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BACKGROUND
The present invention relates to electromagnetic radiation scanning/imaging
20  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

25  mnot 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

30  interrogation speed and/or image resolution that has made it undesirable for some

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



intended to be hidden by clothing, utilization of a human inspector can be
enbarrassing to the person being inspected, and may pose a concern that
privacy rights are being violated. Thus, there is an ongoi ng denand for
further 5 contributions in this area of technology. 3 SUVWARY One

enbodi mrent of the present invention is a unique technique to detect

obj ects. O her enbodi nents i nclude uniqu systens, devices, nethods, and
apparatus to determne if a person is concealing an object. 5 A further

enbodi nent of the present inventiog 5§_a t echni gue that includes: detecting

returned el ecieFYRRHITET PTG PFOR I, irpages gh bodypart thatpie Aedinily n a

range of abouti.d@Q (YBeANREL By CMihg hliZdioH b 4 nlBiPhedctor s . froma
surface beneath clothing of a person, establishing data fromthe returned
el ect r omagneteamparragsgigapitompes ey kesroinetiesigd tand imay @ass a songerd tapspriacal ong t he
surface, and adaptively. 1 sj.ng .t he dat er.nm,ne if a suspicious
object is befﬁ%&%g E?g VE@“&%gﬁﬁ%eﬁggﬁ%Q%%ﬁﬁﬁlféﬁﬁﬁg%EﬁgﬁFgof t he present
inventionsis d@dnfridatied ihthif afea@h chtdogyhat i ncl udes: irradiating an
interrogation region including a person carrying a conceal ed object,
detecting el ectromagnetic radiation returned fromthe region in 15 response
to the irradiation, establishing data representative of a map of intensity
of the electromagnetic radiation returned fromthe interrogation region and
a map of depth along 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 nent of the present invention

i ncludes a technique to 20 detect electronagnetic radiation returned froma
subj ect, where the electronmagnetic radiation includes one or nore
frequencies in a range of about 200 MHz to about 1 THz . Data is

establi shed 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 25
determne if a man-made object suspected to be at |east 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

m ght be conceal ed beneath clothing of the person. The adaptive processing
can be perfornmed with a 30 neural network that eval uates each of several

mul tipi xel inage portions. For each of_a first set of inputs to the neural
network, image pixel intensity is received in correspondence to the inmge
pi xel s for a respective one of the inage portions, and 4 for each of a
second set of inputs to the neural Y 5 depth difference pixel input

is received in co Ilit . N -;‘1@{ r tive one of
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an array opephjst®. Oilieo embbdimeogatdude ynequsopstemny, dedtescinetbodsgamt | ¢ radi ati on
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processi ng s@BRAYAE Weigﬁgg@@p@ REATE N R¥ ko the array and operates
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perforne@ as prcdRingUns Hatd b @terhlife iﬂ@uégfei@ﬁfoﬁj&ﬁﬂ it yeiapdarkiBe€byme of depth.
Still a furt Iguer enbodi nent includes a device carrying |ogic executable by

one or nore pPPE@Essors to anal yze data corresponding to an inmage of a person

obtained fromele i: ihatd I 1 : neguencies in
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bei ng cancealsford¥ td e irradiation, establishing data representative of a map of intensity of
the electromagnetic radiation returned from the interrogaﬁon region and a map of
depth along the interrogation region, and inputting the data into a neural network to
detect the concealed object based on the maps of intensity and depth.
_ Still another embodiment of the present invention includes a technique to
20 detect electromagnetic radiation returned from a subject, where the
electromagnetic radiation includes one or more frequencies in a range of about 200
MHz to about 1 THz. Data is established that corresponds to intensity of
electromagnetic radiation returned from the subject and depth difference along one
or more surfaces of the subject. Adaptive processing is performed with the data to
25 determine if 2 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 ¢lothing of the person. The adaptive processing can be performed with a
30 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



person as a function of the map of el ectromagnetic radiation intensity and
the map of depth. In one form the device includes a processor-readabl e
menory and the 25 logic is in the formof a nunber of instructions stored in
the menory. In another form the device includes one or nore parts of a
conputer network and the logic is encoded in one or nore signals for

transm ssion over this network. A further enbodi mnent of the present

i nvention includes a technique to scan 4 person with el ectromagnetic

radi ation and determne if an object is being carried 30 by the person.
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15 el ectronagne one in a range of about

200 MHz to abﬁxbubaﬁd 'aﬁidZa pd%bﬁtealsmhqdﬁfhaairebamgcmceﬂm By pepesssand oper abl e
to establish data corresponding to an i mage determ ned from one or nore
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generat g 4N @iitcpbh o@ﬁm%naﬂé&ﬂﬁﬁehé?{} Ah et Mgth The system further includes
a device responsive to th
Still a further embodiment includes a device carrying logic executable by
one or more processors to analyze data corresponding to an image of a person
obtained from electromagnetic radiation including one or more frequencies in a
range of about 200 MHz to about 1 THz. This data represents a map of
20  electromagnetic radiation intensity and a map of depth determined relative to the
person. The logic is operable to execute an adaptive process with the data to
evaluate if one or more objects of a suspicious nature are being concealed by the
person as a function of the map of electromagnetic radiation intensity and the map
of depth. In one form, the device includes a processor-readable memory and the
25 logic is in the form of a number of instructions stored in the memory. In another
fofm, 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
30 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



20 output to provide an indication to an operator if presence of a
security-threatening object is suspected. Yet another enbodi nent of the
present invention includes: providing two or nore arrays each shaped to
turn about a person positioned between the arrays; operating the arrays to
performan interrogation of the person with el ectromagnetic 25 radi ation at
one or nore frequencies in a range of ahout 200 Mz to about 1 THz; and
generating inage data fromthe interrogdtion to detect if the person is
concealing an object. A further enbodi ment of the present inventijon

i ncl udes: getiepexsondakes|alongtlmpearnat  heighi &R RiNiBTevaRyeoBserighe Migblquenci es

