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OBJECT DETECTI ON METHOD AND APPARATUS CROSS- REFERENCE

TO RELATED APPLI CATI ONS Thi s application clains the
woenefastoref the filing of U S. Provisional Pategi/us2006/018452

Application Serial No. 60/680,627, entitled Cbject

Det ecti on Method and Apparatus", filed on May 12,

2005. This application is also a continuation-in-part

application of U S. Patent Application Serial Nunber

10/ 997, 845, entitled Cbject Detection Method and

Appar at us”, , h cl ai nms
the benefit %JE?&&%EE?%WE ﬁﬂﬁéANér% s%l Pat ent
Application Serial No. 60/525,637, entitled "Cbject

Det ecti on MeRbed.FHFERANDE TEk RELATED| APPLITRTIINGr | Zed
Radi ation and Artificial Intelligence Processin

fhis epplioatioNclaindibe barwfit of he Bling:h H- SNRTQYﬁ'OP%l Pgfegtrplication Serial

v 5 TP B O3S e, o
apphcatPﬁ CHH Mtlrﬁlﬁﬁormegﬁ Ep;ﬁ@’u@ﬁ b1 108, F%Y&ft Rﬁﬁ'llcatﬁh skl MOmber 10/997,845,

anuary 9, 3, is a continuation-in-part of
entitled L(Dlﬁ:ect Pateetivh Wﬂmdlwaﬂpmt®é rfileglon NomMéraber 26/2@% Whigh claims the benefit

of the f:@g grﬁ?groygiog%%g}?ﬁ%ﬁgﬁl n%@ H%%,%E%%SJ ?rgu Ecl} 'Jﬁ)%ject Detection Method
and Ap%ﬁ%‘tgﬂgﬁﬁloﬁ% PiIR4d ﬁédleHor$and3 /ﬂ{lf%ﬂﬁ |an%®{§6 P@oc@?s'fhg‘“r'i@d on November

I'S acontinuation-In- par Pat ent
25, 2008\ weRh istils oSe¢dntdualiunripart Qﬁﬂl&ll@j <1f9-B$ Ratant P\FDFEbdatlg@ﬁ@r@I Number

Detection Systent, filed on Nh 9@) i SS egﬂﬁp hich is a
101340, 93 Gt Sgriebiogesaias for Sple el OrNDIREEY. 15328 whio
contlnugt%%% ér?&td rbsate% A;%Jh%atlgr‘\aé m@l‘?@%tﬁe@%/b@d‘émaérﬁﬂed “Slgnal Processing for

I ncor orate erence. FIELD OF

Object b&YEINH Istierit) ﬂle@ blesamhrym\aenz iaad lsslsngaorrmmmderaﬁﬁdZOM as U.S. Patent
apparatus for renotely detectln% t he presence,
&

of
Numbep6,peG456, Whigh @@cﬁ@tms@rtonﬁb@arq Wit Batepig AR IGap S ERmber 09/318,196,
entltledvﬁﬁlg%-rbe cF ?{1 § R e%” gr‘ré% 9%52\ S?gJ %rgd lﬁ%h}éﬁ gﬁ gé?'!glﬁr‘é/lé@téb@é as U.S. Patent

Numbe@@ Bag 6del TS sﬁéliﬂc@croﬂé/ bfdill @@d bpgibatioed Ara iricbipbigted ibpreditby reference.
det ecti on. BACKGROUND OF THE | NVENTI ON Note that the

foll owi ng di scussion refers to a nunber publications
and references. D Séﬂgﬁggglggéﬂgé@gggplications herei n
is given for nore c of the
Sﬁ"\eed?éée“ ifvePidE b R{efRd @ﬁwadpﬁraﬁ@tfortré}n&&y B6B6thG tHRGrex8ndIdf an
m'ssion that such publications are prior art for
object, rfugint atirot linyited & £concemdd wrapEUsyob se8 g@Nor20mppiThé inge@yen further
two students at the Col unbi ne H gh School in
compripésrioveltsisnal pEseesingdeetensle ARYaRPRARISEH Of Prayifing highy wiighiiy.obiect detection.

-and teachers with assault weapons. Twel ve teenagers
and one teacher were killed, and

BACKGROUND 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.
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dozens of others were wounded. Tragic acts of violence
like the Littleton massacre occur all too often in
wonewastoiday America. The Federal Bureau of PCT/US2006/018452
I nvestigation reports that every year, crimnals in
the United States use firearns to commt over 2.4
Onl2oirpAI 100% 6s stedantsat therGolurribie Highsszhbd! &, Liteton, D8Hra010 Opened fire on
rapes. (See Anerican Firearns |Industry Journal, .
their clapsnitéssang dedshers Wish agseibieaPonRs JYeiva isrprerYandope fegptie) were killed, and

e S SRR RS PP ot
present dhy AREEE §R@ELRral WRleSu brARREIHRELN rBpdrE that BichagaStahiads in the United

uring the years 1986-1992. (Data conpiled by the
States USe fiteafms to cEneit evdr 2Hanidigurobhéries, &rfoweillipn Fsauliseantotds,000 rapes. (See

American gReTs BB/ R B LRIPADY N PG HE e Bensed Fireamns
ast at i NO~. . L « »

s N APl SRR Bl Ry Pl 20570 AR v

recordediirSth@ DRifd IREYdUPIRG WHeQbrs @Sds0oba. (Datarcemhpited Hyhies Cdntes &d Prevent

posed by the crimnal use of firearns have nmet with.
Handguni \fidlernee.) Burtheasare, in rgcerl’;ge%ggtnewmeqj é%%ﬁ@gl’ed;\ﬂ@liﬁ the suicide bomber.

expensi ve x-ray equi.pnent has been installed.in Lar .
Theso & PR 4200er MRATOTT HBES 0 ‘G REPaT g TEARAET S thfh (ERb6H. s
: ' ' very specialized, closed
'mpaagﬁyﬁgghﬂgagﬁaﬁﬁﬁgagggék%?azquipnent requires a fixed

i sy pldvdtis ffbrts AC@Uiiedsse tredigioged rtigrecrpiaet @se ¢f direarms have met with
cl oserange and may cost hundreds of thousands or,

even ,
limited aopdso fsthe Pas B1d decadesNEHESXBINSVA & TRYRTHIPEIRNER L) felied in major
, on detectors that ar [ i i Nt
aroon RSB BB B Y oA M e, o
envirorfiRY Thid tibetor eJT;L%}Qerﬁ AR gitesansledthgiladon; 6dcupib & very lieye space, is close-
devel opnent of such a device would constitute a
range dn@\nadyebst bomdrgdsax Hioeseadeortevemilipoadfdolses.i sfy a | ong
felt need in the fields of |aw enforcenen

shlengrdf ng compex ?Qé\ce%q%@faaﬂ%d%?ct%@atﬁ%%?ﬁ‘ﬁx %3@%?{% I e commercial
market\?alrﬂeﬁ oéo%g)’sé&;%%%’idhg H?r{t%leé gﬁygyﬁse!\fpn%éngedfghd%iy rbIRBE Fhe development

: I gha rocessi ng for Object
of sucHE et walid Syt a reldblBiondtabeidverhlent afid BW&ld SBify ailegdeitheed in the
March 19, 2002, entitled "Conceal ed Weapons Detecti on

fields dBlagtepfotcement andisaeuridhal Pat ent Appl i cati on Nunber
PCT/ US97/1 6944, entitled "Conceal ed O
St o BB LR IS F80 6051 S AL Ioh Rt oo Hoved June
5, 200‘2%?{;}%;& %&%FPMU&Q@% fé(‘@r?%g{ Detefich U%Bféﬂw",l NG S AAeH: Nengd59,582, issued

plication Nu r PCT/ USOQ 14509, entitled
March $b.31002, eRtitea eSaiceged Weagidng Detectide Sgatérn'y mteByasibeatPatent Application

Numbg'uPt()DlTi/L?gggﬂ 684{]4, egﬁtﬁlggpcirnce]é%d Weapons Detection System”, published on March 26,
1998 as International Publication Number WO 98/12573, and International Patent Application Number
PCT/US00/14509, entitled Signal Processing for Object Detection System”, published on December 14,
2000 as International qulication Number WO 00/75892. The specifications and claims of these

references are incorporated herein by reference.
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2000 as International Publication Nunber W 00/ 75892.
The specifications and clainms of these references are
wonerogenat ed herein by reference. SUWARY OF TPET/US2006/018452

| NVENTI ON The present invention is a nmethod of

determi ning the presence of an object associated with

a target, the netgodvaBNOH EHEINVENEION eps of :

illumnating the target with polarized illumnating )

Tragiasentaventioolis avethedoiidelesnining tie Rrasenrecban ekiecd gssorigige with
o, o P v ARG BT Pl bR gy o
collectin%i‘ia‘rFiJ &AM refflﬁ&%@ {88 e g8t hedla Hidse Folri9aidR 9k tHR illuminating

olarization fromthe illum nating radiation; and

radiationSSaNEdHNG Seosd rasibigntreftbeiell tromlthet targetfwhiahi nae rin aprokite: padarization from the

first radiation and the second radiation to det

illuminating eadjsiiens aptemRrigYingeveigsfiesiuraliyRl cltpia & Jertt é‘%déaﬂm%'m the second

amorf B4y SR G5 S e B0 1ty i s

weighted pIiFBIitHGERicha ShPcdibtiddadiatibh@biieAédio priaReBMmain by@ Chirp-Z Transform
enpl oying step preferably conprises enploying a

process.TEigNérbpicingSiEp@aieratily cameprises dneridyingfa magaityde sgiead alangtor bah of the
and the second radi ati on at lural ity of ti

st gD Gy RGeS ea feyoupr ot B e gy B e e oy

compris&s &L\ﬁ@@"{g%g%o@ﬁyaoq Hit[er%[ ée@ec’?é@!fr%ﬁﬁﬁ@gr?ﬁ%&iﬁ%g @f QHBt magnitude of the

consi rst magni tude of the first radiation
first radidfonZ€Eo tirhéBitenborversiva My/ide Sine dorhan bynige ChimeZ damsfiorm prpcess, a

the Chirp-Z Transform process, a second nagnitude_o; .
second trhgnitvee ik seaelidaediafion 8t zeresiiee afieREPnAprEian todiinyae d3raain py,ihe Chirp-2

the tinme dongjn by the irp-Z Tran + and
ranstol ot e R VP ol AR BB g 8o
employiﬁgg&&;]&jptimywnﬁﬁes hSo IR 1R dR ElrriSdl ifeRPéd MR En)the first radiation and
conprises enploying atime of arrival difference

the secd@itra@aion bitborfai meaisuremdintat thershanedf & heve eratarebly theraiipiobihe peak value
and or a neasurenment of the shaEe of a carve, diation
of the ey fodheBlajareninderie gurst. of e B2k oLhe (Fat BFietREnd fIrgeyg
. .the tatal, area the curve, of one or both of the
'”me“?Fgng?8HF§F?§HH§ﬂ%EThe second radiation in the tine
QB RcthoBls fré8EbG Rp¥ate®aBluraity Shitnd¥Paritiaaites cqpnebes b kigp of
repeated a plurality of tinmes, and further conprises .
combininh esssitsey eadh pedorbian¢éaf theosetheds  gihe aeitied peaf Fralplyipieas cemprises the

h hod. Th hod f ly f h ' .
step of RGNS BTIEtOR Fr AUPraIoR P s R TP AT iporcompries
the stepg%tun%ip? ﬁw@%e%rﬁ@\e&w QULHoRbRR deleRhifs fbancé b thdedject.

Ses ep of using 'the neural network to
AtHoAAHGETPHES bR pFiSa s EEpapsoasad the objkctiphaterallly eampris@reconcealed

target preferably conprises a Egrson.and t he object . devi
weaporppaf@alﬁtﬂejectgdﬁpmit@@gjow qoppisiing obajknife, firearm, gun, bom , 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 radiation, a

first receive antenna for collecting first radiation reflected from the target which has a same polarization as

-3
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weapon, preferably selected fromthe group consisting
of a knife, firearm gun, bonb, explosive device, and
weunlwidelvest . The present invention is al SO aRCT/US2006/018452
apparatus for detecting an object associated with a
target, the apparatus conprising a transmt antenna
the illumir@fing raibEnN@aEdcosH febsivel dntepad fonkdllbcting kedoha exdiation reflected from the
illumnating radiation, a first receive antenna for .
target which hascani apgosite pelarizatinn frpri tha lvrainptingtredintion. G & RECCEISPYfeF employing a

- which has_a sane_pol arizatign asthe jl.lum '
weighi BBy PLo'a PLBB BRTeREicE et Taapehnae et R a gresence of e
o, BRI 8RB0 S b gt
convertdcRd it tin donaimtbya (rirpZasasfort processphrainirefgrably empigys awagnitude

plurality of criteria of the first radi ati@?n and thﬁ1
spread efepe ALbqtiefithg freiadialiop acpePerendragirliareh g glugrityohlimes. The processor

o AT LS BT ST Bt
first radRBOHVER 2518 e QitbAtBn ek 4 16l R dodhain biPtHerGhirg-Z i@ pracess, a

process, and preferably enploys a nmagnitude spread of _
second aragnitxde bbthé serbnd fadiafidnras gerp e attéroanversipntithe dme gamain by the Chirp-Z

radiation at a plurality of tinmes. Th rocessor al so
Transfomq @p@gﬁbmﬂ aeqlfqur € bgth?rﬁtlhgpris{ 'g)a%‘[‘tu‘?ﬁ'ﬁ“? élfel sgc%rgll n&’gpglﬁdse

f ISt i f. LI ' R radiati

1178 BopaPhth pheRal i 2lind o 4% B ARl tne At rdiatin
and thelseBhdGadi@ion, paferbbhip efahlbysir shage éasiune f @reac bsib of the §stradidtion and

magni tude of the second radiation at zero tine after
the secomsiTadirtisindthe §me lemain AefregiyeREY HOTHFINtanE PIEFATARIL SMPIOYARL/AEATAR in time of
rocess, and a difference betwe the fli R
oneor SN o™ AR PGS oA r DR Lgsieof e SRS eaute
[ BORIcP¥E iIBmInktFR rQdiat®h td Metardtt.f A Sh@8@&al-polarized antenna
froma@&%&iéﬂgp Cg %&rost ;argi a{tmingorn I%md t he aé%lct:ond ?adi ation,
optionally @nerisdy saicefiigi keyise antaimaped sdid second reeeicf antamea.or  bot h

of the first radiation_and the second radj%q?t' on in the
t Thedargetripraferblyfarretiaen B UATRS ATeTesrRlY $HrBF gppon, preferably
| qys a variati MO of, .0 r . o
s PR30 el g BRI o SRs s vs. e

proces8r BRES Y erRpl&Ys@ rRBaYnARTR i RBrTa8SIY ticted: HRPreseteltf dleioblpct,
of applications of the illumnating radiation to the
preferablgmgsigninge wiluegd eactiwhihe ks dndelgtesminias He PERSENQSPA eypbject based on a
_conprises said first receive antenna and said second
combinaiereefyalueidf difiieri#he target is preferably a person.
The |9\Pe|ng(§1t is higo B %¥h§5?o?h&e&'nﬁgﬁ]ﬁlﬁéét@%c\éﬁé@&ﬂa target, the method
preefera y sel ecte fom t e group consisting of a
compribiRg fr.stelpb bEPEnBMitBiY Rontipodts waex gleasimagnetie vadiation tart target at selected
sul ci de vest. The processor preferably enploys a
frequenmiasrveihinrecitagoericy rapgaweasiing iteaeTnpoeaticrdarizensigpissefizeigd fpm the target

t he obj ect referably assjgning.a value f .
2 t
ot cach Feol T AP hEe TR B S Ueh S plal oneratng
frequeﬁw RRinRAR 6 mP FraRsforming the waveform to a time domain in a time window corresponding
to a distance to the target, and processing the time domain waveform to determine whether an object is

concealed on the target. The method preferably further comprises the step of filtering the frequency

