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CLUTTER REJECTION THROUGH EDGE
INTEGRATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to image processing, and in
particular it relates to a method and apparatus for discrimi-
nating between a target and clutter in an image.

2. Background

The scenario in which this invention is applicable
involves relative motion between target and clutter.
Historically, clutter in imagery has caused great difficulty for
segmentation processes that are used to differentiate
between target and clutter. Clutter, at times, may appear to
be very target-like.

There are many different state-of-the-art approaches to
discriminate between a target and clutter in an image. One
approach is to use a spatial filtering technique. Numerous
different pattern recognition approaches may be used to
discriminate between target and clutter. Statistical charac-
terizations of the target and clutter have also been used in the
discrimination process. There have been processes to
increase the signal-to-noise ratio in imagery by integrating
successive frames. This integrative process has been shown
to work when objects in the image are moving. However,
clutter which may obscure a moving target in an image
containing both may have considerable body which doesn’t
appear to move in an image. It could, therefore, integrate up
and produce a low target to clutter ratio, i.e. poor discrimi-
nation. The problem of integrating moving targets is solved
by calculating and correcting for the velocity of the target
before integrating. None of these approaches, however,
address the problems that are addressed by this invention.

SUMMARY OF THE INVENTION

It is thus an object of the present invention to provide an
improved means and method for performing clutter rejection
in a moving target image to obtain an improved target to
clutter ratio.

It is also another object of the present invention to provide
a means for discriminating obscuring clutter from a moving
target in an image containing both.

It is further an object of the present invention to apply
edge detection and integration techniques to enhancement of
moving target discrimination relative to clutter in an image.

It is yet another object of the present invention to provide
a means for maintaining target centering in an image during
processing for discrimination enhancement relative to clut-
ter in an image.

These and other objects, benefits and advantages of the
present invention are provided by the present invention as
will be more clearly understood when the disclosure here-
inafter is considered in conjunction with the accompanying
drawings.

The present invention is a device and methodology for
discriminating a moving target in an image from surround-
ing background and clutter. The invention takes advantage
of the fact that the target is moving relative to the back-
ground and clutter in which it is immersed.

The invention accepts an input image from a seeker or
other image acquisition device. It then detects a target in the
image and extracts the edge content of that target. The edges
of the target are integrated over time by means of a leaky
integrator. Since the target is in motion during the
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integration, the optical flow of the target is estimated by
means of a correlation algorithm and removed from the
image. The optical flow information is used to produce target
centering information which provides the control feedback
to the image acquisition device or image source to maintain
real-time target-centering. This continuous target centering
in conjunction with the integration performed produces the
increased target to clutter ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following detailed description, reference will be
made to the accompanying drawings in which:

FIG. 1 is a functional block diagram of the present
invention.

FIG. 2 is a simulated target immersed in clutter.

FIG. 3 is the simulated target of FIG. 2 after processing
by the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

With reference to FIG. 1, the present invention, the edge
integration device 10 for clutter rejection through edge
integration and the method of performing same is depicted.
The edge integration device 10 may suitably comprise,
consist of, or consist essentially of a means for target
detection 16, which connects to receive its input from an
image source 12 via a switch 18, and which is connected to
provide its output to a filtering means 20. The filtering means
20 is connected to the integration means 24 which provides
the high target to clutter output image. The output of the
integration means 24 is also coupled to the optical flow
estimation means 28 which in turn is connected to the target
centering means 32. The target centering means connects its
output back to the image source 12 to control the source 12
for the purpose of maintaining the target centered in the
image continuously and in real-time to enhance the integra-
tion process performed by the integrating means 24.

It should be understood that the signals received and
produced by the edge integration device 10 could be either
analog or digital or both. As already mentioned the image
source 12 may be a seeker input. The switch 18 can be any
type of switch that can be used to provide an image input at
time Zero (t,) to the target detection means 16 to initialize the
clutter rejection operation of the invention. The switch 18
must then switch to the t;, position in FIG. 1 to connect the
image source 12 directly to the filtering means 20 after
device initialization and target detection has been accom-
plished. The filtering means can be any kind of high-pass or
band-pass filter dictated by the other means, e.g. digital,
analog, etc., selected for implementing the device 10. In a
preferred embodiment the target detection means 16 is a
spatio-temporal filtering technique, and the filtering means
20 is a Mexican Hat filter. The integration means 24 and the
optical flow estimation means 28 again can be analog or
digital operations and devices. In a preferred embodiment
both were accomplished using a computer and software
subroutines to perform the necessary operations digitally.
The target centering means 32 is, of course selected to utilize
an input from the optical flow estimation means 28 and
provide a control signal output to the image source 12 to
maintain target centering in the image being processed.
Operation

In operation, with reference to FIG. 1, the image source
12, a seeker for example, produces an image of a target and
background including clutter in which the target may be
immersed. A simulation of such an image is depicted in FIG.
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2 where a moving target appears centered in a background
including clutter patches which almost obscure the target.

