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(57) Abstract: In certain embodiments, an apparatus comprises range matched filters and a Doppler-acceleration matched filter
system. The matched filters are configured to receive radar return signals detected by an antenna and range match filter the radar
return signals to place the radar return signals into range cells. The Doppler-acceleration matched filter system is configured to

O Doppler- acceleration process the radar return signals in the range cells to facilitate identification of one or more targets.
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PROCESSI NG RADAR RETURN SI GNALS TO DETECT TARGETS

TECHNI CAL _FI ELD

This invention relates generally to the field of
radar systens and nore specifically to processing radar

return signals to detect targets.

BACKGROUND

A radar system sends' signals that may be reflected
by a target back to the radar system The radar system
typically detects the target by processing data from the
return radar signals to separate wanted information from
unwanted information. The wanted information generally
provides information about the target. The unwant ed
information may include, for exanple, backscatter from

ground clutter as well as environnental and system noise.

SUMVARY OF THE DI SCLOSURE

In accor dance W th t he pr esent i nventi on,
di sadvant ages and probl ens associated wth previous
techniqgues for detecting targets may be reduced or
el i m nat ed.

In certain enbodi nents, an apparatus conprises range
mat ched filters and a Doppl er-acceleration matched filter
system The matched filters are configured to receive
radar return signals detected by an antenna and range
match filter the radar return signals to place the radar
return signals into range cells. The Doppler-acceleration
matched filter is ~configured to Doppler-acceleration
process the radar return signals in the range cells.

In certain enbodi nents, the apparatus nmay also
conprise an inverse filter system and/or and an adaptive

t hreshol d devi ce. The inverse filter system is
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configured to azimuth match filter the radar return
signals in the range cells to yield filtered radar return
signal s. The adaptive threshold device is configured to
adaptively threshold the filtered radar return signals to
identify one or nore targets.

In certain enbodinments, a nmethod conprises receiving
radar return signals detected by an antenna and range
match filtering the radar return signals to place the
radar return signals into range cells. The radar return
signals in the range cells are Doppler-acceleration
processed. In certain enbodinents, the nethod may also
conprise azimuth match filtering the radar return signals
in the range cells. In certain enbodinents, the nethod
may also conprise adaptively thresholding the radar
return signals to identify one or nore targets.

Certain enbodi nents of t\he i nvention may provide one
or nmore technical advantages . A technical advantage of
one enbodinment may be that Doppler-acceleration natched
filters my nore effectively separate noving target
return from stationary clutter return. Another technical
advant age of one enbodi ment may be that azi mut h
processing divides radar return data into azimuth cells
to slice the azimuth beamm dth. In certain situations,
targets are localized in azimuth but clutter is not, so
azi muth pr ocessi ng may provide  better resolution of
targets .

Certain enbodinents of the invention may include
none, sone, or all of the above technical advantages.
One or nore other technical advantages nmay be readily
apparent to one skilled in the art from the figures,

descriptions, and clains included herein.
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BRI EF DESCRI PTI ON OF THE DRAW NGS

For a nore conplete understanding of the present
invention and its features and advantages, reference is
now made to the follow ng descri ption, t aken in
conjunction with the acconpanying draw ngs, in which:

FIGURE 1 illustrates an exanple of a radar system
t hat transmts signals and processes r adar return
signal s ;

FIGURE 2 illustrates an exanple of a Doppler-
acceleration matched filter system and an exanple of an
inverse filter system

FIGURES 3A and 3B illustrate exanples of Doppler-
accel eration matched filter syst ens;

FIGURE 4 illustrates an exanple of an equivalent
filter for estimating the frequency response of a sliding
wi ndow i ntegrator;

FIGURE 5 illustrates an exanple of an inverse
sliding window integrator filter; and

FIGURE 6 illustrates an exanple of an inverse

antenna gain filter.

DETAI LED DESCRI PTI ON_ OF THE DRAW NGS

Enbodi nent s of the present i nvention and its
advantages are best understood by referring to FIGURES 1
through 6 of the drawings, |ike nunerals being used for
i ke and corresponding parts of the various dr awi ngs.

FIGURE 1 illustrates an exanple of a radar system 10
t hat transmts signals and processes r adar return
signal s. In certain enbodi ments, system 10 receives
radar return signals and range match filters the signals
to place the signals into range cells. Doppl er -

acceleration mtched filters process the radar return
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signals in the range cells. In certain enbodi nents,

system 10 has azinmuth matched filters that filter the
radar return signals in the range cells. In certain
enbodi ment s, system 10 perfornms adaptive thresholding on

the radar return signals to identify one or nore targets.

