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(57) ABSTRACT

Methods for suppressing cross-track clutter in a sounding
radar utilize polarimetric selectivity in two ways: (1) trans-
mitting full-beam circular polarization and separating the
desired signal of interest from the clutter based on the signal
and clutter having different polarizations, and (2) transmit-
ting and receiving circular polarization at the radar’s nadir
and elliptical polarization at the radar’s off-nadir regions and
filtering out the elliptical polarization.
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POLARIMETRIC SELECTIVITY METHOD
FOR SUPPRESSING CROSS-TRACK
CLUTTER IN SOUNDING RADARS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of prior filed, co-pend-
ing U.S. provisional application No. 60/938,226, filed on
May 16,2007, which is incorporated herein by reference in its
entirety.

STATE OF GOVERNMENTAL INTEREST

This invention was made with Government support under
National Aeronautics and Space Administration grant no.
NNGOSGL65G. The Government has certain rights in the
invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to sounding radars
and, more particularly, to methods for suppressing cross-
track clutter by distinguishing between “signal” and “clutter”
based on differences in their polarimetric signatures.

2. Description of the Related Art

Sounding by a down-looking radar from a large stand-off
range, as from a high-altitude aircraft or an orbiting space-
craft measures reflectivity as a function of penetration into a
medium such as ice sheets or dry soil. Sounding radars gen-
erally use long wavelengths (often six meters or more), since
penetration depth increases in proportion to wavelength. As a
consequence, the width of the antenna pattern tends to be
large in both the along-track direction and the cross-track
direction.

The intended direction of measurement is at nadir (directly
below the radar), but the wide antenna pattern illuminates
large areas ofterrain from which strong reflections may arrive
at the radar at the same time as the intended reflections (de-
sired signals) from layers internal to the sounding medium.
These desired reflections (signals) are relatively weak, and
may be obscured by the off-nadir returns. The latter are
known as clutter.

Offending clutter returns in the along-track direction may
be suppressed or avoided by partially-coherent Doppler pro-
cessing. However, the clutter that arises from off-nadir reflec-
tions in the cross-track direction remain problematic and in
many applications becomes the dominant factor limiting
radar sounding performance.

As is well known, right-circular “R” and left-circular “L”
fields are orthogonally polarized with respect to each other. In
response to illumination by a circularly polarized EM field,
the dominant sense of received circular polarization is oppo-
site to the transmitted sense. (Thus the paradox: for circularly
polarized radars the “like-polarized” and “cross-polarized”
concepts are reversed relative to the more familiar case for
linear polarizations.)

Transmitting R usually results in L-polarized backscatter
being stronger, so that R becomes the cross-polarized receive
state. This is because odd-bounce reflection usually domi-
nates, as from specular surfaces, Bragg scattering from a
distributed scene, or trihedrals (3-sided corners, either natural
or fabricated).

In contrast, double-bounce backscatter, such as from dihe-
dral reflectors, imposes an even number of phase reversals in
the linear EM component that is aligned with the dihedral’s
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axis, in which case stronger backscatter is observed in the
same-sense circular polarity. Double-bounce reflections of
circularly-polarized waves are indicated rather sensitively
through their corresponding Stokes parameters, specifically,
their relative phase. In the case of a lossless dihedral, the
phase would differ by 180° relative to that from a single-
bounce scattering surface or from alternative odd-bounce
shapes.

Sounding radars need to be designed to take advantage of
the different polarization characteristics of “signal” and
“clutter”. The fundamental property to be exploited is that
backscatter from (layers at) depth is single-bounce, whereas
off-nadir clutter is usually dominated by double-bounce
reflections. A generalized version of this property is that the
desired depth signals retain polarization characteristics that
differ from those of clutter. What is needed then are polari-
metric clutter suppression methods that depend on the extent
of polarization differences, and the ability to predict them (or
to recognize and adapt to them through dynamic processing
algorithms).

SUMMARY OF THE INVENTION

Therefore, the present invention has been made in view of
the above problems, and it is an objective of the present
invention to provide methods to suppress clutter in sounding
radars.