—A—
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conmbi nation of values of the criteria. The invention
is also a nethod for detecting an object conceal ed on
wea 20@rogestis t he nmet hod conprising the steps of PCT/US2006/018452
transm tting continuous wave el ectromagnetic radiation
to the target at selected frequencies within a
domain VidvEaE PEferb By Geng 4 1B@Rng fiiger.t Tbe tartsfooginp aleb prefavhtiy ¢orpdses using
S|gnals reflected fromthe target at each sel ected
a Chirp-Z rapgiomc Jhe tranafotmingigion preferayirestiB ri98 SpINaSE NG Fiofte

ﬁ@&ﬁiﬁderﬂgef%a leff’ﬁﬁo}ﬁﬁgwﬂuf{i' %&&gns %{h%ﬂ? g&%{?ﬂﬁe{% él@lnsmlttlng and
recelvmdtJl]erp@eﬁ'hérﬁwlt‘éﬂpm&%lﬁ?é}fo%@\@ RehdReitibdsiép sHqBémiaBe Joftinubes wave

and processing the tinme domain waveformto
transmis€ied a‘rddbhﬂmlt\/ﬂﬂ piicteeablyaimeroipieside allow tlvapetioes aihigsdto (t_mnqrm’@adlatlon in which

target. The nethod preferably further c
case thegrfr@@f ggntipgqus ypyqﬁ@anp%@snprp @‘@a@%wd%%ﬁ @ \Hﬁ{[}%f &ﬁ,ﬁransht%me of the
radlatlonEEogbtﬁ% ?rg{( té }hegt R B2 B it F8Mun T[S}SfeFarb@/rbéﬁ&h%é"ﬁcelvmg step

conprlses using a Z transform

sequentlzﬁi/ewﬁérém ShAW URit PeLiSTAIADrepdiRE elpAds tyarfsmiiﬂeb tsslely by itsmvgﬁransmltter Each
gating of the signal. The method preferab

I

unit optigrlaly ratdieg sighals iranssyitted &y A tramﬁntlttep eraneihaf wi- féﬂﬁcﬁed Slgnals recelved by

_transm tting and receivin uni t.s rahbl
o g f P B ES RS e Bkl P B R o

i SRS Rnt hdightd¥efiRr téme){ar et, and are preferably

s FHEDATI 00 fpo SRS nl oy e botae,
orientedit@MlirAhAte he thigeViftinCllifeas eiebuintd. | The obfecid® nrtefemlvd:nﬁslemv trom the group

transm ssion of each unit is Iong conpared to
cons1stntgcziwsamont firaerme pornip suigigelvest ﬁzsqﬁOSfVPdﬁ?fP'P?é‘dlﬁﬁw tag, f"’B”‘t"ﬁ grocess,
. nd back LG .
oy P iR e e RS TPDBL enEat el B &R shopltina o
|mmmoyﬂbﬁ preferably recei ves signals transn1tted sol ely by

own transmtter. Each unit optionally receives
An@bjatif thb@resnnttlm\/edtlobys ta ptovide s detection deficearfirhHigpreferabty compact,

. Ref |l ected signals received by_the uynits h%th
lightweighg, riwrré@pe Mf%b&@aﬁﬁﬁt@rv “WREDE JSPNERSIA ngfafé% ?"gbcglm\% ©
device ta%g E%%J] i dtuan?‘%t po%ldab\é%géﬂﬁ/qaw diiGcdtdrk §ff|@é'r§arﬁﬁ'/cﬁfnﬁll't§|f%’l)lysecurlty

erent herghts relative to the targe
personr@ﬂ ¢brak@nme Bf RicdRing lf@rpbmaila?dqd(\wualhé afetat e t he target
fromdifferent viewoints. The object is preferably
Sl agleardapefof mmme$entglvelMpn isohas t@mowgr levels fadipiet by the P@a?fm“"entw“
bonb, suicide vest, explosive, hand S

are preiehelbyrn&gg ggver thag @mvsri;t&gn éaﬁiar %tﬁrlms 8 A r | q?aer%treggz ’rayvkg_ﬁ*ﬁer imaging
systemgﬁtapaqg curren 5&9{1@5@'&1 hyadpst %tﬁé’cfgeﬂ te@nPY SRR STGRI dolitrbde. For the

I nventor J ect of the present invention

present lﬁlehﬁbnﬂﬁ@Weﬁﬁgeéﬁ’oﬁiatcﬁﬁmty arthelaxgetie oweisad magnipde beovathie pafety limit for
conpact, |ightweight, |ong-range, portable and

nmmmmmwﬂeﬁybOperable This enabl es a preferred enbodi nent

oéthctarho%jects, advantages and novel features, and further scope of applicability of the present
invention will be set forth in part in the detailed description to follow, taken in conjunction with the
accompanying drawings, and in part will become apparent to those skilled in the art upon examination of

the following, or may be learned by practice of the invention. The objects and advantages of the invention

—5-
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device to be hand-carried unit that could be used by
| aw enforcenent officers and/or mlitary or security
woeowmseal, for exanple to determine if a part PCuUiUBR006/018452

i ndividual is arned. An advantage of the present
invention is that the power |evels radiated by the

may be rBAIREEAHd dtthiMEdby AEandlotthp e enakzijesrmd horhiwmagion eaiicularly pointed out
conventional radar systens or those generated by x-ray

in the appended bleimsi nagi ng systens that are currently enpl oyed
to detect objects at the entry of an airport or a
courtroom For the present invention the average power
density at theggipf @ebchiTRiNOF THEfDFRVENGSIde bel ow the
safety limt for non-ionizing radiation. O her
DY RebrApangitly anivgs svhizh drerimpedorateskinta aed form agaft of the epecification,

scope of applicability of the present inyention wll .

usvaspobieor ook o oo U S B, b o o
_follow .taken i ' i i o1 ¥ bfa€brred

o st o MBUER. i SEPPHERP Pl Bubts aseamRRgY bate
embodiri&it b tRélinldhtibEhcBid notROBL @X&iedas imitngthe hhentibml ihahe dngyings:

or may be |l earned by practice of the invention. The

bigpredb dlusiratesahirapie ages of the inventi onmay be realized

and attai ned by neans f,the.iwst[un%ntalities and

EigHiS RALPEIRS HEPPIP LAVHPRYS YEICAYPE 8t i n t he appended

&loRle R nuBRlER HERCRAGh AN (st RANAES The

agconpanylng raw ngs, which are 1 ncorporated into and

TFRIUR BprPdes alfiock BrRgRMER bifd arstiodinrent of [al tussmiagien @ehdeteglion circuit;

enbodi nents of the present invention and, together

Wigute 3 festraye persenstartying & gynjredifierertlgspiang of e B9PY:nci pl es

of the .invention. The draw ngs.. of, l: ;

Bpisods et PRRIO g et sruft & bl boliispected enerayin

dB&an@&gﬂkthyand are not to be construed as limting the

Invention. In the drawi ngs: Figure 1la illustrates a .
Figupd 4 ivvayeph Bhaingehd tadard drass secibresf achusiambiody, wiatlied fefiegted energy in
Is vertically polarized; Figure 1c illustrates a

dBsm vgisppliredugRfYe that is horizontally polarized; Figure 2

Qv ol . | ecfivity of the human bo
%ggl\éég%e%&% Oare gr%@sggiﬁbggs?ﬁlﬁﬁfoﬂ%oﬁmﬁggﬂn%mer | ﬁ\/t%/ f the h body

n" 'on circuit; Fgtre 3 portrays
when iIBRISR0 Hits AdloXiaV8s i tisd 18 396 GHalart 7.0 ke 066 feasiery barus;

body; Figure 4a is a graph showi ng the radar cross

sHpie Dis aqfict@iahaprégentatiop bict réfergec enfbogdimestiofdhrapgiod ¢f the present
inventio%?srﬂ]e va%rg?gp%s fatr t%g ngh'% %}/t;ne drawing show that an object such as a weapon may be
detected by comparing the time domain difference in amplitudes of two sets of waveforms which
correspond to reflected radio waves having different polarizations. In both the upper and the lower
graphs, the two waveforms represent the vertically and horizontally polarized radio waves reflected back to
the detector;

Figures 8 and 9 are actual test equipment plots of two pairs of time domain waveforms generated

during a handgun detection experiment. In Figure 8, the person was not carrying a gun; in Figure 9, the
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Figure 4b is a graph showi ng the radar cross section
of a human body, plotting reflected energy in dBsm
woensusedis equency; Figures 5 and 6 are graphs ROTIS2006/018452
supply information concerning the reflectivity of the
human body when illum nated with radio waves in the
same pe?s05 Qat 6arFing 8 heryuaseld heQiistancd BetGéerf thenpedma wf ha bvatsgurves is much
Figure 7 is a pictorial representation of a preferred
closer; enbodi ment of the nmethod of the present invention. The

t WO phs at the dr n
chirech baencadled et fthe fies® 85 SOTLLP BPoRebetfr Al complex
Chirp-Z %%ﬁsf&rh ag%@hrﬂlo%cf ih @rp?éf‘é}%d'e&bmbrﬁttoﬂﬁﬁ%ré@éntﬁﬁ&@nt&ﬂ{ S
vvave orms which correspond to reflected radi o waves
Figivk ng deliidtd & @petatiprell systeraitowatiegrant of dopefbrredembogjyeant eftfee present
_ _the lower graphs, the two waveforms represent the
'nVem'orVéWI cally and horizontally polarized radi o waves

glgv j? tlseadcsl‘r?unc é( et%‘fé?n Bﬂ a?\ qu?%l.?pgéogw te\lzn'g%@% ogt 'B%sgnt"ﬂv@ntlon

rs o
domai n vvaveforrrs generated during a handgun det ection

experi ment. In Fi gure 8, the person was not carryl ng a
gun; in Fig V= Tl RE

handgun, a h 7 eon Lt f the
tvvo curves&éﬁ@%—ﬂwmﬂmwmmN

b‘réﬁé'n%ﬂ/éﬁﬂ? SRS %Wa@ﬁﬁkdstfmtebﬁ%ﬂﬁmﬁr@sdm&@d an object
[ r p-Z Transfornms that are enpl oyed

ata dlstarﬁ:ea ope eifnbdsd’ rﬂe‘ht enbethvention mey be lsed pr lecatena cangealert fireaim and/or bomb
Figure 11 depicts an operational stemflow dia «

carred ipfa BeripPeT bR FHAIRYEBHISRE UIEIRAREP HFeRoBn o oF T PR R aroa or ‘Safe

d 1
zone SR SR Gl 00 S o r

remden@'ﬁ'hg e SR b fevB A 'NEBQ&\C(S%E&'E NIEEROESn B RIS h &Gt BidTpresent
E | NVENTI ON) The present invention conprises methods
Patent Mpdcaa@p ahaMecAldase Cdemma, dfgnq mJelnpsSee@ Bp™ TSR degorporated.
at a di stance, nventi

o Goipg MGG aERY EORER AT A% SN SR B By Y Seorvey
and is dR¥cfad ﬁ%’fe?e?cﬂ/ US{PB gol'apié@ Wl HhePBYio %vé&s od k&Y ﬁ@ué’ndﬁ?ﬁ@ specification
Wweapons out ny secure area or "Safe Zone(tm,
and cla®iéCife &%maageh aebns dvafkhingabwapd which iurbiastiy radiatios Brpomted including but

courtroom office building, retail store or
not limited to a person, backpack, luggage, bag, shrub, and the like. As used throughout the specification

and claims, the term “object” means a physical item that is carried on, worn, concealed on, physically
attached to, or coupled or otherwise associated with a target, including but not limited to a weapon, knife,
firearm, gun, pistol, rifle, bomb, suicide vest, shrapnel, wiring, and the like.

As radio waves travel through the air, they travel in a way similar to waves of water moving across
the surface of the ocean. The shape of a simple radio signal can be depicted as 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
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residence. The term"Safe Zone(tm" is a Trade and
Service Mark owned by the Assignee of the present
weoeav@seAppl i cati on, The MacAl eese Conpani es, HOTMWG2006/018452
busi ness as Safe Zone(tm) Systens, |ncorporated. The
object is preferably associated with a target, for
of propad@¥iélcglicd aPeRiBAN papRE aat. Mhe Aciduar inmpsityantheivave W is called the

detected preferably using polarized | ow power radio
amplitudevgd) @bthe Advaised thr oughout the specification and

cl ai s, e term"tar
figyre, I1I1? ﬁ)g}quﬁﬁ wlag%\fvla?q lggerl; call ?edS %{F n@#dj% 1 (IE’] gé?%ﬁstda \)rq%{)e%lch is
i L B t dHekz Qﬁﬁd@i@é&% hraGgiadEhe Grggorahtoimy, of polarization.
honzonténkgblgl%gd Oirﬁcap%s usgg thr oughgit t he speem fication and
Other tefrth&ihabmayt freusbe tordel@ibg Ehetrélatrmstmsb@wgﬂmy@vgsauhan areyaricatitand
is carried on, worn, conceal ed on,

honzontqll@ pol@rrlzeg @[ﬁﬂe&gn@gul%t W@?WS%O%@@EF% SI : arﬁ) %émptgp\&g?ry The term
pnmarllygLﬁﬁd lngh% ?oclgr%tentq? igeno e@ﬁhﬁ&n&ﬁm%mﬁé@@r&qycro@bdcleﬁ'mecf bf &8&dstBol or X-pol

vest, shrapnel,

for shortVWl'Fmé a offMfhrikali6n IsiakSicaiStoraf thrds wmvdrgeaa!mrommumaves whether
he air, they travel in a way simlar to waves
they are\mdlcewwes‘at migromevedegugrisies i Highi wavasfsughes thesegmittes I’ﬁ’é a flashlight.

shape of a sinple radio s | can b
Feete 4 A bR PRGO HBRE B A T At T S Bl recer
- hef aré &lﬁre loyed to detect
syStemStJ']ﬂEIln 8 &'%Tat (ﬂhﬂ 4 mny ons 'It%rgglt& npl e ma%pwy
objects Qtrtﬁ@&ﬂ@foﬁ‘@”a alpﬁomm/@cdul‘nnoorh irsfagtothe pveragh ppaeradehsty at {he tahnget for the
pl ane of propagation is called a horizonta }/
preferred emapdiment Ohﬁwwveﬂlwd%Pf@ﬁqngu%cﬂeﬁi"’ltrfe??fe"y fimit for non-ionizing
rPer pendi cul ar to the pl aneof propagation is called a
radiation;or t j cal |y pol ari zed wave. The height or intensity of
t;__[ﬂg BP’é@&ﬁ anﬁtﬁn RlekR8 dhbr@ted hé GHE @efudhcydfantid) eDitasre radio
exhibits a wave which is vertically
frequenpi@é 6ifdr gigidren\dendfits éﬁdgﬁsaevamtagebsfpr otjest deteglioe Ittieddnitpd States, operating
hori zontal |y pol arized. Vertical and hori

Z
roquengit eRaR KRS Bt el 5 TS DGR GEaR on- E0h county
al Lk Ghel Re 4EHE chm frum,
s PR 5858 1 R Aol o B Muiig dud astpe idaper
Although ®d Heafictibri n@.ﬂie@épebﬁéi refdréndee fornidLietitejuency pamgss, tr@ system may be
cross-pol arized, or main and conplenentarg The t
beneficjaty implemeyted ssin 4 wide karistydb elagtrontagpeiic draipdipa ¥ydp H'Efb'é ﬁgq llmlted by the
pol ari zations is cross-polarized, or cross-pol or
specificRliyf#iclosg ra89RSr t . The i dea of polarization is
4 SREUEHcHCR bRGRMUTBIBRY K
%@Jréﬁ%\%ﬁgr{t%gna‘l m@nﬁa?@mﬁéaf 0 waves atC m gr owave R
implembhtg WRIAETERSH enoditeattf the@westion LI Léw pewer restodrapsmittereld lsbgouaied via first

flashlight. The power l|evels radiated by the pres %
directionhpomIéra {meduinler 14| BoIckS, aneHrANEBEARAUBHRRITETgaich is connected t

