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(57) ABSTRACT

A method, apparatus, and processing system for radar detec-
tion and tracking of a target using monopulse ratio process-
ing comprising the following steps. First, receiving a signal
comprised of a plurality of sum azimuth beams and differ-
ence azimuth beams. Then staggering the received signal.
Next, filtering and localizing a clutter signal which is a
portion of the received sum and azimuth beams. Then
adaptively forming a sub-array sum azimuth beam and a
sub-array difference azimuth beam from the filtered output
to cancel the clutter. The adaptive beam forming including
the determination of a sum and difference beam weight
where the adaptive weight be equated to a product of the
weight and the respective covariance matrices of the sum
and difference beams, the product having no constraint
points. Finally, forming a final sum azimuth beam and final
difference beam where the first sub array is related to the
sum and azimuth beams of a plurality of other sub-array sum
and difference beams, an overall final sum beam is formed
and is used for target detection. In addition, an overall final
difference beam is formed and the ratio of the overall final
difference beam to the overall final sum beam is used for
angle location determination.

24 Claims, 3 Drawing Sheets
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PRI-STAGGERED POST-DOPPLER
ADAPTIVE MONOPULSE PROCESSING FOR
DETECTION AND LOCATION OF A
MOYVING TARGET IN GROUND CLUTTER

FIELD OF THE INVENTION

This invention is directed to the cancellation of clutter
surrounding moving objects in radar applications preserving
a usable monopulse ratio to be formed using adaptive
processing techniques, and allowing both detection and
angle location determination of objects in the radar image.

BACKGROUND OF THE INVENTION

The problem of canceling clutter surrounding an object to
be resolved in a radar image is a constant struggle for all
radar applications. Specifically, clutter arises often times in
space borne or in airborne radar systems when imaging the
surface of the earth. In these applications the ground clutter
must be suppressed for target detection, and the angular
location of the object must be determined accurately to
enable tracking of the object. Commonly, space-time adap-
tive processing (STAP) is utilized for target detection, where
a sum beam is adaptively beam formed. However in order to
perform target tracking, or angle location using a monopulse
ratio, a ratio of adaptive difference beam to adaptive sum
beam needs to be determined, which requires the further
calculation of a difference beam. Unfortunately, as a result
of the commonly used STAP processing, any monopulse
ratio that could be developed would be distorted by the
adaption due to mainlobe clutter. This ratio is so distorted by
the clutter that it cannot be used for target angle location
determination.

There is a keen interest in space-based radar platforms for
large area surveillance. A space-based platform is able to
provide a much greater coverage area than the traditional
airborne platforms. For example space-based platforms have
unlimited access to any location on the earth whereas
airborne platforms may not. The main challenge to any of
these systems has been the elimination of the ground clutter
for detection and location of targets. This problem, which is
present in all radars, is then heightened when the relative
velocities of the object to the space-borne platform is great.
This relative velocity is extremely large when the radar
system is in orbit around the earth traveling at around 7500
my/sec and the object being detected and tracked is on the
earth traveling at around 20 MPH. In such instances the
object being detected and tracked is often completely
obscured by ground clutter and it is very difficult to form a
useable radar image of the object. Additionally, there is the
possibility that the object itself is actively transmitting a
jamming signal to prevent its discovery. Both the ground
clutter and the jamming signal have some value of jamming
power (J) associated with them. These are distinguished by
one being actively produced while the other is a product of
environmental factors. However, their effect is essentially
the same, resulting in poor image quality and an inability to
view the intended area.

There have been extensive studies of space-based radar
for moving target imaging (MTI). Some of these studies
include using STAP for ground clutter cancellation, as
discussed above, and the use of Periodic Repetition Interval
(PRI)-staggered post-Doppler filter banks. Ground moving
target imaging (GMTI) is also known, as well as adaptive
monopulse processing techniques based upon constraint
optimization. However, the prior art does not discuss utili-
zation of a variety of these techniques simultaneously, and
is mainly focused on adaptive clutter cancellation for target
detection and not for angle location purposes. Therefore
there is a need to achieve both tracking and detection in a
single unit.
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2

