OBJECT DETECTI ON METHOD AND APPARATUS 5 CROSS- REFERENCE TO RELATED

APPLI CATI ONS Thi s application clains the benefit of the filing of U S
Provi sional Patent Application Serial No. 60/525,6637, entitled "bject

Det ecti on Met hod and Apparatus Enpl oyi ng Pol ari zed Radi ati on and
Artificial Intelligence Processing”, filed on Novenber 25, 2003. This
application is also a continuation- in-part application of U S. Patent
Application Serial Nunber 10/340,016, entitled "Signal Processing for 10
bj ect Detection Systent, filed on January 9, 2003, which is a

conti nuati on-in-part of U S Patent Application Serial Nunber 10/060, 641,
entitled "Signal Processing for Object Detection System' filed on January
29, 2002, and issuing on Novenber 30, 2004 as U. S. Patent Nunber 6, 825, 456,
which is a continuati oREYFETRETECHPN MEEHODANRAPPARATUS cat i on Serial Number
09/ 318,196, entitled "(bject Detection Systeni, filed on May 25, 1999 and
i ssued son January 29, 200SserrFERENCEPED REUATRIDIAPIRICABIOBS?2, 696. 15 The
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FIELD OF THE INVENTION
The present invention is a method and apparatus for remotely detecting the presence of an
object, including but not limited to a concealed weapon such as a gun or bomb. The invention further
20  comprises novel signal processing methods and apparatuses for providing high reliability object

detection.

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

purposes.

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

killed, and dozens of others were wounded. Tragic acts of violence like the Littleton massacre occur
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all too often in present day Anerica. The Federal Bureau of Investigation
reports that every year, crimnals in the United States use firearns to
commit over 2.4 mllion robberies, 5.6 mllion assaults, and 165, 000
rapes. (See American Firearns |Industry Journal, published by the National
Associ ation of Federally Licensed Firearns Deal ers) The Center for D sease
Control has collected data showing 5 that 247,979 "firearm deaths" were
recorded in the United States during the years 1986-1992. (Eata conpi |l ed
by the Center to Prevent Handgun Vi ol ence. % Furthernore, in cent years, a

new t hr eat2ffgSfendy Rypsea!§ay ‘f’ﬁeé‘fa iThe FeqgralByreay @Vﬁﬂ%ﬂ’ep%ﬁQEtéveéWé nor e

danger ous caRMaBRkR U6 ubd ieathilo BRFRGSER 2@mitich RBbdNBS, 6 Milkh adshbr weapon,
it is inperative that they be detected at a | ong distance. 10 Many previ ous

efforts t@f &RMORrapeie (FeRARSICINTEES Fgusthéoumpl RyPIREgd by the Nafiong! Assesidipy have net

With 1 mdrpthediiqcened FileBms B8aid§Sine C¥Re AR BRERS CortiBihis QNRBAFitY Sowind BY
equi pnent has been installed in major airports. The machines are generally

capabl & ofthal27e? ifirgrmudentby” akre grsprdecn the Yaileq Stalpedsirind therxsers 189608%d (Data
environme onmp,];Q lbysthé é’epl%r Bf i’e@&ltlhmmt\ﬁo‘eﬁ l’J'Ff:rﬁ'érn‘%ref h ﬁ%‘é lleg ! 9111 w afs OCCU p' €s

a very large space, IS ose-rahge and may cost ousands or
even n | | ieyeleedghat gdielsaicide bomBer Nbreee ayé merh dangerpgslaekmore n%aétleqiameqam oflet ectors

t hat { t ket t,
1ot o SR AR SRS AR ket o SO

devel oprrent of such a device would constitute a revol ut| onary achi evenent
and woyl d sati t need int | aw enf or cenent and

fields of
security. 20 E&'F%/V péer"'°\’/se$fg'?sd?f§d%? the H’éeab‘i”éeﬁ'g’mhe FHVEh S SHr e "geses Mied i n

U.S. Pat eninitdiduccBss2 hindRbttwd desdded vergdxpisipo x-2PQlipmEt histte@nstafagiabior
Processing for Object Detection Systent, U S. Patent No. 6,359,582, issued

March 19, 2eReS, Themartines are oensrbisapabls ofsiepiva 3 mekst ave injpry Sipsipligetl: closed
I nt er nat | QRgonda SMls typfHRbdignahd ¢ u.ré\éléf?‘bé%ﬂnngéAJ&%Z;{.é@% larg8 Bpdcd hsed

"Conceal ed Weapons Det ection Systeni, published on rch 26, 1998 as
| nt er nat i clead-rameiand mat doshundedse thoysendyay %W@?nsaﬁ@"amt ernational Patent
Application Number PCT/US00/14509, entitled Signal Processing for Object
Det ection Systent, published on Decenber 14, 2000 as I|nternational

Publ i cati on NuNterof W xdd(plex EB6:2led Wérpon detectors that are currently available in the

commercial market are compact, lightweight, portable, easy to use, long-range and highly reliable.
The development of such a device would constitute a revolutionary achievement and would satisfy a
long felt need in the fields of law enforcement and security. ’
20
Earlier versions of the present invention are described in U.S. Patent No. 6,243,036, issued
June §, 2001, entitled “Signal Processing for Object Detection System”, U.S. Patent No. 6,359,582,
issued March 19, 2002, entitled “Concealed Weapons Detection System”, International Patent
Application Number PCT/US97/16944, entitled “Concealed Weapons Detection System”, published on
25  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 Publication Number WO 00/75892. The

specifications and claims of these references are incorporated herein by reference.



specifications and clains of these references are incorporated herein by
reference. -2- SUWARY OF THE | NVENTI ON The present invention is a nethod
of determ ning the presence of an object associated with a target, the
met hod conprising the steps of: illumnating the target with polarized
illumnating radiation; «collecting first radiation reflected fromthe
target which has a sanme polarization as the illumnating 5 radi ation;

coll ecting second radi ation reflected fromthe target which has an opposite
pol arization from the illum nating radi ation; and enpl oying a wei ghted
plurality of criteria of the fiSUMMARXQFIHESWENH@N he second radiation to
determ ne the pf %?es&?.ﬁveﬁéonm% gm ?%Eterm-'l;nnﬁ m@fmﬁamxé 890 Si&Pashi:Ble WY ¥
conprises enploying a welghte ural it criteria of the collected
radi at i ontaggenithe metbod ctompwnultheretemfm&mm@yg fae ta@kiwith prarFeddliveringlingragiewoess. The
enpl oyi ng refe rises. e d 10 of one
or both ofsuf(ﬁgg FFTt rag?{on i Xd ?r(c)’n 'gr%]acﬁgettﬁhm hgyésg‘ ? %E%H%%q%{lﬁg{ag urality of
ti mes. sThexdatiga) @yecting sedowaménm tefieeted funethetaabtwicle maspn pmsteemﬂzajiymﬁr:@ a

plurality of criteria sel con first

magni t ude MgfuPiRANg RPN ‘g'f"é“?c‘ly'B?la ?'ghgegf’ 'Bg'f“f :frgme"f’t gtbe %Séﬁa@@t?g PSS o the time
domai n by sdch@i rédRitibrro deterfina hé brakeAte T BE Bijeds. Tae ndyng stemgererbntempised he second
radi ation at zero tinme after conversion to the tine domajn bé’bthe Chirp-Z

Tr ansf or nPPPIRNNg & weighterplusalipy ot aiteriag! tng colatsaadiptionfanveiisddt 2 IRMIMELBE? and the 15

second NBgmRipt At hstofioR5P TRYdriibyind 8 pritdrdbyRarhpri¥esCRipRjilgSfaghiuld Palg a time
of arrival difference between the first radiation and the second radi ati on

and orl0a AAs erbetnetthe 5§t radigtion eptifresesind sadiation Gt Plurglity of tieg T he eMAIRYINGStEP o of t he
peak val ug.pf p‘re*%%bgwr%ﬁseg Qm&l@fﬁg ra‘BlLi% ity @En@é}la WAL b @\e%l-bﬁry Ensidthg §3€ or both

of the first t1on and thé second radiation in the tine domain or
fr equencyﬁrdmmnltude 34 @eThtaram}rpm@dero tyﬂepﬁrﬁeffce'rva‘b'lo'yto #fepeaﬂww@yme@hm 4ty of

tines, ‘i‘ransl&;rﬁ,t%%rces%% RLHSS %qmsoﬁ.}] & coﬂé g lzgn, fide 5@?&6%&&5.0% fach

perfor mance o era urther conprises the
step of t tirfé duimal bathaeurpazlTrmbwrdrcesnarcaldifférem bemeedateagst raapditutidvandéepl oyi ng
step preferably further, rrgrlses t he steép l &t?e, eyral network to
aut ondRousigiqeasRiAs. fee fﬂ’%@'@ EP onglly SRS é(?f"p °% a‘f' & © aé'f‘vag *B1%€f er abl y
CONPr i Ses pawddR k@t Adslioh SR HRRERRD raistied £ akd e @Emdnt G@f shaps MGa@b,ed weapon,
preferably selected fromthe group consisting of a knife, firearm gun,
bonmb, ex ppr6§[a9léthe ratio of the peak value of the curve to the total aréa under the curve, of one or both of

the first radiation and the second radiation in the time domain or frequency domain.

20 The method is preferably repeated a plurality of times, and further comprises the step of
combining results of each performance of the method.  The method preferably further comprises the
step of training a neural network on calibration data, and the employing step preferably further

comprises the step of using the neural network to autonomously determine presence of the object.

25 The target preferably comprises a person and the object preferably comprises a concealed
weapon, preferably selected from the group consisting of a knife, firearm, gun, bomb, explosive

device, and suicide vest.

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

30 apparatus comprising a transmit antenna for illuminating the target with polarized illuminating
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device, and suicide vest. The present invention is also an apparatus for
detecting an object associated with a target, the 30 apparatus conpri sing
a transmt antenna for illumnating the target with polarized illum nating
-3 radiation, a first receive antenna for collecting first radiation
reflected fromthe target which has a sanme polarization as the
illumnating radiation, a second receive antenna for collecting second
radiation reflected fromthe target which has an opposi te pol ari zation
fromthe illumnating radiation, and a processor for enp P‘/I ng a wei ghted
pl ural ity refiatien  firsrpcaivedntanprsfor dofesting frgpdigtion plegtpdfromae ‘é‘@ﬁ’d‘f’?lﬂ Pas@is@¢ on to 5
det er m N JiaRlafe QOGS 1 Hindififraflib S becord1EceRk ARARSAY coldbfil CLBRI aidiP! OVS 2

wei ghted plurality of criteria the collected radi ation converted to the
ti me dommireflettgd feomChe tanget Mhicty g 9 enppitp padatization fropytee illupyneting ragistign, @dpl oys a

magni t ude i j.af 1 ond

radi ati on ﬁ&%s‘%é‘%r%kp:&ﬂ% aWe:g@QJ JLré?é/ ouﬁﬁg; %E’%@E{s’g%r"%a ngg‘ e%?%? %@gﬁéfggeml oys a
pl ural isty deferntel & ppaserme sfeﬂlea(bleadﬂiermnwistwrefegiblwpp'% Rseightedyralfy oberiferia st

magni t ude r adi ter conversion to the tine
10 domai n ‘%{7 f‘ﬂ%deéﬁ‘?dfah""fc’"f'?'ieﬁé?tcnﬁt'me P o%'n aémp'gter?gsrff’m r"{::fnﬁl t u‘(gzl)e of the
second r agkefdribliemploysz@iagnifutidBpreadbfiosd or 6@ bi@HeSiFsOMAdibtion ﬁrh&wetsledﬂﬁd deismh Bt by the
Chirp-Z Transform process, and a di fference between the i rst magnitude
and t he s&RHRIY @Y"rftTLE‘GB’°°efﬁ°éa‘fﬁ%?f%’%béyo‘?‘“PPXﬁatH‘Hé‘?"‘Vﬁfr%P@%lfF‘?dfé‘}?b‘l‘%ys atine

of arri valgddp EnSiEtRE 6@ fRehiRRINe bR kot Fadibtion Bt 268 dhabftePddbnitbnlidtRe thcond
radi ati on, preferably enpl oys a shape of a curve of one or both of the

first 10 adPaeip BHheChPZAREERprIes e?cfle%&"i’ Brentde piile seeong ragidtpR P FeEti™e r equency

domai n, ang.RERESEABY iRERnR by e CHiRtZ AbdsRfn brbkeld, SR aQieRAR tOvedi@eh Of the
first rad| ation and the second radiation. The processor preferably

conbi nes rfistmadnitude pashthecsegringmagritydg. of applications of the illum nating
radiation to the target. A single dual-polarized antenna optionally
conprises said first receive antenna and said second receive 20 antenna.
The tar get i's pmeai@esmiﬂyther pm@rwmmplwse timb pfeoival dferprce beweeb the fiat conceal ed

.meapon r abl se eg% the gro nsi sting of a ﬁ firearm
Gun” Dish s 4 e a5k eaon. AR Pon e e S St B PSP PR lIEE o bt y
enpl oys a rﬂﬁ%rﬁdnd the bavordeadifiortibi the Bad doarinloyfred@ingCdombil @nPgrersranc@npvls 4 he
obj ect,
J variation in time of one or both of the first radiation and the second radiation. The processor
preferably combines results from a plurality of applications of the illuminating radiation to the target. A

single dual-polarized antenna optionally comprises said first receive antenna and said second receive

20 antenna.

