features, like roads and paths,
from aerial images. The paper combines and extends two earlier approaches for road detection in SAR satellite
images and presents the modifications needed for the application domain of airborne image analysis together
with representative results [J2152]

"InSAR for estimation of changes in snow water equivalent of dry snow"
This paper describes the theoretical relation between interferometric phase and changes in snow water
equivalent (SWE) and show results from experiments using ERS-½ tandem data. The main scattering
contribution from a dry snow cover is from the snow-ground interface. However, the radar wave will be refracted
in the snow. Thus, only small changes in the snow properties between two interferometric synthetic aperture
radar (SAR) images will change the interferometric phase. This phase change is shown to introduce a
significantly increase in the digital elevation model (DEM) height error, although no effects are observed on the
degree of coherence. The phase change is also shown to affect the differential interferometric results and may
wrongly be interpreted as range displacement. The presented theory and results implies that light snowfall and/or
small changes in snow properties between interferometric SAR (InSAR) image acquisitions, may introduce
significant height errors in DEM derived from glaciers, ice sheets, or bare ground, even in the case of high
degree of coherence. Thus, meteorological observations in addition to degree of coherence must be considered
when generating DEM in areas covered with snow or where snow fall is likely to have occurred [J2153]

"Focused synthetic aperture radar processing of ice-sounder data collected over the Greenland ice
sheet"
The authors developed a synthetic aperture radar (SAR) processing algorithm for airborne/spaceborne ice-
sounding radar systems and applied it to data collected in Greenland. By using focused SAR (phase-corrected
coherent averaging), they improved along-track resolution by a factor of four and provided a 6-dB processing
gain over unfocused SAR (coherent averaging without phase correction) based on a point-target analysis for a
Greenland ice-sounding data set. Also, They demonstrated that the focused-SAR processing reduced clutter and
enabled them to identify bedrock-interface returns buried in clutter. Using focused-SAR technique, they
processed data collected over a key 360-km-long portion of the 2000-m contour line of southwest Greenland. To
the best of their knowledge, these are the first high-quality radar ice thickness measurements over this key
location. Moreover, these ice-thickness measurements have been used for improving mass-balance estimates of
the Greenland ice sheet [J2154]

"Application of the linear dispersion relation with respect to depth inversion and remotely sensed
imagery"
Remote sensing methods have been developed to estimate bathymetry through the use of a theoretical
relationship between wave speed and water depth known as the linear, finite depth, dispersion equation for
surface gravity waves. The authors describe a validation effort encompassing several hundred observations of
wavenumber magnitude for sea-swell frequencies obtained over a wide variety of conditions to investigate
possible error sources resulting from the practical application of this relationship. These wavenumber estimates
were computed from pressure gauge signals using signal processing algorithms that can be equivalently applied
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to measurements of wave phase as imaged through remote sensors. The major goal was to determine the
accuracy of the dispersion relation while attempting to minimize errors associated with sensor positioning, tidal
variations, and Doppler shifts due to mean currents. For water depths outside the surf zone, the linear dispersion
relation is highly accurate, with average depth estimation errors on the order of 3-9% of the observed depth. In
shallower regions, nominally less than 4 m for this field site, where wave breaking is evident and nonlinear
shoaling effects are more pronounced, normalized depth errors of over 50% were commonly observed with most
predictions being deeper than observations. Strong correlation between these bias errors and measured wave
heights emphasizes the importance of accounting for wave amplitude in the calculation of shallow water phase
speeds for depth estimation. A simple depth correction is provided to allow for bathymetry estimation within the
surf zone [J2155]

"Analysis of ERS Tandem SAR coherence from glaciers, valleys, and fjord ice on Svalbard"
Interferometric satellite synthetic aperture radar (SAR) data was acquired from an area on Spitsbergen, Svalbard,
during the European remote sensing satellite (ERS) Tandem mission in 1995-1996. Analyzing these data sets
shows that the estimated SAR coherence is highly dependent on the satellite baseline length, and that
corrections for this decorrelation effect is necessary if the baseline is a few hundred meters or more.
Meteorological recordings are compared to SAR coherence estimates made at different seasons and surface
categories: glaciers in motion, glacial forefields dominated by ice-cored moraines, lakes, rivers, and flat valleys
with fine moraine materials like gravel and sand. It was found that temporal decorrelation effects are mainly due
to changing surface conditions caused by precipitation and temperature variations around freezing, but that wind
redistribution of snow also may play a role. Structures and cracks in the fjord ice as well as boundaries of lakes,
rivers, and coastlines can be detected in SAR coherence images because of the contrast between high and low
coherence areas. Low coherence is observed from those parts of moving glaciers that experience deformations
shear, or zones of relative high velocity. The usefulness of 35-days interferometric SAR (e.g., the foreseen
ENVISAT configuration) will be limited, even in sparsely vegetated areas like Svalbard, as compared to the ERS
Tandem configuration [J2156]

"A transition model for the reflection coefficient in surface scattering"
In the development of wave scattering models for randomly dielectric rough surfaces, it is usually assumed that
the Fresnel reflection coefficients could be approximately evaluated at either the incident angle or the specular
angle. However, these two considerations are only applicable to their respective regions of validity. A common
question to ask is what are the conditions under which we would choose one or the other of these two
approximations? Since these approximations are basically roughness-dependent, how can we handle the in-
between cases where neither is appropriate? In this paper, a physical-based transition function that naturally
connects these two approximations is proposed. The like-polarized backscattering coefficients are evaluated with
the model and are compared with those calculated with a moment method simulation for both Gaussian and
non-Gaussian correlated surfaces. It is found that the proposed transition function provides an excellent
prediction for the backscattering coefficient in the frequency and angle trends [J2157]

"Reconstruction of multilayered lossy dielectrics from one-sided plane wave impulse reflection
responses: the bistatic case"
Motivated by numerous scattering problems where the media is lossy and yet can only be investigated from a
single side, the authors discuss algorithms for reconstructing a lossy, stratified dielectric from one-sided plane
wave impulse reflection responses. Novel features of these algorithms include: 1) solving the lossy media
problem using only one-sided reflection response data; 2) exploiting oblique probing angles; 3) having origins in
digital signal processing (DSP) theory; 4) employing fast algorithms that have been modified to solve the forward
scattering problem; and 5) solving the scattering problems exactly, including accounting for multiple reflections. A
new algorithm is introduced that reconstructs such a media from one-sided transverse electric (TE) and
transverse magnetic (TM) impulsive plane wave reflection responses from a single oblique angle. The oblique-
probing angle necessitates a bistatic measurement configuration. New probing constraints are developed for a
previously presented algorithm based on probing at two angles of incidence. Algorithm stability and data
correction are addressed. Numerical examples illustrate the new algorithm in synthesizing the media transient
response and reconstructing the media [J2158]

"Regularized adaptive long autoregressive spectral analysis"
This paper is devoted to adaptive long autoregressive spectral analysis when i) very few data are available and
ii) information does exist beforehand concerning the spectral smoothness and time continuity of the analyzed
signals. The contribution is founded on two papers by Kitagawa and Gersch (1985). The first one deals with
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spectral smoothness in the regularization framework, while the second one is devoted to time continuity in the
Kalman formalism. The present paper proposes an original synthesis of the two contributions. A new regularized
criterion is introduced that takes bath pieces of information into account. The criterion is efficiently optimized by a
Kalman smoother. One of the major features of the method is that it is entirely unsupervised. The problem of
automatically adjusting the hyperparameters that balance data-based versus prior-based information is solved by
maximum likelihood (ML). The improvement is quantified in the field of meteorological radar [J2159]

"On the feasibility of a Doppler weather radar for estimates of drop size distribution using two
closely spaced frequencies"
Dual-frequency weather radar data can be gathered using a single broadband power amplifier and antenna for
the purpose of estimating parameters of the hydrometeor size distribution. This is an attractive feature for
observation platforms that are limited with respect to mass or available power. Whether useful properties of the
scattering medium can be obtained from data of this type is the focus of the paper. Generally, as the center
frequency or the bandwidth is decreased, the reflectivity factor difference falls below the level of the inherent
signal fluctuations. Even if large numbers of independent samples can be gathered to permit estimates of the
differential signals, the question remains as to whether the signal can be related unambiguously to properties of
the rain or snow. Center frequencies at or near 35 GHz with bandwidths in excess of 5% give relatively strong
differential signals. The signal, moreover, is directly related to the median mass diameter of the size distribution.
The differential mean Doppler at frequencies where non-Rayleigh scattering effects are significant is also of use
because the quantity depends only on the terminal velocity of the drops and is insensitive to the mean air and
platform motion. In principle, the mean and differential mean Doppler velocities from a nadir-viewing radar can be
used to estimate the mean vertical air motion and the median drop diameter of the size distribution [J2160]

"Detection of urban structures in SAR images by robust fuzzy clustering algorithms: the example of
street tracking"
The authors present a fuzzy approach to the analysis of airborne synthetic aperture radar (SAR) images of urban
environments. In particular, they want to show how to implement structure extraction algorithms based on fuzzy
clustering unsupervised approaches. To this aim, the idea is to segment first the sensed data and recognize very
basic urban classes (vegetation, roads, and built areas). Then, from these classes, we extract structures and
infrastructures of interest. The initial clustering step is obtained by means of fuzzy logic concepts and the
successive analyses are able to exploit the corresponding fuzzy partition. As a possible complete procedure for
urban SAR images, they focus on the street tracking and extraction problem. Three road extraction algorithms
available in literature (namely, the connectivity weighted Hough transform (CWHT), the rotation Hough transform,
and the shortest path extraction) have been modified to be consistent with the previously computed fuzzy
clustering results. Their different capabilities are applied for the characterization of streets with different width and
shape. The whole approach is validated by the analysis of AIRSAR images of Los Angeles, CA [J2161]

"Rigorous modeling of ultrawideband VHF scattering from tree trunks over flat and. sloped terrain"
Three electromagnetic models are employed for the investigation of ultrawideband VHF scattering from tree
trunks situated over flat and sloped terrain. Two of the models are numerical, each employing a frequency-
domain integral-equation formulation solved via the method of moments (MoM). A body-of-revolution (BoR) Mote
formulation is applied for a tree trunk on a flat terrain, implying that the BoR axis is perpendicular to the layers of
an arbitrary layered-earth model. For the case of sloped terrain, the BoR model is inapplicable, and therefore
the MoM solution is performed via general triangular-patch basis functions. Both MoM models are very accurate
but are computationally expensive. Consequently, the authors also consider a third model, employing
approximations based on the closed-form solution for scattering from an infinite dielectric cylinder in free space.
The third model is highly efficient computationally and, despite the significant approximations, often yields
accurate results relative to data computed via the reference MoM solutions. Data from the three models are
considered, and several examples of application to remote sensing are addressed [J2162]

"Global snow cover monitoring with spaceborne Ku -band scatterometer"
This paper presents a study to demonstrate the potential of a spaceborne Ku-band scatterometer to monitor
global snow cover. Global Ku-band data were acquired by the NASA Scatterometer (NSCAT) operated on the
Advanced Earth Observing Satellite (ADEOS) from September 1996 to June 1997. NSCAT backscatter patterns
aver the northern hemisphere reveals boundaries between different snow classes, defined by the Cold Regions
Research and Engineering Laboratory (CRREL), Hanover, NH, snow classification system at different times of
the snow season. They show the evolution of the backscatter signature throughout the entire seasonal snow
cycle. Within the snow extent determined by the National Oceanic and Atmospheric Administration (NOAA),
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Washington, DC, and Climate Prediction Center (CPC), operational snow product, Ku-band backscatter data
expose detailed features and rapid changes as observed in in-situ snow depth data from surface weather
stations in U.S., Canada, and Russia. Sensitivity of Ku-band backscatter to snow conditions is illustrated with the
dramatic change over the U.S. northern plains and the Canadian prairie region corresponding to the snow event
leading to the 1997 Flood of the Century. They discuss snow field experiments and data analysis plan to
understand snow scattering mechanisms, to interpret snow backscatter, and to derive its relationship with snow
physical parameters [J2163]

"Matched filtering-based estimation of ground elevation using laser altimetry"
The authors present a method for determining the time-of-arrival (TOA) of the ground component of a laser
altimetry return signal. The proposed method takes advantage of the fact that the ground component or ground
return is approximately Gaussian shaped and occurs at the end of the return signal. In particular, the method
exploits the well-known result that the TOA of a known signal in white Gaussian noise can be estimated using
matched filtering. An important feature of the method is that it addresses the problem of overlap between ground
and vegetation returns. Simulations using synthetic data indicate that the proposed method provides excellent
estimates and greatly outperforms a conventional method. It is anticipated that the method will be applicable to
laser altimetry applications where the ground return can be assumed to have an approximately known shape
[J2164]

"Terrain mapping by ground-based interferometric radar"
The authors propose a ground-based interferometric synthetic aperture radar (SAR) technique for terrain
mapping. It is based on a coherent continuous-wave step-frequency (CW-SF) radar moved along a linear
horizontal rail. It works synthesising microwave holographic images taken from different points of view to obtain
elevation maps by phase comparison. The focusing algorithm for imaging synthetic holograms and digital
elevation models (DEM) is able to correct topographic distortion and phase wrap through an iterative multi-
baseline procedure [J2165]

"Electromagnetic imaging in science and medicine with wavelet applications [JBook Review]"
First Page of the Article [J2166]

"Regularized estimation of mixed spectra using a circular Gibbs-Markov model"
Formulated as a linear inverse problem, spectral estimation is particularly underdetermined when only short data
sets are available. Regularization by penalization is an appealing nonparametric approach to solve such ill-posed
problems. Following Sacchi et al. (see ibid., vol.46, no.1, p.32-38, 1998), we first address line spectra recovering
in this framework. Then, we extend the methodology to situations of increasing difficulty: the case of smooth
spectra and the case of mixed spectra, i.e., peaks embedded in smooth spectral contributions. The practical
stake of the latter case is very high since it encompasses many problems of target detection and localization
from remote sensing. The stress is put on adequate choices of penalty functions: following Sacchi et al.,
separable functions are retained to retrieve peaks, whereas Gibbs-Markov potential functions are introduced to
encode spectral smoothness. Finally, mixed spectra are obtained from the conjunction of contributions, each one
bringing its own penalty function. Spectral estimates are defined as minimizers of strictly convex criteria. In the
cases of smooth and mixed spectra, we obtain nondifferentable criteria. We adopt a graduated nondifferentiability
approach to compute an estimate. The performance of the proposed techniques is tested on the well-known Kay
and Marple (1982) example [J2167]

"Spectral analysis of atmospheric radar signal using higher order spectral estimation technique"
Higher order spectral estimation techniques have been applied to the backscattered signals received from the
troposphere and lower stratosphere by the Gadanki mesosphere-stratosphere-troposphere (MST) radar. These
techniques allow identification of signals that have non-Gaussian probability distribution. To understand these
processes and their effect on estimation of the atmospheric parameters, power spectrum, and bispectrum
analyses have been performed on the signals received in both vertical and off-vertical directions. The results
show that the backscattered echoes received in the vertical direction are significantly non-Gaussian, while those
received in the off-vertical direction are inferred to have predominant Gaussian component. It is demonstrated
that the bispectral analysis technique has capability for estimating the vertical wind component with greater
accuracy than that derived from the commonly employed fast Fourier transform based power spectral technique
[J2168]
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"A market-based conflict resolution approach for satellite mission planning"
A market-based system has been developed to assist in mission planning for an Earth orbiting synthetic aperture
radar mission. This approach was chosen over more traditional systems based on a functional model used to
compare the market-based system with a human-expert, thematic and geometric approaches. The market-based
system enables participants to signal demands for spacecraft resources needed for data acquisitions by
establishing a currency and “worth” for a particular data acquisition request. We compared a serial draft
approach to two market-based approaches; a simple market and a priority market. The market systems utilized a
planning period which ended when the value of the time-ordered data acquisition plan did not increase by 10%
of the value of the previous round. The market-based approaches were superior to a serial draft approach and
that a priority market had a 2% greater value than a simple market [J2169]

"Time-domain sensing of targets buried under a Gaussian, exponential, or fractal rough interface"
The authors numerically examine subsurface sensing via an ultrawideband ground penetrating radar (GPR)
system. The target is assumed to reside under a randomly rough air-ground interface and is illuminated by a
pulsed plane wave. The underlying wave physics is addressed through application of the multiresolution time-
domain (MRTD) algorithm. The scattered time-domain fields are parametrized as a random process and an
optimal detection scheme is formulated, accounting for the clutter and target signature statistics. Detector
performance is evaluated via receiver operating characteristics (ROCs) for variable sensor parameters
(polarization and incident angle) and for several rough-surface statistical models [J2170]

"Maximum likelihood approach to the detection of changes between multitemporal SAR images"
The authors introduce maximum likelihood techniques for optimised discrimination between agricultural and
wooded regions, based on a multitemporal sequence of ERS images. The inherent resolution of the system is
inadequate to make such a classification on an individual image. However, the different temporal change
patterns of the two classes can be exploited. One approach uses joint annealed segmentation of the image
sequence, providing optimised exploitation of the speckle model in determining the common set of region
boundaries in the underlying radar cross-section. This is followed by maximum likelihood change detection using
a normalised log temporal texture measure. This is shown to be superior to constructing the normalised log
measure directly including speckle fluctuations, followed by a single annealed segmentation process. Finally, it is
demonstrated how simple filtering of this normalised log measure can provide reasonable classification with
greatly reduced computation load [J2171]

