RADAR APPARATUS AND PROCESSI NG METHOD FOR DETECTI NG
HUVAN CARRI ED EXPLCSI VE DEVI CES TECHNI CAL FI ELD [ 0001]
wab@7psessent i nvention relates to the detecti orCDS2007/003365
human carried expl osive (HGE) devices by processing
pol ari zed radar reflections, and nore particularly to
a radar apparatus and processing nethod that provide
enhanced HCE detecti on. BACKGROUND OF THE | NVENTI ON
[ 0002] Various counter-terrorismsystens have been
devi sed for detecting the presence of HCE devices that
are conceal ed fromvi ew by the cI ot hing of a suicide
bonber, for exanple. A particul ar effectlve system
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data acquisition and polarimetric signature analysis.

SUMMARY OF THE INVENTION

[0003] The present invention is directed to a radar apparatus and
processing method for use in HCE detection based on polarimetric signature
analysis. Doppler processing of orthogonally polarized radar return signals
isolates the radar signal content associated with a moving pedestrian in the
radar field of view to provide high quality target echo data for polarimetric
signature analysis. The Doppler processing produces co-polarized and cross-
polarized range vs. velocity (Doppler) data maps, and target echo data
corresponding to the moving pedestrian is identified. Co-polarized and cross-

polarized data subsets associated with the range and velocity coordinates of



signature analysis to determne if the pedestrian is
beari ng expl osi ve devices. Low pass filtering of the
w@R00rha95eD- pol ari zed and cross-pol ari zed r adar P€EUSI007/003365
signals prior to Doppler processing provides range
aliasing to reject signal content associated wth
obj ects beyond t he unanbi guous range of the radar
appar atus. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0004]
FIG 1 is a diagramof a real-world scenario in which
the radar apparatus of the predent invention is
utilized to detect HCE devices; [0005] FIG 2 is a
bl oc Kheiidswifigsh Beviag prdsstian pv syimraed rbrbieated o peletization
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DSP Qippdrhfas. 2. [0008] FIG 5 is a representation of
range vs. velocity (Doppler) data collected by the DSP
of FIG 2 in the case of a pedestrian noving toward
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y%ﬂ%} Igll %Sis a represegtatlon of range vs. velocity (Doppler) data
collected by the DSP of FIG. 2 in the case of a pedestrian moving toward the

radar apparatus.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0009] As indicated above, the present invention is directed to a radar
apparatus and processing method for use in a standoff HCE detection system
of the type disclosed in the aforementioned U.S. Patent No. 6,967,612 to
Gorman et al., incorporated herein by reference. As described by Gorman et
al., the target echo response to a polarized radar transmission is received in the
form of a co-polarized response and a cross-polarized response, and the
presence of HCE devices in the radar field of view is detected based on the
relative magnitudes of the co-polarized and cross-polarized responses. In a
preferred implementation, the polarimetric signature analysis involves forming

a ratio of the polarized responses and comparing the ratio with reference



a ratio of the polarized responses and conparing the

ratio wth referenceval ues characteristic of HCE
wa@lew7ass97 The radar transmts a narrow beam apdI/as2007/003365

ai m ng apparatus points the beamat a given

obj ect-of-interest such as a pedestrian (i.e., a

potential suicide bonber) noving toward a protected

regi on. However, even an accurately ainmed narrow radar
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illuminate various not-of-interest objects such as the pedestrians 26f, 26g.
Due to the radar illumination of not-of-interest objects, the co-polarized and
cross-polarized responses processed by DSP 14 will include not-of-interest
signal content (i.e., clutter) in addition to the object-of-interest signal content.
Since such clutter can distort or disguise the polarimetric signature of the
object-of-interest (pedestrian 24), it is important to maximize the signal-to-
clutter power ratio (SCR) of the HCE system 10. For similar reasons, the
radar sensor [2 must have a reasonably high signal-to-noise ratio (SNR) to

produce high quality polarimetric signatures, while rejecting signal content



object-of-interest (pedestrian 24), it is inportant to
maxi m ze the signal-toclutter power ratio (SCR) of the
woigk7aysbem 10. For sinilar reasons, the radarPGEOSINT/003365
12 nust have a reasonably high signal-to-noise ratio
(SNR) to produce high quality polarinmetric signatures,
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cross-section, such as the car 30 in FIG 1 or a
bui | di ng. [0011] The present i9wventi on addresses the
perfornmance issues outlined above, and produces high
qual PEPCIBEH afifvaistARtoEPhiRsrest abje¢ts havipg: Eﬂr@ﬁ radayrpgoss-section,