ARSI 5 ! tgﬁ 2 et eq l'f) A o st o?EQefransmlt/recelve
transmp/%/ﬁgawgl antgrngts ﬁgon{ gta feceive siulte m??é’o t 22. lransm
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
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objects at the entry of an airport or a courtroom 1In
fact, the average power density at the target for the
wonef7aséad enbodi ment of this invention is ordecs/ustoo6/018452
magni tude bel ow the safety limt for non-ionizing
radi ati on. The present invention preferably operates
selectionisitéH s iftHe rédee paih Gylediaaither thEhdrizenteliytor vertidadly polarized antenna or port.

f ' ff di ff t b fi d di
B Al L
reguenci es_ of  r.adi i.ce ;

o anop ST i LA S LA 0o SO Al oS o 0
reflectedtsnﬁ

alGh AREaNsRarShtdh! BélartPgtRRodsierhntbs @sich bighal &l fédialtecreceiver at
and adm nister the use of the radio spectrum Although

any givet tree.spreesefetioafiliersr22] 28cdrel darsipassditiers iapreventeut piagd gignals ffom entering
ticular f
th recebin el PEIM U UL SO AP S AR S nereby prventing

normal oﬁlﬁ%ﬁénr o%gs%%&{offglltreg‘ﬂ iﬁ‘fﬂe%g-ggleﬂaﬁisaléﬁ%eﬁl%té%%dés}lrﬂglé B&mbBdics of the

e specifica Isclosed ranges. Figure 2 presents a
transmitl®Pfforh b&thg iri@m@wanpl e of a schematic bl ock di agram of

circuitry for inplenenting a preferred enbodi ment  of
Ebrrollgnoe piobessor A6oRTelS ARl CORIHNG SIAMRPARIQPP BogrpsMIRd, is used fo control

coupled via first direction I log i
wansmip 5 propoigpetot e ePERbTR o bp SSHR TR i A FEperRles
connect¥ioGhbaliSiof PR N Rithut & 1dchIRBSIBdr 30 RAEH MeniRdH32 DA BedHild directional

through transmt/receive switch 20 and pre-sel ector
coupler 2. AMT6UNS Bi trahsi@it/escige Svich 20is 280 fesi tamber 83/ hohglopdlarioselection
~with range gate switch 90 throu%h controll er 36. .
switch 2 TAKYA anFresel P IRI-raiRe@RAIeE - ohBrfeEol JilielpyiPUL N ggoessor 261
ich detects ener . i ' C
conoef 4} Sy SRS Pl bl REPE) aBPIsi A s
from a ritkér2RARbIghSad pass Silidd @h ETHLGUtpuPPOrA BinpFidr 0 thenpeasesethrough range gate

optionally be used. Polarityselection switch 24 in the
switch 90eiigh pess fiker M2 sed eepwergivideedd. Reegerasid Gankel 21 RYd gpge gate switch 90
~vertically polarized antenna o ort. Tra 1.t/r Y
oo fop e o Rou Yy B e o B Bt
istancd R | B8deh 08, | higat il BHHRELN! 6
dlstanc%mgérp ﬁ%%g%m@rg ‘s@%@cég%eh.sglaﬁ%ﬁr&z ﬁtﬁbﬁr/cg)c%g‘iisv R tgnlt > B ?? imes are
ignoredP P& diley 44 SR thesigriahito wa dutmed. @te odtppibis amelitiideciesgdulated in
signal in vertical polarization. Polarity switch 24
detectorié, erodigiesnaniaivoRises Wried are Baspedintayoh fiier 1% ¥igpq apPilier Sngpted sample
iven tine. Pre-selector filter
ant o et 58 o e e i oot pBftend S BpBr PR Roco.
procesdal86.” AfSe¥&ia RAMHEt RASSdvi) Mivie&URiid¥ed iR BoWEHERIItESNO PEAS detectors 65,
or saturating the anplifiers and thereby preventing
66 S0 D hdihagAIfad ihenctuRedsisrel @ntbemdasiree pt tRPsane tineasdioe goplitude.

path al so attenuates undesirabl e harnonics o{ t he . :
t Singehpse i@fprmati@MStyéﬁyﬁgpqﬁﬁ%ﬁ%?n‘ﬂ?ftt% gerform 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
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Control |l er or processor 26, preferably conprising
start/stop/slope progranmng, is used to contro
wonrermgsediser 12 in conjunction with | ocal osci PCatUS2006/018452
30. The output of pul se waveform generator 28 is
connected to nodul ator 14. The output of |oca
direction@fcoupiérati Omh&Butpit of @btett Dis bandarasSiRtteraddy §ikes Gragd then I|m|ted by limiter
di rectional coupler 11. An output of transmt/rece hvbrid
amplifierSK/\iOIStahi"@OtSia@pﬁm%mfe{e@et“tb“nm@(@? PSe iieg gigRa EJP%P %“90"3“‘9 yori
t on. s 0
72 whio s P AOTHE R S gl gtk b ST BNt Bt Siher by o0

One of thé StSRsi8 'fed%@ﬂn‘s?pk&@é‘&&é’c@& 65 @nd b Gthﬁﬁdlt;ﬂit B féd te gemdNa phase detector
gain control anplifier 40, which also receives the

66. TwdBiisBt phagyddiectianpare ufsedjmuaamhlgmpslyg@vgrrﬁr 190Gl FEM Begiress The outputs of
filter 4 1. The output from

l i 40 th
A ancioa 9 BBy paied ' PREL I REgp and 70
2 1 and range

The digi zaetd SIgga s ta% fé g%g?tgbje g%q&%ﬁ%s@g%e?\f }?}r‘géﬂé’sgﬁ{; hat onl'y a

Fhe OfH of He@éﬂré?nérﬂf‘dsﬁﬁi Rruséd to@uarttityrafected raditipeand)is bawatl on a unit of

is at the desired distance fromthe apparatus is
measurpmert ealsd the dBrigeladbbrevietsth ‘@t hBeciksly Be e o ipgemezre fupevals o radiated
vty A e IR ol Pl by crer ot

Rt GE9higft 61 tHalsaRE Gbidsn Nere iy Pilésagy from the
mmos%EHQﬁ&gﬁgﬁgggggg thr&ggﬁ fil tgr 43 video anplifier

same aﬁt@nnega\lil@dths aifgvigth dlihe rérelvad stlioatagérewouidhe v lovis Recause of the
digitized in anal og-to-digital converter

increashe fipigndee Bepb@ik cauis! bsrusediosipntityghis 18{ia okRAYSH g"%ﬁ?sp%?'“qk? %“mbe'
Unlike g)éqr%%f%\:ct\égnggﬁhléér%%mfpﬁ%{mé/ hﬁréb% Hedsl?hln%%@( Lﬁrﬂ)eF Qe

Iogan’ch?rﬁl:t fUFn?@fqné's%ﬁ\lentC@mcrb@ higRRGSEMe Binéd théyhdre asatio t:dmmremary large
anplitude. Since phase infornmation is very

differericepidmuabérs. fince @diatet oom levelp narcmmvg;(sufch @Qperﬁwst gylogarithmic scale
time domain transfornmns,

se of .the r
oA e ATy it e BERRe B oL el bgtar e
loulald r?mﬁhls i s acconplished by first establishing a
caleu é%% ence signal by mxing sanples of the transmt and
| ocal oscillator signals. A sanple of the transmt
signal is taken fromtransmtter 12 through ]
directional coupler 19B=aHYod ®#Po nixer 9 along with a
sanmple of the local oscillator signal taken fromloca
oscillator 30 throughdirectional coupler 11. The
1SBf arty byds RaREndswer feldlt RmeslthiaYwd lebdivid rékio signals are
Where% E?gt%fqﬁg‘ivwrﬁytge r%b YS| mter anplifier 7 to stabilize
compdrécﬁusﬁh@’[@lbd:llbel@ meou@rctlctrhetl‘blpnwerg)f tharsgeal tehis régeivied alghe greater distance is
signal is fed to(gpadrature hybri d Eﬂ h out uts
said totveer asitgn avmbariehgeciiels legn Hen I PAYRI Ieve éheo‘tﬁseﬂﬂ
o b e P bgtere F FES gtdEirg BYndhze 638 ot Pfron recio vaves are

generQ%c?ﬁ{d 1R drebied %m@%ntoﬁje&eﬁh%oﬂhaﬁﬁhdﬁtem‘smitte(ﬁﬁave?mﬂss through the
of f set phase detectors are used to unanblﬂuously cover
objectfarioheggoriih o fosalegrce ew. abJdreedduyttin iprget find a third portion of the transmitted

waves are reflected back toward the transmitter. The larger the portion of reflected waves, the greater is
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phase detectors 65, 66 are anal og and subsequently
digitized in anal og-to-digital converters 68 and 70.
woher7dep1si zed signals are fed to controller 28CTmIs2006/018452
subsequent processing. The unit of measurenent "dBsnt
Is used to quantify reflected radiation and is based
the radaPétosd seftioh obdn ¢BRRE UAreshizat thatdlab e deldtively Regeiridsir cross section is therefore

abbreviated "dB." Decibels are used to conpare, t tud
relatively engiet to deiect; eamrarasido an obiedt fhatas d sprlisradangro Se@ﬁk"é‘ﬁ%ﬁ% magnitude

ot ne megsp BriRate (e ptonp' PA” Briar g oo Rl FL I Eykfon'sWpata

orientatid¥Pstuth ddfect So¥ exXtinfib, shgpoédErad@ERatipesrsne shesine FEGKINgifdrabips at sea
away fromthe same antenna tower, the strength of the _
nearby. rAeshiz whidth is @alieingwaredel tovba lcohshine ingesien to drtect ep & siailapyessel that is

the i d di st . Deci bel. | d d
salng g PO SRS MPaR D BT T AL eeck g Biicg b ot racar
. nunber .. Unli fr ' i -
st ST s SO A8 o M s, o e

first ship, Q8RR istohétéd ‘Eﬂé\ﬂ&;@’f to IfRAGEEiRABNEaveih the hadas whveghhap a larger radar

useful since they are used to conpare very Iarg;
cross satiiérf tearethe eacondhshiu ihesessterspiesents agmalieri@ragbRdhe Trdaf dfayes.

BRI BN B PR o3
sy B 8155 P BRSroNeLo estb sy o

section tSth@adtbdiait Forasemple ey @ln, thatrisituBigedibehind 8 eereents hetiadekle so that the side
| evel . When the two received radio signals are

a
of the ginfavaseinsldfievpizl SLeRRF 8 larqen ErdRiIRRSSPHRM AN ErfteapRifglstegqd on the
. the signal that is recej . . i CERatrS 3 i
hip wnhstg? g}mtb%rr%l @ogp toward E}he rﬂﬁé ng ?ndgﬁﬁwe g@g‘."g’g‘ﬁ@bﬁgﬂg Pﬁ%aﬁgnﬁgﬂe3 is a
pictoriaP8¥&tion BB IpeRbnd dfryifl AERIGUNSO TRLthaBE siddief the flied, a perssisis shown with
section", or RCS, is a neasure of the size of an _
a gun heljiregtace citfhein frand broin teokes a hele Qrethe right ide giritie tigyes another person is

directed toward an object, sone portion of those . .
shown Wt G4 P8 M ASRPRREE PRMBLGNFIEH e BB B&L o RS Fsice: Note hatin
rt irhiRE theXgdRimustibshurned, or
order f‘gr%?ehrfi?ag Cpf(S)Sr %Jl?:gﬁ%é)‘ff\%tgﬁén%p E%tg %éﬁogggv\%\\/é é@lagr e reflected
facing R @ifi¥rehtQMEdtieh, roigivk ks Btedtet . The | arger the portion of
refl ected waves, the greater isthe radar cross section ,
oThezradap bjosgsectigrwhshjcemparethigonh 48 sguaremaier is exRregsaf e decibel unit of
radar cross section is therefore relatively easier to
meas“EF@te@bths@oﬁﬁﬁg‘ﬂs't o an object that has a smaller radar
cross section. The nmagnitude of the neasured radar
cross section of an object depends largely on its
reflectivi t RCS&ndBan) < ielog (#&) =dl lagrA €@ BB iGon of the (2)
obj ect. For exanple, suppose a radar station on the
shoreline is | ooking for ships at sea

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
uniformly illuminated by radio waves. If the side of a square area is “a” in meters, then the area becomes

“92" in square meters. For a surface which is flat relative to the wavelength of operation,
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nearby. A ship which is traveling parallel to the
coastline is easier to detect than a simlar vesse
woOhet7/816ai | i ng away from | and, since the radaCTWsY®s/018452

that hit the first ship broadsi de bounce back to the

radar station with greater intensity than those which

reflect off of the smaller stern of the second ship.

Thus the first ship, which.,ig oriented "sideways" to

the direction of trav@=6Fa{he radar waves, has a ©)

| arger radar cross section than the second ship, whose

stern presents a smaller target to the radar waves.
where Vn\g @/Qvetlgr‘tﬁthp)( £ 6 1o OERbtbRAINY Bis #eQénEyn delzeThusan obj ect

andgun, the detection is nore easily
acconpllshed when the handgun is oriented in a way
that presents a relatlvely I%mg L%g I Cross section

to the detector RGN EBeans18! i s tucked
behi nd a person's belt buckle so that the side of the
gun is flat against the waist presents a |arger radar

CHIQS SxphRSibh RBicdteRatal theapoa” JST@H\eSd’dyledomredlth@rdﬂeqj)lownblleases by 12
the gun barrel pointing toward the %round and the grip
dBsm, poinfiibéan govfep iksr e orosheasiion iFil g iimes ge & ¥ thy feqagpricydoubles, the

oot pocoiph I BRESTTAIES 8 e Laee SR AP Bos  deom

(4)

OWn' Wi
mcrea%}eﬁla‘aj 2b Bﬂf?)l ﬁdatelaleé'dgé BridctsQiid ighdred A thigdsciiptiod Fttﬁlei(am[ﬁ] the radar
rig & of the figure, another person is shown
cross $¥clidh oha QU)EIG”QJMGV ateldGHis a1 hagBsnposiode, the)ftactho(ﬁ,s:tr galn increases
situated on the hip at the person's side. ﬂat inf20dB
proportipraklp 1 &y ingraese Ay t°d P&z incsRaspie Valte o i d&lﬁﬁ‘sa Aifersaee ’

Howe\gé&pﬁapvgasaa%r}%fsg?peﬁ tare ds |ﬂc?|§tg%or§ Plgrltle{r Coldlle to tt?&ﬁhw Wh%glené?ﬁ, SO very

elative to
hmemgégﬁgggmumghﬁméadar cross section when conpared to one
(1) square neter is expressed in a decibel unit of
naas daie mtﬁrabl,e 1"iglBe rddar eressf sebiopweéa mR(gSBW (pallasggtﬁtpdggn ilgminated by

log (AG =10 log A + 10 lo (

slocgfEcr e e InFSutiE ARy B et S ViRl lon e cabrats the
& F %ad:18At port RCS

detectP hequ gﬁtegt athd ?o;hrg\tﬁéelrrgﬁgdtnggrgeg%&ﬁ%@mﬁg Fﬂg%&){tﬁgﬁ%ﬂﬁﬁ p
meas@PREA! 16Qeragdddiithdasmdif gating emd iretiucei IF oandwidth. | | uni nat ed

by radi o waves. |If the side of a square area is "a" in

neters, then the area becones in square meters.

For a surface which is fIa atlve to the wavel ength

of operation, G = 4p a2 /IZ—@ég—mhere t he wavel ength |

is equal to 0.3/f neters and f is frequency in GHz.