The target is preferably a person. The object is preferably a concealed weapon, preferably
selected from the group consisting of a knife, firearm, gun, bomb, explosive device, and suicide vest.
The processor preferably employs a neural network to automatically detect the presence of the object,
25  preferably assigning a value to each of the criteria and determining the presence of the object based

on a combination of values of the criteria.

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

lightweight, long-range, portable and battery-operable. This enables a preferred embodiment of the



25 preferably assigning a value to each of the criteria and determ ning the
presence of the object based on a conbination of values of the criteria.
An object of the present invention is to provide a detection device which
is preferably conpact, |ightweight, |ong-range, portable and
battery-operable. This enables a preferred enbodi nrent of the -4 device to
be hand-carried unit that could be used by | aw enforcenent officers and/or
mlitary or security personnel, for exanple to determine if a particular

i ndi vidual is arned. An advantage of the present invention is that the
power | eveévice tochd ihertdesarrigr unit thet coyidizpaned b3 lawppiaiserneshoffepie aps¥as MéteRIST y nmuch | ower
j[ han. Convgéuulitﬁ%@o rreﬁgﬁgxaﬁx@{o%@@r {He iftaragrﬁ&uagl Mugitlseaqn&y X-ray ofr ot her

i magi ng syste that ar e currenﬂy enpl oyed to detect objects at the entry
of an airport or a courtroom For the present invention the average power
density at the,target i.5 orders of I limt for
non-i oni zi ng o ‘éﬁqggen‘.’f%‘f@reﬁn 'g‘fen%’ﬁfg’g%%] téé H°§“§U%J§§gag‘\§{§& L{}ﬁg&ﬁ%\%%’ features,
and f ust heweniéhapepr@éramyppich dalitiah tonvationahadapsysteesdr thoserpeaandteddng xyaylot be set
forth in part in the detailed description _follow . taken in conjunction
with the Q‘a%’é%??ﬂaﬁV}eWQ hahaRaURg LY e"é"rl?dg‘{tﬁgebeég‘{%’eﬁﬁs PSSO AP &nt to those
ski | | ed i Boukthemardr thd prREenERAfIoR ik bdfage Pdwet dasity adttheQsrbdd § orders ofraagnitvae | ear ned by
practice of the invention. The o,bé ects and advantages of the invention may
be real i zBUvHRRISAEAM ST FRBBPNHSP 2B EA81Bf t he i nstrumentalities and combi nati ons
particularly 15 pointed out in the appended clains. BRI EF DESCRI PTI ON OF
THE DRAW NGS The acconpanyi ng draw ngs, which are incorporated into and
form dOpart of Othésebieqireadvintagas dnd novel featyressand frteer swpeef aprlicripefitiedraset of t he
present ipy i (R I Dk ; ; 20 explain
Pho pri nol i @be B R iR eiigh et R, Bldh SR Gl e D0 Dot of

i |1 ustrat aevgmpanpmgafravinge @nd i@ pdyodi beeante apfardntte thoseskiltediinghe atngoragxeminalion t 0 be
const rued jmting the invention. In the awi. nas: ' e

i |lustrat 8@ ea'J°'|§YV'H%I°'é'9?Xé’\7§? m?}ébylelraﬁtﬁ? & e Q'Prﬁg'{h? \éwf'éelg agd\?sclﬁ%%tdges c5\/&’!11\{% that is
verti cal | ywgnednawady be@alizeddng Hitaded byGndahd daf 8k inattud@ntalitiesl anfd tognbinatioes dahiadlarly S

hori zont al l'X ‘Pol,ari zed; ) . :
15  pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated into and form a part of the specification,
ilustrate several embodiments of the present invention and, together with the description, serve to

20  explain the principles of the invention. The drawings are only for the purpose of ilustrating a preferred

embodiment of the invention and are not to be construed as limiting the invention. [n the drawings:
Figure 1a illustrates a simple wave,
25 Figure 1b illustrates a simple wave that is vertically polarized,
Figure 1c Hlustrates a simple wave that is horizontally polarized;

Figure 2 provides a block diagram of one embodiment of a transmission and detection circuit;
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Figure 2 provides a bl ock diagram of one enbodi nent of a transm ssion and
detection circuit; 30 -5 Figure 3 portrays persons carrying a gun in
different |locations on the body; Figure 4a is a graph show ng the radar
cross section of a handgun, plotting reflected energy in dBsm versus
frequency; 5 Figure 4b is a graph showi ng the radar cross section of a
human body, plotting reflected energy in dBsmversus frequency; Figures 5
and 6 are graphs which supply information concerning the reflectivity of
the human 10 bodZ when illumnated with radio waves in the 2.59 to 3.95
GHz and 7.0 t oM BRCHVRRFFEPH ™AL i difretiPeations p_ e besict or i al
representation of a preferred enbodi nent of the nethod of the present
invention. The two graphs at the right of the drawi ng show that an object
such as a weapUPHr#id)s perarhshpwingthedadancrass pRstaniotrhandsan. ilottes rateated enewy inf er ence
in anplit yggsvedus kdd ?ts of waveforns which 15 correspond to reflected
radi o waves haV|ng dlf erent polarizations. In both the upper and the | ower
graphs,5 the two waveforns represent the vertically and horizontally

pol ari zed radi 8 and 9 are
actual test eqﬁl J;g@rraéﬁstsa %F%tsg&% e\;’\%@ﬁ%s% és)ec%P o aq%l;ng“oﬁg pbh:v%gﬁ ?‘ gdr ms 20

gener at ed eckigyiimdpsa veraysdgauenatet ect i on experinent. In Figure 8, the person
was not carrying a gun; in Figure 9, the sane person was carrying a
handgun, and the di stance between the maxima of the two curves is nuch

cl oser; Fi gur eFidutesisan®s arggﬂaﬂfs&hicri eiubmgsﬁfsra:btioﬁ aorﬁémlﬁghﬁe rﬁhaaﬁi/ﬁy e haigal | t ude
response used for t Transforns that are enployed in a
pr ef er Ped PEHBBY "H@W?teﬁ‘l”"thtngdé" "E"%sé'étﬂ? 2 ?gﬁgé?ﬂ PiREnd ARl 1°1§? gerercerdfepi ct s an
operational systemflow diagramof a preferred enbodi ment of the present

i nvention. -6
Figure 7 is a pictorial representation of a preferred embodiment of the method of the present

invention. The two graphs at the right of the 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

15  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
20  generated during a handgun detection experiment. In Figure 8, the person was not carrying a gun; in
Figure 9, the same person was carrying a handgun, and the distance between the maxima of the two

curves is much closer;

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

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

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

present invention.



DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS ( BEST MODES FOR CARRYI NG OUT THE
| NVENTI ON) The present invention conprises nethods and apparatus for
detecting the presence of an object at a distance. One enbodi nent of the

i nvention may be used to |ocate a concealed firearm5 and/or bonb carried
by a person. The invention nay be used to hel p keep weapons out of any
secure area or "Safe ZoneTM " such as a school, bank, airport, enbassy,
prison, courtroom office building, retail store or residence. The term
"Safe ZoneTM' is a Trade and SerV| ce I\/ark owned by the Assignee of the
present Patent ApplicatS R ORI HRF : BRPMENTSI0i ng busi ness as Safe
Zone TM Systens, InCO@gfﬂbegbpd@cﬂ'ptmqmq)@ptHgmvmrqr ably associated with

a target, for exanple rson approaching a doorway, and is detected
preferably usi A %F'él‘“i"%'g?ﬂ‘CP‘BWS?%V%’P"??’&HPwam@édet%g‘gd?é’&s?ﬁ?Htﬁ‘ghout t he
speci fi catdef apdWktdnbi IHE embddfmeht@F A3 indeAtiol fay bd (REHS 08 BdoRieRBa #roapar d Whi ch
illumnating radiation is pointed, including but not limted to a person,
backpadk, andfejamecarisd gy a eeFpoy bl he ivRMtiqniveay bé Ysed oAgP kese weapsns ot b ylsenyte t he
speci fi catan, A0 261eM Thon ob B &nbek bhk. APbEEHb, SRR b buldm AL i S
carried On, \r/\grn Soncealred on, ° y@?caﬁ' asget ache or coupl ed or
ot her wi se retsistoe qt@dewtwea&rm ‘eﬂagépne“f N@IdeﬂnrgiSebme Mﬂbpwrteldmmedssmeea weapon,
knife, fir ifl [ e nel, wring,
and the Ifﬁeemsfgt%tenﬁgal oor\kg{;/ee“éac rre%f’\'i"e mf’ar?fegﬁk" d‘fu ,gesganga %eé; travel in a
way sim | aysténss, weormsatedf wat er nmovi ng across the surface of the ocean. The
shape of a sinple radio signal can be depicted as a repeated up and down
moverelft or vibration, as shown in Fi gure 1 a. This up and down notion of
the wave takesThedboR&@ praferdblylagcisled Wi S t4R4R6 for SAMPIS b PRLAA appsRhingd Propagat es.
A wave which is polarized parallel to the plane of &}‘og%gati onis called a
S

hor i zont al9P3fwHotnd s dteeted pagferably uspaRALRiZAA F°(‘YW°‘P"§ 399 1wayes-z BedhpEH8i cul ar to

the plane ?Jc.f%u&pﬁga&h@ﬁhétém@@flg&erﬁeaﬁs %ﬁkﬁ\‘ngﬁtv!aruwﬂm @Hn%ﬁﬂ rRNGs The hei ght
or intensity of the wave Wis called the anplitude (A) of the wave. Figure
1 b exhi birpiated ingjading butiotlimitedyo ¢ parson datkrgck dedorgei bag.ghrubviand the ke gwusedl ¢ depicts

a wave, 5wh

'ttﬁ‘&gﬂo%t 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.

20 - 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
25 = perpendicular to the plane of propagation is called a vertically polarized wave. The height or intensity

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

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

30 polarization. Other terms that may be used to describe the relationship between waves that are
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hori zontally polarized. Vertical and horizontal polarizations are said to
be orthogonal forns of 30 polarization. Other terns that may be used to
describe the relationship between waves that are -7 vertically and

hori zontal ly pol ari zed are perpendi cul ar, opposite, cross-polarized, or
main and conplenentary. The termprimarily used in this docunent to denote
ort hogonal pol arizations is cross- polarized, or cross-pot or X-pol for
short. The idea of polarization is applicable to all forns of transverse
el ectromagneti c waves, whether they are radi o waves at m crowave

f requenci e&ticalyanp hejiRentaly RekAEes A RRIRSISuIq 1PBRAS e FIP S PRIENZBY o™ W4h i ght . The

pover | evebmpitRdhtaAt &fe Bivh drikGriIsEHiR hls dbé&M@uﬂUd@ﬁbt@Jrﬁcaj%m BoldrigatEs it AR
conventional radar systens or than those generated by x-ray or other

i magi ng syPSBwAS of §iREe Pl PEX B foF BAT | \ie BAPY BYuERipy's avpitaRe fo Bfees at the entry
of an air NAkdvedd eidurGihdiE ANRL, whineh A& are é&mg&gtmﬁowe@wﬁaueﬁgég%rg%m at the

target 10 for the preferred enbodi nent of this invention 1s orders of

magni t tde Wardsovghtah thoseeeimittedf by 4 figgtligt.or non- i oni zi ng radi ati on.. The present
invention preferably operates in the Giz frequency bands. Different radio
frequencies offer different benefits and di sadvantages for object

detection. |n TiepounidvesiraBated wyshe preddnt ioyetioa biemgic Inwen| thomaineptiopél radardi 0 devi ces
are regul ated by t Feder al Conmunj cations Conmi ssion. Each country across
The of obe ¥aredY wit Hoee FUBHRAPER P Y Bk atosPR B Pt PR ot o | e
use of t heletedtatjéds o6 pe ity dMan afdott BLGlHrdoRE Irad Qticlavér adei povier bésityatiBStagBreCi f i C
references to particular frequency ranges the system may be beneficially
| pl enint &8 EelelrgeeRoneR SR NFT5n sariEs ol eAsHRASaY AP H T Wands  and 1 s
not |i mteglizRyrabib@®nspecifically disclosed ranges. 20 Figure 2 presents a
non-limting exanple of a schematic block diagramof circuitry for

i npl ementing a preferred enbodi nent of the invention. Low power radio

transmtter 1ZTAe%aeQQ“m/e%%n\ﬁi'e?erabryioﬁe%tesq'i th _Jf@%h?%g)rggl Siﬁﬁgrg’raﬁtg modul at or

14, filter 16, and transmtter output anplifier I8, which Is connected to
transm t/ ffregiencies offan tiiererh b@efits dnd disrgiantagesrionobiect detestidny &n tealinited 5126, and

pre-s eJ SeCto%rat%%fr ng II{ rr]a%md%\{icre§ gre ievq tédVM.y %'% Il?eaze(r%\l’é)c;smrr?uln%a ior?sy@o%rl]nrisgigljr. zed W th
range gate sw C?'I ?‘II’OUg con rgﬁer .

