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DETECTI ON OF A CONCEALED OBJECT CROSS- REFERENCE TO
RELATED APPLI CATI ONS The present application is a

wa@oovsiopuaad i on-in-part of U S. Patent ApplicatiPOT/NS2004/034889

10/ 607,552 filed 26 June 2003 and is a
continuation-in-part of U S. Patent Application No.
10/ 301,552 filed 21 Novenber 2002, (now U. S. Patent

Aol i cat i on RETESGHON 0y5A CONCEALERIDBIE G0: (o
U S. Patent No. 6,507,309). The present application
clains priority to U S. Patent Application Nos.

10/ 697, 965 and 10/697, 848 both filed 30 Cctober 2003.
The aboERDS$-REFERBENCERQ REIA PEDAPPEACATIONSoNs

are each hereby incorporated by reference inits

ent i r ghy prebAERMIENGN R AAThSnlit dh-inpeensfi 108, Pasnt Pgghdication
wi th Governnent support under Contract  Nunber

Do AX687:658 DletlPb0 uanaPPetnddy 2 cARNYa8on-spait PirEnt Pajent
AP on N LSRN ORI e g Rt D02 @Bhty Ik o
6L7§)Gt9l6¢}mgimﬁﬁsf. @cc:smﬁxiuatﬁdrmsft B.Sa?mbnﬂg@kppfmgﬁcfthb Je(iﬂlﬁ&ﬂit()r;ﬂﬁétsﬁled
an nor e articul ar , u n C sl ve , relate 0
deddueh ﬁ%&c@ﬁl’f’e%ise Ba%’ﬂa‘j Ig%t(’sﬁq(,}aﬁq%ﬁehﬁ% Qreée‘% @P%llfﬁ“?}hglé?ns
gheﬁ{y B9, STthgQ@%Eﬁ‘}ﬁdaﬁGn Rios V@AAS65 £1AN0/@HRAG bodTled 30

ther concea ects 1s of significant interest at
Sktabei 2§03 HBwkaboeirslicatal patentd arkdepatat epelptiozsotic each

tilizes a etqoneter. to detect certain netallic

Ik Xﬂ??%ﬁ%g‘?{;%ﬁ%?fgfliﬁmtlﬁie&ﬁ%eg’br oach does not detect
nost organi ¢ polymer and conposite nmaterials that may
be used to fabricate firearns, explosives, and other

itens that may poscGQVIRNMENT ®RIGHEATS | n anot her
approach,. I i ?Qé ' it hj eleg b
oD0 3 AL A RS o
G ACD6RERTOD§ 3 riwarbiedibiethe 1y.S cDepdrinngnt ofBuerger Thde hi s
approach typically faces |[imtations regarding
iGrvermmsghhissrtandashtaidhe iveRife resol uti on that has
made it undesirable for sonme applications - such as
certain mass transit security checkpoints. Mreover, 2
because these systens BACKGROUNDdet ail ed i mages of

body p[%[atpﬁesterrl]t%}weanrti%n %lgtleg taor elzll:c){romagnetic radiation scanning/imaging
techniques, and more particularly, but not exclusively, relates to detecting
concealed objects carried by a person under clothing.

The detection of weapons, contraband, and other concealed objects is of
significant interest at security checkpoints and the like. One approach utilizes a
magnetometer to detect certain metallic objects. Unfortunately, this approach does
not detect most organic polymer and composite materials that may be used to
fabricate firearms, explosives, and other items that may pose a security threat.

In another approach, electromagnetic radiation within a selected
wavelength range can be applied to provide images that can reveal objects hidden
by clothing. However, this approach typically faces limitations regarding
interrogation speed and/or image resolution that has made it undesirable for some

applications — such as certain mass transit security checkpoints. Moreover,



i ntended to be hidden by clothing, utilization of a

human i nspector can be enbarrassing to the person
wheisgsiinespect ed, and nay pose a concern that PCT/USZNY4/034889

rights are being violated. Thus, there is an ongoi ng

demand for further contributpﬁgs in this area of

t echnol ogy. SUMMARY One enbodi‘hent of the present

invention is a unique technigue to gféﬁé§ objects
dpasansedhessFYHEME §a1 REQViffeietpticy daagsy Pt thalease ordinarily

"%é;aagf fong&@ﬁaégﬁ?ye @E)Hﬁ%é QtiflS tﬁ)ﬁ'ﬁfﬁ%ug{an%s?‘é&ﬁpgﬁq' i

concea ‘f'urther enbo

pdeﬁBz&rHssmg V@thtalparsomﬂaemgtles;jenﬂeqmdtmat posa@lcodesn that privacy
detectl ret.ur ned Iec rona netic r dlatlon i ng
ofight) Ffe Flag ¥iP Uést 2 1%1 fy@%

I\@(g]?ﬁ)@- [t art® ofREMTo1dgyTer ahertz (THz) froma
surface eneat clgthlnd)o a person, establishing

data fromthe returned el ectromagnetic radiation
corresponding to intensity and depth al ong the
surface, and adaptively processing the data to
determine if a suspicious object is being carried by

t he person. Another enbodi nent of the present
invention is directed to a technique that includes:
irradiating an interrogation region including a person
carrying a conceal ed object, detecting el ectromagnetic
radi ation returned fromthe region in response to the
irradi ati on, establishing data representative of a map
of intensity of the el ectromagnetic radiation returned
fromthe interrogation region and a map of depth al ong
the interrogation region, and inputting the data into
a neural network to detect the conceal ed object based
on the maps of intensity and depth. Still another
enbodi ment of the present invention includes a
technique to detect el ectromagnetic radiation returned
froma subject, where the el ectromagnetic radiation

i ncl udes one or nore frequencies in a range of about
200 MHz to about 1 THz. Data is established that
corresponds to intensity of electromagnetic radiation
returned fromthe subject and depth difference al ong
one or nore surfaces of the subject. Adaptive
processing is perforned with the data to determine if
a man- made obj ect suspected to be at |east one of
contraband or a potential security threat is present
as a function of the intensity and the depth
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difference. In one form the subject undergoing
interrogation is a person and the technique is

w@eooSosimed t 0 detect suspicious objects that mPghUSine4/034889

conceal ed beneath clothing of the person. The adaptive
processi ng can be perforned \yth a neural network that
eval uates each of several Fti pi xel irmage portions.
For each of a first set of inputs to the neural
network, image pixel int 5?@@@4 recei ved in

corre o [

one o?(?l?%ggg cﬁm&% (;fqg gﬁ@&ﬁ:‘l &?géﬁgagﬁ‘l@% tgccﬁglz tX ﬁete%t

@bjdctp Wihet éinlbdit&mﬁﬂﬂs figdludeainiquieksysiang euvices) rhétaodsn asd
pi xel input is received in correspondence to the imge
[FPRERYS o Aeteraing dspRYUEIN S COREERE thebIPffage portions. A

furthef qghe @g@ﬁ&&%&ft of i és%ﬁﬁﬂt«eﬂt%}{%‘ﬁ ke%Hm'qE& RS Iudes:

an array oper | nte rogate a person Wt
eletting ragmed elzcranizgidtio ﬁfa(hhtl(m’llﬁivm'g oreroz more dregquaicis in a

|n a r%nggt of a?o%t@ﬁ%(e}rﬂ%\/l—lztgto a?t q%g;?ﬁﬁg)ng@%‘t%sme

eﬂ'efl @fbﬁuﬁ E@I%Oltl Qesfi\%flékﬁﬁg 8at? $dhPhe rx‘&hﬁ{éﬂ klectromagnetic
[ nc | ng a t set of Inputs and a second set of

|raqhallsn cdﬁmpbmchsg tesiatensity ampdapsh rloog theewrfdes, and adaptively
t. |
st hens dialeilaRe g LRSS AT hERREERE) b s

QYerdoe person undergoing interrogation. The second set

of inputs receives other data corresponding to a map
of su rAm@berc@delmmﬁ@f e prasent etv\mtncw isvliteetad £osa fephngee that

lchP ghlgglég af? Hﬁ?&?‘éﬁa? 9{:% curi g(’]dﬂ.{ghe1 é&? are bgl ng

beﬁ@&a@éd&&n&}t ddﬁ@tmgre%ﬁonﬁgﬁietmrra&md@sreﬂﬁﬂecbfroﬂitth@reglon in
correspondi ng Qutputs. This evaluation_ is perfornmed as
oTneREA 100he aractlﬁémwﬁfﬁal&shm&d@%ﬁ@?gﬁseﬂ@w& afapp rintensity of

qﬁ@&ﬁctréhia%rlet@ Adﬁﬁ&?&gﬁ&ﬁf&bﬂ%ﬂé m‘té}fdnt%lzlﬁ&% i M GEnap of

carryi ng I C executa one or re processors 0
ai@@tlyzzlenglﬂieantten‘ogﬂknmgiiongartddnpmttihgﬁ@eiata‘ ingp prewsdmetwork to

optai ned from el ect ic radiation in ng one
{50 PPETHRHRIIER bArPaP ﬁ&@PBPlL By 306042

about il HRothEPéSbOBRERNT GRKE ?&@érﬁ ifvefB6n Ricludes a technlque to

el ectromagnetic radiation intensity and a map of depth

otbt@t pleptaoimagictic irsdation rehungsbiremrs, sulpjeet, mbgrecthe s
eeci@%al%g%tgc fa?heagﬁtg %60 uc[l,f%l d ae tg'ﬁjv eog%) frgcgl*e%&ex\'{nt :prathlgg oid.'fbtoﬁt 200

e a Sus

rramzrte aB6@ 10EHRIDGAITS eﬁhlﬁdshb& tHab GorRBpERTY taSntansﬁtyI@Ct i on
of the map of el ectroma netl c radiation intensity

tehectipapeBptiGagiaion refugiee Trosm e sphiscirnd;death fHEfP@ae“sﬁ%ng one
PorQf6ie 301 rades %‘Pﬁ@ s%bjg%{TDAMaﬁRg ptr&%ssmg is performed with the data to'

determine if a man-made object suspected to be at least one of contraband or a
potential security threat is present as a function of the intensity and the depth
difference. In one form, the subject undergoing interrogation is a person and the
technique is performed to detect suspicious objects that might be concealed
beneath clothing of the person. The adaptive processing can be performed with a
neural network that evaluates each of several multipixel image portions. For each
of a first set of inputs to the neural network, image pixel intensity is received in

correspondence to the image pixels for a respective one of the image portions, and
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logic is in the formof a nunber of instructions
stored in the nenory. In another form the device
WO p@b/0sia80 one or nore parts of a conputer netwseRUSI004/034889
the logic is encoded in one or nore signals for
transm ssion over this netmngr. A further enbodi nment
of the present invention includes a techniqgue to scan

a person with el ectromagnetic radiati on and det erm ne
i for eashatjaseeondssep af inguisap theapur neteorkey depih diffigreqice pixel
det er.i o : .
B E 2kveq T S Bin dCE 1o e B Bee bRyt PR E Bh ot
e enegy peeemdi ng i mages by an operator. In one form
an operator inspects one or nore cross sectional vie
of t he PrEe embodimentoh e HescheyBRIQ iRgluge angasray operable
| ] . b . -

iRt P UK A G e Flon L pion G ifreapencies in
thanpebf abbut ROO Midz toeaboetrb dilizmemt 3 pavcessimpaabiystem. This
irradi ated by el ectromagnetic radiatjon within a . . .
(FERATE  GoANIEE BRI DTGNP R3S § RRT bV el degluding
J?EI%E 538 [riphutd RhH b seco@lsd STRHAS ephfifsy S OF iplisirBRYRs data
of the person is established fromthe irradi ati on and
canresppeing tog mapgéretianed elsciprmagngtid radiationrintefsitymlongwe
irradiation i,s,perfornmed with, a pair of arrays, that

co Bieath <ioingofthe Porooh W Zplle ML BEPELhe Honghest of
sinpéts fé@iverPiRIaRtadbiespoRtinkth & rhay & suFfacddepet. aFhe rfeural
provi ded as a.galr of opposed panels that each curve
asbwork dvalystasdbene qiege qbigeds sispastedgel heswpt iegsiameide
o v o i - ' . . .
R ARG Rl B IR o B e BB hnd
| ;roiideslond 6r mbfe Sirtekporaling deputenibhdienaloatior b peyisicelns a
i ncl udes two or nore arrays spac?a aﬁart from each
otunetion ¢f the maref ApensityemAdhumeB At feRiilon t her ebet ween.

The argays r@ifer Shltoaiditnt thd ek %lrd_@vﬁg%irryih IShid SAAALEDy

interrogate a person or object wth electFomagnetic
r @i aatoha@m padcessves Gr amabyze dhrtaeguesmindmgitn an imagegef agferson

a outﬁfg_o MHz t o about %l THz .. Alqs}o i ncl uded are one .or
gn 8&%6??%%5%? 13&’8%’%“9&_ ¢ SR° gafegre frequencies In a

CRhEESPAML PG MHAD AWBOETER! ahid A4l iRt B enadlof MOr €

interrogation signals provided by the arrays. The one

oeleqtomengpetie esisaston infensityaane aamapaf gepth defemnipedieldtiya tothe
thi s dat.a., The system further include j
R daofs e BRI I RGP E TR I I dyare,

agvalRed @Ak of moé 65je6E ef Abuspic@BUlatliny afd et @nteuded by the
obj ect is suspected. Yet another enbodi ment of the
pReEEaES 4 fybetign olihe map i slectrpmagicdicigdiptien intensity and the map

of depth. In one form, the device includes a processor-readable memory and the
logic is in the form of a number of instructions stored in the memory. In another
foﬁn, the device includes one or more parts of a computer network and the logic is
encoded in one or more signals for transmission over this network.

A further embodiment of the present invention includes a technique to scan
a person with electromagnetic radiation and determine if an object is being carried
by the person. This determination can be made by evaluation of image data from
the scan, which may include inspection of one or more corresponding images by an

operator. In one form, an operator inspects one or more cross sectional views of
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or nore arrays each shaped to turn about a person
posi ti oned between the arrays; operating the arrays to

w@eoososars@n i nterrogati on of the person with PCT/US2004/034889

el ectromagnetic radiation at one or nore frequencies

in a range of about 200 MHz to about 1 THz; and
generating inmage data fromthe interrogation to det ect

if the person is concealing an object. A furthe
fdaﬁbemqmetﬂkermlom&@e e thel ghy EneinmizeRI viage goncerns that might

PR qrehdrBgert YofTRan) fal AEBLRANY Bladl i pEer,

W th tianétherBasHdanesty s péI@O]ﬁ)fSrlf‘I@dlmedlbyl dl‘dcﬁbmagmﬁccradiaﬁon
ftﬁerson positioned therebetween; novin ?ast one
]

éfr@ﬂu%wsf rangsiy 2hoWAYO M agahsttz ﬁ‘éﬁﬂ%g% tlpigahertz
A3 DAL AGLRL BE & [RARIRE paldh ARNSH w@omg.e
a from nerrogalcmtodtect e person is
eRAARN ag @Iﬁreqmrﬂﬁ‘tg infiige Idbtads rovideer Te nhmﬂ]rmetm igfdiation
the present i nventjon includes fOglfe)rfor

Sipe AOVIBYA B 8 RS At RREIHToLPHEA PERIGh iR pabout the

|t | 8
T U L S R S R Oy
pamge sppdsetl Ipanqietlmtmachrosr‘gaeﬂb@nalthe epetsasedhene plah@ls can be used
interrpgation and it ter t.he pers '
b Py iy SperBRarkap ey R P se e TR phor more
§ﬁ&uﬁé‘h}ée§ foQe3tAbt doe@slof aRvighialt.hese i mages.
Accordingly, one object of the present invention is to
provi de stll @n@tl}greem‘ef@hmﬁqﬁa thersystge inelpdes twiegor gpore arrays spaced

|nt BEAST eact h% dOPI S 1nlce§ro cutal ioqneth& WOUE The grrays
e el A e

devi'ce, or par a erm ne

&’6 seljcagtd ef tukmaRsue fis r@mﬂoﬁgteﬁﬁgﬂe alpeﬂ;on Ot bigiect with
obj ects, enbodinents, forns, features, advanta

alsgeemagneticragigien pt anedtt moTe fsABENGIRS I AFEHE 6 g%‘HQPP MHz

A T R

DRAVbNEs porglingltoi 2 imapadetesthined lfmg‘r @reneEtnere \mtempga‘tloa signals

ST ICE CONC RN W

ﬁﬁ@%n'df thik Yatal ThEisYstem fBriRddnduddst ddviteGBpohsive to this
ustrating one procedure for operating the

output to provide an indication to an operator if presence of a security-threatening

object is suspected.

Yet another embodiment of the present invention includes: providing two
or more arrays each shaped to turn about a person positioned between the arrays;
operating the arrays to perform an interrogation of the person with electromagnetic
radiation at one or more frequencies in a range of about 200 MHz to about 1 THz;
and generating image data from the interrogation to detect if the person is
concealing an object. |

A further embodiment of the present invention includes: generating
electromagnetic radiation at one or more frequencies in a range of about 200 MHz

to about 1 THz with two or more arrays to perform an interrogation of a person

positioned therebetween; moving at least one of the arrays along a nonstraight path



systemof Fig. 1. Fig. 5is a schematic, top view of
the systemof Fig. 1 illustrating a nunber of
we@@slosqEpd ng arc segnents. Fig. 6 is a fl owhartT/0820081@34889
type of object detection routine. Fig. 7 is a
flomchart of another type of .object detection routine.
Fig 8 is a diagramillustrat Png segnentation of an
i mage into overlapping rectangul ar portions for_use in
wheutitheipeisen dering e interregagionpandsgenerting inascHipEPm e

R S R S A e T

schenatilca hirdekerdbadimen sffthapreaetamgatmnindules performing an
detecti ng conceal ed objects that ufilizes the system
aterpgption af @ RexseaUYIE: elirgmnaspstic Fasigionithyjdias qneyprgmore

' f e tN [ 6 i oSt
e A B o o 15 2OPEP: frore sy Bchl
finggesi of the patdn ak genkraigt daseat anctht apenogationfand fiés &termined
systemalong the viewljine 12 - 12 sho in Fig.. .