"A comparison of multifrequency HF radar and ADCP measurements of near-surface currents
during COPE-3"
A high-frequency multifrequency coastal radar operating at four frequencies between 4.8 and 21.8 MHz was
used as part of the third Chesapeake Bay Outflow Plume Experiment (COPE-3) during October and November,
1997. The radar system surveyed the open ocean east of the coast and just south of the mouth of Chesapeake
Bay from two sites separated by about 20 km. Measurements were taken once an hour, and the eastward and
northward components of ocean currents were estimated at four depths ranging from about 0.5 m to 2.5 m below
the surface for each location on a 2 by 2 km grid. Direction of arrival of the signals was estimated using the
MUSIC algorithm. The radar measurements were compared to currents measured by several moored acoustic
Doppler current profilers (ADCPs) with range bins 2-14 m below the water surface. The vertical structure of the
current was examined by utilizing four different radar wavelengths, which respond to ocean currents at different
depths, and by using several ADCP range bins separated by 1-m intervals. The radar and ADCP current
estimates were highly correlated and showed similar depth behavior, and there was significant correlation
between radar current estimates at different wavelengths and wind speed [J2172]

"Spotlight SAR data focusing based on a two-step processing approach"
The authors present a new spotlight SAR data-focusing algorithm based on a two-step processing strategy that
combines the advantages of two commonly adopted processing approaches: the efficiency of SPECAN
algorithms and the precision of stripmap focusing techniques. The first step of the proposed algorithm
implements a linear and space-invariant azimuth filtering that is carried out via a deramping-based technique
representing a simplified version of the SPECAN approach. This operation allows the authors to perform a bulk
azimuth raw data compression and to achieve a pixel spacing smaller than (or equal to) the expected azimuth
resolution of the fully focused image. Thus, the azimuth spectral folding phenomenon, typically affecting the
spotlight data, is overcome, and the space-variant characteristics of the stripmap system transfer function are
preserved. Accordingly, the residual and precise focusing of the SAR data is achieved by applying a
conventional stripmap processing procedure requiring a minor modification and implemented in the frequency
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domain. The extension of the proposed technique to the case of high bandwidth transmitted chirp signals is also
discussed. Experiments carried out on real and simulated data confirm the validity of the presented approach,
which is mainly focused on spaceborne systems [J2173]

"Restoration of polarimetric SAR images using simulated annealing"
Filtering synthetic aperture radar (SAR) images ideally results in better estimates of the parameters
characterizing the distributed targets in the images while preserving the structures of the nondistributed targets.
However, these objectives are normally conflicting, often leading to a filtering approach favoring one of the
objectives. An algorithm for estimating the radar cross-section (RCS) for intensity SAR images has previously
been proposed in the literature based on Markov random fields and the stochastic optimization method simulated
annealing. A new version of the algorithm is presented applicable to multilook polarimetric SAR images, resulting
in an estimate of the mean covariance matrix rather than the RCS. Small windows are applied in the filtering,
and due to the iterative nature of the approach, reasonable estimates of the polarimetric quantities characterizing
the distributed targets are obtained while at the same time preserving most of the structures in the image. The
algorithm is evaluated using multilook polarimetric L-band data from the Danish airborne EMISAR system, and
the impact of the algorithm on the unsupervised H-α classification is demonstrated [J2174]

"Sea surface imaging with an across-track interferometric synthetic aperture radar: the SINEWAVE
experiment"
An across track interferometric synthetic aperture radar (InSAR) is used to image ocean waves. Across track
InSAR data were acquired during the SAR INnterferometry Experiment for validation of ocean Wave imaging
models (SINEWAVE) in the North Sea using an airborne X-band radar with horizontal polarization. A wind sea
system was imaged at different flight levels and with different flight directions with respect to the ocean wave
propagation direction. Simultaneously, ocean wave spectra were measured by a directional wave rider buoy.
Thus, the experiment data comprises synthetic aperture radar (SAR) intensity, coherence, and phase images
together with in situ measurements. As shown in a recent theoretical study by Schulz-Stellenfleth and Lehner
(2001), across track InSAR provides distorted (bunched) digital elevation models (DEMs) of the sea surface.
Using SINEWAVE data the DEM bunching mechanism is verified with in situ ocean wave measurements
available for the first time. It is shown that significant waveheight as well as one-dimensional (1D) wavenumber
spectra derived from bunched DEMs and buoy data are in good agreement for small nonlinearities. Peak wave
directions and peak wavelength detected in bunched DEMs and SAR intensity images are compared with the
buoy spectrum. Peak rotations of up to 30° with respect to the buoy spectrum are found depending on flight
direction and flight level. Two-dimensional (2D) spectra of bunched DEMs, corresponding coherency maps, and
SAR intensity images are intercompared. The signal-to-noise ratio (SNR) of bunched DEM spectra is shown to
be about 5 to 10 dB higher than the SNR of SAR intensity image spectra [J2175]

"Theory of synthetic aperture radar imaging of a moving target"
Two novel image processing techniques have been developed to refocus a moving target image from its
smeared response in the synthetic aperture radar (SAR) image which is focused on the stationary ground. Both
approaches may be implemented with efficient fast Fourier transform (FFT) routines to process the Fourier
spatial spectrum of the image data. The first approach utilizes a matched target filter that is derived from the
signal history along the range-Doppler migration path mapped onto the SAR image from the moving target
trajectory in real space. The coherent spatial filter is specified by the apparent target range in the image and the
magnitude of the relative target-to-radar velocity. The second approach eliminates the range-dependence by
reconstructing the moving target image from a spectral function that is obtained from the SAR image data
spectrum via a spatial frequency coordinate transformation [J2176]

"Correcting C-band radar reflectivity and differential reflectivity data for rain attenuation: a self-
consistent method with constraints"
Quantitative use of C-band radar measurements of reflectivity (Z h) and differential reflectivity (Zdr) demands the
use of accurate attenuation-correction procedures, especially in convective rain events. With the availability of
differential phase measurements (Φdp) with a dual-polarized radar, it is now possible to improve and stabilize
attenuation-correction schemes over earlier schemes which did not use Φdp. The recent introduction of
constraint-based correction schemes using Φdp constitute an important advance. In this paper, a self-consistent,
constraint-based algorithm is proposed and evaluated which extends the previous approaches in several
important respects. Radar data collected by the C-POL radar during the South China Sea Monsoon Experiment
(SCSMEX) are used to illustrate the correction scheme. The corrected radar data are then compared against
disdrometer-based scattering simulations, the disdrometer data being acquired during SCSMEX. A new algorithm
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is used to retrieve the median volume diameter from the corrected Zh, corrected Zdr, and Kdpradar
measurements which is relatively immune to the precise drop axis ratio versus drop diameter relation.
Histograms of the radar-retrieved D0compared against D0from disdrometer data are in remarkable good
agreement lending further validity to the proposed attenuation-correction scheme, as well as to confidence in the
use of C-band radar for the remote measurement of rain microphysics [J2177]

"Surface clutter due to antenna sidelobes for spaceborne atmospheric radar"
A spaceborne radar for atmospheric observation must be able to detect atmospheric backscatter in the presence
of clutter from the surface, due to antenna sidelobes. Such clutter can come from the same pulse as that
observing the atmosphere if the radar antenna is pointed off-nadir. However pulses both prior and subsequent to
the pulse observing the atmosphere can also contribute to clutter, and surface clutter can be a problem even for
nadir-looking radars. Here, the problem is analyzed by deriving a method for computing clutter which includes
effects of all contributing transmit pulses, Doppler shifting, finite receiver bandwidth, and curved Earth's surface.
The results are applied to analysis of existing radars and design of future radar systems [J2178]

"Modeling lidar waveforms in heterogeneous and discrete canopies"
This study explores the relationship between laser waveforms and canopy structure parameters and the effects
of the spatial arrangement of canopy structure on this relationship through a geometric optical model. Studying
laser waveforms for such plant canopies is needed for the advanced retrieval of three-dimensional (3D) canopy
structure parameters from the vegetation canopy lidar (VCL) mission. For discontinuous plant canopies, a hybrid
geometric optical and radiative transfer (GORT) model describing the effects of 3D canopy structure parameters
of discrete canopies on the radiation environment has been modified for use with lidar. The GORT model is first
used to describe the canopy lidar waveforms as a function of canopy structure parameters and then validated
using scanning lidar imager of canopies by echo recovery (SLICER) data collected in conifer forests in central
Canada during the boreal ecosystem-atmosphere study (BOREAS). Model simulations show that the clumping
in natural vegetation, such as leaves clustering into tree crowns causes larger gap probability and smaller
waveforms for discontinuous plant canopies than for horizontally homogeneous plant canopies. Ignoring the
clumping effect can result in significantly lower values for the estimated foliage amount in the profile and in turn
lower estimated biomass. Because of clumping, only the gap probability and apparent vertical projected foliage
profile can be directly retrieved from the canopy lidar data. The retrieval is sensitive to the ratio of the volume
backscattering coefficients of the vegetation and background, and this ratio depends on canopy architecture as
well as foliage spectral characteristics [J2179]

"Modeling the backscatter response due to salt crust development"
The ERS-1 synthetic aperture radar (SAR) is shown to be highly sensitive to temporal variations in the mineral
surface of the Chott el Djerid playa, Tunisia. Field measurements and modeling results confirm that the primary
control on the backscatter response is due to salt crust development. Brine-rich moisture exerts a secondary
control. The effect of temperature, salinity, and mineralogy are negligible. An integral equation model (IEM)
solution with mean parameters accurately represents the observed behavior [J2180]

"Comparison of SAR-derived wind speed with model predictions and ocean buoy measurements"
As part of the Alaska synthetic aperture radar (SAR) Demonstration Project in 1999 and 2000, wide-swath
RADARSAT SAR imagery has been acquired on a regular basis in the Gulf of Alaska and the Bering Sea.
During 1998 and 1999, similar data were acquired off the East Coast of the United States as part of the
StormWatch Project. The radar cross section measurements from these images were combined with wind
direction estimates from the Navy Operational Global Atmospheric Prediction System model to produce high-
resolution maps of the surface wind speed. For this study, 2862 SAR image frames were collected and
examined. Averaged wind estimates from this data base have been systematically compared with corresponding
wind speed estimates from buoy measurements and model predictions, and very good agreement has been
found. The standard deviation between the buoy wind speed and the SAR estimates is 1.76 m/s. Details of the
SAR wind extraction procedure are discussed, along with implications of the comparisons on the C-band
polarization ratio [J2181]

"QuikSCAT geophysical model function for tropical cyclones and application to Hurricane Floyd"
The QuikSCAT radar measurements of several tropical cyclones in 1999 have been studied to develop the
geophysical model function (GMF) of Ku-band radar σ0values (normalized radar cross section) for extreme high
wind conditions. To account for the effects of precipitation, the authors analyze the co-located rain rates from the
Special Sensor Microwave/Imager (SSM/I) and propose the rain rate as a parameter of the GMF. The analysis
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indicates the deficiency of the NSCAT2 GMF developed for the NASA scatterometer, which overestimates the
ocean σ0for tropical cyclones and ignores the influence of rain. It is suggested that the QuikSCAT σ0is sensitive
to the wind speed of up to about 40-50 m s-1. The authors introduce modifications to the NSCAT2 GMF and
apply the modified GMF to the QuikSCAT observations of Hurricane Floyd. The QuikSCAT wind estimates for
Hurricane Floyd in 1999 was improved with the maximum wind speed reaching above 60 m s-1. The authors
perform an error analysis by comparing the QuikSCAT winds with the analyses fields from the National Oceanic
and Atmospheric Administration (NOAA) Hurricane Research Division (HRD). The reasonable agreement
between the improved QuikSCAT winds and the HRD analyses supports the applications of scatterometer wind
retrievals for hurricanes [J2182]

"Effects of stand size on the accuracy of remote sensing-based forest inventory"
The comparison of results of different forest studies is extremely difficult due to differences in test sites and
studied stand characteristics, validation procedures, parameters used as an evaluation criteria, selection of
stands, and the number of predictors used to name but a few. All these account for a large variation of the
obtained accuracy. Additionally, in most reports inadequate information is given to convert statistically results
from one study to the other. Since very few studies, such as Hyyppä et al.(2000), exist where various remote
sensing data sources and methods are verified in the same test site, much of the knowledge of the applicability
of various data sources and methods for forest inventory has to be obtained by studies carried out in different
tests sites. However, there is a single parameter, stand size, affecting strongly comparisons of forestry inventory
results. The effect of stand size on the accuracy of remote sensing-based standwise forest inventory has not
been reported extensively. The most dramatic changes occur at the level where stands are small. Not
surprisingly, stand size has been successfully utilized as an auxiliary parameter in some studies. This paper
describes how the accuracy of estimation is influenced by the stand size. Both spaceborne and airborne data are
used in order to show that the effect is not just based on large pixel sizes or the effects of border pixels in
spaceborne data. The accuracy of the following remote sensing data, SPOT Pan and XS, Landsat TM, ERS-1/2
SAR PRI and SLC, and airborne data from imaging spectrometer (AISA) is verified as a function of stand size in
the range 1 to 20 ha. The paper presents curves that assist in converting results from one stand size to another
and compares results of some studies in different test sites. Stand size seems to explain most of the variability
of the results; however, for detailed comparison, more carefully described results are needed. Recommendations
to design future forest studies are given in order to help the statistical conversion of results from one study to
another [J2183]

"Subsurface inverse scattering problems: quantifying, qualifying, and achieving the available
information"
In inverse scattering problems, only a limited amount of independent data is actually available whenever the
finite accuracy of the measurement set up is taken into account. The authors deal with the problem of
quantifying such an amount in the subsurface sensing case. In particular, an alternative formulation of the
problem is given which also allows one to understand how to dimensionate the measurement setup in an optimal
fashion. Analytical results are reported for the case of a lossless soil, while a numerical study is carried out in
the general case. By relying on the same formulation and tools, the authors also discuss the kind of unknown
profiles that can actually be retrieved. In particular, it is shown that the class of retrievable functions exhibits
intrinsic multiresolution features. This suggests that adoption of wavelet expansions to represent the unknown
function may enhance the reconstruction capabilities. Numerical examples support this conclusion [J2184]

"Errors in bathymetric retrievals using linear dispersion in 3-D FFT analysis of marine radar ocean
wave imagery"
The phenomenon of ocean wave-shoaling, and the associated reduction of ocean wave phase speed with
decreased water depth, provides useful information for inferring water depth D (bathymetry) in coastal
environments. One strategy for relating D to phase speed C and wave-vector K of long wavelength ocean waves
involves using the one-dimensional (1-D) linear (gravity wave) dispersion relationship C 2=g*tanh(KD)/K. In
principle, this approach has limitations because the approach is based on a WKB approximation, so it cannot be
applied when D varies appreciably over the wavelength of a shoaling wave. Also, the approach is restricted to
waves that have small wave height. The author uses a set of marine radar image sequences and applies this
linear approximation, using a 3-D FFT analysis of 88 sets of image sequences spaced half an hour apart. The
author inverts the dispersion relation to solve for D. Depths between 3.6 and 5.8 m were tested, for root mean
square (RMS) wave heights offshore between 8 and 3 m. The author shows that for low to moderate wave
heights, the approach does generally retrieve the correct depth in water depths of 5 m and greater for moderate
wave RMS heights. However, an increase in the RMS wave height from 1 m to 3.5 m produced a much poorer
depth estimate, proving the need for an application of a nonlinear wave model to the problem. The errors also
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increase with shallower depths as expected, as the error dependence on depth and wave height is determined
[J2185]

"Fusing interferometric radar and laser altimeter data to estimate surface topography and
vegetation heights"
Interferometric synthetic aperture radar (INSAR) and laser altimeter (LIDAR) systems are both widely used for
mapping topography. INSAR can map extended areas but accuracies are limited over vegetated regions,
primarily because the observations are not measurements of true surface topography. The measurements
correspond to a height above the true surface that depends on both the sensor and the vegetation. Conversely,
topography from LIDAR is very accurate, but coverage is limited to smaller regions. The authors demonstrate
how these technologies can be used synergistically. First, the authors determine surface elevations and
vegetation heights from dual-baseline INSAR data by inverting an INSAR scattering model. The authors then
combine sparse LIDAR observations with the INSAR inversion results to improve the estimates of ground
elevations and vegetation heights. This is accomplished via a multiresolution Kalman Filter that provides both the
estimates and a measure of their uncertainty at each location. Combining data from the two sensors provides
estimates that are more accurate than those obtained from INSAR alone yet have dense, extensive coverage,
which is difficult to obtain with LIDAR. Contributions of this work include (1) combining physical modeling with
multiscale estimation to accommodate nonlinear measurement-state relationships and (2) improving estimates of
ground elevations and vegetation heights for remote sensing applications [J2186]