rel i aihasHendadin HEE dsekliiag, even in cluttered and
hi ghl varlable envi ronnment s he invention utilizes

pul s&0dhpi erherpierspt igpenipa pddresses the geifeanansg &é‘EES@EHb"ed

dat aasiviedatRd prodsis Bighlo@atitWipbirifRiicGzrali-&Clos acovtiC fnd
nove E@ art&ﬁé&rl nmovenent toward a protected

r egi 6 )stango getetion §P’%[b‘f‘§|“it?f‘?dca"8fh‘%“%"?’&b&e
borrbeﬁv,rcWﬁelhtsapme&wmabxeutslizgﬂabulw.m@ﬁﬂst Rgar dﬂi}hﬁtus to
aut omat i. cal CtSC tter as omate

o FBhirE Berath B0 G ARl e RRA S G aE ShiSetecipocas
wel | naﬁ/embpte{pﬁmcmaﬂy n@vemerdlt(fvf/eed erptowc&écbtbgtoln@@) ishhadngly
t he gﬁ%rac%r?sftm Qtsgirme eb The @hﬁﬁ@)\;eﬁnpaée Slé?ﬁﬁlpr%eﬁsgl% thlS

gi ven RSO &r out’p povver
i neautofnlaeeﬂhlemcjyemUmbaase@bldtcchwsmsﬂatwvawefxb;sems wiithin the radar

rel atf'%f‘él%fX/ 4\?\9 ng v&%ﬁla§ %bjﬁ’ht?%%ing%’]g fff:?g]? Rr?l%&lt S than the chJect—

i ntegrati ng range bin
acr ogbkinterasiy dbs Sb’l!ﬁ iseptimjxgd foriacriedn] tyansmmedwaﬂpet lamtr bRl

f ' | t %y WABzifE & IlHEArlﬂeﬁﬁgrbS/Qnoctﬁ &th%ﬁngr]v?év%f&ﬁs\)%ﬂ @a‘%ﬂ/ely

not - of -1 nt er est jects eyond radar
unam!ﬂn@myw w*éwgea'@r?@hfef@ptbtmtegrarﬂnaﬁr@e bpo@m]n the target echo

Ref eEl"ghélgacF&s Fhiferods ?mg@ M@lﬁfonﬁﬁp%@w& Al @@Eﬁft&h{gqare
to the present invention may general |y descri bed

a pu I“E’éz%‘r‘o sfisigh SHHEH aéfocraaf‘dlawwqtrpfamﬁrﬂswme:céabeyond the
transemvai’sanar@mgaoﬁqang@aﬁ@v@l@b.@ﬂh.ﬁ&ﬂ receive antenna 42

?22 e?lv)c ; gféf%rnhé?g If‘f#é 2 Hler%c[ gpﬁ?%%eé%ac%gldlrcé t%)et}ge present

cr ostiawpmdl@f mgy‘:‘ det: g?tetm?f cﬁsdgma&é 5st a&ptﬂsécbmhﬁpﬁmbﬂpibr RIBr dh a
for en cation an

ol aPPREEs §El kR A MG iR B0 oo Ee 12t woss

are polapedd @d.. bohogohelly perizdd\iecsvd fnteffraGU3]ThElke-polarized

tr a.n IFﬁa‘%rSqugr%e@rétﬁrrpsri&%'fjscﬁg su Ileé) Jotﬁgle lécf ?nttartr Ltl ed

OSClI
identification and tracking, and polarimetric analysis, and the HCE detection

results are outputted to interface device 16,

[0013] The transmit waveform is produced by voltage-controlled oscillator
(VCO) 46 and supplied to transmit antenna 40 via amplifier 48. Signal
generator 50 produces the control voltage for VCO 46, a linear ramp that is
periodically reset by DSP 14 via line 52. This produces a linear frequency
modulation in VCO 46 as graphically depicted in FIG. 3. By way of example,
the modulation waveform of FIG. 3 may have a pulse-width of 10-2000 psec,

and the radiated transmit waveform may have a frequency bandwidth of 2-



(VCO) 46 and supplied to transmt antenna 40 via
anplifier 48. Signal generator 50 produces the control
waoolwagst or VCO 46, a linear ranp that is perpPCOUSZNT/§03365

reset by DSP 14 via line 52. This produces a |inear
frequency nodul ation in VCO 46 as graphically depicted

in FIG 3. By way of exanple, the nodul ati on waveform

of FIG 3 may have a pul se-wi dth of 10-2000 nsec, and

the radiated transmt waveform may have a frequency
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attenuate short-ran
Additionally, the high- pass ﬁltermg tends to attenuate short-range target echo

signals, thereby normalizing the signal response to target range. The purpose
of low-pass filters 71 and 73 is discﬁssed below.