Each country across the globe has similar regulatory bodies that allocate and administer the use of the

radio spectrum. Although the specification includes specific references to particular frequency ranges,

the system may be beneficially implemented using a wide variety of electromagnetic radiation bands

and is not limited by the specifically disclosed ranges.

20

Figure 2 presents a non-limiting example of a schematic block diagram of circuitry for
implementing a preferred embodiment of the invention. Low power radio transmitter 12 is coupled via
first directional coupler 13 to modulator 14, filter 16, and transmitter output amplifier 18, which is
connected to transmit/receive antenna 80 through transmit/receive switch 20 and pre-selector 22.

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

30  transmits the signal in horizontal polarization and receives the reflected horizontal or co-pol signal, and
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Transmt/receive antenna 80 and receive antenna 82, which detects energy at
an orthogonal polarization, collect energy reflected back fromthe target.
Al ternatively, a single dual-polarized antenna nay optionally be used.

Pol arity selection switch 24 in the receive path selects either the

hori zontally or vertically polarized antenna or port. Transm t/receive
antenna 80 preferably both 30 transmts the signal in horizontal

pol ari zati on and receives the reflected horizontal or co-pol signal, and

-8 receive antenna 82 preferably receives the vertical or X-pol reflected
si gnal i nregeiyerantena 83 gteferably gaceivsn the vestigalr K9 refloftedSignad in VErEGaERORIFTERE- whi ch

signal is pg.srﬂym r:[%]%et[!rﬁ'ﬁ\%é Wil sbhal R 1ty BEkivk] By gREAmRE PRGEREL i | ters 22,
23 are bandpass fivters to prevent out of band signals fromentering the
recei ver &itesh 2208 sreiiagdpassditess tn grewsptaut of band sigratsdleB@steds theagcaivel endrgssitive
anplifiers_and thereb I i ] i . tor filter
2271 n t he B Eebenfle 8GRI PRl AARL B Al il BEER |1

t r ansmist t @re-deleconfiitdn @2 in thetco-pat gath disoedenu@emindesirdbierhamonipe o the rarsmittdr@rompr ef er abl y
conprising start/stop/slope progranmng, is used to control transmtter 12
in conj unEETYRE™HYA | ocal oscillator 30. The output of pul se waveform 10
generator 28 is connected to nodul ator 14. The output of l|ocal oscillator
30 is fed to m xer 32 via second directio%?) cou ler 11, An out put of
transmit/recei YRR BIROS" P8 PEfEERY P S itB‘?’s%"gp‘Pﬂrra'B%’ﬂ' SBE Arity

sel ecti on c§Wbitvahsmatds 12fih dohiBhctionGuitR 36! 6RMRIrEE TheVatpLObrpBIsew@bfodd er 34. A
preferably digital output from processor 26 is conveyed to internediate

f r equeticy gengratpr dbimeanagcted tRgnqdpiate 144 fhe ojfRiteHocs) cselalopdds fe e MXen¥ 3ai n si gnal

input fro & u ' ks a1shi€y tOMbENSE trfdi
anplifier @%%nﬁ%ﬁf:nfgc%a%%ggsﬂ{% ﬁ?gﬁg‘ﬁﬁﬁ%‘fém’ggﬁéh S\J/‘\ns' E%lsch 9tO, hi gﬁ ;L)lga}{sns filter

42 and t o ppaiveselection switelr 244fiter IRANdyeceiys fow-noise amptifier I APrefesanly digighpePuhat e swit ch
90 provide time gating so th ' O Sindr- 60 WRGH 8% rbdeivés T arget
or obj ect °Tﬁ§fes|%srgg' ¢ "H%e%tgﬁerr@%‘ayifgg%h‘%g% Fom fg']ﬂ‘g“épﬁar at usorié S processed.
Si gnal s f tenmadisiyedt inpd brpre @ et 32attrough bany pasafitedd 1§ Tier autput ftomrapwlifiar4® thegnor ed.

Power divider 44 splits the signal into out put s. e output is

anpl i t'3de PRREAUHATAIRE° §3F sd’é‘i“é’(?'?’@ﬁ pfé?ﬁeb?ztt)a(vﬁ\@&pﬁ‘ﬁ rlﬁi'?fgerréﬁvgéiﬁesgétse which are
passed 20 cbdibid ghy rbrige GaE swish 90\rsiRe trddGatirigfsb @it dal) a sigt fesh s@mploi.and hol d
stretcher 52, and then digitized in anal og- to-di gi tal converter 54 before
bei ng f ed 1a5ReER opigrtthabis atdbgsiesiteg distance frari (g ARPABIYE |5 BTPCTSPYImS|gaRI o™ other

objects that arrive at different times are ignored. Power divider 44 splits the signal into two outputs.
One output is amplitude demodulated in detector 46, producing narrow pulses which are passed '
20 through filter 48, video amplifier 50, gated sample and hold stretcher 52, and then digitized in analog-
to-digital converter 54 before being fed back to processor 26. The second output from power
" divider 44 is fed via power splitter 64 to phase detectors 65, 66 so that the phase shift of the returned

signal can be measured at the same time as the amplitude.

25 Since phase information is very important in order to perform 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

30 local oscillator 30 through directional coupler 11. The output of mixer 9 is band pass filtered by filter 8

—9-



divider 44 is fed via power splitter 64 to phase detectors 65, 66 so that

t he phase shift of the returned signal can be neasured at the sane tine as
the anplitude. 25 Since phase information is very inportant in order to
perform conpl ex frequency to tine domain transforns, the phase of the
reflected signals is preferably neasured. As phase is a relative term
this is acconplished by first establishing a reference signal by m xing
sanples of the transmt and |ocal oscillator signals. A sanple of the
transmt signal is taken fromtransmtter 12 through directional coupler
13 and feoP"gES‘e'h‘I'B{‘E#bygméﬂf6%@1'“%71‘%‘33“'@&'&&’@’“6?°"F’H%¢ YwaIneg sttt or si gnal
taken fronggifd faﬁaauaeé{a;e nm& 3 whilh oLtBlftQMg L\grms r.rfap;ré &8 bn a%mme%nt phdse The

output of mxer 9 is passfl tered by f -9 and then limted by
limter arﬂbiﬁed‘fe!etwetpeaﬁ\ °§‘Fém90| Pae pfthe optayss i feeéﬁéifsbnl@?e ctenetomﬁsirenwge eteaige. The
limted s S|gnals
that are eédlggtﬁé ff&ntgzsiécg% :h% gé& u{r@%%@g&?@h% %Ct% rgp ?e\%g L{R%%ﬁé%ﬁvwmot her

900. Oe obver hengaf pﬁ@tdsgrea Trecbutpgss ffiphase delértosc65cRbtacecinglpg B8 subaehuentie ot her
output is d t.o sec h r tectors are
used to un‘{fnﬁed i a"a'°?8 f?'ta?co\a'/“ée?'erﬁgé g"ﬁt&g orggg'gﬁ\ég'gna sé"]ge?sd tEi)'f%"%ﬁghet pucfrs of phase
detectors sﬁ&s;eq@ﬁtpaat&snag]al og and subsequently d| gitized in

anal og-to-digital converters 68 and 70. The digitized signals are fed to
controller 26 for subsequent processing. The unit of neasurenent "d8sm' is
used to quanti frye un@bfinRasupshentagisit i 0skd Ritdaritiy rdagctaGad@Blonindli8bhsed 3l it

measur enent call ed the decibel, abbreviated "dB." Decibels are used to

conpar & t VRHmeasyement ealled thederiogl. ahbreyjated 48" cReciagls 3o Re¢ 1o compagiwalevERf o i f a

person I s&md%rea&teapav@dueah §xaM$lEYf acpla«amsztemngttbgraamsea@aosetupmgémeqaa a radio
station, the power |evel would be very high. t he sane person were nmany

mles awayovfer efmradiecsstagiennibe pavedemgbvorid pyery hidhelf @P FW%OWHQ meyMdesei ved radio
waves woul aq/aygr?on{wggmleg na toﬁlgrctﬁéf'&r%ngm of ¥hQ ?ecényé(& R3a s%aé G Hrfen IOQQ'C' bel s

coul d be used to quanti Isratioo ower levels as a 15 single
nunber. Urtetadige of haimoraaskd aﬂame) rscibelddoaith baxrsed te iqwplify this retio ofpdoae feveld aslad ed by

anot her_ nupber, decjhel s ar ithm formo nent .. which is
A oh %0 PR mirpiet IR sgmriindreflets i Ao st n® Py HER G e Pseices i n
nunbers. Slediie® slbgatitielic REWEmebsiveirest, ViR ishighly u@ILEdincs theyaré Bse@® cbiifdges, a
| ogarithm c scale is used instead of a nore common |inear scale. The

di ff er ence®y Hrqe\ﬂkgerﬁmlp ntrnéq;@ §|nce radiated power levels can vary over such large ranges, a
logarithmic scale is used instead of a more common linear scale. The difference in two power levels

in decibels is calculated as follows:
20
dB=10 Iog (Px/Py) (1)

where Py is a first power level, and Pyis a second power level. When the two received radio signals
are compared using decibels, the reduction in the power of the signal that is received at the greater

25  distance is said to be a certain number of decibels lower than the power level at the closer location.

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

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

-10-



in decibels is calculated as follows: 20 dB= 10 log (Px/Py) (1) where Px
is afirst power level, and Py is a second power |evel. Wen the two
received radio signals are conpared using decibels, the reduction in the
power of the signal that is received at the greater 25 distance is said to
be a certain nunber of decibels |lower than the power |evel at the closer

| ocation. The "radar cross section", or RCS, is a neasure of the size of
an object. Wien radio waves are generated and then directed toward an

obj ect, sone portion of those transmtted waves pass throu%h t he object,

anot her poravgsghe gieater fseRedadgasress seshion ch¥ubietiefn NecthAbhas 3P gaYely "B 2% t hi r d

portion Ofcrd%Qsetcﬁ)ﬁl tﬂ%@eﬁﬁ@@eyﬁyﬁgetﬁ Rorhfd @ dn@Biedd Bathat HVRIIE rddae
transmtter. arger the portion of reflected -10 waves, the greater is

t he radar %qsesﬁs;t'@e&el repanityde of fhe pBpsted radaysrogtjeetiop ofaR gRiechdrpends PPk et el y | ar ge
radar crq ct&@cgn'd 3Rtk §paH19t{eﬁtth> 6 thedpRbtl ¥& leXanPRSIuBdosd PralllBfoh on e@NPar ed to

an obj ect has a sna cross section. The nmagnitude of the
measur e rsadeline (snoossg fsreblps abnea@ﬁar@vn Achip elith ld@éﬂ@l&‘ﬂ"ér‘@é@ gpaglife jstegsier
reflectivigt

Lal. orienta exanpl e,
suppose a ?éédeéﬁn% sfm'%'nve%sﬁ' ?41'8 Sind A6V & e%’l r?gcpls'g I“E%EE %ﬁéglmﬁ%{smat sea
near by. A shipibpasstie ackunta»atmame}auagtammﬂz bredterlnnenmh@ammmwpm@ﬂqcsoff@as| er to
detect than a sim'la Vess t a e the
radar waveg® FRM Stﬁ’i"t° %Sé"?“??*&& qﬂ%ﬁf{"ﬁoﬁ'%%aﬂp&dﬁmﬁéﬁjn@g §hc % dﬁ (gn r adar
station WidshavaifoBBé Rbariaieshas 4 hirgérlamr drd3e se2tiontiriat the &bhdasbip, voibde stn  t he smal | er
stern of the second ship. Thus the first ship, which is oriented "sideways"
t o t hel®di rRqseqtomsMader targello e r39fr WM r adar waves, has a | arger radar cross
section than the second ship, whose stern 10 presents a smaller target to

t he radar waves. \Wen the present invention is used to detect an object
| i ke a handgunWhete presepldnvemsian is yseipdatectap ehiqelfike e bRAAYYN tRGHSIFCURA STt e handgun

I's orient ee%su# DecBmiliSed W&\tth%ﬁ@@ﬂ; §ne§tef]ﬁ a3y & Ipbésénﬁragﬁétwélﬁgeér radgf 0SS section

to the detec or exa I's tucked behind a person's belt
buckl e so drdsasectldﬁ tctthedesﬁctde Fotfexadme gmmti\as isftiicked bebjnd rerson'hieeitpudkig so Hetesent s a

B o PR RT Riod PR SR o B B SRl L Lhe oun
holstered on the hip with the gun barrel pomtmg toward the ground and the grip pointing forward or
back. Figure 3 is a pictorial rendition of two persons carrying handguns. On the left side of the figure,
a person is shown with a gun held in place either in front or in back of a belt. On the right side of the
figure, another person is shown with a gun carried in a bag, pouch, or holster situated Qn the hip at the

20 person's side. Note that in order for the radar cross sections of the guns in both positions to be

similar, the figure must be turned, or facing a different direction, relative to the detector.

