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OBJECT DETECTI ON METHOD AND APPARATUS CROSS- REFERENCE
TO RELATED APPLI CATI ONS Thi s application clains the
whenehots2of the filing of U S. Provisional Pate@it/us2004/039628
Application Serial No. 60/525,637, entitled "Object
Det ecti on Met hod and Apparatus Enpl oyi ng Pol ari zed
Radi ation and Artificial Intelligence Processing",
filed on Novenber 25, 2003. This application is also a
continuationin- part application of U S. Patent
Appl i cati on Ses el DRYEERON METAGD.ANBGPPARATUS €d “ Si gnal
Processing for Object Detection Systenf, filed on
January 9, 2003, mhlch S a_ contlnuatlon i n-part of

U S Pat ent ‘1“\‘.‘ } il .n.. PLIG IQNS 641
ent ithi §9p|| aﬁbrﬁﬂéﬂl tﬁé %@ﬁ%f tﬂ@fllﬁ@éf L@JP?‘d?‘élormﬁﬁé‘fﬁ hﬂﬂcatlon Serial
Systent, | ed on January 29, 2, and issuing on

NoNBYER51687. estmed "Dojoct Da@ctlgngethmr@nﬂppmmpmmsEggrzz%sadfat'on and

Artm?):laﬁrqel ep%nﬁ?%(g%slmg ﬁkﬁ c?ﬁ[;N E\Blge?% é@d}_& @?a@rﬁ’@nﬁ% %Jso a continuation-
in-p&tbdppizttioDet @ 61 Ratunt @pﬁa‘aﬁmﬁ'&enél NLreigkr 00134Ut17y6 25(;tled. SyBal rodessing for
i ssued on_Januar 2002 as U. S. Pat Nu b

Oljeciigecigoystehie filg %4af“l’a6ya9t PR < "r°”§‘éf?tl9“'é{‘p°ﬁr‘| @é?] Gy

AplicBtidn¥eRdi Rehst: e6lodd®k £ ety Sighdl @FoREKeRg folOBibdPDE¥CtidiEystem”, filed
NVENTI ON The present invention is a nethod and

onglppan20.290%. end ipsting peNgvemberdLt20ppst he Faleaidbeer 25 476, whichis a
i

cogtmug‘&!\ In- aR% ngg %&npﬁhlcg%h SI rl_i)a{m%,rﬁ% Pég‘\vg r}géljgﬁﬁ@u??ﬁd Detection

Syetemp lfmed;esmmamggswgmahecmndemmza gaomaatshb@lyaantddumber 6,342,696.

arat use or. provi di ng hi I| il bj ect
TP T o oK PR E R BRI KGN hor ¢ he

fol |l owi ng dlscussion refers to a nunber publications
and references. Discussion of such publications herein

is given for nor e coﬁﬁl@ﬁﬁ_ﬂﬁdﬂéﬁﬁﬁﬁﬂ of the

Zglm gg Prgsen ﬁ tlon i C%méct and %ﬁpla\%\{r?fg foﬁérperen%{%:y%gtnélk {Ag?rege%cg& an
obfeat BByt rToVImﬁi@d @farfbtﬁbaéléﬂﬁeamifsﬂ&ﬁ&& qu& b3Mb At ihvention further
1999, two students at the Col unmbine Hi gh School in

copipfigep gqvg\»ﬁ’ign@@roggsgia@mgtﬁ@ﬁ@ad apparatuses for providing high reliability object

detection.

BP;CKGROUND OF THE INVENTION

Note that the following discussion refers to a number publications and references. Discussion
of such publications herein is given for more complete background of the scientific principles and is
not to be construed as an admission that such publications are prior art for patentability determination’

purposes.

On 20 April 1999, two students at the Columbine High School in Littleton, Colorado opened
fire on their classmates and teachers with assault weapons. Twelve teenagers and one teacher were

killed, and dozens of others were wounded. Tragic acts of violence like the Littleton massacre occur
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fire on their classmates and teachers wth assaul t
weapons. Twel ve teenagers and one teacher were kill ed,
wanaedomens of ot hers were wounded. Tragi c actBCDiS2004/039628
violence like the Littleton nassacre occurall too
often in present day America The Federal Bureau of
allltdd\gter ih g@béndtayAefeadat Shd FesitralBuesay ofymst;gatcon rapontecthag every year,
e United States use firearns taq

th CO over pr 8
CTHPPE T B EReR e Ry PP TP 6B ignasseuts.
ant 3BL600 (3pRE (BBEAMh&REN Aol indBstry DELAE, biblishedl bytBé National Association
publi shed by the National Association of Federally
of EederafigldepnfidiFisearme Dexisas) eihe Centerdor GisgaserConlin! hajcalestge data showing
tha(E?Q}rsSgg' frheaﬁi g?ﬁrlmsl &&k ?e%orgég fi‘thg Ug‘t""d '%%te%t&"’%hﬁ %fé 83%?9618? 1992. (Data
cobhipileld Ibg the bentyﬂapﬁveba%dgunmnéaatuahmm iirk reebnbgeaﬁsmwew threat has
Center to Prevent Handgun Vi ol ence ) Furthernore,

evplugdethpt i 1Bg puicide bompsyy TW‘FF%%[? MRESIARAFELG Y, My dRvagiating ‘T’ﬂ? because of
thShltrt SR YIRS, it RDErafte thallEySbe 4RRAES 24 Song BickariRr €

devast ati ng and because of the nature of their weapon,

it is inperative that they be detected at a Iong

di st ance Nhny us e forts to reduce

oo PPN T NS 8 v ] BT Rt e met it
linlitedlidc6ds SHHePast MJHEEJ'&SS &P ExpbViRe dP42EHSmenY RisYeen installed in major

expensi ve x-ray equi pnent has been installed in major
airgprisp 3he machines are g¢rieralbscapabie ofdatesting 4 petel ap'alblaeermpec'a"zed closed
enwﬁo\?%‘r@%tnﬁ@% ?pe.lnﬂﬁt élum{rr%HPre%J?es&E 140) l}(stacﬂ?@%'eo%u p?eégwery |@Pg§%gace is
cldsBdn@é hratrhayBost BuNELERs mhoasamrqr eJ/earnglﬁ)nS praars. | S

cl ose-range and nmay cost hundreds of thousands or even

mllions of dollars None of the conplex conceal ed

WeapRfe gﬁﬁeeéarngleyﬁc&t@ted Hepol UL R tw a@vcahérapm.lgbe .rhn@

commercl al market are compact, |1 ghtweight, portable
cogm@cid mastere domng:t m@htvgpcghapmhabie ghsyyto nse| Ipraﬂala@e'ﬁhcehlghly rellable

devel opnen uch a device woul d const.itut
eGP L e YRR AN T2 HENLe(Fes] gy sausty =
lofgBLit neB&RGhel RIaE Br8av dnffrdemtfand &R f or cement  and

security Earlier versions of the present invention are

descrlbed |n U S Patent No 6, 243,036, issued June 5,

]Ea{'ller vr?rsggs ?fq}\rﬁ pres%wq g\v?;\P%noé:r%e § S cribgd gg.g g)dtzr?t%o 243836 issued
Juwas @001 SntitiedBignal efdtdstiher dt@&nmaainaoby\é\émp orss ikt @16 16,330,582,
Systent, International Patent Application Nunmber

'S@GETM@JQEDW 2eM3qentitlednpaneeated Weepdie Ogleein esinioristemeioast Patem
oq'mu’mbg T'/%?HG% g@ E %‘ale&a%§ oA DB &1 {etno @l&hshed on
pS){%lcatlo er r128 an 'fnternan%%a »
M&Pett 2811998 as International Publication Number WO 98/12573, and [nternational Patent
Application Number PCT/US00/14509, entitled Signal Processing for Object Detection System”,
published on December 14, 2000 as International Publication Number WO 00/75892. The

specifications and claims of these references are incorporated herein by reference.
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Application Nunmber PCT/USOQO 14509, entitled Signal
Processing for Object Detection Systeni, published on

w®ementse1 14, 2000 as International Publicati orcMuRIDe$039628
WO 00/ 75892 The specifications and clains of these
references are incorporated herein by referenceSUMWWARY
OF THE | NVENTI ON The gumgsmy OF IWEINVENTIONS a net hod of
determ ni n? the presence of an object associated w

th
at gpﬁg sen ﬁ@n%qutttoaﬁbﬁegplﬂl@g tpﬁ Brege[ngep%f aBiject assomated with a
target] th'énnaﬁ&d' c@&pt‘isﬂﬁ tHeRtedS4t: MintidatitQheAbigétfin b&lérHéH in@idaf radiation;
radiation; collecting first radiation reflected from
colldqnngtflest gettatlomrnﬂeﬁeoﬁavsw the tsraﬂtevhpb hzsra s2ete ipoerization e illuminating
ra?'%‘ﬂ égl{]g&g?gzgﬁga P%%IO{I eﬁ% etd(?w Ce:]téraasﬁlglh a%%négp%%lgt I%rlzatlon from
theﬂ(lllnﬁrfdtuig’:\'tadilﬂian fah@ e fidyRg b MeigRted\Adrbifpf Eradlia at thefst radigon and the
npl oyi ng a weighted plurality of criteria of the

SeF‘f"F ﬁd'aﬁ%vd? aﬁtwmwegﬁ@fﬁswe gfé%%&ctr 208 ePRIYiRY fisP eréfF@P'MF?i@"ses

enﬁpﬁb?.Fé’é @%ﬁ‘rﬁ&epltpghtytopgltéﬂgbﬁﬁé colle-géﬁ ra%ﬂpcln%h\@gecﬁg Qﬁme domain by a
preferably conprises enploying a weighted plurality o

ChirpZtTeansfarnofrodebe The Ehgoying dtep adfesebly mmnrmptoe'dg 4 wagpitude spread

time domajn by a Chir ZTr form
of 8?.qur 88}‘1 H;ahesftrgéadﬁp%kagp E\Slsv:oa ﬁ%?qog gt ﬁ%ﬁé’? n?]eé ihe employing step
furkROFIEAEMEP comiDFifR @rmPlbyidd I PAlityRO&keri@ beld R frbinfitfel grdup dbriRisiingrds a
and the second radiation at a plurality of tines. The

firgh mquler@thstf @braﬂletm Riezeroiime piar aesversientateitige sorasip Piys wye-Z
Trg‘ns%rr}iI grocesgy cong ][T{aén?tpée‘%f t?\gl %S%ergdl{ti%ﬁ) ﬁi‘é&@?wg{ag&@ d’\ver?lon to the
tm&tdoﬁlﬁlﬁ By thé mﬁrpaz tr@iisfoBrd PA6EdsS, i afda tifferérite bétweem tickaingd magrityde and the

the Chirp-Z Transform process, a second magnitude of
sepqd magRigPRl Tha MBlPYNgIfteR oPtsRAllcomPritss sMPlaYing TP aTihdifegence
bem,g HE At rgé?ma BndWe Jeb&dgqam i Ilraqngafsgrgmrﬁgﬁﬁeeﬁ§ped?9guwe,

erence etvveen the tirst nmagnitude an

preferaimyitle rmgusﬂtrteuxéek vallia ef teeqaiheya thgtott &¢a Wwptritieratve,yof one or both of

conpri ses en;g %ga time of %”JV&U dlffgrence
RO 978 TRISPET RG] ot TER S CBUERISTAN at  on

and or a neasurenent of the shape of a curve,

preferably the ratio of the peak value of the curve to

t he T’thgtnaihOQais elafecﬁbueﬁfpeat#éa rRiwralifyeof tirods, anddurther dompiisedthe starof
T A B L e
stépp eatifth reupl rhétvﬁJrH Jny:amanaﬂ 4985 andARCenfplbyihi@ép SHerembly Geiser

the step of conmbining results of each performance of
correseprthe5t98 of UFine theweyia detpypris foguigpempusly deteimine EGRPFT ofdhe object.

the step of training a neural network on calibration

data, and the enploying step preferably further

The target preferably comprises a person and the object preferably comprises a concealed

weapon, preferably selected from the group consisting of a knife, firearm, gun, bomb, explosive

device, and suicide vest.

The present invention is also an apparatus for detecting an object associated with a target, the

apparatus comprising a transmit antenna for illuminating the target with polarized illuminating
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conprises the step of using the neural network to
aut ononously determ ne presence of the object. The
wo asogebispr ef erabl y conprises a person and the pdI/€81004/039628
preferably conprises a conceal ed weapon, preferably
selected fromthe group consisting of a knife,
rabiibtioR.ad fitst regeive anteandXor @healirgSitsy@diatow refectedsioch tse tagetthhich has a same
vest. The : resent invention is also an apparatus for
PAREEaseT 35ty HIninghiadatiatigy & 5650ae EaeNRidrER f?'éP'E&ttng $§9qed radiation
refdRA 6 the (S QRAiErSAEYn Bppbli@BeiBRzbticA Rb@R %Qlufnﬁ’nﬁtmg radiation, and a
illumnating the target with polarized
prpdebsenfonervalayiye a dieightecomuraliy of ¢ritesia of tae rptvastiatient 25 e seegnd radiation to
deg%mlnﬁat rleg1 cg f!%fghsr’?é)b%%;jgr thrcgcglssérﬁ gr%lfgr%% ﬁgmgl{y gn ngh ?clt pzr?]urgrgi%tof criteria
frtratibw:ﬂe@famaﬁbn%awem t6 € frhe/ @nRaMtbe 8 [TAirg- DTraﬁ‘SiHrﬂn@Ebbésﬁgand
second radiation reflected fromthe target which has
Pr afﬁ'ab'bﬁﬁ@?yﬁé magnitdq sPeaed BPNe PrARihtofiae first retitipmandifey second radiation at
I
A e e R L R
grewwconsistingal ia fitst ro#gnitiole ditheiirstiratiation qbzeecsmmeocfontempn to the time

obj ec The processor r ef era e .
co S e ST TP et = 1 AR & e e g o zero ime
afePEMRIdidido he tih& 8ontain By tHAQUFRY-B TRM1sf@mERdcEqR- #hd BldR&hQ bdtween the

process, and preferably enpl oys a magni tude spread of
frgmaguiuddendihesecanpmagritydst radi ati on and t he second

radiation at a plurality of times. The processor also
preferably enploys a plurality of criteria selected

f r onihk PRCcEES APtherQRSdradly h@plo@d a find df BiSilal BkgErick bétReedfthel fifgd

first radiation at zero tine after conversion to the
ragiptien apibthdipasonsyradiajen. exsferadly smmpygrrshene s Heusees ane of bafiaefdhifdirst

I L
R S i AR ST B b g Bl BB I e b bmpiore
vapiatios editne ofiond oabath df trerfisnadiative brdtBesecbre rddiatiot. magnocéssmle

and t he second g;gthde The processor further

prﬁfpr@f)lé?%nr?s @ﬁzﬁtﬁ Fora a plugafity of aBP"CaaiPPEI Qf fhe illyinpting gaqiation to the target. A
st MBS RIatiAAg alﬁtbl{ng bptioRH) @Jrr\pgﬁs RdnkheceRE QA E\ﬁxdéaﬁtsle&ﬂd receive

preferably enploys a shape of a curve of one or both
antfnna.he first radiation and the second radiation in the

time domain or frequency domain, and preferably

enpl oys a variation in tine of one or both of the

f i 1 Sthe kangtt RbieffabRAtelshit THE S)Els bRetrablyia@BncediétBeapon, preferably

"~ processor preferably conbines results froma plurality
segeted o the gfore erosisling phacknife. firgammgtn By aidlietiYe dsKcq and syigide vest.
TS B PGl i Fhe PR A B BN EDY BBl AR o e e
prefe@Bly ¥8igning a value to each of the criteria and determining the presence of the object based

on a combination of values of the criteria.