[0015] The block diagram of FIG. 4 represents the functionality of DSP 14
with respect to the present invention. The digital co-polarized and cross-
polarized baseband radar return signal inputs on lines 78 and 80 are processed
by the blocks 82-108 to form an HCE detection decision, and the decision is
outputted to the interface device 16 per FIGS. 1-2. Initially, the co-polarized

and cross-polarized baseband signal inputs are filtered by low-~pass filters 82



signals, thereby normalizing the signal response to
target range. The purpose of |owpass filters 7 1 and
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FIG 4 represents the functionality of DSP 14 with
respect to the present invention. The digital
co-pol ari zed and crosspol ari zed baseband radar return
signal inputs on lines 78 and 80 are processed by the
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88 generate range
strength in successwe and contiguous range bms projected onto the

illuminated field of view. The range profile data generated by FFT block 86 is
stored in data table or map 90, and the range profile data generated by FFT 88
is similarly stored in data table 92. In the illustration, each data table row
stores range profile data for a given target echo pulse, and the tables 90 and 92
are filled with range profile data as the FFT blocks 86 and 88 process a
succession of target echo pulses.

[0017] When the data tables 90 and 92 are filled, the co-polarized target
echo response for any given range can be obtained by reading the range profile

data in the corresponding column of table 90, and the cross-polarized response



each profile conprising a sequence of data sanpl es
corresponding to signal strength in successive and
W@ owilgesous range bins projected onto the il | uPCTEE®A7/003365

field of view. The range profile data generated by FFT

bl ock 86 is stored in data table or map 90, and the

range profile data generated by FFT 88 is simlarly
stored in data table 92. In the illustration, each

data table row stores range profile data for a given
target echo pulse, and the tables 90 and 92 are filled

with range profile data as the FFT bl ocks 86 and 88
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range bins of tables 90 and 92 have been integrated, and the data stored in
tables 98 and 100, respectively, the range vs. velocity data is ready for
analysis. .
[0019] FIG. 5 is a graphical representation of the co-polarized range vs.
velocity data stored in table 98 for a real-world scenario such as depicted in
FIG. 1 where a pedestrian 24 is walking toward the radar sensor 12 at a range
of approximately 100m. In this case, the not-of-interest objects are stationary
or have no substantial velocity toward the radar sensor 12, and produce a
series of echoes in various range bins, but at substantially zero velocity. Such

echoes are disregarded as clutter. In contrast, the object-of-interest 24



exanple of FIG 5, as described bel ow [0018] The

vel ocity (Doppler) signal strength (anplitude) data
w@eeenssed by FFT 94 for each range bin of tabPer/88200%003365

stored in table 98, and the data generated by FFT 96

is simlarly stored in data table 100. After each of

the range bins of tables 90 and 92 have been

integrated, and the data stored in tables 98 and 100,

respectively, the range vs. ve#ocity data is ready for

analysis. [0019] FIG 5is ag aphi cal representation

of the co-pol.ar. e data stored in
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98 owasrldaielesi-rpaderthR®ldcrs 104-186 48 afkb@lsigseddo SepkPately
seconds ata Seaﬁence
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5 neBESF AolFYR ARYAL L BLECI G KEAHRR gl et
desi gprrdingtgs §<Hwa¢fad@¢‘ye@am9p H&ttaodcelqléle(rm@@r)ftmckeme fhange
such aﬁ@cgg&f)pd‘oow}ﬁa%seﬂﬁ{ea F%ét-u‘ - Merddt VéI‘QEII\ %}9§ssigﬁmg the

filled wt e Vs. dat a,
(det é@%‘@rquf@é%\ 19%1(8 tga t%fﬁ@f ﬂpe@ﬁc bistarieel dte pastkar Bagid

r espahahd Plocial G@&@%ﬁs QEedt&to%Eﬁl% to ARoREAMEEFack RPIRck

vel oci t¥ coordi nat es where each tar get response IS
aﬁq@ctr@gﬂcﬁufetwes response data subsets from both the co-polarized