One known technique for STAP optimization or clutter
cancellation involves a tedious two-step procedure involv-
ing large size STAP optimization. The processing procedure
initially involves an unconstrained adaptation of the sum
beam. Secondly the difference beam is then adapted to
minimize the output clutter. However, this difference beam
clutter minimization is subject to the limitation that the
monopulse values must be preserved at several target angles
(constraint points), which results in increased utilization of
resources (i.c. the adaptive degrees of freedom), and more
importantly has been ineffective in producing and preserving
a usable monopulse ratio. Moreover, this technique has not
proven to be effective for the accommodation of mainlobe
clutter cancellation.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method
for determination of a single sum and difference beam
weight by taking data samples, determining the covariance
matrices of the sum and difference beams and the matrices
inverse then solving for the unit weight using the following
equation

_ (Rss + Rap) '8
(64 (Rgz + Raa)) '8

It is a second object of the present invention to provide a
method for determining a monopulse ratio using improved
adaptive processing techniques which overcome the hereto-
fore limitations on the utility of the monopulse ratio.

It is a further object of the present invention to provide a
device capable of developing a clear clutter free radar image
using the improved adaptive processing technique to deter-
mine a monopulse ratio which is sufficiently free from
mainlobe clutter to enable both detecting and angle location
determination while eliminating the tedious processes now
commonly known in the art.

The monopulse ratio is the ratio of the overall difference
beam to the overall sum beam of a radar array. To determine
the ratio, an array must first receive a data signal. This data
signal is initially processed to develop sum and difference
beams. These sum and difference beams are filtered to
localize the clutter, which is a portion of the received signal,
resulting in final sum and difference beams for each velocity
of data signal received by the array. These final sum and
difference beams are then adaptively processed in accor-
dance with this invention as follows.

First the sum and difference beams are deterministically
beam formed. Secondly the beam formed sum and difference
beams are related to a plurality of other deterministically
beam formed sum and difference beams. Next the adaptive
sum and difference weight is determined. This adaptive
weight is then used to determine the overall sum and
difference beams. It is these overall sum and difference
beams which are used to determine the monopulse ratio, by
dividing the difference beam by the sum beam. As a result
of common factor cancellation due to the assumption of a
single weight for both the sum and the difference beams a
monopulse ratio can be preserved.

In the present invention there is also provided a method
and apparatus for the cancellation of ground clutter to
produce a high quality radar image that can be used for both
detecting and tracking of moving objects. This is accom-
plished by a method for radar detection and tracking of a
target using monopulse ratio processing. Initially, a received
data signal is staggered to form a signal with a periodic
repetition interval (PRI). The received signal is then filtered,
and the clutter in the signal is localized. The filtered output
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is adaptively beam formed and processed to cancel the
clutter in the filtered output, and form a final sub-array sum
beam and final sub-array difference beam.

One feature of these applications is that the adaptive
processing step can be performed using space-time adaptive
processing. Additionally, the filter may be a Doppler filter
derived using a Fast Fourier Transform. Further, tapering
may be applied to reduce sidelobes when adaptively pro-
cessing the sub-array sum and difference beams.

In yet another aspect there is provided a program storage
device readable by a machine, tangibly embodying a pro-
gram of instruction, executable by said machine to perform
method steps for staggering PRI data, deriving a filtered
output from a localized clutter signal obtained from the PRI
data, adaptively forming a sub-array sum azimuth beam and
a sub-array difference azimuth beam from the filtered output,
canceling clutter in the filtered output using said sub-array
sum beam and said sub-array difference azimuth beam,
forming a final sum beam and final difference beam, wherein
the final sum beam is used for target detection and the ratio
of the final difference beam to the final sum beam is used for
angle location determination.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a flow chart showing the steps undertaken in
determining the monopulse ratio.

FIG. 2 is a flow chart showing the steps undertaken in the
method of detecting and tracking target objects.

FIG. 3 is a schematic diagram showing the radar appa-
ratus for tracking and detecting.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention is directed to a method for deter-
mination of a single beam weight which can subsequently be
used to determine a monopulse ratio, using improved adap-
tive processing techniques which overcome the heretofore
limitations on the utility of the monopulse ratio and can
produce a distortion free ratio which can be used for further
calculation.

