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METHOD FOR CLUTTER REJECTION IN
DIGITAL IMAGERY

FIELD OF THE INVENTION

The present invention generally relates to a method for
attenuating stochastic effects in a digital image, and in
particular, to a method for rejecting clutter in a digital image,
such that structures in the digital image formerly obscured
by such stochastic effects or clutter are more readily recog-
nizable or detectable.

BACKGROUND OF THE INVENTION

Various methodologies have been utilized over the years
to achieve detection of structures or targets (e.g., man-made
structures, such as roads, buildings, vehicles, etc.) from
space and/or airborne platforms. One such methodology is
known as automatic data screening, which is a critical
capability for imagery collection systems operating in a
wide area search mode. Such automatic data screening is
particularly useful for timely processing image data, espe-
cially in tactical situation and in view of the diminishing
number of imagery analysts available to exploit the collected
imagery. However, automatic data screening is, at times,
problematic due to difficulties in maintaining a tolerable
false alarm rate (c.g., false detection of objects/targets).
Other methodologies for detection of structures have
involved local methods such as small kernel convolvers or
morphological filters. Unfortunately, these particular meth-
odologies can produce unexpected results. And finally, still
other methodologies depend upon repetitive target structure
or convolved clutter, which is not typically present.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a method for detecting objects of interest (e.g.,
man-made structures, such as vehicles, buildings, roads,
etc.) from digital imagery.

It is another object of the present invention to provide a
method for attenuating clutter or stochastic effects in digital
imagery to enhance recognition or detection of objects of
interest.

It is a further object of the present invention to provide a
method for timely decorrelating stochastic effects in a digital
image while preserving the structure(s) in the digital image,
such that the structure(s) are recognizable (e.g., through
conventional automatic target recognition methodologies)
and a tolerable false alarm rate is maintained.

It is yet another object of the present invention to provide
a method for rejecting clutter to enable detection/recognition
of structures/objects/targets utilizing a single digital image
(e.g., a digital image from an optical, infrared, or synthetic
aperture radar imaging system).

The method of the present invention achieves one or more
of these objectives by applying several (i.e., two or more)
transforms to a single digital input image. Applying selected
transforms, each of which is designed to reveal obscured
objects of interest, to the single digital input image tends to
preserve the structure(s) in the image while acting on the
clutter (i.e., stochastic effects) in distinctly different ways,
such that the clutter is decorrelated across the several
transformed images. Such transformed images may be com-
bined to produce a filtered image, whereby objects of
interest are more readily detectable/recognizable than with
any one of the transforms alone. Advantageously, only a
single digital image of an area of interest is required by the
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method of the present invention. As such, the method of the
present invention is particularly useful due to limited imag-
ing resources, and the fact that multiple looks at the same
arca of interest may not be possible within a given required
time frame.

Generally, the method of the present invention is particu-
larly suited for filtering clutter from a first digital input
image, such that at least a first object, target or structure in
the first digital input image, formerly obscured by the clutter,
is detectable/recognizable. In one aspect of the present
invention, such filtering may be accomplished in a timely
manner by applying or performing at least first and second
transforms to first digital image data corresponding to the
first digital input image, the first digital image data being in
the image intensity domain, performing an appropriate fil-
tering operation to retain, in first and second transform
domains, at least a portion of transform indication(s) corre-
sponding or at least correlatable to the structure, applying to
the remaining transform indications inverse first and second
transforms, and processing the filtered first digital image
data to produce a single filtered image and/or image data.