0 a range ofabouh 200 MHEnocielred Nk ho e Wil LB AREr © arrays to

perform an interroga a-“person positione ere novi ng at
| east one of the &ramylserambodirennapstsomisgithdipiad by 6lectatmagnetidwadiagoison duri ng
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i.on; .and gener at | i data fragmth [ rrogation to
detect if thﬁltlﬂé‘r%gﬁq‘%‘g’(z@ﬂ%‘éﬁﬁ ‘{i’%{jt @qﬁfﬁ%ﬁt? &\éﬁﬂtf’ a O‘ftd.p]%%él?e mbodi ment  of
the presgnt Qmsntnﬁardp%éﬂtm&%ﬁﬁ@ﬁg@d}%@ﬁmdmn& efdbngRlifRm @k a person with
el ectromagnetic radiation that has one or nore 5 frequencies in a range of
200 MHz to aveditipnegd coprporsdingrisnage dads posigeil.oluine Tomm dhesitradiatiore per son
are generate . j i it LS 1 if the person
is carrying %pg%ﬁgg%fgghg%déc%#gfr%ﬁ g%gg%sﬁggvﬁrpggithgg&gé%d&?ﬁlf fromat -
| east one of persoes elni degpscificdendememgion,of diefonin exch anhy isheoydedzent i nventi on
is to provide.a unique, 10 technique tqQ detect it of interest.  Anot her
obj ect 15 t oPAIFRRSSEH RARFIS IR St e AReRIbEPeraRy | Dese Bme B bathe 1o
determng i fto%ﬁ)@ilab Gty LRECRP &AL akSmPEbNEke8 MERRIRHon Ath6he ShEL S,
enbodi nents, forns, features, advantages, aspects, and benefits of the

present i nverhirsteviteaito ressisbrrsesgmd arddyidudly. om t he detail ed 15 description and
draw ngs incl udedhh&flﬂn%thezemggﬂigl%n%§g%tgﬁ b, dE t\;’;ﬂi:r m@%%% spaced
apart from each other to define an interrogation region therebetween. The arrays
are structured to turn about this region to interrogate a person or object with
15  electromagnetic radiation at one or more frequencies in a range of about 200 MHz
to about 1 THz. Also included are one or more processors operable to establish
data corresponding to an image determined from one or more interrogation signals
provided by the arrays. The one or more processors generate an output as a
function of this data. The system further includes a device responsive to this
20  output to provide an indication to an operator if presence of a security-threatening
object 1is 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

25 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

30 toabout I 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



Fig. 1 is a partial, diagrammatic view of a security inspection system
Fig. 2 is a partial, top view of the Fig. 1 systemalong the viewline 2-2

shown in Fig. 1. 5 Figs. 3 and 4 are flowharts illustrating one procedure
for operating the systemof Fig. 1. Fig. 5is a schematic, top view of the
systemof Fig. 1 illustrating a nunber of overlapping are segnents. Fig. 6

is a flowhart of one type of object defection routine. 10 Fig. 7 is a
fl omchart of another type of object detection routine. Fig 8 is a diagram

illustrating segnentation .of an inmage into overl.apping . rectapgular portions
for use in tﬁé"‘&g?ﬁ?"ﬁ%‘m uripg (e I?Fcﬂﬁgad{ongﬂdsgeaefa‘i‘%gg%#Sﬁtﬁﬁ% tﬁg three
different typgsrsatibfad detset 8¢thé A&bdan cordckhliRr & dbpdct.use with the routine of
Fig. 7. 15 Fig. is a schematic block diagram of an arrangenent for
detecting conceaPtl adbjtherembpiarentief the prssent ventjw isphidss pefferming & execut e

t he procedur f 1 ' . ' igs. 6 and 7.
Fig. 11 is aﬁlﬁ%ﬁgagbgﬁgfl ﬁ%rsggmwrg%lgé@?%\%cg{%d%g S%B%EHS%‘? 05{'/’8 ‘em Fi g. 12 is
a partials, dfraguemgiEgtn & rdngp o/ 260Gz td BieouFil FHZl Dyatneore adosngctidral 20 vi ew
line 12--12 shown in Fig. 11. Fig, .13 is a conparative diagram.l]ustrating
cross-secti oﬁﬁ?geﬁﬁﬁa@s?e?%jéﬁ?r%%‘gteﬂrl?a%@&t w&%%@ew Qf‘gr‘t@lé YeTEEtthi ques of
the present iMNEPerk@Nis cafililg atlndeflcd oBRELth# posddl ARFAMIREEItYVIGWaPT anot her
system Fig. 15 1s a par'glafg, cut-away view of the portal shown in Fig. 14.
25 Fig. 16 i keast qygrof ithese imdeggr ammatic view of still another system Fig. 17

is a partial, diagr At | i f t _anot. SY St .0, is a partial,
top view of the 5%5?%%5?)?&?{%%3‘3 Ozfi?ﬂ%r%&? éngerng?vxfﬁtﬁg}ovf%%l@g@ﬁom in Fig.
17. 8 DETAI teEhhiDESGERISREE GdnY\Wi inerdshe present invention nmay be enbodied in

n ifferent for for
many d erent OArrrxgiher 8bject is to provide a unique system, method, device, or apparatus

to determine if an object of interest is being concealed.
Other objects, embodiments, forms, features, advantages, aspects, and
benefits of the present invention shall become apparent from the detailed

15 description and drawings included herein.



t he purpose of pronoting an understandi ng of the principles of the
invention, reference will now be made to the enbodinents illustrated in the
drawi ngs and 5 specific |language will be used to describe the same. It wll
nevert hel ess be wunderstood that no limtation of the scope of the invention
is thereby intended. Any alterations and further nodifications in the
descri bed enbodi nents, and any further _applications of the principles of
the invention as described herein are gontenplated as would nornmally occur
to one skilled in the art to which the 10 invention relates. Fig. 1

illustrates security i nsBREEF BESGRIPSHOMNOF THROEAYINGent of the present
|
i nvention. In opelslglt %ggﬁp%ﬁ{ ﬁf@éfagu{]ﬂfc%évﬁ’g L& rﬁgl i !e&?c}nesxg’[{:rﬁ! nani nat e

object by illum na romagne Ion i e 200
Megahertz (MHz) F1<g 2 iJ e phattiel, tap idwip] thiFeg) Uesystymrabmgehavidwdiat @etd ng t he
reflected radi ati,on, 15 General ly, the correspondi ng wavel engt hs range from
several centf I]e‘F‘ 1gol-a few microneters. Certain natural and synt hetic

fibers are often tianspad 84t MywcheM ﬂlu&tf&'ﬁﬂ?@ﬁé Bdkedufe o 6Perating the
frequenci es/ wavel gf(r:llgt hs, permtting the defection and/or  imagi ng of

surfaces pospFIsiesh igeheat h such materials. Wen the subj ect of

nterrogati on 1S @eckal hed bl (bl or IR R INORBPUEAGL | 0ns of 2

20 person's body ¢ ga nment's & obt ai ned
with systerrnﬂ&;eﬂa@lwglakc @gmtaﬁl@se portions that are not cover ed by cl ot hi ng
or garnents. Fur](_L)‘her e |nformat|gg elative to objects carried by a
person beneath cl 8hpﬁ§ga ﬁh%"ﬁnﬁ\‘}-‘(ﬂ? eplflelsFuenIUERSf or netal and

nonnet aljgobj ect CﬂgP?%éBﬁg%harP&fﬁ?fQﬂEEb’t Fé@ﬂol{;&:‘id%&%%utﬁﬁd contraband. 25
As illustrated in , body Bi1s in form of person 22 presented for

interr ogatl on by lélgsﬁ sra digerapalgstatimpsagmepighien efandmage Wie gysleppingranner
bei ng at ?e%fan £r %&Juo}(s Po?\’l?é'l(ﬁq eb% ggg(gﬁﬂé% or clothing designated nore
ref Iil AR An

speci fi cal I y rence numera 24b. Clothing itenms 24a and 24b
conceal object 25Figshonadiagranhepnimring direedifespotypesof feameerracBen son 22 i s
posi ti oned iﬁ 30 scannl glillum ngt]rgo? portal 30 of system 20. Portal 30 is
configured f ],ters&rgggﬁag hﬁf““émgé? y checkpoint where it is desired to

det ect wgapons anglfono iCOhERR BlockE@kEdh o?@n aRahgedRat Pk adtb@img 32 connect ed
to notor 34. Platform32 is
concealed objects that utilizes the system of Fig. 1 to execute the procedure of

Figs. 3 and 4 with both of the routines of Figs. 6 and 7.
Fig. 11 is a partial, diagrammatic side view of a further system.
Fig. 12 is a partial, diagrammatic top view of the Fig. 11 system along the
20  view line 12--12 shown in Fig. 11.
Fig. 13 is a comparative diagram illustrating cross-sectional images
generated in accordance with various techniques of the present invention.
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.
25 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.