The radar cross section when compared to one (1) square meter is expressed in a decibel
unit of measurement, “dBsm”, as follows: .
25
RCS (in dBsm) = 10 log (AG) = 10log A+ 101log G (2)

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

expression assumes that the area is flat relative to the wavelength of operation, and that the area is
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back. Figure 3 is a pictorial rendition of two persons carryi ng handguns.
On the left side of the figure, a person is showmn with a gun held in place
either in front or in back of a belt. On the right side of the figure,

anot her person is shown with a gun carried in a bag, pouch, or hol ster
situated. on the hip at the 20 person's side. Note that in order for the
radar cross sections of the guns in both positions to be simlar, the
figure nmust be turned, or facing a different direction, relative to the
detector. The radar cross section when conpared to one &1 square neter is
expr essed YNy fupinaid by ragipiveves If e sida ff 2 FRYAE rea GES et NPT 6%: 25 RCS (in
dBsm) = 10hebsbs (@) sqmard ete@IFdNa urfibl WHRE is@at(rdative t0hRWavefdingtS oflopatids €a of the
target in square neters and Gis the gain of the target on reflection. This
expression assunes that the area is flat relative to the wavel ength of
operation, and that the area is glhspeformy illum nated by ragjo waves.
If the side of a square area is "a" in neters, then the area becones "a2"
in squate neters. For a surface which is flat relative to the wavel engt h of
operati on, : is equal to 0.3/f
moters and"Frme tpiden 0% bk o QMR HERHE BREL R 1 PO
(4rradfz/0.09) (4) 10 This expression indicates that if the size "a" of
the side is doubled, the ref tion i e 12 dBsm or i near
power units, the cross sectﬂgﬁﬁldgTB"Bﬁhﬁg 9?@&? er. If the frequ&kcy
doubles, the reflection becones 6 stn1greater or 4 times as great in
Ilnear(gomer units. Note t i ncreases as 20 %§g

Conpl i Yated edd®s 8‘P‘F§Sé°t"é"dﬁ?tés '\‘a(jlﬁt'}F é'EF Fr‘Pf @‘ﬁ?’%e Heipd B‘Fr‘eé}?f‘m“F‘fo fple, the
radar cr osg 486 b} iR fhe@fpoRer@nits XhedkrosP bedlid ik tihedJratek. Sif thd fleqenelBRMBlesShérCe t he
factor G or gain, increases 15 proportional to f2, an increase from1l to
10 GHz i ncFflegtombecomes 6,48pm greptey og4 g“‘ﬁlg greatin lipgar paseRite Ngl BRCSIBIBsHwever ,
typical weaRags a§ﬂﬂ§g%? @Jn%hc%{egEHgE bR bleYgnbredln Ns%@&ﬁptu%@'?%? x4 fpid, thet hE r adar

wavel ength, so ver ittle increase is actually realized
radar cross section of a 6” x 6” plate at 1 GHz is —11.3 dBsm. Since the factor G, or gam increases

15  proportional to 2, an increase from 1 to 10 GHz increases the vélue to 8.7 dBsm, a difference of 20
dB. However, typical weapons shapes are significantly non-planar relative to the radar wavelength, so

very little increase is actually realized.

The data in Table 1 is the radar cross section of a metal .357 caliber handgun illuminated by
20 electromagnetic radio waves in several frequency bands. These data were established to calibrate the
detector equipment and to provide reference measurements. The test configuration was: one port

RCS measurement, 16 averages, time domain gating, and reduced IF bandwidth.

JABLE 1
Frequency Band (MHz) Radar Cross Section
500-1000 -15 dBsm
1000-1750
2650-3000 -10 dBsm
2890-3250
9500-10660
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The data in Table 1 is the radar cross section of a netal .357 caliber
handgun il lum nated by 20 electromagnetic radio waves in several frequency
bands. These data were established to calibrate the detector equi pnent and
to provide reference neasurenents. The test configuration was: one port

RCS neasurenent, 16 averages, tinme domain gating, and reduced |IF bandw dth.
TABLE | Frequency Band (MHz) Radar Cross Section 500-1000 -15 dBsm

1000- 1750 2650-3000 -10 dBsm 2890-3250 9500- 10660 -12 Simlarly, Figure 4a
provi des data on the radar cross section (RCS) of a .357 caliber pistol for
transm tted radiation spanning the 2650 to 3000 MHz frequency range. The

curve shows t hastlmlifaﬁ}r Figlre &"H?ovﬂéé o%@toﬁ the 'rJ&artangs QE(B#Q@% & P9 Eéhl)é? |stol ani ng

that the | ongest di'nension of e gun extends 5 sideways in ane of
t he tr ansniransmeifedradition spenning the H%EO RCBO04/ i3 fc,esuemyomabmtcurvcﬂshdl@smt tooa -11 dBsm

over this ng%géa%@%J@a;gsde p'ég.tgwn%ar%pg e %ﬁ@&t@eﬁs.&°o¢xe Sl O the RCS

of a human w thout a "weapon, re uenc band as Figure 4a.
The avef agedqwax,‘.arthe:mams sf tmea@hsmdwmoes thaBCHenes frorr@bet?p estmooﬁ dBsm

appr oxi mat e} ng ayer ags n JQf -11 dB. 10

Fi gures 5 %vﬁﬁh'%ﬁeque"c’f fitias F'ﬁéﬁgbere At r?ts ?°d”? r%?h %‘# "P%u’ﬂlw'éh"Waﬁ/es of a
person in wdupor ie e sarcdvesizdty. bahd @Lﬁgereaa CTha aairys raematoss @&lon eadsa the bard

i ndi cates that when a pers s illumnated with radiation, about 63% of

the radio \i/a%‘éas@ﬁé?p@?’“ﬁ‘gte'ygf’? VOPEL M HHRICPPEAYE KT PBet ween 2.59 to 3.95
Giz. Figure 6 shows that about 32%is reflected back between 7.0 to 10. 66

GHz. 15 In general, the present invention preferably relies on the physical
phenonéhon of SEERE BNIGRIIViFle MERTHTEMENSS o fefkstanaf Yo WRyPBefiE PerePniimibe g¥nt beam

will be paénraan@érle{gureejéoﬁ\aa@&ph@&Kat@ﬁatma&ésq@t w&qla%argmt .hmated Jfe percentage
of energy converted to vertical polarization depends on the shape of the
object in natligtion, about 63% of the radio wave energy is reflected back from the body between 2.59 to 3.95

GHz. Figure 6 shows that about 32% is reflected back between 7.0 to 10.66 GHz.

15 In general, the present invention preferably relies on the physical phenomenon of reflection in
which a horizontally polarized incident beam will be partially reflected back as vertical polarization.
The percentage of energy converted to vertical polarization depends on the shape of the object in the
ptane normal to the direction of incidence. If the object has a cross sectional shape that has both
vertical and horizontal components, then a vertically polarized component will be realized even though

20 the object is irradiated by horizontally polarized waves. This vertically polarized component is referred
to herein as the “cross-pol”, while the horizontally polarized reflection is referred to as the “co-pol”.
These terms are reversed if the target and object are irradiated with a vertically polarized incident

beam.

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

30  incident vertical polarization. This is also true for the vast majority of zippers in clothing.
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pl ane normal to the direction of incidence. If the object has a cross
sectional shape that has both vertical and horizontal conponents, then a

vertically polarized conponent will be realized even though 20 t he object
is irradiated by horizontally pol arized waves. This vertically polarized
conmponent is referred to herein as the "cross-pol", while the horizontally
polarized reflection is referred to as the "co-pol". These terns are

reversed if the target and object are irradiated with a vertically
pol ari zed i ncident beam 25 As noted above, the difference in backscatter
between a . 357 hand gun and the human body is approximately -8 dB on the

average. |n arigJygsh h&lzotnﬁrdgﬁniamn% A RS bc;dl} @rBsstsQ&orprQ&m&slw gp;ﬂ&*m'namyus body

signal will increase onl dB over the case without a gun. G'ven that
t he human Qﬁ?dy\d\ﬂamavﬁft@a"v P@!afw Fdsepenrigatien reduce@ike gmountg Hq‘mvefhm ¢lotso

under st an om%tlo% O%We W‘Jstags rglgtlvglg {:Jnlstgrhll 'Fhlstn%a&etﬁa?f\g 1.4 I@g cQEan ngp nes in the

human body are vertica surprisingly then that the cross
secti orb i shebangpiveirdBf @rthéi@eragecﬁdmtredvmgtthe@aéct qﬂmeaanamtfnomrone boldy t ancgheal SO true

for the va t of ZI rs iin ent hori zont al
pol ari zat i ins:@g 'h&e tax’et S referab%smet{: |"3ﬁ1°?zé’5f °'a"zB‘S9" aB%ﬁ”é%?‘*"ﬁ%t ely 6

dB, and thsthmomnxsaﬁd\emédgolaﬂahml zed cross polarization reduces a like
anount. However, the cross polarization of a weapon stays relatively
constant. This neans that the 1.4 dB difference can now 5 becone 7.4 dB, on

the average, t higirebyepicRdighi Bebrdtibieor @ bleREéd eG'fbo&tMt Afareip%%én@ﬁvehﬁoam one body to
another. Thus, when the target is a hunan, preferable to transmt
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pol ari zat umamsxfnlcgw@cmzuyc&amzeé S JoltiBh & tHeseHRRS bR DborBeaPifil GileGfl enMbodi nent
of the present invention. 10 Persons entering a protected space, or "Safe

ZoneTM', deflectpd Hagintpwrsd theltrappmitterr WHgndhetigosmittenifininates p eerpan withdyi sgup.ilet ance
hor | zont alycuRBL Al effl orlbnfHidue e, TrBR3F0 LREL QNG A, ARPRL DO, whi | @

sonme are re ecte e transmtter ransmtter
i1l um nat e@nzantgl&ptsmned\merMeﬁected igrdintp thie ldetectdr (Wiee upper ve e labaled fa® aogtper graph in
Figure, 7 res

hori zolt al WH%% P%tgefh‘%giga"té%ﬂﬁ%a 2¥ez$y| ,@g@%@%@g}&g Fegec?’ E@held‘;[é”? g%fvg];ab%"fdﬁ%) upper
curve | abed tashimedopmaia Btér dgpRind SCraizitaisitete (a0 beskdbed vedwh.i cal | y pol ari zed ener gy
reflected back to the detector (the | ower curve |abeled "f3")
The lower graph shown in Figure 7 contains two curves produced when a person ié carrying a
handgun that is sensed by the detector in the time domain. As in the upper graph, the two curves
20  represent the energy level of horizonfally polarized radio waves reflected from the person (the upper
curve labeled “y") and the energy level of vertically polarized radio waves reflected back from the
person (the lower curve labeled “3") in the time domain. The gap between the maximum amplitude of
the curves, labeled “Delta B,” is usually somewhat narrower than the gap in the upper graph, labeled
“Delta A”. In general, when the person has a gun, or any other object that presents a substantial
25  reflective presence, the component of vertically polarized energy that is reflected back from the object

increases.