In general, processi ng data from return radar
signals to separate wanted information from unwanted
information may involve any suitable processing. As an

exanmple, targets may be localized in range and/or azinuth
relative to ground clutter. Accordi ngly, data may be
processed to localize range and/or azimuth data. As
another exanple, targets may be noving, so the return
energy of the signals my have a Doppler shift -and/or

accel eration rel ative to that of ground clutter.

Accordi ngly, data may be Doppler-acceleration processed
to separate targets from clutter.

In the illustrated exanple, system 10 includes a
transmtter 14, a nodulator 16, a duplexer 20, an antenna
22, and a receiver 27. Recei ver 27 includes a radio
frequency (RF) amplifier 28, a mxer 30, a |ocal
oscillator 32, an internediate frequency (IF) anplifier
34, an envel ope detector 36, an anplifier 38, range
matched filters 40, a Doppler-acceleration matched filter
system 42, a sliding wndow integrator (SW) 43, an
inverse filter system 44 (which includes an inverse SW
filter 46 and an inverse antenna gain filter 48) , an
adaptive threshold device 50, and a display 52.

In certain enbodi ments, transmitter 14 generates a
si gnal oscill ating at a frequency f . Modul at or 16
controls transmtter 14 to repetitively out put short
duration pul ses. Each pulse output from transmtter 14

conpri ses sever al cycles of energy at frequency f.
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Dupl exer 20 passes the signal to antenna 22 that radiates
the energy of the pulsed signal into free space as a
pul sed el ectromagnetic wave 24.

In certain enbodi nment s, if the radiated pulsed
el ectromagnetic wave 24 strikes and is reflected by an
obj ect, a pulsed echo wave 26 of substantially | ess
signal strength is generated. Antenna 22 receives pulsed
echo wave 26 to produce radar return signals that are
passed by duplexer 20 to receiver 27. Radio frequency
(RF) anplifier 28 of receiver 27 anplifies the retvurn
signals and sends the return signals to mxer 30. Mxer
30 mixes the return signals and a signal oscillating at a
internediate frequency f+f; generated by local oscillator
32.

In certain enbodi nment s, m xer 30 out put s
i nternedi ate frequency radar return signals that each
conpri se a train of pulses. Each pulse conprises
oscil l ations at the internediate frequency  f+fi. The
internediate frequency radar return signals are anplified
by internediate frequency (IF) anplifier 34, rectified
and |low pass filtered by envelope detector 36, and
anplified by anplifier 38.

In certain enbodi nents", range matched filters 40
perform range match filtering to divide radar return data

into range cells that correspond to the range from system

10. The cells my be ‘ approximately the size of the
target plus the potential target range notion during
i ntegration tinme. The cell size my yield a smaller
amount of radar backscatter from clutter in the range

cell of the target.
In certain enbodinents, Doppler-acceleration mat ched

filter system 42 per f or ns Doppl er - accel erati on
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6
pr ocessi ng, such as Doppl er - accel erati on mat ched
filtering, for each range cell. In the enbodiments,
Doppl er-accel erati on mat ched filtering filters for a
conbi nati on of  Doppl er shift and acceleration. Any

suitable Doppl er-accel eration matched filter system 42
my be used. Exanpl es of Doppler-acceleration mat ched
filter system 42 are described wth reference to FIGURES
3A and 3B and in US. Patent No. 5,784,026 of Smth et
al ., which is incorporated herein by reference.

In certain enbodinments, sliding w ndow integrator
(SWI') 43 processes the detected and anplified radar
return signals, which may inprove the signal-to-noise
ratio, and outputs integrated radar return signals.

In certain enbodi nments, inverse filter system 44
performs azinmuth processing by azinmuth match filtering to

divide radar return data into azinmuth cells, which serve

to slice -the azimuth beamd dth into smaller angular
i ncrenents. In certain situations, targets are |ocalized
in azimuth but clutter is not. Accordingly, slicing the

azi mut h beamn dt h may  provide better resol ution of
targets. In addi tion, azi mut h | ocati on may be
i ndependently conputed, so nultiple targets in the sane
range cell can be detected. In certain enbodi nents,

i nverse filters 44 may slice prior to adaptive
t hr eshol di ng.

Any suitable inverse filter system 44 may be used.