This single beam weight is the result of forcing the two
generally separate weights to be represented by a single
factor.

Ordinarily the sum and difference weights are individu-
ally determined using the equations similar to the following,
the weight is determined so that the jamming power J is
minimized for respective beams:

-1
Rys5o

B _ (Raa)'S
SH RN 6

T OSHRRLS

Wz

J1=W5 Rz W MO W 1) ;= WA Rpa W5~ A" W,p-1)

Where Ry and R, , are the covariance matrixes for the sum
and the difference beams respectively, 8”7 is a unit vector
with 1 as the first element and O as all of the other elements
and (3W,—1) represents a constraint point on the antenna
weight, not the antenna pattern.

However the difference weights can be forced to be
equivalent resulting in a slight degradation of the clutter
cancellation but permitting a single factor to represent both
the sum weight and the difference weight. This weight is
then determined by the following equations, which mini-
mize the sum of jamming power in the sum and difference
beams:
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_ (Ryz+Ru)'e
(0H (Rss + Raa)) '8

J=W (Rt Ty ) W=A(STW=1)

The method employed here, resulting in a single weight for
sum and difference beams, is possible because unlike the
other methods of determining beam weight there are no
constraint points on the antenna pattern in the equation used
here. The only constraint point represents a constraint on the
antenna weight and therefore is not a detrimental factor in
the calculation of the single sum and difference weight.

A constraint point is a location, which the graph of the
function is forced to go through. Originally, it was thought
that the use of a number of constraint points would result in
a usable monopulse ratio. However, as discussed above this
has not been borne out by the testing. This failure to produce
a usable monopulse ratio is largely because of the resource
problem that using such constraint points creates, but also
because the use of these points creates error in the results
when extrapolated beyond the constraint point. This induced
error becomes even greater when the number of constraint
points is increased or when the graph between the constraint
points is of a non-linear type. Therefore the present inven-
tion does not use constraint points in the antenna pattern,
resulting is the single weight for the sum and difference
beams.

As noted above, the monopulse ratio is the ratio of the
overall difference beam to the overall sum beam of a radar
array. To determine the ratio an array must first receive a data
signal. This data signal is initially staggered and then fixed
or deterministically beamformed to produce sum and dif-
ference beams. These sum and difference beams are filtered
to localize the clutter, which is a portion of the received
signal, resulting in final sum and difference beams for each
velocity of data signal received by the array. These final sum
and difference beams are then adaptively processed in
accordance with this invention as follows.

First the sub-array sum and difference beams for each
velocity of the filtered and staggered sub-array data signal
are deterministically beam formed, as in FIG. 1, step 10.
Sub-array beam forming results in the following beam
patterns given by the following equations:

El 7) = cos 2”7x_2A (T
A((T,) = sin| 27T —M (7
l( x) S1. x 71 ] ( x)

where:

and ) is the wavelength, M is the number of columns within
each sub-array, d is the distance between the columns, and
T, is the azimuth directional cosine.

Secondly the sub-array beam formed sum and difference
beams are related to a plurality of other sub-array beam
formed sum and difference beams, step 12. This is accom-
plished through a relational equation as follows:
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. D

3T =TT (T, n=1,2, .. N

n {
. D

AT = PV A (T, n=1,2, ... N

Where D is the spacing between the sub-arrays.

The sum and difference weights are forced to be equiva-
lent resulting in a slight degradation of the clutter cancel-
lation but permitting a single factor to represent both the sum
weight and the difference weight, step 14. This adaptive
weight is then determined by the following equation:

__(Res+ Rap)"'o
(6" (Rgz + Raa))™'6

with the following optimization criteria:

J=W*(Rys+R\p0) W-AB"W-1)

This weight is then used to determine the overall sum and
difference beams, step 18. The overall sum and difference
beams are represented by the following equations:

T )=2,(T)-Ws DEL(T)- . . . —~WeN-1DE(T,)

AT)=A L (T)-WaDA(T)—- - . . ~WAN-DANT)

It is these overall sum and difference beams which are
used to determine the monopulse ratio, by dividing the
difference beam by the sum beam, step 20. This can be
represented as follows:

6

weighting schemes are called fixed beam forming 104. Data

is extracted from the returned radar signal over a set of

illumination pulses, corresponding to the set of pulses which

were initially sent at the area to be imaged. The data is
5 staggered to form PRI staggered data. The sum beam is
determined as a weighted sum of all the elements of the
column. The difference beam is determined as the weighted
difference of the two halves of the elements for each column.
The sum and difference beams are then filtered to localize
any clutter in the received signal, step 106. These filtered
sum and difference beams are determined for each velocity
or frequency, in step 108. Then in step 110, portions of the
signal which correspond to a single velocity or frequency
received by the plurality of other sub-arrays are combined
and then adaptively beam formed to form a final sum and
difference beam for each velocity. These final sum and
difference beams are then further combined to create overall
sum and difference beams, step 112. It is the overall beams
which are then further processed to determine object
detection, step 114, and angle location determination for
tracking, step 116.

Included in the aforementioned returned signal, it is very
likely that there will be at least some clutter. Clutter makes
the image of little use to the user, as the object which has
been detected cannot be precisely located or tracked when
hidden by this clutter. In order to cancel clutter that is in
motion relative to the receiver, temporal degrees of freedom
are required.

The following is a method for clutter suppression in a
sub-array using PRI-staggered post Doppler space-time
adaptive processing (STAP). The signal or data that is
returned to the platform and formed into sub array sum and
difference beams is sent through a filter to localize the clutter
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o A(T,) _ Ap(T) = Wa(DA(T,) — ... = Wa(N = DA(T,)
AT YT EII(TX) - Wz(l)g (T) - ... =W (N -DX (1)
sin(ZJrTX(—MZ_ ! ];](1 W (TR W - 1)ef2”x"v*“19)

1\d

- M — . D . D
cos(ZnTX(—]X](l —Ws (DT L - W (N - I)QJZ"TX(N’I"X)

2

As a result of common factor cancellation the decom-
posed sum and difference beams are represented by a sin and
cos function respectively. The other now cancelled factor
represents the clutter contribution which was included in the
signal. As shown in step 22, a monopulse ratio m, can be
determined using the following equation:

o451

There is also provided in the present invention a method
for detecting and determining angle location of a moving
object from an airborne or space-based radar platform which
utilizes signals generated using the monopulse ratio which
has been determined as demonstrated above. A signal is
transmitted towards the area of which it is desired to produce
a radar image. The transmitted signal is then reflected back
to the platform where the processing of the returned signal
is begun.

As in FIG. 2, in step 102, upon return of the signal to the
platform the signal is received by the platform array that is
comprised of a plurality of sub-arrays. Each sub-array is
further comprised of a plurality of columns. It is each
column that receives a portion of the return signal. The
portion of the signal that is received by the plurality of
columns is then combined using weighting schemes, these

as described in step 106. Because of the staggering of the
signal, the signal clutter that has been returned as part of the
returned signal can be localized. This localization occurs
through the use of filters, for the sum beam and for the
difference beams respectively. One example of a type of a
filter which could be used in this process, is a Doppler filter
which is derived using a Fast Fourier Transform (FFT).

The localization process entails the received signal being
broken up into a plurality of velocities, there are specific
velocities which are known for the clutter, such as zero for
stationary clutter. The filtered signal forms sum and differ-
ence azimuth beams with localized clutter and there is one
sum and one difference beam from each sub array for each
velocity. The clutter signal can then be separated because
generally it has a velocity of zero, which distinguishes the
clutter from the remainder of the signal. The sum or differ-
ence beams for each individual velocity from all of the
plurality of sub-array’s are then combined. These are then
STAP processed to cancel the clutter and form the final
sub-array sum and difference azimuth beams for each veloc-
ity or frequency of the returned signal.

The adaptive beam forming process that is unique to the
preferred embodiment can be explained as follows.
Typically, tapering is applied to the signal to reduce side-
lobes of the returned signal. For illustration purposes, uni-
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form illumination is utilized which leads to the following
expression of the sub-array sum and difference azimuth
beams for each velocity.