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

30 and the maximum values of the two curves are 29.6 dB apart. The incident polarization is horizontal
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in the time domain after applying a Chirp-Z transform (as descri bed bel ow)
The | ower graph shown in Figure 7 contains two curves produced when a
person is carrying a handgun that is sensed by the detector in the tine
domain. As in the upper graph, the two curves 20 represent the energy |evel
of horizontally polarized radi o waves reflected fromthe person (the upper
curve |l abeled "y") and the energy |evel of vertically polarized radi o waves
reflected back fromthe person (the |ower curve labeled "6") in the tine
dormai n. The gap between the maxi num anplitude of the curves, |abeled
"Delta B, 'and tsuajwmelvyp@ammmmhommaléﬂ/matetﬂlaﬁm’eﬂq@?ivga?iafizﬁio'! faevetipghe? gr aph,

| abel ed " ener al t t her

obj ect thafguﬁﬁggtgeesna epers B EANPS %\ﬁ%%n g?ﬁg&'g%\eeeg%?eggtg%@gmm%\éﬁ%%%onent of
verti cal | yhepwd @Neiedovecm&ﬂ@y!Bt|htﬁ:tatlﬂg$herp&f’séteebfedutback fromthe object
increases. Figures 8 and 9 are neasured tinme domain test equi pnent plots of
two pairs of waveforns generated during a handgun detection experinent. In
Fi gure s8, the palcitelrasse Me diRfehdsiifiginphtudts Betweed the Mrdtedelied pomndatmswasal ues of
the two curves are 29.6 dB apart. The incident polarization is horizontal
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carrying a handgun, and the di stance between the naxi mum val ues of the two
curves i s asedisiands i U reserBe of aysReoat Fuitjermpie. ipine saiosd. yiichs jRlan 2SR | e t he
decr ease 'cﬁar&d@?s: fffa%E Q&C‘igmhl{baﬁ’l@éc'ts cgﬁgébﬂ%mﬁcﬁonganﬁ%é ReRi ved

pol ari zations waS quite dramatic for thi's one test, in other cases it may
be qui toe snreduhdmgtehusnmeht Multip¥sefiectharn preferabinvinimizgd Wet‘}gn%@ rpder $Wedp e¥son.

Ther ef ore,_ _addi t| L. r t en maki ng
a deci si of a‘jsjfe "3t rPrgcm"r?cf;%' eag'éés%h?ed QJoveC S'Lée% cg%ﬁ'%é%%gfre&a%k%hgq?%gl wor | d,
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a Wi de ranggink inthariéABmbiiesher thSappRpritd tiegbraBRygied. Si nce a cancel | ation at
one frequency will not have the sane effect at another. Sweeping over a

wi de r¥nge of frequencies offers an additi onal advant age in that the wi der
the spectrum uggghel itehid\GhidniEGAUERRYusEORRE PreschiifiektiBh ik B rdialie i@t thd | on for

time and
peaks of the two return signals changes. When a person has a gun or a bomb, a good portion of the

vertically polarized signal, which is mostly created by the weapon, moves forward in time relative to the
horizontal return, which is mainly reflected from the body. Such a time shift is another parameter

20  which contributes to the probability of the detection of a weapon.

Furthermore, the shape of both of the polarized returns tends to spread out more when a
person is armed because part of the reflection comes from the weapon and part from the body.
Therefore, measuring the ratio of the peak value to the area under the curve for each return preferably

25  contributes to determining the probability of object detection.

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

30 significantly greater than the value that is normal for a very large person, then this alone would indicate
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anplitude in the tinme domain after the appropriate transformis applied. 15
Another criteria which is preferably used in the present invention is the
relative timng of the peaks of the two return signals changes. \Wen a
person has a gun or a bonmb, a good portion of the vertically polarized
signal, which is nostly created by the weapon, noves forward in tine
relative to the horizontal return, which is mainly reflected fromthe
body. Such a time shift is another parameter 20 which contributes to the
probability of the detection of a weapon. Furthernore, the shape of both of
the pol ar i #@Bnormalitywitksa pagicdlar indyiduah Pessilly BHeieating A concrpledobiect Bhis RaRNetesis 8F e d

because pagda Qdnitkitee With b et WwaMTRDohb MphidHg sMeeon and part fromthe
body. Therefore, neasuring the ratio of the peak value to the area under

the curve for each return preferably 25 contributes to determ ning the

Probabi |1ty of sRbireh IEhARL bl i-pahkics o HirBRARLHAR ERLLL de Of the

co-pol return (typi cal rizontal Iy polarize tends to be greater when
a person |$anear¢r@dofdt¢eedwdue§mt mmé*@@telsum'#whmhﬁmmemafpmmewﬁwt"hafsnot| n

sl aBle BrelBN s Wl U SACP ARG e RSB ARRlcd fc XALLAL 07 (1

the sizes Of i fleren return were Si gn| icantly
gr eat er t heiperédne furrddheiethéd u‘natmancm repmserﬁd irf tooer upaer\gelplysﬂoﬂl'l ng&gqxre?soqnm Figlren thi s

al one woul d indicate  -15 an abnornma i ndi vi dual ,

poasi bl'y 1 Rt of s e B e i s et Yo e i

si gni fi cangeyindlteitedediREsoatis biSo WEdThi3 Qatd WARHD al6pRTEkIS) Mdhs G sAp B@piledThe

pr esent invention is preferably inplenmented by solving an al gorithm which
uses a'G SRKEBTPeLAPerINS, é‘t”ﬁﬁhéﬂh?/'g;gﬂ@?"f?%?ﬁe’}“émté%'@?‘ﬂ’ IR Yhal s which are

reflected g BRGSO/ é/\’firpan%@an&g‘imple%ﬁﬁtﬁ%h Qﬂheqwﬁi@@kr@QetWQQQ&bleIh' s dat a,
which is preferably measured and conpiled using a number per sons,

f ur ni shes adgriing ta ftogneigpninei b)rm@gﬁtawcwwuﬂuh'é’eﬁrp'p%?bo?jﬁf&mﬂegma'ﬁ hatFi gure 7,
and in Fi g e.q 8y b?m?ﬁy%@:@@ﬁ Sk @ tsaRl AhEH WAkl Rs cﬁrgﬁ w896 an t N

signals which are cted fro persons who are yi ng conceal ed
weapons |3>eabr$mpllalmycby utiliimgonel eftagy nuwher@ﬁeanmgavwspn@fdeg abhgt limied 1 ed and
conpi | %d Iu5| ng a nunber. of persons, furnishes the information

repr esent eaurf PEWRE | ower graph shown in Figure 7, and in Figure 9. In an
advanced i npl ementati on of the invention, the detector is capabl e of

One of the most difficult issues in the gun detection scheme of the present invention is the
variance of the human body. All data shown to date used amplitude input only to convert from the
measured frequency domain to the displayed time domain plots. However, as discussed above this is

20 inadequate to provide a reliable indication of the presence'of a weapon or other object.

U.S. Patent Number 6,342,696, entitied “Object Detection System”, discloses novel methods
and apparatuses for detecting concealed weapons, including utilization of a time domain method in
which the amplitude difference between the co-polarized and cross-polarized returns from a target

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

30 generalization of the Z transform, which is a discrete form of the Laplace Transform.
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adapting to its environnent by progressively and continuously | earning
about the reflected signals that are produced by many persons entering the
"Saf e ZoneTM' who are not carrying weapons. This can be acconplished by
utilizing one of any nunber of |earning systens, including but not limted
to a 15 neural network. One of the nost difficult issues in the gun
detection schene of the present invention is the variance of the human
body. Al data shown to date used anplitude input only to convert fromthe
measured frequency domain to the displayed tinme domain plots. However, as
di scussed above this is 20 inadequate to provide a reliable indication of
the presence o th bj ect ent 6,342, 696,
entitled "Qbj exé"faa%@g? ? I O?]Of % rr"f‘i‘?(?w4 ?ssrg etc)tgdeé’mno el e s rﬁg@e i

appar at usesncéanard vdatoecsﬁmpmgammasalhedoumms refiecie ftachi avgneedled Wezmlam of a

ti me domain t ude dif he

o pol ar | RAORIRE I ELEIBEY G SR BRI G AR, e BeE used 1o
det er nisne fiofn a&or\&&ﬂéﬂ%aﬂoﬁ waﬂeﬁﬁﬁdaﬁstanADarﬁ:MglalélrélJﬁ%Iﬁﬂﬁh%m @ cérpraflyex Chirp-Z
Transform (CZT), which can accommbdate both a i tude and phase data by

i ncor por at SRS @ PUmAFPEIER INdei b?ﬂabset"ﬁé’f"fyrhénge?@ra%‘f“’r giectionsargy ef er abl y

enpl oyed tgenetatdalaDbfout BEptrS B dobyy ink eni&liond 6 @efetoChon- ?IQ&:a?ClthS cerfloiféithd S @
mat hemat i cal expression that is used to convert infornati on about frequency

to i nf or ¥aSfOBPFIABETE 2t Rt that ispelow fe giacaf the Pedynt hetReesent igtenion espfetidirai n t o
the time @Qd’gﬂé fiis cﬁgpa%te% by‘ télné‘s:;hgl p%&@ﬁ\%&tmg loqgtu%tnsﬁ tngregtlvtelp m&&&m whi ch

is a discrete formof the Laplace Transform Measuri ng the phase of
t he pollar isigests finanacgnceadd viearca ffom the wenaraitimsdistande yansegsidnals frear # umag bedy.

conoeal ed HERRR Jshe hRAAN uaIREAGel N Al FHAT BEnIBN By kg o0 from 2

conceal ed weap rized waves
behave qu |syserrchelﬁsit|etyem theyabilityraf tgenentah to defe@ coneédied mea;romss Tﬁusftmemma:elﬁm ceal ed

weapon, nat  consta at ve confi ned range. In

contrast, s?%étearfésﬁ’%'é'twthl‘fﬁ@gf'}e&fﬁ\ég EIWBPI *ﬁ%&’gf’ P'ﬂ/°bi t fom7ge39aL e "t he body
has depthgaﬁa:eabﬁaa@meﬁcteen&nafa@et@am%aummy. various depths in the body;
the reflections are therefore non-planar. The centroid of the transforned

returndis at a point that is bel ow the surface of the body. The present
invention preferably exploits this characteristic by using signal
processi ng nmethods to distinguish the relatively conpacted

A complex transform requires the knowledge of the relative phase shift of each frequency
component; thus, in order to use a CZT, both amplitude and phase information must be collected
- 20 during the measurement period. Therefore, a phase detector has been introduced into the

instrumentation; see Figure 2. The phase detector is actually built in two sections, each being fed with
identical signals that are offset 90° from each other. Such a quadrature detector is required to
eliminate the ambiguities in the phase detector as a single section unit repeats the values at different
quadrants of the circle. Since only one frequency exists at a given time, it was preferred to measure

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

30 However, a concern existed as to maintaining coherency at iF.
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10 signals froma conceal ed weapon fromthe generally tine/distance varying
signals froma human body. The result of using the non-planar data is a
reduction in the return fromthe hunman body, increasing systemsensitivity
and the ability of the invention to detect conceal ed weapons. Thus the CZT
hel ps to separate a first signal which is generated by radiation reflected
froman object froma second signal generated by radiation reflected from
a target such as a human body. 15 A conplex transformrequires the

know edge of the relative phase shift of each frequency conponent; thus,
in order to use a CZT, both anplitude and phase information nust be
collected 20 didhicBi@rdnblRalBeARAHiSEB PereRRBY b%plo%rb%%gﬁfbﬁal cfﬁn&h@ﬁr‘éw&e} ector
has been introduced into the instrunentation; see Figure 2. T hase

det ect or irsfergece@tthd sredsgif of the returyisnale Ehig 'amom@%t@ﬁpfb@iablgbvfse@jplw pdth thﬁr denti cal
signal s t etector is
required D %Bsnﬁ{aﬁ%fa%\aa&gmat%oang F%%Paﬁ\?rﬁ?o e@cg‘{a‘% t?e}fﬁ%%ﬁggcég %ang% (L)L%%gg a single
sect i oré urmibimizedieecduse thmzlavanlrmsmgame (dtufnflseahtymanosezqmdnmd: tbe dfseplemiyiafcl e.

Si | f ferred
reasur o 28" REph G PatespRuR Dt Er Pr AL PP e iR Refose

measur enendepargdé ﬁ\ﬁﬁ’r@dﬁlstyen&fntstohae @F &8l Sropsadolarity eﬁaufenedn aiegxata«b meth& tpr ef er abl y
performed at the IF s . As an alternative, hase neasurement can
be per f or &A1 PR é"'fei’%i‘g‘? ' MBI R NP prdisier %ﬁeaﬁ‘aﬁ* %’l ' ﬁBqﬁV"‘EﬁWe Brigr £ i cant

di ff er enceisci@Vesing ke IF refelefice aRPFMsiiti dstilaford. t and expensive to obtain accurate
nmeasurenents at RF. In either nethod, a phase discrimnator is used to
measur & t he phase of the returned S|gnal relative to the transmtted
signal . 30 HOW@X&Fahze@d@pQP&x%ﬂaﬁbﬁé &Bs@%tﬁm&@dé@x’d BhaL %E&%e@%]%ﬁd}% at I'F.
-17 Such coherency can be maintai ned preferably by enploying an additional
channel t dopramsiresented in Figifre e nidhis infgrmatiaeis proeassed essing Geimplek Bhip&tTansforsi. gnal .