"Radar attenuation by sand: laboratory measurements of radar transmission"
Under certain conditions, radar is able to penetrate loose sand to reveal subsurface geology in arid areas.
However, backscatter from the subsurface is modified by signal attenuation by the sand. To quantify the amount
of radar attenuation, a laboratory experiment was conducted to measure radar transmission as a function of
radar frequency and sand moisture. The frequency range covers P- through X-bands (0.5-12.6 GHz), and the
moisture contents of the sand were 0.3, 4.7, and 10.7% by volume. Results show that addition of the sand
causes a small decrease in transmission at low frequencies for all three moisture levels, but the sand causes a
larger decrease in transmission at higher frequencies. The transmission measurements were also used to
calculate values for attenuation. The dry sand resulted in attenuations of less than 6 dB/m over the entire
frequency range. Sand with moisture contents of 4.7 and 10.7% volume caused by attenuations greater than 150
dB/m at the highest frequencies, but the attenuation values calculated for P- and L-band frequencies were less
than 10 dB/m even at these relatively high moisture levels. These results challenge previous restrictions that
sand must be extremely dry for radar penetration to occur [J2187]

"Linear GPR inversion for lossy soil and a planar air-soil interface"
A three-dimensional inversion scheme for fixed-offset ground penetrating radar (GPR) is derived that takes into
account the loss in the soil and the planar air-soil interface. The forward model of this inversion scheme is
based upon the first Born approximation and the dyadic Green function for a two-layer medium. The forward
model is inverted using the Tikhonov-regularized pseudo-inverse operator. This involves two steps: filtering and
backpropagation. The filtering is carried out by numerically solving Fredholm integral equations of the first kind
and the backpropagation is performed using fast Fourier transforms. Numerical results are provided to illustrate
the performance of the inversion scheme [J2188]

"FOPEN SAR imaging using UWB step-frequency and random noise waveforms"
The detection and identification of targets obscured by foliage have been topics of great interest. Several
synthetic aperture radar (SAR) experiments have demonstrated promising images of terrain and man-made
objects obscured by dense foliage, by using either linear frequency modulation (LFM) or step-frequency
waveforms. We present here the methodology and results of a comparative study on foliage penetration
(FOPEN) SAR imaging using ultrawideband (UWB) step-frequency and random noise waveforms. A statistical-
physical foliage transmission model is developed for simulation applications. The foliage obscuring pattern is
analyzed by means of the technique of paired echoes. The results of the comparative study demonstrates the
ability of a UHF band UWB random noise radar to be used as a FOPEN SAR. Advantages of the random noise
radar system include covert detection and immunity to radio frequency interference (RFI) [J2189]

"An integrated maritime surveillance system based on high-frequency surface-wave radars. 2.
Operational status and system performance"
For pt.1 see ibid., vol.43, no.4, p.28-43 (2001). An integrated maritime surveillance (IMS) system, based on high-
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frequency surface wave radars (HFSWR), for monitoring surface and low-level air activity within the 200 nautical
mile (nm) Exclusive Economic Zone (EEZ) is described in this two-part paper. The science behind the long-
range performance of HFSWR was presented in Part 1(Sevgi et al. 2001). The system described was installed
on Canada's east coast, where it is being used to demonstrate continuous, all-weather surveillance of the EEZ
to beyond 200 nm. The system consists of two land-based HFSWRs and an operations control center (OCC).
The two unmanned radars provide coverage of the Grand Banks region of Newfoundland, renowned for its
offshore resources, particularly fish and oil. The system has been designed to assist authorities to more efficiently
monitor such illegal activities as drug trafficking, smuggling, piracy, illicit fishing and illegal immigration. In
addition, the system may be used for tracking icebergs, environmental protection, search and rescue, resource
protection, sovereignty monitoring, and remote sensing of ocean surface currents and winds. Extensive
performance testing of the system has been conducted using the two fully functional radars. It is shown that the
HFSWR system complements existing surveillance assets to dramatically increase the effectiveness of air and
surface reconnaissance missions by vectoring them directly to targets of interest [J2190]

"Detection of buried targets using a new enhanced very early time electromagnetic (VETEM)
prototype system"
In this paper, numerical simulations of a new enhanced very early time electromagnetic (VETEM) prototype
system are presented, where a horizontal transmitting loop and two horizontal receiving loops are used to detect
buried targets, in which three loops share the same axis and the transmitter is located at the center of receivers.
In the new VETEM system, the difference of signals from two receivers is taken to eliminate strong direct-signals
from the transmitter and background clutter and furthermore to obtain a better SNR for buried targets. Because
strong coupling exists between the transmitter and receivers, accurate analysis of the three-loop antenna system
is required, for which a loop-tree basis function method has been utilized to overcome the low-frequency
breakdown problem. In the analysis of scattering problem from buried targets, a conjugate gradient (CG) method
with fast Fourier transform (FFT) is applied to solve the electric field integral equation. However, the convergence
of such CG-FFT algorithm is extremely slow at very low frequencies. In order to increase the convergence rate,
a frequency-hopping approach has been used. Finally, the primary, coupling, reflected, and scattered magnetic
fields are evaluated at receiving loops to calculate the output electric current. Numerous simulation results are
given to interpret the new VETEM system. Comparing with other single-transmitter-receiver systems, the new
VETEM has better SNR and ability to reduce the clutter [J2191]

"Forestry parameter retrieval from texture in CARABAS VHF-band SAR images"
Methods for retrieval of the stem volume, dominant tree height, and dominant tree diameter values using
CARABAS images are presented. Both intensity and its texture can be used, but texture detects sparse, low
stem volume forests overlooked by the intensity. The texture parameters used are the zero and first-order
constants of the log-log regression of the standard deviation of the intensity and the distance over which it is
determined. The accuracy of the stem volume estimates is of the order of the ground truth. The dominant
diameter and height values are less accurate [J2192]

"Seasonal and short-term variability of multifrequency, polarimetric radar backscatter of Alpine
terrain from SIR-C/X-SAR and AIRSAR data"
Signatures of glaciated and ice free areas were analyzed from polarimetric SAR data at C-, L-, and P-band and
single polarization X-band data. The data base includes an AIRSAR scene from June 25, 1991, and SIR-C/X-
SAR images from April and October 1994 (SRL-1 and SRL-2), acquired over the high Alpine test site Ötztal in
Austria. The environmental conditions were different at the time of the three experiments. Ground
measurements, meteorological observations, and backscattering modeling are the basis for interpreting the
backscattering signatures. Seasonal differences are due mainly to the presence or absence of snow and due to
changes of its properties. Short term variations of snow conditions can be monitored at C- and X-band. For
unglaciated areas, the surface roughness has a dominant influence on backscattering in all seasons. The
dependence of the mean backscattering and correlation coefficients on the incidence angle was analyzed.
Spectral and depolarization ratios and the magnitude of the HHVV correlation coefficient were selected as
components of the multidimensional feature vector for studying the target separability. Good separability was
found between the accumulation and ablation areas on the glaciers, whereas on ice-free areas, the dominance
of surface roughness limits the discrimination of different surface types. Short-term variations of backscattering
have significant impact for the classification of accumulation and ablation areas on glaciers, as verified by
comparisons with field data [J2193]

"A joint multicontext and multiscale approach to Bayesian image segmentation"
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In this paper, a joint multicontext and multiscale (JMCMS) approach to Bayesian image segmentation is
proposed. In addition to the multiscale framework, the JMCMS applies multiple context models to jointly use their
distinct advantages, and we use a heuristic multistage, problem-solving technique to estimate sequential
maximum a posteriori of the JMCMS. The segmentation results on both synthetic mosaics and remotely sensed
images show that the proposed JMCMS improves the classification accuracy, and in particular, boundary
localization and detection over the methods using a single context at comparable computational complexity
[J2194]

"Quantitative comparison of classification capability: fully polarimetric versus dual and single-
polarization SAR"
Addresses the land-use classification capabilities of fully polarimetric synthetic aperture radar (SAR) versus dual-
polarization and single-polarization SAR for P-, L-, and C-band frequencies. A variety of polarization
combinations are investigated for application to crop and tree age classification. Based on the complex Wishart
distribution for the covariance matrix, maximum likelihood classifiers for all polarization combinations are used to
assess quantitative classification accuracy. Thus, this allows optimally selecting the frequency and the
combination of polarizations for various applications [J2195]

"Single-baseline polarimetric SAR interferometry"
Examines the application of single-baseline polarimetric SAR interferometry to the remote sensing and
measurement of structure over forested terrain. For this, a polarimetric coherent scattering model for vegetation
cover suitable for the estimation of forest parameters from interferometric observables is introduced, discussed
and validated. Based on this model, an inversion algorithm which allows the estimation of forest parameters
such as tree height, average extinction, and underlying topography from single-baseline fully polarimetric
interferometric data is addressed. The performance of the inversion algorithm is demonstrated using fully
polarimetric single baseline experimental data acquired by DLR's E-SAR system at L-band [J2196]

"On the retrieving of forest stem volume from VHF SAR data: observation and modeling"
Investigates the relationships between VHF data and forest biomass using data acquired by the airborne imaging
radar CARABAS over two different pine plantation forests in southern France. Data are analyzed using detailed
ground truth measurements available on both sites. The backscattering coefficient is strongly correlated to
characteristics of the tree trunk. Signal saturation is not observed up to 900 m3/ha. However, the sensitivity to
the volume is high in the range of 0-500 m3/ha (e.g. 1 to 1.5 dB for 50 m3/ha), whereas it is reduced beyond
500 m3/ha (<0.5 dB for 50 m3/ha). The experimental analysis is supported by theoretical modeling using a
coherent backscatter model based on the distorted Born approximation coupled with a tree growth model giving
a fine and precise description of the trees at both sites. The modeling results show that the trunk is the main
scatterer, but that, when the branch dimensions are not insignificant compared to trunk dimension, branch
scattering needs to be accounted for. However, since the two species under study are both coniferous, branch
dimensions are relatively small compared to trunk dimension. This explains no significant differences observed in
the backscatter behavior between both sites, except for mature stands with low stem density. Finally, the effect
of topography is investigated both experimentally, using a digital elevation model, and theoretically with the
coherent model. The loss of sensitivity to stem volume due to slope is clearly demonstrated and explained by the
decrease of the dihedral trunk-ground interaction as the slope increases [J2197]

"Unsupervised classification of multifrequency and fully polarimetric SAR images based on the
H/A/Alpha-Wishart classifier"
Introduces a new classification scheme for dual frequency polarimetric SAR data sets. A (6×6) polarimetric
coherency matrix is defined to simultaneously take into account the full polarimetric information from both
images. This matrix is composed of the two coherency matrices and their cross-correlation. A decomposition
theorem is applied to both images to obtain 64 initial clusters based on their scattering characteristics. The data
sets are then classified by an iterative algorithm based on a complex Wishart density function of the 6×6 matrix.
A class number reduction technique is then applied on the 64 resulting clusters to improve the efficiency of the
interpretation and representation of each class. An alternative technique is also proposed which introduces the
polarimetric cross-correlation information to refine the results of classification to a small number of clusters using
the conditional probability of the cross-correlation matrix. These classification schemes are applied to full
polarimetric P, L, and C-band SAR images of the Nezer Forest, France, acquired by the NASA/JPL AIRSAR
sensor in 1989 [J2198]

"A monostatic radio-acoustic sounding system used as an indoor remote temperature profiler"
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Radar-acoustic sounding systems (RASS) generally employ a bistatic scheme with the radar source and receiver
placed symmetrically beside the acoustic radiator. This paper presents a novel method for combining the
acoustic and the electromagnetic waves which reduces complexity, size, and cost of the system and enhances
portability. Other advantages of the new monostatic approach are that only one hf-antenna is needed and that no
dead zone exists in front of the system. Three possible solutions for realizing a monostatic system are taken into
account. The first approach uses a dielectric plate to redirect the acoustic wave. By the second solution, the
electromagnetic wave is directed into the ultrasonic propagation by a wire grid. Another possibility is to use a
composite antenna array made up of acoustic and electromagnetic sources. As no frequency limits exist for the
monostatic RASS, it is possible to employ the usual RASS frequencies at 915 MHz or 1290 MHz for the
electromagnetic wave. Measurements show that a maximum distance of 30 m can be reached with an
uncertainty of ±5 mm at 10 GHz for ranging measurements and ±0.5 K for temperature profiling [J2199]

"Multiresolution time-domain analysis of plane-wave scattering from general three-dimensional
surface and subsurface dielectric targets"
The multiresolution time domain (MRTD) is used to analyze wide-band plane-wave scattering from general
dielectric targets embedded in a lossy half-space, with free-space scattering as a special case. A Haar wavelet
expansion is used for simplicity, this constituting a generalization of the widely used finite-difference time-domain
(FDTD) method. In addition to developing the mathematical formulation, example results are presented for
several targets, with the MRTD results validated through comparison with an independent frequency-domain
method-of-moments solution and an FDTD model [J2200]

"2000 International Geoscience and Remote Sensing Symposium (IGARSS '00): Taking the Pulse
of the Planet"
First Page of the Article [J2201]

"A numerical study of backscattering from time-evolving sea surfaces: comparison of hydrodynamic
models"
Results from a Monte Carlo simulation of backscattering from one-dimensional (1-D) time-evolving sea surface
models are reported. A numerical electromagnetic method based on an accelerated forward-backward approach
is used to calculate backscattered returns from impedance surface profiles at incidence angles of 0° (normal),
40°, and 80°. Surfaces are initialized as realizations of a Pierson-Moskowitz spectrum and then stepped in time
through a numerical hydrodynamic method. Results from three distinct hydrodynamic methods are compared: a
linear evolution, the "improved linear representation" of Creamer et al. (1989), and the "Watson-West" approach
of West et al. (1987). Instabilities in the West model due to formation of steep wave features limit the study to L-
band backscattering for wind speeds less than 2 m/s, so that the surfaces considered are only slightly rough on
an electromagnetic scale. The small slope approximation for electromagnetic scattering is shown to provide
reasonable predictions in this limit. Statistics of the resulting surface profiles and backscattered fields are
compared for the three models and are found to be similar in most respects. Backscattered field Doppler spectra,
however, show differences, with the West model apparently capturing more nonlinear interactions in the surface
evolution [J2202]

"Scattering from lossy dielectric objects buried beneath randomly rough ground: validating the
semi-analytic mode matching algorithm with 2-D FDFD"
A new semi-analytic mode matching (SAMM) algorithm is verified by two-dimensional (2-D) finite difference
frequency domain (FDFD) simulations of scattering resulting from uniform plane waves incident on randomly
rough dielectric half-spaces containing buried dielectric targets. The SAMM algorithm uses moderately low-order
modal superpositions of cylindrical waves, each of which satisfies the 2-D-Helmholtz equation in its appropriate
region (air, ground, or mine) and then matches all nonzero electric and magnetic field components at each
interface by inverting a highly overconstrained dense linear matrix equation by singular value decomposition.
That is, the set of cylindrical mode coefficients is found which best fits the boundary conditions in a least
squares sense. For smooth ground, coordinate scattering centers (CSCs) are chosen at the mine center and at
its image above the plane to model scattering. For randomly rough ground, additional CSCs are located within
the rough boundary layer. Excellent agreement between 2-D-FDFD and the 2-D version of SAMM is observed,
with 2-D-SAMM being at least an order of magnitude faster. 3-D-SAMM is estimated to be four orders of
magnitude faster than 3-D-FDFD, with drastically reduced memory requirements [J2203]

"Estimating ocean frontal surface velocity distributions from radar imagery signatures"
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An inversion algorithm for inferring the surface velocity field of buoyant plume frontal features from observed
radar imagery has been developed. The inversion technique is based upon an assumption, suggested by Alpers
and Hennings' (AH) relaxation model (1984), that near strongly convergent fronts, the radar cross-section should
be proportional to the component of the local current gradient that is directed along the radar-look direction.
However, at X-band, the technique only works when wave-breaking (WB) effects, which are not included in the
AH model, are incorporated. This WB model successfully reproduces the magnitude of the signature in images
of the plume front at higher frequencies (X-band), where it is known that the AH model is deficient. WB effects
play a dominant roˆle in the backscatter associated with frontal regions with strong surface convergence fields.
These results suggest that the enhancements of radar backscatter in the vicinity of strongly-convergent fronts
are proportional to the local current-convergence but that the underlying scattering process involves WB in a
manner that cannot be understood from the AH model. Results are presented for the estimated velocity field
derived from radar imagery of the Chesapeake Bay plume front. Preliminary considerations of the convergence
and uniqueness of the inversion technique are extended by means of a controlled numerical experiment
involving the inversion of a prescribed input velocity field [J2204]

"Digital correlation microwave polarimetry: analysis and demonstration"
The design, analysis, and demonstration of a digital-correlation microwave polarimeter for use in Earth remote
sensing is presented. The authors begin with an analysis of a three-level digital correlator and develop the
correlator transfer function and radiometric sensitivity. A fifth-order polynomial regression is derived for inverting
the digital correlation coefficient into the analog statistic. In addition, the effects of quantizer threshold asymmetry
and hysteresis are discussed. A two-look unpolarized calibration scheme is developed for identifying correlation
offsets. The developed theory and calibration method are verified using a 10.7 GHz and a 37.0 GHz polarimeter.
The polarimeters are based upon 1-GS/s three-level digital correlators and measure the first three Stokes
parameters. Through experiment, the radiometric sensitivity is shown to approach the theoretical as derived
earlier in the paper and the two-look unpolarized calibration method is successfully compared with results using
a polarimetric scheme. Finally, sample data from an aircraft experiment demonstrates that the polarimeter is
highly useful for ocean wind-vector measurement [J2205]