An abject of the present invention is to provide a detection device which is preferably compact,

lightweight, long-range, portable and battery-operable. This enables a preferred embodiment of the
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antenna. The target is preferably a person. The object
is preferably a conceal ed weapon, preferably sel ected
wo panarovise1 gr oup consi sting of a knife, firear nPCOUR2004/039628
bonb, expl osive device, and suicide vest. The
processor preferably enploys a neural network to
de@td t6 B@hdna-ahrtia uh\&the(bbulti beuspd Bysien erdoredmentdficens jasdzér military or
referably aSSI ng a value to each of the criteria
seciiiily PREPREF n§°h?xﬁ’§p é’g ets et foRentigrlan iy dyt S8 hased on a
conbi nation of values of the criteria. An object of
the present invention is to provide a detection device
V\:hi cAh aii\@ntpgﬁsﬁf theatsisgnt mpappiends thatithegiewerddvelh radiateg Aythe ariggast
in 6Pt é’P Sre Ipéeéergl;?ybmuc?k r?évﬁ%/thagw]%%{;veﬁqul nal ra-ggrl ss’steerrgsaotl‘J kh%?e nerated by Cf( ray or
otHéRinfagihdeVste @O thathrd@urreiitig dmplyyeb Me&&foefeﬁeﬁmﬁbtenmf cff Iaﬁ elf;ﬁrt ora
and/ or n1I|tar¥ or security personnel, for exanp
cogipest fion e preseqt ifventiqn dhf 4 prageRIvE AgURHY &t ithe t%f?ﬂﬁd"demf mag”'t“de
e RNERY S for hlloRiG&Aakiod NveNtion is that the pouer
evel s radi ated by the present invention are
preferably nmuch | ower than conventional radar systens

or those nerated or o i.n

© hatOV EoEh pevaeye BTigr ey Buet s biter B ePu e presen
inveRoh Wil Bk sé&Ror@irl [ﬁﬂrﬁth@éetﬁed‘déb’{rﬁ)ﬁoﬂ%llom&eﬁ\hﬁcoﬁ;ﬁ&%&ﬂhth the

i nvention the average power density at the target is
acoqmerangngafawinag#nd indert Wik besame rparsalftethgsel skifigdiin theart upon examination
of 83%"?&}?% é'!tr{]nj be?eag\ﬁ%l) plﬁarcttl eeoF ﬁsg (l:ngebrtlgnc tT%e ot??ty g%@%ﬁi ygaeg?f the
indeht®n ia@ S€Rblizbd13ha Attdida byvinkans bﬁthéiﬁitruf’n@ﬁthllﬂed dnd p&ﬁﬁmatldmstpblﬂcularly

detail ed description to follow, taken in conjunction
Pojfitedieutimibe aRReRAPEAAYTNg drawi ngs, and in part will

becone apparent to those skilled in the art upon

exam nation of the follow ng, or may be | earned by

practice of the BRIBFEOESCRIPTIONM@F DHE BRAWINGS advant ages
of the v invention xhbe realized.and §ttal J
mearfde FconPRIYNLBYIET M e POPORIFY N3N W&ﬁ.va'ﬁ%”h specification,

||Ilﬁﬁ£t5 é&yrlalaerrrlb}fdlﬂgﬂ\t@&f @d pRidbnt inGentidheana RERMEEHN &letesiptioBReREto
PTION OF TH DﬁA NGS The acconpanyi ng draw ngs,

exwlan@fe peiniplésiottoe pmnmne dhé drawings@ack dnlyfarthg ppraese obiflustrating a preferred

en?&gi%\ief\tlo?t%g Ineerl]wtion and are not to be construed as limiting the invention. In the drawings:
Figure 1a illustrates a simple wave,
Figure 1b illustrates a simple wave that is vertically polarized;
Figure 1c illustrates a simple wave that is horizontally polarized;

Figure 2 provides a block diagram of one embodiment of a transmission and detection circuit;
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illustrate several enbodinents of the present
i nvention and, together with the description, serve to

wez@baors2t he principles of the invention. The PCBUAIV9§039628

are only for the purpose of illustrating a preferred
enbodi nent of the invention and are not to be
C onFHiguteeXpoattayd pefiohd dagyibdeegun indiffetenibcatidng ob the bellyawi ngs:
Figure la illustrates a sinple wave; Figure 1b
illustrates a sinple wave that is vertically
Pol ad febdhis &drBH Rowhy thd ks Eload LioR o HERARN ‘%\{ﬁg Fehél:‘ied'eﬁergy in
hori zontal 'y pol ari zed; Figure 2 provides a
dEsmavgrsenfregfiengne enbodi ment of a transm ssion and
detection circuit; Figure 3 portrays persons carrying a
gun in different |ocations on the body; Figure 4a is a
gr afFigusdvd A\§raphisRovitRd raddr 0% Ss s&dh b hutan Body PEBY Feflected
plotting reflected energy in dBsm versus frequency;
enefay (IrdBsaNesYs 8 PYph showi ng the radar cross section
of a human body, plotting reflected energy in dBsm
versus frequency; Figures 5 and 6 are graphs which
supHigureis 15faod rave ig@phsodivh ewmly m@rmhen cakéraiod the reflgetiaty ottieehuman
uman i1l u t ves in the
ooy WS W s it e o o oS 7. o5 ey bancs
Figure 7 is a pictorial representation of a preferred
enbodi mrent of the nethod of the present invention. The
t wo F@ﬂuequsa aictotishespreseptationaff a piaterrert emtiopigpentiobiine mataed e present
m?eﬁ lo%CtI'h g 8raah a?t(gm?q'g?fg Fg%%lnbeshgj et}-netCt egjeckgy Rogrg) wea Prgmay be

de@‘ctewayafncpw@ v tim@lioaih bifeae t ah@ntu@fs bﬁw& eaﬂs Jfad\ve@rmawmaw
havi n ifferent polarizations. In both the upper and
cof 'ﬁ@OF‘g‘ﬁﬁf leiedIpiie wavehizaving\gjffefeny pYsiEaeny: éfp'?oé'stéwppﬁfr?@d the lower

gré(p% tth&t@h kr%ﬁdg'ﬂ s AR ARE Rl ly B Qr‘PcJ RfidAEH) foRfie rd gﬁ\@%%s reflected

l'ecte to the detec Figures
bmbbm&ldeteelst equi pnent plots of two pairs of tinme
domai n waveforns generated during a handgun detection
experiment. In Figure 8, the person was not carrying a

guN;ridukks fBiadds Sre Aetudi RSt 3APRPEGS Otwd\Bts 6@ XibM&n Raveforms
handgun, and the di stance between the maxi ma of the

gengveted dyring 8 hargigun dgtectioh experiment. In Figure 8, the person was not carrying a gun; in
Figure 9, the same person was carrying a handgun, and the distance between the maxima of the two

curves is much closer;

Figure 10 is a general illustration of the phase and amplitude response used for the Complex

Chirp-Z Transforms that are employed in a preferred embodiment of the present invention; and

Figure 11 depicts an operational system flow diagram of a preferred embodiment of the

present invention.
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Figure 10 is a general illustration of the phase and
anpl i tude response used for the Conplex Chirp-Z

worawsbens that are enployed in a preferred erODUBTIBND39628
of the present invention; and Figure 11 depicts an
operational systemflow diagramof a preferred

enbodi nent ObESMPHDBSZ&FWEIHREEEIRREﬂ']EMB N1 ON OF THE
PREFERRED EI\/BODI MVENTS QUT THE

| NVENTI ON) S SER: Sh Fri-ses et hods and

appafhabidsent ﬁﬁenﬁ’cﬁ%@ﬁﬁrls%étms Eﬁcﬁa‘iﬁé}gt@s @if defting Rjeqfdsedte ofan

di stance. One enbodi nent of the i1nvention may be used
objegt 4t @ distarcea Ope proksdiment of fhe EugienEME/ 06 IUsagdPac% Foneaien Jrearm

[ Th [

an%%{ g’on}rg) carnec(i:3 b eC leSER aﬁg éJTgr?flonPrg #}Sé%% th F%]Er"(e’%p &gﬁgﬂé’@ga’gnfsecure
ar&Lrosdfe zdhawk suchia B@cthbol bank) aigdKt, enfbasssy, @ﬁsonc@umrbmm@mpe buuldmg,

of fice buildi n% retail_store or residence. The t
retaisstpre orA5HEeNRR- NS tegm kRO AN dS ‘SE'F%%‘@SRHFRMBW%B“W "lel‘?ﬁés'g"ee
of'ﬁ‘%‘cp'r&@rﬁ Pat@ht A‘bﬂ@atﬂﬁ %€ WIECA'%@E@(EEmﬁ%HQJ LG duSRess 2§18afe Zone™

Al eese Conpani es, doi ng business as Safe Zone(tm

Sssymssmrpﬂatwor por at ed. The object is preferably

associated with a target, for exanple a person

approaching a doorway, and is detected preferably

USi Mhe RBIEA sl prcesilablyies dainee With diget, taBexample ABertih@proaching a

t hroughout the specification and clains, the term
doopway. o is datgeiersPreferaRlY YFina §OIRERRIPY POWE EadiowRYes\higer fgpughout the

ragiati e
spﬁ%ﬁcg@ctﬁ’aﬂgcléiu Rt?eLthF’nl g gqéa{a n@gﬁéggﬁ&hlpﬁﬁwﬂghﬂzﬂ dlmrrLr?aQngt Edlﬁlon is
poﬁﬁedUaﬁﬂlﬁﬁlﬁgfmeghﬁHd totarpersap Bavkpdck, dighape, t@pthab @ndBe liteh@s used

erm "object"” neans a P sical itemthat is carried.

th@HQh%\B'Peffpe%f&ﬁ‘@éaP‘b‘ﬂP"Bﬁ hegﬁﬁ%‘?b@a‘l Means@raysicalder gat i parried on,
e i B S SRt B PRI AY, Ml ok iRt et lncucng
bugmulmqmdsct @weappn, khile, firdzonrigun, pistot rittkebamis $uicide lvesh shrapnel, wiring, and
|ng, and the like. As radio waves travel through
the p “air, they travel in a way simlar to waves of

wat er movi ng across the surface of the ocean. The

shape of a sinple radio signal can be depicted as a

r epe%?tfettﬂo wRyesirayelduough the @is irey travst in g wWBy imilapie wares osmMaielrinoving

actrOSﬁ Fhegu&ace g‘ﬁhe c;lc-:lgz;n.s THQ sh%Qedof g%mle@otld s?gﬂal%gn B(!]o%pl\é@x gs a repeated up
and down movement or vibration, as shown in Figure 1a. This up and down motion of the wave takes
place in three dimensions. The simple wave (W) propagates. A wave which is polarized parallel to
the plane of propagation is called a horizontally polarized wave. A wave which is polarized
perpendicular to the plane of propagation is called a vertically polarized wave. The height or intensity

of the wave W is called the amplitude (A) of the wave.