In certain enbodi ments, mat ched filters my be used,
which may inprove signal-to-noise ratio and provide
better azimuth resolution. Exanples of inverse filter

system 44 are described wth reference to FIGJRES 4
through 6 and in US. Patent No. 5,532,699 of Smth et
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al. and U S Patent No. 5,552,792 of Smth et al ., which
are incorporated herein by reference.

In certain enbodi nents, adaptive threshold detector
50 determnes the strength of the signhals and subjects
the signals to threshold criteria to identify targets.
The criteria may change in response to detected strength.
In certain enbodinents, display 52 displays an inmge that
represents data resulting from processing the radar
return signals. For example, the inmage may show data
that has been range, azimuth, and Doppler-acceleration
processed to distinguish targets from ground clutter.

FI GURE 2 illustrates an exanpl e of Doppl er -
acceleration matched filter system 42 and an exanple of
inverse filter system 44 that may be used with system 10
of FIGURE 1. In certain enbodinents, the radar return
signals my be Doppler-acceleration processed before
azimuth match filtered, and then adaptive threshol ded
after azinmuth match filtered.

In certain enbodi nents, Doppler-acceleration matched

filter system 42 per forms Doppl er - accel eration
processi ng, such as Doppl er - accel eration mat ched
filtering, for each range cell. In the enbodinents,

Doppl er - accel erati on matched filtering filters for a
conbi nation of Doppler shift and acceleration. In
certain situations, ground clutter Doppler shift and
acceleration are typically close to zero. Targets noving
primarily in cross-range typically have a near-zero
Doppler shift, but have acceleration that is outside the
bandwi dth of the Doppler-acceleration filter where the
ground clutter appears. Filtering for a near-zero

Doppler shift and this acceleration shows cross-range
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8
noving targets, but not ground clutter. Accordingly, the
targets may be detected.
In certain situations, targets novi ng radial ly

towards the radar have a Doppler shift that separates
them from ground clutter, for exanple, a Doppler shift
that is outside the bandwidth of the Doppler filter where
the ground clutter appears. Filtering for this Doppler
shift and near- zero acceleration yields the radially
noving targets, but not ground clutter. Accordingly, the
targets may be detected.

In certain enbodinments, Doppler-acceleration matched
filtering my provide advantages over Do.ppl er matched
filtering that does not consider acceleration. Bot h
ground clutter and cross-range noving targets typically
have a near- zero Doppler shift, so Doppl er mat ched
filtering does not distinguish the targets from the
clutter. '

I nverse filter system 44  divides the azinuth
beamn dt h into smaller angul ar i ncrenents prior to
adaptive t hr eshol di ng. In the enbodi nents, i nverse
filters 44 may slice beam the based on the pulse

repetition rate (PRF) and the beam scanning speed in

azimuth .
In certain situations, sliding wndow integration
may yield better slicing than nonopul se processing. In

one exanple, the following my be used:

0 = azimuth beamnidth in degrees,
o = azimuth scan rate in degrees/second, and
X = nunber of transmtted pulses after which the

sliding w ndow integrator slides.
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In the exanple, the radar transmts PRF/or pulses per
degree of azimuth scan, and the sliding w ndow integrator
divides the azinuth beam dt hb by a factor of (PRF/or)/X

In certain enbodinents, inverse filter system 44 may
conpensate and/or correct for adverse affects resulting
from "filtering" of radar return signals by antenna 22
and sliding w ndow integrator 43. For exanmpl e, t he
azimuth beam gain of antenna 22 tapers, so the value of
the return from each range-azinmuth ~cell changes as a
function of where the cell is in the azimuth beamu dth.

Inverse antenna gain filter 48 corrects for this beam

shaping so that returns from individual range - azi nut h
cells are nearly constant, regardless of where that cell
is located in the azinmuth beam |In certain enbodinents,

inverse antenna gain filter 48 has a filter response that
is substantially an inverse of the azinmuth beam gain of
antenna 22.

As another exanple, sliding w ndow integrator 43 has .
a transfer function that is not rectangular. I nverse Swl
filter 46 corrects for the shape of sliding w ndow
integrator 43. In certain enbodinents, inverse SW filter
46 has a filter response that is substantially an inverse

of a response for sliding w ndow integrator 43.