"Filtering of multichannel SAR images"
An explicit form of the linear multichannel synthetic aperture radar (SAR) intensity filter, which preserves
radiometry while optimally reducing speckle is derived, together with a compact expression for the theoretical
gain in equivalent numbers of looks (ENLs). The filter can be applied to mixed data types, which is demonstrated
using a combination of ERS and JERS satellite data, and confirms the filter performance predicted by the theory.
Tests indicate that a simplified form of the filter, which neglects correlation between images, gives an ENL only
slightly less than optimal, while being much easier to implement. Exact analysis of the effect of estimating filter
weights shows that the linear increase in ENL with the number of images predicted for the ideal filter does not
occur. In practice, the ENL is affected by the window size used to estimate the weights and saturates as the
number of images increases. An efficient recursive form of the filter is described, which is most naturally applied
to multitemporal data for the practically important case where the current image is uncorrelated with previous
images in a data sequence [J2206]

"Projection pursuit classification of multiband polarimetric SAR land images"
Results are presented for an experiment utilizing a pastoral land scene with a variety of eight classes, imaged by
the NRL dual band (X and L) polarimetric synthetic aperture radar (NUWSAR) at a spatial resolution of 1.2 m.
Projection pursuit (PP) statistical analysis tools were applied to a set of simultaneous L-band and X-band fully
polarized images (six independent channels) to demonstrate the utility of land classification at high spatial
resolution from a light aircraft using SAR. The statistical confusion matrix was used as a quantitative optimization
measure of classification. Samples of eight classes from a portion of the scene were used to define a training
set, then PP tools were used for classification. It is clear that L-band and X-band fully polarized data view the
classes in a significantly different manner, and each brings independent information to the analysis. These
results are not meant to be exhaustive at this time but to demonstrate the utility of applying PP tools to
multiband and polarization SAR data and to give an indication of the quality of classification one can achieve with
moderately high spatial resolution SAR data using a light plane platform [J2207]

"WITTEX: an innovative three-satellite radar altimeter concept"
The Water Inclination Topography and Technology Experiment (WITTEX) consists of three TOPEX-class radar
altimeters on individual satellites in the same orbit plane. If built with delay-Doppler radar altimeter technology,
the WITTEX satellites will be sufficiently small that all three can be launched simultaneously by one vehicle.
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Even though the WITTEX satellites will be in a common inertial orbit plane, Earth rotation separates their tracks
at nadir. Cross-track separation will be proportional to intersatellite spacing. WITTEX will provide near-
simultaneous and accurate measurement of sea surface heights along three parallel tracks, providing
oceanographic data not previously available, including the two-dimensional (2-D) surface gradient. WITTEX
offers a variety of beneficial solutions to the classic time/space sampling tradeoff that confronts oceanic radar
altimetry [J2208]

"The use of ERS-1/2 Tandem interferometric coherence in the estimation of agricultural crop
heights"
In this study, the relationship between ERS-1/2 SAR Tandem interferometric coherence and the height of sugar
beet, potato, and winter wheat is investigated using measurements of crop growth and coherence. The
development of both coherence and crop height is observed to be approximately linear during the early growing
season, and linear crop-specific relationships between Tandem coherence and the heights of the studied crops
are derived. The coherence of all the studied crops decreases as the crop heights increase, a probable
explanation for this is that as the crop grows, it screens the ground more effectively, and a greater part of the
incident radar energy is backscattered from vegetation that decorrelates more rapidly than the more stable soil.
The relatively dense canopies of the root crops sugar beet and potato screen the ground considerably more
effectively than the cereal crop winter wheat. This study gives a strong indication that ERS-1/2 Tandem
interferometric coherence is related to the height of agricultural crops, and that this relationship can be used to
retrieve crop heights [J2209]

"Polarimetric processing of coherent random noise radar data for buried object detection"
Random noise polarimetry is a new radar technique for high-resolution probing of subsurface objects and
interfaces. The University of Nebraska has developed a polarimetric random noise radar system based on the
heterodyne correlation technique. Simulation studies and performance tests on the system confirm its ability to
respond to phase differences in the received signals. In addition to polarimetric processing capability and the
simplified system design, random noise radar also possesses other desirable features, such as immunity from
radio frequency interference. The paper discusses the theoretical foundations of random noise polarimetry, and
presents examples out of the entire data set collected that demonstrate the usefulness of the image processing
and Stokes matrix presentation to enhance target detection using the coherent random noise radar [J2210]

"Correction to: “Novel diffraction tomographic algorithm for imaging two-dimensional targets buried
under a lossy earth”"
The paper by T. J. Cui and W. C. Chew, IEEE Trans. Geosci. Remote Sensing, vol. 38, p.2033-41 (2000) is
corrected. The authors, in that paper, defined the branch cut of Kayand kbyin an equation (7) as
Re(kay,by)&ges;0 and Im(kay ,by)&ges;0 to make the Sommerfeld-like integral in another equation(5) satisfy the
radiation condition. In the inverse-Fourier expression of yet another equation (24), however, they had to choose
the branch cut of kbyin a different way, where Re(kby)&ges;O and Im(kay,by)&les;, so that the integral in this
equation can be convergent. Hence, the kbyin equation (27) must be set in different branch cuts. Although such
a procedure gave correct reconstruction results, the mathematical interpretation was confusing. In this
correspondence, the authors now modify the mathematical interpretation so that it is clear and easily understood
[J2211]

"Optimal “focusing” for low resolution ScanSAR"
Deals with the focusing of low resolution ScanSAR data, for both detected amplitude images and interferometric
applications. The SAR reference is exploited to achieve ScanSAR focusing in conventional techniques. Such
techniques provide quite effective compensation of the azimuth antenna pattern (e.g. no scalloping) when the
azimuth time-bandwidth product of the ScanSAR echo is large, but fail to do so as the burst shortens, being
reduced to an ineffective weighting of the output. The result is an azimuth varying distortion of the focused
impulse responses, a distortion that is partly compensated for in the multilook average (not available for
interferometric applications) at the price of a reduction in the processed Doppler bandwidth. This paper proposes
quite a different approach. A set of short kernels, each suitable for “focusing” at a specific azimuth bin, has been
optimized to reconstruct source reflectivity in the minimum mean square error sense. That pseudoinversion
converges to the “conventional” focusing when the burst extent is large and for short bursts, edge effects are
accounted for. These azimuth-varying kernels can be suitably tuned to meet constraints in the
resolution/sidelobes trade-off and have proved capable of providing fairly undistorted output and fine resolution.
They better exploit the available Doppler bandwidth, maximizing the number of looks and the interferometric
quality. A decomposition is suggested that implements the inverse operator as a fast preprocessing to be
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followed by a conventional ScanSAR processor [J2212]

"Capabilities and limitations of the interferometric cartwheel"
Quasi-simultaneous radar images can be produced by a low cost system using a set of passive receivers
onboard a constellation of microsatellites in a special orbital configuration. The combination of these images can
improve the final resolution in range and azimuth and systematically produce across-track and along-track
interferometric data. The author reviews some of the technical particularities of these systems linked to (1) the
system, such as the pulse scheduling, the orbital geometry, and the required pointing and positioning, and (2)
the image quality, such as the ambiguity level, the required clock stability, the effect of varying baselines at
various scales, focusing to higher resolution, and geometric limitations, mainly the behavior of the coherent
combinations over terrain with high slopes. The author illustrates three applications of the concept in cooperation
with the radar onboard the Japanese ALOS satellite, the ASAR instrument onboard the European ENVISAT, and
as a study-case for defense applications of the concept. The author envisions even more innovative applications
of the concept, for instance in simultaneous polarimetry and interferometry [J2213]

"The near-surface current velocity determined from image sequences of the sea surface"
A method to measure the ocean's near-surface current velocity vector based on the analysis of remote sea-
surface image sequences was developed. The spatial and temporal records were transformed to the
wavenumber-frequency domain, resulting in a three-dimensional (3-D) image power spectrum. In the spectrum,
the signal energy of the waves is localized on a shell defined by the dispersion relation of surface waves. The
sum of the sensor's velocity and the near-surface current profile deforms the dispersion shell due to the
Doppler-frequency shift. An iterative least-squares fitting technique and an error-estimation model was
implemented. To improve the method's accuracy, spectral wave energy found in higher harmonics of the
dispersion shell and aliasing effects are taken into account. The most important nonlinear mechanism leading to
higher harmonics is explained as resulting from wave shadowing due to the low grazing angles typical for
ground- or ship-based radars. The improved method is examined analytically and is tested with Monte Carlo
simulations. The variation of the shape of the measured or simulated 3-D image spectra, especially the peak
wavenumber, the directional spread, and the main travel direction, controls the behavior and accuracy of the
technique. A comparison of velocities acquired by nautical radar and independent Doppler log current
measurements is presented. The technique's accuracy, its limits, and its adaptability are discussed. Additional
improvements are proposed [J2214]

"An improved calibration technique for free-space measurement of complex permittivity"
A calibration technique for free-space measurement of the permittivity and conductivity has been developed,
taking account of antenna-medium coupling. Thus, the accuracy is improved compared to previously used
calibration. Two examples are given to illustrate this improvement [J2215]

"The hybrid extended Born approximation and CG-FFT method for electromagnetic induction
problems"
The authors propose the hybridization of the extended Born approximation (EBA) with the conjugate-gradient fast
Fourier transform (CG-FFT) method to improve the efficiency of numerical solution of electromagnetic induction
problems. This combination improves the solution efficiency in two ways. First, using the FFT in the extended
Born approximation decreases the computational cost of the conventional EBA method from O(N2) to O(N log2N)
arithmetic operations, where N is the number of unknowns in the problem. This approach, referred to as the
FFT-EBA method, applies to problems with a fairly large contrast. Secondly, using the EBA as a partial
preconditioner for the CG-FFT method increases the convergence speed of the conventional CG-FFT method.
This second approach, referred to as the EBA-CGFFT method, is in principle applicable to all problems with a
homogeneous background, but is particularly efficient for problems with a higher contrast. Numerical experiments
suggest that the combination of these two methods is more accurate and more efficient for electromagnetic
induction problems [J2216]

"Inverse scattering of two-dimensional dielectric objects buried in a lossy earth using the distorted
Born iterative method"
An efficient inverse-scattering algorithm is developed to reconstruct both the permittivity and conductivity profiles
of two-dimensional (2D) dielectric objects buried in a lossy earth using the distorted Born iterative method
(DBIM). In this algorithm, the measurement data are collected on (or over) the air-earth interface for multiple
transmitter and receiver locations at single frequency. The nonlinearity due to the multiple scattering of pixels to

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 575 из 658



pixels, and pixels to the air-earth interface has been taken into account in the iterative minimization scheme. At
each iteration, a conjugate gradient (CG) method is chosen to solve the linearized problem, which takes the
calling number of the forward solver to a minimum. To reduce the CPU time, the forward solver for buried
dielectric objects is implemented by the CG method and fast Fourier transform (FFT). Numerous numerical
examples are given to show the convergence, stability, and error tolerance of the algorithm [J2217]

"Discrimination of UXO in soil using broadband polarimetric GPR backscatter"
Polarimetric analysis of ground penetrating radar (GPR) backscatter offers a new means of discriminating
subsurface metallic target shapes from one another. Such discrimination is urgently needed to distinguish buried
unexploded ordnance (UXO) from other subsurface objects. To illuminate the underlying phenomenology of
scattering from objects enveloped in soil, three-dimensional (3D) simulations are performed over a broad
frequency band, characteristic of new low frequency GPRs. For moist soil, this means that the subsurface
wavelength may range from a fraction of the target size to an order of magnitude larger With a transmitting
antenna representation that produces typical subsurface GPR beam features, combined effects of positional,
orientation, and frequency diversity are investigated. Despite long wavelengths, results show distinctive features
in reflections obtained from contrasting example target shapes. Full polarimetric analysis suggests the capability
for inferring the length of elongated targets, aspect ratio and rotational symmetry, and gross shape along the
axis for either elongated or flattened bodies of revolution in problematical orientations [J2218]

"Amazon floodplain water level changes measured with interferometric SIR-C radar"
The authors find that interferometric processing of repeat-pass L-HH-band shuttle imaging radar (SIR-C) data
reveals centimeter-scale changes in the elevations of water surfaces within flooded vegetation. Because radar
pulses reflect specularly from the water surface, interferometric observations of open water are incoherent.
However, within flooded forests and inundated shrubs, the L-band radar pulse penetrates the vegetation canopy
and follows a double-bounce travel path that includes the water and vegetation-trunk surfaces. In these
environments, the returned radar energy and associated phase coherence are both stronger than the
surrounding nonflooded terrain, permitting determination of the interferometric phase. Phase errors related to
atmospheric water vapor are usually longer in wavelength and spatially distinct from phase signatures related to
stage changes in tributaries and floodplain lakes. The interferometrically measured stage decreases match gauge
data, providing further verification. Water level changes across 150 m to 2.75 km-wide water bodies containing
inundated vegetation can be reliably measured. The authors' results suggest that if future interferometric L-HH-
band SAR missions are implemented with short temporal baselines, it is possible to measure the hydrologic
response of wetlands and inundated floodplains to changes in mainstem water level [J2219]

"Dual-beam interferometry for ocean surface current vector mapping"
The recent use of along-track interferometry (ATI) in synthetic aperture radar (SAR) has shown promise for
synoptic measurement of ocean surface currents. ATI-SARs have been used to estimate wave fields, currents,
and current features. This paper describes and analyzes a dual-beam along-track interferometer to provide
spatially resolved vector surface velocity estimates with a single pass of an aircraft. The design employs a pair of
interferometer beams, one squinted forward and one squinted aft. Each interferometric phase is sensitive to the
component of surface Doppler velocity in the direction of the beam. Therefore, a proper combination of these
measurements provides a vector surface velocity estimate in one pass of the aircraft. The authors find that
precise measurements dictate widely spaced beams and that the spatial resolution for the squinted SAR is
essentially identical to the sidelooking case. Practical instrument design issues are discussed, and an airborne
system currently in development is described. Through computer simulation, they observe the azimuthal
displacement of interferometric phases by moving surfaces identical to those of conventional SAR and find that
such displacement can bias the estimated surface velocity [J2220]

"Spaceborne along-track SAR interferometry: performance analysis and mission scenarios"
A system study of a spaceborne along-track synthetic aperture radar (SAR) interferometer is presented. This
sensor has been successfully experienced for detecting moving targets by using only airborne installations.
Several key issues must be addressed when spaceborne configurations are envisaged. To this end, a
quantitative evaluation of system performance and measurement accuracy has been conducted. First, the
identification of possible space configurations has been accomplished. In particular, the two antennas can
operate on a single satellite or they can be carried along appropriate trajectories by two spacecrafts. Then, an
error budget of radial velocity measurement accuracy has been performed. Finally, two possible mission
scenarios are dealt in details, and numerical results are reported [J2221]
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"Tomographic imaging of isolated ground surfaces using radio ground waves and conjugate
gradient methods"
The ground surface of the Earth is usually mapped using microwave radar, and in particular synthetic aperture
radar. A different technique is presented for the imaging of isolated ground surfaces, which may range from the
order of a metre to a few kilometres in diameter, using radiowaves generated from antennas on the ground
surface of the Earth. The technique is first formulated using groundwave propagation theory to solve the forward
electromagnetic scattering problem of the isolated surface. Conjugate gradient methods are then used to solve
the inverse problem to obtain the normalised surface impedance distribution in an iterative manner, with the
establishment of a cost function of the measured and scattered fields around the surface. Numerical simulations
at 0.5 MHz of two ground features, namely dry ground and dry-wet mixed ground surfaces confined within a
diameter of 500 m and surrounded by seawater, show that the distributions of both real and imaginary parts of
the normalised surface impedance can be well reconstructed using the technique. It is also shown that the
Polak-Ribiere-Polyak conjugate gradient method gives a faster rate of convergence than the Fletcher-Reeves
method. The simulation at 300 MHz of dry ground with a buried metallic object confined within a diameter of 50
cm shows that the metallic object and its position can be identified from the images of normalised surface
impedance distribution. The study demonstrates a new technique for the tomographic imaging of isolated ground
surfaces which may be useful in ground surface mapping, remote sensing and monitoring, and detection of
buried metallic objects [J2222]