The invention comprises two polarimetric methods either
of which can significantly reduce the cross-track clutter level
relative to the desired sounding signals from depth. Both
inventive methods take advantage of a hybrid-polarity
method and architecture that provides a circularly-polarized
transmitted field, and a coherent dual-polarized receiver. The
resulting data are sufficient to fully characterize the backscat-
tered field, for which the four Stokes parameters are one
effective manifestation.

Cross-track clutter suppression follows from processing
strategies that are designed to distinguish between “signal”
and “clutter” based on differences in their polarimetric sig-
natures. The first method utilizes an antenna pattern that is
circularly polarized over the full antenna beamwidth. The
second sets up the antenna such that the field radiated at
boresight is circularly polarized, but in the cross-track off-
nadir directions the field is elliptically polarized.

More specifically, the first method for suppressing cross-
track clutter in a sounding radar comprises the steps of: trans-
mitting a circularly polarized electromagnetic (EM) field
over a full beamwidth of an antenna pattern; receiving a
coherently dual-polarized backscattered field containing
cross-track clutter and a desired signal having different polar-
izations; using data embedded in the received backscattered
field to calculate Stokes parameters that characterize the
receive backscattered field, using the calculated Stokes
parameters to identify the polarizations of the desired signal
and the cross-track clutter; and suppressing the cross-track
clutter using the difference in polarization between the cross-
track clutter and the desired signal.

The second method for suppressing cross-track clutter in a
sounding radar comprises the steps of: transmitting an elec-
tromagnetic (EM) field, having a first polarization at the
radar’s nadir and an EM field having a second polarization; at
the radar’s off-nadir regions; receiving a coherently dual-
polarized backscattered field, wherein backscatter received
from the nadir retains the first polarization and backscatter
received from the off-nadir regions retains the second polar-
ization; using data embedded in the received backscattered
field to calculate the Stokes parameters; using the calculated
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Stokes parameters to distribute the data according to the
extent of the second polarization; and suppressing the second
polarization using a passband centered on the first polariza-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, features and advantages of the
invention will be apparent from a consideration of the follow-
ing Detailed Description considered in conjunction with the
drawing Figures, in which:

FIG. 1 is a schematic view of the cross-track plane of a
space-based sounding radar.

DETAILED DESCRIPTION

In the following discussion, numerous specific details are
set forth to provide a thorough understanding of the present
invention. However, those skilled in the art will appreciate
that the present invention may be practiced without such
specific details. In other instances, well-known elements have
been illustrated in schematic or block diagram form in order
not to obscure the present invention in unnecessary detail.

The hybrid-polarity method and architecture summarized
below is discussed more fully in U.S. patent application Ser.
No. 12/116,357, filed May 7, 2008 which is incorporated
herein by reference in its entirety.

Given that the transmitted polarization is circular, it would
be natural to assume that the radar must be circularly polar-
ized on receive. However, if the radar is coherently dual-
polarized, then one form of its fundamental data product is the
set of four Stokes parameters. The value of these parameters
does not depend on the polarimetric basis in which they may
be calculated. It follows that choice of the polarization plan
for thereceiver is arbitrary, as long as it comprises an orthogo-
nal basis.

One alternative is to design the receiver around the lin-
early-polarized basis, popularly known as “H” and “V”. This
approach makes sense in practice, since a circularly polarized
radiated field often is generated by driving two orthogonal
linearly polarized antenna elements simultaneously, and 90°
out of phase. Following such transmission, a hybrid-polarity
radar simply retains the signals from the two linearly-polar-
ized receive channels, rather than forcing them back into
“same-sense” and “opposite sense” circularly-polarized rep-
resentations. (In the radar sounding context, it is convenient-
to refer to the linear antenna elements as “H” and “V”,
although the implied orientation with respect to the Earth’s
surface is meaningless when oriented toward nadir.)

As discussed in U.S. patent application Ser. No. 12/116,
357, the hybrid-polarity architecture offers several advan-
tages over more conventional “like and cross” dual-polarized
implementations, in addition to the inventive measurement
and discrimination features described below.