9 arranged to support person 22 or such other object desired to be exam ned
wth system 20. Mdtor 34 is arranged to selectively rotate platform 32
about rotational axis R while person 22 is positioned thereon. For the
orientation shown, axis Ris approximately vertical, and person 22 is in a
generally central position relative to 5 axis R and platform 32. In one
form platform32 can be conprised of a material, such as an organic

t her nopl astic or thernoset polyner, t haf permts interrogation in or
beneath the sol es of shoes where weapons can sonetines be hidden. Portal 30
further includes multiple el ed¥aTA P GRIEYION. Referring additionally
to the partial to t & | f to 10
array 36 is furthgvrh\ﬂleﬁ { rf[tgld/e%}l\x ﬁ%{éérﬂ%déiﬁ%lﬁiﬁk%ﬂ?dﬁ?&réﬁ ?IE:IL%%? to the

vi ew pl ane ot phirghse 3f pmrhotmgraapn@&mtdﬁtig ththepissfied sfzhe hventnpr 34 causes
platform 32 t r ot aj about xrs R ar acrrc grrbes aggnerally
circul ar pat FREE"S WhARw beytppde I& ntg Hjus ?/hﬂt oiRRaSAE to an

i magi nary CYéﬁeBﬁférlm%dé{Eabnl'I B@Jhééa t@desmaé the Q4rth& S Wl feJe@h&Bsd AL €F rogat i on
region for portal dius Dis the distance 15 fromaxis Rto array 36.

I n one pr ef endgdstoest drat naldiniiatidd Qf§h€aﬁ§©12ﬁt0f0hQ61VP@0@b®there®y inferdeds. In a nore
F{)e;g{){]?daf 2&% afteratlo sazlrjldlffmﬁer énuodlf?cta?lon ?ﬁcsdets%lbjeﬁgmngﬁl%{eﬁts ancdoafgfesﬁgng' ng
represents tfmethsehlqﬁf&:w&sroﬁt}&tprﬂmlpdﬁs olﬁtr&tlﬁ@ernrrbﬁas Mt‘mﬁcdapereﬁn Re Sensing array
36 includes a nunber of nearly arranged e 38 only a 20 few of

whi ch are sc?@ﬁﬁ??%&ﬂla?wququ&l@éac% élﬁ?lg& ERp PR ¥ Pé:r]ia}ﬂeed by reference
nuneral 9ot 0 PLeSEIVRIadsarity. El enents 38 each operate to transmt or
receive electronmagnetic radiation within a selected bandw dth. Sensing
array 36 is coupFdl iliuspeiss seyrifgnensbignstysienddl) ofQub sipbedimesofithe| udes
transcei ver t array 36.

| n-one 1 or m Dpistl ot EilpBRbh 35l BB GG Inih AT Pl |

det er mi ned wetjdctdyallmniming itpath dlmmajagmmcmiﬁmmn 1(1m1mt20§)h‘de\ga})extmat are

coupled to s stem40. In forns one fferent position
tracki ng devéf\%g‘é) Té’nﬂjf?ff‘h Tﬁzgﬁrﬁ&nwaeﬁr Hﬂg gﬁé rB@au ed. Under
the contjsol Géndrhidy) Skl otREpdtding wﬂrerengm@lrangé ?ﬂc’»ﬁﬁe%éﬁceﬁﬁﬁeﬁﬁ‘s to a few

micrometers. Certain natural and synthetic fibers are often transparent or semi-

transparent to such frequencies/wavelengths, permitting the detection and/or
imaging of surfaces positioned beneath such materials. When the subject of
interrogation is a clothed individual, image information about portions of a

20  person’s body covered by clothing or garments can typically be obtained with
system 20, as well as those portions that are not covered by clothing or garments.
Further, image information relative to objects carried by a person beneath clothing
can be provided with system 20 for metal and nonmetal object compositions
commonly used for weapons and contraband.

25 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

30  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



30 selectively activated with switching tree 43. Each elenent 38 is
dedicated to transm ssion or reception. Elenents 38 are arranged in two
generally vertical colums arranged in a back-to-back relationship with one
anot her. Elenents 38 10 conprising one of the columms are dedicated to
transm ssion and el enents 38 conprising the other of the colums are
dedicated to reception. The nunber of elenents 38 in each colum is in a
range of about 32 to about 2000 el ement § and spans a vertical distance of
about 2 to 2.5 neters along axis R, however, in other 5 enbodinents, a

di fferent verrpiEsH tqpappPosern 23 nTisech wher sbisadrsised wrbelsaamingd withd.

Transcei ver C 1 i I i gt ady.. ith only
one el enent @g%&g? Ot ﬁg&{)%“n%\lr%{aﬁ%g ﬁg%@%ﬁﬁ%ﬁg? lta% élét?rog%a%c?%g?tﬁﬁﬁlg%a\gousl y

recei ve w t haxieRewbile pasen 21 sresitisnR@iBhator. Héor niecaiontatign elodwenaxis Rrianscei ver
42 includes logic to di r,eglt ilgﬁjccess'v,e,activa ion of each e|enment 38 of the

transmitting BOPUMAEaCHITRl 18 REFITeLIS Hft BECEIY CoRIABPRIRA BIfENE© 38 of the
recel Vi G COAR difl ME@HIS2. A om blafoRALE LANbOLorH:E00r 2hailiand 2

vertical direction with array 36. T correspondi ng “down range" or
"time-of - fli gaahasjapfosganée thermeplastioer theanosebpolpmer ihdepgrés intorghtietat a about a

correspondin ti f r $Q 2 .und i nterr Lon...Eurther information
about such a(r%} gr%gﬁ%{ﬁtﬂge Slog)&%por%osg?e eWJ' fen\g%go%sog%ﬁﬁlgéoﬁ%ee 1@%2 Pat ent Nunber
5, 859, 609, whi ch Psrthiestefaythémniadugamilapie B meneicasi@patay 36 Refprri@ger red

enbodi nment, transcejver 42 and el enents 38 of array 36 are a form
suitable to ?ﬁi‘gﬂ%‘}ﬂﬂy taﬁllf’./l%ﬂm{lé%i”\% Og%&?r%ﬁﬁdﬁmﬁppgﬁlﬁg?%%g Qelected from
the rangg of ;aRPYY iSRG ABARRIZ A)Gs RIONANG pdRkARS ko RBAM) pnGHz tO 20

about 1 THz), which corresponds to a frée space el ectromagnetic radiation
wavel engt h r ahljie. dfrndsoepreergechipst apsshays. s meeu?4 cooesHlafmeldes (). In

anotner pr ef RERedhSTOO ety B EIRILBE § LABRESINEIALAANINRRL |5 ULl 11 2ed

that generate equenci’es range o about 15 GHz
dependi ng onaxik Re Cinquidrgathwagtthconsepaids conriempondscyioda G weleraslpade