More specifically, in one embodiment, the method of the
present invention includes the steps of applying or perform-
ing a first transform to transform first digital image data
corresponding to a first digital input image from one of an
optical, infrared and synthetic aperture radar imaging system
into first transformed digital image data in the first transform
domain, applying or performing a second transform to
transform the first digital image data into a second transform
domain, the first and second transformed digital image data
in the first and second transform domains each having first
and second transform indications corresponding or at least
correlatable to at least the first object and the clutter,
respectively, filtering the transformed digital image data by
retaining at least a portion of the first transform indications
corresponding to the first object in the first and second
transform domain, applying or performing an inverse first
transform to transform at least a portion of the first transform
indication in the first transform domain into at least a first
filtered indication from the first transform domain, in the
image intensity domain, and applying or performing an
inverse second transform to transform at least a portion of
the first transform indication in the second transform domain
into at least a first filtered indication from the second
transform domain, in the image intensity domain. In this
embodiment, the first and second transform domains are
different. For example, the first transform domain may be the
Karhunen-Loeve or Eigen space domain and the second
transform domain may be the wavelet coefficient domain.
For purposes of further enhancing attenuation of clutter,
such that the structure(s) of the image is/are detectable/
recognizable, the method may further include the steps of
applying or performing a third transform to transform the
first digital image data into a third transform domain, the
third transformed digital image data in the third transform
domain having first and second transform indications cor-
responding or at least correlatable to at least the first object
and clutter, respectively, filtering the third transformed digi-
tal image data to alter and/or modify the spatial frequency of
the clutter/stochastic effects and to increase the contrast of
the structure(s)/non-stochastic feature(s) relative to the
clutter/stochastic effects in the third transform domain, and
applying or performing an inverse third transform to trans-
form the modified/altered third transformed digital image
data into modified image data in the image intensity domain.
The method may further include the step of combining two
or more of the first filtered indications in the image intensity
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domain to produce a first filtered image, or, alternatively, the
step of processing two or more of the first filtered indications
in the image intensity domain using a principal component
analysis, the result of which is that at least the first object
may be recognizable or detectable now that the clutter or
stochastic effects have been decorrelated.

In another aspect, the method of the present invention is
directed to enhancing the recognizability/detectability of
structures in a digital image in a timely manner, the struc-
tures being initially obscured by clutter or stochastic effects.
In this aspect of the present invention, the method generally
includes the step of prescreening first digital image data
corresponding to a first digital image for candidate objects or
structures of interest, such that at least a first digital sub-
image may be selected, the first digital sub-image including
at least a first candidate object of interest. Such prescreening
is especially useful for analyzing wide area images for
objects or structures in a timely manner, especially since
such wide area images can encompass hundreds of square
nautical miles. More specifically, in one embodiment of this
aspect of the invention, the method includes the steps of
prescreening first digital image data corresponding to a first
digital image for at least a first candidate object to select a
first digital sub-image, the first digital sub-image including
at least the first candidate object and being a portion of the
first digital image, applying or performing a first transform
to the first digital sub-image data to transform the first digital
sub-image data in the image intensity domain into first
transformed sub-image data in a first transform domain, the
first transformed data including at least first and second
separable transform indications in the first transform domain
corresponding or at least correlatable to at least the first
candidate object and the stochastic effects, respectively, in
the image intensity domain, retaining at least a portion of the
first transform indication in the first transform domain,
performing a first inverse transform to transform at least the
first transform indication in the first transform domain into
at least a first filtered indication of the first digital sub-image
data from the first transform domain, which may result in at
least the first candidate object being recognizable due to the
decorrelation of the clutter. The steps of applying another
transform different than the first transform to the first digital
sub-image data, retaining at least a portion of a transform
indication corresponding to the first candidate object and
applying an inverse transform different than the first inverse
transform to a retained transform indication may be con-
ducted on the first digital sub-image data to further enhance
recognizability/detectability of at least the first candidate
object.

Generally, the step of prescreening the first digital image
data functions to focus the recognition/detection analysis
upon a selected portion of the first digital image. In one
embodiment, the prescreening step includes the steps of
performing a high pass filter transform to transform the first
digital image data in the image intensity domain into trans-
formed image data in a transform domain having at least first
and second transforms separable indications in the transform
domain corresponding to at least the first candidate object
and the stochastic effects, respectively, in the image intensity
domain, discarding at least a portion of the second transform
indication in the transform domain, performing an inverse
transform to transform at least the first transform indication
in the transform domain into at least a first filtered indication
of a first processed digital image data from the transform
domain, and thresholding in the image intensity domain the
first processed digital data from the transform domain for at
least the first candidate object having at least a first image
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intensity level to select at least the first digital sub-image, the
first digital sub-image including the first filtered indication
from the transform domain, whereby the first candidate
object corresponds to the first filtered indication from the
transform domain. In one embodiment, the high pass filter
transform domain is the Karhunen Loeve domain (i.e., Eigen
space domain).