¢ PEEORS CRrbddhaFaRdeded qbiegt i ROsPRIa EHaTL R @ﬂcgmy%om at

q&g§§m§§pﬁéﬁnﬁhgggages generated in accordance with
various techniqtes of the present invention. Fig. 14
i s a pwecordihglydermegrtaentef the présent iofventiotinée proysie@mnique
Fig..is a part.al ut - away view of the portal shown
it?‘F%F—‘fGél.e t‘iﬁl.gteﬁ‘i I&mgl‘gﬁp?reﬁwﬁar tial, diagrammatic view of
still snahdiebi&y 56 Provildda udiqué Systerpamethad, device, or apparatus
di agrammatic view of yet another system Fig. 18 is a
s detesinetibpn ohjeeh obintetgat ig peingepngealsdy. 17 al ong the

view | - ' '

pesor PRt PRl ik, oSy A S cgpects. and
eahefits of therpregeny indeiiticar shiatl becomn® apfasent fiven thadpaded of
pronpting an understandi ng of the principles of the
idgsamtionand devenghs et P8 be made to the

enbodi nents illustrated in the drawi ngs and specific
| anguage will be used to describe the sane. It wll
neverthel ess be understood that no Iimtation of the
scope of the invention is thereby intended.
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Any alterations and further nodifications in the
descri bed enbodi nents, and any further applications of

wo b@spsiinei pl es of the invention as descri bed PET/@52004/034889

are contenpl ated as would normally occur to one
skilled in the art to which the invention relates.
Fig. 1 illustrates security i'nspection system 20 of
one enbodi nment of thegﬁ){iesent i nvention. In _operation,

syst em 20 i nBRIEFJAESSCRIRTAONOIIBE PRANRGe obj ect

by il Lunminating.it . .with elect i | atj '
the. 26 Negaririd SRk Ao PR BEbLS R Tbh Sl
r angeFﬁgIrsz Helpetid nep ity oefhe e g s ysrel don®the view line 2—2
CGenerally, the correspondi ng wavel engths range from
sleamen @) Figedt i meters to a few microneters. Certain

nat Ur #lo<aady S DBbEN ARG AS b bRl N8PAS R nsGhe
sem transparent  to such frequenci esfwavel engt hs,
Reteth bf Filg 1. he det ection and/or imaging of surfaces

posi tioned beneath such materjals. W t subj. ect of
i nter F&’gaﬁ isgyschemalic QR YW 9 kg wsmp{e ﬁgnjgg]élstraémg a number

i i rtions of a person's body covered
BB el 5 y

arments can typically be obtained with
syst elfi2 & isasflovedHartad onh ogee @abjdcodeiettivatroaiee. not

d . clothi { ur t .
o or g 1 B3 & BT ep006] Dot & B Eielgh B BB son
beneai}y 81i9h iHgark AushalnPEHYhAOMioHOF Bn SMEELIRT 26N eblapping

metal and nonnetal object conpositions commonly use
frentangelap ostiensdoresetin dirarentingef Figl istrated in Fig. 1,
body B.is,in t.he form of. . I r :
it or Pt o dingiok o HBg ke RS K xemation

FilfeyToc@be WRANES roukige BOFRL 7) east partially covered by
garnments or clothing designated nore specifically by

r ef er &ife el g eschymatingloghdiagram O@Tbﬁrfﬂnﬁ@mﬁtefﬁ%deéﬁ%ménd
GRS PGl 20 1M e LAOSL  EARAR. o
Fign b iand 4i With bbthadfitiromtinesadf @s.@f angly’st em 20. Port al

30 is_confjigured, for. pl acenent . at. it
checkBuAnt! Siarati e B ots Yot el adr s Spssia
and/ ofzy £ OfYt fg aa%?tgarl, (ggg&ﬁﬁna%@ tbPp GlewdSshOFaL i 05 8td7 along the

connected to Platform 32 is9 arranged to
sigypbing 1 Peil? ehowRimokigslbh ot her obj ect desired to be

exam ned wth system 20. Nbtor 34.i S arran t.
sel ec?%l e%lsraoct%r_fp@r Wg_tdfa&rt?ﬁlégusz%gﬁ% R Glggﬁ%lll%g s R
\WBhérfred Bih 26¢brd#nce SviftO®drioud fHinignes €0fe pfegénttimeention.
orientation shown, axis Ris .

Fig. 14 is a partial, diagrammatic view of another system.

Fig. 15 is a partial, cut-away view of the portal shown in Fig. 14.

Fig. 16 is a partial, diagrammatic view of still another system.

Fig. 17 is a partial, diagrammatic view of yet another system.

Fig. 18 is a partial, top view of the system of Fig. 17 along the view line

18—18 shown in Fig. 17.
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approximately vertical, and person 22 is in a
generally central position relative to axis R and

w@b@shsrine 32. I n one form platform 32 can be BPOIPF108€034889

of a material, such as an organic thernoplastic or

t hernoset polyner, that pernits interrogation in or

beneath the sol es of shoes ere weapons can soneti nes

be hidden. Portal 30 further includes nultiple

el enent - sensi ng ar W%@Eﬂ DS Rﬁ% Wi tionally to

the p t j . I

ol ac oV M Glperritell iferionshsl bembitficd f B ARERIGRY Bems for

th‘é &reajflpyomerﬁmmdumdrswnchmg bihthe\pnewph:ls afithedhvdiitign, 2
IS re resented by crosshairs. IﬂAs Qr .34 causes

Eﬂf%ﬁelﬂé‘? WilBpow derpadstia thaygpeodiseats lusgﬁresgn g drawings and

aé(erc‘fffgﬁaﬁgh%%sw@l &etﬁ@ a Jié’s[%ﬁbé fidlsafneP ?ttvb‘l\lﬁiévgrtﬁ@&étbe

ular corresponds to an I nmagi nary
ayddrewed tigat mtlimn[anbnuxf tl[é dchpe otibeiespbon s thereby intended.

iR S Lo ot b 2 0 s DU,
FHBr a alt'1%npof the %ﬁ%ﬁtpl& .of tad RvakiRittas AR hereliard

nor e p erre for radius Dis about 0.5 neters to

¢orftempﬂmct as wowldmespaliyl pemyr taporehskilledsn theyast tr whighghe
g a}rrte er. Arrow A shown in Figs. 1 and 2

Iﬁ’ﬁln gBAt'e"Fhe selective rotation of platform 32 about

axi s RigSemMekigtefidcadtydiBspeatbn diptera 20 0frbes eribodiiieaadi tie
arranged elements only a few of which are

prerentinventiony In operstiphtsysferd BEEIgaics an PYMEs PiiRatiEtte
gé] ﬁ? {)g gelrﬁ‘{ﬁ% aw rléc?rogrﬁa%ﬁgﬁé/ Fddf;dltlgfl il e 20D gﬂg%hthértz?’ 8

recelve el ectronmm
(A to ArTenhHdntz I(TBIZ$ it @ueneyl rdvere divil detectifieths reftpctedrragiation.
36 is_coupled to proceSS| subs %%%en140 Sub stem 40

CroPtds e cRHE BRI IS WVl AT 4 RGeS S S RAB S e
Bﬁcredn%f@r@t %eﬁ%nq{atlﬁraf a0l theh@ fiBBR fkO6MRn tARpRLRI dr s@ﬂn-

array 36 relative to platform32 is determned with
omesparentio sughoéducocia/wendouzhs permittingbadytectiern argiy’ Q;r
coupl ed to sub

t.h f
e e Sorsaes s atoredpent) st el ay s Do ShoRR g
§ e bAttbn! i€ QR tAER A AT S 4 F@ ¢hfotdlh abbr FeRiérsaf a0f

transcei ver 42, i ndi vi dual enents 38 can be
peisevts haslyyoaened patciathinigton semnentheaigypically obtpingd with

| 38
S B, B0 S5 5 o PRRE AR gL ERE L s
Fotthen) $masd Afe@shtion rélaﬁ%i@-d‘t@edﬁ@@dfnécbby’ih penei bgneatit dlothing

?:Qr? bg T)%vqgerd wfflh E}rlrs?grngZO?’fgrl r%etal and nonmetal object compositions
commonly used for weapons and contraband.

As illustrated in Fig. 1, body B is in the form of person 22 presented for
interrogation by system 20. Person 22 is portrayed in a typical manner, being at
least partially covered by garments or clothing designated more specifically by
reference numerals 24a and 24b. Clothing items 24a and 24b conceal object 25
shown in the form of a weapon in phantom. Person 22 is positioned in
scanning/illumination portal 30 of system 20. Portal 30 is configured for

placement at a security checkpoint where it is desired to detect weapons and/or

contraband. Portal 30 includes platform 32 connected to motor 34. Platform 32 is
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conprising one of the colums are dedicated to
transm ssion and el enents 38 conprising the other of

wo b@sosiisoms are dedi cated to reception. The neeb®s2004/034889

el ements 38 in each colum is in a range of about 32
to about 2000 el enents and spans a vertical distance
of about 2 to 2.5 neters alordg axis R, however, in

ot her enbodi nents, a different vertical span and/ or
aurtged tofsuBpesHBeen dAAT BEhthariopiegt depird sy Gramingd w&h

SARYH 2, LT 4RO H0054 1 AR ALA A R 2888 b

tak ¥R %ﬂe%ﬂefmhmﬁepbﬁh@‘ndd&h‘ﬁbme Fértthe Oﬁenta)u[ormblbe/n axis R is
el ements 38 of the receiving. colum._ Transceiver 42

iapprogiraatelyowfriical oandi negon 228 He senpeallicgenirak pasiiogelativgmto
%&%‘?Qﬁdﬁ +18Fm B9 1h LROSIHL, E a'&%nﬁ%b b2 &)ﬂ?ed. of a material,

correspondi'ng one or nore enen S o the Teceiving
gothasart organiothetenoplastianr tiermogeopoliyomer, cihat@enﬁimﬁnﬂfirogation
al ong a vertlcal gﬁﬁec ion

t with arra The
B PF RAYEHLIA goley Shvhaea MgsTe WapPops Rl %)anqrqledﬁnﬁ hidden.
| nf or BRYP80 ¢@dhe? ‘g?&é&g Iﬁlﬂngl'é %Yén%t—@%hﬁgzﬁ‘@l 3@t derring

about "a correspondi ng porti erson 22 under
iadtligionaldyta tha paﬁwﬂ tdypeview rof Gigrit tmrre]abgmhqsqfqﬂatform 32to0

SHLBSIRNB bBaBeR 35% 1 SO B g Bl

roR P8, ONGRl is képr@seﬂfe%fwdrsﬁhﬁ@ osli AR 34tdands pRitfoeh 3420
and el enents array are of a formsuitable to

trotatesabiont axid /Re arrpg deicireuabasibes & gerprally eirquaripathvey P about

S0 LT PO BB s

wﬂatrehrregfdrﬁs IttOﬁlﬁ’mtér@o datibh egriGPie @otthle3tL rRmﬁg;rI&hd the dlstance
radi ati on wavel ength ran %e of about 0.3 . nete

S exigdd iarEnoifet Brane@isrred forn sidiey D it ot p 2? to about 3
Sﬁ?ﬁ?'z gig Qlmor@ PrdREh fltnd, ?Wﬁ LY SR DISANAERRH1 5 Iﬁeters -

at “generates 'frequencies In a range of
aioﬁ‘dspoiﬂﬁlg\ﬂdzabbot abmster@i3 migprdidinagr.oArtoleA isheowuh gefigs. 1

th, which cor onds.to a ee ce, .
SnCorBiag eIt ot G Rl 7 FE 28R about
1. 5m t.rRBRUkrAY- S%%n@ﬂudésna ﬁhrﬁ‘BEr%f B 8Arey é&ﬂlg@(ﬂ"@l@ﬂkﬂ@%,only a
the frequency range i s about GHz to about 300

vﬁBWh)f avhuolr prssspberdatigglly rﬂé@stl@pd@gdmwﬁ@ﬂqu\?suggﬂg@b}éfeference

out .0.3 neter ab (
6"‘18?6@?1? Jropgeen-te f-?é‘ﬁ’( Ef Fs'g 8qe&gﬁ§£/)§rate tmansnn@ B@re@x&%
Gréctbmaphetd radiddoa WikliP a @cloowed BaRBAdiH QSa‘nlémg aBPABE is
wavel engt h range of about
coupled to processing subsystem 40. Subsystem 40 includes transceiver 42 with
switching tree 43 coupled to elements 38 of array 36. In one form, the position of
arrdy 36 relative to platform 32 is determined with one or more positional encoders
(not shown) that are coupled to subsystem 40. In other forms, one or more
different position tracking devices and/or positioning tracking techniques can be
used.
Under the control of transceiver 42, individual elements 38 can be
selectively activated with switching tree 43. Each element 38 is dedicated to

transmission or reception. Elements 38 are arranged in two generally vertical

columns arranged in a back-to-back relationship with one another. Elements 38
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0.06 to about 2.7 nm The transm ssion pathway for a
given elenment 38 of the transmtting colum can be

waelososEe t 0 be about the same | ength as the PCT/US2004/034889

transm ssi on pat hwayll for the corresponding

el ement (s) of the receiving ‘f@' um to sinplify

cali bration. Nonethel ess, in"other enbodinents, the
transm ssi on/reception arrangenent can differ. For
eupsising ang of e cplyeRNEdedicaled GulirpmsaEssighandslenente 38

G A S R S

ARPMERS BE  éfsh Wbiuniziedn a Patiecdlabyut 32he abdy 2806 elements and
recei ved from ar ra¥ 36 are downshifted in_frequency
spanscbyrEeal listanee 61 abPH ddadst Beters Ppnmixis Ry BogyeverHa other

ARARALNEh GlyeRhERMALA shEF ARG RRnek Bf QBReh@TE b utlized.
Wodioalved ot éansoliswitdung (ENEWirtafpes bodye bihtonly one

escribed in U S Paten unmber 5, ), . .
elsipent P& thedrgypmiting ce ﬁé‘répﬁ ??C?%ng(ﬁ?ﬂoﬁ}s%\m‘?&ive with
\b\}}l@COﬁ B20r€ BlenNUPRRY S tRe %vaﬁégccﬁﬁ}gn.5 TfRSceP 42 @ﬁ(ﬂﬁ‘dégﬁo gic to

are 1 ncorporated by reference herein, provid

deneet saicccﬂs'ndeianﬁvatimg_ Qfx:ad'pd:lememf?a&nﬂthq: transangi@g!o@bnnn and the
SSRGS s DB g DR RSP Sy L b S

WF tah RHEH bARREHDR DA oNOR Q¥ BIchioRRIchen it araney. masges
can be utilized that may i nclude one or nore of the

coapigsprndingyalowngapay i trisovolighe infppaation cagibgrysed to
PEO TR YO Bt Rty RS, florTetPonih LBl BEpAIH B LiBEC

e rdghttort AFurehepimfckinigioh@bblisuah bayngeh@nslis pfovideden or
nore processors 44 of subsystem 40. Processor(s) 44
earaeRly op@ed ShirRatery Nyrmbss 8.890.608 @Eeb ARt InCerporyisr by
LYRE. Ui table to process the data received from
transceiver 42, including digital circuitry, analog

ci r cuilnraypreferred eodolinmatj tomsodi vdyai2hand Rleomasssify ¢fsirayB6 are

ST BBl G o i i e pE e Ragphigh SHEGEd
P hin BinpE Qﬁﬁﬁ)‘ﬁ@ bnd Oigthedt & AWoRHGRATerM RO (bR 1 GHz to

and/or parallel processing can be utilized as
approb TiHx),evhifke penrespardsi to aj frrsl spdesdelogtiomagnelieradintion )

44. ry 46 nélf of a salidstate variet
el nes pERar B oo i) LARO IRl g G- o
6ABReh pdf@fePémbdtesent, b [fﬁ?ulgélfrﬁﬁ&@éiv_&f Rran BB tYs diliRadhat
can be volatile, nonvolatile, or a mxture of )
generates frequencies in a range of about 200 MHz to about 15 GHz depending on
the impulse width, which corresponds to a free space electromagnetic radiation
wavelength range of about 1.5 m to about 0.02 m. In a more preferred
embodiment, the frequency range is about 1 GHz to about 300 GHz with a
corresponding free space wavelength range of about 0.3 meter to about 1
millimeter (mm). In a most preferred embodiment, the frequency range is about 5
GHz to about 110 GHz with a corresponding free space wavelength range of about
0.06 m to about 2.7 mm.

The transmission pathway for a given element 38 of the transmitting

column can be selected to be about the same length as the transmission pathway
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these types. Menory 46 can be at |east partially
integrated with processor(s) 44. Renovabl e Menory

wenwso8016R. M D.) 48 is also included with procPCHURL08)/034889

44, R M D. 48 can be a floppy disc, cartridge, or tape
form of renovabl e el ect romagfleti c recording nedia; an
optical disc, such as a CD or" DVD type; an

el ectrically reprogrammabl e solid-state type of,

fontho catrespondingslomenygti3 def Hasecerving eolampre simplifet y as

| d.. h i iy o Still.
e BT SapBstb s Sl e Rhdomitfordicbertion
iafrafigerdrt dat QiffEdt Bor Sdniple, 3€ bae tlieradtivecartiodihentt e or more

rotation of platform 32 with pr ocesso,r(s}‘“ 44 and{ or .
eteapented Y ate used foshptyEaNsmisston adieerpEAN; i ghother alternative

TP BT e 0, g g g
deceplealfrelt vira e S6 2k dddpeshiftedrin firepuéncgewi cefe)tedntaan

i ncl ud k i '
el g Kebead, e o ol bnilg SerChe,
gﬁh?&%‘;&ﬁ@t—is 8a W—)&%@c RG&AyIORLRRS Ry %dﬁﬂﬁ&% CBntiCr:gl%lﬁs Wave

erator display devite(s) 52 tan be of a Cathode

REV/CWDety pECIRRD thia ghrascribécmi 1 SCPtsntaNuriberdl, 859,09 mcorporated

e | asma.type, Organic Light Em tti '
e Rrerbicl SRR RRRD SEE B RV o5 EhoRs
S$K445,550, bAchl STSvIRER areSh@irp&atedbyireferatic ABQET] ptavidieseveral
controlled by one ore nore security point operators

mesjimitinheantndes aftashes tepagei i agpngeyenism Ingtid otheyr t her

descr.i be erei naf i.ncl :
TR RSB Bl G A b B fiEShryiqns
GAIERTLVErR@hin@or hbfidy BRpping kY séreyrakes tah beletlizedthu miay
server 63 coupled t o conputer network 78. Co ter .
riaelide Rne7er mais ab dherimpRplEedPs. Aqnpatatip PAMSEYRE tﬁg% i?F“StAP%a

( i Gi HYEN) g o/
MR/ e o e B MR GG E b b A DRARC art
publ i chynsedesd? ptovidegpee daa chrrespondieg tontherarey sighilmko one

62 b ' b .
B B R PEr oA ST B RIS L oot bf cpmpris of
Rf\e o MR L¥mb Okt €6t dn§lt9bd MBtablR t8 PRV BEU4A redel V@ Efdm

in one enbodinment, sefver 63 is coupled to a nunber of
rteamstadvey 420 hatuslingsdiBitgistitsnitrys analpg prerairy.es peaabigtion of

ortals 30. ln still ther%%’%)' nt.s t
80 b D put e D SRR R My RO e
SHRGYS; Fh 40mBinafeg 6MeRte. Fbi €MLY progesbr form; distributed,
addi tionally, server 63 can be an .

pipelined, and/or paralle]l processing can be utilized as appropriate.

Memory 46 is included with processor(s) 44. Memory 46 can be of a solid-
state variety, electromagnetic variety, optical variety, or a combination of these
forms. Furthermore, memory 46 and can be volatile, nonvolatile, or a mixture of
these types. Memory 46 can be at least partially integrated with processor(s) 44.
Removable Memory Device (R.M.D.) 48 is also included with processor(s) 44.
R.M.D. 48 can be a floppy disc, cartridge, or tape form of removable
electromagnetic recording media; an optical disc, such as a CD or DVD type; an

electrically reprogrammable solid-state type of nonvolatile memory, and/or such



10

15

20

25

30

integral part of subsystem 40. For yet other
enbodi nents, server 63, network 70, and sites 80 are

wa@basnseicd ndeed, R M D. 48 can be used to al t er@BEHUS2004/§34889

or additionally transfer data between subsystem 40 and
ot her conputi ng/ processi ng d?%ices. Server 63 is
operabl e to communi cate over “hetwork 70. Conputer

network 70 communi catively couples a number of sites
gifferoy satiety, astueld orew tgthasackillaé & be ppuile stilgother

a ed. t 0iC rely interface with conputer
’%’i’\‘l@%? %%ggrn]ycbsﬂ%tﬁ%er 82 includes one or nore

oper ab@hsysih 0 deydupddsio thétoa B4l toiecardls contiel thptaionrof
u ut device(s) 52 as previously described for

oy8 B2nwiih prachenor(s) ¢4 Aed/ s HERACIY Y 9 SwbpYiera (i hqpsed in
An‘ftgl(lﬁ%/c%gtrgfr]g tllscg’l i%n %181?&1@0 c'h?de? 81{1@?]' 1?1% g%)%%r 111]?
G@Wﬁé&tﬁraﬂom rh&rel disptlh}edé\(ictdm SGf @&Mthahpmy:s(sﬁeﬁﬁ) can
40, a personal conput er or conputer workstation
m%u , BlOUge P et m&p@%éﬁrvuﬁ UG rocogiion iput

tem2 Qﬂé/% J‘f]r%rgxfl gelﬁ% ufd b&:ﬂr AthydeRGE We

0sé s e only two sites 80
arte Opktatst diapley demcp(rsb% cwrebezbﬁa Cathodd RagHhobd (CRIB type,

der st f i :
Lot Cortbplay 6D &na. By, Ofefie b EhiGre iege
(S92 &;7& or 3 EfbRRt BPe Rk NYufEoRbr A thoRGRNRIALin HR art.

r enot el communi cate with station 50. The

|Smt@néanﬁ acengad tofbetdpatrellebby oreere Snara AcqyEith pRIalWREEOTS
Sraboh b deRBRRh 78S %0 SR her gpeckb PG Bhcl”

ser veRy&dne o0 htHee idikds emunitedbs alitesstemdd qgpled té he
i ke. Communi cation over network 70 can. be used tao

Feystem He by spmEnmecatipn dinki62o Subgystegihehinelugdss neRyoek server
33%8&1519& g wnggtewa 5k 50" 68m 3%?9&@0& 9@@&@&@%&@@&1 & the
or a t he

or share“dat a perti nent
Ifmogﬁd ]Looaﬂ fodea Nesworki @SN R Jl\éu:m&pxﬂi Atea Nesw ek (MAH};, and/or a

Wi I I e fu escrj bed hereinafter one

i g T ia B0 8 b R B LD B R YR

§ué}f3£[%Q§é il&%ﬂiet oLm‘ﬂQ;ZacaHQfetﬁr&ﬁB&d bpPsikh CaLHelt\’ilélrkscﬁ 8Pk NY
h system 2 Referring additionally to

ﬂb@wb@w@urﬁpa@mwham vanely. Serveped ean WCWIE tacaed
dure 12 Pro edure

| ustr
sdpbis Ry Sa 2 Peffe o e Srpeii Rl ot FovdBien g
MARIbESEHeA MG 16datdESuBOVsiAds 4@ Mmlcaﬁesmmaﬁfg poBtals 30. In still

other embodiments, more than one server 63 can be coupled to a common portal 30
and subsystem 40 arrangement. Alternatively or additionally, server 63 can be an
integral part of subsystem 40. For yet other embodiments, server 63, network 70,
and sites 80 are absent. Indeed, R.M.D. 48 can be used to alternatively or
additionally transfer data between subsystem 40 and other computing/processing
devices.