Thus RCS (irdBsm—10TO0U [4p a. 14 2770, .09)| (4)
Frequency Band (MHz) Radar Cross Section
500-1000 -15 dBsm
1000-1750
2650-3000 -10 dBsm
2890-3250
9500-10660
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This expression indicates that if the size "a" of the

side is doubled, the reflection increases by 12 dBsm
wonoi7mgédinear power units, the cross section i BCTAIS2006/018452

times greater. If the frequency doubles, the

reflection becomes 6 dBsmgreater or 4 tinmes as great

in linear povver units. Note that RCS in dBsmincreases

as 20 log(f). Conpl ted ed ff [

S PP S R A S XL
’transmnfegcr?quix’uoEr;',spa&nrnginerg%sfg1 r? gg)(e)(g:gélé lfr% ugBér]rtarl‘r)ggga Erbur@ %@s H&f—‘for agun
orientedalrr‘ HoBR3Rsifid ?dg\tllm tahilg (HEZthe RBERRGIRSNdidHeDf Wl gue ektenc& stleways in the

Bsm a difference of 20 dB. However, typical weapons
plane ofthapesmitted raticumve; ttaRECS yaries rfropwl abnutr8 dRSMytoi-|bdBsH pyepthis frequency

d
ange. FGHPibaerospra ARSI, Yotbp BOS of & RE feRugog) S EEdbBh i tne same
secti.on £Q I
v G0 O g R skt s b
approxiR@fefils dBTsHI%ﬁ®r tah thewReRgeginabiuinsdieth d® cal i brate the

det ect or equi pnent and to provide reference
wmmmowdemeaweme@eﬁ theyigfleatipiopf radie wavss &f HBFrEONHre test

chambegg g%grr@spra%gttaga ﬁwlaa( Hgg %ﬂblﬂ%ce‘lﬁ% t%{:@reﬁy 98\1& Ik ’illuﬁﬁ&ed with radiation,

about 684 go\élt ?dl%@g\% ABrgl E%ffe@t‘éaba&r fRPSthe Bé‘dylb@ﬂ/eérmgé 10d.955GHz. Figure 6
. cal'i pistol for transmtted radiation spanning
shows thBEabd6EH24 i6 reABder Bdok bétweenied oyl 68, The curve shows

that for a gun oriented in the broadsi de positio
rodenere) thearesany @verna?rg@gf@raalmrslﬁe %W%PWOF}E%W%B?P 8iglection in
ILn.the
which q Wélz@yggenzgg 'nFIF%r?hIBa San? (N i b@% @Eg'?é[%lt@ S%c]}fragggr‘rﬂﬁzéé\’?}éi?nzatlon The
percen{alae of ér{e?gqlégrﬂ/ébfecf 1B NE8cal Ed)lgiiﬁﬁ)n%pérﬁ@ bR herhapedf b\@d)ja]ect in the plane
return, or the RCS of a human body w thout a weap
normalitaithi hitrecsiamet ifigideqese ritiize brient hagsa @p@ﬁeetlona shqmaéheg\r,\@? gcglévertlcal and
radar cross section across, the

horizorggy Igplamqeﬁtpethep %V%‘Ea@’tpP@H%COF‘Hg'}?nF Wil b%regnga eve%rﬁrcgfgh the object is
wradrat&éégﬁcpnzgr(talv ggﬂ%?z%FWavésg g%er%cafw 90|§IZQ(H &W\pﬁﬁﬁent is referred to herein as the

r enen ref ection of radio waves of a
scrossPBIF, Sile 1B hbienthigolafitbarérattionfs piened b asdind ‘so-pgl”. These terms are
enpirical data that indicates that when a person is
reversed if theritaget @nd otijechare desidiptadamin aypically gaarzst iIncident PsMo

wave ener S efl ected, back fr ;
A8 S aib gl 1 LS b4 5 TS E human boo s
appro rﬁgtlalgcé &SlorPRE Kve? ﬁ{e\’v@%nﬂn& ¢ kPmd thisGRednbitat ha c@aiiegddun plus body
resent Tnvention preferably relies on the

signal RAMYdrézak ofif) €A @BBREaNhadase efthioatd gwn 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.

If incident horizontal polarization is used, the body cross section reduces by approximately 6 dB,

and the now vertically polarized cross polarization reduces a like amount. However, the cross polarization
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whi ch a horizontally polarized incident beamw || be
partially reflected back as vertical polarization. The
woeoastage of energy converted to verti cal PCT/US2006/018452
pol ari zati on depends on the shape of the object in the
pl ane normal to the direction of incidence. If the
of a weapdhjs@gd rehaigelypconstasts Tsie meamaa\t thehiagpeB tlifferendezpen pew hecome 7.4 dB, on
vertical and horizont al ng)onents t.hen a1{1ver ica

the averap@lt%ﬁf@bz/é@ﬂl@tﬂﬁﬁt?r?éfﬁ?t Ol iip VarigHAT ] $rELRRL o e I P e terge
is a humarnh{t %Cpt/eéil?rgl?llg iﬂrtfans%tt chan’é{alg&thé%H QM % r&RIvabbid Reri20AMEMd vertical

arlze conponent is referred to
polanzat,g}gr ein as the "cross-pol"”, while the hori zont al | y
pol ari zed reflection is referred to as the "co- pol
Flgues 2 dépdatsmypical eparatipe obeprefefred ﬁébctdm@‘éf’f taereesiof 'QYR“"'%{}‘ grersons
irradiated with a_verticall

d
sy et ST €2t B2 L 250 G A PRSI,
horizontd oﬁéﬁ%ﬂ R BordbH bt %9? 108 vy e RBAMheli SwHIE BéAX hraRéiRbMd bakk toward

ver age narit rretlcterrrsthls means t hat
the trananht@r O AN 16 Bafiiittep liuminkiesly pesgmaithouti d Juni the veasieves inl tye upper
4 dB over the case without a gun. G ven that hF'
graph in ﬁuw&ﬂ rbwy Thegeitwpewsvasgersesentibe @P%fdeé‘f thg hes’ 'ZOPt'f‘“Vu Rolarjzgd energy
hard and wh Yerdi@lly polarized
reﬂec"edd’é‘?keté’tthe éfjaﬁ %if’ DYPPELHES b%%ﬂ W%Auoﬁggg%aé@eg?gbveerlt L el arize

energy réfﬁcl{ﬁa b%{l t@% SRHABBF (i I&/@Jr}zfurt/@ﬁﬂeléch@t) irt the tid & aoraais eftdriapplying a
I's hig for incident vertical polarization. This is
Chirp-Z #dr8frrh l(as;e:iefs@roedi below)ast maj ority of zi ppers in

cl ot hi ng. i nci_ dent_ hori zontal polari %iﬁon IS usegr,r ing a
Tnﬁelow(gyap@rsb%n @Etgmec?rPomé@a&V\?scub‘g? B’@P?fﬁi RRPYCE qE e
andncf i D50 HEBALER11 Yo RELBFLAR hERTRSBRIAGH/ Loures

represenﬁ Meaénbéﬁév@ﬂ)@f\orﬁoMﬁ@ PEIAriZet fad wavbaltellvwdd/frapoths penaon (the upper curve
his neans that the 1.4 dB difference can now beco

labeled “ﬁ "4nd Be eoergy lerel al ertizgly, po[an@dégg;o Vaues &ﬂﬁg}eq! pack gpméla peggon (the
lower cu{r\gﬁﬁtéaerd: g’t) ngaﬁj{é%ocqgmoapne 'lgn %;é?eg\{y%e& éherxwtn;_rg %s lltpgbe& tﬂer&lrves
ond b Qap RGRI 4gh, labeled “Delta A”. In
B
general, t\Mféh(t}ﬁJ pefidfihas h i, of anit oediguct et prespoiarsEbetantifl reflegtive presence,

pr esent i nvention. Persons enteri ng( r ot ect ed space
w?

the compenenBefivertizabi @plerrpd eneigihatiis rgfigcipsioe He PRIgFtNRATEY
t hi t
HEY SR TR
genera’t@cﬁ §urh§h lh@ﬁ&g%q dQl@EtlSn eRmEntt REFiGUra@BSAG bdreun. wadihercatriieg a gun, and

ansmtter i1 llumnates a person without a gun, the
the ma)lirmim Qal0asas tHertwd bevasppe29.@)dBabari ThEingident pylarizaber is | hoflzomal and thus
These two curves represent the a

the recdivsrrolagatian foy hprgpeipl iy @raaeriBagye BT (5 vPos g Fiaure . the
same pgrr%brl? fl%l%%(gaé IISE S ugcpg\ﬁ/ ra?lal {h\é%ll a@n@g%:&\geenathé mQﬂrqurh R&iues of the two curves is

rcally polarized
now only 7.9 dB, indicating the presence of a gun.
While the decrease in the difference in amplitudes between the two received polarizations was

quite dramatic for this one test, in other cases it may be quite small; thus this measurement cannot always
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energy reflected back to the detector (the |ower curve
| abeled "b") in the tine donmain after applying a
wehoo7ms@16r ansf orm (as descri bed bel ow). The | GEUS2006/018452
graph shown in Figure 7 contains two curves produced
when a person is carrying a handgun that is sensed by
be relied ijoR. Uedreotepsdditionl peratetees al oritalianushbe considetedwhipe making a decision
graph, the two curves represent th

o o e eranpeni Rl PSR, @awweévﬁr% e PO P
signals faﬁségléq to a}(u t\;?gt]h?ﬁgcg? 1;a(i1LsJ lﬁ/ adrr o e gct Xe'; AncAilket A %ees'ﬂl?r&gﬁﬂmg

|o waves reflected
enwroanﬁlC Muﬁlﬁﬁﬁbﬁ&% N bl%férr’atﬁﬁrﬁﬁinilz@w heﬁlmg\ﬂﬁe taadralveeh dvat § W|da range of
time domain. The gap between the maxi mum anpli
frequenc@é ats Hescabadvabsye, Isiabed eahcelBiidntad o frequancy yilof have Wgteffect at

another. ré%rgqr;él)rge &eE r? ?f{c}ie %ag}eg@gfd‘?eqhgmtgg gftfeﬁg grb%(iioqlroﬁﬁ dvan?a%g |inetgat the wider the

son
spectrum us¥(|*1 ﬂtﬂﬁbeﬁqugé Gbmbid a(F\e t@ﬁtﬁme%ol@tlo‘ﬁq&stmﬁnﬂ @h’\plltude in the time
1ve pr sence e conmponent of vertically
domain aREY tRé éﬁa%i)n@t@%gsforfﬂ'iahpphsd reflected back fromthe
obj ect increases. Figures 8 and 9 are neasured tipe
Adotinai riteries whighy isi qgﬁerﬁbly p?eéﬂrsth%iaref% inyentipa is ghe Rﬁ)é{}‘@ftm%m the
peaks of %3@{) getttgrq sgﬁarésl %%Ing%en a r?o%gﬁ ﬁgsté go(?)é%gﬁ'lb r’ge&tog p!)t‘ﬂon of the

carry
vertlcallygﬁﬁléh ﬁé\l Wich |9f'no§tﬂ/%réa‘1¥a b tHeWRSpEH, Ehodéh Orwad inpae t'elatlve to the
incrdent polarization is horlzontal and thus the
horizontd] B&eh, whichGd aeinly adflectad fram thiedpdyz @uckap ting skyft iscangther Ragameter which
the receive polarization for vertical. In Figure 9,

contributeshie teaprababliyah te\igtectos of YMPRPOZ handgun, and the
Igl.g't%t rgn\%? S ﬁ bees ‘Q’Seg&c?élﬂ ﬁg)ﬁblgﬁ%ﬁ Vé?l'urh'?t%n&g totsBr%a& Y& nfokd Wi a person

icating the presence of a gun.
is armed%béd%e bhe oﬂﬁ& FRa&ien bdindsh®mdhd Wetpenasd pant fa:mrpihe bordi'e Jherefore,
bet ween the two received pol arizati ons was
measuritly leretip of the peakhialiie tmibe ares tindey e e for @g@ergtum Df?fﬁg?b'ks gontributes to

quite small; thus this nmeasurenment cannot al waysbe
determiring) thesprobaRlily of PHEFEPISFEN additi onal paraneters or

El%l[yetﬁé Qbé&ﬂ?et ar#ﬁltl.?ig Bisthéi@d' ;%ﬂ e g ﬂW‘@W iﬁtﬁlz&mtzﬂ@ pblaiiZe8) tagis to be

he presence of a weapon. Furthernore, in the rea
greater Wl ahet stk iicdimied diobo titaTettuntatfaimcthe vaarive rb)Jt thisgn el is pet@ heavily
due to nultipath effects caused by ground r$flect ons
weightedpataétat hespuserpf tme/a@aypm CNESESS OLstArSNs AR . GISP BT H were
effects are

mgmﬂcag(}kqg?gt%'\}léarn tgg Vé‘?t&éke% & érﬂ]%]jndr vé Qarg FDQ)\H {ﬁgn Iht%ealcfn@%[lld indicate an

CI €s, describ

RG6r AdiGiBNE Dol lﬁdﬁca@ﬁg Q&ﬁlcéilaﬂdxt@dmymm pidrarimer is of great
abnorm%rﬂ&flﬁ %4 sane ef f ect%bat yanot her. Sweeping over a w de

significanadrgieencf pdrsoadeiecaring 8 barhb esrepriaing afm“aﬁ)ftei onal advantage in
that the wider the spectrum us n the frequen
Jbﬁaieﬁent ITNeBB U RSSO P S T g uses  sandiard
i tud

set of stor dlvalues t‘ﬁa’tI errese%t 1tne I;nSnals which are reflected from persons who are not carrying
concealed weapons. This data, which is preferably measured and compiled using a number of persons,

furnishes the information represented in the upper graph shown in Figure 7, and in Figure 8. A standard

set of stored values that represent the signals which are reflected from persons who are carrying
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domain after the appropriate transformis applied.
Another criterion which is preferably used in the
wonrew@stoisnvention is the relative timng of theTpsals/018452
of the two return signals changes. Wen a person has a
gun or a bomb, a good portion of the vertically
concealePRbaohZi€ dlss LGRRAIThiswlatacwhittsis aBs pleferablyragasdred ynd ¢ampiled using a
weapon, noves forward in tinme relative t he
number ohpersanerfurishessihe inmrmmnéwre?sgntﬁ%inﬁm%/'owgqu@gtsgaw'? in&igurefeandin
] body. Such . a ti shi IS an e ' ;
Figuro 8. Ja PB4 MPETERE b e PG Harier e §EahEe &abiingiots

environmg@tﬁ)g?Fbgre%H@le@ﬁtﬁmoﬁsﬁWeaﬁi%o@tfthebl@tlébtélf signAR that are produced by

I Zed returns tends to spread out nore when a
many per?@fs%htbrih@th&l"%ﬁiﬂﬂ@@ﬂlwhe apeanot canling eanogs.| Eiis sagrpe@ssasyplished by
. romthe weapon and part fromthe ho Ther ef
utilizing one akany iNAYLE1eEICRRIND YIS nguﬂ%%wjt\ggcﬁlﬂ‘gxq 9 atr}?@%éﬁeretvg(brk.
nd t he [ far. each r I hiyat;

S le b RIS AL A PRl I o e
variance Bt tfi&thlifan Bdﬂﬁ. Ribged $Hon &gekd dised empliiudetieput onlpolcomettinom the

(typically horizontally polarized) tends to be greater

measuredirequeacysiomedv to it disptaet] tnpedomaintais. riigviexet pHHisqURHaPRE this is
weapon but this, i

