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1

ADAPTIVE PROCESSING METHOD OF
CLUTTER REJECTION IN A PHASED ARRAY
BEAM PATTERN

FIELD OF THE INVENTION

This subject invention relates to phased array radar sys-
tems.

BACKGROUND OF THE INVENTION

A typical phased array radar system includes a number of
transmit and receive modules each driven at a certain ampli-
tude and phase. A beam steering generator sets the amplitude
and phase of each transmit module. In this way, the radiation
pattern is reinforced in a certain direction and suppressed in
undesired directions.

The cost of such a system is typically driven by sensitivity
which is a function of the number and design of the active
transmit and receive modules. Phased array radars provide a
spatial degree of freedom to shape the transmitted beams.
Fully focused beams can be generated for high sensitivity
missions and shaped and spoiled beams can be generated for
lower sensitivity missions. The well-known Cosecant-
squared beam pattern provides many of the advantages of
sensitivity time control to avoid saturation and short pulse
operation to minimize clutter return from uncompressed
pulses.

An idealized phased array radar with a Cosecant-squared
antenna pattern exhibits an optimal signal-to-noise ratio with
low side lobes close to the radar site to detect targets in the
presence of ground clutter.

Actual phased array radar systems, however, often have
failures of the individual transmit and receive modules and/or
include transmit and receive modules which are not used to
produce the main beam. Other array blockages and voids are
created by the presence of auxiliary and dummy elenients.

As a result, the transmitted Cosecant-squared antenna pat-
tern may have high side lobes which degrade effective clutter
rejection.

BRIEF SUMMARY OF THE INVENTION

It is therefore an object of this invention to provide an
adaptive processing method of clutter rejection in a phased
array beam pattern.

It is a further object of this invention to provide such a
method which determines the element weightings to generate
a desired antenna beam pattern with low side lobes for effec-
tive clutter rejection.

It is a further object of this invention to provide such a
method in which a Cosecant-squared antenna pattern with
low side lobes can be generated.

It is a further object of this invention to provide a desired
antenna pattern even in the presence of unpredicted failed
elements.

It is a further object of this invention to provide, in one
example, an inverted Cosecant-squared antenna pattern with
=50 db side lobes in a two-dimensional phased array having
an arbitrary profile.

It is a further object of this invention to provide, in one
example, method which produces an inverted Cosecant-
squared antenna pattern with —-50 db side lobes for a two-
dimensional phased array having an arbitrary profile due to
the irregular building blocks and auxiliary antenna blockage.

The subject invention results from the realization that
antenna pattern synthesis can be performed in two steps. First,
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2

the amplitude weights from the ideal linear array pattern
synthesis are approximated with element on/off control (in-
cluding failures, and blockages). Second, the exact, quantized
element amplitude pattern is used in a phase only pattern
synthesis. The resultant antenna pattern has the desired pat-
tern with low side lobe characteristics. Unlike the received
antenna pattern which is controlled by both the amplitude and
phase of the transmit and receive modules, the transmitted
antenna pattern is controlled solely by phase and the opera-
tional state of transmit and receive modules.

The subject invention, however, in other embodiments,
need not achieve all these objectives and the claims hereof
should not be limited to structures or methods capable of
achieving these objectives.

This subject invention features an adaptive processing
method of clutter rejection in a phased array beam pattern.
The preferred method comprises determining the amplitude
distribution of the transmit elements of a two-dimensional
phased array, synthesizing a desired pattern with low side
lobes for a linear array, and comparing the amplitude distri-
bution of the transmit elements of the two-dimensional
phased array with the synthesized pattern. Then, select ele-
ments of the two-dimensional array are disabled to best fit the
determined amplitude distribution of the transmit elements of
the two-dimensional phased array to the synthesized beam
pattern. Phase only pattern synthesis is performed to produce
a desired two-dimensional beam pattern with low side lobes
to minimize any best fit errors.

In one example, the desired beam pattern is a Cosecant-
squared beam pattern. The desired beam pattern may be
formed by a two-dimensional array having an arbitrary con-
figuration including blockages and voids produced by auxil-
iary antennas and dummy elements. Typically, the desired
beam pattern is formed in real time to heal element features
for high reliability. The desired beam pattern may be an
arbitrary pattern with a deep spatial notch for electronic
counter countermeasures.