In the first inventive method, full-beam circular polariza-
tion, let the transmitted field be circularly polarized in the
conventional sense, having an axial ratio close to unity (near-
perfect circular polarization) over the full beamwidth of the
antenna pattern. Further, let the receiver be coherently dual-
polarized. Then the resulting data are sufficient to calculate
the Stokes parameters that characterize the observed back-
scattered field.

In the ideal situation, signals from depth will be single-
bounce, thus polarized in the sense opposite to that which was
transmitted. Off-nadir clutter will be dominated by double-
bounce reflections, thus polarized in the same sense as that
which was transmitted. In this simplified case, the clutter and
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signal will be at orthogonal polarizations and, hence, be char-
acterized by a 180° phase separation in Stokes parameter
space. Such clutter can be easily suppressed.

Radar sounders tend to favor very long wavelengths, such
as six meters or more. Their reflections from depth tend to be
dominated by specular (coherent) backscatter, which reverses
the sense of illuminating circular polarization.

Clutter could arise from large flat areas off-nadir, but to
generate strong backscatter these would have to betilted such
that their surfaces were orthogonal to the radar’s line-of-
sight. The most likely class of off-nadir clutter would be
double bounce. The inventive method will be effective under
these conditions. This method would be most applicable to
planetary (or lunar) radar sounders, for which choice ofwave-
length (or, equivalently, frequency) is relatively uncon-
strained, and the precedents all have very long wavelengths.

The situation is more complex at shorter wavelengths, such
as 70 cm (corresponding to 435 MHz, the lowest frequency
authorized by international protocol for radar sounding of the
Earth). At this wavelength, it has been observed over conti-
nental ice sheets that scattering from internal layers is not
purely specular, and clutter returns are not necessarily domi-
nated by double bounce. However, even under these circum-
stances, the inventive polarimetric selectivity method
remains as a potentially powerful tool, as long as (1) the
dominant characteristics of signal and clutter differ suffi-
ciently, and (2) their respective polarimetric signatures can be
identified, then subjected to an algorithm designed to enhance
signals, and to suppress the clutter.

The second inventive method involves the use of partial
elliptical polarization as discussed below. In anticipation of
sounding applications for which the signal and clutter pola-
rimetric characteristics are complex, it may be advantageous
to design the radar to illuminate the off-nadir regions with a
polarization that differs from that at nadir. As shown in FIG.
1, one way to accomplish that is to constrain the transmitted
electromagnetic (EM) field to be circularly-polarized only in
the nadir direction. As the viewing angle in the off-nadir
direction from the radar diverges from zero, the antenna array
is arranged such that the transmit and receive polarizations
naturally become increasingly elliptical. Thus, reflections
from off-nadir reflections are dominated by elliptical polar-
ization, rather than circular.

The key to this antenna plan is linearly-polarized elements,
separated in the plane in which beam selectivity is required.
Upon reception, the radar measures two mutually orthogonal
(linearly) polarized components of the backscattered field,
including their relative phase.

The received data are transformed into the four Stokes
parameters. The Stokes parameters are parsed to distribute all
data according to the extent of their elliptical polarization. In
the canonic case, in which the reflections from nadir retain
circular polarization, off-nadir clutter will be dominated by
elliptically-polarized signatures. Such clutter returns may be
suppressed by a passband (filter) centered on circular polar-
ization.

It is well known that simultaneously transmitting orthogo-
nal linearly-polarized signals from a pair of antennas whose
phase centers are co-located radiates a circularly-polarized
EM field. In the present embodiment, however, the antenna
elements comprising the two linear polarizations are inten-
tionally separated, by a baseline in the cross-track direction.
If these elements are driven 90° out of phase, the radiation
along their joint boresight towards nadir will be circularly
polarized.