| ocat 8 C?
data table 98 and the cross-polarized data table 100 for polarimetric signature
analysis. The block 106 stores a matrix of extracted co-polarized and cross-
polarized data for each target-of-interest, and supplies the data to block 108
(PSA) for polarimetric signature analysis as described in the aforementioned
U.S. Patent No. 6,967,612 to Gorman et al. As described in that patent, the
block 108 maintains a historical record of polarimetric ratios for each target-
of-interest and decides if a HCE device is present. The outcome of the HCE
decision is then supplied to the interface device 16 as mentioned above.
[0021] In summary, the present invention enhances the utility of HCE.
device standoff detection using polarimetric signature analysis, particularly as

applied to moving pedestrians. While the invention has been described with



detector block 102 is thus a list of (range, velocity)
coordi nates, one set of coordi nates for each detected

wo a200ga8959The bl ock 104 (tracker) tracks the raPgEUS2007/003365

vel ocity coordi nates of each target-of-interest over
time by assigning the vector outputs of block 102 to a
target-specific historical data tracks. Each tine the
bl ock 104 assigns a vector output to a historical data
track, the block 106 (data extraction) fetches
response data subsets from both the co-polarized data
tabl e 98 anglthe cross-pol arized data table 100 for
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vari abicpBed higiadfidhiBaton. WIRSAsTRENIR mﬁﬂsrﬁbawm\%,bé
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obj e BYEC AN Q¥ MESKAT Wi t h vari ous radar

techni ques i ncluding, for exanple, narrow pulse
transm ssions, non-linear frequency nodul ati on phase
or anplitude nodul ati on, or nodul ati on by noi se or
pseudo-random noi se sequences. Simlarly, VCO 46 may
be replaced with a fully synthesized signal source,
and t he Doppl er processing can be nechani zed with a
bank of analog filters in lieu of the



descri bed digital nechanization. Likew se, various
transmt and receive antenna configurations and
w@odoanswat i on conbi nati ons may be utilized, asPCT/US2007/003365
descri bed for exanple in the aforenentioned U. S.
Patent No. 6,967,612 to Gorman et al. Accordingly, it
is intended that the invention not be limted to the
di scl osed enbodi nent, but that it have the full scope
permtted by the | anguage of L‘Fe fol |l ow ng
claims. CLAIMS 1. A standoff detection nethod for human
carried expl osive (HCE) devices, conprising the steps
of : ELAMRi tti ng a beam of pol arized radar energy that
illum nates a noving pedestrian-of-interest; receiving

Co- pol ar | Fott Sd°R eBi BT arrs i rpRh SHEE peplosive (H1CE)
t hat dw@st{;ﬁt«s&@thmsté;ﬁrc@‘et range; doppl er processing
sald target ec mgg:,bg larn%ﬁ’a&aq eR Eﬂa%ﬂgmﬁﬂgtesa

cross- pol Sf1S7H hé responses nction of
t ar geiovingngedesarih- dsfan‘@eetst veI ocity; identifying portions

o Lhe MRpRe QR ,%aszeﬁgﬁgwamﬁ (B Qb2 slpbi@igtand

0 response corres e nmovi ng
pedestosi-polanieditatgetrasbo signalelthat are isplaterhinttAigel TaRSRi f i ed

portions gf, 4l JRORG sa‘;@fapéélt BdHoZ%RhaRNE map co-polarized and

cross- pol ar’i zeg’tar et echo responses to determ ne i f
t he pwdepeleiizas tarfeet q@er@@@n$§a%ﬁwyﬁlwféﬂgm@%ﬂﬂ dareet
2. ngogg}andoff detecti on nethod of claim1, including

the steps of: determnin arget range and ta rget
Vel ocity &%Fl&jl%ﬁ%gor&fof ARpsp ﬁa polarize dcro polarized

pe g e %réét%@h@fe‘sbcms@% 188t correapoha €d hB gnovarpued estoarpof-mtdrgstichnd
and cross-pal ari zed. tar responses correspon 0

t he deter A ﬂéﬂ‘%&?@@?“?%ﬁg"@ rtéﬁ{g ? a}ed’é%PP\e}éefO ggltagnggdn'ﬁ
coor difigdpBRrizédrgeesdhorrespogses tqddtariimeif theqoeScsgmm-uﬁmterest
anal ysis of t h@ E xtr.acted copol ari zed and

cr 0s 28 (IS FEHCELFYEY r esponses to determine if the
pedestri anof -

2. The standoff detection method of claim 1, including the steps of:

determining target range and target velocity coordinates of the moving
pedestrian-of-interest;

extracting mapped co-polarized and cross-polarized target responses

5  corresponding to the determined target range and target velocity coordinates;

and
performing a polarimetric signature analysis of the extracted co-

polarized and cross-polarized target responses to determine if the pedestrian-

of-interest is carrying an HCE device.