A phased away radar system in accordance with the subject
inventionincludes a plurality of transmit and receive modules
each selectively enabled. A beam steering generator controls
the phase of the transmit (e.g., programmed) determine the
amplitude distribution of the transmit and receive modules,
compare the amplitude distribution of the transmit and
receive modules with the synthesized pattern, enable select
transmit and receive modules to best fit the determined ampli-
tude distribution to the synthesized beam pattern, and per-
form phase only pattern synthesis to produce a desired two-
dimensional beam pattern with low side lobes.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

Other objects, features and advantages will occur to those
skilled in the art from the following description of a preferred
embodiment and the accompanying drawings, in which:

FIG. 1 is a highly schematic plot showing the idealized
amplitude distribution of a two-dimensional phased array
Cosecant-squared pattern;

FIG. 2 is a highly schematic plot of the amplitude distri-
bution of an actual Cosecant-squared beam pattern showing
the presence of undesirable high side lobes;

FIG. 3 is a highly schematic plot of a typical synthesized
Cosecant-squared beam pattern with low side lobes for a
linear array;

FIG. 4 is a schematic block diagram showing the primary
components associated with an example of a radar system in
accordance with the subject invention; and
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FIGS. 5A-5F schematically depict the primary steps asso-
ciated with an example of a processing method in accordance
with the subject invention.

DETAILED DESCRIPTION OF THE INVENTION

Aside from the preferred embodiment or embodiments
disclosed below, this invention is capable of other embodi-
ments and of being practiced or being carried out in various
ways. Thus, it is to be understood that the invention is not
limited in its application to the details of construction and the
arrangements of components set forth in the following
description or illustrated in the drawings. If only one embodi-
ment is described herein, the claims hereof are not to be
limited to that embodiment. Moreover, the claims hereof are
notto beread restrictively unless there is clear and convincing
evidence manifesting a certain exclusion, restriction, or dis-
claimer.

FIG. 1 shows an idealized amplitude distribution of a two-
dimensional phased array Cosecant-squared pattern with low
side lobes. Such an idealized pattern is not always realized
due to the failure of transmit and receive modules in the
two-dimensional array, the geometry of the array, and/or
transmit and receive modules which are not used to produce
the main beam.

FIG. 2 shows an actual phased array Cosecant-squared
beam pattern with undesirable high side lobes in region X.
This is due to the failure of certain transmit and receive
modules, the geometry of the array, and the like.

It is known in the art to synthesize a Cosecant-squared
pattern for a linear array. See “A method of CSC? pattern
synthesis for planar phased arrays” by Huang Zhengxing and
Ruan Yingzheng, Antennas and Propagation Society Interna-
tional Symposium, 1985, V. 23, pp. 479-482. F1G. 3 shows a
typical Cosecant-squared pattern with low side lobes for a
linear array synthesized in this fashion.

FIG. 4 shows phase 2-D array radar system 20 with numer-
ous transmit and receive modules 22¢-22n. Combiners 30a-
30m, combiner/beam former 32, receiver and single channel
exciter 34, and radar processor 36 are conventional. In accor-
dance with the subject invention, radar processor 36 provides
element failure data and the desired beam steer direction and
antenna pattern to beam steering generator 24 which includes
database 40 containing transmit element position data.

Based on this data, beam steering generator 24 sets the
phase of each transmit module as shown via line 25. Each
transmit and receive module also includes an on/off control
function 27 to selectively enable and disable individual trans-
mit modules. In this way, for example, any one of a group of
transmit elements can be turned off and thus not used to
produce radar energy which contributes to the transmitted
beam.

Beam steering generator 24 is programmed to enable or
disable certain transmit elements as shown via line 26. Beam
steering generator 24 is programmed using pattern synthe-
sizer 41 to determine the amplitude distribution of the trans-
mit elements of a two-dimensional phased array radar based
on the antenna geometry of element position data 40 and the
operability state of each element using element failure data
received from processor 36. See FIG. 5B-5C. That distribu-
tion is then compared to an idealized distribution for a linear
array (see FIG. 5A) which is stored as linear array idealized
distribution data 42 with constant linear spacing producing a
Cosecant-squared pattern with low side lobes as shown in
FIG. 3.