Figure 1b exhibits a wave which is vertically polarized, while Figure 1c depicts a wave which is
horizontally polarized. Vertical and horizontal polarizations are said to be orthogonal forms of

polarization. Other terms that may be used to describe the relationship between waves that are
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pl ace in three di nensions. The sinple wave (W

propagates. A wave which is polarized parallel to the
w@b@amob1 propagation is called a horizontal | ypCT/US2004/039628

pol ari zed wave. A wave which is polarized

per pendi cul ar to the plane of propagation is called a
vertieslly axeHokizonfaty patarizee dre\panpendiclibe ogpesitg rosepolarize nsr'haltyar(df

the wave Wis called the anplitude of the wa
compﬁmprgari beé“')Zﬂ[“}ﬁ”[“g"“h“sﬁ%\') gw PEpent ta dé}@?etoirta%ﬂopiy polarlzatlons is cross-
paRkeR! dr2Rds-pdlbr X-go1 fo £haft EThbGaed B ofatifhtich iN\aRRcalB todl fdrfis of

horlzontalf pol ari zed. Vertical and horizontal
trqoa\leasmeb_eettqma@tlawwesadhethqr@ebere@ﬁdtomg@raam'cwmws‘reekﬁemies or light
Wl s ar zsat%osg it he qatsr% f;8 that may be used to describe

2 rer onsh &n waves t hat arevertically and
hori zontal |y polarlzed are perpendi cul ar, opposite,
cross-pol arized, or main and conpl enmentary. The term

pri maf PPWE lpuciratizied Byjthe RISERIRYPRNOR e AuFpWer Hiep FRIYBYHena! radar

syQthlnélHtﬁa%ttﬁoQQE n'er%teg BP)? %99 cﬁ“e'r ﬁ%Gng @Eteﬁg {R§tsarep&lrreﬂlp %FIWQE to
for short dea of "polarization is applicab 0
deglct obfeots @sth@éntry pfaansavmﬂsea edue(obmolmg:n Gwlaserm\pewer derséty 4t éhe target
r es. at m e ci.es

of Pege R Ao Te SLES PSS S ey ook YRR tfim oo
iofawBsqidteyel s radiated by the present invention are

much | ower than conventional radar systems or than

t hose generated by x-ray or other imaging systens that

g; eaﬁg !a?é%'i Jn%’en%ﬁpp're?é/ S ﬁaé’ra@?’in%]%t r%%@%%? b%Rdst B?fer%”tté&{o
frgaosticies d‘&ﬂslffetrght aéneﬁtha'xdtd&é@eﬁtaje@ for bifjext w@ﬁ@f I1r€tde Umted States,

enmbodi ment. of this invention is orders of magnitude
°P6@F'W691‘Fé‘°'§%ﬁfé%dj? dIeY'?ﬁstaref'?ﬂ“'aF?B RY the ﬁ?dfr%ﬁc’r?raldﬁ'ca!%ﬁ?m"?*ﬁ@ﬂ
E%FI @éﬁw ac'rdg gfogeﬂ\aQ% ébglla%ryggﬁés&ma? §Ilol::ﬂe ért&eadgﬁ%ter the use of the

ferent of fer

requency frequenci es
radio ﬁﬁeeh‘uimtAltbmgefhetssecacaﬁordn&wdwamtlﬁnge‘sreﬁcws toqdajtiewtr frequency ranges,
detection. In_the United States, o eratlnngre uencies

thafyspgdnad ba ggnegréaély ﬁPEmF@WSQQ a ands)yar Hgf eﬁ% %ﬂnet radiation bands

n@qﬂ”ﬂwm@@wtﬁ@&e@@m&élbﬁefangé(?h country across the
gl obe has simlar regulatory bodies that allocate and

adm ni ster the use of the radio spectrun1 Al t hough the

S peglg{éjlrelczgpt}rleﬁgﬁt a non ||mdt|n méafé OF% ﬁchematlc%f%a( aﬁﬂarrbof circuitry for

parti quency

implRMEitihg b prletelred éﬁﬁo&iﬁi@rﬁtbﬁtﬂe e, &ovadiiBr b tradisiyiitted 12 is coupled via
el ectromagnetic radiation bands and is not l[imted bX
fi rgtH@ecg?j'@hqopqquap [o)mqglplgteq YsTitar “a‘ﬁ’ﬁ dransmitter output amplifier 18, which is

connected to transmit/receive antenna 80 through transmit/receive switch 20 and pre-selector 22.
Transmit/receive switch 20 is also synchronized with range gate switch 90 through controller 26.
Transmit/receive antenna 80 and receive antenna 82, which detects energy at an orthogonal
polarization, collect energy reflected back from the target. Alternatively, a single dual-polarized
antenna may optionally be used. Polarity selection switch 24 in the receive path selects either the
horizontally or vertically polarized antenna or port. Transmit/receive antenna 80 preferably both

transmits the signal in horizontal polarization and receives the reflected horizontal or co-pol signal, and
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Figure 2 presents a non-limting exanple of a
schemati ¢ bl ock diagram of circuitry for inplenenting
wa2@sebser ed enbodi nent of the invention. Low poOmEs2004/039628
radio transmtter 12 is coupled via first directional
coupler 13 to nodulator 14, filter 16, and transmtter
red@ivk Phténna 8P priefleiably ret8yes\ei veltical or Xemnretasted dighabin vertical polarization.
transmt/recei ve antenna 80 thr ough transmt/ rg cei Cor
Paiggily swifeh 26 detemingt whidaaplisdpd to e reppe{ShATY AV & s Ch
ﬂltgrg 23 93 Qvle%%diyﬁcﬁwr% %S&ht Yt bibahP4igHBIs @8rh @ntériMg tehtedder and possibly
hrough control | er 5 Transmt/receive antenna 80 and
canmespweuarnt@nm O%turanm thrargipifi %wsi theraby gipveatinggygrmal operation.
Pr? ::,%h ﬁga% E gwl %Elp e?lﬁ% ?tﬁ%%ug} unde aglreg¥rm09£40qﬁ1te¢rgnm%kfrom
befhg @hnspitledr | zed ant enna may optl onal ly be used.
Polarity selection switch 24 in the receive path
sel ects either the horizontally or vertically
pol Etrohl?c@?r o@@%@e@% 26 reRPdoly-corhbrRig %ﬁ/étB&%b BRgARMNRHING LM to
preferably both transmts the sign i n horizont al
copiod! grismitei 121 @njdnatigowihvkes! osdilletor 3K ITG@ ouwplt bfopuisg waveRIm or
co- andr ece ant en f er.apl : ,
oepRE BT (PSSR DT I T3 B P cedler & § kgl mier a2 v
se¥élallr&cfbnalRRLidr 17 a4 Qbut SRR MitkLeitNwiteR0ddaIsbat Lo Pﬂn@ﬁ& through
which signal is fed to the receiver at any given tine.
poRrity-sgledtiecwiich 24, filtlep6sang peceigedovanaiselsamlifigbids Afpi"? ¢retdigitgl output
revent b r [
frcP Hocﬁgs% ?&; F convegeg Q, lntergugﬁ é?é t?elj&gnr%gé%{(;%gtrrdl Qrg?ljfés}go uvrﬁgtﬁ Iahl’é]g feceives
thé Rgin 3iGHYI input G5B a Aid@r 311&6@}11)%@ pRYEted 410 Theosutpat from amplifier 40 then
operation. Pre-selector filter 22 in the co-pol path
passesdhrensh emnapeasiles Nignsp efitAA2Rh o Pewes AiVide d4. Range gate

confrd97 qutrgn%g 8£t£ 5 ePS& s ide" iR TG k68 fat o f-ﬁ? Siph hr&h 2 %rﬂector (ie.

processor era y conprising s /stop/s ope
tafye0g blammtrrag',s at tBe desieadl distancediroinT thd adparatos igiptotessed] Bignals from other

t th | I t 30. The
R f T L e e I R e T

Oﬂe outplii€ apliual berfaubied AldeRsriab | jdaQEingHarrbw@ pisR6 whith 4k §diked
32 via second directional coupler 1I1. An output of

thtougimfiiter 48/ videg emvlée@\m dateld s@pl¢ andAbld etreftalgr §2gangithes digiized in analog-

t t ion swtc
toy “@gﬂl 8’%‘ 'Feé&? ?{%‘r’é% "l?rfrf) Rapk t8|pr°§eéfs°r26pr af° 8?03% Utpﬁﬁonﬁlp A
diQ4dr Rl s fécdrvﬂrﬂoﬂér(éﬁlﬁémrto #Hasd d:‘ete@@f%\ssmdo that th@&tﬁﬁd’@?ﬂﬂ ohithe returned
frequency gain control anplifier 40, which also
signatean be meadyeed ghthqisagiedimglas IhﬁBmP"tldeom a m xer 32 through
band pass filter 41. The output fromanplifier 40 then
passes through range gate switch 90, high pass filter
42 agiftetphasp Mit@inatDh 1sivelg impbdant iRarigeto gerfoen complex frequency to time

domain transforms, the phase of the reflected signals is preferably measured. As phase is a relative
term, this is accomplished by first establishing a reference signal by mixing samples of the transmit
and local oscillator signals. A sample of the transmit signal is taken from transmitter 12 through
directional coupler 13 and fed to mixer 9 along with a sample of the local oscillator signal taken from

local oscillator 30 through directional coupler 11. The output of mixer 9 is band pass filtered by filter 8
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control 2 1 and range gate switch 90 provide tine
gating so that only a signal froma reflector (i.e

wo a00geb1sor obj ect) that is at the desired di stPOrEesionom9e2s
the apparatus is processed. Signals from other objects
that arrive at different times are ignored. Power

anditheh drited 44 lirdifRh arhiSifier Me> Sdbljreils amplta@ietoved tr(emlmiglrsm.ge Crre limited
out put is anplitude denodul ated in detector

S'%‘P'dﬂiﬁe rorvgaqﬁ%twr-' BYRNEh (R Wi QiR Fvosfepalp hat S P f“d\ﬂljﬂ“de but phase

stiflel feBlivedBeack 'o@laiby 35PIohE bihe ovfputs BAEH iR EIRRdeCieRBEr 65%hdlthe other
stretcher 52, and then digitized in anal ogto- digital

outrohiv &d taesecdd phask detectds 66.nfvof affslet blzask detertqns are bsed @Prunzleblguously

co-bll-%%égnegg gﬁé{) ?eegrrgeé 4Tr€ero% [5’Htg O}N%r sée;:i gv tgrrggss éé are%galc%goand sequently
digifxed iahasa-t6bigid coalere @8 bt 201 MRGdiGizgNagnak are fxtto BE@SIEr 2akor

at the same tine as the anplitude. Since phase
SUPHIBIReTeSH"d s very inportant in order to perform

conpl ex frequency to tine domain transforns, the phase

of the reflected signals is preferably neasured. As

phaskhe usit cameesiua!ﬁemédﬂsef is|usedio guantly @icErpHdiatdnenld Isypased on a unit

first esta a ence _signal b i Xi n
oA TETAPIRE PG BV LR B (PSP eyet o
raflate@HMERcted pdwde AslaR Buple, B4 SRR lidténing@K£iadib SQBRy close to the antenna
transmtter 12 through directional coupler 13 and fed
tow om wélp s@ticq) tbfngovwr level \aouydmere high. It thesamsparsopwere Mz rajies
t aken

avgy 8m the sam ntenng [n werof[]i strefxﬁtﬁl tL% re etlveé!}> adltohwras)e%%/guld be Buchdower

Ct1°sAar coup
beRaKS of thd h&@ERed &)Marfcé | Hebel aditl Hehlueem tb fuahfireis afio bi goivkr@évels as a
anplifier 7 to stabilize its anplitude over the tuning
singipyaberT Halike comrp@ndragtogh ahich are imgly Poe yIAeNdividad &y angtheringmber,
ookl e g R o bRl IR Sk o] B BUE efarguaeaygcomoare
veB,Oargé)ﬁkrafcei il eurhigtsp $inge fagiatb@pbweolefeisrcat vanhavsesuclalbrge tapges, a
5 and the other output is fed to second phase

'°%Fé'{h€ltft36?'e BasediRptrad PradRare FATHOR loRat walfof e UfiSEeneRsiR frogpgwer levels
in ORI SURUSLY 1 SOMGRE:. @ range of 360 degrees. The
out puts of phase detectors 65, 66 are anal og and
subsequently digitized in anal og-to-digital converters
68 and 70. The dlgltlz%g na#% are fed to controller
26 for subsequent proceSS|ng ¥ unit of measurement
"dBsm' is used to quantify reflected radiation and is

based on a unit of nmeasurenment called the decibel,
whelhPeit 7 Bistepgwerdasel: anthEe is Bspoondipaweifavell When nsripraieesived gdio signals

anJIe ?cyngxla%d%sm%%q,ba% ?h% rQJuct[ ﬁ nI tﬁecé g r dY 91%{ hal f?igt i ce%agnh‘fgereater

10 IS ery close to t
distiMce Rr3aid to be a certain number of decibels lower than the power leve! at the closer location.

(1)

The “radar cross section’, or RCS, is a measure of the size of an object. When radio waves
are generated and then directed toward an object, some portion of those transmitted waves pass
through the object, another portion of those waves are absorbed by the target, and a third portion of

the transmitted waves are reflected back toward the transmitter. The larger the portion of reflected

-10-
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tower of a radio station, the power |evel would be
very high. If the sane person were nmany mles away

wo canaiodvise1 sane ant enna tower, the strength of P&EUS2004/039628
recei ved radi o waves woul d be much | ower because of
the increased di stance. Decibels could be used to

wallésathe gfeytei iNihe radatdras edctignahar objeety @hsbjacs that les ngﬂla@vely large radar
nunber. Unli ke common fractions,

cross BesEon igtherelgrsd elglyelsersienR A= tRgh rfﬁ@Pare 8 8? %béchthézt rhgsp 3 dmantrFadar

crds@Bctlidl AR MadriRtid® oPhe RRADIHEE I¥BI Hross Wtti6H bf kS obctdebands largely on its
useful since they are used to conpare very Iar

refibctivite prshandie qpht'athﬁié‘IOQ of ths; opisst. FaTH*aATRIe SERPARSY gﬂ/é’?&"“ on the
shorglnnﬁ ésq%aﬁmﬂsf gia%u ?ea n A sﬂg%%h |s§r|a\ﬁegr%?praé Cl:é; fg' éﬁe c%ﬁ&l‘n@ is easier
to détédt Bae A Simildr ﬂegsmaflﬁwfng h\ﬁayeﬂo& lanA, sthe€ thb eddsr wases that hit the first

calculated as follows: dB= 10 |l o Px/ P S )%
sh|p§rogdqlqert§tm<;ﬁ89%rto ’F%Wé‘l’r stagcﬁ\dvnpgrep rléle%s&tg%‘bt ‘ﬁ%\%ﬁh h reﬂecto of
thé SYRLr steiGhe sg&‘)nﬁ ¥\@p rT‘ﬁGsethé/ ﬁg shig.inRn &l cHEHdSsi@nys” to the direction

conmpared using decibels, the reduction in the power of

oftrhuel o nr@rnaiar Wztvat hassa Iareefeadaem%tseqﬂhethg‘rteﬂﬁeevndéhle tvdaesestery
tai.n nunber of decibels Iovver t.han the
p’ﬁﬁﬂﬁ?si‘"é'{?éﬁargﬁttt° F’ﬁéaderl"gg%s | ocation. The "radar cross
section", or RCS, is a neasure of the size of an
obj ect. When radi o waves are generated and then
d| r e¥headhetRossamtdnveriomd peeg o detestAn opigptiikenapdaup itgsigtection is more
e B N S R L
crésssbdtibilto B detetttr. Gbr dxlraplé, Agarstatt is mdkea/am agpreson ehditdatkedso that
back toward the transmitter. The |arger the portion of
the gifle A thegyigfiatagains e yﬁ'é‘ai’feé?"t% %'aigﬁ'éaqaéﬁaﬁs SE?"B'E@%%\”,“HPB%

ho(Psfteré’j]cponq}gaI S ith tlﬁ%rbuﬁpérﬁpﬁolnhﬁbqgwd?@ﬁe @roﬁrﬁl Al ih¥ §lipolnfid6iward or

adar cross section Is therefore rel atlvely easler to
baiet Egire 3 & alpprig tntitonantwolppreats carying hrigurs. Ontiielledrside atthe figure,

cross section. The magnitude of th red. radar. .
2 B0 BUR OHT B MM BB LT B GBPY 1 B sideof e