As such, the method of the present invention is particu-
larly useful in detecting, recognizing and/or classifying a
wide variety of obscured objects/targets/structures using
imagery from various types of digital imagery (e.g., optical,
infrared and synthetic aperture radar images). In addition,
synergistic effects among various types of imaging systems
could be exploited. For example, the method of the present
invention could be applied to X-band synthetic aperture
radar imagery to produce more information about obscured
targets/objects/structures which were detected by an ultra
high frequency radar system used to cue the X-band syn-
thetic aperture radar system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart illustrating one embodiment of the
method of the present invention;

FIG. 2 is a flow chart illustrating another embodiment of
the method of the present invention;

FIG. 3 is a mathematical representation of a portion of the
methodology illustrated in FIG. 2, showing the steps of
applying a discrete Karhunen-Loeve (“K-L”) transform to
image data, filtering in the K-L. domain and applying an
inverse discrete Karhunen-Loeve transform;

FIG. 4 is a mathematical representation of another portion
of the methodology illustrated in FIG. 2, showing the steps
of applying a discrete wavelet transform to image data,
filtering in the wavelet coefficient domain and applying an
inverse wavelet transform;

FIG. § is a mathematical representation of another
embodiment of the method of the present invention, using a
principal component analysis;

FIG. 6 is a flow chart illustrating another embodiment of
the method of the present invention; and

FIG. 7 is a mathematical representation of the flow chart
illustrated in FIG. 6.

DETAILED DESCRIPTION

FIGS. 1-7 illustrate the various features of the method of
the present invention. Generally, the method of the present
invention is directed to processing digital image data relat-
ing to images collected by an optical imaging system (e.g.,
real image data) and infrared imaging system (e.g., real
image data) and/or a synthetic aperture radar imaging sys-
tem (e.g., real or complex image data) for the purpose of
enhancing the detectability and/or recognizability of one or
more structures, objects or targets (e.g., land, air, sea-based
vehicles, buildings, roads, or other man-made structure). In
this regard, the method of the present invention is adapted to
improve detection of obscured structures. For example, the
method may be utilized for foliage penetration enhancement
for X-band synthetic aperture radar systems since the higher
center frequency of the X-band typically suffers attenuation
by the foliage which reduces detected target or object
returns.

Generally, the method of the present invention involves
the processing of some given image data, real or complex,
where a large amount of stochastic corruption (i.e., clutter)
inhibits signals of interest, such as discrete signals, from
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being readily evident or recognizable to users of the image
data. More specifically, the method of the present invention
is directed to processing digital image data from an optical,
infrared and/or synthetic aperture radar imaging system to
detect and/or recognize a cultural object or structure which
is obscured by clutter. In this regard, the objective of the
methodology is to separate desirable signals or data (e.g., a
signal from a structure) in a first image data corresponding
to a first digital image from undesirable signals or data (e.g.,
corruption signals corresponding to obscuration) in the first
image data, and to retain the desirable signals while rejecting
the undesirable signals. As such, the method of the present
invention functions to de-correlate stochastic effects while
preserving the structure(s) of the digital image.
Advantageously, and of particular importance, for purposes
of de-correlating such stochastic effects, for a given area of
interest, only one image is necessary, as opposed to multiple
images of the area of interest. Such capability is especially
useful for wide area search modes of imagery collection
systems in view of timeliness concerns in tactical situation
and in view of the dimensioning number of image analysts
available to exploit what imagery is collected.

Referring to FIG. 1, the method 10 of the present inven-
tion generally includes the step of 20 applying or performing
first and second transforms to transform the first digital
image data into first and second transform domains,
respectfully, the step 30 of discarding at least a portion of the
transform indications in the first and second transform
domains which correspond and/or at least correlate to clutter
or stochastic effects, the step 40 of applying or performing
inverse first and second transforms to transform the retained
transformed indications corresponding and/or at least cor-
relatable to a structure or object into filtered indications in
the first and second transformed domains, respectfully (e.g.,
in the image intensity domain), and from the step 50 of
processing the filtered indications corresponding to objects
or structures to produce a single filtered image in the image
intensity domain.