This is a . I .ing both the transmt and | ocal
oscil | at O?@ng{o?n*gjr??%ﬁqtﬁgénmod\ég?%a ﬁ{ém%‘he phase detector reference. Noise
is 5 mnimzed because the delay in recei ving the return is only
nanosegonds due to the cl ose pr ﬁ)is- g of ke target. A single phase

det ecti'on channel is preferably tsed” AePis time multi pl exed to permt
separ at e pimase neasurenents of the co- and cross-polarity channels. An

alternative nethod to )
Amp = amplitude response of the bandpass filter in the frequency domain;

Ap= amplitude response of the cross-pole return in the frequency domain;

f= frequency in gigahertz;
20 t= time in nanoseconds; and
Pn=0(f) = phase response of the cross-pole return in the frequency domain.

The frequency band of interest is broken into segments or bins. The number of bins "N" can be any

practical value, from zero to a number approaching infinity.

25
The data acquired from the radar signal consists of the magnitude and phase of the reflected
signal at each frequency. In order to be useful, these values must be converted into values
representing magnitude vs time. The following are definitions of radar parameters:
30 N = number of frequency samples at which measurements are made;
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create a stable reference is to enploy a stable oscillator operating at the
| F and synthesize the local oscillator using the IF reference and transmt
oscillators. 10 Generalized depictions of sanple cross-pole anplitude and
phase responses froma human body are presented in Figure 10. This
information is processed using a Conplex Chirp-Z Transform The wavef orns
in Figure 10 can be defined as follows: 15 S(i - Argfl X A(Ce {z' rniam
where: Aggro = anplitude response of the bandpass filter in the frequency
domain; A(O = anplitude response of the cross-pole return in the frequency
domain; f = frequefsigpi=n gi grelotrequencyX@ps betweeh sAMPlesi aphnoseconds; and P(0 =

6(f) = phase response of the cross-pql e n in the frequency donain.
The frequency bandn"s Pt er etgtf"fﬁeguegggﬁag‘r‘nﬁfﬁ'tlé[oep)Segnents or bins. The nunber

of bins "N' can be any practical value, fromzero to a nunber approaching
infinity. 25 The data acgquired fromthe radar signal nsi sts of the

magni t ude and PREEFIPT MEHR of EPYSERP AEFMRIYTUP t%ﬁ“ﬁ%@ﬁ"*?@d’ﬁ%ﬂ@?/gvﬁr?? order to
be usefsl , pitch@smunerld@borUSHT). DA ISFTIRIdREN frétfuéhcy @bieSinto NAIRE €5Js] NG

magni tude vs tinme. The following are definitions of radar paranmeters: 30 N
nunber of The&guingdpe sampise e eveply fFrediiromdine O todime Al Sisravith@reciutiondfg £ step =
size of frggygpcy steps between sanples; and F_span = total frequency span
(N x F_step). The standard nethod of converting a frequency signal to tine
is through the use of an Inverse 5 Discrete Fourier Transform (IDFT). An

| DFT tran . gguency sanples into N tinme sanples. The resulting
time sanp?‘g‘quﬁéugf}r{een%]y spaced fromfime Q.40 tinme = 1/F step with a

resol ugg on of x(m)=Y X(k)e ¥
k=0

Where X(k) are the N frequency samples (complex) and x(n) are the N time samples.

For example, with N = 128 and F_step = 7.8125 MHz, the IDFT gives us 128 time samples each

15  spaced 1 nanosecond apart from time 0 to 128 ns. This method, however, proves to be inadequate
for two reasons. First, we are not interested in all of the time from 0 to 128 ns, but only on the very
small (~10 ns) time slice where the reflections from the target and object are present. Second, the 1
ns timé resolution is too coarse to make the precision time measurements which are preferable for the

present invention.

20
These two inadequacies are resolved by using the Chirp-Z Transform to convert from
frequency to time. The Chirp-Z operates on the same principle as the IDFT, but permits the ability to
zoom in on a region of interest. The forward (time to frequency) Chirp-Z Transform is given by:
N-1
25 X(k)=Y x(my4™w™

n=0

where A= A/
W = u,oej2z¢‘,
and k=01..,M-1
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1 /F_span. The OFT is defined as: Nt j2mk 10 x(n) X (k)e N k=0 Were
X(k) are the N frequency sanples (conplex) and x(n) are the N tinme sanpl es.
For exanple, with N = 128 and F_step = 7.8125 M1z, the OFT gives us 128

ti me sanples each 15 spaced 1 nanosecond apart fron1tine 0 to 128 ns. This
met hod, however, proves to be inadequate for two reasons. First, we are
not interested in all of the time fromO to 128 ns, but only on the very
small (-10 ns) tinme slice where the reflections fromthe target and object
are present. Second, the 1 ns time resolution is too coarse to nmake the
precision tinme nmeasurenents which are preferable for the present

invention. 20 hN@efmhdne osiLAkACdRS are resolved by using the Chirp-Z
Transformto convert from frequency to tinme. The Chirp-Z operates on the

sanme princi pl e ageteries P rirafatorpbihaCig-Ztresfosmi | ity to zoomin on a region

of interest. TbedeteQﬁIN@'irQ s&hhdﬁsn&&a@Eﬁ%&%%gwlgylﬁthaz Transformis given by:
N -i 25 X(k) _ n=0 where = 40ej 2 W= Wej2n0" and k =

0,1, wm@%ﬁwmmesastarfrect@mmpthe-ntﬁw| al radius; W determn nes
t he "sp| raI fa tiO%he n Q"C‘bemﬁf"ﬁg’mmﬂ ﬁest Er@,nsform 90 determ nes the starting
0

position as a fraction of nt erval ;
M is the number of output (frequency) values.

By using the above equations and choosing appropriate values for Ay, Wy, 80, ¢, N and M the interval
10 and resolution of our transform can be chosen. For the present invention, Ay 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
15 conjugate of the frequency data. For example, to calculate the values in time from 30 ns to 40 ns with
N =128 and M = 64 we would set:
6 = 30/128 (start time divided by total time) and

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

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

Apply a Hamming window to the values;

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

Conjugate the complex values;

25 Perform the Chirp-Z transform;

Conjugate the result; and

N oo s e N

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

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

30  Transform Algorithm and Its Applications”, L. Rabiner, et al, MIT Lincoln Laboratory, Bell System
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5 O determnes the step size as a fraction of a whole interval; Nis the
nunber of input (time) values; and Mis the nunber of output (frequency)
val ues. By using the above equations and choosi ng appropriate val ues for
A0, WO, 80, o, Nand Mthe interval 10 and resolution of our transform can
be chosen. For the present invention, AO and WO are preferably set to 1.
The above equations are for the forward (tinme to frequency) Chirp-Z
Transform The inverse Chirp-Z Transformis conputed by taking the conpl ex
conjugate of the transform of the.conplex 15 conjugate of the frequency

dat a. For JewashMay-Junedog9a1lsing the laverse&hired Transformmior TmeDemamAngigsisst to 40 ns with
N =128 a = - — { St I e 6.y by total
time) andn%gbézted(%g?rl 5%%%? ’S'i%n%@"e’gﬁdé@p’é‘gé”\%?% 'ééh'?'{a%‘%'éé el fiEha Y by
nunber of Arptopahtto tha@gmpgtelon oPUscieteef odrier Trapsfana’els SHuegtein (3T &E WBEE MNsaofigrtse m
preferably_ conpr] the follow ng.steps:. 1. ire t f requency

magni t ude %’r‘{‘?f‘g’%ﬁ'lgs%zegt\?gfolﬁ’gg?' Derf%%pﬁ?é} a'g&ﬁ%dr%ﬁ%dr%g&yﬁ" 'n‘se "\‘?vn?%orxt%’g val ues; 3.
Conver t5 t hodeasgigi Thedbetiretnof tHekarsferen@b is @8orpdidta He@ilby Rebntaragi nary val ues; 4.
Conj ugate the conplex values; 25 5. Performthe Chirp-Z transform 6.
Conjugate the result; and 7. Convert the result fromreal. and inmagi nary

val ues into magni tude values. The follow ng references provide further
details on the Chirp-Z transform "The Chirp-Z 30 Transform Al gorithm and
Its Applications”, L. Rabiner, et al, MT Lincoln Laboratory, Bell System
-20 Journal, May-June 1969; "Using the Inverse Chirp-Z Transformfor Tinme
Domai n Anal ysis of Sinul ated Radar Signals", Dean A. Frickey, |daho

Nat i onal Engi neering Laboratory; "Linear Filtering Approach to the

Comput ation of Discrete Fourier Transforni, L. Bluestein, GI&E, |EEE
Transacti ons
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on Audi o and El ectroacoustics, Decenber 1970; and Frederic deCoul on, Signal
Theory and 5 Processing. The entirety of these references is incorporated
herein by reference. -21 The main advantage of the Chirp-Z Transform over
the Fast Fourier Transformis that very accurate tine 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 5
gener at ed wi t hTtre maineadipotdge of fhe ghirpcAEanstorm dygr thaFaghijoeriet Transfofm igthat vely, or

ot herw se : e . e nef. i.bed bel ow
pr ef er abl fg‘%{a}ﬁnlﬁ? g@ﬁ %%C'ga\%ﬁl?'gﬁ\ﬁ% riegoﬁg%({'sc’f %gsr%f &g#&?hdes' E;g%lz\ﬁé\{'(dggﬁéﬁn%tﬁ‘ng
process. lonthesghiial postios & pegerteatitnivéthe vrossmaldeturn reitivertotbe frmivetiineviti ar get , whi ch
are of different polarities. . a, 10 eferred e di nent of the present

i nventi on r%sﬂ‘ﬂtf°8§fs'&3h‘a%!h'f’%hnﬁg's Py prﬁvgcés 'afgrglagcfneaéms)w?'eth?{ *or °§1Véas co-pol e and
t he ot lser gb@ratddahi€he Baly Pl hemarlis by objédd in@itaf, atotheiitkt @M A Surfacelte tHei I St
antenna transmts preferably horizontally paolarized waves and receives in
the same pOVariaPUEesWREAgecriveRelwRedit V#H%%*ﬁ‘?i%ﬁ“”’ﬂ%‘i”é’? BBIYMBATSP ecei ves in
the opposidaRingsbass. ty (cross-pol) and does not transmt. Normally such
radars use two receiver chahnels to keep the two received signals
separated. Alternatively the 15 present apparatus may nultiplex the signals
and use a m Cr QWRNAo SPhrhte the bvid riddal BLMASK& e BRBNGE W dirrdr&FFNis, £hannel to
each of the antennas, thereby saving the cost of a second receiver. This
savi ng¥ i preferred erebodimery pfahetresent in@ntian epiplpys@a atenpaithatihas duplfeedsdnefartigel | to an
ant enna degj r j Time

i 1 proxapy g R B oS RS Rk BT % e

i nput to tpleéerablybaéntady polatized @aea ety recaipastin thesafe dolipify (eaeh). Thr bepmianteriiae
transmtted, signal is preferah a. burst of ul ses s rated by a period,
Such as. aBsreed S erbelh B dhose Fefndetd rebiog BB FEE e &1 D e

f rom each rdabds 5& tivdretdiver GEMEIPtoRES HRMGS ra@REd dighald epakRd. angmatnéyxtpd ai ned

occasi onal strange readings. A group of pref era_blé/ 3 to 5 pulses is

adequ a1§e PEFENt ??Pgat%myin@gefﬂ?ﬂhg sigp s and use a microwave switch to alternately connect the

receiver channel to each of the antennas, thereby saving the cost of a second receiver. This savings is
quite substantial. This approach can be applied as well to an antenna design that uses a separate

feed for each polarity.

20 Time muitiplexing is preferably accompﬁéhed by adding a SP2T switch at the input to the
receiver where each input is fed by each antenna. The transmitted signal is preferably a burst of
pulses separated by a period, such as about 1 microsecond, as opposed to a single pulse. The
returns from each pulse in the group are averaged to negate any unexplained occasional strange
readings. A group of preferably 3 to 5 pulses is adequate for this application.