. . . nitself, i t heavyi '
nacoquin CFBICE BISDR B o RE Atk Befreni ghet sl O °¢
gbf E’ﬁ%rﬁ RILmB?Pd%@;GQb,f entitit@ “65)ad? Dltek i WySeME dRcloses novel methods and
stgnificantly greater than'the value that is norma
apparatd_csé’s!r foPdelédtig tonESHedoaIapats, intitning utiidatoradf artigreviooiaif method in which the
~indicate an abnormality with a particular individua
amplitudp dffeiehta/betwrendag JorRplasizedtang €XPRBOIYBP EUMSTTS @ E?éﬁ*eg figp fgused to
i s of great significar i ' :
oSl peree eh GNET SHBIngs EERRBEORRZERELOR £ v

can accothRdEEARIY arhdRl. BRMbiREe Bita BPNYdrigatng phdggaifoirativminiodie
uses a standard set of stored val ues that represent

transformitdn Sis greterablydmidyed toamprefd e sengitifiy ofifigieqtisg Arjeskh ot GFbis a
not i : . ;
mathemgicel @EBYYN RSB SO DR R T R Y B s avout tme, e
rsons, f j inf At i I o
to convc{jrth)g} tﬂ% F%%%R@h%\a}%ﬁﬁ t{)] tﬁgitlgﬁ rdg’lh%?' E%Cif'ﬁ@. éieggﬁ?\fgﬁg’fldnkf thB e transform,
which sl FMRFA @rré Bt th&Lapidcememstémt.ues that represent the
S|gnq!s which are reflected from persons who are ,
sﬁ?swhm g‘@cpli'me te m@g{p@iﬁ@vepsgeféﬁcgeg fr@geacpersmim@omygg carrying a
iC f - i .
corces o B pRebE B B R P et s
polarized %\Bke%q'gﬁgc%g tloRh 4 K1fndn BV bella RIS fiffkBntlyN InFdeBbYaR thé refetidns from a
'nFgure 9. I'n an advanced inplenentation of the
concealedW84Hoh Ohile hbongareoanwithis acelpively eonfihecditgage. i In gontiest Hhe reflections

envi ronnent b rogressively and conti [
from a tlpntbodyheary i@fti%g gp@gls%’qh@ ﬁg(jyg%l? fAepth g}%&h%%ﬂ%igrlé%argsggepe{tg t various

depths in the body; the reflections are therefore non-planar. The centroid of the transformed return is ata

point that is below the surface of the body. The present invention preferably exploits this characteristic by
using signal processing methods to distinguish the relatively compacted signals from a concealed weapon

from the generally time/distance varying signals from a human body. The result of using the non-planar
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many persons entering the "Safe Zone(tm" who are not
carrying weapons. This can be acconplished by
waRod7iogéang one of any nunber of | earning syst eReT/US2006/018452
including but not limted to a neural network. One of
the nost difficult issues in the gun detection schene
data is a @fudibtEin feas@iMtiroh e hirhaTbady, icreasing systanceengitiviy laad e ghilfy of the
body. Al data shown to date used anpli tg%g.i réf)ultl o'nlé(nerated
invention torleteshepaeaaletineapanse THsdae P €H 9IRSl sehRR)e AERETIN §hiethz 9
~displayed tine. danai n_pl , k] a target
oy reciaigr3lpe TOT ol HRE e Songl B by PRy eHERtrom a g
indi ion of the presence of a weapon or other
such as dorguﬂ{ea&%d% S. Patent Nunmber 6,342,696, entitled Object
ARk kramsiByseiTes the ksotlesige of thevetivareitape 8yl gifgch frequency

appar atuses for detecting_ conceal ed wea .hecl udi :

componenl b oo o e R A s RPN Rg ol B
anpl L fude, dif 8 inkBle MBKUmentation;

v mas bt i oL UG BB L s o O rrion o

Figure 2,66k Fﬁa@b RBtebtbr idac\@AP BN inSwiseea@st eachbeind tpdmith frentical signals that are
enp

oyi ng a Conpl ex Chi {p@-z Tr ansf or m (C_ZT)i whi (:h..ca.nth
offset 90Mcaoeavhdéee Boh b aupgsatiesigtectania rqsisacHo gipigatp (he ambiguities in the

i ncor porating_phase in mat i on. i : ;
phase detgcih 8% 8 SHgle P%:H?n yrgt rﬁqeésgﬁ%\ba;ivs gtn%fl?eg%\é gﬁ%{%(r)anlts nc_g rtigavcgclte.hselnce only
one frequ.?regl{:kﬁé)&sitsvéttagivgﬁ tifl& tiGfds pRdlerRRite mbssuredih6gask Seldive to the transmitier

emat1 c expression that is used to convert
signal. ThepRisERidasitebairefbrabig utthe yroswpal retwneresidneh isgirierably periormed at
i.e. to convert fromthe frequencby donai H {tget he Jd 0B (RF)
the IF sighalygisian aiferpativg; the rhage @éﬁfe&man%ﬁ”i 5P MER 8 ra q Y
i Lransform et S, | i f t%d& e diaitb B68in accurate
signal wifjolt a0y B'Pm“"ax‘g%\f elﬂ?'}cﬁ’gh%f" g‘c’ﬁ’ﬁﬁ%@@%@“ﬂe po)ltbarr]i zed waves
measurdrintset RE dinf ditRéPnfetiRRAI & Prsvbecrimiyatdres @sat tymegsuee the phase of the

conceal ed weapon is inportant because the polarized,
returnedwiyeigelative eibe eahshrittnsignalo Hioweies @ qsawﬁbw'%mgasttﬁ gaintaining coherency

pol ari zed waves reflected froma human body behave
atlF. quite differently. In general, the reflections froma
onceal ed intdfal biyER epRYihg a dditiondl charieRo provide a
gg‘f a“toﬁ\e/rg'lwy\é%gﬁ%ﬁﬁ@%mkgErgefeé?é I)ﬁb?c g{rﬁ)t ?la%? , the .
referende@f h8 pldcRE & df krerfe@miigian Thisdyaceamnplishau rréfareblp by sareing baih the
body has depth and the reflections are gener.ated q\} .
transmitead losaloscliatrhiand mixing themdel prodyegedhe RIRFREGIFER defgiepee. Noise ls
~ therefore non-planar. The centr oi ARARE BRSimity of the
minimizpchpRFAypeiiee cRavA 1567 1S Tﬁéi?”r? § %‘&?‘8@\93{9 goghgﬁlﬁt‘tgpe of _?}I:ﬂelml Yo
target. R%H?le ggﬂﬁ.d@{e%%%hadn@["@ BiletePdblylised Sicadtinte Mlbloxddgo pérmtt separate
characteristic by using signal processing nethods to
phase rfdsstireMghts 6thé b anetratd-padriy abempeisc e dlternajive msthod imgreate a stable
conceal ed weapon fromthe generally tjne/djstance. .
referenceds {0 aneployiagiaRlesoseilasen oRetatieah Wd’é?ﬂ“}/ Wﬂ@e?'ﬁgh‘? {"CQQPS%‘E"PB geng the IF
t he noh%ﬁ{ anﬁrdr%ta is a reduction in the return from
referen¢g RNAHARUN BEGW/O ™1 ncr easi ng system sensitivity and the
il atided @EpittldRs of sample cross-pole amplitude and phase responses from a human body

are presented in Figure 10. This information is processed using a Complex Chirp-Z Transform. The

waveforms in Figure 10 can be defined as follows:
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invention to detect conceal ed weapons. Thus the CZT
hel ps to separate a first signal which is generated by
woadi7agénn refl ected froman object froma secea®/us2006/018452
signal generated by radiation reflected froma target
such as a human body. A conplex transformrequires the
know edge of the relative phase shift of each
frequency conponent; thus, in grder to use a CZT, both
anpl i tude and phase $AFdlmetio8n nust be col | ect ed
during the neasurenent period. Therefore, a phase
detector has been introduced into the instrunmentation;
see F,i\ﬁg,li{ EarpiituddRsRINaS 6f tHEbLabas filtst irbtaé trédueicylrisimatn; i n
two sections, each being fed with identical signals
that Aje oinpiete @8pdnse ah teaghsonrdireieturgn 819 fipdernav fAepalre
detector is required to elimnate the anbiguities in
the prase fRSLREY B919EeHE sjngl e section unit repeats
t he vtazl uesﬁn@\etingjirfogggoﬁgg; ofgadrants of‘ the circle. Since
only one frequency exists at a giventine, it was
pref epfegpin NERasy @spdhee pitaserossaiot rewen it thetfteguency domain.
transmtter signal. The phase neasurenent, preferably
of the cross-pol returned signal, is preferably

where:

erfornmed at the IF sjignhal. As an i s
The reqftnsy BT St eshB o e Al ingaians B i T Rifidiot S "Ean be any
icalh EhuSb&BbroWéHinyAstini@ny si gni fi cant
ma““”d%@?ﬁ?ﬂﬁ%gﬁgﬁoﬁeve?@b?t A Pt oul t and
BIPEIS hogairdddronlih@iadarasignar ahsistsreidbamegnitidesangtphage of fhe reflected
ei ther nethod, a phase discrimnator i

s used .to .
signal atrpaghs filpasiendye IMHPFARTE0 B Useid theseYRHBRIMYT g 8?”"?%?"3[?‘? Ylugs epresenting
. the transm tted sianal cern existed as

magnitugie, Vs iRe, ¢ Fﬁ@'ﬁ“&“%%f g‘?@ﬁ@?%ﬁ%@%a@@gﬁ@oher ency can be

mai nt ai ned preferably by enpl oying an additi onal

channel to provide a reference at the precise |IF of

t he r et ur n=si gnalmbeFlof fseduencycampips atavhist Meessrepels grempde:

sanpl i nq both the transmt anqgal ocal oslci_lalngt ors and

i xi ng-$9em t o PEOHFIEIUENGESERRAVPELRRP'EY 4Pt er ence.

Noi se (i Lni m ﬂagﬁ, L hex Hed@y. in receiving the
retur r'1:-| s?monl y rﬁozﬁggg%on sadﬁxtb ﬁe cl ose proximty
of the target. A single phase detection channel is
preferably used and is tine nultiplexed to permt

Sbp atandaed phthedofgerreding Adigaueney signabto dipe issthgpudh the use of an Inverse

Discret%l%é%?é‘ﬁgrlmszc{rrigkﬁsg‘l“r g? it?r—lélﬁtgaéls Iogrr‘?l l }él ﬁéﬂ%b%s%g’@t‘é gﬁcfléﬁiﬂe samples. The
resultinﬁ? g@% Férﬁﬁl&ir ir? BRhAhARd AbmiiR 015 tiRBd 17y Blep @fh Z Rsbloon of 1/F_span.

al oscillator using the IF reference and transmt
The IDFSIE définatl @s:s .

Jj2mk

x@=§X®[T
k=0
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General i zed depictions of sanple cross-pole anplitude
and phase responses froma human body are presented in
weigurosest®. This information is processed usi NGCAUS2006/018452
Conmpl ex Chirp-Z Transform The waveforns in Figure 10
can be defined as follows:S( = Amx A(f)e Zt where: _
Where X arefihe & freominty setielas depmiaxpanst x(nleee bandiraessaninldst Eer ¢xgmple, with
the frequency donmain; A(f) = anplitude response . of the
= 128 2¥ids 8P el ST ELNITE 8 AT R4S v BaIey e P spaced 1 AanbbEond apar

from timeL(E ‘%;%lég ﬂg.{'][rlysnrggﬂa%ag ﬂ&[f&ﬁt’é rr;Fove:s ) ib?ﬁ}aﬁé’hug@q&%ﬁ& RALHs. B, we are not

se response o e Cross-pole return
interested I dilBEthE KiIBE HEM®Yo SR But ofipen theagyanay (-nans) tiefe slice where the
Interest is broken into segnents or bins. The nunber
reflections firotni thestatgst anciahjebicaraprgsant- a2acoed theviaisiige resalipryisfep qogrsg to make
nunber approaching infi ng' t%) fTHe dat a .a\(l:e%(i)nr ed from
the precigipptirae, MgrsuEMRRLs Wieh 2Ls pisraBle foie IR PRI and phase
ﬁrresé AR uﬁ%&&&%&a@ Qre%»éﬁ%r\‘/@é blisirRAGOCHIFEAHaRINm th Borved @bmt@quency
e useful, "these val ues nust be converted into val ues
to time. TRPCRELNbHNGedBRGNE $antkepriaiplt iasthe IDAE birtglelroisi thegaklityeto zoom in on a
definitions of radar paraneters: N = nunber of
region offintergste oy faswars (e tafrequeneyh CHEMS TireaHein & INPREPYmde:
F step = size of frequency steps between sanpl es; and
F_span = tqtal frequency span (N x F_step). The
st andgf@ a1 W@ﬁwekonverti ng a frequency signal to
tinme is Ph,,_ gh the use of an Inverse Discrete Fourier
Transform (I DFT). An IDFT transforns N frequency
sanples into L/tine sanples. The resulting tine
where sanpl s__ﬁ(\r?meneevenl y spaced fromtinme O to tine =
1/F step™wth a resolution of 1/F_span. The IDFT is
defined =g/ -1 ]12nk x(n) = X(k)e N Jt=Onhere X(k)
are the N frequency sanples (conplex) and x(n) are the
and N ting& s@ipl.@d4-1For exanple, with

Ao determines the Chirp-Z initial radius;

W, determines the “spiral factor” of the Chirp-Z transform;

6, determines the starting position as a fraction of the whole interval;
# determines the step size as a fraction of a whole interval;

N is the number of input (time) values; and

M s the number of output (frequency) values.

By using the above equations and choosing appropriate values for A,, Wo, 6o, ¢, N and M the interval and
resolution of our transform can be chosen. For the present invention, A, and W, are preferably setto 1.
The above equations are for the forward (time to frequency) Chirp-Z Transform. The inverse

Chirp-Z Transform is computed by taking the complex conjugate of the transform of the complex
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N = 128 and F_step = 7.8125 MHz, the |IDFT gives us 128
ti me sanpl es each spaced 1 nanosecond apart fromtine
wO 2007/02@86 ns. Thi s met hod, however, proves to BeT/US2006/018452

i nadequate for two reasons. First, we are not

interested in all of the tine fromO to 128 ns, but
conjugatd®dtlthe fesyuédtg dstar Forsample,(te ddcutaty the ivaleessih time froh 8P e taid ns with N=

reflections fromthe target and object are present.
128 and Bec¥re waukset ns tinme resolution is too coarse to make

h I Si,on ti. ts which are preferable
%?%g&ﬁ et%en(i“"ﬁ!gﬁ&)gﬁot?aﬁg'ﬁ%%ﬁese two i nadequaci es are
@Q%M/Vz%%bwmé%bve& A d By kdtad tirde Tviies bpfiumbiepofGatputsamples)

rom frequency to time. The Chirp-Z operates on the

same principle as the IDFT, but permts the ability to
zoomin on a region of interes to

. él' The. fo w?rd .§tétges,
ThedAcHRAFFITHPF e SWH SIRERATTIF ALY gorRtes o il 6B

(n) A; = ' = j and k = 0,1, ..
?( M &Cfm%thgﬂtg @%P@nné@qﬂdg%%qpt%?\ggi@%%t ial radius; W
slet er fighesHAh@Ing SPpidewto thaedes! of the Chirp-Z
transform qO determ nes the starting position as a
3.r act Corves fhetrrasnijile lred phese vajugs:intp regbansimaghasy YaHESst ep
si ze ) raction of a whole interval; Nis the

s.af
fumbetorifoais iR oM YBY S al ues: and Mis the number of

RUL PUBedify W rangbies. By using the above
equati ons and choosing appropriate values for A0, W,

610, f Oopnjldatettle Mstieandit er val and resol uti on of our
transf orm can be chosen. For the present inpvention, A0
and VOoried therrasulframireal aad imagingry valles 1n1g MAGNIMGE X3'Y%5h s
are for the forward (time to frequency) Chirp-Z
Transform The inverse Chirp-Z Transformis conputed

Pie %Mi@ek%c&%@icﬁ*urﬁ@ﬂﬂdﬂ@l@bﬁ tef CHirp@ ttanstoraf: GFhe Ghlrp-Z Transform
t he conpl exconjugate of the frequency data. For
Algoritheaadri$ Applicationst] Lc Rabiner, etlak Mikineel aRoreiope Bel Sfegn/ayeay May-June

1969; “Lﬁs%g?éq et Chig-2 i on<sh f%ﬁir?%pﬁﬁai‘é‘?\ﬁé?sisﬁ LimfedRatfdf dignals”, Dean
A. Frickey, Idaho National Engineering Laboratory; “Linear Filtering Approach to the Gomputation of
Discrete Fourier Transform”, L. Bluestein, GT&E, IEEE Transactions on Audio and Electroacoustics,
December 1970; and Frederic deCoulon, Signal Theory and Processing. The entirety of these references
is incorporated herein by reference.