SRR L N LR EE O T R R
about 306G GHeoMidxis R to array 36. In one preferred form, radius D is about 0.25 to about 3
meters. In a more preferred form, radius D is about 0.5 meters to 1.5 meters —
corresponding to about a 1 meter to 3 meter diameter. Arrow A shown in Figs. 1
and 2 represents the selective rotation of platform 32 about axis R.
Sensing array 36 includes a number of linearly arranged elements 38 only a
20  few of which are schematically illustrated and specifically designated by reference
numerals to preserve clarity. Elements 38 each oﬁerate to transmit or receive
electromagnetic radiation within a selected bandwidth. Sensing array 36 is
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
25 array 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
30  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



correspondi ng free space wavel ength range of about 0.3 nmeter to about 1
mllimeter (M. In a nost preferred enbodi nent, the frequency range is
about 5 GHz to about 110 GHz with a correspondi ng free space wavel engt h
range of about 30 0.06 mto about 2.7 mm The transm ssion pathway for a
given element 38 of the transmtting colum can be selected to be about the
sane length as the transm ssion pathway_ 11 for the correspondi ng el enent(s)
38 of the receiving colum to sinplify 1%al i bration. Nonet hel ess, in other
enbodi nents, the transm ssion/reception arrangenent can differ. For

exanpl e, in 6ABEWPESIECRAET (e celvpBd] icalg go GRnsbEion apt vEIERS 388 are used

for DOLN LT ABSf;Sirah Ao @98 s 40100KRAK (@b Atk YimBeA0d Mont . 2

m xture of both“appfoaches 1s utilize pitcally, the signals Treceived
fromarray 36lcanentzidiunsdacti c@dmn s inraseueed phan 32 tcoalvet 2 dlamantsandpr ocessi bl e

format through the a i,catio f a rd techniques.. In one form

transcei ver glial?ssa %eﬁg%ll Sis?agfea&i Oﬂgﬁ} t@%ﬁ%@ﬁ'—"ﬁ%ﬁ%ﬁﬁ@/ AU P %Bont i nuous

Wave (FM CWendhpaindnitk @ diffdéntdeaichl el andlotdumbePat @éthentddrhek uki;i8R9, 609

(i ncorporated 10 by reference herein). Commnlé_ owned U. S. Patent Nunbers
18

5,557, 283 andranscaizer £omn cepledl suitching eme 43 b impeisepeduBeatibgnly erer ence
herein, pr OVEQ%&?F?W{}]S tt%gérlhﬁtﬁe‘il r%dg?}gm?éraanfﬂheeéndosfirpﬁm%@}ég??ﬁ%ewgf

arrangenments. In's ments, a mxture o eren
transcei ver/ saasr ngretlements 38 ohthe gencaingosdummi Tianweet 4ipcledesdpgic to

nonover | appi frequency ranges can he uti]ized that.my 15 inc|ude one or
Tore of the MGt CE YR RaE e ar RBRUARAE Tty BESTLGL T S8 or odyne
type, angy or cSHedboRling oné ¥PRORSINRHIE DSIGHE rekflvinB @6RmAkKD bkl Axchine art.

Transcei ver 42 provides the data corresponding to the array signals to one

or nore procekagegionsf persen B3 plong mvatticalmliseaswit ayayAP- W each be conpri sed
of 00 O BbcGRARADRINn fhed i LRSSHER® HibmiMoRbAPESS L RP data Tecel ved

from 20 transcel including digit circuitry, analog clrcuitry, or a
conbi nat i on pfovidpdsitidAabdésamuf s yordedpaaingyerodn of persog22mmedsl e type; a

doi oot e, e BERL R R0 B ERRLIRL S Bhadlige For 2
can be utsi | i zeghnamIPHPRAIPTISAP&ent Number 5,859,609, which is hereby incorporated by
reference.

In a preferred embodiment, transceiver 42 and elements 38 of array 36 are
of a form suitable to transmit and/or receive electromagnetic radiation selected
from the range of about one Gigahertz to about one Terahertz (about 1 GHz to

20  about 1 THz), which corresponds to a free space electromagnetic radiation
wavelength range of about 0.3 meter (m) to about 300 micrometers (um). In
another preferred embodiment, an impulse transceiver arrangement is utilized that
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

25  wavelength range of about 1.5 m to about 0.02 m. In a more preferred
ernbodiment, 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 coxresponding free space wavelength range of about

30 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



Menory 46 is included with processor(s) 44. Menory 46 can be of a solid- 25
state variety, electromagnetic variety, optical variety, or a conbination of
these forns. Furthernore, nenory 46 and can be volatile, nonvolatile, or a
m xture of these types. Menory 46 can be at |least partially integrated with
processor(s) 44. Renovable Menory Device (RMD.) 48 is also included with
processor(s) 44. R MD. 48 can be a floppy disc, cartridge, or tape form of
renovabl e 30 el ectronagnetic recording Kedi a; an optical disc, such as a CD
or DVD type; an electrically reprogrammuable solid-state ttype of nonvol atile
menory, and/ der theie¢rresponding flemnenits) §gpf@syeca@1m9ﬂlunm@@emph ® those skilled in
the art. In still..other .e | nen i oubsystem 40 i s
coupled to nﬁ?l(l)brra%% t Onse&egﬁggi(i‘]{l/gﬁfl}%{l)%c{%}%%n%’ ﬁ%%%?%ﬁ?%ﬁ&%%g ptlo;I)]I atform32 with
processor (s) addngeRthoOtant differs For veimple .in Shbsliesiating dabdbdimbatysrdrinbre 5 a
nonitoring/control station 50 that also includes one or nore operator input
devi ces 52 afmsAE rareried fon Roth Gonspussiqead sorepghle LA RBothsTRYEmANSY | ce(s) 50
can inclsude (Ko NP [Wer o j L ,NQL Ce recognition
Bt S Unsy S R r R e o S8t L T hose
skilled in t heeivad fromQueayatborre dowpshifiedde fequehsy asPeopaertadantofa a Cat hode Ray

Tube (CRT) type iquid Crystal Displa L type,. plas type, Organic
Li ght Emtti g’gécﬁ%bg%br%&%fﬁugﬁ%e&pp ?aﬁg’ﬂgﬁ*}té?%&e}eg%ﬁq?eﬁpien %{g{%%g%l d occur to
those skil | etrahddcivBed Distof a bBbiatic Miefolyierafueatiobdtlatel €otiiicnoiMagel by one

ore nore securi oi nt_operators . responsible for _the operation of system
20" a8 1 ur t hotFHLOFD PHEAIRNS drsaribet In Byt ge DOTHEF £ Ao P Hal grasied

comuni gt | 08y§&9&¥§é1%¥éi§9 @&Hﬁbﬁl‘j‘ MRied .S BREKBREMLAR 5BY7 ogrmaeni cation |ink
62. Subsystem 60 i1 ncludes network server 63 coupled to conputer network 70.