Off-nadir, the extra range r for all angles suffered by the
longer path to the further antenna imposes an additional one-
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way phase delay ®=2mAr/A. The result is elliptically-polar-
ized fields in the off-nadir directions. The geometry is recip-
rocal: backscatter received from off-nadir sources will appear
to be elliptically polarized. Normalizing the baseline by
(mean) wavelength, it turns out that the optimum separation
between the two orthogonally-polarize antenna arrays (or
elements) 1s on the order of one-half wavelength.
In general, suppression of elliptically-polarized clutter is
nottotal, except for the case in which the clutter return and the
depth returns are orthogonally polarized with respect to each
other. That is because of a fundamental (conservation of
energy) principle: any elliptically polarized field can be rep-
resented as the sum of two circularly polarized constituents,
ofopposite sense, and differing weights. Therefore, the extent
of clutter suppression depends on the relative disposition of
its energy between the two senses of circular polarization. On
average, the suppression will be on the order of 3 dB, although
at best it could be many 10s of dB.
The discussion above uses as an example the Stokes
parameters to represent or characterize the received backscat-
tered field; however, a 2x2 coherency matrix or any represen-
tation that is a complete embodiment of the observable prop-
erties of the received backscattered field can be used instead
of the Stokes parameters.
The inventive polarimetric selectivity methods discussed
above offer new alternatives for means of suppressing off-
nadir clutter for any radar sounding instrument. Initial analy-
sis shows that relatively simple radar hardware in a suitable
architecture can lead to marked improvement in reducing the
radar’s susceptibility to non-nadir backscatter. As a result,
there will be significant improvement in the visibility of
returns from internal layers, and fewer troublesome ambigu-
ities.
While the invention has been described with reference to
example embodiments, it will be understood by those skilled
in the art that a variety of modifications, additions and dele-
tions are within the scope of the invention, as defined by the
following claims.
What is claimed is:
1. A method for suppressing cross-track clutter in a sound-
ing radar comprising the steps of:
transmitting a circularly polarized electromagnetic (EM)
field over a full beamwidth of an antenna pattern;

receiving a coherently dual-polarized backscattered field
containing cross-track clutter and a desired signal hav-
ing different polarizations;

using data embedded in the received backscattered field to

calculate Stokes parameters that characterize the receive
backscattered field;
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using the calculated Stokes parameters to identify the
polarizations of the desired signal and the cross-track
clutter; and

suppressing the cross-track clutter using the difference in

polarization between the cross-track clutter and the
desired signal.
2. The method as recited in claim 1, wherein in the using
data and using the calculated Stokes parameters steps, instead
of the Stokes parameters, a 2x2 coherency matrix is calcu-
lated and used to identify the polarizations.
3. The method as recited in claim 1, wherein in the using
data and using the calculated Stokes paramters steps, instead
of the Stokes parameters, a representation that is a complete
embodiment of the observable properties of the received
backscattered field is calculated and used to identify the
polarizations.
4. A method for suppressing cross-track clutter in a sound-
ing radar comprising the steps of:
transmitting an electromagnetic (EM) field, having a first
polarization at the radar’s nadir and an EM field having
a second polarization; at the radar’s off-nadir regions;

receiving a coherently dual-polarized backscattered field,
wherein backscatter received from the nadir retains the
first polarization and backscatter received from the off-
nadir regions retains the second polarization;

using data embedded in the received backscattered field to

calculate the Stokes parameters;

using the calculated Stokes parameters to distribute the

data according to the extent of the second polarization;
and

suppressing the second polarization using a passband cen-

tered on the first polarization.

5. The method as recited in claim 4, wherein the first
polarization is circular and the second polarization is ellipti-
cal.

6. The method as recited in claim 4, wherein in the using
data and using the calculated Stokes parameters steps, instead
of the Stokes parameters, a 2x2 coherency matrix is calcu-
lated and used to distribute the data according to the extent of
the second polarization.

7. The method as recited in claim 4, wherein in the using
data and using the calculated Stokes parameters steps, instead
of Stokes parameters, a representation that is a complete
embodiment of the observable properties of the received
backscattered field is calculated and used to distribute the data
according to the extent of the second polarization.