ﬁd'ul?ef LRl ﬁ@rsto){ is sﬁm VAR algliEcafR@ tni adag Polic@Ndr Abistertit@ikedioR e hip at the
obj ect. For exanple, suppose a radar station on the

pes#mls@we nigoté tbathwqumthﬁ Gﬁdamsg sectians oEtbe SHsantbyih psiiens (g be
swnﬂ)ar dge( tlggrtetn{t%tv t% ttlé{ﬁ]e% 8’? cnnF ateilffereﬁ d {lﬁ %%ﬁ\;e t$ fﬂ détgcto?asgler

Sim I's sallIng awa
fromland, since the radar vvaves that hit the first
ship br oadsi de bounce back to the radar station with
gr eatheradapgressSeation whea SOPRARSEC QUsi(DIFayaEs MRS Spressse inaigciel

“iﬂ‘ﬂ“ ?sureﬁqteﬁt”dss% déslqglo@second ship. Thus the first ship,

'S orientec I'deways" to the direction

RCS (in dBsm) = 10 log (AG) = 10 log A+ 10 log G (2)

where A is the area of the target in square meters and G is the gain of the target on reflection. This

expression assumes that the area is flat relative to the wavelength of operation, and that the area is

1=
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of travel of the radar waves, has a |arger radar cross
section than the second ship, whose stern presents a
wepmblers2t arget to the radar waves. Wien the preBES1004/039628
invention is used to detect an object |ike a handgun,
the detection is nore easily acconplished when the
unifadil GUrRinated B ThdidWek. | Ilthebsiaba@y a duade apadS'eTit Setars, then the area
relatlvely Iarg radar cross section to the detect
begngies & HABiuUare metest; iFof hstrasevhich) sdayelptvR fatbe %avssfr‘g&b%*’%efam"
belt buckle so that the side of the gun is flat
agai nst the wai st presents a |arger radar cross
section than a weapon h@Fsr&/éd on the hip with the 3
gun barrel pointing toward the ground and the grip
pointing forward or back. Figure 3 is a pictoria
wheNKH WavelBngB A Is\6BuaP 10SA Afetefsaing Vis Aghubity GigaHEs Thésn t he
left side of the figure, a person is shown with a gun
held in place either in front or in back of a belt. On
the right side of Rbgemt,g%r 80 13 RLAGI odper SON IS shown ()
Wth a gun carried in g, ouch or "hol ster
situated on the hip at the person s side. Note that in
order for the radar cross sections t he guns in both b
posi'fP GrRseseign pacalgs it hihe siegy@” ¢f 'ﬁawa'sﬁﬁ%bﬂedb@ 'Eeﬁer"ﬂ%‘d”‘"%ﬁes y
12f486h r}gmainéyr SR 6L el FRELdcRhis T6RInR V\P]Pé@tert & thd ¥R quency doubles, the
det ect or. e radar cross section en conpared to one
ref(emt)on@q@mees dBsnegredtes opkimesss gigatiimlingargpewsr bets pfe thapRCS in dBsm

mclreoaaes a}&é??o_q f)1 (S;o[ngmatﬂd c_el_a%i ﬁgfecls aPe\égnff)%lg h&c%ﬁg’mmhex;rq?le the

raddh crofisettah 681 6" ix1B” SAdIAMESHIRS AN 3 dBsMl  Sinde Shelflitor Gabriyaiafincreases
the target on reflection. This expression assunes that
preregionsl tod . prsingreage frera ! i TORKIZEnsreptRs URrolt BfgidRsra difference of 20
%%@Q\; i’cal%%o‘m%‘?ﬁaes{] Fﬁ@an FA&H 'pfaf‘?grrrgléﬂvé tloltﬂé%dg%ﬁfglength SO
y rad maves a square area is
verjaittie insreadeliesctiaygedizedia becones "a2" in square net er S.
For a surface which is flat relative to the wavel ength
of operation, where the wavelength | is equal to 0.3/f
et eihg 420/ Tfablb $ |sftﬁeergdé€&8§§ skBiof e meldl W7 Eser b ERinafkd by
10 log (4p aY/0.09) (4) This expression indicates that
elecfrorhdppetivirad® Waaks ipfevetabireqiieniey iadsdl t]¢:sle data Werhestalé'ﬁfbee@q qatimate the

i ncreases b i ne ni ¢S
deteclor equipment; %?]to PgOVI?% ;%er%%mfﬁ;%rg?'n%n S. ]e etchgn ral dn was yone port
REOMBIsBRmeth®S &ethded Aric@BmAe ga.n@smﬁreetﬁsmmawow or 4

times as great in linear power units. Note that RCS in

Frequency Band (MHz) Radar Cross Section
500-1000 -15 dBsm
1000-1750
2650-3000 -10 dBsm
2890-3250

9500-10660
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increases as 20 log(f). Conplicated edge effects are

ignored in this description. For exanple, the radar
wee@s®omecti on of a 6" x 6" plate at 1 GHz i s PCUSBI04/039628

dBsm Since the factor G or gain, increases

proportional to f2, an increase from1l to 10 GHz

i ncreases the value to 8.7 dBsm a difference of 20

dB. However, typical weapons shapes are significantly

non- %r*&%fréf'gr‘fér‘*arrweeﬁdatapn the radgegrosi SRRiPHRG P! as’éwaérer pistol for
trédsﬁqkla@ram%r\ eﬁfnang e 3650 uPdobl MHERduérRPrandd1&rné é\In% srha,vs that for a
Table 1 is the radar cross section of a nmetal .
gunglrieriyestin mah@g@rverpbsltum nreatiegithidyheddngest dimamsipnof the gtrnaediewis
Ves. Y I eguency. band The dat a
sre S\’A{agsolpl H%ﬁ ?qoh% érgrl'rsnbt%gtraéir A ave g??ecgtvgrrregeram a%% \rgfd%gm 11 dBsm
oyeF mwfrd@eﬁ@frarge NEIGUrée /D8 pHesRAe aledy retlv®, dr &8 RCSONd hugnan iBde(N'thout a

one port RCS neasurenent, 16 averages, tine
wa%%l'mh@%meﬁfgqueaw&arw&ww % THE-AVERAPSIEFRT CregEiegtion across the band

isLSbBdn &'a %ﬁgggfét%#‘g & gt%gr]er mrr flesveriat aunor&urn*a?_ﬁ agdar cross

section cal i1 ber pistol for transmtted
radiation spanni ng the 2650 to 3000 Mz frequency

D o s B P ol e T e e ol S ERES daipBRel e st

ctabnbbr @igBrd B cOnthiy Whiirighl dRMRYSndidatel Bt WA Bertn if ilfhinated with
transmtted radi o wave, the RCS varies from about -8

radiglinm abgut63% Df thEeeadio warereney is rqﬂecéqiweq@;pnrtmgagy betivesn R &9 1HiB.95
GLI? pf-rr%r‘?ete @ sh%ws thg ggut 55’ egl‘ecte baclf between 7. 8fto @fﬁg{’%n b_Ody

requency s Figure
4a The average radar cross section across the band is
- 3 dBsmor approximately 8 dB stronger than the

v or/Bgenets e PESE Vstion Prafyaiieselin i (e Baysical AFRIOBETSR 6U/Ptsston in
whBASHEINBI] IaﬂIed'irEﬁerL ﬁ%o R $egﬂrtﬁﬁy rRELLoRYER RS pBlarization.

person in t I gure 5 contalns
TieEercentagel of ergetay cbrhrantedrtmwmcatpe!snzaﬁmatiemhmmmepsea;&mnthe sbject in the
illum nated with radi atllg about 63% of the rad

plmr%@ﬁwwﬁé’o? ncigRIcEqIf 195 aef pasid %%%5966%‘9' sB%o[e\A@élﬁas both
veRiciand RoridenPaPcd@Bnents G £veflicsk Qc\llﬁ—rzemrnp&t%WHI ekl even though

refl ected back between 7.0 to . I'n general,
the h'eeqmsereaemed bh'wemnlad)rpopr@ﬂ erawbl th @Irtwdhr pdaﬂzem@mponent is referred

h henomen
toﬁo%é'"zacs) a‘??ss p°'d| gferq'%ee "f°r'1‘{: !'yqpe f'zeg reﬁ?ﬁtm" B fel?eé"é’d f:?aﬁﬁ‘theafol @?'
Theeé teffd aﬁdrebeﬁlﬁﬁ if¥%e tirgéthCabiectydd irbdiAAaf vitd A veridd®y polarized incident
per cent age of energy converted to vertica

be38l ari zati on depends on the shape of the object in the

As noted above, the difference in backscatter between a .357 hand gun and the human body
is approximately -8 dB on the average. In arithmetic terms this means that the combined gun plus
body signal will increase only 1.4 dB over the case without a gun. Given that the human body variance
is on the order of 6dB, it is not hard to understand why a gun would be difficult to detect. The major
bones in the human body are vertical so it is not surprisingly then that the cross section is higher for

incident vertical polarization. This is also true for the vast majority of zippers in clothing.
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pl ane normal to the direction of incidence. If the
obj ect has a cross sectional shape that has both

WO egobiocmb1 and hori zontal conponents, then a ver¢T/C81004039628
pol ari zed conponent will be realized even though the
object is irradiated by horizontally polarized waves.
Thi s vertically polarized conponent is referred to

herein as the "cross-pol", while the horizontal

pol dfipodegt W%@P%‘@P\a%t"inés Yot dierbady ess st edueesgy ﬁBFP“’X'mate'Y
6 dB1@REd %Mru@e[!lﬁ pdISHES S&4 pblgnzgtmﬁ rdd@ded § likeAHAuR PIHEWbveR R cross

irradiated wth a vertically polarized incident beam
polesization efd Webrop etays rhletively £4netartn kis mpans SakiBe bt ﬂ%dlffebetcwemow

oo 7 o 3R o Skt Tod R oL bR B et o o gotner

Thitewieen i tirgel |sS}LH’|]mE||1 itSs JP676kbIS o G Brtimit Worzbntal BEIARARR, B tofeceive
1.4 dB over the case without a gun. Gven that the

bt fieizP BLAY VErEGel ROEEPS on the order of 6dB, it is not

hard to understand why a gun would be difficult to

detect. The major bones in the human body are verti cal

SO | Ftlgu're~:.7 depitts fywic ppegatiag bfia nrdﬁemd ednbddintdntof te peesers ereénitumn

S %her for incident vertica ‘ﬁflarlzatlon This |
P%{?°§69 ?rugaprmectfa%%oaeeagi SﬁfﬁJZEﬂe t 3? unma&ﬂ évllt%rapuﬂ waves WhICh are in
this irRiahdeBridohtallyPEibeMt A fidtioh BOREs8 kadRNatds! Adnk @Bed! Whild $6ifk are

t he body cross section reduces by approxi mately 6 dB,
refigeted ohgk tcmaw_ tb%tratnsmmrl Wheothatrénseiterdiupvratep a perpanzatheuba gun, the
two egrygs?r?’ th%l d)ﬁlersg{rag) %L1I’ % Ee\s/l}é\(? ;ﬁecsg Hnt/éntc%rvgsrrgﬁ:%;eﬁ%& ré? ??’18 r}1e
hdnﬂfatally &blaﬂﬁddhéréy&éﬂéﬁl@@ b&LA b tRONRBE@ERipper GurétBabeR8 “d"¥d the

average, thereby reducing the effect of the variation
amRiityAT o/ VBBERlY Rarrigrssprey efleried Sack yhandatastor thigriner cyre: lgpeled ')

in 'i‘h‘é'm@ ’dorln%m Jaf%r %ﬁ{q&% %P peZ ttra%sfgrrnﬁ(ggég E lblé]é)lgél nt al

polarlza i on, O recelve ori zontal and
verti cal polarlzatlon. Figure 7 depicts typica

operatlon of a %“Fferred enbodi nent of the present @ .
i nveNEiUR" IpBERYAIN RigHRF FIREINg MorcHT BRI R Ces 4R PgsRon is carrying a

han@ﬁlfn@naag Q@\@&f@y the d@{e@toﬂ J\ th %Qé&&% Wsﬁnnhé' @gér%réeﬂ\{ﬁegtwo curves

which are in this instance horizontally polarized.
represent thoemersfay tele sEhorizediatly paazed radioavagdssefietiedtironvihe b@sosaﬁheupper

are ref| ect back toward the trapsmtter. \Wen the
o leSaref 1B behe P P Sl Pk R BIE senefie Bagiim e
perdbR (tRAIBWE Surbdliabd “811iR B tiBIE adHair. 'ThE b&hbefvedn thembXitum amplitude of
These two curves represent the anplitude of the

theyeiryes denelsr (Reltp Bl igupuaticsompehal farower thap thewap i dhe uppergraeh, labeled
Dgfta’at EC ‘nod’enérgl,%e“ 918 %Ers&%ag S ngm‘?lQrealn? gher %bjt):ct ﬁgtdprésgr%s a substantial

reflective presence, the component of vertically polarized energy that is reflected back from the object

increases.