The main advantage of the Chirp-Z Transform over the Fast Fourier Transform is that very
accurate time shift data is available with a resolution of tens of picoseconds. This provides information on
the spatial position of the generation of the cross-pol return relative to the co-pol return with a resolution of
less than 1 inch. This in turn provides information as to whether the cross-pol was generated within the
body of a human or by an object in front of, or otherwise on the surface of, the body. The neural network

described below preferably utilizes this information as part of the decision making process.
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fo= (10/128)/64 (tinme sweep divided by total tine
di vided by number of output sanples) The data
wonowaseilng for the CAD system preferably conppPCsas2000818452

followi ng steps: 1. Acquire the frequency magnitude

and phase val ues; 2. Apply a Hanm ng wi ndow to the

Iy labras is%[)%rat&%w taddrheuma fyor thedargetndhighars ef diifdrerd polaiies, a

real and i magi nary val ues; 4. Conjugate the c | ex
preferrecheaibadigtentf tmmresgntrmwenf@n@mpmﬁ 3 JieORe {15} hgs gl f%‘%j Qg dgrdne co-

pole and Itl'}?.éja]eﬁé):rj Veyéqasa é)gle,l Ysihg tve[gsgﬁ %ﬂgan{eﬁﬁ#lugget fir @n{eﬁﬁ% réf}\@ﬁints preferably

OWI ng
horizontaﬁlfs f?&f\ﬁé/ee BRY +eg§vJsLM' 'Mﬂ S4mé&lgdiaity) Bo-pH). trhe sédbhd gntehna preferably
orm Chirp-Z Transform Algorithmand Its
only receﬂ@@lnltlﬁ‘eﬁ(ﬁpp@ﬁ’&"golahty (FRadsipol mnd ddes apt trapsrit. Momajly ﬁuch radars use two
Laboratory, Bell System Jour nal !
e e T R S
ated " |
B e Tr R Ines BT qtol e cPrncel 6 Evr a0 coon o
the anterfiRBHRAEHY sh@ind the cbfPalibhdraceder. DhBGadhgs iS-quite isairstantial. This
Transforn, L. Bluestein, GI&E, |EEE Transactions on
approactiwati ke appibdiEs et tommcaot@sna desion ek wse @rsenayats feed iy each polarity.

g%@%@{p&xgg lcs:toqﬁu!ggrgbly é‘f lll\?g%tgb Oaépéin fg %\é?@?‘l}lﬁ ﬁ@ mguhg the receiver
o S, A o Qe i v

by a perfod rgacrsaY ddoudainirosecoa,ais lopiiised Wizt dingte puissolTbr febimnsgfon eagh pulse in
of picoseconds. This provides jnformation on

the grous pretdvalaggrbloinegain amfUnerRAINGS ETARIONE A I0e { FREINGT- oégf%% pf preferably 3

Iat e to he co-pol return with a resolution
t°5p“"°6F |s|ag§%ua? tlmf af’?l"gﬁt'o This in turn provides information

de FOQhé/‘Q%EH Bf tht RBagFSechtsOhiiveaSthE GG it ' thked 4 Minmarttody to move,
ody of ‘a human or by an object in front of, or

the readiigh eanbestakediin & harietynt feomienae as ohgaba st is cpn@Iefﬁélurp lgps than an arbitrary

et ek R e R A b Bl oo, a1

will not [Psl? T tr%eocoSe rg‘st r?gaéb h@ARY midatad A tfeb @Ry, B€if all the co-pol

rent polarities, a preferred
measur@rﬂ&@ﬁhr@ﬂ?mde ‘ﬂf’st bm@wenfeqsam svieap@nd ihemthenyisepsl naaaasuaramem an an
that has dual feeds, one for the copole and the oth

alternaté equehey sseeg sTipdatter m@@pd] glloyvg\@espég af qi@céar@fﬁmgﬁhtgsseleqiﬁlée co-pol return

first antenna transmts pr
and then the cross-pol return and use only oneeec%llcver 10 me\ésure both. A relatively slow switch, with a

switching time of 50 to 100 nanoseconds, can then be used. A repetition rate of preferably approximately
10 KHz would allow a measurement sweep to be completed in a reasonable time.

A weighting function is preferably applied to the various types of data collected. In addition to the
difference between the cross-polarity magnitude at zero time after being converted to the time domain and
the co-polarity signal magnitude at zero time after being converted to the time domain there are other
pieces of data that are also of value. For example, the values of both the magnitude and phase of the co-

and cross-polarity returns provide some indication as to the amount of metal (or other radar reflective
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hori zontal ly polarized waves and receives in the sane
polarity (co-pol). The second antenna preferably only
woecewiogedei n the opposite polarity (cross-pol) panasemesis4s2

not transmt. Normally such radars use two receiver
channels to keep the two received signals separated.

materlal)lﬁh L @ERah, ievel Holidhex Ipge@ersbn popaeat wssurtyat isaEbot|8ldBgredtas than a
signals and use a microwave switch to alternate|

smaller pesnrmeldtvwetvalealpe@en Vil 2 RITATTR PreqCRa FCl Brepig kel @%’h%\?rge person.

the cost of C i
In add'“%@ M‘fb%ty o (@f S&'ﬁ%‘?t AneY harl%a&%h ?‘gq%%%?%ao\é Eﬁpcr%)zrﬁngély 300

mllllsecoﬁtﬁ% bifdnd ? 1aBh, IanE Qn aRrayR iShEiarabig salglaiéd) A sdis Qbjedt (no weapon of
separate feed for each polarity. Time nultiplexing is

any kindyayredagy grbliucesa signifidantiagatiob jn theltiervglues (paeTsts afq;qevatlone Hile a
i nput to the receiver where each i
person \A@th@@ﬁa@pn tymically $rameT R PHElo8ieERAP ™ ﬂ% F°é‘r"‘éf %?81? fjj’ ‘X‘B ﬁave a spread of
RithiS b @i stdndard deviat
5 or morend% v%él 3’(%P§gl§z§llgg%3§\>e§ é\asp%gg b@?sr? éﬁ%ﬁ%@i Ha $ii# stanc ?IIJ : re\éla ion
nmybe&mggbeach pul se in the group are averaged to negate

any unexpl ai ned occasi onal strange readings. A g

'ﬁfe meseﬁemwbthn mefe@bua amns egints & %%R%Pfesupwarﬁfﬁwgfss Valthough other
plication.

parameteré |rr5>ty|b9 épsedo Tthﬁ éwsf prﬁ@rrecﬁ%a(rgrp%er i {Q gwagnlg%g%% -E&%rity return. This in
itself is %%Fdlsénnﬁaﬁcﬁ @P&' QRS 80thb Ferdracdorithb &héf%’fda@tﬁr&m@fts Points are only

guences as long as a set is conpleted in |less than
assignedd tiﬂé barhmhateywiidne valtie preefearetiibrge bdieatimg that thesond groghabnormality
allows the systemto be designed in the

associated wrm thisisalefedto Fer exaraplp if g PtPoBRONHe B greptpr P i 42 gBmatpe poits
R tBr [ i€ Yreaf®F than —55

e i e

dBm, o TBRHAREYe SURAEY. arid uhilEH shA a6sMA6 maadurdTBralse foRwerRlativedtn one

an alternate frequency sweep. The latter method all ows
milliwattt [TRe scvendpreterpd barametpr is thietesignitude gtthe eemplerCress=nYsYity return. For

example; Egrggg& rrl{ja@tmﬂ%gé{ﬁrﬂgat%g@qﬁssoo é”% {23{0#{,93}1 ar% %\%8%% %%/dhlp & greater
than -6%’“ (il#érh 1k§>0|n gbé %\% ighbdT®r hgfthllé%réfﬁreﬁgﬁgra%@%Qﬁ@i%glﬁtmg(‘cfﬁfbrence between

e etitionrate preferably

the maé\ﬁtﬂfe@%f tﬁ@E@-bMarﬂt@adﬂ'&bm‘p@M bidsspdimivy ratume a Sorrexample, ithe difference is less
be conpleted in a reasonable tine. A weightin

than 5 dB,wat painis may pe afsaned ifyhedifigraneel istlegs thag 848 | Wlnfsy%@@be(ﬁsmgned
and if tﬁ%??ﬁgfaeﬁq%gé |§ek%% ﬁtgﬁnl 1'9318%%#%]“1%%& b‘?‘et gsglgr g I’lfhg o%ﬂ? ?re?e‘?rte\.lx‘?grgmeter is the
time sh‘ﬁ%@M\%Fﬁ #d cFo%s tpgleanﬁ L8BoI dRRE. N AiChrétBReCiRrdtRdiéNd thy shape of the cross-
tude at zero tine after being converted to
pol wavbi&ﬁn tthé@eﬁ@ﬂ&é Bpredian emapiehotrdnsforpedsignal, tfe arieater thqmqbablllty that the
are al so of value. For exanple, the values of b%
returns aeeghé [egdt;ofa‘.pmar@ lsigaificangt re{lqﬁ:g)re:%hthla subject. Depending on the measured value of

these parameters with reference to empirically determined thresholds, each is preferably assigned a

number of points. .
The points for each preferred parameter are preferably then added, and if the total is more than

an arbitrary or statistically determined upper threshold, it is declared that the person has a weapon or
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cross-polarity returns provide sonme indication as to
t he anount of netal (or other radar
woebd7estdivemat eri al ) on a person, even though acrasg®e/018452
person produces a return that is about 3 dB greater
than a smaller person. However, a person with a bonb
other objBAMf tAé REHIR®eRveshia fowgr thesiarid arettos wppehthresboldl acgptiopées wipst) is

In addition, a plurality of frequency. sweeps for eac
preferably eepditery ang ihthe ﬁéae @d@ﬁ&éf@ﬂ%me Igw,ﬂy%% %ﬁpre\j@' bly dec‘arecﬂhzg the

mlliseconds i s opt.ional » X , s
porson 3y 595000 B PRt B 2B P BE RN of .
RRNnikh B oft prerbasil kreduBskdSi RS sRapSh@stidh theadtyet iaréfatablp performed.
in the five values (large standard deviation), while a
The snagois are préfetablg talvem pahout i (i seednidynceareaitse SThis. msetof {sngpanets” is
attern. The former condition ca ave a spread of 5
prferabfy compPigd eSS AN oL S R Lot Dy F o RRGRETa 88 fedgrson
budhG5e i hibaf e8] Ay 1R BN irbéh
moves tr&%‘f%g% ’8{‘5%&& pﬁgsfseﬁp H}Snr’l{;/rg rrlrt% iagh&g%gfagﬂf aEI y a}}ssi glns rene
position BRI décttddOn e BIHERE Aiterhatvely, theparaimedyeoptionatly bdasiiehtoethie a certain

paranmeters may be used. The first preferred paraneter
amount, ife exdreplertifhdegirge, vith reaagg BkeAt gRFN RPsitien- P MOrRHii qng apparatus
itself js a poor discrimnator ' :
may be paa o oPo ehe TP R QL ety ooBBhfRedBy R dreron
orientati?r%.s IHIRE Ind & thdthide BRUPBNEY GdterMiiRD tHat etéad &lRedpdn andr @erelayly the
arge indicating that there is a gross abnormality
declaratis Sakat aHeaslis wividapdrhilishas bibjevet, bedRdounghtizatjithe three sypgessive snapshot
co-pol magnitude is greater than -47 dBm thre oiptﬁ
points arpeigtalge teass isgyrignifioprt incieasesn die@grusroyioh i dedtyaiiBm PHgE"Y e
oi nts may be. assi : if .t is r Noosfls h
declarat@gﬁ;{] a gﬁaeoo}é (Srlxal){tbe ?@m%tﬁgr@ge% ggcg?grﬁde% Itill rlgéuaﬁfa? 8l 4 r%f ?hE@a r?s asa
minimurﬁ??rﬁb&%@géﬁ@ﬁ# fHeecucddagivdiabdhotse!l ati ve to one
m :

I wat The second preferred paranmeter is the
g abdve geceds deb@ibepamieyel inPETENiBIING appiigraragpgnitiopgystem. The

poinis ag%?fgg lgoeé%:iw %@%M&%Lﬂ@ﬁ%ﬁh g\lﬂﬁ gziﬂlzesg{l %t?ee {)asfrgu'g%grg iage?manually
assigneEi QQ? rés%@aps%gﬂrectﬂ'/e ROLWAH adB¥nderRselidtgdn acHifing Rinfde accurate method
preferred paraneter 1s the resulting difference

of deterRlinRROWEIRRINGBONE batalasedllubh ombagsighments)is wrude enanficist intelligence

cross polarity returns. For exanple, if the_difference,
ora patte;gn teeagnitiph tgqh@q@g;refp@{gw ar;l@q;l:ﬁpgurggyt Brece&gugg.gﬂgoqreqept |re\ﬁ8t|on
utilizes gtlgé\{ageﬁégﬁe%é‘ gttqln?e ﬁ«?cr?tgﬂ ?‘f orgbBénclli”\QpRm'bggac‘rlyMIag%cg sBoftware can be

erence‘'is e han

iedO e B84 | FpRlieSdatd Pas hedbidtt Aisties fHeiogram then evaluates
apmmdpar%ﬁg?erlggﬁ?heytinggghift et ween t he cross-pol and

the dat& nduitersingithk sptinfel fveihting pf eick paretieigatoandneire josuragie With a small
shape of the crosspol waveform t@gfﬁfeat

0 'Ig ' S isgc{n%a %ger code
samplejoftargetpe(fas PXarpRie, PRRR) £ §RRSEL 6N §f AP07 peTEech 105 PHIPUY I ZomP

o Probabil ity th i€ ThE itk 05 ¥ @leftloperates in
whieh @ftafﬁ?ﬂ tIE%(ﬁ mpruéeglﬁheaw@ ¢ éﬁ% 3l s rFjéct . DépaendTiuSe on ©
a shandsB” MBE@StEr&fieV@cld®ndbn any new data accumulated. When applied here, the results are
astounding and have improved the prediction accuracy from about 80% for the manually selected

weighting to better than 98% for the artificial intelligence selected weighting. This is because the neural
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these paraneters with reference to enpirically
determ ned threshol ds, each is preferably assigned a
woueodraseat poi nts. The points for each preferredr/us2006/018452
paraneter are preferably then added, and if the total
is nore than an arbitrary or statistically determ ned
network [ERENhdnNK&S BanGrrof; for bganthes; waeredorelpadpl¢ bievafyig sizes drgshapes are
weapon orother object; if the total is between a | ower
tested andispog Ho hej fibihel exibiing ppiErs? t hr eshol d a caution (i.e.
retest) is preferably reporte [ : i S
A Guéert e PERE & ARl Fhoo@io e psbflfontof s prosontes
inFigureq@_clarepl th?t t he person is safe. Preferably two
successive "cautions" results in a decision for a »
THRAPOEM G prefbijablg bet up to aLtmit A (vaaporiiho wEappn'er EbigaVnp qbieeie decision.
successi ve "snapshots" of the targ&; i ,Freferably the certaint
The systgya rfay eRHORAIY PHRYICE i he RBRTIOH (PO A QB@'C SedReasH e BG y
1/4 second |pcr : . ; . Rlafion (fof example,
o the g e BRISPRFEL gy HEor iy 25 1 Pmof A8 GRiin (1 exemo
taking infok€Juni the 8hgedithte/ofthef SuBE@N I TORAIS bitd 18 Systsn bittiee esesbinvention
noves through the range gate. This is nmuch nore
preferablygamprisg$ avidescamane apsiasesy TheevideosemeraiPeraisahgrRperatqr ipe remotely
and detected in the others. Alternativel: h r
ocated, el T AH PPODE RREHS TN BT EA LR s 3Bbre and the
neural n&%cig&?% lp%félrgtq%grﬁﬁﬁ 8€5n oWhihy or & Alditctlrak itindimd?& Gtk units
position. ) re than one apparatus nmay be placed in
preferab§i sbédiridtiate0contputen keyasedd prrsirhilar edaliop so lthatitieeperatot ¢ed start and stop
target sinultaneously fromdifferent otjenta&igﬂﬁ. If d select
the unitmeperaine Bfe qpReate RrefasabiaRLINERaS YBPBSATSINLY gGe keypagrd and selec
I S weapon, then.preferably. . ' Is that
ront or oA Mg BURIOTE E B e e P et i
ﬁ'ﬁ@lagel? ESerSrabG BSS tY Bsshl MRFAG thE Ahik! duridd &ysfedtisdtalieion and setup. The
there is a significant increase in the accuracy of the )
laser willgd @efatablp be ofdvatied mia tHeykeyHoerdde dhad thaoperatopganengiirg fighthe system is

may be determ ned according to the criterja that eac ;

properlyrienters agH RFESAT WhorgReing SRR T *}?H?ﬁ?é?p" Pret?{ﬂbhts oy h the video
t hree successi ve snapshots. The above process