FI GURE 3A illustrates an exanple of Doppl er -
acceleration mtched filter system 58. In the exanple,
Doppl er-accel erati on matched filter system 58 includes

Doppl er-accel erati on matched filters such as one or nore
finite inpulse response (FIR filters 60 (60a-m . Each
FIR filter 60 receives output from range matched filters
40 and provides output to sliding w ndow integrator 43.
In certain enbodi nents, a FIR filter 60 has coefficients

associ at ed with 'one or nore conbinations of Doppl er
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shifts and accel erati ons. For exanpl e, a set of
coefficients my be wused to filter for a particular
conmbi nation of Doppler shift and acceleration.

FIGURE 3B illustrates another exanple of Doppler-
acceleration mtched filter system 58. In the exanple,
Doppl er - accel erati on matched filter system 58 includes a
fast Fourier transform (FFT) system 68, an array of
multipliers 64 (64a-m) , and a system of inverse fast
Fourier transform (IFFT) filters 66 (66a-m coupled as
shown.

FFT sygt em 68 receives output from range natched
filters 40. Mul tipliers 64 receives output from FFT
system 68 and filter coefficients Ha(f) through Hn(f),
where each coefficient frequency is selected accordi ng to
the position of the filter connected to the multiplier in
the processing array. The different Hi (f) filter
coefficients represent the frequency domain equivalent of
the mtched filter coefficients needed for the i(th)
Doppl er - accel erati on filter. These coefficients are
obtained by conputing the fast Fourier transform of the
coefficients h(i) for the FIR filters 50.

The output of each nultiplier 64 is applied to an
IFFT filter 66. Each |IFFT filter 66 outputs Doppler-
acceleration rate data varying with the position of IFFT
filter 66 in the array. In this enbodinent, only one FFT
system 68 needs to be used because t he filter
coefficients H nodify the data after conversion to the
frequency donain.

FIGURE 4 illustrates an exanple of an equivalent
filter 100 for estimating the frequency response  of
sliding w ndow integrator 43. Equi val ent filter 100

includes an input port 102, a first sunmmer 104, an N
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inter-pulse tine period delay 106, a second summer 108,
an output port 110, and a one inter-pulse tine period
delay 112 coupled as shown. Variable N represents the
nunber of pulses of electromagnetic wave 24 that are
reflected by an object at a fixed location in free space
as the antenna beam of antenna 22 scans across the
object. The value of N may change with change in the rate
at which the antenna beam scans .

In certain enbodi nents, first sumrer 104 subtracts
the output of delay 106 from the signal received at first
i nput 102. Second summer 108 adds the output of delay 112
to the signal from first sunmer 104.

FIGURE 5 illustrates an exanple of inverse SWI
filter 46. In the illustrated exanple, inverse SW
filter 46 includes an input port 126, a first summer 128,
a one inter-pulse tinme period delay 130, a second sunmer
132, an output port 134, and an N inter-pulse tinme period
delay 136 coupled as shown. First summer 128 subtracts
the output of delay 130 from the signal received at first
input 126. Second sunmer 132 adds the output of delay 136
to the signal from first sunmer 128.

In certain enbodinents, the filtering function of
inverse SW filter 46 1is derived from the frequency
response of the sliding window integrator 43 as estinmated
from equivalent filter 100. The derivation presunes that
convolution of the wunit pulse response g(n) for the
inverse filter with the unit pulse response h(n) of the
non- inverse filter conprises a unit pulse (delta (n) ),
which may be expressed as:

delta (n) = h(n)+g(n)

where delta (n) is one at n=0, and zero for n>0.
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In the illustrated exanple, the convolution of the
unit pulse response of inverse SW filter 46 wth the
unit pulse response of equivalent filter 100 conprises a

unit pulse. To estimate the response of sliding w ndow

i nt egrat or 43, h(n) = 1. Therefore, to satisfy the
equati on:

g(o) =1

g(l) = -g(0) = -1

9(2) = -g(o) - g(l) =0

9(3) = -9(0) - g(l) -9(2) =0

As n increases, the result <continues to be zero
until g(N1) . After that point, the sequence repeats.

Inverse SW filter 46 in conbination wth the filtering
effects of SW 43 may vyield a substantially unitary
response to a radar return signal.

FIGURE 6 illustrates an exanple of inverse antenna
gain filter 48. In the illustrated enbodinent, inverse
antenna gain filter 48 includes an input port 138, a
summer 140, a nmultiplier 142, an output port 144, a one
inter-pulse tinme period delay 146, a subsequent one
inter-pulse tinme period delay 148, a multiplier 150, a
sumrer 152, a multiplier 154, a sumrer 156, a one inter-
pul se tinme period delay 158, and a nultiplier 160 coupled
as shown .