Conput er net WeSR,570, aaaln obwhich eiei idemporated hi refénonen hefein, provddd sergrela Net wor k
(LAN), a Mmln a'ltinAr e%n}yg% %l? (%’t%é?r(trl\e{%‘s’;\cl)eiveia %g%ngé?gnts.WHds?ill%h%? Network (WAN) of

i
either a privg?lg y%éaxor y access Yp€,” such™as the internet.
Link 62 can bmbpdigéhtes mintuswt differere trangckiver'seheing tlemerCoflgliraiined

comuni cati on channel variety. Server 63 can be renot ei,y | ocated relative
to subsyst em"A® OVFHIRAIRE OfONBYFEIABRIRS feaeAtY ranges@p betlied b pladd to a

15 include one or more of the impulse type, monostatic homodyne type, bi-static
heterodyne type, and/or such other type as would occur to those skilled in the art.
Transceiver 42 provides the data corresponding to the array signals to one
or more processors 44 of subsystem 40. Processor(s) 44 can each be comprised of
one or more components of any type suitable to process the data received from
20 transceiver 42, including digital circuitry, analog circuitry, or a combination of
both. Processor(s) 44 can be of a programmable type; a dedicated, hardwired state
machine; or a combination of these. For a multiple processor form; distributed,
pipelined, and/or parallel processing can be utilized as appropriate.
Memory 46 is included with processor(s) 44. Memory 46 can be of a solid-
25 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
30 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



nunber of renotely | ocated subsystens 40 with corresponding portals 30. In
still other enbodinents, nore than one server 63 can be coupled to a common
portal 30 and subsystem 40 arrangenent. Alternatively or additionally,
server 63 can be an 25 integral part of subsystem 40. For yet other

enbodi nents, server 63, network 70, and sites 80 are absent. Indeed, R MD.
48 can be used to alternatively or additionally transfer data between
subsystem 40 and ot her conputing/procesé?ng devi ces. Server 63 is operable
to communi cate over network 70. Conputer network 30 70 conmmunicatively
coupl es a nufibErenbyazdgty as wopld asget taéhose siglpd i) theargoln stdl|ohses  conput er 82

arranged to ¢ g&@tk\ﬁlﬁ( 450t i bace with computer network 70. Each
conputer 82 rncludées one or nore operator input device(s) 50 and one or 13

nor e operat or out fuksysew 40k spuied menpnedd nusleytiddsamibidie tasticudisy st em 40,
that are not, sho tq _preserv 50 and 52 at each site 80

sel ectively PRHOW e i HB%E?S%ﬁrg‘r) 5:4%4{%’1}/%%[)‘?%{??3&5 ék‘l?s/yﬁﬁfmc‘@ﬁ%llﬂﬁqs? N}, Conmput er

82 can beg i n,ifRitorti/Bdtfol 3RALNSH tHURSY RlcRAbAthe R nREE SRR&br igATPUt er  or
conput er workstation, 5 another conputer server, Personal Digital Assistant

(PDA), and/ ofieviced P2 padane or Biord displrndevires 44 Woereir pubidevias(s) ROs® skilled in
e b BENP K80 R Wout ol BB SR CoBERRRRYRE L1, 1

shoul d be understo Vvia conputer network
70. Col | ect i sithsystens eanddsr dodfferean@tingemere tayookld Bacuran chose §lelleddn ther ovi de an

10 arrangenent to renofe 0 icate with station 50. The interconnection
of these co%o{qgﬁﬁ@rwk%'éfeﬁgmféﬂlbwfra& FWTﬁgE%ﬁfﬁﬁq’on of both.
In lieu @ Pluldciee Ui?gagit@ﬂlﬁttw Ela}ﬂa t}%@ﬁ’ofg%niﬁmli(@n@flmﬁihg@%cﬁo and server

63 could be coupléd by cated cabling or the |ike. Comunication over
network 70 c@L&% tyRscet sueh dibigrand typp @s orldmaew tothose shilleshin §@ artupdat e

sof tware assggi . W b r I ra Lon 50 or
portal 30, aﬁ%}@{r ﬁgﬁgﬁiﬁgéigs%e%ﬁhg% [%p?ng 0? %}e%‘%e%%%ﬁ?? ?%ﬁop%%ﬁ;s%s pi ci ous
obj ects Wi t hrespysitible 212 thksopardtionlad spanere 20 ab fuythedfesaitied édrehafted nafter. I n one

such arrangenent,_one qr nore of sites 80 are onfi gured a repository
for data perti nerﬁysf?}négéﬁ?]?ﬁrﬁn‘g@éémnkﬁﬂ%%‘ SR %‘?Qu?laea to

15  subsystem 40 by communication link 62. Subsystem 60 includes network server
63 coupled to computer network 70. Computer network 70 can be provided in the
form of a Local Area Network (JLAN), a Municipal Area Network (MAN), and/or a
Wide Area INetwork (WAN) of either a private type or publicly accessible type,
such as the internet. Link 62 can be provided by such a network orbe of a

20  dedicated communication channel variety. Server 63 can be remotely located
relative to subsystem 40. Indeed, in one embodiment, server 63 is coupled to a
number of remotely located subsystems 40 with corresponding portals 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

25  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 commmunicate over network 70. Computer network

30 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



Referring additionally to the flowhart of Fig. 3, one node of operating 20
system 20 is illustrated as procedure 120. Procedure 120 is performed with
system 20 to provide inage information representative of person 22 carrying
object 25. Procedure 120 begins with operation 121. In operation 121,
person 22 enters portal 30 at a security checkpoint to be screened for
weapons, contraband, and/or other itens/materials. Procedure 120 proceeds
to initialization operation 122 that 253sets interrogation index "I" to one
(1=1). Fromoperation 122, procedure 120 enters interrogation |oop 124

begi nni ng wi tbrei oyfeeatorogaput alavices) 32 pidQouslyl desenbed dait subsystearq, that 130

interrogates a portion of person 22 w.thin a field of view of array 36 as

person 22 ro?“_éf‘gtss}@wnﬁf’g?f?s vmc%gjcy. ﬁﬂﬁvé%?ﬁ)%pgnﬁﬁs Pitachy sife ?%5’)‘2“‘( the number
of differ ent prhiide ah @gedatd® TR Hhd S8Sut 15O) %aﬁi@lﬁﬁ@brﬁ&t&%@tcaﬁ’ﬁe prgcedure 120.