In one embodiment, illustrated in FIG. 2, the method
includes the steps 120a, 120b, 120c of separately applying
to the first digital image data a wavelet transform (e.g., a
discrete wavelet transform), a Karhunen-Loeve transform
(e.g., a discrete low order Karhunen-Loeve transform) and a
Fourier transform (e.g., a discrete two-dimensional Fourier
transform), respectfully, to transform the first digital image
data into the wavelet coefficient domain, the Karhunen-
Loeve or eigenspace domain and the spatial frequency
domain, respectfully. Applying a discrete wavelet transform
to the first digital image data transforms the first digital
image data into (e.g., the Daubechies four coefficient
wavelets) the wavelet coefficient domain, whereby wavelet
coefficients corresponding or at least correlatable to clutter
or stochastic effects are identifiable or locatable within the
wavelet coefficient domain. For purposes of filtering the
transformed digital data in the wavelet coefficient domain,
the methodology further includes the step 130a of discarding
at least a portion of the wavelet coefficients which corre-
spond to the clutter. In particular, a low frequency region of
wavelet coefficients may be discarded, such low frequency
region corresponding to the clutter, while the high frequency
region of wavelet coefficients which correspond to objects or
structures within the digital image is retained. In this
embodiment, selected portions of an upper left region of an
N by N wavelet coefficient data set may be zeroed to discard
wavelet coefficients which correspond to clutter (which will
be described in more detail hereinbelow). Thereafter, the
method includes the step 140a of applying an inverse
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6

wavelet transform to the retained or remaining wavelet
coefficients or transform indications in the wavelet coeffi-
cient domain into the image intensity domain such retained
wavelet coefficients substantially corresponding to and/or
correlatable to structures or objects within the first data
image.

Referring to FIG. 2, in this embodiment, the method
further includes the step 130 of discarding Karhunen-
Loeve coefficients or eigenvectors which correspond to
clutter in the Karhunen-Loeve or eigenspace domain. More
specifically, for purposes of filtering the transformed digital
image data in the eigenspace or Karhunen-Loeve domain to
retain Karhunen-Loeve coefficients corresponding to the
structure while discarding Karhunen-Loeve coefficients cor-
responding to clutter, the step 1306 of discarding comprises
discarding the dominant eigenvector, which corresponds or
is at least correlatable to the clutter. In this regard,
Karhunen-Loeve coefficients associated with the minor
eigenvectors are retained, since the clutter in a synthetic
aperture radar pixel intensity image is projected largely on
the dominant eigenvector. By eliminating the Karhunen-
Loeve coefficients associated with the dominant eigenvector,
clutter is attenuated considerably more than the structure of
the image. Thereafter, the method includes a step 1406 of
applying an inverse Karhunen-Loeve transform to the
retained transform indications (e.g., minor eigenvectors)
which correspond or at least correlate to a structure(s) or
object(s) within the image. Such inverse Karhunenl.oeve
transform transforms the retained Karhunen-Loeve or eigen-
vectors from the Karhunen-Loeve domain back into image
intensity domain.

In this embodiment, illustrated in FIG. 2, the method
further includes a step 130c of filtering the transformed first
digital image data in the spatial frequency domain by
altering the spatial frequency of the clutter or stochastic
effects, such that the spatial frequency of the clutter is
decreased while the spatial frequency of the non-stochastic
effects (e.g., structures) remains relatively unaltered. In this
embodiment, in order to accentuate the non-stochastic fea-
tures relative to the stochastic effects, the step of 130c of
altering the includes the step of substituting a unity value
(e.g., Pseudo Modulus Constant, Butterworth Surface, etc.)
for the spatial frequencies of the amplitude of the non-
stochastic feature signature and the stochastic effect signal.
Thereafter, the method further includes the step 140c of
applying an inverse Fourier transform to transform the
spatial frequency of the phases of the non-stochastic feature
signature and the stochastic effect signal, along with unity
values of the spatial frequencies of the amplitudes of the
non-stochastic feature signature and the stochastic effects
signal into modified/altered digital image data in the image
intensity domain.

More specifically, the digital input image “d” is input to
a two-dimensional discrete Fourier transform (“DFT”) with
“z” being the digital complex output, which is then normal-
ized. An inverse two-dimensional DFT is then applied to
produce the output. For example, for a complex synthetic

aperture image denoted as “z™:
Z=XHjy;
where each of “x” and “y” is a real number, “x” being the

in-phase component and “y” being the quadrature com-
ponent; and “j” is defined by:
=1

The amplitude, “|Z|[” of the first complex image (e.g., first
amplitude data of the first image) may be obtained by taking
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the square root of the in-phase component, squared (i.e., X°)
plus the quadrature component, squared (i.e., y*). The phase
of the complex image is the standard four quadrant inverse
tangent of the ratio “y/x” ranging from —180° to +180°, for
“x” non-zero. The definition of a two-dimensional discrete
Fourier transform is provided hereinbelow for an “N by N”

input data set:
D(, M=(1/N)ZZd(x, y)(exp[-j2n(ux+vy)/N),

.., N-1, y=0, ..., N-1 and the
.., N-1,v=0, . ..,

where d(x, y), x=0, .
double summation is over u=0, .
N-1.