The image produced by the image source 12 is input to the
target detection means 16, in a preferred embodiment, via
the switching means 18. The switching means 18 directly
connects the image source 12 to the target detection means
16 at time zero t, to initialize the device 10. Initialization
permits the moving target to be detected using a spatio-
temporal filtering process in a preferred embodiment, in the
first instance, so that thereafter it can be continuously
enhanced and tracked by the device 10. The spatio-temporal
filtering consists essentially of first performing a Gaussian
filtering operation on the current image and doing likewise
on a delayed version of the image. The current, filtered
image is then subtracted from the delayed filtered image. A
paper entitled “A Retina-like model for Motion Detection,”
by F. H. Eckman and T. S. Axebrod, of Lawrence Livermore
National Laboratory, Livermore, Calif. discusses such a
detection technique. The output of the target detection
means provides target location and velocity information.
After initialization, the switch 18 closes to the time one (t,)
position which bypasses the target detection means 16 and
connects the image source 12 directly to the filtering means
20.

The filtering means 20 performs a bandpass filtering
operation employing a well known kernel commonly known
as the “Mexican Hat”. The “Mexican Hat” kernel is formed
by subtracting a Gaussian kernel with broad support from a
Gaussian kernel with narrow support. A 3x3 size kernel was
used in a large tracking application.

The output of the filtering means 20 is provided as the
input to the integration means 24. The integration means 24
performs integration on the input using several stages of an
integrator of the form:

Vinl=A*v[n-1HB*xn]

where,

y[n]=the out signal.

x[n]=the input signal.

A and B are parameters to be chosen.
where the parameters A and B were chosen to sum to 1.0 and
where A=0.9+/-0.1 and B=0.1+/-0.1. The above integrator
is known to those skilled in the art as a “leaky” integrator.
It permits the invention to integrate the target up and the
clutter down. In a preferred embodiment the integration
means was performed digitally using a computer sub-routine
integration algorithm. The output of the integration means
24 is the output image with the target enhanced and the
clutter substantially reduced as shown in FIG. 3. This output
is also introduced into the feedback loop comprising the
optical flow estimation means 28 and the target centering
means 32. The optical flow of the target requires the prepa-
ration of a template by the optical flow estimation means 28
for correlation with successive images of the target. The
template is calculated by first segmenting the image. The
template size (patch) selected with the greatest amount of
energy is chosen to be the template for correlation. It should
be understood that template size can be changed periodically
or only when target appearance, ¢.g. aspect, changes. The
optical flow is given by the point at which there is maximum
correlation with the template in accordance with:

10

15

20

25

30

35

40

45

50

55

60

65

4

M N
o, j):ZZT(m, Wali+m=1, j=n—1)

m=1n=1

where,

O(i,j)=the result of the correlation.
T(m,n)=the target template.

I(i,j)=the input image patch.

i and j are the image indexes.

m and n are the template indexes;

M Horizontal diminsion of window in pixels
N Vertical dimension of window in pixels

In a preferred embodiment the optical flow estimation
means was a computer subroutine mechanizing the above
relationship. It could have alternatively been an electronic or
electromechanical mechanization.

The continuing correlation output of the optical flow
estimation means 28 is input to the target centering means 32
which provides the feedback to control the image sources.g.
seeker, focal plane array, etc., to keep the target initially
detected by the target detection means 16 centered in the
image continuously to permit the continuous integration
performed by integration means 24 enhancing and bringing
the target contribution to the image up while diminishing the
clutter contribution to the image. The present invention thus
picks off the target in an input image in such a way that it
can be continuously maintained centered in the image while
background moves relative to it so that a continuous “leaky”
integration process can be applied to it to produce a large
target to clutter ratio. The present invention thus enhances
the target relative to the clutter in the image and avoids the
problems that occur when clutter which has considerable
body and doesn’t appear to move in an image causes the
clutter to be integrated up, producing a lower target to clutter
ratio.

In summary the method of image processing of the
present invention for discriminating a moving target from
clutter in the image at any point in time requires perfor-
mance of the following steps:

1. detecting a moving target in an input image in con-

Junction with a target centering input;

2. extracting the edge content of said target;

3. integrating the extracted edges of said image over time

and providing an output image;

4. estimating the optical flow of said target; and

5. producing a target centering input from said optical

flow information for said detection step.

The structures and methods disclosed herein illustrate the
principles of the present invention. The invention may be
embodied in other specific forms without departing from its
spirit or essential characteristics. The embodiments of the
invention described herein are to be considered in all
respects as exemplary and illustrative rather than restrictive.
Therefore, the appended claims rather than the foregoing
description define the scope of the invention. All modifica-
tions to the embodiments described herein that come within
the meaning and range of equivalence of the claims are
embraced within the scope of the invention.