8

In order to maintain azimuth monopulse accuracy by
allowing degradation in clutter suppression, one can dem-
onstrate the adaptive processing weights, both sum and
difference, by the following equations where J represents the
output power of the jamming or ground clutter:

5
Z (T,) = cos(ZJrTx M—d]w(Tx)
[ 24 _ (R +Ran)'S
(6" (Rgs + Raa)) ™6
Md
AT = s 207, 52 T
10 In the calculation of the monopulse ratio, the use of a
single weight for the sum and difference beam weights
enables common factor cancellation leading to monopulse
reservation and the monopulse ratio (m,) as demonstrated in
the following equations:
P AT _ AT = WalDA (T = ... = Wa Y — DATY)
ATE@ %:(Tx) - Wz(l)Zz] (T)—... - W N - DX(T)

M -1\d . D . D
sin(ZﬂTx(—]X](l “Wa(DePTER WA — 1)812"@‘”’*”1)

2

M-1\d . D ] D
cos(ZnTX(—]X](l —Ws (eI L - Wy (N - 1)ef2”Tx(N*“x)

2

-l

where:

‘ Md
M-1d S“’(Z"TX an ]

T2 1

— 27
a(T,)=e 4 4
sm(ZnTX —]

24

In the preceding equations X is the sum beam, A is the
difference beam, ) is the wavelength, M is the number of
columns within each sub-array, d is the distance between the
columuns, and T, is the azimuth directional cosine.

The sum and difference beams for each velocity can then
be related to all other sub-array sum and difference beams.
The relation of the other sub-array beams can be expressed
by the following:

3 (T )=e/ 7= 0DAS (T, n=1,2, .. . N
A (T )=/ T DDAA (T n=12, ... N

Similarly, the overall sum and difference beam azimuth
for the entire array can then be determined using the
following expression.

(T )=Z\(T)-Ws DZ,(T)- . . . ~WeN-1DZA(T,)

AT )=A (T)-WaDAT)- - . . —WAN-DANT)

Where Wy and W, are the sum and difference adaptive
weights which are determined by the processing system to
cancel the clutter for each Doppler filter output.

The determination of the overall sum and difference beam
azimuths is used by the platform to calculate the monopulse
ratio. The sum and difference adaptive weights can be
formulated as minimizing the output clutter subject to the
constraint that the first element is 1. More specifically, 87 is
a unit vector with 1 as the first element and O for all the other
elements. This constraint results in the following series of
equations where Ry is the covariance matrix of the sum
channels and R, , is the covariance matrix of the difference
channels. A covariance matrix is the matrix of the relation of
all the elements of the array.
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Although the ratio preservation is only accomplished
through the use of a degradation in clutter cancellation
capability this degradation should be small when there is a
high clutter to noise ratio. This degradation is based upon the
assumption that the weights are the same however, as earlier
stated any difference in the weights should be very slight at
high signal to noise ratios.

This ratio is then used for the tracking of moving targets,
and the final sum beam is used for target object detection.

Another aspect of the present invention is an apparatus
schematically shown in FIG. 3 for the utilization of the radar
detection and tracking method as taught above. The appa-
ratus is comprised of a radar array (not shown) which is
itself comprised of a plurality of sub-arrays 202. Each
sub-array is further comprised of a plurality of columns 214.
The apparatus has a means for receiving a signal which has
reflected off an object in the scope of a transmitted signal.
The apparatus includes a plurality of sub-arrays for receiv-
ing the signal, the sub-arrays comprised of columns, and
means for processing the signal to form a radar image.

The returned signal is filtered and localized by a localiz-
ing means 204. The output of the filter will then be routed
to an adaptive processor, 206, which beam forms the signal
and cancels the clutter 206. The resulting final sub-array sum
azimuth beam and difference azimuth beam are then used by
the detection and tracking means of the apparatus for
resolving a radar image free of ground clutter. In feature 206,
all of the sum beams are combined to form an overall sum
beam. This overall sum beam is used in feature 216 for target
detection. The difference beams are combined in item 206 to
form an overall difference beam. The overall sum and
difference beams are used in feature 212 to form the
monopulse ratio which is used for target tracking and angle
location determination.