30 Referring to Fig. 4, interrogation routine 130 is further illustrated.

Rout i ne 130fobagifﬁ80thﬂliﬂmb33rﬁ€tmﬁ JiaZgrsonal cop@rigr pteniBRr Mmorkekdtion, t r ansmi ssi on
i ndex N ks set..to ne (N=1). . FLo rati.o el enent .. uenci ng | oop
13a1s enter atiet soRRlst Rrtehy Pt Bl BRECM Sl R AR TP oh e BERHE T on 136,

Index N is agpnfighegion ab #dek octar ibliesaskiber inQhe it aWhilk $6lyeRb k@Bt i on
operations 136, ﬁlerformed during routjne. 130, In ogerati on 136, a portion of
person 22 i rAe Hestrated do Bressrve fiaptys | showd Baipdersiepd thatanaim or fedisbean beN  of

array 36 is éoﬁ?l%ﬁi\&‘&&anﬁ\ﬁg%ﬁhe?\b&‘kbbpmgneti c radiation and 5 one or nore

correspondi ng teceptio enents collect the reflected el ectromagnetic
radi ation in respOoietivelyt feever 6anmipssr oetwolhé), endsiswi80 provideasnd r ecept i on
el ement are selected by logic of .transceiver_42 w.th swtchi tree 43 as
orevi oudly  BEBEPPERIC TEpeRB SsEPLn sl WRES A TG ppssaene o

condi ti onal tﬂ;@s&co\f}’gioﬁ&tsEﬂﬁlbéha&@@ﬁrélﬂﬁmbre@ﬂ%ﬁhtéﬂlﬁiﬁaﬁmfh.I’Iﬂﬂmedﬁf "N' is the
| ast el enment needed to 10 transmt (N=LAST?); where LAST is the total nunber
of the transqfild efldigor Fengesk 74, gnper mereiof sites S0P sstapiBeiovlibe42. 1 n one

form for e%ﬂgﬁﬁ?@"&ehﬁﬂteﬁfcaﬁ?ydr% #1390 ¢ Sribh bO& RHAIFRHD carle  SWEEPS

t hrough a sel ected”frequency nge tw ce, and the corresponding backscatter
i nf or mat i on dsed temohitafperfoemane of sietpsS(, spdac eiftvede wispdiated githf er ent 15

,[ ﬁgept i 95 el s%ggynsgéml ,e;'eltlircw%tl-')? cqg)e;[rzgtia thtignl ornl;[o?'taf:?d:' ar?d%ors &%%gcagael%rt{n%ilrtat lve to
to the recognition of suspicious objects with system 20 as will be more fully
described hereinafter. In one such arrangement, one or more of sites 80 are
configured as a repository for data pertinent to security screening with system 20.

Referring additionally to the flowchart of Fig. 3, one mode of operating

20 system 20 is illustrated as procedure 120. Procedure 120 is performed with system
20 to provide image information representative of person 22 carrying object 25.
Procedure 120 begins with operation 121. In operation 121, person 22 enters
portal 30 at a security checkpoint to be screened for weapons, contraband, and/or
other items/materials. Procedure 120 proceeds to initialization operation 122 that

25 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.

30 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,



reception el enents such that transmtting element N aligns with a point
between the two reception elenents along a conmon axis of the array. U S.
Pat ent Nunber 5,557,283 (incorporated by reference) describes an exanpl e of
this arrangenment of transmtting and reception elenents. In other forns, a
different technique can be 20 utilized involving nore or fewer sweeps,
different types of sweeps, and/or different transmtting/reception
orientations and nunbers. If the test off conditional 138 is negative

(Nd., AST), then increnent operation 142 is perforned, increnenting N by one
(N=N+1) . Loohngirﬁﬂng ﬁﬂ-lu tnasmissionrapptat dporatitd 236. oIntie;aNsisrhrsmi:agéﬂ inéxept i on
operation 136(1 tion with the. 25 trans ej vi ng subset of

el enents 38 ©d ?‘é%rfi El’ ﬁ'@“f‘ﬁlsflﬂ’é/“ﬁswonl%ﬁliagﬂﬁsnﬁ e&%ﬁ'ﬂ@e DRrYdf oper ati on
142. In thi Slﬁﬁﬁﬂ%bcraﬂ)ﬁ'i@@taspogﬁ)rﬁcfﬁ)ersaﬁgﬂi&%@‘ﬂleldbfavléWBﬁdﬁe%lsmﬁﬁﬁé‘ al ong
array 36 with transceiver 42 to gow de data along a contiguous Tegion of

person 22. Tﬁemmsmmbcr ON” of anra)t i aig@uat@mwxﬂmﬁbtmagmtmtaﬁanmemdm th
transcei yer gi% or rg 9(?15%838%5' B cep gy mé}l‘?sa otllgctstyl\%?gfc&?d E]gcrtr(%)u Ig'gt?t seI ected

ul traw de frequenc operation erred form

transcei ver rAdiaG¥EBNSspdniE QIGS txangrﬂ@g@n Ofhcatank@aghg 40 reptibéle@aah execution
of operation 136 This 15 sweep can occur, for exanple, over a range of
about 10 G -%%s§ %ct%pote»ulcogz@owscqwr4&%&&1@1@%&6?&3 2§ PREWOULY anscei ver 42

and el ement Sde@@hlj%ﬁe FRIthypeatoh 986 ‘%?&}Q{%EIBO pfc@@é!ﬁ tQEoﬁa@tléﬁ"ﬁZISST@héh SWeep can

occur, for exanple, over a range of about to about . In one
most pr ef er rigsis fivd)cnhpr trate;mﬂmga:@ﬁmmt sl “Nénﬁgfée jast aemelhtel@c@d 3 uch that the

For e, aP e PRSPt TS TR ol e b R san SR Bl ccponse

sui tabl e fortonghac@ﬁtaaqiﬁda@we@rcmnge including, but not limted to the
taper slot or end-fire antenna type. In another form the transmitter can
sweep through a dnvenfempdonsich ckemnfien plagutined0 pangmpiting elsmed 4y i n a pseudo

ropeat ed LAST R Ea BT (o e R e N PRt ¢ 1
transm t t i ngfackscettariinformheoefir sadBofdlie morsspedas wrded whih achiferersl  of
15  reception element. The transmitting elements can be staggered relative to the
reception elements such that transmitting element N aligns with a point between
the two reception elements along a common axis of the array. U.S. Patent Number
5,557,283 (incorporated by reference) describes an example of this arrangement of
transmitting and reception elements. In other forms, a different technique can be
20  utilized involving more or fewer sweeps, different types of sweeps, and/or different
transmitting/reception orientations and numbers.