Server 63 is operable to communicate over network 70. Computer network
70 communicatively couples a number of sites 80 together. Each site 80 includes
computer 82 arranged to communicatively interface with computer network 70.

Each computer 82 includes one or more operator input device(s) 50 and one or
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Procedure 120 begins with operation 121. In operation
121, person 22 enters portal 30 at a security

web@skpuasnt to be screened for weapons, contr aPemntd$2004/034889

and/or other itens/materials. Procedure 120 proceeds
to initialization operation 2 that sets
interrogation index "I" to one (l=l). From operation

122, procedure 120 enters interrogation_ |oop 124
et APSTAGT AP feries(Poalsi REpViPeRlY gﬁ%‘n!ngfbfor subsystem 40, that

Interr Lon. roufi L: 1 f
A5 i Piebet ey POl PLP AR Sondabille WcBoncly
AROVIdE & @Fer@br ﬁi%)at fraf dutpt. (V0N depablilitys Campuldr 8@ ean ba tethe
to the nunber of different interrogation routines 130
framy of anothea subasterb 0, BrRsEaRE M GREPBPHICAY Oratoy,

r : IASci |
o e b UL P IR AR GBI i By
tonfihiration ssamsulidsscwro ithde xkiNed $n thetartt GVbide oflitivd sites 80
From operation 132, el epent uenci ng .,loop 134 |s
mlgpggatq%t%@s%qﬁm FgT it5hoy1d P RndSmions e Bt gplever can be
9&%39& jvﬁ%oﬁ?p@ter'r{é%&‘rkwoi. S an integer index to the
nuriber of trans

m ssi on/ reception operations 136
per f oiGudidctivaly,rsgrveo 68 i coenpl®d networtyyék and ies 88 rovade an

ortion of persan 22 in.the field of . view.of a .
R N
ek dbRbsbnd &b 1R IREAWROBINEIES, GratlicibiRsicand befe aMlieu of
nore corresponding reception elenments collect the

pein| adslitéen @ netwednHl ABe PrmEEHites 80 prd sE¥grdRsOudbe he
) vt v . t
ABISE 0480 ORI ARl SR AL R o

S ranscei ver

usedetoAdomiforPeefvitausde\of dasiof 50eehdate witwapeisabdiand ¥,
routine 130 proceeds to conditional 138, which 4est S

SrhspRiem 40, apaatel PRgate SRHEN OL o REER! SOnand/Qr shae qaggpertinent
. ' 2) '
BBl RRTES Spiop el ionbE SRk 0 fRLERASS by
dedciribat ddreinafter.r Enemeeiuck arrdi@zenient,ame of aromg of vies A ate
execution of routine 130, transmitting elenent.'N'
SOREpe At BTRRP IO Y PEEATE B PE 8 seS PR FgRETEYF with Syyigm 20
the coidrasingndift@nRREiohaTofchi bPFRY ] G2 héde SFapbradihg
the two sweeps is received with a different reception
eyseamr0.is Thistratedras praceilwng 180e Reoredursal?0ie perfargigd veth system

relative . to the reception el 2nt Se such 45h . .

2P xharafos Py'ed TuloBRFE SRrSRENTS & HR0 R Hhensdicet 3
YR ceREIP0 Buit] Vel Bpctat@drOTT . An@PEFRION AR L edfontN2eenters
ar rgﬁ/@]u S. Patent Nunber 5,557,283 (incorporated b

: . y
peftal hele) sequdiyraheeom te Ra sprencdior Weaponsrcontaband; ansyor

other items/materials. Procedure 120 proceeds to initialization operation 122 that
sets interrogation index “I” to one (I=1). From operation 122, procedure 120
enters interrogation loop 124 beginning with interrogation routine 130.
Interrogation routine 130 interrogates a portion of person 22 within a field of view
of array 36 as person 22 rotates on platform 32. Index Iis an integer index to the
number of different interrogation routines 130 performed as part of procedure 120.
Referring to Fig. 4, interrogation routine 130 is further illustrated. Routine
130 begins with initialization operation 132 in which transmission index N is set to

one (N=1). From operation 132, element sequencing loop 134 is entered,
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transmtting and reception elenents. In other forns, a
different technique can be utilized involving nore or

wo ewssEeeeps, different types of sweeps, and/BET/US2004/034889

different transmtting/reception orientations and

nunbers. If the test of con tlonal 138 is negative

(N<LAST), then increnment op atl on 142i s perforned,

incrementing N by one (N=N+1). Loop 134 returns from

beginning wynthmsrr@sswmmt@@. Qperatiendgb; drdesdbsan ipisaripdex
ut| S

g R o i SRR et oRI1 AE RN EHAR Bipine

V30, UR d}feraﬁcfnrmﬁl @ portivhi cipersd? 22 lim thehficld whmieerof a transmitting
el enents 38 are activated ipn a vertical path. al
Biorend

alramayt rggnhgict Wt of A5y S10Vis frraated With slacrompgneticap
«{]Ijr%f%%%rfeggéﬁ d%’fec&l?tfo?ﬂﬁ rAénts & fec’i QLHE el troma 2et1c

errogationti on obtai ne transcei ver
ﬁaliaubﬁ ie rd3ponsciohlie trammaisdign. s’ﬁlwmnsgnttmgcanglnecapnon elements

sel ected ultr de f d
Bi5F REFARY 1081 O RaBHE T 87 OY HORFGITE 15 B GBF ersiy 2
dd¥ehiBed. tll%gi?‘ ggerg’u&? 10 r@&tllﬁtl?’b%éee&QtoQ%dft%ale@Q hwhich

execut 1 on eration 136. Thisl5 sweep can occur,
fests vehealep Itremsmueng alenmngeumbera‘rbb us theolagtigternent ab@l@d t®0

0 DL S0 BT A T SRS iRl clomens

mesaoﬁw@[e@tgapar@@&vémz‘ or exanple, over a range of
about 24 to about 40 GHz. In one nost preferred

f or m In pre ﬁsnncnr, S aaeh s¥gcapoR aﬁwtlpg 13Q) teanspifting elsmepg N
POfiab IOl §38leHsh el n AN e, bRE (ARGl
sadkecdtrdinformaticf foa ehghosf the tvh) awdéape Gwmoeiyed mhcanhiéerent
suitable for the sel ected sweep ra i ncl u‘(izl‘]fi H
FROEPiggleragnt. ol ftqféartsaﬁtémgﬁ%@enés G th?%gre%ed& E}gﬁfg the
}e%@gtu %&erﬁ@ﬁfslﬁéﬁé iRt fﬂanstnlﬁﬁmgr ARG N Qﬁ erfsARit? @iﬂ% betvzvgen

a glven requency range (such as 10
(Edzt)vm mce@t1pn@]ﬂjmm$1 dlong arcdamon axaned theesragknbvih PaEnt Number

Sgé%gg%%gﬁ)gétg(g byﬁofo %a%e ?qqlécrg)gg gegtégrgp e%ﬂ-hls arrangement of

Er%ﬁ‘ﬁﬁfﬁﬁgt AnYeE§RRINVEI SRS EHEdRh&: 38nofa AffeRMt BOhnifi#ean be
the control of transceiver 42. VWen the test of

othdidtinvelwinglBere er fewaeswaepe dafferephipps/ef Hregps fand/or different

rocee dsto ata rati 144 ta resulting from
%ﬁ‘ésné'xér}?mgc 13¥° %g?tbotns glﬁd FyRbe ga provi ded by
t r ans ¢eihy Gfst S92 coritlifdt 888 O leShti ved(NLIDA 88}, sheddfcradnentn

144, an
operatlon 142 is performed, incrementing N by one (N=N+1). Loop 134 returns

from operation 142 to transmission/reception operation 136 for execution with the
transmitting/receiving subset of elements 38 corresponding to the new,
increménted value of N from operation 142. In this manner, elements 38 are
activated in a vertical path along array 36 with transceiver 42 to provide data along
a contiguous region of person 22.

The resolution of interrogation information obtained with transceiver 42
can be enhanced by linearly sweeping through a selected ultrawide frequency
range during each operation 136. In one preferred form, transceiver 42 sweeps

through a range of at least 10 GHz for each execution of operation 136. This
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interrogation data set is established for the
i nformati on gathered through the repeated execution of

wep@sasiien 136 from N=I through N=LAST. Thi s dBCBUSHED4/034889

corresponds to the current value of integer index I
and the portion illum nated ring these executions.
Initially, the interrogati on-data set can be
accurmul ated and organi zed by transceiver 42

prespeen oegu) Tarexemplsopier aiiange plctbosi &Y B4 19 shewr0/She In
£ Qord BIFHEL PLOCRIR0GCY RILGESRAL 6B friel G RRH

0] ron w e renaln pr oced
Fih@eo pe GalA. OThis 4eep et dcoer, I&Cexmatply, bsert 2rahpeoiabout 24

stage of procedure 120. Referring back t

k to Fig. 3, ]
Gthce abew 402G Hze AR PR BWStpreferied AarnR altrar’séegﬁvrﬁp range is

. val. .

R R g gt ooV it MEpetREL

eleslution. Baerhesé formspdlementp 38 24 fedantedrtobeiafie tiB0vith ar
rocedure 120. | ;) the test of conditi onal

. 52 i .
UATEY & pRRSRHEDle Tt B el 8] $9EMLER18udg, buf not imited

tJ‘fﬁE PL1oPBEER- FiNantathaltPpd. Nl B0BRE fdrRd e tharbit@R @an
1=1+T). Loop 124 then returns to routine 130 for the

mexdp thxeghti givemfrequenty range fsuchras 10&eHz to HeGlglil a psgudo-
TOTAL. ith the _.execution gﬁll 00{{)ihlZ4 TOTAL nunber of

FANGRY oreesTA SOMGHEES KB A HPAWESY "SPP'R&t a sets are

st or edobp 158 IPFepestbd LIWSIMurhIser o€ Silnedf seqétdinld thrtalgh the
152 is true, procedure 120 continues wth cylindrical
Sesied ensisHngfseceiinpplewsots 38pfgpay apiugderibo contrd of

r i [e. . i . .
AASEL0R SIS SERR AR AP ER et Do
provg&isdatatasayiesatidnald4e dudta eaultiag oo tHecexaoutamof peration 136

of cylinder C Ref [ to Fig, 2 Sl
&m?%iﬁ% by tWéQﬁlYF‘é%é&é B%O@gsefesg% ukn f%f a@%mf% fh
Eﬁ?&%‘iwhﬁ PELE W esldlist¥dGor BRTERmIES BRBerdd through the
cylimdri caf1 %f{ The

aperture that extends along axis
repeged datcationtof operadop dBd from Nel dhougleymbitST. ePrisdaa et

the three-djnensional syrface.o d t hat i .
cerrRERive fHﬂ?%sVBL@tolff%teWéné%ﬁb‘g@?éﬁe poition iffuminated
abefs fHRIBERRI LGNS %it?&%k%e iRSrrbfation@ietset BaPbicumulated
cylindrical aperture . In one convenient form the

iand grgadiacd bydtansesi v fnprocesson(@rdfsordroths yanl e sterpd in
S0 g DR, SRt S abplaoptdldays
fwiththé Rendindl€r dfqgadddare At FraatdperLidnflgd, fonene 130 returns to
(t:}?errge?(?g)tgged(i)fngroacggurg?ggent by processor(s) 44.

Referring back to Fig. 3, procedure 120 continues with conditional 152 that
tests whether the final value of index I has been reached (I=TOTAL?); where
TOTAL is the total number of desired executions of loop 124 (and routine 130) for
procedure 120. If the test of conditional 152 is negative (I<KTOTAL), procedure
120 continues to increment operation 154 to increment index I by one (I=I+1).
Loop 124 then returns to routine 130 for the next execution until I is incremented
to be equal to TOTAL.

With the execution of loop 124 TOTAL number of times, TOTAL number

of interrogation data sets are stored in memory 46. When the test of conditional
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Ref erence is nade to commonly owned U. S. Patent Nunber
5, 859,609 (incorporated herein by reference) for

wo mooslosricdescri pti on about the determ nati on OPCT/US2004/034889

cylindrical imge data. During operation 160,
cylindrical imge data sets ﬁge determned for a

nunber of arc segnents about*axis R that collectively
circunscribe person 22. In Fig. 5, eight overl apping
dp2 isteupnprnosdste, 12@zonigaues Srjth (ggi,ndgga}l segmenfadonsgperation 160.

|l ecti ts S il . WM
Bl L0 TR SRy o R et fRer e
G¥hdritd @mumbeP@d bR dEical imaB8 daf%etsahat eadh adreespond to an arc
schenatlcalhﬁﬁrepresented b y doubl e- headed arrows

segment pycylinden & Refeirang tefipa ArcPeamanisTyidifngs gyievdng
BB ol o SRS e P hgmep: 51 dtvess
Ry ExEdIcdEapdraié OA thhtextérgls abngsggRnThe Snegecdata set
correspond to a view ng angl e of bou& 90 .degr ees, %ﬂ?
ESEPSPEAENS\ R ATRIFEMERDS gfq?éqsgntwhe‘g@&?r imgngiapgl sudace gt body
QW d a:lt‘l@g Siff R0skct RAhe SAEHA El}tef:tg&gigér%eﬁ@ IEMonDas if

corresponds toar resentation o erent pOl'tI on
viewedrtbongh 2ylihdricl hpsrteaBadi Ineme sonvenent fewi, tiie mmge alata

can differ. and/ or be . nonuni form.from one arc. .
SEgnarind ipdorp RN FORHLE SNy ER 40P GrpTyiona!
QUSIIAR: YRYenPBan B 84l HaBiNimMe BRSEALs ddtRERSHIIEMIRD
conti nues with mappi ng operation 162. In operation

i@errogatien i deteyeathiered fobharoreasporing e sSERMSUASLIIOBESARF(s) 44.

KotorRRedE Mo B0 Sehed . RERE b S 2
¢ROBDOrval hereintiy 16dynds) fdartiadri descriftidnedout the Hetd@nination

reconciling a data point for one of 17 the arc segnents
of gylindsical {eage|dsédat i on that differs by a threshol d

a"DuntDJr{ng%Pﬁio%af@ il c Qi intal Qdﬁﬂ@@ts:%&@ét.é&ﬂn&?for a
another o e arc sé nts §. n one enbodi nent, an
avebagofigc seghents about axisRethatodlectively cedimsaibd pesson 22. In

s gmesehorartrepmees scamons 0% Ra: 56 e bhoth e §s
g&ﬂlé@ﬁv?eﬁl REAORE 5) Bistii10Ra0dd Witk ?és?%d% %@%elﬁﬁalﬁyr@rcultaﬁ Ie)athway

I stance of "that data point fromthe m dpoi nt of _
Pondepesptindinsedindente SegiBeitn S e33,685, afthe7 eiel schetmatically

dat a set.s are. pref bl copqg ed i ncoher ent | frer
BB R AR GHRE deo SRR hTRASEE PEhieh 1l Ebmerss
i92t 84.fS9 ANRCSS bt schemhtiade Seprédeatedityadbubizhdated hgless slightly
t opogr aphi cal representation_of bod%/ B and the vol une
s Bytojpreserve clarity. In Fig. 5, segments S each correspond to a
viewing angle of about 90 degrees, and each one overlaps two others by about 45
degrees. It should be understood that each different segment S corresponds to a
representation of a different portion of person 22. In other embodiments, the
viewing angle can differ and/or may be nonuniform from one arc segment S to the
next. Alternatively or additionally, overlap may be intermittent or absent.
Procedure 120 continues with mapping operation 162. In operation 162,
the image data obtained for the circumscribing arc segments S are mapped by

processor(s) 44 to a common surface for body B, which is turn defines a common

volume of body B. Operation 162 can include reconciling a data point for one of
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surface(s) about axis Rthat are reflective with
respect to the el ectromagnetic radiation used for the

WO paososaeat i ons of routine 130. Procedure 120 peDUSEA$034889

with operation 164. In operation 164, one or nore

I mage data sets are determ with processor(s) 44
fromthe topographic represerntati on of body B provided
by operation 162. These two-di mensional image data

sherasc spgmentsngior 8 givenlacaten gl diffetshyc2 thagsholdnrmaeysg from the
f ' - di [ ‘
T e T
paibadin®nt, haYiverhdife tedhangietiy ubedl aidtimeuacdidieidata points are
proportion to the data 1t encounters in the volunetric
Aeprpelaend: 4 prsriher amieedimente A g HE TEREAPHR MHIFRA/B el
;pﬂig%@fvte]y rbucB I LR QiR o GRE Yo A s (R AR1RLS that data
ntensi t or e corresponding ray. The attenuation
foaint Gomi the addpesited the cotredpohdieg bhacdegsent & teredsed. HEhe
representati on does. n contribute to the_rendering.
ebrufice] g sefigs Bedprnhs Combingd HeRhrrendh [aftch goynpint the

inRARuR) XPledh A GRS )bl %ﬁa&Q%r@Féng&hﬁﬁe\ﬂnﬁg@sD@)p%ﬁﬁio%-162
Besides’intensity mappi ng, other characteristics of

phvidestagopogrphen] eghpeentativant bedyBrnddhe Folpmerbonndrsey its

sufeflAnaroR O a*CEhratE LlprSh Do R cltyBmaenses .

eRBARMHIREd i ittfe inf¥RESAHBRs of Pughe13mpl ement ation, range
can be used to generate a map of relative depth of the
ref | e@r9asdurs 2P awecefs P aparaEieR d§dt EHoRUBIALE64PRROr moTe
K e 0 .
SR i HE LR 1) RloRRSEGRFEbANC topgeraphic
dégréenrarioe st bodythprdddpdbabpaeatiay1dit Tiesa two-dimensgmiabn
and detection of returned electro netic ene . In.
RS s ATaFendgren] flffam-tg? x@ugpewﬁeﬁﬁgﬁ@%% %\%ﬁéﬁﬁ%ﬂg 2
[ . I e

PRy QB AL ELS PraaeR il SR o bha ingles Along cach
tphmllEloa gt thointensity tshatiéuatediinprpontientoi thy dgi itednsotirders in the
the intensity-based,i m map. This exanple i.s further
SRR AU S G Pb IR Gt PAC L P OB TPty
@a&&ewﬁa‘ﬂeglresenwﬁ ih#Be BixEPRSdRARFor tAB 86 r&spBRdInS 2dy2 BRE S
can each be used to display a corresponding inage wth

dsenuati0s facBR isadjesppd 6p thaa the back seifececafiiarifopeasentation does not
t wo- di.nenskon i I if.