3. The standoff detection method of claim 2, including the steps of:
extracting matrices of the mapped co-polarized and cross-polarized
target responses based on the determined target range and target velocity

coordinates; and



interest is carrying an HCE device. 3. The standoff

detection nethod of claim?2, including the steps of:
wezioraseshng matri ces of the mapped co- pol ari zePICEOS2007/003365

cross-pol ari zed target responses based on the

determi ned target range and target velocity

coordi nates; andperformng a polarinetric signature

anal ysis of the extracted matrices to determne if the

pedestrian-of-interest is car ing an HCE device. 4.

The standoff detection nmethod of claim2, including

the step of: eval uating t.he. ed_ro- ri s

r2sponsesPTE AR Fr?]ﬁré'g?tﬁ'gs g&g%tanfl gﬁ'ég?g% xfr g&aée?‘ aiftks

vel oaj deferminy iffkieaiedsstiidn-ofhietenasviswgrrying an HCE device.

pedestrian-ofinterest. 5. The standoff detection

nmet hod of claim 1, including the steps of:
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r ec etargetgange-apd kagdt velgcitnebordinaies pighamoy g nedesiyian-of-

radag gagrgy signals; and mxing the received

co- po'f ari zed and cross-pol arized return radar energy

signals with replicas of said |linear frequency

nodul at ed 5t r-aRsdddofideRatior Aethed 6T AfnP o iAclldiag tRNeps of:
cross-pol arized target echo signals that v
i

[ > th ry in
f r equency ilhenigatingthe goyingpedesy a“ﬂfé“@feéﬁ‘dﬁgﬁ%aﬁ‘ 8t on
met hediagkedladhrBndrgyi basddush dighebNBedileRBBmOdulated @arssit signal;
the co-pol arized and .cr oss-grol 3ri ed tar
frsdang

Igelt derC!L]lo radar
signal s t SCRFBEYECe NG PY AFs BYBFSIdE R

disf f @hergh stpatigedndr ange; and doppl er processing the
target echq signal profile.for each rget.r
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I eSpRA&ES sizRala WithreplicanoDdaidiiidar frequgety margeted trdnsmit signal
target .velocity. 7. The s f t L
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t he tfregqnemwiytréledvdiwaangsf radar energy in pul ses; and

anal yzing the co-polarized and cross-pol ari zed target

echo signals by . _ .
6. The standoff detection method of claim 1, including the steps of:

processing the co-polarized and cross-polarized target echo signals to
produce target echo signal profiles that differ in target range; and
doppler processing the target echo signal profile for each target range
5  to map the co-polarized and cross-polarized target echo responses as a

function of both target range and target velocity.

7. The standoff detection method of claim 6, including the steps of:
frequency modulating the transmitted beam of radar energy in pulses;
and
analyzing the co-polarized and cross-polarized target echo signals by
5  target range over a succession of return radar energy pulses to generate said

target echo signal profiles.



target range over a succession of return radar energy
pul ses to generate said target echo signal profiles.8.
wab@7as@etof f detection nethod of claiml, incP@mUR07/003365

the step of: Iow pass filtering said co-polarized and
cross-pol arized target echo signals prior to Doppler
processing to reject target echo signals correspondi ng
to illum nated objects beyond an unanbi guous range of
sai d beam of radar energy. 9. paratus for standoff
detection of human carried exb osi ve (HCE) devi ces,
conprising the ste
emitting g@%ﬁﬁan&ggqtﬁf'PQ g}faﬁ.og(%lc 3 Li% {RE step of:
i1l um nat esv passPterig spﬁdﬁspdswxaz&d@hd Icfdse-pelsatlzec%tal’gadmho
receiver far cted.rad
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sLgnal Erocessor for doppl er processing said