25 _

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

30  frequency, or if all the co-pol measurements are made first on one frequency sweep and then the
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Due to the speed of the neasurenents relative to the tine that it takes a
human body to nobve, the readings can be taken in a variety of sequences as
long as a set is conpleted in less than an arbitrary time of preferably
one mllisecond. This allows the systemto be designed in the npst
simplified form as it will not matter if the co- and cross- pol
measurenents are nmade at each 30 frequency, or if all the co-pol
nmeasurenents are nmade first on one frequency sweep and then the -22
cross-pol neasurenents on an alternate frequency sweep. The latter nethod
al | ows t hecrass-gol oleasaremp$ ara'ntayenwﬂtemmty@wml Bretlattetreetiod afpok the eetewm and t hen
e T oo P P BB Ko Ak PR AESE Sl g TAES B0 % e oo
then be usedure boti. enpaauvétymmhew:mfa smoaih@mdadfyompwnaxasmhal gan then ieHz woul d
all ow a neasurenent s a_reasona

Wei ght | ng FahA TSHen BIas B GPUERY o ERY SOt P 8o ARy S ST e dat o

col | ect®d. completadiifla fdanatictimet he di fference between the cross-polarity

magni tude at zero tine after being converted to the tinme domain and the
co-polarity signal magnitude at zero time after being converted to the tine

domai n 10 t her @ waigRtin@tuR&bn iP e @By Qplied & tRe ahlk gaés%f&kasgueeéd MabddRion t5OT
exanpl e, the values of both the magnitude phase of the co- and

cr oss- pol dhe diReraneshgmeen the BRASBRYEPAINITUARAt BiR ?wﬂasbem)copwefhtﬁﬁ’a e of et al
(or ot hergohafak hedoloEiGky & amgﬁme@t )ermeaaﬂm&ﬁgoc@nveﬁéfﬁﬂm& hRLghap | arger

person produces a return t I's about dB greater than a snaller person.
HowevefQ ahepearsdher\me‘teh Oﬁdabdnbarﬂdy’ Ogbvab@uE@e@"mgdhe valyeeeibeth the egotydiet han a

| ar ge person ddi t] luralit fregu e f
readi ng, | A P l??se‘if °Eo aPés)cééscs)' 'gaﬁ?“c‘&s B Vt“%l me&‘»‘b%a&m ¥‘°§"eec8ﬁ st°f|0msetag€ef erably

t aken, ancbtt&nraearmﬂaage mamenmy@fae:éahi yveﬁanbmgulaﬁgedpersoﬁ\prsm et @atis (N0 weapon
of any Kki nd%ﬁ sro uces a si icant variation_in the f E“ val ues (I arge

standard fEUtACP gRe RARP F'Bg'ér RSP STt A p%{s‘\ﬂé’é'b%??"t?r"@éf’@ %3 MEh ti ght er

pattern. Tdicuet REufRRan alddethefsbrd M £iditlon)@M@alidy oSRIGEMEY Veepd fd? BachRiz@ndl R thewhi | € t he
| atter typically shows a.spread of less than 3 dB. Thus this standard

devi at fon PYssArRpERFMately é?ﬂdn"hswwﬁ grefsralik 8RN 3nf g preTagts pretefedly %f’('ﬂ"“?‘e%ls si gns
p0| nts to R-sé?élmﬁ& (erweaQ'déﬁ Qf Q@l&r@?ﬁ'&&&e%’a s@hlﬁéatq"&gﬂtxon in the five values (large

standard deviation), while a person with a weapon creates a much tighter pattern. The former
condition can have a spread of 5 or more dB, while the latter typically shows a spread of less than 3
dB. Thus this standard deviation is valuable data.
20
The present invention preferably assigns points to a number of such parameters, although
other parameters may be used. The first preferred parameter is the magnitude of the co-polarity
return. This in itself is a poor discriminator but it serves as the reference for the other measurements.
Points are only assigned to this parameter when its value is extremely large indicating that there is a
25  gross abnormality associated with this subject. For example if the co-pol magnitude is greater than
-47 dBm, three points may be assigned, if it is greater than —50 dBm, two points may be assigned; and
if it is greater than —~55 dBm, one point may be assigned. The unit dBm is an absolute measure of the
power relative to one milliwatt. The second preferred parameter is the magnitude of the complex
cross-polarity return. For example, if the X-pol magnitude is greater than -60 dBm, 2 points may be

30 assigned, and if it is greater than -62 dBm, 1 point may be assigned. The third preferred parameter is
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ot her paraneters may be used. The first preferred paraneter is the

magni tude of the co-polarity return. This in itself is a poor
discrimnator but it serves as the reference for the other neasurenents.
Points are only assigned to this paraneter when its value is extrenely

| arge indicating that there is a 25 gross abnormality associated with this
subject. For exanple if the co-pol magnitude is greater than -47 dBm
three points may be assigned; if it is greater than -50 dBm two points nmay
be assigned; and if it is greater than -55 dBm one point nmay be assigned.
The unit dBATSsYting differBrce befvaen the axaanitedes pf thetre-polgritwacd camplea trpss@olerity retes.
mlliwatt C: r n oftecorrplex
cross- pol a'r:(;?‘:'lta %nﬁgt'ﬁtﬁﬁm@; %que%%qnﬁ% GQWE ol %y%gﬁssﬁﬁe% 'hbéj ers %'rgeater t han
-60 dBm 2thpwos ¢ft swomayts ey be3@sms<$awmhdtfamdcens‘!esstthan$0<@3remtpemtntdyaa -62 dBm 1
oi nt may SS The par a the resulting
8i ffer enceQ%Q?%z%q TR P g"ec}ptara te'ps %gc? W dieict °ss'%iﬂ1d68ﬁ‘f)ls'%'3?' tross

polarityg remtmnserred Emmwmmlssape ioffthetd?&s-ﬁtbl fvhafort) @@ giestel thssprebdin Bm&ofdB, f our
poi nt's m':lyh ﬁ assi Rned he difference is less than 8 dB, two points
may be assigigemsH 973 ‘hf ﬂ@atﬁﬁ"fefpé‘ibét?‘l'ﬁyéhﬁt e [efuns g esthof aperabiaaifien®t nt may be
assi gned. FEﬂHx‘.tofs(bHﬂﬁshulﬂécEfE&bé’neidg SRRSARL@Ed Vafte bR sd JaFiheRRIvith reké?etnmgn t he
cross-pol and co nals 5 Afifth preferred parameter is the shape of
the cross- ?56‘1'""90&98?’6‘%‘?‘ eHiaidyy eackisrelarahly assignedanumaeriof ReiBtSof  t he t r ansf or med
signal, the greater the probability that the returns are the result of
several significant reflectors on this subject. Depending on the neasured
val ue 8 these Thapinfeerend prafarmd pasimetespre erefergbly @mﬁdﬂ?dceﬂdlifyhed@al smerened

t hreshol dsthanea@t%ti:m’a\% o%a@i&@&@@é@‘mﬁ§ ﬁ\qesgtilclq{tl{gggc'iar 3&8&; rt'etr'sscm hd 1Q The points

for each preferred paranmeter are p era and 1 the total is
nore t hanweapongr chqrpiaqfcy if the totat abetmeneadw{eyhrel@bleanmmdpanmmmoldduaemho.led, it is

decl ared t S0 on,or e total is

bet ween a Jlgé%/\)e'g pr%ﬁ %ﬁqﬁya"d Qntvgh opaiay fie 8%’?{6']r7:?mé$§Etﬁfefe&?'y??‘?'aée.d, ret est)

i s pr ef er abét;nelpérmrstsad PfRehbly fwotsbcaesfsioé Bhutibr” reRfiSin b BeRiok RLa W&ApP&Yort hr eshol d,
{ef erabl y decl ared that the person is safe. Preferably two

succes PEEauti ons" results in a decision for a weapon or 15 object. A

running total of preferably three successive "snapshots” of the target is

preferably perforned. The snapshots are preferably taken in about 1/4

second i ncr emaﬁtr@nmq-tﬁ@gof preferally thyge successive “snapshots” of the target is preferably

performed. The snapshots are preferably taken in about 1/4 second increments. Thus, a set of
“snapshots” is preferably completed in less than 3 seconds and is taken in slightly different positions
20  as the person moves through the range gate. This is much more meaningful as a weapon may be
missed in one position and detected in the others. Alternatively, the target may optionally be asked to
rotate a certain amount, for example 120 degrees, with readings taken at each positidn. Or, more
than one apparatus may be placed in different pos;itions and preferably illuminate the target
simultaneously from different orientations. If any one of the three snapshots determines that theré isa
25  weapon, then preferably the declaration is that there is a weapon. It has however, been found that if
the three successive snapshot points are totaled, there is a significant increase in the accuracy of the
declaration. Optionally the declaration of a weapon may be determined according to the criteria that

each of the snapshots has a minimum number of points for three successive snapshots.
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"snapshots" is preferably conpleted in less than 3 seconds and is taken in
slightly different positions 20 as the person noves through the range gate.
This is nmuch nore nmeani ngful as a weapon nay be mssed in one position and
detected in the others. Alternatively, the target may optionally be asked
to rotate a certain amount, for exanple 120 degrees, with readi ngs taken
at each position. O, nore than one apparatus nmay be placed in different
positions and preferably illum nate the target sinultaneously from
different orientations. If ané?one of the three anﬁshot det ermi nes t hat

there is a 25 WSEPVAProfssRiesyPETaTaapt (rementaiar PrAPate yRcoPUP RSP™ R e is a

weapon. | toohid SssRRRY &ich pdRfRier SatHar vdriBith wittf valubd\@ thbde raRmEteE GRShvely Snapshot
points are totaled, there is a significant increase in the accuracy of the

decl ar at | GESIINERASiaGerHt Pfubjasive HepanARSNoN® nThe fexhsteRinBIRvVINGERIRACEHRR r ni ned
accor di Ng pfehol &%e:w.rﬁnsme@e.gma of m%%s,lama& vhib& X ki B ePtsNB use dHiaRikGHM nunber

of points for three successive snapshots. 4 The above process describes a
manual 5 nyritedigense onaipatterotcognitsn technjae. Preterg i prtificiahregplenmceskiie Theelepa"s assi gned

to each pafapst G, 8?&%&@54:.{ ed@a&&?‘kéﬁ@an}% Wark}{é%hﬂ*‘ Brvl put HoSRIPAAMEL Er' S are

manual 'y "assigned as a result o ect1ve human ‘deci Sions. The next step
i n achi evisnftyvaee camecapplied Litha pregranyisitrhioet mfentemn the nﬁmblwghetdqeecv\aeisvgdnttheng of the

par anmeter val u int a nts) | ific ntelligence
or a patt @F°H'EP§'E385‘%?€ ke a§a E?%ﬂ@mzsﬁbee E'ma' WF'§ i ‘ffe?é‘ araTeteﬁéourP%’f mlnet
pr ocessi NGccue vmmeseatsamplélmgdts:(m extaunble zsemesaiatmroen mtoo% lcertbct! Pod t er n

Recogni tion Wor kbe &PR\Ig ‘%‘IR tware_can be

appl i e¥f. ?H'B“'ﬁrcﬁ'ﬁ?%ﬁdg i e 'T)Sr/‘eé pé'f’fthﬁwi" ﬂ%'h?:lﬁ"f”é' pﬁ‘?‘:ﬁ?m? ‘h&"®corr ect
answer ; t RernaPéoRgliteMeh BRat \rad “HaLEST b 6l @hdir @ddioieh 8y Hewesa t he opti mal
wei ghtl ng of each paranmeter to maxi m ze accuracy. Wth a snmall sanple of

targets (fewumaRtahplhen appligsiiee) thayesplis e %""Wﬁ"%'@vim%@&erpé%'tcm”he 10

out put i s ,COMBIGRT abGR 8% fehh&,hadua%y $4184e8 Weibtfing B et ARIAWE R for B &kincw | | do the
actual processing. The internal conputer then operates in a "hands off’

nmode t o r dntelligencesetscied weiahtingn Thinig berayge thetneural aetwatiigares vddn themp isign aippsifered her e,
the results a

about - Boseerespier BR HEHRLRRr AP L Ed BRRAB kP RaTPUE| Rl 86 O e

artificialpattekmit el | i gence sel ected weighting. This is because t he neural
network | earns when there is an error; for 15 exanple, when nore people of
varyi ng sizes and shapes are tested and sone do not fit the existing

As the research progresses additional criteria are developed and refined. It is a goal of this

development to have an entry guarded by such a system using multiple (e.g., 3) antennas. Sucha

20  system allows a subject to be examined from various viewpoints at the same time, or at least within
microseconds of each other. The availability of data from multiple viewpoints can then offer additional
parameters to increase the robustness of the decision. This could include a polling to improve the
accuracy of the co-pol reference to measuring small time differences between reflections as further
indicator that there are concealed objects of significant size against a body.

25

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

presented in Figure 11.