AP Rl TR ARt map of

iBpsemeatiakhdty foreafiesedddiavidwihg ahigks Bdsitey Giftensity pping,

presented in a sel ected sequence to_provide an .

Qﬁ}eﬁﬁbqr@cﬁerbspc%@@e Boteriosaiqd splyprhcan be mapped. For instance, the

range from the interrogating array 36 to a selected region of a subject can be used

nh f
SHRRRR

to generate a characteristic image map. In one implementation, range can be used
to generate a map of relative depth of the reflecting surface of the interrogated
subject with respect to designated reference locations. Specifically, range (depth)
can be determined from differences in the temporal delay between transmission
and detection of returned electromagnetic energy. In one particular form, a
"pixelated" image map of depth is provided from such range information with the

reference locations ("depth pixels") being the same as the locations of the
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sequence of about 32 to about 64 generally evenly
spaced views about axis R are used to generate a

WO ea0ansaigo ani mati on of body B about axis R | nPOI/082004/034889

enbodi nents, data representative of one or nore

t wo- di nensi onal i nages/ rrapsolnf‘gay be determ ned w thout
the internediate formation a topographic
representation. Systems utilizing a planar form of
AaKiyum @nts@am/ pixeln byrebe lﬂé‘?r@ltpié%aﬁ?ddm%? maps (Fhiserample is

g%rgﬁ%o&{cgg i 8l Pl TERS | 96Pbe FERE REARAREA!

escr I nst
connethé Gio Wirhbnsﬁbrgﬁi imdge (ama@) a&arsetrs ehn afidhebie uskd tedisplay a

e LSS A oL 17l e B
hgﬁbgrecgq{ég eﬁ&&@alslffﬁgéscﬁ&ﬂ%lﬁ&bﬁtc\;le@ 2 a?gf@gra?e IfeHJiéréfd
nex rom o e

escri eration 164, pro
Giont the vekmstdi& retﬂnesepmnbm linveprratiaf 1@h) Bese detges cambe
operation 1 '

RO L 1 SIaPac O PENTS ) TG OB PO T o form, a
9 u@ﬁéesof%i)oﬁtnﬁffoeﬁout 64' 6theRf1 fRAB §p|3é'é'd Vig¥ s BOGf aiills R are

eat to security. TheSe obj ects may be conpletely or
psadtp@engratc@mmirgcanbyamrmfrbmig BabguspxisR- 2, otlneﬁ one

the ermnalonlsmltlal
W@E@‘E‘}"P@n rﬁ?fsseng‘ﬁat%roé PRGBS V%Odgﬂn%e 198 aope gy maps
%ﬁﬂr beAleteBhiRid without Me Rd€kHnetatolMati USRS topdgraphic
processi ng of inmage data i s perforned to determne if

aenscsentatipn.eS ¥rieph 8libzag aylanar forar of BEAYHS seay ¢ subirchpre
%ogﬁ%&ﬂrlg %l’lltes&'lﬁ)hdl&i%t g%?fts uc(# taf%lcﬁﬁl%nﬁﬁn : ecﬁ%ﬂnﬁ% Ehtg such as

exa nuneri ca
filer dybtem d&srﬁbd:cbé@k inftane) iteednnection whh Figgs14 Snd].DS herelnafter

hereinafter. After opera n 170, ond| ti, 195
TR b ORpaHq eyt ToeitSY BBy EDGR A Poad: ed.

loEnehl cﬁlgﬁfeﬁ%ﬁ%ﬁ? r‘a@x‘dﬁdr‘?l@?{I ndtfPor the MeRRLIbY 6f 4 glﬁkﬁ:ﬁ)us object

procedur e test of conditional 195 is
o i horedully dwnbeqbn@dedur es 120 continues with

o O 2P A PGPy

bBjest &@é@%ﬂ opatdion 198N T B?érﬁﬁ’&h [t @'c@tﬁrﬁﬂlaﬁﬁn igREe wﬁether
sone or all of the subject associ ated with the suspect

dﬂbq pegsonds cw@g@m @r impro plicets b mtatest, sughgg anosg Hept gray pose a

bl Le | s
Bt Ss Bl TReOBRATRY Be SoBERRITRER R COSLRALE Dy
WIAliEh e Of PétsdrN SRE Tt b formdiherdeterd@iation poindtially perfageed by

Opt i onal y, t he suspect inmage features can kie )
iisgRetiograt Oae 19y merg iBagas rendered in operation 164. Alternatively or

additionally, numerical processing of image data is performed to determine if one
or more suspicious objects are being carried by person 22, such as concealed object
25 shown in Fig. 1. Nonlimiting examples of such numerical techniques are
further described in connection with Figs. 6-10 hereinafter. After operation 170,
conditional 195 tests whether any suspicious objects were indicated. If the test of
conditional 195 is negative (false), procedure 120 halts. If the test of conditional
195 is positive (true), procedures 120 continues with operation 200. In operation

200, the presence of suspicious objects is communicated to an operator.
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wo b@slosdae0 Based on this display,

characteristic such as an identifying color,

bl i nki ng/ fl ashing or other intensity variation, and
an operat or P@EIUS2004/034889
determine if further inspection is warranted, if

person 22 shoul d be det ai ned]tgas a security risk, and
the like. Additionally or alternatively, information
pertaining to the classification and detection of the
obj ecThiscammpmientiop cary derlude disnlaying agimpgs of sospesrradlof the
oper at or tjon. - t t: i e

SREkE B ERA BB b e EhioB S saftraRRh BBerallbd 1642l
lagd/ei siditsly eldrtsignalscan eusnyratddrinfopetatien 20@ito dcuotie, an
operator can switch between different views and/or can
PPYAIOT 8 2BENTABAM e Perpon dRdFgamEdnsperien e porEgiponding

i e [ . GRI .

SRR OFicG BERHES rHRLP oot far MR ooy o
chiracteridietsacti am denttfgingcaer, iskingtlasHiog lor dther onesay
body. features_ to_which a.privacy objection maght h
srationy el (e ke Baselomy L imelay: e APTRY 8 dEietnet further
%?é(ct%dﬁqQ@/ €8 iRSersbi® Db REMAL bE deXRRNSY Wi sBeurity risk, and the
w re-franme body, other gender-neutral representation,
dikel/ Addigionalyorsileiretivelyh informgmnpeoningrgistihe clagsifeasion and
represe tion of the person. On such bo

AEr ETeot B bR can ARl R ineRL SRR T B SPPEPTof
BiYsi EHSRING | ALk oBtktr 0t S CBTeRRat ViR lodRthern MARTILPect
viewng. Alternatively or additionally, privacy
dopgeaegions an bredigplayedsyiawltayequakyp da fpfigpr variations, an operator

. . L L aht
S B0 5 Bl lRE R R Db 1 oD il change
selativesifalst aphiinagt beisg dddptnied aking ibgitrigvicads) 62.dIn Gikother
approach tgo cross-sectional i n?_gi ng i s further )
gabedinsas, faise alaymssan Bisuskg to Fsiing Aeigedon SHiEHR BdHeHEL:
by ref 3 [ i ' ' : :

gat hor gty cenclhl Bl Feuyicl ) GRKh REY Bpickfon mishibe
mexgieothe pensolr's hedy ta i displafyed ang sche@atie body ireage, vuch as a
aspects of sectional, vie are further described.in
SOHELE Srva. THE CERBE PG R SRk aER PR .
laRd/eP L GBI Mt irih B ipthotdeFaptebeviBéd fepresedtatibnibt theherson.
reduce the quantity of operator inspected inmages that
chudugh bed s ieprasentationsaam cowresppndioghl larated oventraraf eay

NGO R e

resen

Qpe&ikiohAly, prisAgCoht&ad ¢ 42 Be aduirysstd b endpoctingirods-suidnal
processi ng _has_indicated the presence of a suspi Ci u%
%f gggt era

oBpesstakenadenedha geight ofpespray 24 Grat depsiparaghheielvaia
tsnﬁ)ticigﬁseoﬂj&q E&&h&ﬂiaﬁ? b%h%’\(:arried. One approach to cross-sectional
imaging is further described in U.S. Patent No. 6,507,309 (incorporated by
reference), which is, instead, directed to gathering dimensional information about
the sectioned region, such as its circumference. Other inventive aspects of
sectional views are further described in connection with the experimental examples
illustrated in connection with Fig. 13 hereinafter.

To further reduce the quantity of operator inspected images that could be
subject to a privacy complaint, numerical processing in operation 170 can be used

to initially identify which images are to be presented to an operator -- specifically



10

15

20

25

30

one or nore objects of interest, such as a weapon or
contraband, and privacy concerns are at the very | east

wo e@somabd y reduced if not conpl etely elim nat edr/ub1004/034889

still other enbodi ments, display of imges of the body
beneat h cl ot hi ng may be con%btionally or

uncondi tionally acceptable, “or may be al toget her
absent. Alternatively or additionally, the informatjon

ol eese dorwhiph sughgyadespingdas ndicated thie Rresepgs A @rsuspicious

t k _64.1t ; . S| . S
B e A Sy A e haf e L) B
pOGadbic@®bjed df intbiestyl sadh @ DwesRarrepntdbantipamingivacy
process, a clothed individual is nonint

) ly. .
SURATE ARt thioyary Jeasigeasmmablydedpgedat n%m?r}%if'ttglgﬁ)fmgn%%t In

gtgflotﬁg{ é’rﬁﬂo@s@?&ﬁ%}ﬂ%‘@f di:fnaZggs Bﬁh@ b%gg ibQHéﬁl‘?ngﬁﬂﬁ@ﬁ'ﬁ? be

erna tional 'y, ckgroun
caridivisratliy onuadoaditional pe reeptable, by may banltopjthatabsént.

i nt erest. can_he accessed.via.server §3 .and, network.70.
Afteratiysly ond ‘iﬁor@ﬁ}’&g'@rlmu%é?tﬁﬁreg a@ﬁmﬂ S 415/ sene
gfr?tg 18 SetwS 84 td dnLONHbLd BRdke R 80S SNEPRY EMEperform

cedure 120 term nates, bypassing operation 200. It
sdroeibalbef the dar ptaesting af procediaddRe inen efprogrssor(s) 44. In

repeated fqr  each.persan _passing .throu a gy
BERRrE: 4 ARtER GRRSLAGH opREEhHe PeRHEH bd e g the
trhARSnfddhafortis ¢t VREIH08 6F arldesdiwbik APResdesighated computer
anbl guous. Numerical processing routines 170a and 170b

82.¢ Altgmatieely geadditionatlys hackgrevaehinfosmatiomatimug pegson garrying
RO UbieRES i éR: AR Ye Ao hEOPVIHABRP 61 TR RO L
syst’em n e sane manner as procedure or as a
part Afer edcutio dftopeestii@c200, pracediire1€0 teffidnates. Also, if
particular, it has been_discovered that intensi %%PS?@Q It

aestitionahhO'bis neg#H et FOPWerlAO (HIHEHEY BYBETRES°

J :
Pl BB S0 y SERRRAE RS ol i
ghrofighce givemstcatigrgheegupast dnld4ir can e epediegignilhipledinees for a

fromthe typically snopther, curved surfaces of a
Bl)’ﬁ”éﬁe?%}%gﬁu%ﬁég U?\g? MY and depth mappi ng

provi decheWchihrb@kliRE OIS HON RS BT RCArE PivBAAbdcBibed in

energy having one or nore frequencies in the 200 MHz
connkctiol with figgs. 6-°8uRiomsingsy bE04 andind 78hiser pereaplemented with

Lnpl engnt i this discovery. | tin -
R B P P D bk g, wpo o
epudihé 070alif Qaitidulat, @t/ hay bde dasbdivéied thdt dnteuytyaintielepth can be
detecti on approach to determne if .
used to discern made-made objects carried by a human subject. Generally, man-
made objects of the type used as a weapon or contraband often have flat surfaces
and sharp edges that can be discriminated from the typically smoother, curved
surfaces of a human subject based on intensity and depth mapping provided with
reflected/returned electromagnetic energy having one or more frequencies in the
200 MHz to 1 THz range. Routine 170a is one embodiment implementing this
discovery.

In routine 170a, numerical processing of image data is performed in

operation 170 in lieu or in addition to any other detection approach to determine if

one or more suspicious objects are present -- such as a weapon and/or contraband
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one or nore suspicious objects are present ~ such as a
weapon and/ or contraband21 being carried beneath

wa@b@slosnigo o f person 22. Referring to Fig. 6, POLUBI084/034889

170a is shown in flowhart form Routine 170a begins
by setting image counter F Eﬁ one (F=1) in operation
172a. Counter F indexes the “adjacent imges from
operation 162 for processing_ in routine

170a.

being icatirieq benesth ¢ladinEREPeyEetat Refering t&ifﬁg-eﬁ? Eqfitine 170a is
two- di nens| ' . f t. ' I
eS8 R 8 Fomh oRARLPL AR B s by e ke PO dhe
F=019 &6l bpratlatO1 72hh €venter & infexes shed adjacdhniznges frain ompation
derived fromthe topographi cal representation based_ on
AOX frpROgSPSiRg 11y fﬁt‘%‘i*f-‘sﬂgq@- (aniailys vontne | 7Grgnnerais (e different

-.di i | i -t .
NP PR e T AR (B 0RE g SR B0 infcdfncction
withaperitionn 64 af prepeduradp). These aac (e) artwgedimepsiénal map
routi ne 170a sel ects_ a nunber, of snpller jnmage. .. .
B YaddFm thy teperapiical éﬁ%rg%&n&tvn&?a? o @&Xifﬂmﬂ PiXSH Hdgnsity
%%%?ehbi@ymhgﬂﬁas ! QF) DYy S ARE ot nFaB Pasd TBDRIARE dKpthElthe

correspon 0 a group of 1 nmage pixels fromthe
refteeting swyfavaps deterntihed fropt rangamfomtiong e depthahan)mage
pi xel g, have .t he sa relati | gcations.in each of the
P mEBECoeR AR RAD PO P 4 O ORa) " AHIBST RO RsS
$6ftioh® td&Rh bEséparatEily @VaRRRIIGH akRrrel dperationiddegedbideounter
Egoceeds to operation 176a. In operation 176a, kerne

- dfachamagimap keigel I ciosrespande ted sfaip Pripess Bikaly fram din

[ e S..: n

TRERY R R, oésRl RS TS GoppaY LRI NI R B
afptdiveddcdtiont freeadk pf then®o thaps. Kiaropetatikn t1g4prkextietindax counter
correspondi ng th difference map. ecifically, this

de ¢

& ispelrtenae (Spbr dem opsErtion dpgou n‘?;l??‘?%%FPF‘?F SB¥ Opepton
e G - . : . _
1965, SnTRakiDR 2766 S8R RO reliPiphe T L loBlel R fidccssing
coul dFoemepetatian L'yoautoltinecd0a dentirses widrgiemtibddiBa In

di fference" f a map or i.mage.is intended tq refer
Oherafs b1 AT eHE PPS T PRI R EREPdPT SHreds B
At Gdet SortlishbiRli BNEdpRY ATRSE Rl RAD. ARICIRAIY Othds HEBleRce
map. Accordingly, it should be understood that an
operrtar iappropisndtes ndativative of thedwioshmensigegtdgpth map by using a

SURSRAGR P 1R B L RS

bfiRPado peY @etl BBredn/ GRpth @ifferdite’lidia papoe@sigetivintended to refer
operation 180a. In operation 180a, input fromthe
ihthemesultyof wiperraoniinper diferpmtialpndl ey dascrste diffraencing

operation applied to a depth map. Accordingly, it should be understood that an
operation performed as a function of depth encompasses, but is not limited to, a
more specific operation performed as a function depth difference.

From operation 178a, routine 170a proceeds to operation 180a. In
operation 180a, input from the intensity map for kernel K and depth difference
map for kernel K are provided to corresponding inputs of a neural network for
adaptive processing. In one form, the extracted features are input into a multilayer
perceptron form of neural network. The network is configured for object

identification through a repetitive training process, such as a back propagation of
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map for kernel K are provided t o corresponding inputs
of a neural network for adaptive processing. |In one

wo eoosistihe extracted features are input into aPCT/US2004/034889

mul til ayer perceptron form of neural network. The
network is configured for 2 ect identification
through a repetitive traini process, such as a back
propagation of2 2 error algorithm In still other

@m@cﬁdgqmm In atﬂbothereqf@qulmgnp@, a)fhffﬁé@ntéyperfeftnﬁ@ml ngHTk

LB, B T RSO PR Bl e,

firfibesmpdditisae, Ddiffadaptypy 6f RIARBLSPro@siing tﬁmhﬂme cam b@e
utilized in addition to or as an alternative to

widliged|in pdditipn to orgs an aléegnzptu@z‘sp 3 @@qr@ nefpork, such as fuzzy logic,
t
SESH AL ST ARG W gL Rt

procesdihigtdaf ba laltethiti viekyesk. additRnal utilizduo UAldo bESla:pnﬂxi bei at ed
that some or all the desired

ApFeHiHEe hoh S%%Olbaél the ﬂ?%ﬁé’&ﬁ%&ﬁ&ﬁ%ﬁce i 8%%&%%11&?

é&‘?{ﬁiﬂeﬁ éﬁthﬁ S{oAtiishn 1ri|-f1§§ 0P8 ng@rgn&f‘ﬂ%nﬂse@fm it of
ect  dept vari at1on map 1 nformation and/or a

mefcﬁlecleduptlf vartipomagl éfermaivm and/oepdififecan flnestion glependent on

e neu net wor k usin chni kno to.those .. .
deith FtbS tarnfo 58 et ey e RS iRo B AR RS sigtied in
fefder A iRBt drafdigisRARL & i ffofnt AlneAsH Hé’pdnﬁ&ﬁfbn intensity

i nformation can be input to the neural network in |ieu
thagednformatiert ¢andk inmie telthe eural mebrrskdy ligw pf so1pe Phel phthe

sing . techni qu
W S e R, £eRGE ko i flol Wil tdan
utili meehd mtikidiriornhe el ki gend 7- W—Emﬁxdlylsdmﬂlaed Eﬁrrboth the
this arrangenent, one_ form of perceptron neural

denthandintensity Hala: Fekihispriangsagnt. QR (RTBHOF REgFeNiTep dieural
P e Gt oo s
fretneack of thel twdempul déurcesuo prsvide 49k2=98 inputs htalde This network
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ag@lmah(fl hAd l)ﬁ’t 88. @hé@%‘bufﬁﬁ@ﬁe@ﬁés@ﬁ@ thaRfhséed) (I‘Piﬁentlflable as a

entifiable as a man- made Object. Other classes, such
Hsmemaﬁecxﬂwceslpxbﬁd nntgdcralftahhe aﬁ@mamfma,@tqtnwtoﬁ)tb@r classes,
man" attribu 0 uded.. | n t.h
D pe ot snan i e fuepfieRta §F it g BERECATER!
BRltteal It B c4ferfhore beds@RE, the maﬁan@twmkanduxﬂmhsly
di fference mapping to decide if there was _a man- nade

ergrained ppthiaf the 49epikelramas ohimignsity askdepiydifiessnsemagping to
géﬁqgeeisf $69e wal g%ﬂtrﬂfg& ?aref\éxﬂﬁ'ﬂp ML i vAnd &\ € $8PL LN kernel

ue to provi
K processed, the outputs are compared to a threshold value to provide a discrete

result in operation 181a. This threshold can be manually and/or dynamically
adjusted based on false alarm rate, detection rate, or the like.