SCreeN-descri bes a manual inplenentation of a pattern

RE S@Rint 4180 pretRbeFompites B eéddhs viaassupueth deonicasdrond TV screen to be
paraneter and their variation with values of those ,
used to peonepivipb enlsiechr Bpanedeteglidnyof aggbj@ﬁ indheysystemyrarge) gategihe instructions to the

TSI ARl N A

TEST AHE?O? af, ht Y8esHge WRS I¥ubRESINGRTR RSB doch MsthRtsHid oflfler to, for
arti 11 Ci I nte I gence or a pattern recognltlon

examplé, @&1RAH theR armfy stghiedat, yindihen hiocmadhe sebjeck wherethe test is complete. This
processi ng. The present invention utilizes sof

on Ut war e ,
soroen pr Lo Sty he PSSR RSB RFRUAoS pripal he e oporators
any simlar such software can be
screen.
The system also preferably comprises a simple contact closure output that can be used to trigger
any device, such as an alarm or door lock. For example, a very small indicator box that has a red and

green light and an audible beeper may be triggered. This type of box can also function as a simple
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applied. The programis trained by entering the data
plus the correct answer; the programthen eval uates
woOher7daéme and determ nes the optimal wei ghti ngrof/usamb/o18452

parameter to maxi m ze accuracy. Wth a small sanpl e of

targets (for exanple, people) a data set can be 100% _
decision 6@Ut.eBEwevER theOkitiep BLipitss maripudre infarmatiye fdiithshopietsntas pog @lgp provides

in the conputer that will do the actual processing.
feedbackToreeyhpaest apgratiedput er t hen operates in a "hands of f"

node. to render deci S| n ; GimLkiad loved
'Wﬁ%ﬁ“oﬁgop?‘%ecgn%%?ng?al%ciwvgegﬁ%ng Uﬁh? g%gé}gmggﬁ%ﬁrﬁ |9ng and hava T
tlaBEQyEEh 4 Bl Rt BbbRes Ukdkeihgfbubpt amitadt to 88rcfiyoshaped
to dete taﬁig nanualrpsypsgl ect ed vve?ght ing to better than 98% for
merchantib® neantiiattudngaroductser Wotlydmprecess log pexngnsies tgof q\tﬁq@hed-phmgrchandlse or

i's because the neural network | earns en there is.
other itergg pgpHRN imf@@tOQ@gngﬂ@@c,i/omgﬁh%{ﬁ%g %’é‘%ﬁ"l e‘llf*\%fnv\e/rglpg Im%é °@i°§§'§’ be
| 05 | 3RS cdrhrishb ButSkiitdoBgopening,
L T
closing, 16kRE EGeprREfR 0TI @Blemahaytdse bpeeplend dsraentd wexilesive detection

presented in Figure 11. The systemis preferabl,g seﬁ ield
device. Dptettion otiothertobigets iesapalier g@e@q@’aﬁ@gwh@p bar&ﬂf Eequend s would yiel

. object" decjsion.. The syst ' . ' s

mesm RS RS 5B TS AP A B e s
neural ngthe certainty of the decision. This allows the

operator to apply his or her own judgnent to the
situation (for exanple, taking into account the

appear ance (t)_f the subject). To this end the system of
Continuous Wave &pgratipRyent i on preferably conprises a video
gargsr aeg%ndo %Wléeﬁts o(:f"ih'e pr%%nt\{r;vgﬁt n%@é@oﬁtirﬁ@ﬁmév%, Jr@V, radar, rather than
PEFHIS M 8 renbtely located, in a safe area, and .
pulsed rARR ST Se hidt MleEsladktayes BX@W dperitior. Mt ialdds bipemsivetth produce, since
subject's score and the neural net decision are
the CirCLgWOBInﬁEﬂ'M isylowh?ﬁnrd @it afmjlsgd e;;steaycolmpq\eﬁ@s MHY gg t“fﬁdd'ifﬂﬁhé‘.fe fast enough
ur t her nor e e unjts prefera accomoda
io gene@@mpgfow%a éﬁqﬂ'r‘%ﬁ"l’f:‘;"ﬁhﬁi [aﬁg:t E)gf)%/ Clgjg‘gtlophaactcufﬁgof the -:F::e
oR&E dMeh fHuipuS wRRIAS teaitingffFen the Chirp-
measur%'geér}tsé{s%[gn@%@i%%{asf%hay change system sensi tivity via
Z transfbf€ark SyhOaitdrma Rethbeehriciccdratent or rear detection in
those situations where the subject needs to turn
Figueentp, prayests| saerimitieg prastnisr o BIsgharale Dipgk dRpggra pr qifuitry for
. aimng the jts, duri St ' j REH D, led
oS S B B 54l 0 A s coupe

via first BV SopRr § 18b shvit 120 8RRk LEMEBNOUEILS kb BlifibMAIB, WHkeh is connected to
systemis properly oriented, and to check who is being
transmi€XAstina @e1 thidugh bastpassfiet 118 Sinse &fPY operetien sighalgiangmigsion and

vi deo screen.
reception are preferably performed simultaneously, separate antennas are preferably used for each
function. There is no longer a need for a transmit/receive switch or a range gate switch, since range
gating is preferably performed mathematically via software processing, as discussed below. Co-pol
antenna 180 and cross-pol antenna 182, which detects energy at an orthogonal polarization, collect

energy reflected back from the target. Alternatively, a single dual-polarized antenna may optionally be
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The system al so preferably conprises a second video
output to permt a second TV screen to be used to
wonreTmsedihe subj ect. Upon detection of a subj eBCTiUS2006018452
systemrange gate, the instructions to the subject
appear on the pronpter screen. In its quiescent state,
used. Pdidi®y desliontsviitctoTest ity ra:lenqaba}th sq}@ﬂs gikgERe W@gqnta\REAvqgmcaMpolanzed
equi val ent message. a subject enters, the

antenna pr@ftlag@plgtemnpﬁscwhm@pnql& feql t9th fgﬁlﬁfﬂr tané()gtvgrhw’n? h-éle mpupsngnal 1S
then fed fc‘)H@x?rsléa%ﬁ] ‘1 b pa{s?ﬂ%ﬁ,ﬁ] DEN A EERE Ba-dke aﬂbﬁﬁe‘? ¢84. WheRutput of

S co I's screen preferably does not

phase loé@@%cﬁl%mﬁ:ﬁ&l’lbb % 4o féch@ nih@ 132 wdhdeebnd drediichipllcaysat 100l y
on the renote operator's screen. The system al so

Ip’reeflaiimjirgquemymalns:ggroaargphﬁw 140 gesaivesche Brabsignal ivnyt 1R mixer 132
trough %arlﬁﬁoas‘:%ﬁteﬁfea?%ﬁ%e&é’uttﬁéw%&ehwb%o R piop G BhicEras, whin spts
the sngnal mg t‘g/?tog%ulgoén& Q&butI@aﬁnpﬂtuﬁ@@en@d’&ﬂlaﬂaﬁ@r@&btédt&h% aithédigitized in

eeper be triggered. This type of box can
analog- t@-H 25 Ed}lﬂﬁlﬁérﬂ B8 BSo@ beingdddecth ptooessotasuThe bepard eutput from power
26

eo output is rmuch nore informative for the q %%
diider 1848 fex Sohmecipiagies 195 TsaBRe IBPIIRESHBA! O GHUPEH FR. TR reforence

phase oﬁa eggflg{ﬁqo ﬁﬁe?]ta/g\grtg C|tg||Pa'T]§ "15\% ﬁ()%% Brggse S g%@rc{ugﬁ glééag@%?&hpler 113 and

fed to mE(Qrd{ Ograldnﬁ GAh & SQI’H%(IG bLREI0641 ostIBTRESigridl taRéH st Beal osdillatee i F0through
not NMimted to distinctly shaped nerchandi se,
directior@Bdduplact1dr iThg oppudtioixer s ferdw m»lmerﬂm@ @odthen trphase detector 165. The
I nexpensi ve tags attached to ner

output of SRS Celoci el SFIRAEACB Y. ROHPEIY SN a7 SRR PP Ry 168 The
dlgltlzeqs s?(&nglsg]e fgd 0 éoﬂv&‘IQF Cfgl?or%lyse&wnr RB&sking.oe incorporated

or contro systen1 for exanple one
GREBrbA é?)gctﬂ}rﬂ @H&tdf the PRBENt GRYEMION G, pr@fér@Bly npgrated sucb dieit algrst
equi pnent. The system may al so be enpl oyed as
frequeno,rls eedqmtelisfommecwpretpt | gned@@mn@é timpditeryal p@%thg]ma@plwgﬁ and phase of the
ects IS a matter

reflecteq! §|@m aifpat freayengy e >}]eg Ipff"? rﬁn?ﬂr%:urre]:ﬁf ﬁg ?ce%gﬁq'e&ea%eﬁ for other
frequen?gé ?nq §thb Q?tﬂé’ 8adired ecﬁ‘x@g(iytr%@ isHoGatEY | Rtr8quehdyf dofiafWaveraingis thereby

e arti | Cl neural net. Conti nuous Wave
generatbl A BbinBihgAilter S preferady ussdio delae tite dEfSIretcl‘F@rtpn ef;tbattwaveform The
i nventi on uses continuous wave, Q/\( radar, ra
Hamm'hm'nd%wrsfecabwéddes ther el By APIECRTIIEAC %0 f&ﬂ%?&ﬁ't%%%aused by the

finite ntgnpq%{;gf g 198 ?rtfac&%ﬂ?le% OT lrees)%ﬁﬁqureq;ﬁgr%g%bpﬁgmggtéé?ﬁ @%ﬁ&@rably processed by
a Chlrp%ta%%rrﬁ‘ ViR CRIRGRRRI Rl HSE dBRaiH SRAalWhALGE) thaloatplitsignal spans a

specified tlme range. Since the time range correlates with a specific range of distances to the target, the
system provides the abillty to select solely that portion of the return that is reflected from the target, i.e. at
the desired distance from the apparatus, just as if a physical range gate switch had been used. Signals
from other objects that arrive at different times are preferably ignored. Thus with mathematical range
gating it is easier for the operator to both set the distance when the unit is installed as well as change the

desired distance if, for example, the unit is moved at a later time. Conversion from logarithmic to scalar
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to generate the narrow pul ses required for short range
radar. In addition, accuracy of the phase neasurenents
wO0@ioged1bi cantly increased, and the tine-donmaPaTWSR@EN18452
wavefornms resulting fromthe Chirp- Z transformare
nore uni form stable, and accurate. Figure 12 presents
values baforeifarhiing filtenigg,exa npiversioh backsghie teplpgaritimievatuey Iag@'rﬂéﬁﬁ)rbﬁp Z
circuitry for inplenenting a gﬁe er

red e
transforgf meePtipiAkE e PETIITMeb WS sgnglp ﬁﬁglf%‘%eer}e“ﬂ%?‘i“%k or other
| M =To gpler 113 to switch
C'rcu'tthfﬁﬁ%éeﬁ%)hf pransrdng ‘%ngfa"%%‘st%hgmg&np@fl er 118, which is
connected to transmt antenna 181 through band pass

filter 116. Since in CWoperation signal transm ssion
Multiplauiit Opemajion on are preferably perfornmed sinmultaneously,

i\&%e?@rﬂgrgﬁne ggﬁegpog gﬁs tgea {){gsef) glﬁ\féegrlonbkx (Sjl?s?g %&gmﬁﬁ&&y simultaneously, or in
sequentd RARI A V&G @ﬁdfﬁlﬂ%vﬂam% Prmlﬂiséo@ﬁ@)? Bahesawi thrght,to Bipnase object

range gating is preferably perforned mathematicall
detectiovicapabiifidsnaioeepmpieegsts nay bamoditedn slifferenbrasiions s@golﬂ@%g a target

t 180 d 182
oternggHisrag) PO T & VIGGRR ATl P D e S ey P UG B taroe
opposné ﬁ&% %ﬁé Sldth%@éigﬁtgrg REMbdAEd {03 Gfdrent AbtbQEM &b} d@Mple, Multiple units may be

I'ngle ari zed antenna may optionally beused.
placed E’tﬁhélfdrﬂqfneﬁ;ﬁt eciifiecant Isaidhtsciut [@idng ai therpableetdiom diffesent pzimuthal angles.

sel ects either the hori zont al I%] or ve}h tbcal Iy
Such ”}S'B'F’Ialdptfétﬂrsd?ﬁyé?ﬁ?ﬁr ‘éﬁc'sﬁfﬁ'? deprpderty &S thE8® whi ch si gnal
iyVeRariced® thgh@e bIARIS units
In aécﬁ gon tﬂe %‘%S’F]JC? Siﬁie\/eg{ orrﬁ%r)%ré rﬁ@éréag I)Q’ i i ‘{) 4o r more
shanngf Uah&d%rdafb?eﬁnoﬁhg thefre A& biveenhbodieoi, sm:ha,mb bpdriates lng@mnde'nmeln terms of

out put of phase | ocked |ocal oscillato
transmitting aﬂ@rema'x'é@ 2 signal g hep et RERS3ED AL el&%%r B %?‘P"i Signal amplitudes

(for ex?.né%egl \peasno L emlgo%ﬂrye%p %Xe ?f%cﬂe GARLLRt REP-pdI! 'sgﬁal lﬁghtude data resulting

fromm xer hr ough
from thBRBfn Qﬁ%ﬁwlgsloh& @§ wéll”al; tranéﬁlﬂ§sldml§1frpmltthé dstbesnuallmIAnfave‘lagtﬂ.G‘rﬁpd can then
t hen passes to power divider 144, which sp th|:e . th
be detesininad end vred tq Riovidar @gqeglcm@q@ r%gwtforltlg‘e cgh%|re;eld@g% ach unit can then

compa‘g{antgogréssijl éo ainaﬁ‘[u%q ('():It |t14v9n gon(g) Lé&? gut% {hb %@Qaderbf all the co-pol

fe bei ng tfed back
readlnéso A%r‘éﬁlﬁé 80he dré&s- poTQ@wai‘seﬁé)Wéil BUisPY bther imarpaseyehad also bigan found to
fed to phase detector 165 to nmeasure the
be useﬂJhl fia roh-liiog mplen e ngmgqrr@r parmn@eﬁém% Fé\f?d@'ﬁﬁ%%e@” faunguseful i

detec’upg gqgc%l?{ géa%%qé&qaq%ﬁ\&n%@wgl e{\i as o&?gs%g li[lé { g[‘:ﬁlli’_ Téy SiX from a single unit.