Mul tiplier 142 nmultiples by a coefficient [/ hy.
Multiplier 150 multiples by a coefficient hy; Miltiplier
154 nultiples by a coefficient hyo,. Miltiplier 160
mul tiples by a coefficient hy. Summer 156 adds the outputs
of multipli e.rs 154 and 160. Sunmer 152 adds the outputs
of multiplier 150 and sumrer 156. Sunmer 140 subtracts
the output of sunmmer 152 from input received at input

port 138. Coefficients h, through hy are gain pattern
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coefficients of antenna 22 with reference to individual
pul ses N as the antenna beam scans across a fixed object.
N has the sane value as in equivalent filter 100.

Modi fi cati ons, additions, or omssions nmay be nade
to the systens and apparatuses disclosed herein wthout
departing from the scope of the invention. The
conmponent s of the systens and apparatuses may  be
integrated or separated. Mor eover, the operations of the
systens and apparatuses may be perfornmed by nore, fewer,
or other conponents. Addi tionally, operations of the

systens and appar at uses may be perforned using any

‘suitable logic conprising sof t war e, har dwar e, and/ or

ot her |l ogic. As used in this docunent, "each" refers to
each menber of a set or each nenber of a subset of a set.

Modi fi cati ons, additions, or omssions may be nmade
to the methods disclosed herein wthout departing from
the scope of the invention. The nethods may include
nore, fewer, or other steps. Additionally, steps may be
performed in any suitable order.

A conponent of the systens and apparatuses disclosed
herein may include an interface, logic, nenory, and/or
other suitable elenent. An interface receives input,
sends output, processes the input and/or output, and/or
perforns other suitable operation. An interface my
conpri se hardware and/or software.

Logic perforns the operations of the conponent, for
exanpl e, executes instructions to generate output from
input. Logic may include hardware, software, and/or other
| ogic. Logic may be encoded in one or nore tangible
media and nmay perform operations when executed by a
conput er. Certain logic, such as a processor, may nanage

the operation of a conponent . Examples of a processor
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i ncl ude one or nor e conputers, one or nor e
m cr opr ocessors, one or nore applications, and/or ot her
| ogic .
In particular enbodi nent s, the operations of the

enbodi nents may be performed by one or nore conputer

readable nedia encoded with a conmputer program software,

comput er execut abl e i nstructions, and/ or i nstructions
capable of being executed by a conputer. In particular
enbodi nent s, the operations of the enbodinents rmay be

performed by one or nore conputer readable nedia storing,
enbodied wth, and/or encoded wth a conputer program
and/ or havi ng a stored and/ or an encoded conput er
program .

A nmenory stores information. A nenory nmay conprise
one oOr nore non-transitory, t angi bl e, conput er- readabl e ,
and/or conput er-execut abl e storage nedia. Ex‘arrpl es of
menory include conputer menory (for exanple, Random
Access Menory (RAM or Read Only Menory (ROM ), nmass
storage nedia (for exanple, a hard disk) , renovable
storage nedia (for exanple, a Conpact Disk (CcD or a
Di gi tal Vi deo Di sk (DVD) ), database and/ or net wor k
storage (for exanple, a server) , and/or other conputer-
readabl e medi um

Conponents of the systens and apparatuses may be

coupl ed by any sui tabl e ['i nk and/ or conmuni cat i on

net wor k. A link and/or conmuni cat i on net wor k may
conpri se al | or a portion of one or nore of the
foll ow ng: a public switched telephone network (PSTN) , a
public or private data network, a local area network
(LAN) , a metropolitan area network (MAN) , a wde area
network (WAN) , a local, regional, or global comunication

or conputer network such as the Internet, a wireline or
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wireless network, an enterprise intranet, a wre, other
sui tabl e comunication link, or any conbination of any of
t he preceding.

Al though this disclosure has been described in terns
of certain enbodinments, alterations and pernutations of
the enbodiments wll be apparent to those skilled in the
art. Accordi ngly, t he above description of t he
enbodi nents does not constrain this disclosure. O her
changes, substitutions, and alterations are possible
wi thout departing from the spirit and scope of this

di scl osure, as defined by the follow ng clains.
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VWHAT IS CLAIMED IS:

1. An apparatus conpri sing:
‘a plurality of range matched filters configured to:
breceive a plurality of radar return signals
detected by an antenna; and
range match filter the radar return signals to
place the radar return signals into a plurality of range
cells; and
a Doppl er - accel erati on mat ched filter system
configured to Doppler-acceleration process the radar
return signals in the range «cells to facilitate

identification of one or nore targets.