"Millimeter-wave radar sensing of airborne chemicals"
This paper discusses the development of a millimeter-wave radar chemical sensor for applications in
environmental monitoring and arms-control treaty verification. The purpose of this paper is to investigate the use
of fingerprint-type molecular rotational signatures in the millimeter-wave spectrum to sense airborne chemicals.
The millimeter-wave sensor, operating in the frequency range of 225-315 GHz, can work under all weather
conditions and in smoky and dusty environments. The basic configuration of the millimeter-wave sensor is a
monostatic swept-frequency radar that consists of a millimeter-wave sweeper, a hot-electron bolometer or
Schottky barrier detector, and a corner-cube reflector. The chemical plume to be detected is situated between
the transmitter/detector and reflector. Millimeter-wave absorption spectra of chemicals in the plume are
determined by measuring the swept-frequency radar return signals with and without the plume in the beam path.
The problem of pressure broadening, which hampered open-path spectroscopy in the past, has been mitigated in
this paper by designing a fast sweeping source over a broad frequency range. The heart of the system is a
backward-wave oscillator (BWO) tube that can be tuned over 220-350 GHz. Using the BWO tube, we built a
millimeter-wave radar system and field-tested it at the Department of Energy Nevada Test Site, Frenchman Flat,
near Mercury, NV, at a standoff distance of 60 m, The millimeter-wave system detected chemical plumes very
well; detection sensitivity for polar molecules such as methylchloride was down to 12 ppm for a 4-m two-way
pathlength [J2223]

"Analysis of low frequency scattering from penetrable scatterers"
A method is presented for solving the surface integral equation using the method of moments (MoM) at very low
frequencies, which finds applications in geoscience. The nature of the Helmholtz decomposition leads the
authors to choose loop-tree basis functions to represent the surface current. Careful analysis of the frequency
scaling property of each operator allows them to introduce a frequency normalization scheme to reduce the
condition number of the MoM matrix. After frequency normalization, the MoM matrix can be solved using LU
decomposition. The poor spectral properties of the matrix, however, makes it ill-suited for an iterative solver. A
basis rearrangement is used to improve this property of the MoM matrix. The basis function rearrangement
(BFR), which involves inverting the connection matrix, can be viewed as a pre-conditioner. The complexity of
BFR is reduced to O(N), allowing this method to be combined with iterative solvers. Both rectilinear and
curvilinear patches have been used in the simulations. The use of curvilinear patches reduces the number of
unknowns significantly, thereby making the algorithm more efficient. This method is capable of solving Maxwell's
equations from quasistatic to electrodynamic frequency range. This capability is of great importance in
geophysical applications because the sizes of the simulated objects can range from a small fraction of a
wavelength to several wavelengths [J2224]

"Wavelet-based simulations of electromagnetic scattering from large-scale two-dimensional
perfectly conducting random rough surfaces"
Simulations of electromagnetic waves scattering from two-dimensional perfectly conducting random rough
surfaces are performed using the method of moment (MoM) and the electric field integral equation (EFIE). Using
wavelets as basis and testing functions, the resulting moment matrix is generally sparse after applying a
threshold truncation. This property makes wavelets particularly useful in simulating large-scale problems, in
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which reducing memory storage requirement and CPU time are crucial. In this paper, scattering from Gaussian
conducting rough surfaces of a few hundred square wavelengths are studied numerically using Haar wavelets. A
matrix sparsity less than 10% is achieved for a range of root mean square (RMS) height at eight sampling points
per linear wavelength. Parallelization of the code is also performed. Simulation results of the bistatic scattering
coefficients are presented for different surface RMS heights up to 1 wavelength. Comparisons with sparse-
matrix/canonical-grid approach (SM/CG) and triangular discretized (RWG basis) results are made as well.
Depolarization effects are examined for both TE and TM incident waves. The relative merits of the SM/CG
method and the present method are discussed [J2225]

"Detection of rain/no rain condition on the ground based on radar observations"
Detection of rain/no-rain condition on the ground is important for application of radar rainfall algorithms. A radial
basis function neural network-based scheme for rain/no-rain determination on the ground using vertical profiles
of radar data is described. Evaluation based on WSR-88D radar over central Florida indicates that the rain/no-
rain condition can be inferred fairly accurately [J2226]

"Deriving forest canopy parameters for backscatter models using the AMAP architectural plant
model"
A new approach using an architectural plant model to feed various theoretical scattering models is presented as
a better interpretation of future remote sensing data acquired over natural media. The method is based on the
architectural plant model (AMAP), which integrates knowledge of botanical growth processes and real plant
measurements. AMAP is encapsulated in a flexible interface software called AMAP2SAR that allows one to (1)
simulate a three-dimensional (3-D) plant such as a tree, (2) transform the tree into a collection of cylinders, and
(3) feed theoretical models such as radiative transfer (RT) models. The method is illustrated by an example of
Austrian black pine plantations in southern France. Simulated characteristics of black pines are validated for
stands up to 50 years old and for a given environment. The results show the ability to derive classical forest
parameters as well as those needed for electromagnetic models (such as geometry) as a function of age.
Vertical profiles of canopy elements are derived and point out the vertical heterogeneity of the stands after they
are 20 years old for parameters having an impact on the backscatter such as diameter and number of branches.
Consequently, the crown layer variability with age and canopy depth should be considered in RT models. An RT
model is modified in order to take account of accurate canopy descriptions and deal with encouraging modeling
results at Cand L-band over the same test site [J2227]

"SAR image data compression using a tree-structured wavelet transform"
SAR image compression is very important in reducing the costs of data storage and transmission in relatively
slow channels. The authors propose a compression scheme driven by texture analysis, homogeneity mapping
and speckle noise reduction within the wavelet framework. The image compressibility and interpretability are
improved by incorporating speckle reduction into the compression scheme. The authors begin with the classical
set partitioning in hierarchical trees (SPIHT) wavelet compression scheme, and modify it to control the amount of
speckle reduction, applying different encoding schemes to homogeneous and nonhomogeneous areas of the
scene. The results compare favorably with the conventional SPIHT wavelet and the JPEG compression methods
[J2228]

"Observation of tropical rain forest trees by airborne high-resolution interferometric radar"
The Indonesian Radar Experiment (INDREX) Campaign was executed in Indonesia to study the potential of
high-resolution interferometric airborne radar in support of sustainable tropical forest management. Severe cloud
cover limits the use of aerial photography, which is currently applied on a routine basis to extract information at
the tree level. Interferometric radar images may be a viable alternative once radar imaging at the tree level is
sufficiently understood. It is shown that interferometric height images can contain large height and displacement
errors for individual trees but that this problem can be solved to a large extent using models for the vertical
distribution of backscatter intensity and an extension of the Van Cittert-Zernike theorem. The predicted loss of
coherence in lay-over regions of emergent trees is shown to be in good agreement with the loss of coherence as
observed in the high resolution radar data (Pierson correlation coefficient=0.94). Several correction methods for
height and displacement errors are proposed. It is shown that a simple approach already gives a good
correction. Semi-empirical correction models, which can be calibrated for forest structure, perform even better
[J2229]

"Electromagnetic inverse scattering of two-dimensional perfectly conducting objects by real-coded
genetic algorithm"
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Shape reconstruction of two-dimensional perfectly conducting objects using noisy measured scattering data is
considered. The contour of each conducting object is denoted by a shape function in the local polar coordinate
which is approximated by a trigonometric series. A point-matching method is used to solve the scattering
problem. The main idea of the inversion algorithm is to cast the inverse problem into a restrained minimization
problem and to solve it by the real-coded genetic algorithm (RGA). The performance of this algorithm is
demonstrated by numerically reconstructing arbitrarily shaped objects and by a detailed comparison with both the
standard genetic algorithm (SGA) and the Newton-Kantorovitch method [J2230]

"Elevation change measurement of the East Antarctic Ice Sheet, 1978 to 1988, from satellite radar
altimetry"
Seasat and Geosat satellite radar altimeter measurements over the East Antarctic Ice Sheet (EAIS) are analyzed
to determine surface elevation change over the period from 1978 to 1988. The results show that the average
elevation change over 1.7 ×106km2of the EAIS is -0.4±1.8 cm/yr and is therefore not significantly different than
zero. This result is in very good agreement with ERS-1/2 radar altimeter estimates of EAIS elevation change
from 1992 to 1996. The combined results suggest that the EAIS has been close to a state of balance for two
decades. This further reduces the likelihood that recent changes in snow accumulation have masked a long-term
mass imbalance in the EAIS [J2231]

"Development of precipitation radar onboard the Tropical Rainfall Measuring Mission (TRMM)
satellite"
The precipitation radar (PR) onboard the Tropical Rainfall Measuring Mission (TRMM) satellite is the first
spaceborne radar to measure precipitation from space. The PR, operating at 13.8 GHz, is a 128-element active
phased array that allows a fast and sophisticated cross-track scanning over a swath width of 215 km with a
cross-range spatial resolution of about 4.3 km. The PR has a minimum detectable rain rate of 0.5 mm/h with
range resolution of 250 m. In order to achieve a reliable and accurate rain echo data for three years mission life,
functions for internal and external calibrations are implemented. Through a series of PR flight-model tests on the
ground and an initial checkout just after the TRMM launch, it is confirmed that the PR functions properly and
meets the performance requirements to quantitatively measure three-dimensional (3D) precipitation distribution
from space [J2232]

"Atmospheric multiple scattering effects on GLAS altimetry. I. Calculations of single pulse bias"
Estimates of the effect of pulse stretching on satellite laser altimetry, such as planned for the Geoscience Laser
Altimeter System (GLAS), by cloud multiple scattering were made from an analytical method and with Monte
Carlo simulations. Altimetry is dependent on the time required for a laser pulse to complete the roundtrip to the
surface and return to the transmitter. Since a transmitted Gaussian pulse will be stretched by the effects of
multiple scattering, the use of the pulse centroid as the receive time will produce a biased measurement or an
apparent delay in the receive time. The magnitude of this delay was found to be dependent on several factors
including cloud height, cloud optical depth, cloud particle size, particle shape, and receiver field of view. The
delay was found to be largest for low-level clouds with particle radii of 3-20 μm, potentially amounting to
altimetry biases of tens of cm. Alternate methods for measuring the receive time, such as a simple Gaussian fit
of the return pulse peak reduce the path delay estimates for all cloud conditions. Since GLAS is a dual mode
instrument that includes an atmospheric lidar channel, altimeter measurements that are likely to be significantly
contaminated by multiple scattering can be identified [J2233]

"Moisture effects on the dielectric properties of soils"
Laboratory-measured dielectric property data and related electromagnetic wave propagation parameters are
reported for a broad range of soil textures. The dielectric permittivity and phase velocity are shown to be very
strong functions of volumetric soil moisture. A polynomial model for predicting soil moisture from permittivity
measurements at 100 MHz is presented [J2234]

"The PARIS concept: an experimental demonstration of sea surface altimetry using GPS reflected
signals"
This paper presents the passive reflectometry and interferometry system (PARIS) concept and how it originated
in the European Space Agency (ESA), Noordwijk, The Netherlands, in 1993 as a novel method to perform
mesoscale ocean altimetry. The PARIS concept uses signals of opportunity such as the signals from the global
navigation satellite systems (GNSS), which are reflected off the ocean surface to perform mesoscale ocean
altimetry. Essentially, the relative delay between the direct and the reflected signals received from a Low Earth
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Orbit satellite provides information about sea surface height. The paper describes an original experiment on sea
surface altimetry using GPS-reflected signals. The objective of the experiment was to demonstrate the potential
of the PARIS concept. This experiment is the first one ever published on performing sea surface height
estimations using reflected navigation signals in a controlled environment. The key result of the experiment is
the demonstration of a root mean squared (RMS) height accuracy within 5 s of 1% of the used code chip (3 m
for C/A code). Direct extrapolation of this experimental result to the 10-times higher chip rate P-code signal
allows us to predict a height error of 30 cm in 5 s, provided adequate models are used to take into account
systematic effects. The paper ends presenting the potential of the PARIS concept for long term ocean altimetric
observations in view of the current trends of the GNSS systems [J2235]

"Object detection using high resolution near-field array processing"
The authors present an algorithm for the detection and localization of an unknown number of objects buried in a
halfspace and present in the near field of a linear receiver array. To overcome the nonplanar nature of the
wavefield over the array, the full array is divided into a collection of subarrays such that the scattered fields from
objects are locally planar at each subarray. Using the multiple signal classification (MUSIC) algorithm, directions
of arrival (DOA) of locally planar waves at each subarray are found. By triangulating these DOAs, a set of
crossings, condensed around expected object locations, are obtained. To process this spatial crossing pattern,
the authors develop a statistical model for the distribution of these crossings and employ hypotheses testing
techniques to identify a collection of small windows likely to contain targets. Finally, the results of the hypothesis
tests are used to estimate the number and locations of the targets. Using simulated data, they demonstrate the
usefulness and performance of this approach for typical background electrical properties and signal to noise
ratios [J2236]

"Sensitivity analysis of airborne microwave retrieval of stratiform precipitation to the melting layer
parameterization"
A sensitivity analysis for airborne microwave passive and active retrievals of hydrometeor profiles with respect to
melting-layer parameterizations is carried out using synthetic data. The parameterizations of the melting layer
include the effects of snow density, particle size distributions of hydrometeors as well as different permittivity
models for mixed-phase particles. The hydrometeor profiles are obtained from a two-dimensional cloud
ensemble model simulating a convective-stratiform rainfall event over the East Mediterranean sea. The statistical
analysis reveals that the Maxwell-Garnett mixing formulas with water matrix and ice inclusions may be chosen
for graupel, while a new permittivity model from Meneghini and Liao is suitable for snowflakes. A new Bayesian
inversion framework is set up for both airborne microwave radiometric, radar, and combined radar-radiometer
retrievals of hydrometeor profiles. Using the cloud profiles as control training data set, a numerical analysis was
carried out by testing the inversion algorithms on each melting model data set. Results are discussed in terms of
estimate sensitivity, defined as the statistical deviation bounds of the retrieved profiles from the control case
ones. Relatively high values of estimate sensitivity to the melting-layer parameterizations are found for all
hydrometeor species, especially for low snow-density and Maxwell-Garnett dielectric model test cases. The need
of including various melting-layer characterizations within a comprehensive training data set and its implications
for model-based Bayesian retrieval algorithms is finally argued and numerically tested [J2237]

"Permanent scatterers in SAR interferometry"
Temporal and geometrical decorrelation often prevents SAR interferometry from being an operational tool for
surface deformation monitoring and topographic profile reconstruction. Moreover, atmospheric disturbances can
strongly compromise the accuracy of the results. The authors present a complete procedure for the identification
and exploitation of stable natural reflectors or permanent scatterers (PSs) starting from long temporal series of
interferometric SAR images. When, as it often happens, the dimension of the PS is smaller than the resolution
cell, the coherence is good even for interferograms with baselines larger than the decorrelation one, and all the
available images of the ESA ERS data set can be successfully exploited. On these pixels, submeter DEM
accuracy and millimetric terrain motion detection can be achieved, since atmospheric phase screen (APS)
contributions can be estimated and removed. Examples are then shown of small motion measurements, DEM
refinement, and APS estimation and removal in the case of a sliding area in Ancona, Italy. ERS data have been
used [J2238]

"A technique for the identification and localization of SAR targets using encoding transponders"
Targets in SAR images can be tagged for unambiguous identification and localization by equipping them with
transponders that encode the signal received from the SAR before it is retransmitted. The encoding technique
described below requires no modification of the SAR. The SAR data can be processed to image the
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transponders with the background suppressed. The transponder response is suppressed in a conventionally
processed SAR image. The encoding technique enables the transponder signal to be automatically detected in
the SAR data [J2239]

"Ocean wave extraction from RADARSAT synthetic aperture radar inter-look image cross-spectra"
This study is concerned with the extraction of directional ocean wave spectra from synthetic aperture radar
(SAR) image spectra. The statistical estimation problem underlying the wave-SAR inverse problem is examined
in detail in order to properly quantify the wave information content of SAR. As a concrete focus, a data set is
considered comprising six RADARSAT SAR images co-located with a directional wave buoy off the east coast of
Canada. These SAR data are transformed into inter-look image cross-spectra based on two looks at the same
ocean scene separated by 0.4 s. The general problem of wave extraction from SAR is cast in terms of a
statistical estimation problem that includes the observed SAR spectra, the wave-SAR transform, and prior
spectral wave information. The central role of the weighting functions (inverse of the error covariances) is
demonstrated, as well as the consequence of approximate (based on the quasilinear wave-SAR transform)
versus exact linearizations on the convergence properties of the algorithm. Error estimates are derived and
discussed. This statistical framework is applied to the extraction of spectral wave information from observed
RADARSAT SAR image cross-spectra. A modified wave-SAR transform is used to account for case-specific
geophysical and imaging effects. Analysis of the residual error of simulated and observed SAR spectra motivates
a canonical form for the SAR observation error covariance. Wave estimates are then extracted from the SAR
spectra, including wavenumber dependent error estimates and explicit identification of spectral null spaces where
the SAR contains no wave information. Band-limited SAR wave information is also combined with prior (buoy)
spectral wave estimates through parameterization of the wave spectral shape and use of regularization [J2240]