And, every complex value “z” output from the two-
dimensional Fourier transform is transformed to “z/|7||”,
where “||z|” is defined as the amplitude of “z”. In this regard,
normalization is used to defeat/reduce clutter by virtue of the
whitening effect the normalization has on the clutter.

For the low order discrete Karhunen-Louve transform
(DKLT), the input to the process is an ensemble “X* of Nx1
vectors which are standardized to zero mean and unit
variance, denoted as Z, illustrated in FIG. 3. The Correlation
Matrix, “C.” is computed as indicated hereinbelow with the
superscript “t” indicating matrix transpose. The resulting
eigenvalues and eigenvectors of C, are denoted by Ay, A, .

. > hay and €4, €5, . . ., €y, T6SP., Wwhere “E” denotes the

matrix composed of the eigenvectors. The input ensemble
“X” is now transformed to the Karhunen-Louve domain as
indicated hereinbelow, denoted “Y”. In order to filter the
data, a modified eigenvector matrix “E,” is formed which is
comprised of the first “k” with the zero vector, where the
dominant eigenvector is discarded. Next, the process is
reversed to return to the standardized domain of “Z”, then
finally transformed to the original domain of “X”, donated
by “X” with a “caret” above which is the filtered result.

As illustrated in FIG. 4, for the orthogonal wavelet
representation of imagery, the NxN input digital image is
“A,”, with wavelet kernels as indicated, which are NxN
invertible matrices to be multiplied recursively as shown
starting with the input image “A;” to produce different
effects. In the wavelet coefficient array, all of the “D*”
subarrays are the result of filtering the preceding subarray so
as to preserve horizontal structure, all the “D?” subarrays are
the result of filtering the preceding subarray so as to preserve
diagonal structure, and all the “D>” subarrays are the result
of filtering the preceding subarray so as to preserve vertical
structure. Filtering is accomplished by, for example, zeroing
“A,” (e.g., the dc region coefficients), illustrated in FIG. 4,
then reversing the process to return to the original domain of
the input digital image “A,”.

Thereafter, the method further includes the step 150 of
combining the filtered indications in the image intensity
domain to produce a first filtered image, as illustrated in FIG.
2. In an alternative embodiment, illustrated in FIG. 5, the
filtered indications in the image intensity domain are pro-
cessed using a principle component analysis, the result of
which is that an object may be recognizable or detectable in
view of the decorrelation of the clutter or stochastic effects
in the original, first digital image data. A complete input
digital image “d” is filtered after applying all three trans-
forms (i.e., low order discrete Karhunen-Louve transform
(“LO DKLT”), discrete wavelet transform (“DWT”) and
discrete Fourier transform (“DFT”)), substantially as
described hereinabove, with the resulting digital image
outputs “dg;”, “dy”, and “dz” being the basis for a matrix
“X” which is to be used for principal component analysis, as
illustrated in FIG. 5. The result of the principal component
analysis on the matrix “X” produces the eigenvalues X, i,
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k5, and the eigenvectors €4, €,, €5, which are combined for
exploitation into digital images “Y” and “W”.