One feature of this embodiment, is that the adaptive
processing may be performed using space-time adaptive
processing techniques. Additionally, tapering may be
applied to the signal by the adaptive processor to reduce the
sidelobes of the sub-array beam formed signal. Further,
features include the filtering means being a Doppler filter
which may be derived using a FFT.



US 6,720,910 B2

9

Further, the apparatus has a means for determining a sum
weight and a difference weight and from these determining
a monopulse ratio, which is necessary for the tracking aspect
of the present invention.

A further feature of the present invention is a program
storage device readable by a machine, tangibly embodying
a program of instruction, executable by said machine to
perform method steps for staggering periodic repetition
interval (PRI) data, deriving a filtered output from a local-
ized clutter signal obtained from the PRI data, adaptively
forming a sub-array sum azimuth beam and a sub-array
difference azimuth beam from the filtered output, canceling
clutter in the filtered output using said sub-array sum beam
and said sub-array difference azimuth beam, forming a final
sum beam and final difference beam, wherein the final sum
beam is used for target detection and the ratio of the final
difference beam to the final sum beam is used for determin-
ing the location of the object, which is also known as
targeting.

While this invention has been particularly shown and
described with respect to preferred embodiment thereof, it
will be understood by those skilled in the art that the
foregoing and other changes in forms and details may be
made without departing from the spirit and scope of the
present invention. It is therefore intended that the present
invention not be limited to the exact forms and details
described and illustrated, but fall within the scope of the
appended claims.

What is claimed:

1. A method for determining a single sum and difference
beam weight comprising:

taking data samples;

determining covariance matrices for the sum and differ-
ence beams;

determining the covariance matrices inverse;
and solving for a weight (W) in the following equation

. (Rs+ RS
(6" (Rox + Ran)) '8

where:
—is a unit vector with 1 as the first element and all

other elements are O;

#_is a Hermitian notation including equating conju-
gate and transpose;

Rys—is the covariance matrix measurement of the sum
channels;

R, ,—is the covariance matrix measurement of the
difference channels.

2. Amethod for reducing total jamming power in sum and
difference beams, the jamming power associated with inter-
fering signals within a received data signal, comprising:

determining the product of a single sum and difference

beam weight Wand the sum of the respective covari-
ance matrices of the sum and difference beams, where
the weight is constrained such that the first element is
equal to 1 but otherwise having no constraint points on
the antenna pattern, as shown in the following equa-
tion:

J=WH (RystR 5 ) W-A(0W-1)

where:

(6"W-1) is a constraint point of the antenna weight and
not of the antenna pattern; and
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10

determining overall sum and difference beams using the
single beam weight W.
3. A method for determination of a monopulse ratio
comprising:
receiving a data signal and beamforming the signal to
provide first sub-array sum and difference beams rep-
resented by the following equations:

T.)= 2. TMd T,
Z( x>—cos(nxﬁ]w< )

Ay(T) = sin| 27T, Md T,
(1) = sin{ 27 52 ot

where

oferr. M)
o Mo1a L)

2 —

in| 277, d
sm(ﬂme

and X is the wavelength, M is the number of columns
within each sub-array, d is the distance between the
columns, and T, is the azimuth directional cosine;

a(ly)=@e

relating the first sub array sum and the difference beams
to a plurality of sub array sum and difference beams
using the following equations:

. D
Z (T,) = efZ”TX‘"*“XZ (T).n=1,2,... N
{

n

B D
AT = DTN, R=1,2, ... N

where
D is the spacing between the sub-arrays;

determining a single sum and a difference weight using
the following equations:

(Rss + Rap) '8
(6% (Rss + Raa)) '8

where
87 —is a unit vector with 1 as the first element and all
other elements are O;

#_is a Hermitian notation including equating conjugate
and transpose;

Ryyi—is the covariance matrix measurement of the sum
channels;

R, ,—is the covariance matrix measurement of the dif-
ference channels;

adaptively beam forming sum and difference beams to
determine an overall sum and difference beam as
shown in the following equations:

ET)=2(T)-We(D)2oAT)- - . . ~WeN-1)2\T)
AT)=A(T)-WAALT )= - -« ~WAN-1)ANT)
calculating the monopulse ratio (m,) using the overall

sum and difference beams using the following equa-
tions:
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d is the distance between the columns; and