"Multi-aspect target detection for SAR imagery using hidden Markov models"
Radar scattering from an illuminated object is often highly dependent on the target-sensor orientation. In typical
synthetic aperture radar (SAR) imagery, the information in the multi-aspect target signatures is diffused in the
image-formation process. In an effort to exploit the aspect dependence of the target signature, the authors
employ a sequence of directional filters to the SAR imagery, thereby generating a sequence of subaperture
images that recover the directional dependence of the target scattering. The scattering statistics are then used to
design a hidden Markov model (HMM), wherein the orientation-dependent scattering statistics are exploited
explicitly. This approach fuses information embodied in the orientation-dependent target signature under the
assumption that. Both the target identity and orientation are unknown. Performance is assessed by considering
the detection of tactical targets concealed in foliage, using measured foliage-penetrating (FOPEN) SAR data
[J2241]

"Ocean wave imaging using an airborne single pass across-track interferometric SAR"
An airborne single pass across-track interferometric synthetic aperture radar (InSAR) is used to image ocean
waves. A theoretical model explaining the imaging mechanisms is developed, and simulations of the
interferogram as well as the conventional SAR intensity image are presented for given ocean wave spectra.
Distortions of digital elevation models (DEM) derived from InSAR data are explained by the motion of the sea
surface. A Monte Carlo method based on forward simulations is used to estimate variance spectra of the
distorted elevation models. It is shown that a straightforward estimation of wave height using the distorted InSAR
elevation model is in good agreement with true wave height for low amplitude swell with about 10% error
depending on propagation direction and coherence time. However, severe underestimation of wave height is
found for wind seas propagating in flight direction. Forward simulations show that the distorted InSAR DEM is
less dependent an the model chosen for the real aperture radar mechanism than conventional SAR images.
Data acquired during an experiment over the North Sea by a high precision InSAR system are compared with
simulations [J2242]

"A weighted least squares solution for space intersection of spaceborne stereo SAR data"
The use of stereoscopic SAR images offers an alternative to interferometric SAR for the generation of digital
elevation models (DEMs). The stereo radargrammetric method is robust and can generate DEMs of sufficient
accuracy to geocode SAR images. Previous work has shown that ground coordinates with accuracy of four times
the resolution cell can be obtained from ERS data without using any ground control points (GCPs), where the
high accuracy of the orbit and satellite position of the order of metres introduce insignificant errors into the
intersection procedure. The orbit data for RADARSAT is not as accurate as that for ERS, and the perpendicular
relationship between the resultant velocity vector and the resultant range vector is uncertain in terms of image
geometry. Hence, it is necessary to refine the method to allow for possible errors. This paper introduces a
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weighted space intersection algorithm based on an analysis of the predicted errors. A radargrammetric error
model for observation errors is also formulated to predict the accuracy of the algorithm. The revised method can
be used without any GCPs, but this can lead to systematic errors due to less accurate orbit data, and it has been
found that the use of two GCPs provides a reasonable solution. The method is insensitive to the spatial
distribution of GCPs, which is often critical in traditional methods. The error statistics of the results generated
from 32 independent check points, distributed through the entire SAR image, approach the predicted errors and
give positional accuracy of 38 m in three dimensions [J2243]

"Analysis of topographic decorrelation in SAR interferometry using ratio coherence imagery"
Topographic decorrelation due to the local surface slope has been an obstacle to interferometric synthetic
aperture radar (InSAR) applications. A modified spatial decorrelation function is derived as a function of the
baseline and topography. This function explains the origin of the total topographic decorrelation phenomenon on
the slopes directly facing radar illumination and layover, which may mislead InSAR coherence image
interpretation. The authors define critical terrain slope (or critical incidence angle) as the angle for which two
SAR signals completely decorrelate regardless of surface stability. It is found that the width of the critical terrain
slope increases with the increase of the component of the baseline perpendicular to the radar look direction. A
new analytical method, the ratio coherence imagery, is then introduced to highlight total topographic decorrelation
against the temporal decorrelation features. The applications of this methodology are demonstrated in selected
locations in the Sahara Desert, Algeria, and Almer&inodot;´a, Spain, using ERS-1 and ERS-2 SAR data [J2244]

"Image reconstruction and enhanced resolution imaging from irregular samples"
While high resolution, regularly gridded observations are generally preferred in remote sensing, actual
observations are often not evenly sampled and have lower-than-desired resolution. Hence, there is an interest in
resolution enhancement and image reconstruction. This paper discusses a general theory and techniques for
image reconstruction and creating enhanced resolution images from irregularly sampled data. Using irregular
sampling theory, we consider how the frequency content in aperture function-attenuated sidelobes can be
recovered from oversampled data using reconstruction techniques, thus taking advantage of the high frequency
content of measurements made with nonideal aperture filters. We show that with minor modification, the
algebraic reconstruction technique (ART) is functionally equivalent to Grochenig's (1992) irregular sampling
reconstruction algorithm. Using simple Monte Carlo simulations, we compare and contrast the performance of
additive ART, multiplicative ART, and the scatterometer image reconstruction (SIR) (a derivative of multiplicative
ART) algorithms with and without noise. The reconstruction theory and techniques have applications with a
variety of sensors and can enable enhanced resolution image production from many nonimaging sensors. The
technique is illustrated with ERS-2 and SeaWinds scatterometer data [J2245]

"Development of target null theory"
In a co- or cross-polarized channel, the polarization states of the transmitting and receiving antennas are the
same or orthogonal, and the corresponding target nulls (i.e., the co-pol nulls or x-pol nulls) are defined as the
polarization states of the transmitting antenna such that the received power equals zero. However, no systematic
studies have been carried out to solve the problem of the corresponding target nulls if the polarization states of
the transmitting and receiving antennas are independent. In this paper, the target null theory is extended to the
case of two independent polarization states. For two arbitrary independent symmetric scattering matrices, it is
proved that there exists only one pair of polarization states such that both of the received powers equal zero.
This polarization states' pair is called the co-null of the two targets, which can easily be obtained by solving an
eigenvalue problem. Based on this concept and algebraic theory, the concept of the co-null space is introduced
for the symmetric scattering matrix case, and many important results are presented, e.g., the relations between
the co-null and the co-pol/x-pol nulls, the properties of the co-null space, and the relation between the co-null
and target decomposition. Finally, the co-null for the asymmetric scattering matrix case is studied. The concepts
of the mono-co-null space and the bi-co-null space are introduced, and the relations between both spaces are
presented [J2246]

"Segmentation and classification of vegetated areas using polarimetric SAR image data"
Classification of radar images based on the information provided by individual pixels cannot generally produce
satisfactory results due to speckle. The classification based on area analysis is therefore expected to be more
accurate, as a uniform area, which usually consists of multipixels, provides reliable measurement statistics and
texture characteristics. However, the area analysis requires partitions of uniform areas to be performed first. In
this paper, an approach to the classification of radar images is developed based on two steps. First an image is
partitioned into uniform areas (segments), and then these segments are classified. Both segmentation and

"Radar Remote Sensing" («Дистанционное зондирование в радиолокации»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 582 из 658



classification are achieved by using the Gaussian Markov random field model. Test images are classified to
demonstrate the method [J2247]

"Optical calibration phase locked loop for the Shuttle Radar Topography Mission"
The Shuttle Radar Topography Mission (SRTM) is an interferometric synthetic aperture radar system that flew
on the space shuttle in February 2000, SRTM has an inboard antenna in the shuttle cargo bay and an outboard
antenna at the end of a 60-m mast, extending from the cargo bay. In order to meet the elevation mapping
accuracy requirement, the relative phase delay between the radar signals received via the outboard channel,
compared with the inboard channel has to be known to within 80 at 5.3 GHz. This paper describes the design
solutions and constraints, the devices, the analysis, and validation used to implement an optical calibration loop
for SRTM. The calibration method involves injecting a tone into one panel of the inboard antenna, and sending
an optical copy of the tone via a fiber-optic cable to be injected into the outboard antenna. A portion of the
optical signal is reflected off an outboard partial mirror and travels back via the fiber to the inboard calibration
system. There, it is converted back into a radio frequency tone and its phase is compared with the phase of the
original tone. As the temperature of the mast fiber changes, a phase error is detected in the phase comparator.
This error is used to control a custom designed optical phase shifter connected in series with the mast fiber. This
phase-locked-loop guarantees that the phase of the calibration tone at the outboard stages within 1° relative to
the phase of the calibration tone at the inboard antenna [J2248]

"Observed extinction by clouds at 95 GHz"
Measurements of backscattered power were made in maritime stratus clouds with a 95 GHz radar mounted on
an aircraft. The aircraft also carried probes for in situ cloud measurements of liquid water content (LWC) and
hydrometeor size distribution. Horizontal flight segments of 5-10 km length, over which the LWC was relatively
uniform, were selected for analysis. Mean values of LWC ranged from 0.05 to 0.8 g/m3. The observations
yielded an extinction coefficient of 4.6 dB/km per g/m3of cloud water [J2249]

"The ratio of the arithmetic to the geometric mean: a cross-entropy interpretation"
The ratio of the arithmetic mean to the geometric mean is often applied to synthetic aperture radar (SAR)
imagery as a heuristic index of target homogeneity. It is shown that this ratio is equivalent to a cross entropy
expression, and can therefore be interpreted as a measure of the information contained within the image [J2250]

"Estimation of the mean radar reflectivity from a finite number of correlated samples"
The authors compare estimators of the mean radar reflectivity on images with different spectral properties. By
working on complex data rather than detected images, they can take the speckle correlation into account and
thus obtain more accurate estimates. A robust and computationally efficient approximation of the optimal
estimator is proposed [J2251]

"New sampling method for the improvement of the image reconstruction algorithm for the rotating
object"
The proposed method is devised to reconstruct a focused radar image for a wide observation angle without an
interpolation, and therefore, it improves the image quality and reduces the processing time. To evaluate the
performance, it is compared with the conventional sampling method through simulation and experimental results.
In the case of the proposed method, the computation time is improved more than 33% for the image size of
1024×1024 pixels [J2252]

"An algorithm for time series analysis of ice sheet surface elevations from satellite altimetry"
A new method to derive the seasonal elevation signal from a continuous time series of altimeter crossover data
is presented. The method utilizes the complete set of intrasatellite crossover data to provide fine temporal
resolution and to significantly reduce random measurement errors. This is an improvement over the standard
time-series method that only uses those data referenced to a single time period at the beginning of the satellite
mission [J2253]

"Response of realistic soil for GPR applications with 2-D FDTD"
The three-dimensional (3D), wideband, bistatic ground penetrating radar (GPR) scatter response of rough,
realistic ground is efficiently and accurately simulated using a hybrid high resolution 3D and large area two-
dimensional (2D) finite difference time domain (FDTD) model. The 3D computation carefully models the
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transmitting and receiving antennas, while the 2D FDTD models wave propagation between the antennas and
the scattering by the soil below them. The FDTD soil model considers realistic frequency dependent (dispersive)
soil with Gaussian height variations. The modeling results are compared to experiments performed with the Geo-
Centers, Inc., Newton, MA, commercially available GPR system used for mine detection. Despite the simplicity
of the 2D model, the results of the simulation and the experiment agree quite well [J2254]

"Simulations of ground-penetrating radars over lossy and heterogeneous grounds"
The versatility of the three-dimensional (3D) finite-difference time-domain (FDTD) method to model arbitrarily
inhomogeneous geometries is exploited to simulate realistic ground-penetrating radar (GPR) scenarios for the
purpose of assisting the subsequent designs of high-performance GPR hardware and software. The buried
targets are modeled by conducting and dielectric prisms and disks. The ground model is implemented as lossy
with surface roughness, and containing numerous inhomogeneities of arbitrary permittivities, conductivities, sizes,
and locations. The impact of such an inhomogeneous ground model on the GPR signal is demonstrated. A
simple detection algorithm is introduced and used to process these GPR signals. In addition to the transmitting
and receiving antennas, the GPR unit is modeled with conducting and absorbing shield walls, which are
employed to reduce the direct coupling to the receiver. Perfectly matched layer absorbing boundary condition is
used for both simulating the physical absorbers inside the FDTD computational domain and terminating the lossy
and layered background medium at the borders [J2255]

"Coupled canonical grid/discrete dipole approach for computing scattering from objects above or
below a rough interface"
A numerical model for computing scattering from a three-dimensional (3D) dielectric object above or below a
rough interface is described. The model is based on an iterative method of moments solution for equivalent
electric and magnetic surface current densities on the rough interface and equivalent volumetric electric currents
in the penetrable object. To improve computational efficiency, the canonical grid method and the discrete dipole
approach (DDA) are used to compute surface to surface and object to object point couplings, respectively, in
O(N log N), where N is the number of surface or object sampling points. Two distinct iterative approaches and a
preconditioning method for the resulting matrix equation are discussed, and the solution is verified through
comparison with a Sommerfeld integral-based solution in the flat surface limit. Results are illustrated for a
sample landmine detection problem and show that a slight surface roughness can modify object backscattering
returns [J2256]

"Landmine detection with ground penetrating radar using hidden Markov models"
Novel, general methods for detecting landmine signatures in ground penetrating radar (GPR) using hidden
Markov models (HMMs) are proposed and evaluated. The methods are evaluated on real data collected by a
GPR mounted on a moving vehicle at three different geographical locations. A large library of digital GPR
signatures of both landmines and clutter/background was constructed and used for training. Simple, but effective,
observation vector representations are constructed to naturally model the time-varying signatures produced by
the interaction of the GPR and the landmines as the vehicle moves. The number and definition of the states of
the HMMs are based on qualitative signature models. The model parameters are optimized using the Baum-
Welch algorithm. The models were trained on landmine and background/clutter signatures from one geographical
location and successfully tested at two different locations. The data used in the test were acquired from over
6000 m2of simulated dirt and gravel roads, and also off-road conditions. These data contained approximately
300 landmine signatures, over half of which were plastic-cased or completely nonmetal [J2257]

"Ultrawide-bandwidth fully-polarimetric ground penetrating radar classification of subsurface
unexploded ordnance"
An ultrawide-bandwidth (UWB) ground penetrating radar (GPR) was used to collect fully-polarimetric
backscattered data from 10 to 800 MHz using a dual-polarization version of the previously developed dielectric-
loaded horn-fed bow-tie (HFB) antenna. Special processing algorithms were developed to extract the
polarization, orientation, depth, and length features of the target under investigation. The polarization and
resonance features were utilized to discriminate subsurface ordnance from false-alarm objects that do not have
elongated bodies. The classification of a specific type of unexploded ordnance (UXO) was also performed using
the known length information. The processed results obtained from an initial blind field test show a very
encouraging discrimination performance [J2258]

"Complex natural resonances of conducting planar objects buried in a dielectric half-space"
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A scheme is presented to incorporate a mixed potential integral equation (MPIE) using Michalski's “formulation
C” with the method of moments (MoM) for analyzing the scattering of a plane wave from conducting planar
objects buried in a dielectric half-space. The robust complex image method with a two-level approximation is
used for the calculation of the Green's functions for the half-space. To further speed up the computation, an
interpolation technique for filling the matrix is employed. While the induced current distributions on the object's
surface are obtained in the frequency domain, the corresponding time domain responses are calculated via the
inverse fast Fourier transform (FFT). The complex natural resonances of targets are then extracted from the late
time response using the generalized pencil-of-function (GPOF) method. The authors investigate the pole
trajectories as they vary the distance between strips and the depth and orientation of single, buried strips. The
variation from the pole position of a single strip in a homogeneous dielectric medium was only a few percent for
most of these parameter variations [J2259]

"SAR interferometric phase noise reduction using wavelet transform"
The problem of synthetic aperture radar interferometric phase noise reduction is addressed. A new technique
based on discrete wavelet transforms is presented. This technique guarantees high resolution phase estimation
without using phase image segmentation. Areas containing only noise are hardly processed. Tests with synthetic
and real interferograms are reported [J2260]

"Radar backscatter from mechanically generated transient breaking waves. II. Azimuthal and
grazing angle dependence"
For Pt. I see ibid. vol. 26, pp. 181-200 (2001). This paper describes the results of experimental investigations
into the microwave backscatter from mechanically generated transient breaking waves. The investigations were
carried out in a 110 m×7.6 m×4 m deep model basin, utilizing chirped wave packets spanning 0.75-1.75 Hz.
Backscatter measurements were taken by a K-band continuous wave radar (24.125 GHz) at 40° angle of
incidence, and at azimuth angles of 0°, 45°, 90°, 135° and 180° relative to the direction of wave propagation.
Grazing measurements were conducted using an X-band (10.525 GHz) FMCW radar at 85° angle of incidence,
and azimuth angles of 0° and 180°. Results show that the maximum radar backscatter was obtained in the
upwave direction prior to wave breaking and was caused by the specular or near specular presentation of the
wave to the radar. After breaking, the backscatter transitioned from a specular or near-specular dominated
scattering, primarily seen in the upwave direction, to a small scale roughness dominated scattering, observed at
all azimuths. Physical optics solutions were found to correctly predict the backscatter for the specular or near-
specular dominated scattering and the small perturbation method was found to accurately model the VV
polarization post-break radar backscatter [J2261]

"Foreword"
First Page of the Article [J2262]