Pattern synthesizer 41 selects transmit elements of the
wo-dimensional array to be disabled via line 26, FIG. 4 to

20

25

40

45

50

60

65

4

best fit the amplitude distribution of the transmit elements of
the two-dimensional phased array radar with the idealized
distribution of the linear array as shown in FIG. 5D. Then,
based on the best fit analysis, pattern systhesizer 41 performs
phase only pattern synthesis to produce a two-dimensional
Cosecant-squared beam pattern with low side lobes to mini-
mize any best fit errors as shown in FIG. 5E. Beam steering
generator 24 then applies phase weighting to the two-dimen-
sional array as shown in FIGS. 5E-5F.

Although the method discussed above is used to produce a
Cosecant-squared beam patterr, any desired beam pattern can
be produced in the same manner. Pattern synthesizer 41 uses
the most efficient method to perform amplitude and phase
pattern synthesis for a linear array and then uses a collapsed
method to select exited elements in a two-dimensional array.
Based on the configuration of the exited elements in a two-
dimensional array, new amplitude weightings in a linear array
are obtained. Based on these new amplitude weightings,
phase-only pattern synthesis is performed for a Cosecant-
squared antenna pattern with low side lobes. The phase
weightings are applied to the two-dimensional array resulting
in an inverted Cosecant-squared antenna pattern with -50 db
side lobes. This method is applicable to a two-dimensional
phased array having an arbitrary profile due to a irregular
building blocks, failed elements, and auxiliary antenna block-
age. The process can be used to perform array healing in real
time using element failure data when any element fails for
increasing the reliability of the array.

Although specific features of the invention are shown in
some drawings and not in others, this is for convenience only
as each feature may be combined with any or all of the other
features in accordance with the invention. The words “includ-
ing”, “comprising”, “having”, and “with” as used herein are
to be interpreted broadly and comprehensively and are not
limited to any physical interconnection. Moreover, any
embodiments disclosed in the subject application are not to be
taken as the only possible embodiments. Other embodiments
will occur to those skilled in the art and are within the fol-
lowing claims.

In addition, any amendment presented during the prosecu-
tion of the patent application for this patent is not a disclaimer
of any claim element presented in the application as filed:
those skilled in the art cannot reasonably be expected to draft
a claim that would literally encompass all possible equiva-
lents, many equivalents will be unforeseeable at the time of
the amendment and are beyond a fair interpretation of what is
to be surrendered (if anything), the rationale underlying the
amendment may bear no more than a tangential relation to
many equivalents, and/or there are many other reasons the
applicant can not be expected to describe certain insubstantial
substitutes for any claim element amended.

What is claimed is:
1. An adaptive processing method of clutter rejection in a
phased array beam pattern, the method comprising:

determining the amplitude distribution of the transmit ele-
ments of a two-dimensional phased array;

synthesizing a desired pattern with low side lobes for a
linear array;

comparing the amplitude distribution of the transmit ele-
ments of the two-dimensional phased array with the
desired pattern;

disabling select transmit elements of the two-dimensional
array to best fit the determined amplitude distribution of
the transmit elements of the two-dimensional phased
array to the synthesized beam pattern; and
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performing phase only pattern synthesis to produce a
desired two-dimensional beam pattern with low side
lobes to minimize any best fit errors.

2. The method of claim 1 in which the desired beam pattern

is a Cosecant-squared beam pattern.

3. The method of claim 1 in which the desired beam pattern
is formed by a two-dimensional array having an arbitrary
configuration including blockages and voids produced by
auxiliary antennas and dummy elements.

4. The method of claim 1 in which the desired beam pattern
is formed in real time to heal element features for high reli-
ability.

5. The method of claim 1 in which the desired beam pattern
is an arbitrary pattern with a deep spatial notch for electronic
counter countermeasures.

6. A phased array radar system comprising:

aplurality of transmit and receive modules each selectively
enabled; and
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a beam steering generator which controls the phase of the

transmit And receive modules, the beam steering gen-

erator configured to:

determine the amplitude distribution of the transmit and
receive modules,

synthesize a desired pattern with low side lobes for a
linear array,

compare the amplitude distribution of the transmit and
receive modules with the desired pattern,

enable select transmit and receive modules to best fit the
determined amplitude distribution to the synthesized
beam pattern, and

perform phase only pattern synthesis to produce a
desired two-dimensional beam pattern with low side
lobes.