Figures 8 and 9 are measured time domain test equipment plots of two pairs of waveforms
generated during a handgun detection experiment. In Figure 8, the person was not carrying a gun,

and the maximum values of the two curves are 29.6 dB apart. The incident polarization is horizontal
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anplitude of the vertically polarized energy reflected
back to the detector (the | ower curve |abeled "b") in

wo b@eorser domai n after applying a Chirp-Z tranBéDUR2008639628
descri bed bel ow). The | ower graph shown in Figure 7
contains two curves produced when a person is carrying

and tHua thd ga¢Bivé foddrization ﬁﬁfwﬂﬂtabygrﬁh& tistattrecéd@ive pdlarizdtien for vagtical. In
domain. As in the up graph, the two curves

Fls%? desame P"rﬁ%"”é‘ﬁéF"@?"”ﬂ é{}%]dg%‘f afﬂé’ﬁ dstArtetetren e JRripry values of
thf Prvé’@é’ fow orn@f7 g%t |ﬁ&catu{gqm ;Srgs%n&%? 2 ?ﬂw (the upper curve
ed " and the energy [evel vertically
polarlzed radlo waves reflected back fron1the person

TN L A MINDT RN ¥ T S
quite e el for@ﬁﬁ dn@ tek, in other déSééad rhay b& qm%aﬂ; th[ls’ithi% ﬁi&ﬁé’urdnl’bafbannot
the gap in the u | abel ed "Delta A". In
al\gqyp, ke glied Uppe T heR rep@}dg Waajpegrsgqjﬁnter@rmtﬁw ce@qlp@fed when making
a 9&15%9 Ls ttbtﬂ%t he@@rﬁ:ﬁ %ﬂat v§ea on5 Prﬂeﬁ'mré "fH trn{ r%St'mS.I?J lNMl is not an anechoic
presence, e conponeht of verti'cally polarized energy
chainbdr, dighals eaﬁié amtt@dultmwefrécﬂmautdde:y gfbyrelcréﬂectiaos aﬁasmser in the
Fi gures 8 and are nepasur
Ui BREMIoOt et QR BTNV RP B ke g e over
a Q:Hé &angé Rrb RO Nis A8LcRIa1aBdVe BHREE bdFRBAItion bibnE kr84ieReyRill not have
person was not carrying a gun, and the maxi mum
the/ aanlmfe@fat gnhigert \Bweeping pees a aflde razge & frd®engigsoffers Fhedditional advantage
in I;hggth wnger elosggcrtrgéat eldcl)rp tlj%?l"e enc Z gnt a}he bgtter {Pw% aetsolmlog If]or time and
arhdiRdd R aRItiHe d&ﬁénasﬂezm& bﬁfbpﬁﬂé trah@foknk ieabpned n Figure 9,
the sane person was carryi ng a handgun, and the
distance bet ween t he nmaxi num val ues of the two curves
V\h I@ hgrrklrl gaz \?/@%@ epr?fgag%&s%g lnr!r% eﬁT%Erg@{vlgrﬁlgglrgm eQ{Iat@e &MEI; of the
pdakd overRwd lelmisiynals Eraedes CWhirod pardor Abs DJUB or@isonthia aod portlon of the

dramatic for this one test, in other cases it may
Vetfflﬁ?'b' @olarfzgq signab which it mpLly ﬁ‘éaa‘%’?yé’f'Fé'YﬂaPQf‘a’ﬁﬂ‘Gf f°§ﬂ’%'9 §m6 ?'at"’e to the

th%n'ta?QtuH'pgmch JR%‘; Fe‘ﬂéc@ed f@gqﬂ\et Ho@yn aguclpﬁn%@\tﬂ% ahofRbr parameter
criteria nmust be considered when nmeking a deci sion as

wiiich dotitebyters éstbeprebadility af teedgteotion oFaiwedper.nore, in the real
worl d, which is not an anechoi ¢ chanber, signals fade
‘due to multipath effects caused by ground reflections

and rkthkdrh6re, theshhkteor 581 BIaNEYdiaRd Rt eI Hpreadvbllt trioRa¥hBN a
effects are preferably m nimzed by having the radar

Pessoe ésprpedhecaysqaticof iha FRifection comee fere iieiwearon asd rag dem theegdy.
T pe?org me%étplﬁgethgra?o or]‘Qh%l eglg \}aﬁl to‘%e aneunfdgr%%%ng%r %ck lret\nﬁ) Lreferably

contnbutes to determining the probability of object detection.

Finally, the absolute amplitude of the co-pol return (typically horizontally polarized) tends to be
greater when a person is armed due to the reflection from the weapon but this, in itself, is not a heavily
weighted parameter because of the variation in the sizes of different people. If the co-pol return were

significantly greater than the value that is normal for a very large person, then this alone would indicate
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the same effect at another. Sweeping over a w de range
of frequencies offers an additional advantage in that
wo b@sbser t he spectrumused in the frequency BOMERIVN4/039628
the better the resolution for tinme and anplitude in
the time domain after the appropriate transformis
arcgpPdringidly withipahienar Gidivided!, ipdssiblyiinltating a péreéfedbjest. Tisiephranteter is of
the present invention is the relative timng of the
grgrs iRaificanceihan # PRISON &t WRAFNISE RYRA FAMRIRERYERP e hen a per son
has a gun or a bonb, a good portion of the vertically
pol ari zed signal, which is nostly created by the
vveapTcmn prereny ipgenfiavisvereferabinimplermentedtiysblvipgart afgotithe which uses a
st%ngrar)gzsgtn %ﬁred va‘tiueﬁgv'at rﬁpr?sterq thes % Il'\é/h are rel‘lec?efi d fr onﬁw g are not

paramne

caerPiRG Ednbdale@ Svedpdnd. Tiis[abta Bakth ||s| pﬁ'@ferélfly rﬁé’h@ur@tﬁirﬁ@bmﬂﬁd @ding@& number
weapon. Furthernore, the shape of both of the

of BeSeS] fz@ahﬁrsé'twfﬁrg'at'@ﬁ%e%e%fhéaepebarﬁpww ipAigyye & and in Figure
P t

8. ,@ gt%l%glﬁ es§t mﬁgg%ﬁ v%%g ﬁ\ldgrr@;%r&?f\t gl;re]cg%mglgghléﬁgré %ﬁéec'}eg 8@2'@@&5 who are

camag;wncea@dwhaponat Blgo mxkd t Tois daakhiochad ale pte{ﬁeraﬂuenalsmad and compiled
under the curve for each return pr Bﬁr abI contri butes

e
using agemBs ol RS f4TESPRY BB A9ty eaEses é‘é*ﬂe' g@ph YRwn in
Filir&2lahd in FiddR sa e aH&a%c@W%lérﬁét'\@%orﬂff tHe HRertiGh, BRldete Q61 dpable of
typical Iy horizontally polarized) tends to be greater
adabling taitspeyiament by mgmeivmd cantinyoesly ledrhirgabid thefrefiopted ignals that

S _net
sk RERD B P Beecs B mRE Sits rohelohnd e i BERRGE TR can
beckdriigiatl bp@fMgene bffanf AUnbeCof RAINInG EYstémB, iMdRIRAg but not limited to a
significantly greater than the value that is norma
newqflery | arge person, then this al one would
i ndi cat ean abnormality with a particul ar individual,
possi bly indicating a conceal ed object. This paraneter
I S obnegif haimostidgiituif issasio thewyhre detetignescisadre of the pesant mgenﬁbn is the
bonb conprising shrapnel. The present invention
R TR e LTI} oS YhRSG R el Gk oA e
miRGR ﬂeqi,kmq%gn f&fe dRbiafh e donia H8S HidWaler -8 RE&I&Aabove this is
e signals which are reflected from persons who are
inarztiuateto providga cbapedalicetbn wethporrasenceldi a weabat ar, othehelgdst. i S
preferably nmeasured and conpil ed using a nunber of
persons, furnishes the information represented in the
Uppey s PN EhHRVE3428 96 le SHMEE Object®actioR STt discBsesMovel methods
standard set of stored values that represent the
angl agpriptasepfor detectinecopeepledveapenst inelyding atilizalian ofigHimeglpgain method in

w@%rtr\%&nrmﬁtug%) E}Equ”cg F‘ t\\n’/\ée a%%rlﬁgblgnzgé %1% c}{%g gdlanIQl rg"tarqgﬁé% a target
Ichi's also pre

area is used to determine if a weapon is present. An algorithm employmg a Complex Chirp-Z
Transform (CZT), which can accommodate both amplitude and phase data by incorporating phase
information into the transformation, is preferably employed to improve the sensitivity of detecting
objects. A CZT is a mathematical expression that is used to convert information about frequency to
information about time, i.e. to convert from the frequency domain to the time domain. The CZT is a

generalization of the Z transform, which is a discrete form of the Laplace Transform.
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usi ng a nunber of persons, furnishes the information
represented in the | ower graph shown in Figure 7, and
WO pookiogisee 9. I n an advanced i npl ement ati on of p¢1€S2004/039628
i nvention, the detector is capable of adapting to its
envi ronment by progressively and continuously | earning
about the reflected signals that are produced by nmany
persons entering the "Safe Zone(t who are not
car rl\%aﬁt@ln&@aa%g of the palarized waygs reflect M APREYD WO may be carrying a
coHEéaleH @b&&n Qnﬁpoﬂgm BERAuLRY ranﬁt! v)a\?eg le&&i f&%sé doH&aled weapon and
including but not imted to a neural network. One o
the twarmaveh refieicted frem smoq'iwbet\dwe qg’t@rqﬁffdentectri g@mer@idhﬁm&ections
fr%aconce elrd%v%g:{] ; %ﬂ%&ggqngtgraa ag [}g%\é?eéaﬂ%l?y cto[-[%gd raﬂgb In %’H r:vt the
refléidh® AYHE & hurh&rody Vaey inRastecade the B6HyRBEYepHARRING rem@cubdzare
di spl ayed tine domain plots. However, as discussed
93&5’6@6 atvRiys depthsprptiebpduites refsciopvye ierefore oniplapAre The centroid of the

A1 GR Sl B DR B SR e Bl

expleltsabit craracEyisit eyndising digsat brosssingToatields tseishvdish ta dalatwely com pacted
a ratuses for detect] conceal ed weapons, includin

SGTBP 1P 2CPBRAST 2ot TR ERoSrar Y A HOBM a9 tirafifam s rumah body

TR Bﬂb@ﬂg fb héeneRcRNEE MB&Ao iR Bie FArPRRERE %@Qan%@&t/ increasing
cross-pol arized returns froma target area is used to

sydtem sensitivity and thaammarﬁtm inventip te Jetedt conmalwlvgequs hThus the czT helps to

segg;gts r#rlbggqngl W 6C‘th|j]s ggﬂ%%h ci lalg%dz aéﬁrbregﬁgg gora %? j%t from a second S|gnal

genBrGRA ByPradtion EEBIRTRmI A thr8ét BThia® B hidnGole
transformation, is preferably enpl oye to i nprove the

sensitivity of detecting objects. ACZT is a

mat hemati cal expression that is used to convert

i nformati on about frequency to information about tine,
i.e. to convert fromthe frequency donain to the tine
domain. The CZT is a %enerallzatlon of the

t r arfsTBWIEY 3ot repres Mg kaMedgeof i a3ty pﬁaﬁ%ShE@éF%?E &equency

corlpBIERE ALY 1D cEF Both BASIRE bind fAEs AR AElA SR BR cted
reflected froma person who nay be carrying a

dtwwtbealeadrematmempdl Sherefperaphade detectaniee baeh intrpdcert intz thel

. waves ref ed.from a nceal ed on and. t he _ i

et et SR8 2 1hF Phae SRR B Ao IR 5 ot Fag) e fed wit

idéhdéd gridisfiiasr8 Bldey9o® fréin BRAGIA Sudnequb&htli@ Gk Ss bqnBa B
conceal ed weapon, while not constant, vary within a

ehma@ﬂhqpmb&guu@wm fhe plthse detegéor ag mmmﬂegtag pnlt refeets the values at different
ngg t? ﬁft tr|1 ep t e ongy ({)\%Wei UE?ﬁy%yI ts %r Sglvg? tame it was prefa rred%o measure

1 on
the phase relative to the transmitter signal. The phase measurement, preferably of the cross-pol

returned signal, is preferably performed at the IF signal. As an alternative, the phase measurement
can be performed at the radio frequency (RF) signal without any significant difference; however, it is
more difficult and expensive to obtain accurate measurements at RF. [n either method, a phase
discriminator is used to measure the phase of the returned signal relative to the transmitted signal.

However, a concern existed as to maintaining coherency at IF.
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generated at various depths in the body; the
reflections are therefore non-planar. The centroid of

wo b@weompsf ormed return is at a point that is bel/oseobdessss

surface of the body. The present invention preferably
exploits this characteristic by using signal
processi ng nmet hods to distinguish the relatively

conpacted signals froma conceal ed weapon fromth

gene?"ﬁ'f‘ F%he'leﬂ‘ﬁéf"d‘?%?%mﬁ'@d@éﬁfﬁﬁ"i'?’d’y §W@'P|Véﬂg§" Prdienal C'Pﬁﬁ‘ﬁeéf? provide a
re@%Xe atm%%réc@e? HH otf thgt'etm js@&l tT*ﬂ@ lsrhg&nemlhﬁg refgt%Bl?bﬁ s%m%lmg both the
reduction in the return"fromthe hunan
traneoit e@idocapssiiatireand sergithemp prpdan (dwelph@e abxedtcprtrgfer@fcet Neise is

I nvention to tect conceal ed weapo teCZT -
i bporef el B eeoFihR BF Phin AT DPcekoTes dipdh P s pragri o
the &deB LA Syl tPhdeRiclcBidn EHaARRI B PrefiPdulGled 4n8 mtlﬂneﬁﬁxﬁlﬁl%d to permit

signal generated by radiation reflected froma target
sepaiEale PhaseNeRsHiEIENISOfie cn apbiipiisEatty dajTelsr A ?'@Q@I‘Weé@tﬁoﬁ@

[

%QQ %tggg %fe?gncé @?b ernﬁowa I's]thé@e Qgﬂac‘(grr gg'lal]:n% gﬂhes E%gtpsdzq]?suzg étEeHocaI
oammbndsruglaemldfephmd trafsoit pedliators. must be col | ect ed

during the nmeasurenent period. Therefore, a phase

detector has been introduced into the instrunmentation;

see génngﬁz%d 3ep|c-hr$}§ opﬁ%ﬁ cQ}% fdid Qﬁphduée ﬁ\@ﬁ)h’é@k t‘e)ép&)\gés fFomI dhuman

two sections, each being fed with identical signals

bctch alte peasenteﬁnﬁ Bigire 90 Thisinformrtidn ipprbeessed Ssinda Contplex @ihiet-4 M @nsform.
Jat e the anbiguities in

T?%‘%“gﬂ'ﬁ?é" %%Lfee@tcgf’ E%%e $|r1°31 & section unit repeats

the val ues at different quadrants of the circle. Since

only one frequency exists at a gjven tinme, it was

preferred to neasure tH@= ﬁha’éémerér?a ive to the
WL rgmsm tter signal. The phase neasurenent, preferably
the cross-pol returned signal, is preferably

perf or nedy;at bhplitlde respgaadbs. theAﬁndiﬁss&iltérQ‘l‘tﬁaﬁ'éq\de}cy tidn&ain;

phase neasurenent can be perforned at the radio

freq uency“(ﬂ(='RF)am8'|“§’ﬁ 3SPYfIse PiRRCrosFpOI el if fhe gRquency domain;

di ff erenge; ¥E in didandr®; more difficult and

expensive to ob al N accurate measurements at RF. In

ei t her meEhodtimainphasecoddssardi m nator is used to

nmeasure the ase of the returned s

The i andinTdlbg <GSt FensbtRst bF Sox e b by famsin

to mai ntaining coherency at |F.Such coherency can be

mai nt ai ned preferably by enploying an additi onal
Tesfeaquaskcy apd pirinferes & beokerpinte segmeats ot binsh & hippustbieses bipg"Njfan be any

tucn sigpal . This is acconplished preferably by
praclz}lcal Vgue ol of ﬁg{éﬁe"u{" P%rr?gpmfcmﬁ 'ﬁﬁ)r\qgcal oscillators and

m XI ng themto produce the phase detector reference.