In another embodiment, for purposes of enhancing the
recognizability/detectability of structures in a digital image
in a timely manner, the method of the present invention
initially includes the step of pre-screening first digital image
data corresponding to a first digital image for candidate
objects or structures of interest, such that a first sub-image
is selectable, the selected first sub-image including a first
candidate object of interest. Thereafter, the method includes
the step of filtering clutter from the selected first sub-image.
More specifically, and referring to FIG. 6, the method 310
includes the step 322 of applying a first transform to the first
digital image data to transform the first digital image data
from the image intensity domain into a first transform
domain, the step 332 of discarding at least a portion of the
transform indication in the first transform domain which
corresponds to clutter or stochastic effects, the step 342 of
applying an inverse first transform to the remaining or
retained transform indications which correspond to structure
and, the step 370 of selecting sub-image data within the
filtered first digital image data, the sub-image data including
a first candidate object or structure of interest. In this
embodiment, the step 322 of applying the first transform
includes the step of applying a Karhunen-ILoeve transform to
the first digital image data. In this regard, the step 332 of
discarding at least a portion of the transform indication
which corresponds to clutter includes the step of discarding
the Karhunen-Loeve coefficients associated with the domi-
nant eigenvector to retain the Karhunen-Loeve coefficients
associated with the minor eigenvectors. As such, the step
342 of applying an inverse first transform to the retained
transform indications includes a step of applying an inverse
Karhunen-Loeve transform to at least the minor
eigenvectors, which correspond to structure (e.g., the first
candidate object) within the image. Such pre-screening is
especially useful in wide area searches for coarse screening
to thereby select the first sub-image of interest.

Thereafter, and as illustrated in FIG. 6, the selected first
sub-image data is filtered using additional high pass filter
transforms. In particular, the method 310, illustrated in FIG.
6, further includes the steps 382a of applying a second
transform to the selected first sub-image data, the step 386a
of discarding at least a portion of the transformed indication
in the second transformed domain which corresponds at
least to clutter, and the step 388a of applying an inverse
second transform to the retained transformed indications
which correspond at least to structure to transform such data
back into the image intensity domain from the second
transformed domain. The method 310 further includes the
step 382b of applying a third transform to the selected first
sub-image data, the step 386b of discarding at least a portion
of the transform indication corresponding at least to clutter
in the third transform domain and the step 388b of applying
an inverse third transform to the retained transform indica-
tion corresponding at least to the first candidate object or
structure to transform such from the third transform domain
back into the image intensity domain. In this embodiment,
the second transform is a Fourier transform and the third
transform is a wavelet transform, substantially described
hereinabove with respect to other embodiments. Thereafter,
the filtered sub-image data from the Karhunen-Loeve trans-
form processing, the wavelet transform processing and the
Fourier transform processing are combined in step 390 into
a single filtered sub-image, such that the detectability/
recognizability of at least the first candidate object/structure
of interest is enhanced. In order to further enhance such
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recognizability/detectability of at least the first candidate
object, the method may further include using Poisson
Screening, a Newton filter and/or a shape discriminator to
produce a list of candidate non-clutter objects (e.g., the first
candidate object/structure of interest) for further use.

This special case of automatic data screening is further
illustrated in the flow diagram of FIG. 7, which depicts
pre-screening with the low order discrete Karhunen-Louve
transform (“DKLT”), then coupled with the wavelet trans-
form and the Fourier transform to achieve the multiple
transform effect. “I,” is the input digital intensity image
which is first input to a discrete Karhunen-Louve transform,
then is effectively high pass filtered by discarding the
dominant eigenvector, with “I,” being the result of the
inverse DKLT. “I,,” may be then screened for candidate
objects of interest by standard thresholding techniques. For
any subimage “Sg,” of “I,,” which is found with candidate
objects of interest, the corresponding sub-image “S,” of
“I,” is selected for input to the discrete wavelet transform
(“DWT”) and the discrete Fourier transform (“DFT”) to be
effectively high pass filtered as indicated in the flow diagram
with the resulting output sub-images being denoted by “S;”
and “Sz”. The three sub-images “S,,”, “Sy,”” and “Sz”, are
then combined as indicated after being standardized to zero
mean, and unit variance. “E[ T” and “Var[ ]” indicate the
usual expectation operator and variance operator as found in
elementary textbooks. The resulting combined digital inten-
sity image Pg is then further processed in a variety of ways
(e.g., Poisson Screening, Newton filter, shape discriminator,
etc.).

The foregoing description of the present invention has
been presented for purposes of illustration and description.
Furthermore, the description is not intended to limit the
invention to the form disclosed herein. Consequently, varia-
tions and modifications commensurate with above
teachings, and the skill or knowledge of the relevant art, are
within the scope of the present invention. The embodiments
described hereinabove are further intended to explain best
modes known for practicing the invention and to enable
others skilled in the art to utilize the invention in such, or
other, embodiments and with various modifications required
by the particular applications or uses of the present inven-
tion. It is intended that the appended claims be construed to
include alternative embodiments to the extent permitted by
the prior art.