Ry aBly QRS d%t@e BHPArR a@florfghhe eh@ﬂﬁh’more than 50%
Each Bﬁgeslg%giémé%sl %T%ar tyakenS féolnlw | ocal oscillator 130

accurdtd) b&ughlngitme@smlts:)ofab rrtaowpﬂrgnetg@ Bigniieantipinereages dfe aspyeqy ofthe system
is fed to anplifier 107 has t
and royggnesq-ﬁgh%ng @f‘o"B‘Hé’Q%Satﬂf‘e‘f E}rotf rarng%é ngfu?e% p%hr(\]g to improve the

accurafg gﬁﬁ%ﬁig& hfordhddth H\%ngrlhd"srﬁé]ﬁh%gﬂﬂe@érﬁés%dt\ﬁéen GERYIhE.Er
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digitized signals are fed to controller 126 for
subsequent processing. The spread spectrumradar of
woOher7msesent invention is preferably operated BaThskiwanis4s2
a first frequency is selected for operation for a
predetermined time interval and the magnitude and
phas suttiple Lihies arebded candycbne Lpihglould be traramifingj @ayigiyendime. Thus the
t hen preferabl sured, T rocess. | 2t ince th
OW opelgRr PR TRREFEEDG TP er | DR PEra e Rl aince e
i tﬁ'ﬁ@tﬁ . 85 &5 08 HEREY 6 eER RS NRYELSf @rsignaISrom the radar to the
pamdo[ ere véggﬁﬁrateﬁy X ﬂgnning filter is preferably used
target atdbasieh@iri, ahdnis atle sery &g pohe measuggmanheitcuitpry e gepstaige The system
Hanm ng wi ndow preferably scal.es the datga, by a .
preforay RSB RFREEY PRI BT VPR T Pre T R U ABE s g g m 2
A | th o PAUBRRIRSImTBReLEHUch D6t has
Swﬂmn@92%%§%§§gg§%§$&m§§??é§n fs preferably proce?sed by a
approxifeitely Bix 8r §dvan aicesseondbtotikec readingsat @achdregeengat Bis imeng a sufficiently
domai n signal; that is, the out put skgnal ssans a - ount of time
long peringle & i inseflagingraliows FRREINgsrore Birgeriaits 1o g oPRINGE Ndiyg $3018-3M%
wth a specific : ' nGes to the target, the
waton§sirtafle BRG0P i RISE B rOnROEORER LD OTel V' Pha
A6 borRfarOprefch®lyicBinprisas hinadsy teuseajdphichliederfinentact kK@UI). The installer
target, i.e. at the desired distance fromthe o g
can pre@Eiyraabilyseleptiist number 6f uaityin psvaiem. heghgat ghnits &ig FURigating, an
been used. Signals_from.o r obj.ec | I "
sctualyyionrles G RTILD0Ey ST BIRADE o ARG f Bie Hy Hcen cluter,

i hGal A8 HH hPFalst thhSmi§RHi&terd With dyiBm operation. The GUI
mmha%%%%ﬁf@%hggobé?ﬁ set the gfstancg when the unit is »
also préférabiphilord trsoperldr toaslecttznigien thirshdds inoetér Wisst thmeysien's sensitivity.

for exanple, the unit is noved at a later tine.
Conversion fromlogarithmc to scal arval ues before

ing filtering, and conversion back again to
E&Mmﬁgggrithnic val ues after the Chirp-Z transform may

optionally be performed. Processing of the signals

through the neural network or other circuit then ) .
pTeges ahitlywee teseede dgenton dridugle a yartbse Meprags.dididing a .22 caliber pistol,
Miul tiple Unit Operation Mre than one detector o .

2 Glock e enTIeLIRSHE P, Hi BEetbdts AR Garwa et sié borhncluaing
Si ult an . bl sk siliatio Pabkbts without

T R RS S el

shrapnbl B0 © dRBiapeianthil 18 dhia Regaidi@jihé ddtéatisn offeosariex afmyEapons in accordance
units may be nmounted in different positions . , , |

with the prese imdentign asingthey@6 to 4.7 6Hz fienugngyiaapd Ard HMERGSRS withdodzpnta

_a_weapon or other object thaf .is.co , . [

poerzgfon BB BEUHERT PE Y DS TG o 72 IR doBpio hose

i | el &SR poufRran@ XaEMS fom BBAE 501 16 62", As

Smemﬁﬁﬁﬁiﬁﬁgﬁﬁﬁgng?%%@gﬁgkothe sanémﬁeiéﬁt ogﬂdifferent

shown Bk 8Yatéin WEd cdreetbmig 5 atit of s satdjases thenebyiekdinc @nlyeane false positive and
azi mut hal angl es. _
zero false negatives out of 283 weapon cases. (NA means not applicable.)
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Such nultiple detectors nmay render deci sions
i ndependently of each other. In addition, the accuracy
wohodi@senti on can be greatly enhanced by the uBeTwl2006018452

or nore units sharing various data anong them

I n one

enbodi nent, each unit operates independently in terns
of transmtting and receiving a signal, and then the
units share each of theirT fo d co-pol signa

anpl i tudes (for exanple). ot her enbodi nent, one

or nore units coIIect the co-pol signal anplitude data

rEesSt o NOEETET T OWT T g ST SEhdTS | A Faldel 1] a5

{ff aNEMSST PHPTdetd Tbkngctit(ﬂﬁfecy b ativAd ' PYSHiIALE] CaniAb
T—t1ren creterhTed dge a re
CeslpRise refeg@nca fey tihaowhher readi ngs NAEach umo t
anm themn cpnpare {he cradss-pol [anplitudle to not only

i tsall®wn cot pobo readi 58y HQutlo®% the Bver age N all the

clo- pol reafi ngs. \veraginq of the cross$-pol signals,

oksGlag | as| usPhy bt hek rlar@9%t drs Onas @g@_b%n_ﬂgw

oheliet ar o+ bt hveld: '!%@%ﬁ?%iiﬂf..d“}ic.”jf"”?f. 2

d ﬁgcting :onggal=d mgapOQ§o%§!ng owo Unitpp i s 0

spxteem—as—opposgdt O typical f[y onty 3ix fronja

S| R9inabed 1 - Fach|of1ibheseogpar anetiess gref er abl y shows

a posrtive trend, and as Tong as each I1s nore than 50%

accurate, conmbining the results of so many paraneters

significantly increases the accuracy of the system and
robust ness of the decision. Another possible exanple
o:&lth%u@%ﬁ@g%&ﬁmb&%&# %egfbésbﬁ&dﬁrpdéte{m\ﬁtﬂY&er%ﬁ& to particular preferred
accur co- reference to nmeasuring snal

and altéréfive @h{bﬁamems esthebnat/em@ﬂ othef dnatiimenis.cdih echiava fiftel same result. Persons
units are used, only one unit should be trans

ttin I
possessng arrap) b D B0 VRTSNE FEETUR) BEIAH GHP BT BB 4% VT modifeatons
ef.erab T, hat fol
and enb%ncgfnﬁ%ts fidy LY m&Qé %ﬁh&ﬂ!ﬁ&g@%mge%n‘?th'e%gﬂ%d%?%g%?ﬁgtc%gn;ghat ollow.
VanatnéH%lahd hfbd@batiods Ma{eyprés@ﬁtgnv@mmammb dboiotide thasa sigiied int thenert and it is
a signal fromthe radar to the target and back
lntendeﬁgapwer alhglich srodifieptionseang epidyaipntso Thp &irgy SATPERRLS that have been
. circuitry's ti nst.an s :
asco e ety S SRR S T VBT
embooﬁrﬁedtg ahdB@fotiRehddds GonbiEeithi imits &antﬁcfncur thexaspel ok the Claims.
to enable viewing a target fromall azimuths
Although el ptefeveediesibydimersabavelpapn dm@oeawh axtioHar emphasisiongpecific hardware
config gfgf\é% g Q FTfé ‘icﬂ rugp?q?{ §“‘gsf.t}t§8 e%grg%g%}h?r? %uialg ﬁ? ‘mﬁ) elméaﬁigég usm a varlety of circuit
comp -Eghé o+ i’?éq%@rl\c@%r@gs OV shEH sRBsI erc@&ﬂd’tﬁﬁﬁodsl’aha Spﬁaﬁatus have been
btai hed’in"the same anount of tine that other
descrllsetﬁmmn.‘ﬁrtnalelcbnﬁpham@bra@hnrptm'é‘anmmsntgs affermstiyeosrebagiments of fe present
software preferably conprises an easy to use graphica
user interface (GQJI). The installer

—29—



can preferably easily select the nunber of units in a
system check that all units are conmunicating, and
wacetaraéyievi ew the time domain plots. This canpbelUs260be18452
operator determne if there is any hidden clutter,
such as rebar in the floor or netal studs in the )
inventiomaky glso bm'mpiemegied using @verrieiv@f ahemnahesmating! GsEicds i dhe enfirRe

disclosu%:ﬂf gé [gage r ef & @lcaiion? (ﬁl gV\%O\;e e R&%Ey%q%&no‘a?ecft& n§i8rtence

sensitivity. EXANPLE 1 Targets which were tested for
detection include a variety of weapons, including a
.22 caliber pistol, a dock 9nmm sem automati c pi stol
an Uzi assault rifle, and a variety of terrorist style
bonbs i ncl uding those conprising nails as shrapnel,
slingshot balls as shrapnel and expl osive sinulation
packets w thout shrapnel. Table 2 displays sanple test
data regarding the detection of a variety of weapons
in accordance with the present invention using the 9.5
to 10.7 GHz frequency band and illumnated wth

hori zontal polarization. Data were taken for front
views only. This data was taken using 12 different
peopl e whose size and wei ght spanned from about 100
pounds to 220 pounds and hei ghts from about 5" 0" to
6'2". As shown, the systemwas correct for 115 out of
116 safe cases thereby yielding only one false
positive and zero fal se negatives out of 283 weapon
cases. (NA neans not applicable.)TABLE 2 Although the
present invention has been described in detail with
reference to particular preferred and alternative
enbodi nents of the invention, other enbodi nents can
achi eve the sane result. Persons possessing ordinary
skill in the art to which this invention pertains wll
appreci ate that various nodifications and enhancenents
may be nmade wi thout departing fromthe spirit and
scope of the clains that follow Variations and

nodi fications of the present invention will be obvious
to those skilled in the art and it is intended to
cover all such nodifications and equival ents. The
circuit conponents that have been discl osed above are
i ntended to educate the reader about particul ar
preferred and alternative enbodi nents, and are not
intended to constrain the [imts of the invention or
the scope of the Cains. Al though the preferred

enbodi ments have been described with particul ar
enphasi s on specific hardware configurations or
frequency bands, the present invention may be

i npl emented using a variety of circuit
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conmponents or frequency ranges. Although specific
si gnal processing nethods and apparatus have been
wdeswrogépad Wi th particul ar enphasi s on Chir p- ZPCT/US2006/018452
Transforns, the alternative enbodi nents of the
presentinvention nmay al so be inplenented using a
variety of other mathenatClgaMSnet hods. The entire
di scl osures of all patents and publications cited
above are hereby incorporated by reference. CLAI M5 What
_is claimed is: 1. A nethod for detecting an object
Whatis ¢lgied 5 ed on a target, the nmethod conprising the steps
of : transmtting continuous wave el ectronagnetic
radiation to the target at selected frequencies within
a f r eguettoy fordptgeting e objesticatreaiad o R tas gthod comprising the steps
pol ari zed signals reflected fromthe target at each
of: sel ected frequency; neasuring the anplitude and phase
of the refl|gehath ogﬁ?ﬁ%&s‘ wHRRRLAhdYdetR rhdifidh & AY target at selected
domai n waveforny transtormng the waveformto a tine
frequengm{hmdﬁbqaeﬁcymgw ndow corresponding to a distance to
the target; and processing the tinme domain wav formt? h
det er ni ne Meiwihehmoaqﬁth@aﬁne&polagzqslﬁge@areé'act%ff% e target at eac
target. 2. The nmethod of claim1 further conprising
selecteq iRV of filtering the frequency domai n waveform
3. The net had. ghg HedRidd QRS ghiase dii rbfidcie@kighgs;st ep
conprises using a Hanmng filter. 4. The nethod of
cl ai m 1 wheesdrating éretivenngdamain wayermep conpri ses usi ng
a Chirp-Z transform 5. The nethod of cl 3] m 1 c}§he|roer‘iasr‘50m“ng,[oa
the transf ¢rensfergingtapwaveioiaa e AApRRnGafMeg St CHe
, sigpal .6, The nethod of claim1l enploying a plurality
d'Stanc%?oqE%{afgff’a'é(gch unit performing the transmtting and
recei vi ng sh&BSsingthe thi€ddidimealettimed @dtermtewthethei an dbjest is
units performthe transmtting step sequentially.
concealed on the target.

2. The method of claim 1 further comprising the step of filtering the frequency domain
waveform.

3. The method of claim 2 wherein the filtering step comprises using a Hamming filter.

4. The method of claim 1 wherein the transforming step comprises using a Chirp-Z
transform.

5. The method of claim 1 wherein the transforming step results in range gating of the signal.
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8. The nethod of claim7 wherein continuous wave
transm ssion of each unit is interrupted to allowthe
wobherosemsts to transmt radiation. 9. The net how/ust006/018452

claim8 wherein the tinme of continuous wave
transm ssion of each unit is long conpared to the
Br ansiThe ikted eifclainh @ emaldiiag & plorafity ofanité @achinit pedortming the transmitting
target and back to the unit. 9. The method of claim®6

and receifier ¥#¢08- t he units performthe receiving step
sequentially. 10. The nmethod of claim9 wherein each
unit receives signals transmtted solely by its own
&1 ansfhd tgthod dtletaint BvhBRINRSIuE pértoih Rctrankraitidl Btep deduentially.
unit receives signals transmtted by a transmtter of
another unit. 12. The nmethod of claim®6 wherein

3. THES MEPHOE! M PTAG RHLP S o € GHST St g = nterupted

to allowtheccﬁrl\e\fggitsqytrﬁ%ﬁmr Uibnare averaged. 14. The method of
e units are disposed at different

hei ghts relative to the target. 15. The net hod of
claim6 wherein the units are oriented to illum nate
t9he t dihgetethor gml@imfefvéweéqfn theilree\@foqonfﬂfwiwav?ﬁfénwfwf gch unit is

wh
long COE‘B?{g? gxt%pq]téaer{gls tm%g B%ragiraf roln}nhg’ Emﬁt%‘h%qar LY B%(g( Stg'fh%lﬂxﬂlt

expl osi ve, nerchandi se, tag, work in process
i nventory, and manufacturing product. 17. The nethod

. cl aihendktipeof aaimeEdvieneipthe ueitstpedbrophé feceiviny eiep sequentially.
i nventory theft.

10. The method of claim 9 wherein each unit receives signals transmitted solely by its own

transmitter.

11. The method of claim 6 wherein each unit receives signals transmitted by a transmitter of

another unit.

12. The method of claim 6 wherein reflected signals received by the units are compared.

13. The method of claim 6 wherein signal amplitudes received by each unit are averaged.

14, The method of claim 6 wherein the units are disposed at different heights relative to the
target.

15. The method of claim 6 wherein the units are oriented to illuminate the target from different
viewpoints.
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16. The method of claim 1 wherein the object is selected from the group consisting of

weapon, firearm, bomb, suicide vest, explosive, merchandise, tag, work in process, inventory, and

manufacturing product.

17. The method of claim 1 performed to prevent shoplifting or inventory thett.
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