2. The apparatus of Caim 1, the  Doppl er-
acceleration nmatched filter system configured to:
Doppl er - accel erati on mat ched filter for a

conmbi nati on of a Doppler shift and an accel eration.

3. The  apparatus of Caim 1, the Doppl er-
acceleration matched filter system configured to:

Doppl er-accel eration matched filter the radar return
signals wusing one or nore filters with one or nore
coefficients associated with one or nore conbinations of

Doppl er shifts and accel erati ons.

4. The  apparatus of Caim 1, the Doppl er -
acceleration matched filter system configured to Doppl er-
acceleration process the radar return signals before the
inverse filter system azinmuth match filters the radar

return signals.
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5. The apparatus of Caim 1, further conprising
an adapti ve t hreshol d devi ce confi gured to
adaptively threshold the radar return signals to identify

one or nore targets.

6 . The apparatus of Caim 1, further conprising
an inverse filter system configured to azinmuth match
filter the radar return signals in the range cells to

yield a plurality of filtered radar return signals.

7. The apparatus of Caim 6, the inverse filter
system conpri si ng:
a first inverse filter configured to inverse filter

the radar return signals, the first inverse filter having

a filter response that is substantially an inverse of an

azi nuth beam gain of the antenna.

8 . The apparatus of Claim 6, the inverse filter
system conpri si ng:

a second inverse filter configured to inverse filter
the radar return signals, the second inverse filter
having an inverse filter response that is substantially
an inverse of a filter response for a sliding w ndow

i ntegrator.

9. The apparatus of Caim 6, the inverse filter
system conpri si ng:

a second inverse filter configured to inverse filter
the radar return signals, the second inverse filter
having an inverse filter response that is substantially
an inverse of a filter response for a sliding w ndow

integrator, the inverse filter response derived from an
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assunption that an inverse unit pulse response convol uted

with a unit pulse response yields a unit pulse.

10. The apparatus of Claim 6, the inverse filter
system azinmuth configured to match filter the radar
return signals before the adaptive threshold device

adaptively thresholds the filtered radar return signals.

11. A method conpri sing:

receiving a plurality of radar return signals
detected by an antenna;

range match filtering the radar return signals to
~place the radar return signals into a pl u.rality of range
cvells; and

Doppl er-accel erati on processing the radar return
signals in the range cells to facilitate identification

of one or nore targets.

12. The nmet hod of Caim 11, t he Doppl er -
accel eration processi ng t he r adar return signal s
conpri si ng:

Doppl er-accel erati on mat ched filtering for a

conbi nation of a Doppler shift and an accel erati on.

13. The net hod of Claim 11, t he Doppl er -
accel eration processi ng t he r adar return signal s
conpri sing :

Doppl er-accel eration matched filtering the radar
return signals -using an array of filters with one or nore
coefficients associated with one or nore conbinations of

Doppl er shifts and accel erati ons.
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14. The nethod of Caim 11, further conprising:
Doppl er-accel eration processing the radar return
signals before azimuth match filtering the radar return

signal s .

15. The nethod of Caim 11, further conprising:
adaptive thresholding the radar return signals to

identify one or nore targets.

16. The nmethod of Caim 11, further conprising:
azimuth match filtering the radar return signals in
the range cells to yield a plurality of filtered radar

return signals; and

17. The nmethod of daim 16, the azinuth match
filtering the radar return signals conprising:

inverse filtering the radar return signals at a
first inverse filter having a filter response that is
substantially an inverse of an azinmuth beam gain of the

ant enna.

18. The nethod of Caim 16, the azinmuth match
filtering the radar return signals conprising:

inverse filtering the radar return signals at a
second inverse filter having an inverse filter response
that is substantially an inverse of a filter response for

a sliding wi ndow integrator.

19. The nethod of Cdaim 16, the azimuth mtch
filtering the radar return signals conprising:
inverse filtering the radar return signals at a

second inverse filter having an inverse filter response
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that is substantially an inverse of a filter response for
a sliding w ndow integrator, the inverse filter response
derived from an assunption that an inverse unit pulse
response convoluted with a unit pulse response yields a

unit pul se.

20. The nethod of Claim 16, further conprising:
azimuth match filtering the radar return signals
before adaptive thresholding the filtered radar return

signal s.
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