"Three-dimensional subsurface analysis of electromagnetic scattering from penetrable/PEC objects
buried under rough surfaces: use of the steepest descent fast multipole method"
The electromagnetic scattering from a three-dimensional (3D) shallow object buried under a two-dimensional
(2D) random rough dielectric surface is analyzed. The buried object can be a perfect electric conductor (PEC) or
can be a penetrable dielectric with size and burial depth comparable to the free-space wavelength. The random
rough ground surface is characterized with Gaussian statistics for surface height and for surface autocorrelation
function. The Poggio, Miller, Chang, Harrington, and Wu (PMCHW) integral equations are implemented and
extended. The integral equation-based steepest descent fast multipole method (SDFMM), that was originally
developed at UIUC, has been used and the computer code based on this algorithm has been successfully
modified to handle the current application. The significant potential of the SDFMM code is that it calculates the
unknown moment method surface electric and magnetic currents on the scatterer in a dramatically fast, efficient,
and accurate manner. Interactions between the rough surface interface and the buried object are fully taken into
account with this new formulation. Ten incident Gaussian beams with the same elevation angle and different
azimuth angles are generated for excitation as one possible way of having multiple views of a given target. The
scattered electric fields due to these ten incident beams are calculated in the near zone and their complex
vector average over the multiple views is computed. The target signature is obtained by subtracting the electric
fields scattered from the rough ground only from those scattered from the ground with the hurled anti-personnel
mine [J2263]

"Experimental model for a seismic landmine detection system"
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A laboratory-scale experimental model has been developed and tested for a system that uses artificially
generated high-frequency seismic waves in conjunction with a radar-based noncontact displacement sensor to
detect buried landmines. The principle of operation of the system is to measure the transient displacement field
very close to a mine location. In this way, the absorption and the geometrical spreading of the seismic waves
have not reduced the effects of the mine. By using a seismic excitation, the system exploits the large difference
between the elastic properties of a mine and the surrounding soil. This difference causes seismic wave
interactions in the vicinity of a mine to be quite distinctive and provides a method for imaging mines and
distinguishing them from typical buried clutter. Images of a variety of simulated and inert anti-tank and anti-
personnel mines have been formed using this system. Burial scenarios involving natural clutter (rocks and
sticks), light surface vegetation, localized burial effects, and multiple mines in close proximity have been studied.
None of these scenarios appears to pose serious problems for detection performance [J2264]

"A digital-analog hybrid technique for low range sidelobe pulse compression"
Pulse compression using a digital-analog hybrid technique is studied to achieve very low range sidelobes for
potential application to spaceborne rain radar. Range sidelobe suppression of 60 dB is attained in both
calculation and test measurement by optimizing the transmission signal to cancel the defects in pulse
compression process [J2265]

"On the local minima in a tomographic imaging technique"
The reliability of a recently introduced nonlinear estimation method for tomographic imaging is discussed in full
detail. It is shown how a proper choice of the functional spaces to which unknown quantities belong and the
exploitation of the expected properties of the object under test and of all the available a priori information
positively affect robustness against false solutions of the inversion procedure. The developed arguments allow
the authors to understand causes of possible false solutions, suggesting possible countermeasures. In particular,
it is shown how the proposed approach allows the authors to achieve accurate and reliable reconstructions in a
set of cases larger than the range of applicability of other “false solutions free” approaches. Numerical analyses
confirm the validity of the approach and the effectiveness of developed inversion procedures through practical
examples [J2266]

"A non-contact lie detector using radar vital signs monitor (RVSM) technology"
Traditional lie detector testing requires the subject to be physically attached to a variety of sensors. This is
impractical for scenarios such as checkpoints where a large number of individuals are entering at a high rate,
necessitating the employment of other methods. Currently, checkpoint officers must make a quick decision to
determine if an individual is being deceptive, and if, in turn, they should be searched. The remote detection of
deception (RDD) concept uses a non-contact sensor to obtain physiological information that can be used to aid
the checkpoint officer's decision. Such a device must be able to sense physiological signals from the body that
may indicate deception in an unobtrusive and non-contact manner [J2267]

"Multisensor image segmentation using Dempster-Shafer fusion in Markov fields context"
This paper deals with the statistical segmentation of multisensor images. In a Bayesian context, the interest of
using hidden Markov random fields, which allows one to take contextual information into account, has been well
known for about 20 years. In other situations, the Bayesian framework is insufficient and one must make use of
the theory of evidence. The aim of the authors' work is to propose evidential models that can take into account
contextual information via Markovian fields. They define a general evidential Markovian model and show that it is
usable in practice. Different simulation results presented show the interest of evidential Markovian field model-
based segmentation algorithms. Furthermore, an original variant of generalized mixture estimation, making
possible the unsupervised evidential fusion in a Markovian context, is described. It is applied to the unsupervised
segmentation of real radar and SPOT images showing the relevance of the proposed models and corresponding
segmentation methods in real situations [J2268]

"An automatic identification of clutter and anomalous propagation in polarization-diversity weather
radar data using neural networks"
Radar polarization measurements have mostly been used to improve rainfall estimation and hydrometeor
characterization. The authors extend the use of such measurements to the problem of ground clutter recognition,
including the case when this problem is associated with anomalous propagation of the electromagnetic wave.
They present a methodology used for recognizing both clutter and meteorological targets. The methodology is
based on the knowledge of the scattering properties of the targets, as provided by the polarization
measurements and the use of the neural network approach that performs the classification. The results show
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that if circular polarization is used, the circular depolarization ratio and the degree of polarization are good
discriminators of clutter and nonclutter. They have used data from the Alberta polarization diversity radar to build
an automatic decision process using a feedforward neural network. After they trained the neural network, they
tested the classifier for two common clutter situations: when there is an electromagnetic wave anomalous
propagation and when targets from rain are mixed with the clutter close to the radar [J2269]

"A Bayesian classification model for sea ice roughness from scatterometer data"
For sea ice in the Baltic Sea, surface scattering can be regarded as the dominant scattering mechanism at C-
band. In this paper, a new statistical method is introduced for making statistical inferences about the underlying
ice surface roughness on the basis of one-dimensional (1D) scatterometer data y. The central parameter in the
hierarchical model applied in the context is a mixture parameter p, which indicates the degree of surface
roughness in ice surface. Several questions related to the occurrence of different ice classes on a transect can
be solved with the aid of the posterior distribution [p|y]. An empirical approximation for the posterior distribution is
computed by using Markov Chain Monte Carlo methodology. The efficiency of the suggested approach is
investigated by analyzing a C-band HH-polarization helicopter-borne HUTSCAT scatterometer data. The results
provided by the statistical model show good agreement with a video-based ice type classification [J2270]

"Multi-aspect detection of surface and shallow-buried unexploded ordnance via ultra-wideband
synthetic aperture radar"
An ultra-wideband (UWB) synthetic aperture radar (SAR) system is investigated for the detection of former
bombing ranges, littered by unexploded ordnance (UXO). The objective is detection of a high enough percentage
of surface and shallow-buried UXO, with a low enough false-alarm rate, such that a former range can be
detected. The physics of UWB SAR scattering is exploited in the context of a hidden Markov model (HMM),
which explicitly accounts for the multiple aspects at which a SAR system views a given target. The HMM is
trained on computed data, using SAR imagery synthesized via a validated physical-optics solution. The
performance of the HMM is demonstrated by performing testing on measured UWB SAR data for many surface
and shallow UXO buried in soil in the vicinity of naturally occurring clutter [J2271]

"Subsurface structures detection by combining L-band polarimetric SAR and GPR data: example of
the Pyla Dune (France)"
The authors investigate the penetration capabilities of microwaves, particularly at L-band, for the mapping of
subsurface heterogeneities such as lithology variations, moisture or sedimentary structures. The experiment site,
the Pyla Dune, is a bare sandy area allowing high signal penetration and presenting large subsurface structures
(paleosoils) at varying depths. Several radar data sets over this area are available. A polarimetric analysis of
airborne synthetic aperture radar (SAR) data as web as the ground penetrating radar (GPR) sounding
experiment show that subsurface scattering occurs at several places. The SAR penetration depth is estimated by
inverting a scattering model for which the subsurface structure geometric and dielectric properties are
determined by the GPR data analysis. These results suggest that airborne radar systems in a lower frequency
range (P-band) should be able to detect subsurface moisture down to several meters, leading to innovative Earth
observation systems for hydrogeology in arid regions [J2272]

"Polarimetric radar interferometry for improved mine detection and surface clutter rejection"
A recently developed technique, polarimetric radar interferometry, is applied to tackle the problem of the detection
of buried objects embedded in surface clutter. An experiment with a fully polarimetric radar in an anechoic
chamber has been carried out using different frequency bands and baselines. The processed results show the
ability of this technique to detect buried plastic mines and to measure their depth. This technique enables the
detection of plastic mines even if their backscatter response is much lower than that of the surface clutter
[J2273]

"A two-dimensional Doppler-Radiometer for Earth observation"
Compared to synthetic aperture radars (SARs), the angular resolution of microwave radiometers is quite poor.
Traditionally, it has been limited by the physical size of the antenna. However, the angular resolution can be
improved by means of aperture synthesis interferometric techniques. A narrow beam is synthesized during the
image formation processing of the cross-correlations measured at zero-lag between pairs of signals collected by
an array of antennas. The angular resolution is then determined by the maximum antenna spacing normalized to
the wavelength (baseline). The next step in improving the angular resolution is the Doppler-Radiometer,
somehow related to the super-synthesis radiometers and the Radiometer-SAR. This paper presents the concept
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of a three-antenna Doppler-Radiometer for 2D imaging. The performance of this instrument is evaluated in terms
of angular/spatial resolution and radiometric sensitivity, and an L-band illustrative example is presented [J2274]

"Effects of the ground surface on polarimetric features of broadband radar scattering from
subsurface metallic objects"
Throughout the world, the problem of buried unexploded ordnance (UXO) poses an enormous, persistent, and
expensive problem. While UXO generally consists of sizable bodies of ferrous metal and can therefore be
detected, with current technology it is extremely difficult to distinguish them reliably from typically widespread
pieces of clutter. Thus the problem is one of subsurface discrimination. The authors previous modeling work on
scattering of ground penetrating radar (GPR) from metallic objects surrounded by an infinite soil-like medium has
suggested the utility of a number of key discriminants in broadband fully polarimetric sensing. In particular,
resonance structure, induced field rotation and ellipticity, and bistatic observation of scattered signals were
shown to offer key information about target shape and size. The authors investigate the effects on signature
features of the proximity of a ground surface to the target, for the common case of shallow burial (<1 m). Overall,
their analyses suggest that the key discriminants seen in scattering in an infinite medium survive the complex
interactions with the ground surface. In some instances, these revealing signatures appear to be strengthened by
the presence of a nearby surface. Multiposition backscatter also allows fundamental inferences about target
elongation and symmetry when those cannot be obtained from single position viewing [J2275]

"Thermodielectric effects on radar backscattering from wet soil"
Thermodielectric interactions between free and bound soil water at different soil textures and frequencies affect
radar backscatter. Simulations with a semi-empirical backscatter model show a potential for temperature
corrections in inference of water content. A new thermodielectric response backscatter difference index was
derived for remote mapping of surface soil texture [J2276]

"The relationship between the backscattering coefficient and the biomass of narrow and broad leaf
crops"
The influence of the shape and dimensions of plant constituents on the backscattering of agricultural vegetation
is investigated. Multifrequency multitemporal polarimetric data, collected at C- and L-bands by means of airborne
and satellite synthetic aperture radar (SAR), showed that the relations between the backscattering of crops and
the vegetation biomass depend on plant type, and that there are different trends for “narrow” and “broad” leaf
crops. In the latter crops, backscattering increases with an increase in the biomass, especially at L-band. This
behavior is typical of media in which scattering is dominant, whereas on “narrow leaf” plants, the trend is flat or
decreasing, denoting a major contribution of absorption. Theoretical simulations obtained with a discrete element
radiative transfer model have confirmed that a different backscattering of crops with the same biomass may be
due to plant geometry [J2277]

"Self-similar texture modeling using FARIMA processes with applications to satellite images"
A texture model for synthetic aperture radar (SAR) images is presented. Specifically, a sea surface in satellite
images is modeled using the two-dimensional (2-D) fractionally integrated autoregressive-moving average
(FARIMA) process with a non-Gaussian white driving sequence. The FARIMA process is an ARMA type model
which is asymptotically self-similar. It captures the long-range as well as short-range spatial dependence
structure of an image with a small number of parameters. To estimate these parameters, an efficient estimation
procedure based on a spectral fit is presented. Real-life ocean surveillance radar images collected by the
RADARSAT sensor are used to evaluate the practicality of this FARIMA approach. Using the radial power
spectral density, the new model is shown to provide a more accurate description of the SAR images than the
conventional moving-average (MA), autoregressive (AR), and fractionally differenced (FD) models [J2278]

"Doppler modelling of radar sea clutter"
Data from a cliff top radar experiment conducted off the south coast of England are examined in order to
investigate the applicability of a three-component model for radar Doppler spectra, developed using laboratory
wavetank data, to coastal water sea clutter. This is achieved by a detailed analysis of the prominent features in
the cliff top radar data in terms of polarisation and Doppler characteristics, and decorrelation times. This analysis
confirms the presence of the same Bragg and non-Bragg scattering mechanisms as observed in the laboratory
wave tank. A dependence of each of the scattering mechanisms on wind direction can also be inferred, showing
that Bragg resonant scattering from capillary waves and non-Bragg scattering from highly disturbed white water
after a wave has broken are present in both the up and down wind cases, while the highly polarised HH `sea
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spikes' appear only when the radar is looking into the wind. It is shown that the three-component Bragg-
whitecap-spike model for Doppler spectra is able to describe both the up and down wind cases well, and that
the RMS tilt angle of the underlying gravity waves can be extracted from the Bragg scattering polarisation ratio
via the composite surface scattering model [J2279]

"Sea-wave fractal spectrum for SAR remote sensing"
A new model of the sea-wave directional spectrum based on fractals is proposed. An innovative aspect of the
work is the theoretical approach used to get the `fractal sea spectrum'. The common spectrum models are
described by empirical expressions derived from fitting experimental data. Starting from a definition of a fractal
model of the sea surface, the spatial autocorrelation function is calculated and the directional sea spectrum
derived by taking its two-dimensional Fourier transform. The fractal spectrum explicitly accounts for the fractality
of the sea. The spectrum theoretically explains why its slope in the equilibrium range depends on the fractal
dimension D of the sea surface and can be expressed by the relationship 2D-7, as usually claimed from
experimental data. The spectrum is validated by comparing it to the common spectra of Pierson-Moskowitz
(1964) and JONSWAP and to real data of the Mediterranean Sea. New research directions offered by this
spectrum model in SAR remote sensing are addressed [J2280]

"A semi-empirical backscattering model at L-band and C-band for a soybean canopy with soil
moisture inversion"
Radar backscatter measurements of a pair of adjacent soybean fields at L-band and C-band are reported. These
measurements, which are fully polarimetric, took place over the entire growing season of 1996. To reduce the
data acquisition burden, these measurements were restricted to 45° in elevation and to 45° in azimuth with
respect to the row direction. Using the first order radiative transfer solution as a form for the model of the data,
four parameters were extracted from the data for each frequency/polarization channel to provide a least squares
fit to the model. For inversion, particular channel combinations were regressed against the soil moisture and
area density of vegetation water mass. Using L-band cross-polarization and VV-polarization, the vegetation
water mass can be regressed with an R 2=0.867 and a root mean square error (RMSE) of 0.0678 kg/m 2.
Similarly, while a number of channels, or combinations of channels, can be used to invert for soil moisture, the
best combination observed, namely, L-band VV-polarization, C-band HV- and VV-polarizations, can achieve a
regression coefficient of R2=0.898 and volumetric soil moisture RMSE of 1.75% [J2281]

"The seasonal behavior of interferometric coherence in boreal forest"
The capability of SAR interferometry has been previously demonstrated in various applications. In particular, the
use of interferometric coherence has shown promising results in forest monitoring, however, mainly in
discriminating forested and nonforested areas. The authors have collected ERS-1 and ERS-2 Tandem data from
two boreal forest test sites in Finland. The data have been processed into interferometric coherence and intensity
images. These images have been used to a) compare the behavior of interferometric coherence and intensity for
various land-use and forest classes and b) extensive analysis on the behavior of interferometric coherence in
boreal forests as a function of stem volume. Based on the observations and the use of a boreal forest semi-
empirical backscattering model, they have developed an empirical model that describes interferometric
coherence of boreal forests using backscattering information. The results indicate that coherence is more
sensitive to the stem volume than the C-band backscattering intensity. However, the intensity and coherence
data contain complementary information and therefore, the use of both data sources is beneficial in the
observation of boreal forest [J2282]

"Ground penetrating radar antennas: theoretical and experimental directivity functions"
The prediction of the directivity function of a GPR antenna still remains a partially unsolved problem because of
the subject complexity. First, the far-field conditions are often not satisfied and second, the antenna design has
little in common with the Hertzian dipole for which an analytical approach can be used. The authors' contribution
is both theoretical and experimental. On one side, they solve the (electromagnetic) EM integral equations
numerically to derive the wavefield components from near to far-field distances. On the other side, they
experiment with two novel techniques for measuring the directivity functions in the near to far-field range on dry
and saturated sand. Theoretical and experimental results show that neither the analytic approximation of far-field
directivity for the numerical integration of near-field directivity can perfectly match the measured functions,
although near-field solutions are generally more consistent. The mismatch should be attributed to the present-
day GPR antenna design that includes absorbers and shields. Although the effects of these elements are not
included in the present numerical near-field solutions, they believe the approach to be of practical value to
predict an average directivity function. A smoothed version of the analytic far-field solution can also be used in
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the range of the near to far-field transition but near-field solutions are really recommended when TX-RX
distances are shorter than five wavelengths [J2283]