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

30 detecting concealed weapons, the present invention may be employed to detect and/or locate any
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pattern. As the research progresses additional criteria are devel oped and
refined. It is a goal of this developnent to have an entry guarded by such
a systemusing multiple (e.g., 3) antennas. Such a 20 systemallows a

subj ect to be exam ned fromvarious viewpoints at the sane tinme, or at

| east within mcroseconds of each other. The availability of data from

mul tiple viewoints can then offer additional paraneters to increase the
robust ness of the decision. This could include a polling to inprove the
accuracy of the co-pol reference to neasuring snmall tine differences

bet ween r ednhbecdfiolgjerss, iaduding bit ne timited misarwﬂmhanehwpfclnﬂné$ee>f newesyntegnl ed obj ects
of significant siz a ai nst._a bod oper ati on of
a preferré‘ga R RBRTSe 87 IS &0 " ﬁaﬁgéhﬁﬁﬁgggtgmdﬁ%g@ééﬁ%%yi n Figure 11.
Al t hough aptipcmf&ndcaﬁoraadjmdammama‘dobmtuorwm rooexahagorbe:emprdescri bed in the
context of 30 detecti ng conceal ed weapo gh ri? ml ny ni.on, may be
enpl oyed PYCRYE EROF OPERIRY BSOS IRERRI SAPMENY enSiJ m Y3 8p S PR idi ng but
not |i @it gehuhiesivdiagbdiidelive. DoR@BRlfIBERBALIE 5 Mater oﬂdateaqmgsmmebahags att ached
to nerchandi se as an inventory control and anti-shopliftin tem The

i nvent i onfeRY§NCiEdHeYidyiek MAYImyR | %?S'P’be‘rtﬁet‘ﬁ’&c‘i'%‘EUSS"%{PFnaﬁFBﬁW@a %%‘g?'er&ont rol
system f Qka. X3RNk &rtifikEnet@IAAL 1 Si Ng automatic door opening, closing, or

| ocki ng equi pnent. The system may al so be enpl oyed as a bonb 5 or expl osive
detection device. Detection of other objects is a matter of determ ning
whi ch bangyghp g4 €quenci es woul d yi el d maxi numinformation for the object
in questi mn‘&ﬁthen accunul ate sufficient data to train the artificial
neur al1onet . EXrakdetsiwhith ddde fEstchgtdsteotfhm iotiudese vasiely efreardns, includingtaedelbar i ncl ude a
variety of a i nc [

seni aut onﬁ‘fi:,\‘e 'gmé‘t msem‘a&ﬁng}gagt%(aanl ? a@‘sa}p F" > an&’é ‘?aha\'/grte?rg@t gﬁ%(bot% g%nr ori st
style bonhsnudmgmﬁblsudhfpgsnrrghasesﬂmm|smgshgt uamdsshra:selshrrapmde sumsllatongs hot balls
as shrapnel and expl osi ve sinu rapne Table 2

di spl ays S¥H{t ﬁ'thf"éélf'a'iﬂﬁft 5”?%@‘&?'&%@“&'%‘@“ it @%ngﬁh dFte '°" SPvaEy©

weapons in accordance with the present invention using the 9.5 to 10.7 GHz frequency band and

15  illuminated with horizontal polarization. Data were taken for front views only. This data was taken
using 12 different people whose size and weight spanned from about 100 pounds to 220 pounds and
heights from about 5'0" to 6'2". As shown, the system was correct for 115 out of 116 safe cases
thereby yielding only one false pasitive and zero false negatives out of 283 weapon cases. (NA means

not applicable.)

20
TABLE 2
Number % False False
Case of Tests | Correct | Correct | Negatives | Positives | Cautions
.22 Pistol 60 60 100% 0 NA 0
Balls 59 59 100% 0 NA 0
Glock 57 57 100% 0 NA 0
Nails 62 62 100% 0 NA 0
Uzi 45 45 100% 0 NA 0
No Weapon 116 115 99% NA 1 0
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weapons in accordance with the present invention using the 9.5 to 10.7 G+&
frequency band and 15 illum nated wth horizontal polarization. Data were
taken for front views only. This data was taken wusing 12 different people
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.) 20
TABLE 2 Nunber % Fal se Fal se Case of Tests Correct Correct Negatives
Positives Cautions .22 Pistol 60 60 100% 0 NA O Balls 59 59 100% 0 NA O
d ock 57 57 1009 i | S 9 0% 0 NA O No
Wa on 116 115&@&hmﬁp%s%\m\%@n% tb%(%’udgge%qﬁiqn Mrégg'éhr#é:e?fégn‘%lﬁg#ohas been
descr i bed preferrdéand iafternatitelemberireants ot the 'rt“@ntiyamﬁemmbactlmerwcetﬁ aheedhesadeal t er nati ve

erbod! M2t SuPlpehBf doltl b bidRary Sififihe FTDIEUHTRDhinfoR PerBRObRYBrebitE ae T
result. PErsons pospseSS| g or i nary s t

i nvent ison vpens medifsations| and etpprcemrﬁstr@ybhaadefthmr departing frord the iskindt eindoxqere afi d

e han C e il naP Byl 05 ol BRUHoaHERAL bR dLRM LR il bhdoueBhogC OPE O

the clains t i ons an I cations o e present
i nvention slﬂleldin tIBrt@bd/'llsimtendec tdt dowes @il sushinddificationsand dyaivaignts. almnrctit is intended

to cover %l r!‘xpo%é‘ln hat ave Lé closgé abaerdareq gAda&ﬂa %? caé ﬁgtlg?e? Et{ ﬁtg)%rtucul af Onmpone nts

t hat have ‘been ose ove are |n ca reader about
parti cul arprefepredaéreraltaadmwdxbainheetsmv hre @otdntdndedii torendtsin tratinditsaof ®e ingentidniot ended t o

At houh EHaspe el Fa AbSen fFTe AavE s R sEr BEITRIDP Cui o
emphasis on specific hardware configurations or frequency bands, the present mventlon may be
implemented using a variety of circuit components or frequency ranges. Although specific signal
processing methods and apparatus have been described with particular emphasis on Chirp-Z
Transforms, the alternative embodiments of the present invention may also be implemented using a

15  variety of other mathematical methods. The entire disclosures of all patents and publications cited

above are hereby incorporated by reference.
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enphasi s on specific hardware configurations or frequency bands, the
present invention nmay be inplenented using a variety of circuit conponents
or frequency ranges. Although specific signal processing nethods and
apparatus have been described with particul ar enphasis on Chirp-Z
Transforns, the alternative enbodiggﬂh§ of the present invention may al so
be inplenmented using a 15 variety o% other mat hematical nethods. The entire
disclo§MR%%58imgék patents and publications cited above are hereby

i ncorporated by reference. -27 CLAIMS VWhat is clainmed is 1. A nmethod of
determ ning a presence of an object associated with a target, the nethod

conpri si ng t hea slefidg oP bictelninibTh RALEAE & ahalh iaé%éi&e@%%it;r?&, thk! QAL I Ng
radi ation; .c_ol}gectl ng. a first radiation reflected fromthe target which has
a sane POPEFTLHRESER® ®as the illunination radiation; collecting a second
radi ation refl ect ediidmimeing hérgemije polavized Hubhmstirgnadatposi t e  pol ari zati on

fromthe illum natingkadh At Qﬂséti&ggmg{ce@'f%w g @éﬁ@%%m& BhHE Bél%r%étkﬁ)

criteria of the first radiation an second ation conver
time dosghillyyingtiopradialon: Tr ansf or m process to deternine the presence of
the obj ect, the cridogdctity aeeesrideddiblichmetidtteddfrért Ahe Giiget Sthich thaefanaodpositet

magni t of.. first .radiati . zero tinme after conversion to the tine
domai nup%f?nt?%%lgﬁ%ﬁrinrﬂé)e-'@qéag'ﬁé?ag‘ra%gnpr%(ﬁ)%e_ss, a second magnitude of the second
radi ati on at zero tdmpioymptaweigoiad etuslitynoft esiterip eof tthenfirsdwdiation &yd thReseGridr p- Z

Tr ansf gadntRheeRRRed &WltiRe dbrhiif be B Chirp2t Meeforih fodktd BldetRank ttﬂé@kgest%HQe bh fh
e et ween e

second ni tude; and enpl oyi a tinme of arrjval differenc t v

ot rEnraet R e snsS Bl cBne e edTBintio st a4t drenttica St Fadry Baren 8l af m
1, wherzeimtilnbeaflenpbosgisitg Bt the tinmeTppingiesbye el OirpRg Taansfoarg nprocede s meead of
one or f ! radi at Lan: I akl.0r Lal ity
O N s e e e S T ot
conpri sTé@s&ﬁ'ﬁl%"}ﬁe?@ and a difference between the first magnitude and the second magnifude; and

employing a time of arrival difference between the first radiation and the second radiation.

2. A method as recited in claim 1, wherein the employing step comprises employing a

magnitude spread of one or both of the first radiation and the second radiation at a plurality of times.
3. A method as recited in claim 1, wherein the employing step comprises employing a
measurement of the shape of a curve of one or both of the first radiation and the second radiation in

the time domain or frequency domain.

4. A method as recited in claim 3, wherein the measurement comprises a ratio of a peak

value of the curve to a total area under the curve.

5. A method as recited in claim 1 wherein the method is repeated a plurality of times, and
further comprising the step of combining results of each performance of the method.

6. A method as recited in claim 1, further comprising the step of training a neural network on
calibration data.

7. A method as recited in claim 6 wherein the employing step further comprises the step of

using the neural network to autonomously determine presence of the object.
8. A method as recited in claim 1, in which the target comprises a person.

9. A method as recited in claim 1, in which the object comprises a concealed weapon.
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measur enent of the shape of a curve of one or both of the first radiation
and the second radiation in the tine donmain or frequency domain. 4. A

nmet hod as recited in claim3, wherein the neasurenent conprises a ratio of
a peak value of the curve to a total area under the curve. 5. A nethod as
recited in claiml wherein the nethod is repeated a plurality of times, and
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weapon is selected fromthe group consisting of a knife, firearm gun,
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12. An apparatus as recited in claim 11, wherein said processor employs a magnitude spread

of one or both of said first radiation and said second radiation at a plurality of times.

13. An apparatus as recited in claim 11 wherein said processor employs a shape of a curve
of one or both of said first radiation and said second radiation in the time domain or frequency

domain.

14. An apparatus as recited in claim 11, wherein said processor employs a variation in time of
one or both of the first radiation and the second radiation.

15. An apparatus as recited in claim 11, wherein a single dual-polarized antenna comprises

said first receive antenna and said second receive antenna.

16. An apparatus as recited in claim 11, wherein said processor combines results from a
plurality of applications of the illuminating radiation to the target.

17. An apparatus as recited in claim 11, in which the target is a person.
18. An apparatus as recited in claim 11, in which the object is a concealed weapon.
19. An apparatus as recited in claim 18, in which the concealed weapon is selected from the

group consisting of a knife, firearm, gun, bomb, explosive device, and suicide vest.
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Transform process, and a difference between said first magnitude and said
second magni tude; and said processor enploys a tine of arrival difference
between said first radiation and said second radiation. 12. An apparatus
as recited in claim1ll, wherein said processor enploys a nmagnitude spread
of one or both of said first radiation and said second radiation at a
pIurallty of t e aid
br ocessorZanpl Jéﬁ'?&para’t% as'?an?;E’WJ a‘%‘ﬁ mé?(nogde& ;grgc s ?r%h@o%%ﬁ dYé’%\?ur%@toFk 8

radi at |%ﬂfpﬂéﬁﬂéﬁ"sdﬁféc%@ﬁﬁ%fnﬁ%@fﬂ%ﬂ‘?tdﬁ?t| n the time domain or frequency
dormain. 14. An apparatus as recited in cIa|n111 mhereln sai d processor
enpl oys variation j di,ation and t he
second r&di at i’8IfPPIE “Sﬂﬁre?ﬁ%’nfjﬁ? L2, ”5“‘?%%?? %Brof%ssﬁr aﬁfﬂqsﬂva?ﬁ{%F e?‘n a single
dual - poiaar Gritesid amd tdetermainesotinproresesce afdhel ofjest dasedeared vembination vl valves of siad
second Jigrfigi ve antenna. 16. An apparatus as recited in claim1l, wherein
sai d processor conbines results froma plurality of applications of the
illumnating radiation to the target. 17. An apparatus as recited in claim
11, in which the target is a person. 18. An apparatus as recited in claim
11, in which the object is a conceal ed weapon. 19. An apparatus as recited
in claim18, in which the conceal ed weapon is selected fromthe group
consisting of a knife, firearm gun, bonb, explosive device, and suicide
vest. -29 20. An apparatus as recited in claim1ll wherein, said processor
enpl oys a neural network to automatically detect the presence of the
object. 21. An apparatus as recited in claim20 wherein said processor
assigns a value to each of said criteria and determ nes the presence of

t he object based on a conbination of values of said criteria. -30
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