= AT _ AT = WalDA(T) — ... — WaV - DAV (T5) T, is the azimuth directional cosine.
L) BT - WalDEe(T) — .. = WeW - DIn(T) 9. A method according to claim 4, where the sum and
. M—1\d D (-1D difference beams of a plurality of sub-arrays can be related
20T S | 2|1 - WA TR - WA - e oap y Y
iy = Sm( x( 2 ]/\]( alhe (- De ) 5 to the sum and difference beams of a first sub-array by the
cos(ZnTX(MT_I];)(l _ WZ(I)EJMTX%__ Wy — l)eJZIrTXy,ViM) following equations:
3 (Tx)=> DOy (T), n=1,2, .. . N
wherein the monpulse ratio can be preserved as the A (Tx)=e/ 7 TxG—DPAN (T, =12, ... N
following equation:
where:
M1 d D is the spacing between sub-arrays.
ma = tan 277 — }X] 10. A method according to claim 4, where the weight of
15 the sum and difference beam is determined by equating the

jamming power (J) to a product of the weight and the
respective covariance matrices of the sum and difference
beams, as shown in the following equations:

4. A method for radar detection and tracking of a target
using monopulse ratio processing in a sub-array comprising:
receiving a data signal;

forming and staggering a plurality sum and difference (Rgg + Ran) '8
beams using fixed beam forming; T 0" (Rop + Ron) 10
filtering the received staggered plurality of sum and
difference beams to localize clutter and form a plurality

of sub-array sum and difference beams for each veloc- T=WH(RostR WA =1,

ity; and 25
adaptively processing the plurality of sub-array sum and 11. Amethod according to claim 4, where the overall sum
difference beams to cancel the localized clutter and and overall difference beams of an array is given by the
form a plurality of final sub-array sum beams and a following equations:
plurality of final sub-array difference beams for the sub
array, 30 2(T)=24(T)-We DZAT)- . . . ~Wx(N-1)Z(T’)
said adaptive ‘processing includipg the determination of.a ATI=A(T)-WaDAAT )~ . . . ~WaN-DANT)
sum and difference beam weight where power associ- ) )
ated with interfering signals within said data signal is where Wy and W, arc the adaptive sum and difference
equated to a product of the weight and the respective weights which are chosen to cancel clutter for each filtered
covariance matrices of the sum and difference beams in 35 output.
order to reduce jamming power within the sum and 12. A method according to claim 4, where the overall sum
difference beams. beam is used for target object detection and the ratio of the
5. A method according to claim 4, where the adaptive overall difference beam to the overall sum beam is used for
processing step is performed using space-time adaptive target object angle location determination.
processing. 40 13. Amethod according to claim 11, where each sub-array
6. A method according to claim 4, where the filtering is ~ pattern is then separable, and a monopulse ratio can be
Doppler filtering derived using a Fast Fourier Transform. derived by the following ratio:
7. A method according to claim 4, where tapering is
applied to reduce sidelobes of the received signal. my = 2T AT = Wa(DAKAT) = .. = Wa N - DAy (T)
8. A method according to claim 4, where sub-array sum 45 L) Li(T)=WeDI(To) —... - WaN = DEy (1)
and difference azimuth beams are determined by the fol- . M-1\d - oy (N=1D
lowing equations: Sm(znTx( 2 ]XJ(I ~ Wa TR~ WAW — DR )
M =
M—-1\d D (N=1)D
1 cos(ZﬂTx(—Q )X](l — Wa(e T~ We (N — e T x |
()= cos(ZJrTX ﬁ]w(TX) 50 M1
my = tan(ZJrTX T]XJ

A (Ty) =si ZTMd T
1( x)—Sln-( 7T xﬁ]‘l’( %)

14. An apparatus for detection and tracking of a target
where: 55 using monopluse ratio processing comprising:
an array comprised of a plurality of sub-arrays for receiv-
o :(ZHTX Md ) ing a signal containing data;
o(Ty) = &% M 7‘;’1 each sub-array being comprised of a plurality of columns
Siﬂ(ZWTxﬁ] 0 each sub-array receiving data signals;
means for fixed beam forming of the received data
signals;
means for staggering the received data signals;

- i a filter which filters and localizes clutter which is a
A is the difference beam; 65 component of said received data signals;

A is the wavelength; an adaptive processor which takes the filter output and
M is the number of columns within each sub-array; cancels the clutter; and

and where:
2 is the sum beam;
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a means for determining a sum and difference beam
weight where the jamming power associated with inter-
fering signals within the received data signals is
equated to a product of the weight and the respective
covariance matrices of the sum and difference beams.