From operation 180a, routine 170a proceeds to conditional 182a which tests
whether kernel K is the last (FINAL) kernel of the given image requiring analysis.
If not, the negative (false) branch from conditional 182a proceeds to operator 183a
to increment K (K=K+1). From operation 183a, routine 170a returns to operation

176a via loop 184a to process the next intensity kernel K and depth kernel K from
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result in operation 18la. This threshold can be
manual | y and/ or dynam cally adjusted based on fal se

wab@sosriad e, detection rate, or the |ike. FronPCT/US2004/034889

operation 180a, routine 17Ca proceeds to conditional

182a which tests whether kerpel Kis the last (FINAL)

kernel of the given inage rggui ring analysis. If not,

t he negative (false) branch from conditional 182a

pregedé deorteechprertior of1ggn 18¢n ikaeet Kerltado@diféement groupef
a :

PRSI hLEO TR hEYARE B0 RN AR
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of IooE1 184a, kernel K shifts tq atfllffere group of
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ap between kernels K is increased
skigpédpinels pmbqlra@tb tcp sny pidiclsandidating sighpn IObECbr ocessi ng
and/ or ect rocessing is recal ure
or ocods et ey Rt LR bTel SepfeseFRaty 8 il fevvork
P 200b g 8itd) dlhl@ﬂbﬂd‘&ltﬁﬂt@r@sﬁﬂ; DOhESImulAed o dfepstedit 18<1arw ptsvide
K of the two maps are processed by the neural network

iarporrewendiss adantielysteregselinpge makwith & disceeta ielifation b gny
0 d I

a@%’%ﬁ %An leaéég e g(gtg d?ﬁ%gt\éh Fnid 1&%{;& ‘fr?a%g:%s o3 néis to the output

idelOHaelak¢rﬁal Iofmcam@psmimglguﬁa}nﬁa\fermﬁeolobmedetmndent of the

gggfq}&g@mﬁﬁ'@@e%m ReBbnafans eyl begmlestood i whhe
018%1 eSebE el ¥ af Qﬁnfeeﬁfmh%@dnﬂéﬁg tw8 or more

|ne ernels. Al'so, it should be understood that
\kbmlehs douhin)e];ﬁd@smdan pm]sl ankorkdiffiesint Kerael sszesiome, in

t her epbodi nents t k I

SpeiCas RS R Bp ee It Sl PR (A Hire e dig)
‘k@fh‘él KWa@Bééh‘%’froé@é@dcfopﬁnk@eqd théd theRefifn®&tve Pfrue) branch from
condi ti onal 82a indicates the final kernel K has been

sonditerdds? QIOCEWB@@ operatiem8tae affirmative (true)

br anc from CO{‘gﬂ/l on [

187a. ﬂpeg%téorn 3n rfé)? mor%ﬁﬁelperér) gr%eagéhé OOIQI% % Tzﬁgla alarms
ap@bl Roketneg#tBRD Viont ht Sesuldigy mpﬁﬂdty@roo‘eséeﬂ&nmg@ ptdwm for
fromthe resulting adaptively processed i nﬂla rov ded
fipage F by the repetitive processing of ditferent kernels K in loop 18 n one
form, a median filter is applied that replaces each pixel with the median value of its
neighbors to generally remove single outlying pixels potentially produced by noise.
Alternatively or additionally, one or more morphological filters may be utilized to
change the structure of an image. Such morphological filters can include a dilation
and/or erosion type. As used herein a “dilation filter” thickens an object by filling
void spaces, and an “erosion filter” thins an object by reducing stray pixels. In one
particular experimental example, a series of three to four filters was utilized with

different settings to produce first an erosion filtering operation and then a dilation

filtering operation.
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image F by the repetitive processing of different
kernels Kin loop 184a. In one form a nedian filter

wo so0appiised t hat repl aces each pixel with the PETUSI004/034889

val ue of its neighbors to generally renove single
outlying pixels potentially Eroduced by noi se.
Alternatively or additional? one or nore

nor phol ogi cal filters may be utilized to cha

st r ucFameopsiratign Ia?ag@ondsml 18se m%@m&% i M%etﬁgs whgther

dj |
il oo b BRI R o e O 4Py HBRADEY L
Slabis muitisle ames ﬁﬁ:SgdnBraﬂy |ptc&1lhcedtliy psocedureh26¢ prdviding an
redu0|ng stray pixels. In one particul ar experlnenﬁal

aftampiiee (vl forspndiipadl 18821 Ham fiip KA branc
fgérlat!l&ie \%{ S B RIaG RS %ﬁlgd}%ss E}ge@&@ gHﬁgt ok &dns3dbm one

ef osi on ering operation at'ion
frialiees 'th’a-»glemptbr;ﬁbvldﬂ a 2deakuroiof opect dttamioh8akidation if a suspicious

condi ti 188 encount er ed i.ch_tests whether
ﬁﬂmanrlaﬁ% Hoshesom Ly eRbr ol e R P é{ﬂ%é}?%e
gg%féégg% H‘&eért%g&gé&%r c&m%aywdﬁut'htén%ﬁtlﬁé ?’V@Spléée%ds to

ed ‘b procedure 120, providing
apémmmi%ae“r((m theepositiys iree)fbmanch oh @IﬁDtldl@ﬁaal 1P@8a In Ppaaiion

1 S e R SR E AR L Db
beRbE 22 fbrtsh@seq% pltepsinyindeAtioR 300G p@(f)ceﬂbteemO If the

det ecti on valldatlon if a su3ﬁ|0|ous a man-nmade obj ect
framedarfthniechael deeansisteapahen the testal eongidonad l?@?aﬁélegatlve

G455 AT BT A oS5 ghamen
il @HichheulpeIs iftames afd ﬂiala)/aﬂ:ubwl aid/exf fdmmlcibh iadrembe-t0lame

In operatjon 192, the locgati (I)n of. the suspi ci.ous
ehgckde notclesiresh dhe tratiod cRdtions! {812 i McgatYaalse): priing in
n 200 of
B o e B e s
i nconsloatli¢iohal 19Ke testshehdtﬁtall@f thed owagpies IFdmare be@Oprocessed. If

egati ve al s and routi 70a praceed

S5aiaf Soridi Tarsh o4 PR tekaive' (e S, Meafiper s Sgpemepeed

?F-LF-HQ lig oéér@tﬁﬂ?ﬁl%%nﬂ %utﬁl\éaleé‘ﬁlnﬁns ) ﬁﬁ&fatlf)ﬁ) '174‘@1&@ lodb
rame-to-frane check is not desired, e test of

dOadiotriepera the l@gwil-byrieguel pyaysis @ﬂtb@pm issagett. i allief the

170 |
B R B A RO AR LRS00,
Endvineer&esid pBioeeERRGalt, frefufitng @Sts edllisg palitine garh 3194a

i's negatlve (false), then the index F is increnented
preeedury 120)- oper at i on 195a and routine 170a returns to

oper at{ O} hdfdn bk 2itlA%Wve to routine 170a, numerical processing of

image data in operation 170 can be performed in accordance with routine 170b to
determine if one or more suspicious objects are present — such as a weapon and/or
contraband being carried beneath clothing of person 22. Referring to Fig. 7,
routine 170b is shown in flowchart form. Routine 170b begins by setting image
counter F to 1 (F = 1) in operation 172b. Counter F¥ indexes the adjacent images
from operation 164 for processing in routine 170b. From operation 172b, routine
170b proceeds to operation 174b. In operation 174'b, the current image F is

segmented or broken-up into a number of portions.
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196a to repeat the kernel -by-kernel analysis of the
next image F. If all of the inmages have been anal yzed,

wo b@s/ostieo af fi rnmati ve branch of conditi onal 19BET/US2004/034889

encountered and routine 170a halts, returning to its
calling routine (such as pr §edure 120). As an
addition or alternative to ?outine 170a, nunerica
processing of image data in operation 170 can

T : ) he .

per f oRpfsainmadsitiamali rdsvd iarestangraeimagsgegign 4 ae Hipsiated
i f.,.one .or I €S ey i £G . - g
e Bisa R 47 Mo S Al BB R il RS R semeliefino o
£it0td] @ 1051 PRI08 POrtidAs nitabeard DAY/t In the giddle frebd)tinage region
170b is shown in flowchart form Routine 170b $ IS
By issegmpnigd ita geeopt setepeti2, Pglnff‘%q:POi‘U?‘)‘S THREE 18n

. t i i L .1k . .
SR B EY oI FAEE: SoifaRL ST A IRGES 1h URBombined
&R e% theirgihtrhd bepresentati o oflihtige pegior dBsn Fog. Godnami on
174b. In operation 174b,. the current inmage IS .
SBOPRimeBH St @@eﬁqgr&ﬁmﬂﬁ?ﬁz@? S thEolrestepges (4 figy most
Beier£diBg n@c‘égéah'{ ANaditite hQofintbn Sbjed tYHSEBINEM A but HBGR
regiom TR I1s illustrated in three adjacent fields. In
{ange dsebmakstit diffafudi to lavalize suelyavrobjart. B ereppreargeaentitdizing

first set, Set. 1, of | ti - 1.
Rl i faiesisri i onk ey g ot i BEERE R Birttas
Boun@ &6 BE destableS®NondiheREs, iB@ier ERbLURRMLY) OitRe siges, tBapey,

| mge portions 0-17 overl|lap inmage portions 18-27 as
phiterss, dagrees ofrimifiemisy mpries difleeent aitribties mpyhientrsied as would

Cenr os N ‘i : : : '
SFBis I bR e TR0 Svorloblr ptigd O
| ar ge Refeatigi bick t6 Fig. 4| routins 17035 cortuceyithropastiesddey. In

to indicate a cormpn object type of interest, but not
SBETRERTy b7 G dMags FAkk kT picheeny UHRAFEPes & Ruis tragsigpgtion

b $6hrier Pail _?reaﬁéng? g?&ﬂi@ﬂ bﬂéfdtidnzlm H bBPBEormed with
el ectronmagneti c ‘radfation, a segnent size of about 32
sybs$@emi 40cstoprovade 4 corredporaligesadisi frafency Kepesehtsation $or each
iin ot her en’&%{di. nt s,hot her s{ es,. shapes, pat,t [0S,
FBFCSETER (ST T & srRipRiaonris FaRped; efteg de s pegn
B&uiniahai@laRmaObhiect96%& hdve alspatigl Séjueh&prepfesthatiai that
wth or without overl apping portions. Referring back

typidally hay a highet pereentqzsiof dpperispatial Figqueneiperedati verio 17w
isBR 5t S el ORP LR, Heb Bl 453 FRERhiaions for man-
$RAE ioBlectstegLenivyhisdiaitcert@palifidions i/Sipatiahfrégiency
Fc)l(iest[rfil:)ourtirgreldov\é\g ltqc?un'er space. Such distinctions can be utilized to classify image
portions suspected of revealing a man-made object.

Because spatial frequency information of the type provided by a Fourier
transform operation typically involves complex values, it is often desirable to
simplify the data as part of the object detection procedure. In operation 178b, an
extraction filter is applied to extract features from the spatial frequency
representation that may be indicative of a man-made object. Referring additionally
to Fig. 9, three different feature extractor filters FR1, FR2, and FR3 are illustrated

in diagrammatic form relative to Fourier space. Feature extractor FR1 is of a ring-

wedge configuration, including a half-plane of wedges and a half-plane of rings
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subsystem 40 to provide a correspondi ng spati a
frequency representation for each i nage segnent.

waysosdiby, such a representation is conpl ex- veeT/iE82004/034889

has been found that nman-nade objects often have a
spatial frequency representzﬁion that typically has a
hi gher percentage of upper atial frequencies
relative to natural objects, such as the human_body.
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(0t h) Tn peejaiéanclSObe FRsbrRiRxipptedduFing PPefatieR 17 ppreppud into a
SELLRRLRb. SRl SRBSTRRISRI 6 B oY feleRiiGed nirare
ri'ngs provi de rotational 1 nvariance. traction tilter
it firfto @fmudtigatpercepaoi @ @ltriearal nBywaorkt dhe atiwagk is
spatial frequencies w.thin each sector, a set of

fcentighred for picebRRtiticgtign fupugh aepentys SpinigRIREess.gich as a
{Rﬁﬁf @%ﬁ%@%&%ﬁ RELAG: 1PRARmS 88 BN bitfeR l@rr%dﬁﬁ‘é?ﬁsr , %tcﬁfg%rent type of

invariant, extraction filter FR2 can be
wieiital aerdotloandderitaifiyg tohequemagberngdijionhldy pealternatively

orientation nd/ o i zes. raction filter FR3 i. s

SHiiget P SPGB ATt ies R ST G AP " Eing
SEHNRPE 8RR Stildzea R T8N 0PRSS Gs AR akefrddivéto SRalrhdetwork,
frequency conponent. In operation 178b, one or nore of

tshelsas foxayrlagici amopdrateassisjgseexperRPanmRBYsERR pr thardikse
p R A S e S

ext r agrbrdpatatibh il 8015 ra@Remayh bentame Mith dondipanht32bnwhich

180b, features extracted during operatiqon 178h are .
itessuvhetherclldhe Enagss haws Rsh presesseAdl aRFQrAancE N PRGRUARS

113481808, Ofr Tot, LhEntEXE A4S Ha (P atPY HSn 3pEration 184b and loop 186b
returns to operation 174b to process the next image. If conditional 182b is
affirmative, routine 170b continues with operation 188b in which the results
obtained from loop 186b for different image frames are compared to determine if
they are consistent with one other. In one nonlimiting example with respect to arc
segments S, the image results for arc segments S1 and S2 could be compared to
each other to the extent they overlap (see Fig. 5). Likewise overlapping image
results for arc segment pairs S2 and S3, S3 and S4, S4 and S5, S5 and S6, S6 and

S7,S7 and S8, and S8 and S1 can be compared for consistency during operation
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input into a nultilayer perceptron form of neural
network. The network is configured for object

wo dessdiseat i on through a repetitive traini ng PCDUSRS4/034889

such as a back propagati on of error algorithm 1In
still other enbodi nents, ﬂjﬁffer ent type of neural
network and/or training techhique may be additionally
or alternatively utilized. In yet further epbodi nents,
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ntinues with operation 188b in which the results
wUmsnlad)asmmpew@nﬂ@ab itcahovddfofs enémtoo&ﬂrag@ the perégrmanee of

red to t w.th,one
ama FosermicndTagiRonmd [sooatiieanRPR D heal b c
FiEx'i‘ﬁ Sproceskig réSMRY & 6RSdH héie ftlﬁésh@[@vaﬁﬁéilﬁﬂ kBtﬁelad’tﬁerﬁQto
cou be conpared to each other to the extent they

deerning i s easraspepding imagekianigs SOBIPE OF ZPHE PRAtatiARg ENAZE
(gL iR TE B 2 i e o
@gﬁarble ifi aaped. olyfagdic cotRsia shagbe\opetator m@u@pﬂﬂataﬂaptﬂfély

188b, In other enbodi nents or fe franes,.

ameghive agjugiers andiafrselertiyaby tﬂaﬂng%c{r@ Sitteamnt fenigue as
%‘fd odcd %‘Yoeﬁlo&téﬂﬁ[edqwfémn'g%% l@to' 151 18, once routine 170b

ranme-tof rame conparison nmade at "all. m oper at | on
mﬁhnplet(ad,oprbwdum 12[)9.ﬁ\h praceed ponontlitiosal 1196 whd chorferca meore
ari s n resul t /or one @b nmor e ot her desired
e

85% TOTOPPIILT Wely eE?F i PRECATING tested to deternine

i fany oRogRhstrals objicedSdtion afah REheHRdE0! in bfock WedEram form.
objects are indicated, then the relative location to

tAreangemsnir208redn bb Jlreplﬁmemgemh@tyatems-’l()s tlB se/gteh200, new data,
t 19
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ypas
PRPrédck v 20920 geﬂetall%ifﬁwigﬂaﬂa@ b M%ﬁé@ﬁﬂnéfaaaoz h€he output of
performance of any of operations 174b-180b and 188b,
RIS 20 15 SHERT PrOVHCA benimagy gprpgator 206 that can produce

internal image data regarding the subject under interrogation. This internal image
data is represented in a grayscale, computer-generated form as image 206a. It
should be understood that this internal image data may not be displayed due to
privacy concerns and/or may be presented in a manner that masks gender-based
features, as previously described in connection with procedure 120.

The internal image data provided by generator 206 is further provided to
neural network I, which is included in operator 208. Neural network I is
configured to determine object presence based on intensity and depth difference

information as described in connection with routine 170a. In one form, operator
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conmparing processing results to one or nore threshold

val ves or other criteria to determne if a
wa@eoosesgaendi ng | mage, i mage portion or represePtBUSING/034889

i mge feature, or the like indicates an object of

interest. Any such criteria ésizrgn be static or dynamc

in nature. Dynamc criteria y be operator
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det ec ecklln n
SR Z0R0E58h R Ra b B oAl (L EnFAIE dsTReviousty
|d8ﬁn[b§di nBuI@lﬁﬁi‘fnatdW whilp asurdlf neex ke 208,310, Ehkll P heareashewn in

the i mage data from generator 206 is provided to, .
sesigsathey aaydrhabe angad in Pasaiel Udetsrics PapErFRRDIpAlon, as

RErRLG vgulfgty of other ways as would occur to those skilled in the art. Indeed,

there are many other structural implementations and systems that can be used to

implement procedure 120, routine 170a, routine 170b, and/or one or more
operations of arrangement 200.

Referring back to system 20 of Fig. 1, transceiver 42 and processor(s) 44
include logic that can be arranged to perform the various operations described
herein, including those described in connection procedure 120, routine 170a,
routine 170b, arrangement 200, and/or variations of these. This logic can be in the

form of software programming instructions, firmware, and/or of a hardwired form,
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directed to the detection of man-nmade structura
features based on spatial frequency information. In

we@e@shsring neural network 212 is arranged to peeT/ORIM4/034889

routi ne 170b previously described in connection with
Figs. 7-9. The outputs of OBfrators 208, 210, and/or
212 are provided to various“tilters 214, such as those
described in connection with routines 170a and/or 170b

iust tormawiecefewn Fyrihermore pugh lpgiaicenbe i tha forpy <@g 08 mere

one_.or . I Cl QUS | S |

PepHSuPA T BT S PR BT 18y et R Comery iy of oo
gem@ek 70 elit dnd lexspleplogictsegraissp ipasfoinf onketremnoredpelatianare
form_ regions corresponding to such object(s) ‘are.
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gfo%gwg%%@%afsﬁ%g @Eggkﬁgégé’dgggg%gn@lgﬁed @fough RM.D. 48

and/puberor @sure bieestomga dpvieeso INmliotitiagiexampbest of oklre1 syatgens
214a, t suspect objects are indjcated a .

s E4mLERlGTEeS Bytlons bRraCsdyTS g%ﬂ 5oping %QE}’ Ut H{ -
Q&d/ﬁpﬁ{a% ERERD0b MREIATTARARIRA 10208 ifchitleifosk 1B 2B 8 d
wth system 20 t hrough various hardware and software
tenteafiguesh &igspllel8 osifdllpwdescri bed. Furthernore, while

neur al_. nef wor 208, 210, a 212.are s ol i

hey i TR e s Paisgbact &7 Hfhfy SRRARnbR cEhb Bresent
$ichB84 B3l @hlbRlus€Pidcidih PlocedsreVigd|, réRink 11706a, YaUtigs ¥70b,
of other ways as would occur to those skilled in the
and/or prechsaniore pherpdonsrdeserEheyd b EomEecier With aprgngement 200.

gl tat L
ST BB 12 O 220 SRR kg e
andieOdesotilfeddn comicetiop ettatsyaem 20f Far systaye B201tpeB0). 222 is

S ek e et bS5 A
. PeVF&%f}pde%rLﬂ%ﬁ eﬁ‘%roh t BPEfsRt 20 SyHeSON0RER bbRIRI B
ncludi'ng t escri

ose ed ‘i n connéction procedure 120,
ictetrogage ihZMimater ahjedtsas FADbS ystamn 22Q sebrdes @@ clamsbedrpanels

iati.ons of, these. This |agig can.be jn the form of
égéldﬁéﬁ“@g B?aﬁﬁﬁngﬂﬁpﬂ]gz_% r%??‘iﬁ‘ggf @Wgﬁp??tr re, and/or of
a har dyiiERbobAsirduddéshordiringBntdollseition BY0 e lsn@ypecally
such | ogic can be in the formof one or nore signals

atiended dbywine hr rerroneraters apd KpURledi®, Panplg 238 obpartad 2 3P risation
B e B PSR 10T s

tshiaB a6kl fderh 0 dcosningdesdiffefedesdd svinminpatoimiducsslof portal

Alternativelilor additionally, . .
230, as is more fully described hereinafter. Station 250 also includes one or more

operator input and output devices (not shown) as described in connection with
system 20 that are coupled to subsystem 240. Portal 230 includes stationary
platform 232 arranged to support person 222. Platform 232 can be made of a
material that is generally transparent to interrogation radiation. Portal 230 also
includes an array 236 and a motor/drive mechanism 234 for each of panels 238.
Array 236 is comprised at a column of elements 38 as described in connection with
system 20. Mechanism 234 and arrays 236 are mechanically coupled to each other
and are operatively coupled to subsystem 240. Under the control of subsystem

240, motor/drive mechanism 234 is configured to controllably move each of arrays
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progranmm ng for processor(s) 44 is transported or
di ssem nated through. R M D. 48 and/or one or nore

w@rdsn3Et®r age devices. Nonlimting exanpl es 0PCDUREN4/034889

systens that can inplenment the operations of procedure
120, routine 170a, routine Ob, and/or arrangenent
200 (including associated |0gic) include those

described in connection with Fig 11-18 as_ foll ows.
23qalongip dortesppinding irpygl @adyRilt @rﬁ@z@e‘%}fﬂl&sﬂfa{ﬁq wdig. 12.