What is claimed is:

1. A method for reducing clutter in a first digital image,
the first digital image corresponding to first digital image
data and including at least a first candidate object of interest
obscured by the clutter, wherein the first digital image data
is in an image intensity domain, said method comprising the
steps of:

performing first and second transforms to transform the

first digital image data in the image intensity domain
into first and second transformed image data in first and
second transform domains, respectively, wherein first
and second transform indications of each of the first
and second transformed image data corresponding to at
least the first candidate object of interest and the clutter,
respectively, in the first and second transform domains
are separable;

filtering at least a portion of the second transform indi-

cations corresponding to the clutter in the first and
second transform domains;

performing inverse first and second transforms on at least

the first transform indications in the first and second
transform domains, respectively, to transform at least
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the first transform indications into first filtered indica-
tions in the image intensity domain, the first filtered
indications corresponding to at least the first candidate
object of interest; and

performing one of first and second steps, said first step

comprising the step of combining the first filtered
indications in the image intensity domain to produce a
first filtered image, said second step comprising pro-
cessing the first filtered indications in the image inten-
sity domain using a principal component analysis.

2. A method as claimed in claim 1, wherein the first
transform domain is an Eigenspace domain, said performing
the first transform step comprising performing a discrete
Karhunen-Loeve transform to transform the first digital
image data in the image intensity domain into the Eigens-
pace domain.

3. A method as claimed in claim 2, wherein the first and
second transform indications in the FEigenspace domain
comprise first and second Karhunen-Loeve coefficients,
respectively, wherein the second Karhunen-Loeve coeffi-
cient is dominant.

4. A method as claimed in claim 3, wherein said filtering
step comprises the step of retaining, in the Eigenspace
domain, at least a portion of the first Karhunen-Loeve
coefficient corresponding to at least the first candidate object
of interest.

§. Amethod as claimed in claim 2, wherein said perform-
ing the inverse first transform step comprises the step of
performing an inverse discrete Karhunen-Loeve transform
to transform the first transform indication in the Eigenspace
domain into the first filtered indication in the image intensity
domain.

6. A method as claimed in claim 1, wherein the second
transform domain is a wavelet coefficient domain, said
performing the second transform step comprising the step of
performing a discrete wavelet transform to transform the
first digital image data in the image intensity domain into the
wavelet coefficient domain.

7. A method as claimed in claim 6, wherein the first and
second transform indications in the wavelet coefficient
domain comprise first and second wavelet coefficients in the
wavelet coefficient domain, respectively, wherein the second
wavelet coefficient has a frequency lower than the first
wavelet coefficient.

8. A method as claimed in claim 7, wherein said filtering
step comprises the step of retaining, in the wavelet coeffi-
cient domain, at least a portion of the first wavelet coeffi-
cient.

9. Amethod as claimed in claim 6, wherein said perform-
ing the inverse second transform step comprises the step of
performing an inverse discrete wavelet transform to trans-
form the first transform indication in the wavelet coefficient
domain into the first filtered indication in the image intensity
domain.

10. A method as claimed in claim 1, wherein the second
transform domain is a spatial frequency domain, said per-
forming the second transform step comprising the step of
applying a two-dimensional Fourier transform to transform
the first digital image data into second transformed image
data in the spatial frequency domain, the second transformed
image data having a first amplitude and a first phase.

11. A method as claimed in claim 10, wherein said
filtering step comprises the step of processing the second
transformed image data to retain the first phase of the second
transformed image data and to set the first amplitude of the
second transformed image data to unity to produce modified
transformed image data, wherein the spatial frequency cor-
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responding to the clutter is altered and the contrast corre-
sponding to at least the first candidate object of interest
relative to the clutter is increased from a first contrast level
to a second contrast level.

12. A method as claimed in claim 11, wherein said
performing the inverse second transform step comprises the
step of applying an inverse two-dimensional Fourier trans-
form to the modified transformed image data in the spatial
frequency domain to transform the modified transformed
image data into modified image data.

13. A method as claimed in claim 12, further comprising
the step of:

detecting the modified image data to transform the modi-

fied image data into the image intensity domain, the
modified image data in the image intensity domain
having at least an amplitude.

14. A method as claimed in claim 1, wherein said com-
bining step comprises one of the steps of adding and
multiplying at least the first filtered indications in the image
intensity domain to produce the first filtered image.

