|  RADAR APPARATUS AND PROCESSI NG METHOD FOR DETECTI NG
HUVAN CARRI ED EXPLCSI VE DEVI CES TECHNI CAL FI ELD

[ 0001] The present invention relates to the detection
of human carri ed explosivel(HCE) devi ces by
processi ng pol ari zed radar reflections, and nore
particularly to a radar apparatus and processing

nmet hod t hat provi de enhanced HCE detection.
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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



the identified noving pedestrian are extracted and
subjected to polarization signature analysis to
determine.if the pedestrian is bearing expl osive
devices. Low pass filtering of the of the
co-pol ari zed and cross-pol arized radar return signals
prior to Doppler processing provides range aliasing to
reject signal content associated with objects beyond
t he unanbi guous range of the radar apparatus. BRI EF
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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



3 values characteristic of HCE devices. The radar
transmts a narrow beam and an aim ng apparatus

poi nts the beam at a given object-of-interest such as
a pedestrian (i.e., a potential suicide bonber)
noving toward a protected region. However, even an
accurately ained narrow radar beamis likely to
illumnate closely spaced objects in addition to the
obj ect-of-interest when the systemis operated in a
real -world environnment. Such "got-of-interest” objects
may include, for exanple, other noving or stationary
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illuminate various not-of-interest objects such as the pedestrians 26f, 26g.
Due to the radar illurnination 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 12 must have a reasonably high signal-to-noise ratio (SNR) to

produce high quality polarimetric signatures, while rejecting signal content



clutter power ratio (SCR) of the HCE system 10. For
simlar reasons, the radar sensor 12 nust have a
reasonably high signal-to-noise ratio (SNR) to
produce high quality polarinetric signatures, while
rejecting signal content 4 associated with distant
not-of -interest objects having | arge radar
cross-section, such as the car 30 in FIG | or a
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[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 VOO 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-



generator 50 produces the control voltage for VCO 46,
a linear ranp that is periodically reset by DSP 14
via |line 52. This produces a linear frequency

nodul ation in VCO 46 as graphically depicted in FIG
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pur posﬁdditionaliy, the high-pass filtering tends to attenwvate short-range target echo
signals, thereby normalizing the signal response to target range. The purpose
of low-pass filters 71 and 73 is discussed 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 f{iltered by low-pass filters 82



of lowpass filters 71 and 73 is di scussed bel ow.

[ 0015] The bl ock diagramof FIG 4 represents the
functionality of DSP 14 wth respect to the present
invention. The digital co-polarized and cross-
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strength in successive and contiguous range bins 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



strength in successive and contiguous range bins
projected onto the illumnated 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

pul se, and the tables 90 and 92 are filled with range
profile data as the FFT bl ocks786 and 88 process a
succession of target echo pulses. [001.7] Wen the
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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 arange
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



[0018] The velocity (Doppler) signal strength
(anplitude) data generated by FFT 94 for each range
bin of table 90 is 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. velocity data
is ready for analysis. (0019] FIG 5 is a graphica
representation of the co-polari&ed range vs. velocity
data stored in table 98 for a real-world scenario such
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bl ock 10 range vel
coor didsttalie 98 gad gercrqgs-polarized data table 100 for polarsmetrlc 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



coordi nates for each detected target. The bl ock 104
(tracker) tracks the range and velocity coordi nates
of each target-of-interest over tine by assigning the
vector outputs of block 102 to a target-specific

hi storical data tracks. Each tinme the block 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 table 98 and
the cross-pol arized data tabl egl00 for polarinetric
signature analysis. The bl ock 106 stores a matrix of
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pseudo-random noi se sequences. Simlarly, VCO 46 may
be replaced with a. fully synthesized signal source,
and the Doppl er processing can be nmechanized with a
bank of analog filters in lieu of the described

di gi tal nmechani zation. Likew se, various transmt and
receive



antenna configurations and pol ari zati on conbi nati ons
may be utilized, as described for exanple in the

af orementioned U. S. Patent No. 6,967,612 to GCorman et
al. Accordingly, it is intended that the invention not
be limted to the disclosed enbodi nent, but that it
have the full scope permtted by the |anguage of the
following clainms. 10 CLAIMS 1. A standoff detection
nmet hod for human carried expl osive (HCE) devices,
conprising the steps of., trandnitting a beam of

pol ari zed radar energy that illumnates a noving
pedestlliAdntSof -i nterest; 5 receiving return radar
energy in a manner to produce co-polarized and
cross-pol arized target echo signals that are i30|@h§5
in target nanguanddfdpleetionpnasessior mynandiaicd £xpjetve

signak%véﬁ%ggpggﬁﬁgg;Q&k4§p and cross-polarized

target "ec es as a function of target fan?e
and t ar get trapshitivigtypean ©f pelenizer F3feREPepD; NG fe

nﬁppeqn&gﬁﬁﬁh%&héggﬁmggmgross-poIarized target echo
responses at correspond to the novi

ng .

pedest r i ansofiving reuestadargnersy dvamaater Hopredhse For@ntariFsdagd

porti OC'P&F-%BIahQ% -H&Q&%ﬁo Gi2nd)OHhaf drd REaRAMN target range;
0

cross-poldrized target echo responses to deternine

if
t he pedest doppieafrosesting wdd targegecgalsllgwdﬁﬁy map §9c%° gézed and

Vi Ce.