OB PEPpDbu B3R a5 L O ip Bl gt
AN Z N iepREeri®t By afpsshairs i g disandi doﬁdspomdrsmttentemnal

W th arra@genent 200, System 220 |Ilun1nates q
digertign ap besk [liustratgd an Eig: | brkgrerrdingly; a8y go low a
BBh R R o B ikt SANDE R ihclp 3 bl %?%*S
peh@din 220) hah dﬁbmeb;tr th22Bspetidverméahapba3d mAlfsnativel sher

previ ously descri of .s ten12 St em
g%tlmuyb@tf@g BEb of BBt F baBe B2 P Fompesediy e IS EHE
%}?%1 é H?eg?&ubféﬁltb‘ Qteléaﬁ B3 ofhbATBR S dm R e h%u%&ear or
ni-ng s anning portal 230 at security checkpoi nt
Sysiamarer. a]lnssulluanouhadasanggmﬁmtoomer@/m@mof okthstbt anan2 are

EPaL a&ﬂalt%ﬁ%fﬁﬁ%@béﬁe B SRRy B P frgmpne to the

Rbatat eBligR %lé§ tdsiBRcivePE RS hivtat & PosIoatdE the? Hderrogation
Subsysten124 can be configured the sanme as subsystem

mgloraclc@m phwigulan foray qffthis afrargsmiont, decpith ARTRERR Al T ted
éﬁ)%)&l%ﬁg%l%o C glsoth 51ﬁn£ay lsllx% d%‘ﬁﬁﬁétb%ﬂﬂg ast rlﬂfénﬂrP2
$0 TNl es Oné or nore operator input

mogeaemny thecﬁmﬁdagtlﬁ ami S)&ﬂnﬁmﬂ; absutdesd, |11b @their embodiments
connection with system 20 _that are cou dto )
suibs V'L pedd2 amy “Péi;? the samg 1 ?ffgg} 133y, qtgﬁawl%?tﬂff Gt ppe

%I%gmﬁw &God, nci¥ Bpﬁﬁrttvog)%ﬁﬁg%x%ﬁ% andl E@ﬁé Bmh%% Saftdre

nade a materi I's geherally t ansparent to
utilizrdr ogat i on radi ation. Portal Z30 al so includes an

array m)tor ive chalsm 4 for each .of
paneléiﬁgﬁns §m§§§‘%@ae8ﬁﬁ Oﬁ?rég@ﬁ?ﬁWW prime
gloRERRlEived REvARSE iirBREmRt BPINBSSIpaTyMrtaly 2365 tRidh 2Q.
Mechani sm 234 and arrays 236 are nechanically coupl ed

aoargeotendedwdd inghule arhsltalsioe sz ¢haist drivepa prlled driyeseibswh oter

240, U th trol of
Feeha A o Rl B o B M AP w5 B Vel Bpve
afrapD3GYmfther Sebadanehts aGaigleasiaa toner mapve titiatdroRvhich

or P2 as best illustrated in FI%
multiple arrays 236 in different panels are mec anically linked together to move in

tandem. In further embodiments, another scanning arrangement could be utilized
to transmit and/or receive the desired range of electromagnetic energy.

In system 220, subsystem 240 is configured the same of subsystem 40 of
system 20, and is likewise arranged to perform procedure 120, routine 170a,
routine 170b, and/or one or more of the operations described in connection with
arrangement 200; and can include one or more transceivers and/or switching trees
as appropriate. However, the operation of subsystem 240 does not provide for
interrogation completely about the circumference of person 220. Instead,

interrogation is performed over a partial circumference of less the 360°. The
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Not ably, paths Pl and P2 are of a nonstraight,
curvilinear type turning about axis Z. Axis Zis

wo esesEnt ed by crosshairs in Fig. 12 and corrBEpURIIS4/034889

to the vertical direction as best illustrated in Fig.
11. Correspondingly, arrays i36 each follow a path

that turns about an int erroa tion region 239 including
pl atform 232 and person 222, when drjven by the
insepegation peremrasHossends tosgngles dpk gndeh sejtended by paths Pl
addibtio [ - c
e e e R e

QAat esthtao ekt 903a3h a avee priefeeredeatbodswaneamisles A laand A2 are
curvilinear or angular manner. |n still anoth

|
ghthakige reless. Brisfuphermspiered o B?%ligleahanglﬁs éﬂ@nggﬁ?pri sed
?Bll@cti%’iﬁ?%vi?%a %ﬁ&ﬂhﬁ%c@g«{aﬁ cé@&%ﬁt GNP RA AR SEIBN

rom on e next at oblique es to collectively
289N Sehat 228 cpoirciue oné ot nerd encedars gut slwwmepembly doupled

Sotyriam st il orBreticey PSR P arak BRI R
CHEYYd l?ks&tﬁh%@@yste’ﬁyﬁd%'fuﬁﬁ’érliﬁclﬁ’@é @%ﬁ%aﬁfé%&@s@&?swm

gener e samne length and symmetric about axis Z,

i(motchénen) therbade aesitbsysten A tPremntely Pommapicats witke subisgstem

?rﬁ{{e | ength and/or may not be symmetric. In one
ernative variation, nore than two panels, arrays,

and cgy bRS pafcihladaRacbSe! fandlsid38 2e8shabd hiah¢hfigdidd to
can include an electric notor or other controlled

polseen Tesastive enaiph arenys 22 hakgAch greathoshifyfe fet froheighie

4 Vi .

ARGt A on TR B 5 Beplld s, o
@pecificilypidi®is 236 @hdninziede twokbgaayssofid@letbnoatsi38 ¢ash. For

h kKilled i h | i vel .
AT RN TR T
Whiah b g hﬁli%'t&/@_u%ﬁiil/@{r&s@éib&&san%?t@o'cBrr@éﬁoﬁ]@fn%@t«Vitching

panef s are nmechani I nked together to nove in
ttzad @ne forreatuof areays@3badisetective]y taansiiewits oamelemgnt 38 and

arrangenent could be_utili,zed.to transmt ,and/ or

i IET Mot e st i 08 b dn e Heed fompnter
W thtY SUBRPRER D402 BRENS hRBhaAAInd BB4C AihysIB6ethelthc&MTE, Ald
subsystem 40 of system 20, and is |ikew se arranged to

tlesr $voitaimingg toess do pbtalnopograpiigah data forsprogessinn Baneiph3s are
S e B B BRSAP B r
QfrafBdnient." BNGREB& & dpaehtiag tiHkisein, mpekdone2 2amder
ggg{@ﬁ%%g %ﬁg@ ,l;lbgg\,\ﬁegﬁge; "‘EIEI{‘]EYQ gl(?rgevti}lt%nregifon 82%8 %)e/tsvgeeerrln pz%tfé s 238.
Person 222 then turns and faces one of panels 238 for one to two seconds while
arrays 236 move along paths P1 and P2 to perform the scan. Person 222 then turns
and exits along the “EXIT” arrow after scanning. It is has been found that the 240°
coverage provided by this approach is suitable to detect most objects that pose a
threat to security. Panels 238 are each made to be at least partially transparent to
facilitate viewing therethrough by an operator during the interrogation of person
222 in region 239.

Referring to Fig. 13, cross-sectional images of mannequin 222a are shown

as produced by laboratory simulation experiments performed in accordance with
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interrogation conpl etely about the circunference of
person 220. Instead, interrogation is perforned over a

w@anosiosdieeci r cunf erence of | ess the 360. The3l PCT/US2004/034889

interrogation perforned corresponds to angles Al and

A2 subtended by paths and P as foll onwed by arrays
236. In one preferred enbodr angles Al and A2 are
each at |east 90. In a nore referred enbodi nment ,

thegiressnidnventign ABuelt eroasasestianzh ipees dacilitaterhe deteqtion et
referre v

BT e g R e i R 000 B AR I REL I Fhidy

BRIy obREHENMZAN be Dyt e Ma2d8quia 224 imdgedina nambepoke
encoders (not shown) operably coupled to system 240
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I nc 224 el énents 38, and operate in the 10
Fortl20, ols-deceopadimoyges 20Qreand\isile cspe&pOﬁd tasecyonsgplemalong

feefof B8N 25 and St e R 2 B Cra - o B R I Pags® 260 2o 0o-

and meﬁo@ﬁqlkcélema%b eadilécEredpTING QropsHs- sH&tidnhlZﬁSwtaMg
ultraw de transceivers, and two correspondin

exis Zghivhich theveds np abjetidreingearriest angrip a‘glgcf;zefaﬂl $60°
é?%tﬁﬁftere\ﬁ?%% 1}11r rTni g%%&’lybr?oa%ﬁ 9b§ gFgrglux%ﬁ 28)6 QISB ‘f)%(ﬁ’la'eefull,

anot her e enen esr re

B6@ritis pRede e TPtk 8t ctitink Bhd figthes &qﬁﬁmaﬂé@s thmatsramhsealed by
nmechani sns. 234, arrays 236, the tranceiv &3% le,

slpthing Srpcificelly ip ST%Bﬁ%ﬁﬁr‘i’n{ﬂdB’@é? AP @&ma rENER
BleRCRRSI23 5 %?e[eh&e&g’c? B EoRRB&RINLE ZQUchlﬂﬁ‘c‘i ]gfeﬁade

provi de an angul ar scanni ng range o
pBfisisaleteatede iﬁtamges 218Aa (ﬂﬁébmmdé%é oﬁmlumnl%g eadim @plct a 240-
tem ers 222 .under suryei I | ance enters al on
Qoo PARNICHRIGRATE BT COGPBRANGIS (%1% EER Sl Sken
Pes. Sﬂﬂh%%g'stteﬁeﬂletlh’(fdﬂ*?plél@ ‘é{o{'éi‘%,%s(pﬁﬁﬁl StcR@Behse) 288 ré\féﬁls
one to twd seconds | e arrays 236 nove al ong pat
g%gﬂh less

hamhgtemiet%SfbeItﬂw@s heanfeus@ that thparrgpgenzenp of shsien
A0 0L 8 DA LR AR
ABNRFBRGH cbi$aif dppladatiend. 0 det ect nost objects that pose
For this particular experimental arrangement of system 220, panels 238 are
operated in an FM/CW mode with a 10-20 GHz sweep in less than 20
microseconds to provide an imaging resolution of about 1 centimeter and a range
resolution of about 1.5 centimeters. During operation in this manner, arrays 236
are each provided in the form of two vertically-oriented subarrays arranged back-
to-back. One subarray is dedicated to transmission and the other to reception. In
one form, each subarray is fabricated with 112 elements of the slot-line antenna
type. For each subarray, the elements are spaced apart from one another by a
uniform distance. During operation, each subarray is electronically scanned from

element-to-element as the scanner moves rapidly over the generally horizontal
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threat to security. Panels 238 are each nmade to be at
| east partially transparent to facilitate view ng

wo b@sestisough by an operator during the interrBgBRUSZNG/034889

of person 222 in region 239. Referring to Fig. 13,
cross-sectional inmages of m%gnequi n 222a are shown as
produced by | aboratory sinulati on experinents
performed in _accordance with32 the present invention,

8avel Pethd2omsizy t Ap gl arsayapeyes rdrimher gt Faphare perfeppsdomith
h1 So%?j%ie%e%'t'ﬁaﬁﬁiﬁ%%%#@aﬁd% bﬁ@re&&@in?!rgﬁéc'tipémd of
prgw ing inmages to ich a privacy objecfion night be
sRdgombhrene qadinti @2R tb Suchneayehissiona Raubrirensnd fting edassenit and
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pachgeeqiving elgmeng iseActivaed i %ﬁoqd?W@szggsg‘?Sl@ Sefueyefduing

%?O%g?ﬂglﬁgﬁézm gisi Th &i@l@hergﬁ%ﬁfﬁ&% b QiY#d e TREBRr, 38820r type

80a correspond to sections taken al ong
sbhihé¢aparrhy aradfebenaomh terwilizedaswotld camirgo thost skiled sehe

cross-sectional inma 260b, 270b, . and .28Qb correspond
a5 Taeif Ghe PXBeniea g L Gt O oF(AE SR NG Seantit: Hnys
ELAPSHEERE sbar@élySordn chbinABén. Kirdes a8 @k hiteiaivd JFR@eition
260c and 280c correspond to sections taken al ong

teososectiprad im8Ses, athdr typesefimages and/oqrhtonatic Tarcealed object

B e Aieen BF PR St in AR RISRIRRT, Lo

ah®B@in®ntsSofZigd) 1WD ©hadikes grivagy BoncBjsect being carri ed
and in which a full, 360 circunference is | rranged.
| ragedigsy bhangh§d dinsatesydemn st ob ypthgrembodunsng ef thgpresent

: ey - i - ict

T AL 68 B3RS N, POl It il
land/or oisersReiel appeltion sraierad gaent 200 amdeschibetipuron23Eoand th
gl Syvem HHo A aHaae 2350 M e belda oo agETe
ﬁ&ﬁ’éﬁon%ﬁ% r_nﬁ{ﬁgﬂ:r 2BQ%ivefl it AniBRicA8R PR RSP Bdr 9st8A320,

egree partiral circunference view corr esponding'to one
aemsam §2disnwearingjathimgagtikdes that cohdenl glyjs¢téd?P shémen in phantom.

[ | et ti.al Ci nf till.

AR R 2ty P et B3k Rep 8L SEHBLEIF Pl ke bl rgeate
mARSE Bt WIS LR RIeA2SR0NEINddseinl plaRdr pahél seaiiagiftal
provi des a faster scanning and processing tinme that

89 apdprpesssingoiubsystere 4Q ichndadsl meritorbgiconirel statiang3S0-
B S8 R S BE CyHCL dRrpene
G@rzusy&en 40nadceantingrfon ddferences in the scanning technique of portal 330
as is more fully described hereinafter. Station 350 includes one or more operatoxr
input and output devices as described in connection with system 20 that are
coupled to subsystem 340. Station 350 can be arranged to provide a security
checkpoint operator interface adjacent portal 330.

Portal 330 includes stationary platform 332 arranged to support person 322
and overhead motor/drive subsystem 334. Under the control of subsystem 340,
subsystem 334 is configured to controllably slide each of two arrays 336 along
corresponding guide rods 337 up-and-down with respect to vertical axis VA.
Correspondingly, arrays 336 each follow a generally straight, linear path on

opposite sides of person 322 and are each included within a corresponding
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W@ ensiopEber s.

m croseconds to provide an i magi ng resol ution of about
1 centineter and a range resol ution of about 1.5
During operation in this manner, PEr/US3094/034889
236 are each provided in the formof two
vertically-oriented subarraﬁg arranged backto- back.
One subarray is dedicated to'transm ssion and the

other to reception. In one form_each subarray._i
paprsingzoad] 334 Hig. 151 SRwnpae o Panls 3R dR Ercaiee dethi Ebiing a
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one e tting at a tinme and
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r hgs Ied in th art
ARePydsnipp st KRR wRlie o Epulmi oG bl Thipipom he
lshri8a¢ suibs HIEh 180 18 kdriMtsly Commiifidatd Witk egbsyaparzanel y or
in conbination. Further, as an alternative or addi t| on

to cr é@gn%p@tlpvdwaarranﬁﬁg@ﬁ; PaRels SR Stagpepacest apagyedout 1.22
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aS escCri n ConneC lon wt
@Hﬁeﬁhﬁﬁbtﬁoﬁﬂe Figaal rdsol@idnoofabdutelseenfimewaayd e daghr ns.