If the test of conditional 138 is negative (N<LAST), then increment
operation 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

25 transmitting/receiving subset of elements 38 corresponding to the new,
incremented 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

30  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



transcei ver 42. \Wen the test of conditional 138 is true, the affirmative
branch proceeds to data operation 144. Data resulting fromthe execution of
operation 136 15 is provided by transceiver 42 to processor(s) 44. In data
operation 144, an interrogation data set is established for the information
gat hered through the repeated execution of operation 136 from N=1 through
N=LAST. This data set corresponds tot current value of integer index |
and the portion illumnated during the executions. Initially, the
interrogation data set can be accunul ated 20 and organi zed by transceiver
42, processoﬁvgﬁ”aﬂ06?“b3¥ﬁ¥maﬁﬂﬂvﬁéﬁ“@E@P%ﬁ”WhM)ﬁ%ﬁﬁ??mﬁﬁz@éﬁhf@?ther

processi ng by Lo6RRMANShm Ak f2 36 bl RELk s SYARSEEHAN fobh Liledphe el nder

of procedure romoperation 144, routine 130 returns to the next stage
of procedur erdah@g®of ReGEl: i Tigs beek camodting. foiSsxappbe edurngai2z®f ebnt 2hues with

condi ti onal t hat 5.1ests whether .the final value of index | has been
reached (I=T E@?,glo%ﬁér%ﬁz'T%]‘ﬂf st Plf?éerfegtf%n’mg?w@? SYEH PREF Bxecut i ons
of loop 124 (anted Ruk iR tﬂ&@hgd‘ﬁéoluwfgﬁg%ﬁlykﬁasmﬁé asith@lateegt of conditional
152 is negative (I cTOTAL)inr ocedure 120 continues to increnment operation

154 to i ncrefspiutipmdéor thegpyfogne clements PR are yelpsipd1ohe phafype 8itirins to routi ne
130 for the I i | S1 NG . - o TOTAL.
Wih the exeleicas B @il logng SicRECROBNLEE ity B BRHRed ©

i nt errogati om watapesddisorand-fat antedna typerelmnythdtiomdfidn triatenittestin of
conditional 16 152 is true, procedure 120 c .hue i .cylindrical
segnent at i ons%‘iﬁgrt%ﬁop%l?\aﬁ’sﬁn fr%ﬂ“%?ﬁé?%ei(ﬁf‘f?‘fégatdf}%etoi%ﬂ%dﬁgf’?e& °data sets
are procgsseghndbrh brddk OCESHQAIH&) knbén tad freQRMEY Réphigy. Nunber of cylindrical

i mge data sets that each correspond to an arc segnent of cylinder C.

Referring to Fig.Loop BtisgeppaodLASTinwnbar of Heey sequenping theoughidghe v of about
90 degrees wyt.k e - I a cylindrical
aperture CAV\’lE1 Sgkfﬁg.%?sgl% éﬁggﬁegﬁgﬁlg%eé%ﬂt ﬁoef%?r gg{l%d}%g%g% lecszogrrespondi ng to
are segnment Sinsc@perelle MVaet e ted vBeonditivankii@riatrues i Ffemaifvebontgh B that is

(T celt e B LERREGE c.le, el S6LCl Lot A oRRRneLic bRdLaLop oS |
data 15  is provided by transceiver 42 to processor(s) 44. In data operation 144, an
interrogation data set is established for the information gathered through the
repeated execution of operation 136 from N=1 through N=LAST. This data set
corresponds to the current value of integer index I and the portion illuminated
during these executions. Initially, the interrogation data set can be accumulated
20 and organized by transceiver 42, processor(s) 44 or both; and then stored in
memory 46 for further processing by processor(s) 44 as described in connection
with the remainder of procedure 120. From operation 144, routine 130 returns to
the next stage of procedure 120,
Referring back to Fig. 3, procedure 120 continues with conditional 152 that
25  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<TOTAL), 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
30  tobeequal 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



10 set is defined in ternms of cylindrical coordinates, although any

t hree-di nensi onal coordinate system can be used. Each inage data set is
determned fromthe interrogation data gathered for the corresponding arc
segnent by processor(s) 44. Reference is made to comonly owned U.S. Patent
Nunber 5, 859,609 (incorporated herein by reference) for further description
about the determnation 15 of cylindrical inage data. During operation 160,
cylindrical image data sets are determiHed for a nunber of arc segnents
about axis R that collectively circunscribe person 22. In Fig. 5, eight
over | appi ng abZissmgnmmotsdust |2B2ntiSess v8th cyBh(dri®b segdkntatind op&ati¢gc il ect i vel y

segnents S) are illustrated with respect the general. circul ar, pat hway 20 P
and correspoﬁb?‘?‘?@a@?ﬁiéﬂdé‘? 1@?”%9@3&3?@ pre pggees g,“'l%og"fsoé&g%@henati cally
represented bynege!hh@mbepsiedliadfiMmk ideftsb tha@ eddh@ofbipphd e &f spat h P and
segnments S2, S4, S6 and S8 are schematically represented by doubl e- headed

arrows sl i ghsegment efsivdiadpa® hReferdngyp &b 2varc gbgment ¢l subjenlsg Vigvingegnment s S
each corregesp i W 90, degr one

over | aps Y vo e YRt Byt SRS 00h Teber B b ort 2, B R BT BB8 0 ¢
each diff er englisegiiapertGedh tes paads alongaxisiRe priesiengatatasetof a di fferent
portion of person 22. In other enbodi nents, the . view ng | e can differ
and/ or may bé@ﬁﬁﬂ?féﬂ%ﬂﬁr? P%@ﬁg?%@s%@ﬁ@ﬁi"egd{%ﬂﬂ?@& SH%E?"‘. oIAOEr nat i vel y
or addi ti onalplifat iONAEERR: WRY rddfed: Y B Bitd&IdleXonPRaQR radiRR QL @i € 120
continues with mappi ng operation 162. In operation 162, 30 the inmage data

obt ai ned f or viewed 8irg mdpea gpertute Ségfe ang c@ vanientfapp.dbe negegpiécessor (s)

44 to a . - B ich | s t ef | a. - vol une of
pody & por Sicbp@5 e BECHAHcA Do, Mo ek BB B RRRR. CF' 17
t he arc segmesirdinde bpsterd cgh bensddodGath mmgellata sl it Heteanibyd foitheshol d anount
fromthe data point of the s ocation for another, of the arc segnents S.
In one errbo_H’it E‘O%ﬁatﬂl\%&ﬁﬁa% tl’%&?ﬁﬁsﬁfﬂﬁi}qgﬁée@&’e&hﬁy PW_F%SF?FZ‘Hi‘%t e data
points are RBfeRMBOIsh&EH tolBmAR Y @Wn AP PR Nundbey8isghkbng function is
utilized that 5 progressively reduces the contribution of a data point as

t he di st ance(inforpdiaied darein bywiference) mfurther A¢sepplion 2beft thp detesringtWondi ng ar c
Segnment 43 i NGf EARGTal Mifee data.
During operation 160, cylindrical image data sets are determined for a
number of arc segments about axis R that collectively circumscribe person 22. In
Fig. 5, eight overlapping arc segments S1, 82, S3, 84, S5, 86, 87, and S8
(collectively segments S) are illustrated with respect the generally circular pathway
20 P and comresponding cylinder C. Segments S1, S3, S5, and S7 are schematically
represented by double-headed arrows slightly to the outside of path P and segments
S2, 84, S6 and S8 are schematically represented by double-headed arrows slightly
inside path P to preserve 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
25  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,
30  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