Nol S'I?heldilta acquired from the radar signal consists of the magnitude and phase of the reflected
signal at each frequency. In order to be useful, these values must be converted into values

representing magnitude vs time. The following are definitions of radar parameters:

N = number of frequency samples at which measurements are made,
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m nim zed because the delay in receiving the return is
only nanoseconds due to the close proximty of the
wo asogeb182A si ngl e phase detection channel is ppef/esabig39628
used and is tinme multiplexed to permt separate phase
measurenents of the co- and cross-polarity channels.
An al ter ragiep/e et Ko rdqusicpabi vdwetridamples; @her ence i s
to enploy a stable oscillator operating at the IF and
synt hesi Fesreng | octate! fiegednpy seemN fsF8®- t he | F ref erence
and transmt oscillators. Generalized depictions of
sanpl e cross-pole anplitude and phase responses froma
humearhe Badyardm ehqaroe soandrieng aifrﬂqd%hg'tsl’geal fQimeTdhthough the use of an Inverse
information i s processed using ex Chi
O EPGETATanP I [Ba AT 14 B4 oL AP B g A mgegmeles
ThReSeduthd @¥Gsampled-are e@ny %cé@ﬁrﬁ ok & t)>}|m¥\'b @4 Estephith la rézolution of
anpl 1 tude response o bandpass filter in the
1fFrspguency domain; A = anplitude response of the
cross-pole return in the frequency domain; f =
frequency in gigahertz; t = tine in nanoseconds; and
TIROEOFT dGéfnedagphase response of the cross-pole return in
t he frequency domai n. The fsrequensy band of interest
i s broken into segnent s(mr Yif(¥)e The number of bins
"N' can be any practical vatue, fromzero to a nunber
approaching infinity. The data acquired fromthe radar
signal consists of the nagnitude and phase of the
Wherke x@0 bietheV efiendy sarfdésicdnipRILERB R(Y) aré the O e satnplebe
useful, these values nust be converted into val ues
representing nmagnitude vs tinme. The follow ng are
i Y F20 87 Herl D APEMEE e D Lo 2 P ot gl cacn
sfrac&d Bfanssetdng @padiffrofrtieg 0ad €28 nst Bfksmdlisdd\eaaves, prests be dttkquate
F span = total frequency span (N x F step). The
fos e rieparns: et HGAredret 'E‘S’ﬁ%‘%‘f ' F'h@f ”‘5’ time &gl 86%528§F'Q’H*a9”'yl°6 the very

srt'néIIr[E1 0I n§) tmrs%é%ertetﬁ% I'EH%@UOQ; frtﬁ'tpthlz QYQ%{ ahd object are present. Second, the 1

ns time resolution is too coarse to make the precision time measurements which are preferable for the

present invention.
These two inadequacies are resolved by using the Chirp-Z Transform to convert from

frequency to time. The Chirp-Z operates on the same principle as the IDFT, but permits the ability to

zoom in on a region of interest. The forward (time to frequency) Chirp-Z Transform is given by:

X(k)= NZ_‘x(n)A'"W m

where A= Ae*™
W = Woej2”¢0
and k=01,..,M-1
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Di screte Fourier Transform (IDFT). An |IDFT transforns
Nf requency sanples into Ntine sanples. The resulting
wo dove/oedepl es are evenly spaced fromtinme O torPeT/DB2084/039628
1/F step with a resolution of 1/F_span. The IDFT is
defined as: x(n) = X(k)e N o Where X(k) are the N
frequency sanpl es (conplex) and x(n) are the N tine
sanpl es. For exanple, with N= 128 and F_step = 7.8125
A°tdﬁ%’"|'ﬁ§ﬁheéﬁh\/‘é§'“l9§' B8 time sanpl es each spaced 1
nanq&@@e@mm@m&r Lpifal R dt IR Rird-24rdmaBrdS- Thi s net hod,
however, proves to be inadequate for two reasons.
Fi rsﬂodetm"m ﬁﬂea@tﬂng prsiioreastadidction ofthg wigfe intérealit i ne from O
to (-10 ns) tine
sl i cégs\ﬁrgrméas e‘r’ %¥ﬁ aé‘@tfrag'r?g far%hr%%{]ﬁew barget and obj ect
ar e /plisahemimbers® MM time) Veued; ané time resolution is too
coarse to nmake the precision tinme neasurenents which
ar e Bisdremperef puut {’)'H%’eﬁﬁy)e‘@é’ﬁi i nvention. These two
i nadequaci es are resolved by using the Chirp-Z
Transformto convert fromfrequency to tine. The
ByGsing [Uwzbm/penmtims awcwbﬁa‘ngsaamrepripmvaicésrwreao.yﬁo @ohdd, N 8TV the interval

rmts oomin on a.region
o1 {sg BTt S a0 8 e B PR BYRYT s e profraly
seT(oansform is given by: N\ X(k) = x(n)A-"Wk n=0 where
A= el pg WWej 2p <> and k =0, 1, , M- A0
determines the Chirp-Z initial radi us; 0 determ nes

the Thsé%l)cgvglequaflcntsgrre for(ﬂwe fgnlzaerd rr%ertg f-reungnrc%%Tr;Q-E rlqansform. The inverse

Chirp-Z Transform is computed by taking the complex conjugate of the transform of the complex
conjugate of the frequency data. For example, to calculate the values in time from 30 ns to 40 ns with
N =128 and M = 64 we would set:

6o = 30/128 (start time divided by total time) and

@ = (10/128)/64 (time sweep divided by total time divided by number of output samples)

The data processing for the CWD system preferably comprises the following steps:
1. Acquire the frequency magnitude and phase values;

Apply a Hamming window to the values;

Convert the magnitude and phase values into real and imaginary values;
Conjugate the complex values;

Perform the Chirp-Z transform;

Conjugate the result; and

N e o s woN

Convert the result from real and imaginary values into magnitude values.

The following references provide further details on the Chirp-Z transform: “The Chirp-Z

Transform Algorithm and Its Applications”, L. Rabiner, et al, MIT Lincoln Laboratory, Bell System
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g0 determ nes the starting position as a fraction of
the whole interval; fodeterm nes the step size as a
wo cashomer of a whole interval; N is the nunberpPOf/UBTUOH39628
(time) values; and Mis the nunber of out put
(frequency) values. By using the above equati ons and
Jaa) Mapduna pEasOsih@the Invés e B rp-ZarandOm ATimée Oomdiroanalsigisrd
Mthe interval and resolution of our transformcan be
Sitiated fadar SienihePar AsTetteyi 'Rha Netossl Enginperiad-abeyatafy.glinear Filtering
A?d' SR o ForBlatidnQf Biscrdtl PodBOY S B AL | EARSteiR Er sEOEEE BRinsactions
orward (tinme to frequency) Chirp-Z Transform The
o Ander e Elgplroagpugtics iDeprafber #9705and GredertcaledCont Jigdahtyeernend

the tra e conpl ex

PRBP G AV E O AT lsraes) AR AR AP R PR oE o
calculate the values in time from30 ns to 40 ns with
N = 128 and M= 64 we would set: o= 30/128 (start tine
di vided by total tinme) and fo= ( 10/1 28)/64 (time
sweep divided by total tinme divided by nunber of

out put sanples) The data processing for the CAD system
preferably conprises the follow ng steps: 1. Acquire
the frequency magni tude and phase val ues; 2. Apply a
Hamm ng wi ndow to the val ues; 3. Convert the magnitude
and phase values into real and i maginary val ues; 4.
Conj ugate the conplex values; 5. Performthe Chirp-Z
transform 6. Conjugate the result; and 7. Convert the
result fromreal and inmaginary val ues into magnitude
val ues. The follow ng references provide further
details on the Chirp-Z transform "The Chirp-Z
Transform Algorithmand Its Applications”, L. Rabiner,
et al, MT Lincoln Laboratory, Bell Systemjournal,

May- June 1969; "Using the Inverse Chirp-Z Transform
for Tinme Domain Anal ysis of
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Si nul at ed Radar Signal s", Dean A. Frickey, |daho

Nat i onal Engi neering Laboratory; "Linear Filtering
wa@\p@ooeski t 0 t he Conputation of Discrete FouriBCT/US2004/039628

Transforni, L. Bluestein, GI&E, |EEE Transactions on

Audi o and El ectroacoustics, Decenber 1970; and

Fr e dree imaincheEatab©st theSihgha Trraﬂl'he'mroyerafmCFaElrFtbar&SSﬂaﬁkgorde"tBat very

entirety of these references is incorporated herein by

aqeyrptg fimp SRt datRds Refiableity arfsqyton gt te’ﬁ?é“@??@bdsz Tiis arr%f"’ér"ﬁ?’ mation
onQH@£pa&J“S‘osEé\$$f teQehdr&ibn JHtRNFdsQhdTdien feliie 1Y RE Yo-Rff WAk a

time shift data is available wth a resolution of tens
regdiutipn fdesethemtiioch. Thisdn tpm @Wld@gnfwrmfamnraatowd\nthgnhet dn@ss-pol was
genQ Iﬁ‘rj nwnthrlrg tﬁ b IQ;gfn % gﬂ:ntahgreb n g{) BPP or osl}eﬁmscerog S? OSFIQ ce 8f the
bdat: Tre$surkifaiwork dedtaded bdibl 5reierab|t, umnﬁbsmawoﬂ&sori dafpert srakd deBision

as to whether the cross-pol was generated wthin the
MBNGP/ESSa human or by an object in front of, or

ot herw se on the surface of, the body. The neural

net wor k descri bed bel ow pr efer ably utilizes this

[ nf on nraeritmsepaatemanwo xaﬁartrdmansi@oi tse tangetrmlkémge <p|dm‘ere&$oladtlns a

fr er to sergarate ar returns

PR efemPodEE AT ‘%er%esﬁf“ "HF‘P"P%? s ofiFe “é‘é‘as guabe%‘Fe‘?“Fé‘iﬂ the
coBRAAY (8 BiherQdr te tPosBh OIS @BAg twh Y& AlateQRteRRER! 1) SirsBdhteARd IR its

that has dual feeds, one %or the co-pole and the other
prefenably M'Z@*adismlﬁﬂmdevavwnﬁ g?CQ'Wé 'némmme‘afah@@nﬁ)a&e sgenad antenna
reflera§l¥ orﬁ‘y rtac%pves m‘ih%%ﬁéo@teéps Iap try cross RQ{ %\d t30%3 r%)tqb 1 a!r, M?rmally such
raé:ﬁouq@cnhc) receMaEchaffeR’ rtwlkeamhe fmaeq@rv@cf ﬁ;.l'nalb Eebaaf&dyA[eerrawewei&

in the opposite pol arlt (cross-pol) and does not
Preseaipeparatus er%mpfgy the §igma sraéﬂ ayes? r&'éréW%V\WéW'fcé &aAltgraptely connect the

I

RPRLPEE b S Re ik R Bl e TR FRANAL T covngs s
quite gubatbstianNids app@ach dah be appind@s 3/l th amartennabidsigh mat Bkya separate

connect the receiver channel to each of the antennas,
fegdyfay e@ﬁ'ﬂ/p‘%a&% ng the cost of a second receiver. This

savings is quite substantial. This approach can be

applied as well to an antenna design that uses a

Sepdiinag wulfinteiilg fsprefeeabtyracepoiplished tyy. addingaeSRATI switqhl abthe imgut itesthe

PRI o NE BOBI Y S nEe LeR oo Bty ol

puBat pBated B @pdribd BSINiak bt ShigldedcoldSadyppésed Rl shg platk. Sthe
of pul ses separated by a period, such as about
refyine frerg @echpgise @éhe@myg ae@veraged tosneaﬁqa @y,ymxglgmedmgasmnal strange

readings. A group of preferably 3 to 5 pulses is adequate for this application.