"A method for estimating rain rate and drop size distribution from polarimetric radar measurements"
Polarimetric radar measurements are sensitive to the size, shape and orientation of raindrops and provide
information about drop size distribution (DSD), canting angle distribution and rain rate. The authors propose and
demonstrate a method for retrieving DSD parameters for calculating rain rate and the characteristic particle size.
The DSD is assumed to be a gamma distribution and the governing parameters are retrieved from radar
measurements: reflectivity (ZHH), differential reflectivity (ZDR), and a constrained relation between the shape
(CL) and slope (Λ) parameters derived from video disdrometer observations. The estimated rain rate is
compared with that obtained from more traditional methods and the calculated characteristic size is compared
with the measured values. The calculated KDPbased on the retrieved Gamma DSD is also compared with
measurements. The proposed method shows improvement over the existing models and techniques because it
can retrieve all three parameters of the gamma distribution. For maintaining the continuity of earlier published
results, raindrop shape is assumed to be equilibrium [J2284]

"Toward edge sharpening: a SAR speckle filtering algorithm"
This paper makes two contributions. It first introduces an algorithm for synthetic aperture radar (SAR) speckle
reduction and edge sharpening. Existing speckle filtering algorithms can effectively reduce the speckle effect but
unfortunately also, to some degree, smear edges and blur images. Even for unfiltered images, there is still a
need for edge sharpening; since SAR sensors have limited bandwidths, leading to slow responses to sudden
changes (smearing sharp edges). The proposed algorithm functions as an adaptive-mean filter. Edge crossing
points are detected by using the second-order derivative of the Gaussian function as a wavelet transform
function. A proper dilation scale factor enables the wavelet transform function to detect only edge crossings and
ignore the local oscillations. Then in a moving window the mean filter is applied if there is no edge crossing
point. Otherwise, averaging is only applied to the part of the window separated by edge crossing points.
Consequently, the algorithm smooths uniform areas while it sharpens and enhances edges. Edges of the filtered
images are generally sharper than the original. Similarities between the proposed filter and other popular speckle
filters, such as the Lee, Kuan, and Frost filters, designated for SAR multiplicative noise, are analyzed. Another
contribution of the paper is the evaluation of popular filters from the viewpoint of texture preservation. The
evaluation is carried out using the first and second-order histograms. Possible distortions caused by filters are
explained [J2285]

"Geometric calibration of ERS satellite SAR images"
Geometric calibration of the European Remote Sensing (ERS) Satellite synthetic aperture radar (SAR) slant
range images is important in relation to mapping areas without ground reference points and also in relation to
automated processing. The relevant SAR system parameters are discussed and calibrated by using the
European Space Agency (ESA) transponders at Flevoland. The resulting accuracy of the slant range images
corresponds to 10 m horizontally on the ground. The results are verified by using runway intersections and
corner reflectors surveyed with differential GPS techniques. Based on a seven-year ERS-1 and a four-year
ERS-2 time series, the long term stability is found to be sufficient to allow a single calibration covering the entire
mission period. A descending and an ascending orbit tandem pair of the ESA calibration site on Flevoland,
suitable for calibration of ERS SAR processors, is described to allow other researchers to geometrically calibrate
their processing systems [J2286]

"Analysis of a three-dimensional dielectric mixture with finite difference method"
The present paper reports the results of a numerical analysis of electric fields in random dielectric materials. The
effective permittivity of a three-dimensional (3D) dielectric mixture is calculated by the finite difference method.
The results show the distribution of the effective permittivity of a mixture with different random inclusion
positionings. New empirical mixing models are created as least squares approximations to fit the collection of
numerical results. The calculated permittivity distribution is also compared with theoretical mixture models,
showing that in case of clustered inclusions, the Bruggeman model is quite reasonable. On the other hand, if the
inclusions in the mixture are separate, the results are closer to the Maxwell-Garnett model [J2287]

"Incoherent bistatic scattering from the sea surface at L-band"
A bistatic electromagnetic wave scattering model for the sea surface is developed to examine its wind
dependence property over a wide range of incident angles along the specular direction. This is done by
combining an existing scattering model with a sea spectrum recently reported in the literature. In general,
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electromagnetic wave scattering from a rough surface is dependent on the Fourier transform of the nth power of
its height correlation function which can be computed numerically from the surface spectrum. This transform
relation indicates that scattering is sensitive not only to the surface spectrum but also to its convoluted
properties. Generally, surface scattering is sensitive only to a portion of the surface correlation measured from
the origin. The size of this portion is a function of three variables (the incident angle, the surface height standard
deviation, and the exploring wavelength) and the rate of decay of the correlation function. The decay rate near
the origin of the sea surface correlation is very small, so much so that at L-band this portion is too wide for a
two-term approximation of the correlation function. This is true in spite of the fact that the sea surface has a very
large rms height. Thus, a scattering model based on geometric optics is generally not applicable at L-band
especially at large angles of incidence. An additional finding is that in specular scattering wind dependence is
stronger at larger angles of incidence for incident angles between 0 and 70° over the wind speed range of 4
m/s-20 m/s [J2288]

"Passive active L- and S-band (PALS) microwave sensor for ocean salinity and soil moisture
measurements"
A passive/active WS-band (PALS) microwave aircraft instrument to measure ocean salinity and soil moisture has
been built and tested. Because the L-band brightness temperatures associated with salinity changes are
expected to be small, it was necessary to build a very sensitive and stable system. This new instrument has
dual-frequency, dual polarization radiometer and radar sensors. The antenna is a high beam efficiency conical
horn. The PALS instrument was installed on the NCAR C-130 aircraft and soil moisture measurements were
made in support of the Southern Great Plains 1999 experiment in Oklahoma from July 8-14, 1999. Data taken
before and after a rainstorm showed significant changes in the brightness temperatures, polarization ratios and
radar backscatter, as a function of soil moisture. Salinity measurement missions were flown on July 17-19, 1999,
southeast of Norfolk, VA, over the Gulf Stream. The measurements indicated a clear and repeatable salinity
signal during these three days, which was in good agreement with the Cape Hatteras ship salinity data. Data
were also taken in the open ocean and a small decrease of 0.2 K was measured in the brightness temperature,
which corresponded to the salinity increase of 0.4 psu measured by the M/V Oleander vessel [J2289]

"Radar backscatter from mechanically generated transient breaking waves. I. Angle of incidence
dependence and high resolution surface morphology"
This paper describes the results of an experimental investigation of the microwave backscatter from several
laboratory generated transient breaking waves. The breaking waves were generated mechanically in a 35 m×0.7
m×1.14 m deep wave tank, utilizing chirped wave packets spanning the frequency range 0.8-2.0 Hz. Backscatter
measurements, were taken by a X/K-band (10.525 GHz, 24.125 GHz) continuous wave Doppler radar at 30°,
45°, and 60° angles of incidence, and at azimuth angles of 0° and 180° relative to the direction of wave
propagation. Surface profiles were measured with a high-speed video camera and laser sheet technique.
Specular facets were detected by imaging the surface from the perspective of the radar. The maximum radar
backscatter occurred in the upwave direction prior to wave breaking, was nearly polarization independent and
corresponded to the detection of specular facets on the steepened wave face. This peak radar backscatter was
predicted through a finite conductivity corrected physical optics technique over the measured surface wave
profiles. Post break backscatter was predicted using a roughness corrected physical optics technique and the
small perturbation method, which was found to predict the returns for vertical polarization, but to under predict
the horizontal returns [J2290]

"Error sources and feasibility for microwave remote sensing of ocean surface salinity"
A set of geophysical error sources for the microwave remote sensing of ocean surface salinity have been
examined. The error sources include the sea surface temperature, sea surface roughness, atmospheric gases,
ionospheric Faraday rotation, and solar and Galactic emission sources. It is shown that the brightness
temperature effects of a few kelvin can be expected for most of these error sources. The key correction
requirements for accurate salinity measurements are the knowledge accuracy of 0.5°C for the sea surface
temperature (SST), 10 mbar for the surface air pressure, 2°C for the surface air temperature, 0.20 accuracy for
the Faraday rotation, and surface roughness equivalent to 0.3 m s-1for the surface wind speed. We suggest the
use of several data products for corrections, including the AMSR-type instruments for SST and liquid cloud
water, the AMSU-type product for air temperature, the scatterometer products or numerical weather analysis for
the air pressure, coincidental radar observations with 0.2 dB precision for surface roughness, and on-board
polarimetric radiometer channel for Faraday rotation. The most significant sky radiation is from the Sun. A careful
design of the antenna is necessary to minimize the leakage of solar radiation or reflection into the antenna
sidelobes. The narrow-band radiation from Galactic hydrogen clouds with a bandwidth of less than 1 MHz is also
significant, but can be corrected with a radio sky survey or minimized with a notched (band-rejection) filter
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centered at 1.421 GHz. The other planetary and Galactic radio sources can also be flagged with a small data
loss. We have performed a sampling analysis for a polar-orbiting satellite with 900 km swath width to determine
the number of satellite observations over a given surface grid cell during an extended period. Under the
assumption that the observations from different satellite passes are independent, it is suggested that an accuracy
of 0.1 psu (practical salinity unit) is achievable for global monthly 10 latitude by 10 longitude gridded products
[J2291]

"A segmentation-based method to retrieve stem volume estimates from 3-D tree height models
produced by laser scanners"
In the boreal forest zone and in many forest areas, there exist gaps between the forest crowns. For example, in
Finland, more than 30% of the first pulse data of laser scanning reflect directly from the ground without any
interaction with the canopy. By increasing the number of pulses, it is possible to have samples from each
individual tree and also from the gaps between the trees. Basically, this means that several laser pulses can be
recorded per m2. This allows detailed investigation of forest areas and the creation of a three-dimensional (3D)
tree height model. Tree height model can be calculated from the digital terrain and crown models both obtained
with the laser scanner data. By analyzing the 3D tree height model by using image vision methods, e.g.,
segmentation, it is possible to locate individual trees, estimate individual tree heights, crown area, and, by using
that data, to derive the stem diameter, number of stems, basal area, and stem volume. The advantage of the
method is the capability to measure directly physical dimensions from the trees and use that information to
calculate the needed stand attributes. This paper demonstrates for the first time that it is possible to accurately
estimate standwise forest attributes, especially stem volume (biomass), using high-pulse-rate laser scanners to
provide data, from which individual trees can be detected and characteristics of trees such as height, location,
and crown dimensions can be determined. That information can be applied to provide estimates for larger areas
(stands). Using the new method, the following standard errors were demonstrated for mean height, basal area
and stem volume: 1.8 m (9.9%), 2.0 m2/ha (10.2%), and 18.5 m 3/ha (10.5%), respectively [J2292]

"A matched-filter-based reverse-time migration algorithm for ground-penetrating radar data"
Ground-penetrating radar (GPR) is a remote sensing technique used to obtain information on subsurface
features from data collected over the surface. The process of collecting data may be viewed as mapping from
the object space to an image space. Since most GPRs use broad beam width antennas, the energy reflected
from a buried structure is recorded over a large lateral aperture in the image spare, migration algorithms are
used to reconstruct an accurate scattering map by refocusing the recorded scattering events to their true spatial
locations through a backpropagation process. The goal of this paper is to present a pair of finite-difference time-
domain (FDTD) reverse-time migration algorithms for GPR data processing. Linear inverse scattering theory is
used to develop a matched-filter response for the GPR problem. The reverse-time migration algorithms,
developed for both bistatic and monostatic antenna configurations, are implemented via FDTD in the object
space. Several examples are presented [J2293]

"Development and use of a GPS ionospheric scintillation monitor"
Global Positioning System (GPS) satellite signals provide convenient radio beacons for ionospheric studies.
Among other propagation phenomena, the ionosphere affects GPS signal propagation through amplitude
scintillations that develop after radio waves propagate through ionospheric electron density irregularities. This
paper outlines the design, testing, and operation of a specialized GPS receiver to monitor L-band amplitude
scintillations: the Cornell scintillation monitor. The Cornell scintillation monitor consists of a commercial GPS
receiver development kit with its software modified to log signal strength from up to 12 channels at a high data
rate (50 samples/s). Other features of the receiver include the optional assignment of a channel to monitor the
receiver noise level in the absence of signal tracking and the means to synchronize measurements between
nearby independent receivers to perform drift measurements and correlation studies. The Cornell scintillation
monitor provides characterization of the operational L-band scintillation environment and additionally permits
study of the multipath environment of a static antenna, GPS scintillation monitors can provide information about
the state of ionospheric irregularities for pure research purposes as well. Their strength lies in the fact that they
are inexpensive and compact and therefore can he readily proliferated. Even a single scintillation monitor can
supplement radar spatial coverage of irregularities in a limited way because it monitors several satellite lines of
sight simultaneously [J2294]

"An ERS-1 synthetic aperture radar image of a tropical squall line compared with weather radar
data"
A radar image acquired by the C-band synthetic aperture radar (SAR) aboard the European Remote Sensing
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satellite ERS-2 over the coastal waters south of Singapore showing radar signatures of a strong tropical squall
line (“Sumatra Squall”) is compared with coincident and collocated weather radar data. Squall line features such
as the gust front, areas of updraft convergence, and rain areas are identified. Possible attenuation effects from
the rain drops in the atmosphere under very heavy rain (rain rate >100 mm/h) is suggested. In addition, the
possibility of extracting the associated geophysical parameters, i.e., rain rate and wind speed from SAR imagery
is investigated. The rain rate is estimated from the attenuation signature in the SAR image. Comparison between
the estimated rain rate and weather radar rain rate shows consistency. Wind speed associated with the squall
line is estimated based on the CMOD4 wind scatterometer model. The estimated wind speed pattern appears to
be in agreement with the observed squall line structure. Possible errors in the wind estimation due to effects of
rain are suggested [J2295]

"A new subaperture approach to high squint SAR processing"
A high squint subaperture (HSS) algorithm was developed from the perspective of a strip map synthetic aperture
radar (SAR) system and has the ability to focus SAR data at extremely high squint angle of 55° with less than
1.27% mainlobe expansion or even higher squint angles if larger mainlobe expansion can be tolerated. The
unique characteristic of this algorithm is that the subapertures are formed by multiplying the received signal with
a set of overlapped complex conjugated reference signals where the chirp rate varies in the azimuth direction.
This is done to solve the range focus problem that arises after the azimuth input signal undergoes the range
walk removal procedure. As the IISS algorithm only involves short fast Fourier transforms (FFTs) and avoids
interpolation, it is computationally efficient and allows for small data buffers and facilitates hardware real-time
implementation. The distinct feature of this algorithm is its simplicity of implementation, which is vital in real time
processing and motion compensation when the squint angle may be changing continuously [J2296]

"New applications of nonlinear chirp scaling in SAR data processing"
New applications of nonlinear chirp scaling (NLCS) have been found in processing monostatic and bistatic SAR
data acquired in the strip-map mode. When the effects in impulse response broadenings due to quadratic range
migration are negligible for short radar wavelengths, a time domain range cell migration correction (RCMC) can
be applied. After the correction, the FM rates of targets confined in a range gate will differ from each other. A
nonlinear chirp perturbation function can be applied to each range gate to equalize the targets' FM rates before
azimuth compression. This algorithm is analyzed in the paper and is supported by point target simulation
experiments [J2297]

"Response to Comments on "Modified Hough Transform for Searching Radar Detection""
"For original paper see Z. Jiankui,H. Zishu,M. Sellathurai,L. Hongming, ibid., vol.5 no.4, p.683-86, (2008)." In our
paper, we provided a modified Hough transform algorithm for radar detection which reduces the computation
load over conventional methods. Additionally, we analyze the detection performance which includes the detection
probability. It is well known that the detection probability is important in setting the detecting threshold in radar
detection. So, the comments by Mr. Ji and Mr. Mingxing about calculating the detection probability are useful. In
our paper, there is a mistake in the analysis of the detector statistics. As Ji and Mingxing point out, the
formulation (5) and (7) in our original letter should be replace by the formulation (2) and (3) in the comments,
respectively. But the method step provided in Section III in our letter is correct. [J2298]

""Flashing Fields" in nearly simultaneous ENVISAT and ERS-2 C-band SAR images"
Large differences are observed between radar backscatter measurements made by the ENVISAT and ERS-2
satellite synthetic aperture radars, within 30 min of each other over certain agricultural fields in Flevoland, The
Netherlands. The differences appear to be caused by the presence of highly directive scattering combined with
very small variations in the azimuth illumination angle of the two sensors at the degree or subdegree level.
There is relatively little awareness of such sensitivity to illumination direction, and it is not predicted by models
for microwave interaction usually applied to soils and vegetation. It is, however, to be expected if there are
significant contributions from coherent scattering extending over patches of the agricultural fields in question. We
present analysis that supports such a conclusion. [J2299]
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