Figs. 14 and 15 illustrate system 320 of ano&{g@r }
S biioR abp 2 heengmetesh (Fqr s ArrrpgemenG AraYs S 1heagh iglude

tt&og 25'13?5%‘?%' ERmtad ’ea&%&ﬂ :ﬁ@ a4 d Hallld-BRK1 R
and/or o

e or nore operations of arrangenent 200 as
delsarraylie dedwatcrbtmrtamsmmomanth tHei ggher Obarfyss dediGR@l to

i I'lum nat es son sel ect | ect

FeRSPET ST h SO for GBS AP bR FCEBRn BT St
$8 bERhAL sphQ¥d pUTERM StlanoBRE 59 abc?uza defitiMB@fs. Miliring

cl ot hi ng artl cl és that conceal @A;eCt 325 shown in

Phenatiom eagls sybarma és qjmmn@aléy scaeetipbeteresniderelementas the

stem 320 can.be u r ni
SHEETEO0S ARy S TR Gab Rl RSP aF Bl s
QGRMPeRBf §ahé ale p3ABrmasitvit AESs336) g)lsm’tgsgaeh @mn3éiﬂy one
i ncluded in nmonitoring/contyrol_ station 350. Port al 330

ieleracot pf e tepspitirebRTYy $ileDRRERg Depersn apdAnlyone
SR HF G r&&?wﬁg‘ Bbarray is collecting reflected electromagnetic radiation
at any given time. Accordingly, each transmitting element and each receiving
element is activated in accordance with a desired sequence during the scan. In a
FM/CW heterodyne transceiver configuration of this arrangement, the 5.5 GHz
frequency sweep is performed in about 12.75 microseconds. In one form, system
320 may not include the generation of a topographical representation and/or frames
at operation 162, such that frame-to-frame consistency checking described in
connection with routine 170a and 170b is not performed. In still other

embodiments, a different number, size, or type of linear array arrangement can be
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as subsystem 40, accounting for differences in the
scanni ng techni que of portal 330 as is nore fully

waemsslaed herei nafter. Station 350 includes OPET/U82004/034889

nore operator input and output devices as described in
connection with system 20 t%gt are coupled to
subsystem 340. Station 350 n be arranged to provide
a security checkpoint operator interface adjac
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sjetems2 Qs ih peevidRlyaddsGribedfentidasi&its Kysiéh 420 caubd ssetias

‘the novenent of array 336 relative to person 322 in a

intereegate inprimateeatiiesteds Welhner instead of a rotational
nanneg. a '
Syat ofy 35 2R TAIARS sAnRRIREE! 4 AT MpleR (GXBAR e Pprocessing

SitBvtEmoEor Sbinninobyoltled3d mchylss stmidvhdy platfomn 432 dreanged to
devi ces/techni ques to_track position of a¥r

33
PETPaE Eson P T M350 SyRTaReSo 0 EeiDIcay Rty 436. In
LOGNOS e g@h{‘fggﬂ Lt dnost p%ietgﬁy@ LRk oA MV ndeRasS S Red

as subsyst to renote communi cate with subsystem
8410, portal 3315 seraninigdobtird3Arsekagesiy notatep amay 436GdouENOEational

SRS BB P el s TR TR
P(ﬁl’cfv%rd"géiilefagy RireWlhfiSatidwhyPiostralide 8 6trbdpolding® f2m$3ﬁ)z\i§ 1

centineter and a depth resol ution of about .
c@imderebayt platfioon 485 In enerfangsnitahle o seanpngIREIEOadn the

i ncl.ude t. b f .
sPRGHE ol YORNRET o AR 200, CHBRRCARREA RE,
behebwidD soM Skl thabané ficaratytBy. subarray is dedicated to

reception wthin each array 336. In one for each
subar Magystesn #2 splsyster 440tk cantigyrpdyihe same as subsystem 40 of

system 20 and is likewise arranged to perform procedure 120, routine 170a, routine

170b, and/or one or more operations of arrangement 200 to detect objects that may
pose a threat to security. However, the operation of subsystem 440 accounts for
the movement of array 436 relative to platform 432 instead of the movement of
platform 32 relative to array 36 as for system 20. System 420 can include one or
more encoders (not shown) operatively coupled to subsystem 440 and/or other
devices/techniques to track the position of array 436 relative to platform 432.
System 420 can further include a communication subsystem (not shown) the same

as subsystem 60 to remotely communicate with subsystem 440. System 420 can
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ant ennas spaced apart from one another by about 2
centineters. During operation, each subarray is

web@swsam cal |y scanned from el ement -t 0- el emrenPCEES100€034889

scanner noves rapidly over the vertical |ength of
person 322. As the array ngégs, a nunber of scans are
perfornmed with array 336. i ng each scan, only one

el ement of the transmitting subarray is illunmnating._.
btusadde gorerain @ne AT POBNIOHSEBeRal BIEWS REPFreeie s #igl/or utilize
subarray is ¢ [ flec . f1
PURLE R 3 Sl s SRR B S ORR IR fens o
FIaNBI0 té hdessIpeivenit cagemeach receiving el enent is
activated in accordance with a_desired sequence Qﬁ%kg%a

the s&inl7lpstaerrlegtrormegiedayakaitiondneeegahen system

gﬁ&flér%%b%tdhﬁéht ok tﬂerﬂrése i%@&gfoﬂ? @glsote o 03 enfddes person 522
requency sweep Is perforned in out 12.75

wWitrsekeedritstromagmatie ridiation itb¢ gpe PRYicwmly destribedc [Fade

tgpﬁg?rgsg(s,:p?pégg%g fi%g Lo goggj{qﬁql%gtiél’%%?uég %sﬁ%}t%ﬁztd%tyl reftrence
hhABRId 5’24%%&%%4?&{111%{ SHRBAYLIRESIS. Nk MeB&ibReddsBribed

connection with routine 170a and 170b is not” .
pmbbdinments, systens 620 ¢andichesed enintatiogetstagimate gf fnpaimaty objects.

nunber,, Si .0r pe of |inea [(ra rr .
beas yFEman iBdugR Bre g bt o3 rRleadh PRES TR brokBting
3hbsystb 5401 |ScatiREbodtl 3BV ttuded frhine 8B trrhiygedso @dceive person
rotating and/or |1inear scanning arrays can be utilized

§3p andisunpprtarray §3¢ oot anaiestdn therinean s prigited aganst38ns Hp gnd
S t I y i [

e

appp paehaB dakesd Witk rdspedt omoetdrlinsvasiitdl akiseCVA. A number of

enbodi nents of Figs. 1-10 to address privacy concerns.
Flegiromagnesic ratigion FNSTY Y f?caW%é?@ﬁ&aéf@ nE P rer
SEROM B R afh@%x@ﬂc%%qﬂé FRQV Tlﬂés'e QmervsSipRBtéd #nterrogate

FTum-nates person 422 w sel ected el ectromagnetic
ipagba 522 withreldchremagmsierradiesen inoldingrone on mece vovelengtls in

syst 20. For system 42Q, person, 422 .i s . wearin .
Ao es o SOl B A E ARG GRTEeT 045,
ASrah Fb IO REHHoNadBS e dhe Blof T aRidITEA tSscah PEis6ABALEs can
be used to interrogate i nani mate objects as well.

Syweenied 2y tiavel ardos Ts Qnermrmgord owiers a80thetpinemoyer(s) (not
control a g rocessin : i\ng boot h
#50vie AR SRRy RHRENF Rea e REETA°, 0
SUPPOIRef@ENS Bt tHe2 & 1B haftiab il vi83 of Bigs URporay 566 ixvized34lith
coupled to array 436. In
opening 537 to receive person 522 therethrough as array 536 moves up and down
along axis CVA. InFig. 18, axis CVA is generally perpendicular to the view plane
and is represented by crosshairs. With the vertical motion of array 536, an
imaginary cylinder is defined about person 522 in accordance with the circular
path defined by the array ring; however, neither person 522 nor array 536 is rotated
relative to the other, instead translational movement of array 536 is used to scan
person 522 vertically.

Subsystem 540 is configured the same as subsystem 40, and is operable to

perform procedure 120, routine 170a, routine 170b, and/or one or more operations

or arrangement 200, except that processing of subsystem 540 is adapted to account
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contrast to the platformrotation of portal 30 and
transl ati onal novenent associated wth portal 330,

W@ e@sosa1e0 boot h 430 sel ectively rotates array BGBUSiHOU034889

rotational axis R and platform 432 during
interrogation. For this arr pgenent, array 436 foll ows
a generally circular pathway'to provide a

correspondi ng imagi nary cylinder about platform 432.
for therecrtie] isagslptionsl moygpe ©4 ARRHA3AWHB its HCmiartial

standi n L L] ' j | j

T 200 97 o e et bt o o

Sladen)aBke Snieads sibsystem 6Y ®tremott2P cosmbsig st evitiistBsyssem 540.

configured the same as_subsystem 40 of system 20 an?

iLake prReapsl e descriBed@abempRls FysisIT40de Befddo fotsct ¢mgealete
ks 17 re operations of

R0i8E o8 SHBRG B cline N B RO 0L ey pose. a

t hr eaCohpassian nirhy 36,Hdaeenymbéref pesmittingireoéiving elements

subsystem 440 acco for the no nt .of array .43
R AT e B 6 o PP & RO /b P Ghely
%la&%@& BhRédifRhAL Y @1&& QiAW e3PnRmitly eg%ﬁx%lee Bhigiken 500

ystem 420 can 1 nclude one or nore encodersS (not
shd 2000 wpenattingeopivingiglements wosiltbeydasied for@rrap §B6 versus

r i ces/ hni gues.to _track the positi
Pl R s S M e
obiid SRsctdd) Howered, vnasrappiopaiatetdnaiiosy stamirgisdotls 3Medn
t he same as subsystem to renotely communi cate with

etserm o epAnsgbstagially danter 2orcRmiBs Sbe 1 spenenigiding cxgreple, the
g?a%l e PR ST RPR 15 8 Cnlo® BRhb ot %’%%96 ségSﬁéso\?EésAL\g%beﬁ‘chl s
UtT11zé one or nore ot ér approaches described in

s&vnas for@tanniig bdote5 3N iRydicreficanfbekisgd to dentfhtd ane or more

addr ess, prijvacy conceriws. F g. ,];}7 illustrates
ErasEEPeipaginae Y Of R Rt %ﬁnﬂ)ﬁ? BRI B ARG SRR RGPS
YELerBBR I BARAANIPRIEs O 16 Pads Biilady BORBIHON.

ystem um nat es person 522 wth’sel ected
el ect mopdgtier embodidieat ditthe pfeseritanteptien, phebodyuwidgrgoing

 Grean and i S 0o Bt ot By Pt Gemiele Ak are

A 4ReANE ap 4fthsebhRht thANGR MoveRieRfhllp Aile ffe Bddly rotates. In
previously descri bed enbodi nents, system 520 can be

ethed examplas, dothohe ewanandiady retatd andfirpglatmatiymove. The
System 520 i ncl i NG hoot :
DR Fe Al BP RS SR 0 PR B DR RUR ol Gy s

23R gitsthnlipeskicvai® the3 sailledngaed 40 recei ve person 522
and support array 536. In contrast to the linearl
or i entfscleseribegldn ggnnegtagn with gystem 220, the interrogation an

corresponding image information may not correspond to the full circumference of
the body undergoing interrogation. Instead, the segment of interest can be less
than 360 degrees. For such embodiments, the image information can be
interpolated by combining data corresponding to two or more different view
angles. Alternatively or additionally, less than the full height, width, and/or length
of the subject may be scanned in other embodiments. For such alternatives, the
array size and/or scanning pattern can be correspondingly adjusted.

In still other embodiments of the present invention, the image data gathered

with system 20, 220, 320, 420, and/or 520 corresponds to a number of cylindrical
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436 of previously described systens 20 and 420, array
536 is arranged as a ring or hoop generally centered

wowdaok/osEspect to centerline vertical axis CVA PAI/NSI00€034889

of el ectromagnetic radiation transm tting/receiving
el enents are arranged in a ggnerally ci rcul ar pat hway
along the ring. These elenents operate to interrogate
person 522 with el ect romagneti ¢ radiation including
uneges Withowtecombining pefnn 8t alhok the impgasitagather to plo¥ids\ave,
nd/ or, .adj t el h . ' .
e B MRS A PRl e 48 e wippout
B&iap coRbmed obdly partiatip beimgrbadined. Tn setedtharcmbadimen@)e

or nore notors or other prinme npver(s) (not shown) are

Upaging Bgy be campletaly %IP@“#M@%W%‘%OQE@ TREBR g/ 1RO JVithout 2
. _ N y . A ‘ _

DB LR S e BpBBelh BRI i

b2, thhptaatihpameBof agstamBag nEyGrovde plange, anstbad ofwylaidong

axis CVA In Fg. 18, axis CVAis generally
H@?%?éﬁff’iné@ﬂl%W’ttgo‘{tﬁ’éulgf?]@\ﬁaﬁfeéne and is represented by

cr Ossﬂ%ﬁéﬁm}{%ﬁé?nﬂmnyﬁrﬂ&%gg REdaAeh isdtiaNedig6. an

i magi nary cylinder is defined about person 522 in
acoodatan withwirededuied 20 routihat 7Qaardvtide fli7 ol droygenteat 20¢.ay

ri ng; -however.. neithe er son 2 nor._arra 36_18..
it ol Va0 St TR RO AR i S RaP I pdfignanty
ORNANED detifPad i vidfil. Onélfath dfahis @aiboBAGH Mchilds a
vertically. Subsystem 540 is configured the sane as

tnshige EYRABUOL 29SS te Agprrietell AteR.POFEITISHIEM SpRsEREATY igdividual
out i , , . .
S50rnb iR e 609 1o B teecREd AR oA g SRS B rvidua
of conukisivig aayobidlis ifnathept &t compademort @& mére mspches of the
vertical translational novement of array. 3.36 vvi'rt h its d
EPHeRRPERE HRAZE INErmatiepetrgRidin S 3 Bdpidug) rispa store
same
e e e o

Bebl@rictéd deea Py theiindisidpalié derd sedaesrboldicompadsonspd nem 520
is used to detect conceal.e j,.ec as_explained.in
SOIRIBSS SR s AE TG e RGP g AL Ghn be
OB acttHiD L balor bitRP STl donBbI @5&deyi Ng el enents s
typically needed for array 536 to have a conparable

resol In imptherempodimenisimpge infemnasion sattserd imaptosdance waile
A e e R
apo aystemB20e§y8tesn 420, and/or system 520 is additionally or alternatively
used to identify individualsl for which access should not be permitted, such as
suspected criminals, known terrorists, and the like. In one more variation of such
embodiments, one or more other biometrics (such as a fingerprint, palm print,
retina image, vocal pattern, etc.) of the individual are compared in addition to the
topographical representation data as part of the determination of whether to allow
access. The features used for identification can be changed for each access to
reduce the likelihood that the access control measures will be circumvented.
Alternatively or additionally, object detection in accordance with the present

invention can be used to determine if an individual is taking an object from an area



200 to 600 for array 36 for conparable resol ution
dependi ng on the frequency band sel ected. However,
waie@so3Eppr opri ate conditions, scanni ng boot h BADUSZEN4/034889
performa scan substantially faster than portal 30. In
one nonlimting exanple, thggscan time for portal 30
is in a range of about 10 td”20 seconds versus about 2
to 5 seconds for scanning booth 530. System 520 can be
wgbaui pergissionde €0 spre ABY N Bieee T bABISEE £ R Proyidedas af
erson_522 and/ ut i e or nore other approaches
%ggggfﬁg?%¢$’Xﬁ%%ﬁ%pgﬁ%ﬁfgﬁ'Figs. 1-10 to address
pri vagyll gblieidis and Pa@nf applibaione oivabinnkis tspaffidaien are herein
present invention, the bady undergoing interrogation
arQrRasted Py sfetspedRsiboch 1P%“’%5’Hé1 HFAtORAfPRIENt Zppliggtion

S . ve
SRS e 2 ] HOPRSALY AN ALE TR BBy LR
Patther! ey thesgymactthnixodyf optaton, aodf, or fihdiagstasdd heneih fisy
nove. The processi ng of inte%ro%gtion dat a c%@{be
Meanstodprthe enhance andersieading Of e ProRR ISR KRINL: NG iR got
:ijﬁ&mékl%‘ gﬁnmg sbift ik NQgien fkhdy W& doRub DByt meffanism of

escribed 1n connection wth syst'em 220, the
iop¢retiom gaeafpor fanting oWhéls plzenicvengion dragybeenritlustratad and dessribed

not correspond to t full i rcunference of the bo

I desrl bl B8 BrRfiobs wiliProsing fradr i b7 %8 friang Saptétted as
INfsBhESS arfditbt B& @SS il Bitdtaci&)it Bemb @R derstodd i ehly selected
enbodi nents, the inmage information can be interpol ated

lsynbedimtsings ye deerashovmy aslsispaibed andthahell equingents, changes,

i er.ent ..vi e ey 1at | ) . it | .
T e T S R
Y heeiloWiye dginscra desietlfo bé pretecexdbodi ments. For such
alternatives, the array size and/or scanning pattern
can be correspondingly adjusted. In still other
enbodi nents of the present invention, the imge data
gathered with system 20, 220, 320, 420, and/or 520
corresponds to a nunber of cylindrical 38 i mages
wi t hout conbi ning some or all of the images together
to provide a topographical representation. Instead,
the cylindrical inmages are used w thout being conbined
or only partially being conbined. In yet other
enbodi ments, inmaging may be conpletely or partially
noncylindrical in nature with or without a degree of
conmbi ning to provide a topographical representation.
In one particular case, the planar panels of system
320 may provide planar, instead of cylindrica
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i mage information without nultiple frames. In one
further enbodinent, the image information is obtained

WO pooaosmas@dance with procedure 120, routine 170BCT/US2004/034889

routi ne 170b, arrangenent 200, system 20, system 220,
system 320, system 420, andlﬁr system 520 is
additionally utilized to id tify an individual. One
formof this enbodinent includes a technique to

Bt issllaimeddss to a restricted area, conprising:
scanni ng an individual attenpting to gain access to
the restricted area; determ ning whether the

t.ndi viAddethod soapnisiagl i ng any objects fromthe scan;

conparln one or nore as ects of t€ corresg?%gin

i magedst agrﬁ&%qtr@ﬁlag@ﬁara 130 ERne g"”é‘fa Gmecq ?“\F&Sﬁ al

Eﬁog"ﬂea \xﬁgloe{ ]?é}sctrp khe ?&ﬁ%n@ﬁﬁéﬂ& h &9t 8¢ fFRARHLode? more
ricte

Fes ng access to the restricted
&a@&nm¢sthngdbﬁMMmmBOObﬂﬁﬂwn@ou@lﬁHﬁavorabIe

conparls n. and. no suspi Gi ous.conceal obj ec re .
i ndi c&it ISh*ﬂgéiaE?e(ioéWﬁé)%a{nigéﬂ injgn tyr?é?%’nr EJFS?] dg% ‘iaﬁré)gbag{l%tlc
%ﬁdti\bﬂtaﬁ)r%o’cﬁé‘g@rf&% aRd B&th %ﬁga«fe &efbs;Ghddevice. In

anot her odi ment, inege information gathered in

acc o r adaptiochyi nrhcepmg: the i to 2etermingtif daman; m@e abisgt syseected

A R e G T e R

ﬂictpféfs@ﬂtals vighictionas tl{eQnteﬂﬁfy albiyg thedimfhablimlishd d)efpth]lloﬁg] the
access should not be permtted, such as suspected
gufagenal s, known terrorists, and the like. In one nore
vari ation of such enbodi nents, one or nore other

bi ometrics (such as a fingerprint, palmprint, retina
2mage Thy asthodustciamn, watrin thefsaidradaptingi y prduedsingroperates

o SRRk oo P SRS oS RP R S e e b i
ﬂ%ﬁ% eﬁ% ahd QHYS@P&QﬁéfunIhgn B@tﬂ@: WESE alb@dhd Qlrface.

|ca ion can be changed for each access to
reduce t he |Ike|lh00d that the access control neasures

Jec&ﬁa gieré‘%‘ij d‘a@é‘b‘iﬁ‘daﬂb‘éé%\//&%’ltp “%1%%%3 éfﬁ{éf ahd one or

hﬂy@ﬂb @%&db@wﬂﬁed to determine if an individual is
taking ‘an object froman area39 wi thout permssion to

do so. Any of these enbodi ments can be provided as a

gﬁt hoggﬁ e?l%rc% SP’%Jh?crH n Hé Ocronﬂ)ea}‘l'ng & fiaﬂl i%]na{g?1 Ifrglme data

bl i ons an Arent app

S&Q@b%b@ﬂﬁhﬂ@g@ﬁﬁmbamama |ncorporated by reference as
i f each individual publication or patent application

5. The method of claim 1, wherein the object is at least one weapon.

6. The method of claim 1, which includes:

irradiating the person with an electromagnetic radiation output from a
transducer array; and

displaying relative location of the man-made object on a image

representative of the person.
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were specifically and individually indicated to be
i ncorporated by reference. Further, any theory,

wore@basiisom of operation, proof, or finding staPerus2004/034889

herein is nmeant to further enhance understandi ng of
the present invention, and i4 not intended to limt
the present invention in any"way to such theory,

nechani sm of operation, proof, or finding. Wiile the

i Taventlhennathed efcdaim 1. |wherein seid adeiivebriprasaiag ispegiorapd for
(oot B e 08 Fn R b ORIl I BERGHORY Ll colrllBoRATE 1 2

igtowhefrimapepixelst bei ng understood that only sel ected
enbodi nents have been shown and descri bed and that all
equi val ents, changes, and nodifications that cone

i thi j [d 5 i ' ki ein
by R 8 T AR RYAgaRpa e
pneltiést ed. 40 What is clainmed is: 1. A nethod,
conprisi.ng: detecting el ectromagnetic radi ation

r et ur MELZIE Gcural BRMOLK EyPrecsk sach of dReimage PTtNNsh 4

Per Soffor AIf ofh ik SOABIUASI 6f hBdbthl bubiketedGiviig: AL
nore frequencies in a range of about 200 MHz to abou
Pifdhimtersgy apui shéargespartdencsoiortbs jnmagdipixels of thegmnpifena of
t he rtet ur neg el.ect ronﬁ netic radiation along the
JESREERE ORR QT EdPREa PR The surface; and adaptively

procegsi d¥gh bhe sébdha sétofdfied 6 AE nbiraPndROrkRAS vl £4dpth
suspected to be one or nore of contraband or a

shiferangednpus drom theyrespeetdy onesof e inrpge Mixelseef thydasignated

0 f t] intensity along the
%ér;‘?pa@éﬁ%r@etoﬁgh% @%gﬁsé?%ﬁg atﬂﬁe surface. 2. The net hod
of cl @bmpdsing\nesepin fidia tisonairadapiork e y tpeshokissidB@rmine if
ogera_tes wth a map of surface depth difference to
dbs elpqtaLsusPectdte man- nade object is being carried by
the person as the function of the depth along the
surface. 3. The nethod of claim 1, which includes
&opl yidgethodpatingrising:t er and one or nore norphol ogi cal
filters. .4. The pethod of cl ai % whi ch i ncl.udes
conpar P HfeRE 7 teriogan Weﬁﬁ’ﬁéng]ﬁ 18 2PEISPR YR g qgncealed
iobpee frame data set. 5. The nethod of claiml,

wherein the object is at |east one weapon. _
detecting electromagnetic radiation returned from the interrogation region

in response to said irradiating, the electromagnetic radiation including one or more
frequencies in a range of about 200 MHz to about 1 THz;

establishing data representative of a map of intensity of the electromagnetic
radiation returned from the interrogation region and a map of depth along the
interrogation region; and

inputting the data into a neural network to determine if the concealed object
is at least one of contraband or a weapon based on the map of intensity and the

map of depth.