15. An apparatus according to claim 14, wherein the
adaptive processor utilized space-time adaptive processing.

16. An apparatus according to 14, wherein the filter is a
Doppler filter derived from a Fast Fourier Transform.

17. An apparatus according to claim 14, wherein the
adaptive processor has means for tapering the sub-array
beam formed data to reduce sidelobes.

18. An apparatus according to claim 14, wherein there are
means for relating a plurality of sub-array sum and differ-
ence beams to another sub-array sum and difference beams
to determine overall sum and difference beams which are
utilized by the detection and tracking means,

the overall sum beam being used for target detection and
the ratio of the overall difference beam to the overall
sum beam is used for target angle location determina-
tion.
19. A program storage device readable by a machine,
tangibly embodying a program of instruction, executable by
said machine to perform method steps for:

receiving a data signal;

forming and staggering a plurality sum and a plurality of
difference beams using fixed beam forming;

filtering the received staggered plurality of sum and
difference beams to localize clutter in the plurality of
sum and azimuth beams to form a plurality of final
sub-array sum and a plurality of final sub array differ-
ence beams where each beam is representative of a
velocity;

adaptively processing the plurality of sub-array sum
beams and the plurality of sub-array difference beams
to cancel the localized clutter and form an overall sum
beam and an overall difference beam;

determining a sum and difference beam weight where
power associated with interfering signals within said
data signal is equated to a product of the weight and the
respective covariance matrices of the sum and differ-
ence beams in order to reduce jamming power within
the overall sum and difference beams.
20. A program storage device according to claim 19,
where sub-array sum and difference beams are determined
by the following equations:

Md
Zi(T)= cos(ZJrTX ﬁ]w(TX)

A (Ty) =si ZTMd T
1( x)—Sln-( 7T xﬁ]‘l’( %)
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where:
o2 )
si =
Ty = T 7‘3
SII(ZJTTX 7 ]
and where:

> is the sum beam;

A is the difference beam;

A is the wavelength;

M is the number of columns within each sub-array;

d is the distance between the columns; and

T, is the azimuth directional cosine.

21. A program storage device according to claim 19,
where sum and difference beams of the first sub array are
related to the another sub-array by the following equation:

3 (Tx)=> T DOAS (), n=1,2, ... N
AT )= T DORA (T ), n=12, . . . N

where:

D is the spacing between sub-arrays.

22. A program storage device according to claim 19,
where the weight of the sum and difference beam is deter-
mined by equating the output power (J) to a product of the
weight and the respective covariance matrices of the sum
and difference beams, as shown in the following equations:

(Rsz + Ran)'8
(6" (Rgz + Rya )16

TJ=WH(Rys+R 4 ) W-A(OTW-1).

23. A program storage device according to claim 19,
where the overall sum and difference beams of sub-array is
given by the following equation:

E(T)=Zy(T)-WeDZAT - - - - ~W(N-D1)Z\(T})

ATI=A(T)-WADALT)- . . . —WAN-DAT,)
where Wy, and W, are adaptive sum and difference weights
which are chosen to cancel clutter for each filtered output.
24. A program storage device according to claim 23,

where each sub-array pattern is then separable, and a
monopulse ratio can be derived by the following equation:

o A(T,) _ Ap(T) = Wa(DA (T — ... = Wa (N = DA(T,)
AT ET) T THT) = WallZ(T) — ... — WaN — DEn(TY)
M-1yd -
sin(ZnTx(T]X](l WA (TR WA — 1T y’v*iw)
my = _
COS(ZJITX(—MZ ! ];)(1 - Wz(l)eﬂﬂ"%. - Ws(n— l)e’Z”TX(’MXM)
e M- 1Y
ma =t XT]X'