Due to the speed of the measurements relative to the time that it takes a human body to
move, the readings can be taken in a variety of sequences as long as a set is completed in less than
an arbitrary time of preferably one millisecond. This allows the system to be designed in the most
simplified form, as it will not matter if the co- and cross-po! measurements are made at each

frequency, or if all the co-pol measurements are made first on one frequency sweep and then the
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returns fromeach pulse in the group are averaged to

negat e any unexpl ai ned occasi onal strange readings. A
w@radporbi preferably 3 to 5 pul ses i s adequat epd DUSI004/639628

application. Due to the speed of the neasurenents

relative to the tine that it takes a human body to

crog3\pel, mdabiderhiedictinag Sitedalt fl2quenefedide. IThéllatte@inie@by aldivs the use of a

sequences as long as a set is conpleted in |ess than
P%ﬁ?tyé}”ﬂﬁhtt‘? setegt thg ‘i?é’°b’Ft“'ﬁraé1' WEHBE osrRel RIS e SAY OneTReder to
méds[iRWetn { R RoiahVent R0 smchbﬁthqies%ﬁt&fnﬁ dmk B Joke108Poseconds, can then be

sinplified form as it wll not matter if the co- and
ussd o&@pgmn rﬁfeawﬂefn@mmroalrr@tewﬂl EHawouskalipw & meapueement sweap to be
o Ie?dlnareasona%leql measurenents are nmade first on one

f"rp (f ency sweep M&nd then thecross- pol neasurenents on

an al ter nate frequency sweep. The latter nethod aI | ows

the use of a polarity switch to select the co-p
r et uFEighHRP fHNeE it H’f%fe@P'b%"‘?ﬁ’d? the \rigysiyrsh of ‘H@éml?ﬁtle‘;/ I Adlition to

thévI &?ﬁéﬁé@ Bet&&n%a:%%g SOIQW rnagnﬁ‘:dg §t| z%fo'tl}ng Iaﬁl(er %L, S’d’\éoﬁ\)’&n&&tﬁ ’the time

a swtching tinme of 50 00 nanoseconds
ddra@rantd the uspaarityAignd pebmn&xdeoau zefratme a)‘fer qurefcewadtddyo the tlme domain
approxi mately 10 woul surenment swe _
I T EETF LY A= A 4 PR SHGIFE" PPIRE. TR ‘AGragH PR Fsonce
arfdléﬂééte loPfe £ aff fdsShak re@ﬁ\@ bioGgh %ﬁeﬁda@at}éﬁ bd B JBRR Sf Rdtal (or
data collected. In addition to the difference between

other eadarreftestivp maarm)toyl arpaPi. eveddhoagh Flenger peisprepredutesra retgintigpt is

(40 ote drranandtec

a8l plte oy ¢ B Paf e rhs AhPrebt o ek bdies a ey
gré i@ rdtiirA®afl ke Pers b Nieadatien, @ bllRity Srif@GRAcy@lvedpator eddi@ddading, in the
are al so of value. For exanple, the values of both the

coiize A PRrEM A 3 El e isimeefesably takap apd dsaverpes iaprefespbly calculated.
AsSle Sl Jb?st b o Qrf?of%ﬁ nd')g{i L[iéééé? iBht § aﬂatonﬁtmgoglueg (large

r ad ectl eria

styrelarg @ewatuwe/mé hoeug:ln with b eaper crp@¢ssaonuch tigriki paterra. Thetotiien
that is about 3 dB greater than a small er gerson.
of less than 3

copgiiigerat have a prEpACshS Qi die 3P BRSNS pRiitRhawsa

egrna;tﬁ.gsm&awaéwstmr&vauéw&% person. In addition, a
plurality of frequency sweeps for each reading, in the

course of approximately 300 m |l | seconds is pr efer ably

t ak and, an vera ref era ul at ed.

subj B PRI R BrF TRy P P VaE L B s alrper
otN@bér%ét@r@ mafibd [R€d. fTh%QrsV;ﬂéfb‘r@e% péllaﬁhlélgﬁis fhk A1AGAXUEL of the co-polarity

deviation), while a person with a weapon creates a

refvire [This ingtae!ids a prer disyriminatpHut it esrvem ps thorelrantalar thasthdrapasusements.

P§:ﬁ S gr%%n!? ass rgng{fo g? rp?ragngte{ ‘igﬂln lftgvatum?s Jxﬁ rne%y largé/ R&lca‘ang tXat there is a

gross abnormahty assomated with this subject. For example if the co-pol magnitude is greater than
-47 dBm, three points may be assigned, if it is greater than =50 dBm, two points may be assigned; and
if it is greater than —55 dBm, one point may be assigned. The unit dBm is an absolute measure of the
power relative to one milliwatt. The second preferred parameter is the magnitude of the complex
cross-polarity return. For example, if the X-pol magnitude is greater than -60 dBm, 2 points may be

assigned, and if it is greater than -62 dBm, 1 point may be assigned. The third preferred parameter is
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dB. Thus this standard deviation is valuable data. The
present invention preferably assigns points to a
wonebeoisef such paraneters, although other parpPOEUSI84/039628
may be used. The first preferred paraneter is the
magni tude of the co-polarity return. This in itself is
tha re3aitng difieeacd Hatwaad BE mbgHitudeb oXBY d6aBIafk§ atdRmplef @6 mﬁlﬁrlty returns.
for the other measurenents. Points are only assigne
FRr&*ampiss If (8 ArreRce s Igasdian ©198. fouspoiets may kaassigneg ithe df %@@CE is less
thaR 8L Md fiBhtsi e bARM&: by lﬁhQ&@é\c@lQ 194 tﬂa’l fotdé ane point may be
associated with this subject. For example if (h
agsigngsh | Therfpumtt nrefefeediparageterds e timéshift betéenlBerprosshroband pO}pdﬂ signals.
Y et Ee0s o ghrbn ! G PO PP dpt A saired ggme o
thel BaAsfoRfie sp@bithe §roater @R prbSbIG R4 the FEIGMAIAME the CHBON df SevRRA significant
absol ute neasure of the power relative to one

refiftars Reth's subiPRe Dersp@RAONI P easHEd vah R oBhEse dpramstersyith reference to
rﬁﬁ&gflytd@@ﬁn r%fd tﬂr%ol&@ %%r&ér?:ﬁ)ﬁas??rle@ anXberr gitpt Lg For

exanple, if the X reater an -60
dBm 2 p0| nts may be assi gned, and |f it is greater

th [ b [ d. The third
or of WP PR B pasT el eIt Seae iy Khner e d sck aiscnere
thbk16h JIBKEHR) dr YRS dété?r%m@@ﬂpﬁ&ltﬁééhglﬂ l@{‘&cﬁ@%laﬁﬁe oA fas a

polarity returns. For exanple, if erence IS
weaparsoriofharrbipctgifthe fotaliis bmeqntaéoweaweb@lmg thg prby threshdidwecaution (i.e.,

re%istg ngnte?ega%ﬁl r%{%rténf ar{d n‘t tpe se IFses r%r&ang-lD kvaeéQn ?C{EKIS f@fea%ly declared
thete: debrilis s&FaYProRradif Mo@ﬁ&dsstvzmutfoﬁél rdstitsii £dRKbR R a weapon or
parameter is the time shift between the cross-pol and
obisst pol signals. A fifth preferred paraneter is the
shape of the cross-pol waveform the greater the
spread in tine of the transforned signal, the greater
t he qommimbdatbliot preferily thiel udc@dsiué BRapakidts” bifie: targtud dreferbibly
sever al %}r%i ficant reflectors on this subject.
PeRamEA dﬁ?gs“ hqt2re Rrgtgeally &aen /n phaut Y secpnddnsrenieptanBiusraset of
MipEHbts RipRFPIRohPettdMickd GaH 4 et 85T it
s'ea'i’ch is ppr ef gyr gbﬁ?f assi gned acnun‘oer % p‘)’%){\éﬁzm%%gpos'ﬂons
asles person fgves duwigh fhe efnge gated Tpansantn:h etoreameanipyiafae b adpgn may be
t hen nore than an arbitra
iRy SF Peton A eslesied B et Cleaenine Bisg) ey cplonply oe aded to
rodRG cafftlariduat fof dBmMPIE i SR RES with MRHIO Bk at 84ch ‘ESSIthJ &Chore
if the total is between a | ower threshold and
thalAse APRaFatus Sey Peilaced mifietsnt RoFitions andrpeetfe—fsltholllurrmaprtm‘ tengetbl y

S"Eﬁtg%oﬁgﬂcf Mré"sontﬁﬁgt és?g ﬁ"?/'l % ﬁ'ar ed -t ?Pat‘cl’?? %eée"B'ng B3 there s a

weaBorss thbreprefeiaBly @ adidyatibme trﬁuﬁﬁ@&&lvoéﬁbon C RHdsi HoOWSver, bE&AUUNS that if
in a decision for a weapon or

the three successive snapshot points are totaled, there is a significant increase in the accuracy of the

declaration. Optionally the declaration of a weapon may be determined according to the criteria that

each of the snapshots has a minimum number of points for three successive snapshots.
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object. Arunning total of preferably three successive

"snapshots" of the target is preferably perforned. The
wapapshses are preferably taken in about 1/4 secDns2004/039628

increnents. Thus, a set of "snapshots" is preferably

conpleted in less than 3 seconds and is taken in

sl i ghé bppvelprbdees mtnbmmadudmsplasentahew g e patterm reqgriton system The

t hrough t he rang{}j3 gate ch re rreat I
poialy 5o e e P st A oo VL Do PR B Ty
ashifheli 1€ a RO Subjeivk BiMatdedi@dng, ThdWRxilsthGdchiBIG a more accurate

optionally be asked to rotate a certain anount, for
methegehiieterhP0g the greightiog ometqqrm&dvaws (Poigkaspignarentshig fp use an artificial
|ntglpg*efwée Oéﬁ Paﬁﬁglsre%og%t}?gtteé:ﬁn upr X f%%@{mlgﬁeﬁ%%ﬁgeo@&s éeghe' d?esent
invedtiof @filiz&d sl dré@erdimdSPatterdn mmgdmdnfwwrmhcm (FRaV)t at ary Ismllarl sfich

any one of the three snapshots determ nes that th
SONafac“Wé’a @brted.tThe ﬁmﬁﬁa@fséfaﬁﬁﬁ by qnpraing e kg RS o Forrect ?W&’F’ the
pr&ﬂ |l\ SvaRatiCAP s ardlieBRtned PERY T2 whGRRY df @é’c‘ﬂ@artam@t%r tb fhaximize

the three successi ve snapshot points are totaled
acblhmye Wits a amali sgmplé pfdarmts (farexapmieepdople) driatageetaan Be woéffwtrm The

declaratio t he decl aratio a
A S Sk ST S AR
mt@rfnaltcaﬁptﬁeﬂ &l Bﬁraﬁesh% handdlof 848 td Yo PdecitibnsniaR} ewlfdata

three successi ve snapshots. The above process describes
acqurriatesia Whenppriierehereathp ergulisBrezasiodnding @pd haye groved thsprediction

syst Lt
B0 ghoAT P8 loPb R Bl AR ed P il BAE AR BY: G i
inteMgered delectad GeighNay] TR istetamSeithé neuifal Sanajriciedrhaigheh thaeerts an error; for

deci sions. The next step in achieving a nore accurate
exgmpinoded MogaeAt Al WY sizAvenAE Rt PR {fstaf' aRd3amp 49 ot tas existing
pﬂg%ues (point assignnents) is to use an artificial

|nteII|gence or a pattern recognition technique,

preferably artificial neural net processing. The

present invention utilijzes software en

Rec d&ﬁhet rpﬁrc%rroﬁrﬁ%sﬁ%ﬁidltlmgmena A'§ evgme(éqnprﬁ?%,d étusca,goal of this

dROEINRL 6 h5R2n By 30REddDY such BBy sRInO&HIrd MultiBle (' A 3ﬂ@rdenh¥s. Such a
entering the data plus the correct answer; e program

systamrallavs al sukitctto be h@nuiwd érom mefiogratiewpAit ehe #@é‘e@mﬁ iof | least within

mgrog%g? S°g%ﬁ%ﬁf"g é’?'gae ggf tia)?roneq%éj nBI gwp%%?s"%ar??%n o%\( J(]iltlonal

pdrathetdrd |rQ%aQeQQ§/ﬁ’o&Qt’nés%C‘df the R‘tﬁloﬁ Ut ipsiéould Snc@ptiliag tomﬁﬁa/e the
which is stored in the conputer that will do the

aqgureeyf thp E&BY ealdrenge toTieasyring whal §me e'g?fﬁﬂﬁ%‘?etw?@ Feesiens 4p bigher
mggatcg thaptﬂaggre%f)rfcealém%ctg O s'i’gﬁﬂgaﬁ{ séé%ﬁé r%'t QH&YQH any new

A flowchart describing operation of a preferred embodiment of the present invention is

presented in Figure 11.

Although a preferred embodiment of the invention has been described in the context of

detecting concealed weapons, the present invention may be employed to detect and/or locate any
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accunmul ated. When applied here, the results are

ast oundi ng and have inproved the prediction accuracy
wo canaroadsout 80% for the manual |y sel ected wei ghtT/D§2000039628

better than 98% for the artificial intelligence

sel ected weighting. This is because the neural network
nuinaabfmedaﬁmadhg btﬁ nbtdimagl te distoctly shaped @xralmptiss orleEnensi@rtags

peopl e of vary si zes and shapes a t est .and. sone

aﬁaﬁ'i‘e‘hﬁtmefﬁh?“dtsﬁ és %’%P‘@P‘PW@”H&H”% P shoglift P%sé{StF’Bs@ée "Qfgntion may
opﬁHan%%\%& r&6thth bR AR mdE bdofEdnfol 3fstnfl RY 8laRPe dnddehprising

refined t is a goal of this devel opnent to have an
auemavqpomprd@dclwgsqn topking esiyipment Theisyriehman ais9Ibe eeloygd as a bomb
or 8%?5’?[1‘/?‘1 cge Oec orn gr?}/lveaﬁe%atgx\%{ ogrwr gﬂjécg a r@latféﬁgjdgtgﬁn Jlr% vﬁ%h band of
freqdenti€gduldWieldaRimiimaif@matna mlswe@fojee acjoestiviaw themae:umulate suffluent

availability of data frommultiple viewpoints can then
datgrte &ain theAtitciabRfar! Fhr anet ers to increase the robustness

of the decision. This could include a polling to

i nprove the accuracy of the co-pol reference to
EXsesErdi ng srmall tinme differences between reflections

as further indicat re are nceal ed, gbj egts_ .

of ST ialaﬁtP fvplelb\?ﬁre Eﬁtgg'or %e}ﬁc °§t’"°§d%%‘éﬂ/'ety N steﬁ%% anlu?mé; %E caliber
pidR 2@ IdcR bAB LRRLBHARRISRS atUR EREAY S Anearmety BREHori@fstyle/B6mbs

present invention is presented in Figure 11. Although
m@udpg t!merqoewwsmelmaﬁe'mpne*f slipgstotipplis@p shirepneligad exglogiye simulation
pac e ) wﬂhou? q}r neIt leae‘blecé) Veﬁipleg% %gg He%gd @%C%Sale@qtog a variety of

wéal&tne G{acamb/nedrwuihcmqi@eramywabﬁrng afe 9c5bg> €t Shiz freqadnaglbang and
but not limted to distinctly shaped nerchandi se or

illuyinased @i hajigontaheplarization datavarg a'FF@rf?fI‘fa'Hd'ie‘%méYs This data was taken
uslnﬁ\ff&ﬁe%rX p&%@%gée sBb gnoﬁ%ﬁdﬁt‘ DMk trdrh Lt DY BERBR 1o 35Epounds and
I hivention nay opti onal e I ncorporated Into an
heigtits éroma tabauit 81@'0s 6'2'0 A% shon S!yaswfm whgorreot fnplSeutrii 16 safe cases
conprising automatic Or _openi nq, 0 n
nGEYISHBR b SR per R AT PP el B e eaBoncanismeans
noPippficsRb Psi ve detection device. Detection of other
.objects’ is a matter of determ ning which band of
frequenci es woul d yield maxi numinformation for the

object in question and th unul ate sufficient data
to train the artificial nggggggnet EXAVPLE 1