10. The method of claim 9, which includes:
applying one or more morphological filters to image output data from the

neural network; and
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wo e@s1050160 ansducer array;

6. The method of claim 1, which includes: irradiating
the person with an el ectronagnetic radiation out put

| ocati on of the man-nade object on a inage

representative of the person,41 7. The nmethod of claim
1, wherein said adaptively %%ocessi ng is perforned for
each of a nunber of inmage gorti ons, the jmage portions

each ewnpaBEFishreura ngtwirk tipagsroutpi der piisskmaagedrame,g a
met h Lm. 7 i ' Pl processi ng
Fore e?ug%lnn%k\g(lggsl K‘aﬁ%@‘ﬁ@ 11r%g géc%gé;lj ?g'?één%iﬁhv\% rk to

process each of the image portions; for each of a
first set of inputs of the neural network, receiving

ah i nhbemsihed of chimPs MHiFhi RGeS n cor r espondence to
the i gage Rl : il Aenof
the i rragetl%girétg ‘.L‘}g%g“ or rg)gg féﬁﬁ?@%ﬁ%ﬁ%‘g? H%fVﬁi nput s
ofurblhetwailitaldeteshineikihe cemebled objeat id pptsentdihefimagndaa
i nput fromthe respective one of the inage pjxels of
PREOBRE HSFE%POQ&&&;S? B giiTerey Egotl JmapR b Riggibe data
dsbA3Bve Gfe RRAPRADGitGRoREpBHAInE F@ MW ABiAGAIGHA]l map of
network to a threshold to determine if the object is
susgeguia@ dntesityA met hod, conprising: irradiating an
interr tion yregi,on including. a persan I
concegl"l(d g aeﬁ‘ﬁ?‘?dﬁ%%“élc?{%‘aape%e%% ‘Ificgan E:naét%i ?f{énér/da(% %)af? §raporal
(EbiidRE dbfepiirleln kMR to gaitl i@alistay Md shid detpiagsadt o
said irradiating, the electromagnetic radiation .
i ncl udetaaniaing the datsrepreseaigtive el B map of depthda agfordange vith

r%g[%h M_f'i{er%r&e %Q?elﬂt c%n]“[gg n'f%%-dgﬁérﬁmnhlsﬂ%ié] gf @?Eltarﬁrel ge.

resentative o I nt'ens
el ectromagnetic radiation returned fromthe

L3¢ or TBE RSN 0 E0RiBrY: Sk Ol U hEIeUEIA Jpgtgn gf the
REHeRkd Bﬁjtewp&l(a ﬁﬂag%‘%ﬁ%é‘enfh%vb bf iHegcRACeal ed obj ect

13.  The method of claim 9, wherein said interrogating includes scanning the
person in a portal at a security checkpoint with incident electromagnetic radiation
and said establishing includes generating image data corresponding to a number of

cylindrical images.

14.  The method of claim 9, wherein said establishing includes generating

information corresponding to one or more cylindrical images of the person.

15. A system, comprising:

an array operable to interrogate a person with electromagnetic radiation at
one or more frequencies in a range of about 200 MHz to about 1 THz; and

a processing subsystem coupled to the array, the processing subsystem
being operable to provide a neural network including a first set of inputs and a
second set of inputs, the first set of inputs being arranged to receive data

corresponding to a map of returned electromagnetic radiation intensity along a

and di spl ayi ng rel at PBUS2004/034889
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wotooslosiine 9, whi ch i ncl udes:

is at | east one of contraband or a weapon based on the
map of intensity and the map of depth. 10. The net hod

nor phol ogical filters to i mage output data fromthe
neural network; and42 conparjng a first neural network
i mge output for a first i e frane to a second
neural network image out put for a second inmage fram(si.

surfpige bersathorotbingaf dhapaysonsHicsreqnssel eleiapuls Peing atftppggd to
each a nb -d] ' I -5 h
£26% Blhe S AR E0FEpi e LLELER br ARSI B R, RAAES et
akjvefl bdifg Efesieato evaheid ifegeodabee ghjedts auspectatdt being at
corresponding to a different group of inmage piXxels,
teng opg Of condaPeRteft %eqwlabfecpﬁgv 'ﬁéﬁ‘&t gt a fwg?&gfi @e map of

[ t = di i [ X!
R IR Bl 3the T pbBe ChERRS By Sk R nd it 1042
mefgeraspandingwitpan of tenporal information determ ned
inrelation to said irradiating and said detecting;
and determ ning the data representative of the map of
dePt NThOsARGOLFARGE 13 WhedRRhE ndlihf RiRBASs bRS ﬁﬂlltﬂg'yefrhe
two- di nensi onal map of pixel range. 12. The nethod of
péraeprad, typehi ch i ncl udes di splaying relative |ocation
of the conceal ed object on a image representative of
the person. 13. The nethod of claim9, wherein said
it er TRE &fstodd of Eleink! U8 Swisedn fidBlap BN SaBpresendative bf al

at a security checkpoint with incident electromagnetic
denth diffesencand the proeessing Subshistay neledemeansfondsisiyings the

i ' . npunb f [ indrical
B3R g6ith oA HERRP RSl O Y s
establishing includes generating information
corresponding to one_o re cyljndrical inm f th
e RN W RN o
AL P GRS odtpRE S BFb VML 47 1L G RIABO TGk En bt RS b brat

one or nore ??eque cies In a range of "about 200 MHz to

atooeidbjict Hzndiaatdd.a processi ng subsystem coupled to the
array, the processing subsystem

19.  The system of claim 15, wherein the processing subsystem includes means

for filtering image information.

20.  The system of claim 15, further comprising a platform proximate to said
array to support the person and a motor to move at least one of the array and the
platform relative to another of the array and the platform to perform a security scan

of the person at a security checkpoint.

21.  The system of claim 15, wherein the processing subsystem is further
operable to generate image data corresponding to a number of cylindrical images

of the person.

22.  An apparatus, comprising: a device carrying logic executable by one or

more processors to analyze data corresponding to an image of a person obtained

appl yi ng one or nBE€BUS2004/034889
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bei ng operable to provide a neural network including a
first set of inputs and a second set of inputs, the

wo poostsEed of i nputs being arranged to recei vePOBUS2004/034889

corresponding to a map of returned el ectronmagnetic
radi ation intensity al ong ag% surface beneath cl ot hing
of the person, the second s of i nputs being arranged
to receive other data corresponding to a nap of depth
&loprRieqttesnagnpticaadiation SCHR GPERE NP KBRS S df £ BBEP V&

| r ei ng
o L0 NREE L dp B0 T, BB dB IR T RRRAE WP ot o)
thteahagrtia rddinohiinensfy dnden mapofodeptindetersiihed mintive trethe
map of depth are conceal ? by the peéion and Erovid
aersom thedosic teste BEBFRICHYIOIT FaEEe an adapiig POpEtsatiihe

| IHKE! 84 L0f deihSatQbasfone of

%ﬁatt?k\g\ag%art per gé’g?}r"geﬁ"@ype?&sfg& dl'\ﬁ{e%é s% erﬁso?neccl) aim
tontrabhrd ef apdtbaiairegruoty degt hrei teinpanesadott tat the gesén as a
depth difference. and the processing subs eminclu
Huktien PBWed’é"cPe(}frﬁlWrﬁﬁlaE%ﬁﬁﬁ A HEBERY fﬂ?@ F Bapd dgs
LANGRVI A R Tk RiMicalif g (N @1&Yidh 8fMRfone o hiBrd Sbjedtyifft her
conprising a display éeV|ce responsive to the one or
mulieateslitypthe edapdivpipovdeske at | east one image if presence
of the one or nore objects is indicated. 19. The
system of claim 15, wherein the processing subsystem

pBAC| UdBE apBaEs bOElaim b2 avlieién tHE@Ridens B thetdranof affocessor-
The system of claim15, further conprising a platform

peagablameanary andthe lagic ay/intthe Eypy amumber pbingEpctigngstgred in
qﬁgéﬁn$ nove at | east one of the array and the
platformrel ative to another of the array and the
platformto performa security scan of the person at a

security checkpojnt. 21. The system aqf claim15

R o1ThE ERERTEHS S 6T U Aoy et BrOmG JEImgE) Rars
0P 2 96ABHRE fetlvBRMIIRE RoofOfsRERRAG BEk SOmEreWHAR 0P
cyﬁln Plca I mages of the person. 22. An appar at us,
¢ranpnissiom gverghelenmpeercetwgikng | ogi ¢ execut abl e by one

or nore processors to anal yze data corresponding to an
i mge of a person obtained44 from el ectromagnetic

rzf@.di atrihe Appdratuyl f OGP DL, WherdR e TOERAY ARHeLSpdriblatd ange
0

determine the map of depth as a depth difference map.

26.  The apparatus of claim 25, wherein the logic defines at least one neural

network.

27.  The apparatus of claim 26, wherein the logic defines means for filtering

image pixel information.

28. A system, comprising:
two or more arrays spaced apart from each other to define an interrogation
region therebetween, the arrays each being structured to turn about the

interrogation region to interrogate a person in the interrogation region with
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about 200 MHz to about 1 THz, the data being
representative of a map of el ectromagnetic radiation

WO paososiity and a map of depth determ ned rel at POBUSZN04/034889

t he person, the logic being further operable to
execute an adaptive process, Wwth the data to eval uate
if one or nore objects suspected of being at |east one
of contraband or a potential security threat are bein
clocieamdmdtioyadiation geens maere Arepuencigsdh agtmgernd ahety 209

Lot ti o rod ation i . od th .
L T A b B o
of t hgnfemore prodessoidpedbie iof estabiiilc dite dodgspoiding to a

adapti ve process. 23. The apparatus of clai n&22,
tapee@phicelimage detewniped fromitheiesFqgagpn gignals and generate an

ry and the logic is in the form
g@@g@%ﬁ%ﬁé&ﬁgﬁ&:tﬁ% r;ggti ons stored in the nmenory. 24.
The apgdeviad tespafsiveliailm @Byut whproside antiedidgicnde an wpenathe s
one or nore parts. of a conputer netwar nd the | oqgi
the neroB awswpt%ff]%f CFYIRg 08¢ OF GIPLF €O1CH 6‘5 P%ﬁ%tﬁiﬂ?g PB%?% dhircat
gy&g%tge comput er network. 25. The apparatus of claim
2

, rein the logic is further operable to deternine
the map of depth as a depth difference map. 26. The

paratus of claim25, wherein the | ogig defines..a
?g'ast Eﬁiﬁ &y ﬁ%éﬁ P E%a%?%}l?.mﬁ %C FHe® gf)ep%lg gtp i 1%«3;& vgzlltha%l Rgoel
A8d a WREKSHidin tRoVOIESiredpbidies ofesintie hosysfdlddeed tutdilinear
i mage pixel information. 28. A system conprising: two
oathrabeet the dgreosaieneg@iompart from each other to define
an interrogation region therebetween, the arrays each
being structured to turn about the interrogation
B@gi OMht Oystdih ©Ff tla@l®, vehepelh stoncurvilinba patit sypradmbiesan arc
region with45 el ectronmagnetic radiation at one or nore
pfegiidhcies in a range of about 200 MHz to about 1 THz
to provide corresponding interrogation signals; and
one or nore processors operable to establish data
60r r eTpenykitery of olasn LHpwitpreip hapdnel fomgachdefithe airasds ftrleast

]tpgli%@il? grgrrlgpglge?l% %)otggfllggen\%la\%inagr}ge%ﬁ{r]g&g?} bey z%nop%lrjgtgrgt as a

32.  The system of claim 28, wherein the device includes a display and the one
or more processors include means for generating the output in a form

representative of one or more cross sectional views of the person.

33.  The system of claim 28, wherein the arrays are each structured to operate at
several different frequencies and each correspond to an arc about the interrogation

region subtending an angle of at least 120 degrees.

34. A method, comprising;:
providing two or more arrays each shaped to turn about a person positioned

between the arrays;
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a device responsive to the output to provide an
indication to an operator if the person is suspected

w@boosasrigd ng one or nore conceal ed obj ects thaPCpPUSEOa034889

threat to security. 29. The system of claim 28,
wherein the arrays are each provided wth a panel and
a nechanismto nove a corre@gondi ng one of the arrays
along a curvilinear path about the interrogation

r egi oPREIBOLS trnarraypde erifem an HiteFoation Mg PRIsph¥ith

UGS, SRRSO TR AB A et o

tdghoat T TWs; a8l at | east partially transparent to
facilitate view ng therethrough by an operator._ 32. .
The s§ECEISCYINGIGH pRAZe (REOTITSRALINELY iad’é‘m&)ﬁ’éﬁf‘d’ié‘d’acal

hsdb ﬁ\‘m?tﬂ? iﬁtéﬁ? 4160 26 af1DLi 5 RE PERSH A onk O dR oBRANS

or-'generating the output in aformrepresentative of
one or nore cross sectional views of the person. 33.

The system of c¢laim28, wherein the.arrays.are eac

$or ucihe Batog ofpliRra. whiclvands il of Meduihdong o

?Qﬂ pR&EBn&LIbbEERE PEksbR. an arc about the interrogation
egion subtendi ng an angle of at |east 120 degrees.

34. A nethod, conprising: providing two or nore arrays

h b i t] b
e T REEabSs i gt A7530LoB854bf FREHDE ORAcar
bid 8 patdubeAdPin ifde PRAtIQRt VAU degtdes edlatDreng tigd petson.

radi ation at one or nore frequencies in a range of
about 200 MHz to about 1 THz; and generating

eyl inggl %#hohr@gﬁilﬂ?%awﬁ?%fneﬁﬁgﬁ% E&‘tﬁ)ﬁ’ of\thd 5 r&kilinear.
cylindrical Tmages fromthe interrogation t etect If
the person is concealing an object. 35. The nethod of

claim34, which includes, mpvi.ng each of the arrays
dBong The B’&Et}‘?dﬁ’é SlAncHe W%%dmlugﬁéﬁﬁ?garyé‘%(?n%.mefﬁ &ross

gg{d%ﬁ&l \f?éw%fﬁpﬁé«'éon ALed 8h ﬂle%?&gﬂra%icﬂhagget den of the

I'S curvi ear and the path subtends an angle of
at least 120 degrees relative to the person. 37. The

gg: EO&QS f g}lq%: qrpﬁ%_?,%%& r}nghdelzsegae%éra&lnf fc))rpgigr%Bhi(c)zfll i}ngge

data from the cylindrical image data.

40.  The method of claim 34, wherein the arrays oppose one another to define
an interrogation region therebetween and are arranged to provide a security

checkpoint.

41. A method, comprising:

generating electromagnetic radiation at one or more frequencies in a range
of about 200 MHz to about 1 THz with two or more arrays to perform an
interrogation of a person positioned between the two or more arrays;

moving at least one of the arrays along a nonstraight path about the person
during the interrogation; and

generating topographical image data from the interrogation to detect if the

person is concealing an object.
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38. The nethod of claim 34, which includes displaying
one or nore cross sectional views of the person based

woroosiosoit@pogr aphi cal i mage data. 39. The net hpdr/v$2004/034889

claim 34, which includes generating topographica

i mage data fromthe cylindrical inage data. 40. The

nmet hod of claim 34, wher ei n* he arrays oppose one

anot her to define an interrogation region therebetween
and are arranged to provide a security checkpoint. 41.

met hod onprd si-Ndi ner at | j

Ao iSRS, PECE i By BRh AP AR g east 00
@Q@@&H%Q@ybhkﬂkqmﬁbﬁut 1 THz with two or nore arrays

to performan interrogation of a person positioned
between the two or nore arrays; noving at | east one of

Lae. i ¥Rl PAM An AN VHERLPIE pRA RpRAGUAY LibGe BELSER: 120
Uring the interrogation; an enerat1 ng topographica
idemges @aitide to himpeheni nterrogation to detect if the
person is concealing an object.47 42. The net hod of

claim4l, wherein the path subtends an angle of at

l,gast el at i :

o TG £, WPk AR RS 13 and Bpose e

ahothtr tbelefihe 42 hteleggaties ragainahereketiveen el pemgamged4q provide

The nethod. of, claim4l, wherein the arrays..nunber t.

GBS SO BPIBE 2R EHERS: 2O T DERAh A S THBRE g fectilinear.

region therebetween and are arranged to provide a

security checkpoint, and at |east a portion of the

gat h Theuathod ofadaim 4F, whidhtin¢lpdesadisplagng PO BOISSHOSSf

claimAl, which incl [ ' : e Cross

Sty LS ooy HERT of LpPofuclehiEH] T gle BRE

t opographi cal image data. 46. The nmethod of claim41,

whi ch incIudes@generating the topographi cal i1inmage data

Ffbom dhgamserd effclag ¢ hatiddnclpderenerating disrtapogsaphigel
e BB o e B Bk, Tl i mg ome or
nore frequencies in a range of about 200 MHz to about
]47THZ ;A method, comprising:

performing an interrogation of a person with electromagnetic radiation
including one or more frequencies in a range of about 200 MHz to about 1 THz;

generating one or more cross-sectional images of the person based on the
interrogation; and

determining if the person is carrying a concealed object that poses a threat

to security from at least one of the one or more cross-sectional images.

48.  The method of claim 47, wherein said generating includes providing the
one or more cross-sectional images from a number of data sets each corresponding

to a different cylindrical image of the person.

49.  The method of claim 47, wherein said performing including moving a pair

of opposed arrays about the person along a nonstraight path.



generating one or nore cross-sectional inmages of the
person based on the interrogation; and determning if

WO b@spsris@n i s carrying a conceal ed obj ect t haPCpOSBB4/634889
threat to security fromat |east one of the one or
nore cross-sectional inmages. 48. The nethod of claim
47, wherein said generati ng41 ncl udes providing the one
or nore cross-sectional inmages froma nunber of data
$6t s dhe matlord efpamdt ghersimthginohsiraaght peil subigndscan angle of
\Eg&g ﬁf t he person. 49. The nethod of claim47,

%tl d§578 ‘perform ng including noving a pair of
opposed arrays about the person along a nonstrai ght
pat h. 48 50. The nethod of claim49, wherein the
Sdnst Bhie giathqsbefilams% ndereim theragiays axe cagh opezaile mrprovide

(till?eqag Ecﬁna&Bgtrl]ce alﬁga 1{(]0 pr Blu?%l‘ﬂr ?%é' ?feré’ﬂ?fxr (gdeﬂaltﬁgte 2r rays

radiation at a plurality of different frequenci es 52.
The net hod of claim47, wherein said determnin

iSAe| udds metkgs efyslaig 4 havheran spid %@mr%gelg@étqlmmg the
[RAtELTS FhotPeB5-RA6R fhages to an operator.