2. The,skaaekis @gkeshbeRpsmENRt Dfctiohat mrdk ranpe bnddenggt
the steps of: determning target range and target

vel ocitejecéfigor di nat es of the moving '
pe%best ri an-i@élnﬁifﬁﬁ@g&ﬁ&ﬁs cﬂfmerrazqipbmgomm?d apterped-palirzed
and cross-pol arized target respopses,. I eSp( (
to t heatget @hﬁfﬁffewse%'fh@ ffmﬁai%atﬁ%”\pg?“é8%563‘réﬁa§§’??§gw=ga“d
coor di nat esgyaluaitek pedkaifisdpgrtionpof e mappadico-polagized tnde
anal ysis of the extracted co- polari SR

cr 0ss- PerRIY R Y %@*Of%sgs%ﬁ%s‘!e Ut A0 Oecestripn-ofsinteres
pedest kicafyin@hn HOEakeRt. i S carrying an HCE devi ce.

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



3. The standoff detection nmethod of claim2, including
the steps of: extracting matrices of the mapped
co-pol ari zed and cross-pol arized target responses
based on the determ ned target range and target
velocity coordinates; and 11 5 performng a
polarinetric signature analysis of the extracted
matrices to determne if the pedestrian-of-interest is
carrying an HCE device. 4. The standoff detection

met hod of claim2, including tHe step of: evaluating
the mapped co-polarized target responses to determ ne
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co- polarized and cross-polarized return radar energy
si gnalistewgbtt h replicas of said |inear frequency

nodul ated transmt signal to formco-polarized and
cross-pol ari zed target echo S|gna s . th

frequency Pel Bigsandpl detgriipw mehodmfglaip gnWB@f%géﬁ]e seessh
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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 asa

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.



5 target range over a succession of return radar
energy pul ses to generate said target echo signa
profiles. 12 8. The standoff detection nethod of
claim1l1, including the step of, |ow pass filtering
said co-pol arized and cross-pol ari zed target echo
signals prior to Doppler processing to reject target
echo signals corresponding to illum nated objects
beyond an unanbi guous range of said beam of radar 5
energy. 9. Apparatus for standdff detection of human
carried explosive (HCE) devices, conprising the steps
of : a radag. Thasemddif detecfior methpd ofcri@mal esdhingf the step of
pol ari zed

pedest r anqov? Sass ?ﬂt@,ﬁ sa dg% olﬂr%@éjﬂdgégx@es?%oﬁmg&‘r’ﬂa%gt echo

r ecei wsigngls pebit tedﬁcgm!elr avharssiop ér iEcRAteRcd senHy e grsponding

pol ariz ﬁﬁ.{ﬂgﬁe&&gé&s BOLAT bR SR ra SR Bl 6Bk 51 bt
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fors depplger processing said co-polarized and cross-

pol ari zed target echo signals to map co- polarized and

cross-polarized target 10 echo resgonses as
function of?. tAppgetusrfamdpadeli deteeiion of W@?%@¥$Vi®$BFWG(HCE)

|dentuk¥kggc&ggﬁ§9 §mg& (ﬁe mapped co-pol ari zed and

cross-pol arized target Bcho responses that correspond
to the noviarmedayedessipteraae erittingadyeas of peladzed gpdar ener y that

eval U%h;ﬂﬂla&%mdv@i@g}xeuéﬁ@a@l Afkiegns of the mapped
coégo ari zed and cross-polarized tar et

ech
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9, where said signal processor determnes target
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responses to determine if the pedesman -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 coordinates. 13 12. The apparatus of
claim9, where: said radar transmtter emts said
radar energy in accordance with a |Iinear frequency
nodul ated transnmit signal; and said radar receiver

i ncl udes neans for separately receiving co 5 polarized
and cross-pol arized signal versions of the refl ected
radar energy, and means for m xing said co-polarized
and cross-pol arized signal versions with replicas of
said linear frequency nodul atetftransnit signal to
formco- polarized and cross-pol arized target echo

si gnal s t hd®- Jae grnamtasdglagnSywhere| ati ve to target
range. 13. Jie.BPRaAliNs cRits Qéiai‘d@i‘algenef'%ﬁﬁ B&Jordance with a
conprising: filter neans for |ow pass filtering said
co- pol lfepAsqugiry reedddedipmanit sigael #r get echo signal s
prior to Doppledar ROSESALINESs hRaf Lol Sdpatatl PREEiPiGB Qo-
signal s porrespondlng‘to'lllunynateg obj ects beyond
an Sunaitbirgad e vasgelakeddent! serpansRidhe iehedsd BAwegy ey and

14. ThgeARRA Ak S sl oBlRlafL& anlRRSsE pSalifbaSi@Bdersions with
processor conprises: range processing. neans f

r 1S , or
pr oceséplifgs ehwidtngbireguesedretipie ipesmitsignalio Jug co-
t ar getpeshed 8h D08t lRiZ8ERRIAER 0 Jigh k kIR vAT in frequency
co-polari.zed and cross- polarized target echo signa

prof | |"8@LYGetargek iMRge- i n target range: and 5 Doppl er
processi ng neans for Doppler processing target echo
signal profiles for each target range to map the

Co-pol ar | 79d- AH8 SBPASELS IS BRFhe CoRES e no

responses dHteanfetmicion om pats filesrige baid angelasing dndicgas-polarized
velocity. 15, The a ratus, of claiml4 ere: . said
adar e siears BRF TS HolParadtaih e fisg! e eond Bt
accor danespontd ing tailluhfisnsivbjecsi gpald anompmbigung reageeédisaid
fr%guq&% kﬁgqFlated pul ses; and said range processing

ar energy. . .
nmedans processes ?%%yco-polarlzed and cross 5 polarized

target echo signals over a succession of reflected

radar energy %k%sgarathgof%?ﬁﬁrfgvﬁeé%Lig ngﬂElgﬁScegs%pgomprises:

signal profiles.
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,