Number % False False
Case of Tests | Correct | Correct | Negatives | Positives | Cautions
.22 Pistol 60 60 100% 0 NA 0
Balls 59 59 100% 0 NA 0
Glock 57 57 100% 0 NA 0
Nails 62 62 100% 0 NA 0
Uzi 45 45 100% 0 NA 0
No Weapon 116 115 99% NA 1 0
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Targets which were tested for detection include a

vari ety of weapons, including a .22 caliber pistol, a
w@e@ekodem sem aut omati ¢ pistol, an Uzi assaul pCT/U§1084/039628

and a variety of terrorist style bonbs including those

conprising nails as shrapnel, slingshot balls as

shrapnel and explosive sinulation packets mﬁthout

shra nel . Table 2 displ é¥s sa | e test ﬂata re 8 ng
t he AROLALIPT yRseRtINVENtPa T 'B Gl With refr %'19F (:n
praMriel abd ke RARE BRbodintEN@ Bt th@lﬁveldﬁdnncﬂhé} BRbdRintents Qanl&niévelthiZsame
frequency band and illum nated with horizontal
regylh| Rarsopapqsessingrigipannridlldn thegrtia whigh this inyention pegiaias Wi prpreciate that
el Bl 05 A0S o o) L AR B 035y core
thepabaimscitbat atiov. h\elngtht-sarfdmwmﬁabwtof e presepgnghtiph will g olsyfpgae those
skiil%zr} %g 9rtt gnry i Vl\%lﬁ C eg ﬁec%Seéf IPsu]gri'lrl%gdelf%atgg? %nd]élgva sZ TI? ac?rgu
coﬁwﬁ&nsﬁs thegatd nees dx@dlﬁse@ébo?e&'ﬁe WRAJRA b QiaSBSthe fedRr ﬁﬂb&ﬂﬂmmﬁdr
plicable.) TABLE 2Al t hough the present invention has
Pf%%@ﬁ ApLRIE R MpesinfatsAne A "PH"‘?’é*F%Péﬁ'?fEa'? &9e A q” g ngntion or

thdNcBeedr fHe i ARhJuEH bk ReCHBOglinBREave Men tbRribed with particular
I nvention, other éenbodi ments can achi eve the sane

errme@usl an. SPeFeé F Saivarpestigustiens gr iradénanbands Kielpresent inyentiongnay be
melemenéel'(lisusu ! ag{/ Sletlég c?rcgthtg:gngpoggjlésn eflﬁ ue}% l %ng@? %tﬁ% ﬁ%ﬁagﬁ&?gtnal
protie $sihg Wiethd @it tappagatds heve te bredes @ibéd \xnthaaanlcm eqaﬁhaeﬁ oif Qigrp-Z

clains that follow Variations and nodifications of _
TR e Em3tivg IPROABIENCY the RITPeRiRYPYIRs MBRItorhE Yrelesnanief uyng @
vahé?y d3fPerdhdtheafical thethcds| RhERUistiBsufel VeIl paehts 8ddGHblications cited

nodi fications and equival ents. The circuit conponents
abpvezare tresabp inbaseanatef! byc¢fersred. above are intended to educate

the reader about particular preferred and alternative

enbodi nents, and are not intended to constrain the

limts of the invention or the scope of the C ains.

Al t hough the preferred enbodi nents have been descri bed

with particul ar enphasis on specific hardware

configurations or frequency bands, the present

i nvention may be inplenmented using a variety of

circuit conponents or frequency ranges. Although

speci fic signal processing nmethods and apparatus have

been described with particular enphasis on Chirp-Z

Transforns, the alternative enbodi nents of the present

i nvention may al so be inplenented using a
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variety of other mathematical nmethods. The entire

di scl osures of all patents and publications cited
webadeomee hereby incorporated by reference. CLACVBSMO&039628

is clained is: 1. A nethod of determ ning a presence

of an object associated wwth a target, the nethod

conprising the steps of: iduUAIMS nating a target with

pol arized illum nating radiation; collecting first
radi ation reflected fromthe target which has a sane
Wikl kidts on as the illumnating radiation; collecting
second radiation reflected fromthe target which has
an opposite polarization fromthe il I urri nati ng
Effjlt :tr: gRo P?d1°f dnBrmt ngrag)re%gl\il’@g)ﬁanaon aﬁ géeb M(h target the method

cofpribing tHeGtepé 6F: determ ne the presence of the Obj ect. 2.
A nethod as recited in Claim1, wherein the enpl oying

step conpri se'@”éﬂ?ﬁ’tgcﬂ/'?’ﬁ@‘ with pRiarigecigingiingradiafien; of

C_r' teria _Of t&:ﬁ‘ec ﬂ'rs@FéESt%n r@lgététftogﬂh@t@ﬁgﬁyh‘cﬁqasté)saﬁﬂe
time domain by a I rp-Z Transform process

polaAahianchs ér illuesnatirgdadiatiorCl ai m 2, wherein the errpi oy| ng
step conprises, enpl oyi ng a.nmagnitude ead of one or .
both of the f?°P?mrss%"“8%"%3%“&%@“?%@%‘3%F?at “fha%iha% ngRposite

pofdfizafloriok tRd ildrinaBidg hdidt®® andt . A method as recited in
Claim?2, wherein the errpl oyi hg step conpri ses

enpl oyi ng a pimpicaing @ yeigiftedoiyralityiof gitesia pldes e radfatian anfi ke second
rat%gr&‘!% dE@NReIhd &&eﬁ’{e ofint b@{t magni tude of the first

radi atron at zero €r conversion to the tine

domai n by the Chirp-Z Transform process, a second

magni tude of the second radiation at zero tine after
conter si Bifethgd eHecied CIAD frevhareipyheramelorpg Fep-c2mpiissh &PRIOYRE 2

weggﬁgs ?rﬂén% @f@qte% oA careag&sd.%t t@n%éhet, 'ﬂ% J,Aero%tna.my Ebi hsdze

econd nagnit as recited in
Trédls@mmprdcess.wher ei n the enpl oy| ng step conpri ses

enpl oyi ng a
3. A method as recited in Claim 2, wherein the employing step comprises employing a

magnitude spread of one or both of the first radiation and the second radiation at a plurality of times.

4, A method as recited in Claim 2, wherein the employing step comprises employing a
plurality of criteria selected from the group consisting of a first magnitude of the first radiation at zero
time after conversion to the time domain by the Chirp-Z Transform process, a second magnitude of
the second radiation at zero time after conversion to the time domain by the Chirp-Z Transform
process, and a difference between the first magnitude and the second magnitude.

- 6. A method as recited in Claim 4, wherein the employing step comprises employing a

time of arrival difference between the first radiation and the second radiation.
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tinme of arrival difference between the first radiation

and the second radiation.6. A method as recited in
w@h@siv21 wherein the enpl oyi ng step conpri SEBCT/US2004/039628

enpl oyi ng a nmeasurenent of the shape of a curve of one

or both of the first radiation and the second

r adieat i OR method freditedria Cthina,iwher@in ttfereﬁ'@loan’g:gtepdomiarilsas erﬁ{ployﬁ\g a

nmet hod as recited in Cl aim6, ein the neasurenen
meagpIP§ns efdheshangiof goysye °é°'ﬁ?é’ék°"\‘/%fl“t?e’"%fad'lai'?@ apd ihe aecpy fad'atm in

curve. 8. A nethod as recited in

m%j%ﬁﬁ%“gkaﬂgﬁg?ﬁg%éﬂyinethod is repeated a plurality of

times, and further conprising the step of conbining
results

2 o 8 e P RS P R e r R e g r e
vaftib 8fhedunt i tBianN@eaund® tHedlivéet wor kK on cal i brati on dat a.

10. A nethod as recited in Claim9 wherein the

enpl oying step further conprises the step of using the

neugal  NELMRbIat oY FARNPURL Yo A LRI RELoLER LA St tmes,

t he object as recite

anWhirtBdr cbritisingithg efep 6rXBmbihiSESsults pfeacqierforthance Af thembtba. as
recited in Claiml1, in which the object conprises a
conceal ed weapon. 13. A nethod as recited in Claim 12,
I N whi Ch a6 9@@3@5 ﬁ'\%léﬂﬁ §R&W\e|l Smpfidinig telebpof @Jnlrtgl'lﬁ\eural
group consisting of e, firearm gun,

nevwopd ansalibeatichedatac e, and sw CI de vest.14. An appar at us
for detecting an object associated with a target, said
apparatus conprising: a transmt antenna for
1T ygl nahinfeholi BeretiRf &@lau%’gmergmh@%hflgﬁnd skelpWiHhBrtbinpries the step
radiation; a first receive antenna tor collecting

of figimgthe meaitH Retwopirto petbriogotsicHieferraing Rresgncezf tevbigthi ch has a
sane polarization as the illumnating radiation; a
second receive antenna for collecting second radiation
ref ligct ed nfeindand fRRetel Ar@Hh 1Whiveith thargdito@pPResh peison.
pol ari zation fromthe illum nating radiation; and a
processor for enploying a weighted plurality of

cri t1§.r 'a A methtolt] gs rem[eg d’lgl'gl g % WREh the object comprises a concealed weapon.

13. A method as recited in Claim 12, in which the concealed weapon is selected from the

group consisting of a knife, firearm, gun, bomb, explosive device, and suicide vest.
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and the second radiation to determ ne a presence of
the object. 15. An apparatus as recited in Caim 14,
wob@ceirs2sai d processor enploys a wei ght ed pl upel/us3000039628
criteria of the collected radiation converted to a
time domain by a Chirp-Z Transform process. 16. An
appas.at usn &paafs fot Edllectiny dblobjedNadsbeiatvdmathaitarges,sskid apparatus
processor enploys a nagnitude spread of one or both of
compisfdf i r st radi ati on and said second radiation at a
plurality of I{RESitanfefina OIARRMASg@Nith Blrz&iunthating
Cl aim 15, wherein said processor enploys a plurality
radiftiocri teri a selected fromthe group consisting of a

first nagm t Udf%ﬁ retcslv? %ngen{\a fl;JI' coll c?nd fa ‘i Bglat{oﬁgeﬂéﬁgéjfrowngtarga

after conversi

which 8855 QFRpPIEMERHSs the iISRBSIAG ramagaal t ude of said second
radi ation at zero tinme after conversion to th
donai n by t he? €RPIFecvaanigas BF sAl'gstiRacseeand fagﬁtipndef'ected from the
targétf\nfh%lﬁ ﬁél%ﬁ Pﬁts gep%ﬁrlz%ﬁénqrotn' tﬁeﬁﬁunm%%' r£d1’éi¥§n QﬁHj sai d
cond magn apparatus as recited in Caim
17 wherein saa pioq@ssmctesmoyegp eigtgedpluralityef griteria jof they/ bt radiation
di fference between said first radlatlon and said
and {e 5eRene @G'F%?Plt%‘f?te"l@eaKﬁseﬁﬁp%fhgl"ﬂgc as recited in aim
17 wherein said processor enploys a shape of a curve
of one or both of said first radiation and said second
r aditat i oAn appatatve as fepited ddHain 4. ovherein ggjdipaespsad emeipys a2@ighted

BB AT S A s P

pr&ksd he first radiation and the second radiation. 2 1.
An apparatus as recited in Caim1l4, wherein a single
dual - pol ari zed antenna conprises said first receive

ant elgna %R‘ g%p%?akuq F%g&'&% (fd?r%qlbﬁ zr@ﬂ&vﬁg Er%cesgg em@t@ys a magnitude

appar at us reci erelrn sail

spfa® 6288 6 both@hiid fes radasan ahs sdid senond rqpliatioredt b plyramy of times.
applications of the illumnating radiation to the
target. 23. An apparatus as recited in Caim14, in

whi th RcifedREEISANS, vhfreinARd PREBALA MBIoR% plurality of
recﬁ?ed ?R%@agﬁﬁw L"4,u'?e|dn V:Ihl ct51 thrgmobfg?t is a§|oy% plrally o

cricenian ebemrted dromtie@oTup consisting of a first magnitude of said first radiation at zero time after
conversion to the time domain by the Chirp-Z Transform process, a second magnitude of said second
radiation at zero time after conversion to the time domain by the Chirp-Z Transform process, and a

difference between said first magnitude and said second magnitude.

18. An apparatus as recited in Claim 17 wherein said processor employs a time of arrival

difference between said first radiation and said second radiation.

19. An apparatus as recited in Claim 17 wherein said processor employs a shape of a
curve of one or both of said first radiation and said second radiation in the time domain or frequency

domain.
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25. An apparatus as recited in Caim24, in which the
conceal ed weapon is selected fromthe group consisting
wobooa/obasef e, firearm gun, bonb, explosive devPCEUSENH039628
suicide vest. 26. An apparatus as recited in Claim14

wherei n said processor enploys a neural network to
automatically detect the presence of the object. 27.
An apparatus as recited in Claim?26 wherein said o
pr 08essof" PERPYRES FOFANFAT & #ATAN 5T RIATEESOL PTRIVE P42 RHY I
tid @ SHe I} KRrSof tlaGirsPla@i8RA SR R sdebifa rfRisct based on a
conbi nation of values of said criteria.
21. An apparatus as recited in Claim 14, wherein a single dual-polarized antenna

comprises said first receive antenna and said second receive antenna.

22 An apparatus as recited in Claim 14, wherein said processor combines results from a

plurality of applications of the illuminating radiation to the target.

23. An apparatus as recited in Claim 14, in which the target is a person.
24, An apparatus as recited in Claim 14, in which the object is a concealed weapon.
25. An apparatus as recited in Claim 24, in which the concealed weapon is selected from

the group consisting of a knife, firearm, gun, bomb, explosive device, and suicide vest.

26. An apparatus as recited in Claim 14 wherein said processor employs a neural network

to automatically detect the presence of the object.

27. An apparatus as recited in Claim 26 wherein said processor assigns a value to each
of said criteria and determines the presence of the object based on a combination of values of said

criteria.
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