-p84#Y-zed and crosspol ari zed target echo signals to
nap co-pol ari zed and cross-pol ari zed target echo
[ eSponses o2 BalstAibt Sihadfr RLASH oI AARR ARALAADARLe (HCE)
vel ocity, oPPRgent| fy portions o e mapped
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that corr t that
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nappe'dlm'@afsé)lﬂmquweémf'%‘éfs@teﬁ‘& sarized target echo

responses teraQ?éc%Wé} R rdckivh eﬂ%ﬁaﬂéﬂﬁe&fy'énﬂtpﬂfd@Sﬁ)g co-
is carryin devi ce. Sntﬁar atus. of claim
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and trg{ggegnd/]le ocity coordi nates of thg NoVi ng

pedest ri an- of i nt er est cts ma ari,ze
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eval u ari ze ar gét responses (0]
det eridémidied apdlohapfj@t nragpegecoaprdarized and cross-polarized target echo

responses to determine if the pedestrian-of-interest is carrying an HCE device.

10. The apparatus of claim 9, where said signal processor determines
target range and target velocity coordinates of the moving pedestrian-of-
interest, extracts mapped co-polarized and cross-polarized target responses
corresponding to said target range and target velocity coordinates, and

5 evaluates a polarimetric signature of the extracted target responses to

determine if the pedestrian-of-interest is carrying an HCE device.

11. The apparatus of claim 10, where said signal processor evaluates
the mapped co-polarized target responses to determine said target range and

target velocity coordinates.



target velocity coordi nates.12. The apparatus of claim

9, where: said radar transmtter emts said radar
wep@gyshnh accordance with a |inear frequency POHUBZDBN3365

transmt signal; and said radar receiver includes

means for separately receiving copolarized and

cross-pol arized signal versions of the reflected radar

energy, and neans for m xing said co-polarized and

cross-pol ari zed signal versio with replicas of said

l'i near frequency nodul ated transmt signal to form

copol ari z - [ arget echo signals

t hat varyq?hqﬁggéﬁgﬁgvﬂgg afﬁsge%b target range. 13.

The appar atidsadsf tredsmifieremifsspidiradar coerpy inspqsgrdaned wigh a

MeANinb A rd ASHARSAdild €AdsRE Hafl o~ PO ari zed and

cross-pol arized target echo signals prior to Doppler

pr ocessi n§ridgadasesgtver iaelydes raeans fagisgprintslyderai Wag 69rdi ng

09 1 11, BRL RO 08 Rt SXRA) dJea,_rlbﬁg BRMHRIrEMRS rh@@Reral, and

sai d ‘beam of radar_ energy. 14. e apparatus of clarm
9, wi¥egaas gairwxmggwé|°°m°?%@§%w Fowpralaizsd sigaplgiersions with
Pr oCg§s{cAgdoMBRNEndaP freflcRELHSHNSed BEnseilt RhAKD TRk BN
crosspol ari zed target  echo signals §$ enerate a

ser i d8laszed gndigpssroluired et F%‘é’ﬁ%ﬂa ‘f‘%e"d“)f iy fERAueReyho
si gnatlatveibith@st ekt differ in target range; and
Doppl er processi ng neans for Doppl er processing target
echo signal profiles for each target range to map the

co- pol ar i 28d Taedpgarmasefddimrd, fimther asigptisiegho r esponses

as a functd,on of target rapge.and.tar .vel ogi .
The-appar Al oG PL R R REd B Gl TR bl potacs
t r angangeteeho eignéls pgai 1d Dapgdlr peressig 10 rejewt cageankbesignalh

atr %g?rggcﬁonaingqghlu%gﬁéd gﬂd&gs lgéd}aﬁ@‘rm LEMEM ranrge of said
nmodul at €d pul Ses; and sai d range processi g neans
pbocdssmftrdvar energiol ari zed and crosspol ari zed t arget
echo signals over a succession of reflected radar

energy pulses to generate said target echo signal '
profil es. 14. The apparatus of claim 9, where said signal processor comprises:

range processing means for processing the co-polarized and cross-
polarized target echo signals to generate a series of co-polarized and cross-
polarized target echo signal profiles that differ in target range; and
5 Doppler processing means for Doppler processing target echo signal
profiles for each target range to map the co-polarized and cross-polarized

target echo responses as a function of target range and target velocity.

15. The apparatus of claim 14, where:
said radar transmitter emits said radar energy in accordance with a
transmit signal comprising linear frequency modulated pulses; and
said range processing means processes the co-polarized and cross-
5  polarized target echo signals over a succession of reflected radar energy pulses

to generate said target echo signal profiles.