15. A method as claimed in claim 1, wherein at least the
first candidate object of interest is recognizable to users of
the image data.

16. A method for attenuating stochastic effects in a first
digital image, the first digital image corresponding to first
digital image data and having a structure correlated with the
stochastic effects, the structure including at least a first
candidate object of interest, said method comprising the
steps of:

prescreening the first digital image data to select at least
a first digital sub-image having first digital sub-image
data, wherein the first digital sub-image includes at
least the first candidate object of interest;

performing at least a first transform to transform the first
digital sub-image data in the image intensity domain
into first transformed sub-image data in a first trans-
form domain, wherein the first transformed sub-image
data includes at least first and second transform indi-
cations in the first transform domain corresponding to
at least the first candidate object of interest and the
stochastic effects, respectively, in the image intensity
domain, said first and second transform indications
being separable;

discarding at least a portion of the second transform
indication in the first transform domain; and

performing an inverse first transform to transform at least
the first transform indication in the first transform
domain into at least a first filtered indication of the first
digital sub-image data from the first transform domain.

17. A method as claimed in claim 16, wherein said

prescreening step comprises the steps of:

performing a second transform to transform the first
digital image data in the image intensity domain into
second transformed image data in a second transform
domain, wherein the second transformed image data
includes at least first and second transform indications
in the second transform domain corresponding to at
least the first candidate object of interest and the
stochastic effects, respectively, in the image intensity
domain, the first and second transform indication in the
second transform domain being separable;

discarding at least a portion of the second transform
indication in the second transform domain;

performing an inverse second transform to transform at
least the first transform indication in the second trans-
form domain into at least a first filtered indication of a
first processed digital image data from the second
transform domain;

10

15

20

25

30

35

40

50

55

65

12

thresholding in the image intensity domain the first pro-
cessed digital data from the second transform domain
for at least the first candidate object of interest having
at least a first image intensity level to select at least the
first digital sub-image, the first digital sub-image
including the first filtered indication from the second
transform domain, wherein the first candidate object of
interest corresponds to the first filtered indication from
the second transform domain.

18. A method as claimed in ¢laim 17, wherein the second
transform domain is an Eigenspace domain, said performing
the second transform step comprising performing a discrete
Karhunen-Loeve transform to transform the first digital
image data in the image intensity domain into the Eigens-
pace domain.

19. A method as claimed in claim 17, wherein said
discarding step comprises the step of retaining at least a
portion of the first transform indication in the second trans-
form domain.

20. A method as claimed in claim 17, wherein the second
transform domain is an Eigenspace domain, said performing
the inverse second transform comprising performing an
inverse discrete Karhunen-Loeve transform to transform at
least the first transform indication in the Eigenspace domain
into at least the first filtered indication of the first digital
image data from the Eigenspace domain.

21. A method as claimed in claim 16, further comprising
the steps of:

applying a two-dimensional Fourier transform to the first
digital sub-image data to transform the first digital
sub-image data into second transformed sub-image
data in the spatial frequency domain, the second trans-
formed sub-image data having a first amplitude and a
first phase;

processing the second transformed sub-image data to
retain the first phase of the second transformed sub-
image data and to set the first amplitude of the second
transformed sub-image data to unity to produce modi-
fied transformed sub-image data, wherein the spatial
frequency corresponding to the stochastic effects sig-
nals is altered and the contrast corresponding to at least
the first object relative to the stochastic effects signals
is increased from a first contrast level to a second
contrast level;

applying an inverse two-dimensional Fourier transform to
the modified transformed sub-image data in the spatial
frequency domain to transform the modified trans-
formed sub-image data into modified sub-image data;

detecting the modified sub-image data to transform the
modified sub-image data into the image intensity
domain, the modified sub-image data in the image
intensity domain having at least an amplitude.

22. A method as claimed in claim 16, further comprising

the step of:

combining the first filtered indications to produce at first
filtered sub-image, wherein at least the first candidate
object of interest is recognizable.

23. A method as claimed in claim 16, further comprising

the steps of:

processing at least the first filtered sub-image data corre-
sponding to the first filtered sub-image using at least
one of a Poisson screening technique, a Newton filter
and a shape discriminator.
24. A method as claimed in ¢laim 16, wherein at least the
first candidate object of interest is recognizable to users of
the image data.
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