What we now claim as our invention is:

1. an image processing device for discriminating a target
from clutter in an image containing a moving target, said
device comprising:

a means for detecting a moving target in an image input,

said means additionally having a target centering input;

a means, connected to said detecting means, for extracting

the edge content of said target;
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a means, connected to said edge extracting means for
integrating the extracted edges of said image over time
to reject clutter, said integrating means providing an
output image;

a means, connected to said integrating means, for esti-
mating the optical flow of said target; and

a means, connected to receive as an input the output of
said estimating means and having its output connected
as an input to said detection means, for centering the
target in said image to permit the integrating means to
increase the target to clutter ratio.

2. The image processing device of claim 1 wherein said
means for detecting a moving target in an image input is a
spatio-temporal filter.

3. The image processing device of claim 2 wherein said
spatio-temporal filter, comprises:

means for Gaussian filtering a current image input;

means for Gaussian filtering a delayed version of said

current image input; and

means for subtracting the current filtered image from the

delayed filtered image.

4. The image processing device of claim 1 wherein said
means for extracting the edge content of said target is a
two-dimensional bandpass filter.

5. The device of claim 4 wherein said two-dimensional
bandpass filter, comprises:

a means for producing a Gaussian kernel with broad

support,

a means for producing a Gaussian kernel with narrow

support; and

a means for subtracting said broad support Gaussian

kernel from said narrow support Gaussian kernel.

6. The image processing device of claim 1 wherein said
means for integrating the edges of the image over time is a
leaky integrator performing clutter rejection and is of the
following form:

ynl=A*[n-11B*xx]

where,
y[n]=the out signal;
x[n]=the input signal;
A and B are parameters to be chosen.

7. The device of claim 6 wherein A and B are chosen to
sum to 1.0.

8. The image processing device of claim 1 wherein said
means for estimating the optical flow of the target, com-
prises:

means for calculating and storing a target template con-

taining the greatest amount of energy;

means for correlating the calculated template with each

successive image in accordance with

M N
O(i,j):ZZT(m,n)*I(i+m—1,j:n—1)

m=1 n=1

where,
O(i,j)=the result of the correlation;
T(m,n)=the target template;
1(i,j)=the input image patch;
i and j are the image indexes;
m and n are the template indexes;
M Horizontal diminsion of window in pixels
N Vertical dimension of window in pixels
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means for identifying the maximum correlation point for
the template in use, said maximum point defining
optical flow; and means for periodically recalculating
the template to reflect changes in the target shape.

9. The image processing device of claim 1 wherein said
means for centering the target in the image to permit the
integrating means to increase the target to clutter ratio is a
feedback device to control the image source selected from
the group consisting of a seeker and a focal plane array, so
that the target initially detected by said target detection
means is centered in the image continuously to permit
continuous integration by said integration means.

10. The method of image processing for discriminating a
target from clutter in an image containing a moving target,
comprising the steps of:

a) detecting a moving target in an input image in con-

junction with a target centering input;

b) extracting the edge content of said target;

¢) integrating the extracted edges of said image over time
to reject clutter and providing an output image;
d) estimating the optical flow of said target; and
¢) producing a target centering input from said optical
flow information for said detection step.
11. The method of claim 10 wherein said detecting step
includes spatio-temporal filtering.
12. The method of claim 11 wherein said spatio-temporal
filtering includes the steps of:

a) Gaussian filtering a current image input;

b) Gaussian filtering a delayed version of said current
image input; and
¢) subtracting the current filtered image from the delayed
filtered image.
13. The method of claim 10 wherein said extracting step
comprises the steps of:

a) producing a Gaussian kernel with broad support;
b) producing a Gaussian kernel with narrow support; and

¢) subtracting said broad support Gaussian kernel from
said narrow support Gaussian kernel.
14. The method of claim 10 wherein said integrating step
comprises performance of leaky integration for clutter rejec-
tion and is of the form:

ynl=A*n-1]+B*n]

where,
y[n]=the out signal,
x[n]=the input signal;
A and B are parameters to be chosen.
15. The method of claim 14 wherein parameters A and B
are chosen to sum to 1.0.
16. The method of claim 10 wherein the step of estimating
the optical flow of the target, comprises the steps of:

a) segmenting the image;

b) choosing the segment with the greatest amount of
energy to be a target template;

¢) calculating and storing said target template;

d) correlate the calculated template with each successive
image in accordance with

M

N
O, jy= ) Y Tm mxli+m=1, j=n-1)

m=1n=1
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where, ¢) identify the maximum correlation point for the template
O(i,j)=the result of the correlation; in use, said maximum point defining optical flow; and
T(m,n)=the target template;
I(1,j)=the input image patch; f) periodically recalculating the template to reflect

i and j are the image indexes;

m and n are the template indexes;

M Horizontal diminsion of window in pixels
N Vertical dimension of window in pixels * ok ok k%

5 changes in the target shape.