cylindrical data sets are preferably conbined incoherently (after conputing
the nagnitude) to reduce undesirable phase interference in the inmages.
QOperation 162 provides a topographical representation of body B and the

vol une bounded by its 10 surface(s) about axis R that are reflective with
respect to the electromagnetic radiation used for the interrogations of
routine 130. Procedure 120 proceeds with operation 164. |In operation 164,
one or nore image data sets are deterri’ned with processor(s) 44 fromthe
topographic representation of body B provided by operation 162. These

t wo- di mensi othglarci®ginenis) 8 fetea ;v se tacataomethatahiifiers by afthrosholhamewit foetthe ¢ data f or

body B by pernform t wQ- di.nensi onal allel ra rojection froma
desired vi emF?%@P%EHQ‘%é% %&f%ﬁ%cabé)@ﬁsor Mﬁﬁfg © P PEBPRUS gnﬁbﬁ@?t y is attenuated
i n proporti opmbetitnb®R, fhodvaraking @& EE Gsetl And iermealatd®itd pdints aRr esent at i on.

After attenuation, the maxi mum voxel intensity is selected to represent an
i mge pi xel inrEMated.yInfagpthenfanbedipentyd waighing Bypctiqmis wigzed thathuat i on f act or

i s adj ustsed gl%tgﬁgﬁ%l)‘} %ﬂué&@% @ﬁ%@%ﬁ@? a%lﬁtg pbfrl Eftt%% .’Eﬁs"ﬁ‘afnic%fo tfﬂgte&ta{mt

contribute t e rendering. resu is a i mensi onal map
of image pi gaht fronh geamitipoifitarf thachirspbelineac vepmdm § inorgdses. Besi des intensity

mappi ng, ot her .characteristi t he .i nt.err.ogat.e ubj ect.. c be mapped.
FoPpi ngt ance?ﬁ]f’ﬂléca?ﬂ%ﬁé SFF@FHC}%F?E’EX ?‘Wlil?’?%lgtgfqhﬁ%ngy? rﬁéml]'f)n %E%I ect egp
regi on of a fHBjiREE) 16 HAubLuldSETaRAB phade GRAGI IR iR tHelRag&s!t @jehdtios 162RgE NMap.

In one inplenmentation, range can be used to generate a map of relative
depth of t hePP¥dretioppggarhicd ryuewntafine of brdy dirhibe yolugigdoapdediviis r espect to

desi gnatygd r ﬁIrﬁE%Fﬁ?a?oﬁt%ﬁtﬂ 98 areIRBGHIE Gth lr¥%gft2§ cﬁ&%ﬁﬂheﬁ@ an be

determ ned from erences 1 n the tenporal et ween ansm ssion and
det ecti on of radition ned faitecinteoragphiens of rewtgredpl. I n one particular form a 30

"pi xel at ed" i mage, map of. .depth i.s ovi ded omp such.range information with
the reference | %8?6:%3??312&135)@&%3 Bﬁﬁgp%rat}mbfeqﬁng]nPﬁ%raté%@&agmxt%émf%cati ons of
the 1s maxi iMuge dith 6sirk YeRinkieled with prb&t8sdr3h 840 Slotrythb &pograpiege map. This

exanple is further considered in connection with routine 170a of Fig. 6
her ei naf t er . repiseentation af bedydt prRVIdsdRipRperaiap L 6 aThess dye-dupensiogeh be used to
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two-dimensional parallel ray projection from a desired viewing angle. Along each
parallel ray, the intensity is attenuated in proportion to the data it encounters in the
volumetric representation. After attenuation, the maximum voxel intensity is
selected to represent an image pixel intensity for the corresponding ray. The

20  attenuation factor is adjusted so that the back surface of the representation does not
contribute to the rendering. Generally, the result is a two-dimensional map of
image pixel intensity for each selected viewing angle. Besides intensity mapping,
other characteristics of the interrogated subject can be mapped. For instance, the
range from the interrogating array 36 to a selected region of a subject can be used

25  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 desi gnated 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

30 "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



5 nunber of two-dinmensional images fromdifferent view ng angles are
rendered fromthe volunetric representation in operation 164. These i mges
can be presented in a selected sequence to provide an aninmati on of body B.
In one form a sequence of about 32 to about 64 generally evenly spaced
views about axis R are wused to generate a rotating animation of body B
about axis R In other 10 enbodi nents, data representative of one or nore

t wo- di nensi onal i nages/ naps may be det!dr mi ned wi thout the internmediate
formation of a topographic representation. Systens utilizing a planar form
of array to Bexmum igigpsitepixglsdor thaingangity-haseyd imegeraap. t bhisipx Cigener ation of
t wo- di nensi o for instance,
in connecti oﬁﬁb\f ; Hﬁggér&?ﬂigﬁ%%c 10%&‘9 &e&gﬁl?]e;ma%}l%%@hg%%qef ot her

enbodi nents, i nagﬂledwsmhmynmw onhge (Bappditd setd day eattobensed scdieptmg & cal |y

regi stered, and/or dependent on the detection of _a susp|0|ous object as is
more fully d@?@?ﬂoﬁgﬁgh“é‘ﬁge WP JRYIGHE} 2 $SGRPIPERAte ) I eRERIMRPUDH L Eont | nues wi t h

the perfgr megigehePbt tMlﬁ%Sl@ﬁEﬁfhﬁg&rfrcﬂrP&'TﬁPén@%e&z?r% anlgles ARGEAIQN 170, a
determ nation is made whet her the person is carrying one or nore objects
of interest fr@udm\@@mﬂﬁnseenrmutanalymmm@tlantlﬁ‘i ehhese omagesgan bey. These obj ects
may be conplete il ceal b ersaqn 22. In one
form the det&rm ngrfl n |%£|Ser%¥‘%rllcgl?ymvé faor’r]rlemcfltlgm()fgg%yoé 18 8’1"111’3ne or nore
i mges rendesegabntdoldponaBl arabbaticd gﬂnteﬁmawmﬂpacéu weazddbdut afiaRlaee nuneri cal

processing of image data is performed to deternmne if one 25 or nore
suspi ci ous OBF@EEngal wtﬁ@g@am@a obpodhe? abpptasis Rylpthes conceal ed obj ect

25 showngi n flﬁ&duﬂemé\lemreﬁr@gea&u%aﬂmee& Rre S0 YRR G Alagds B ya' ques are
further described 1n connection wth Figs. 6-10 herel nafte'? ter operation
170, condi thankd del@ﬁurtedswghqm&mauenmwatsfmmﬂu@mgfsa @DP@@IDIBC wer e indicat ed.
If the test rg F dlt%; gal 1@15 iin f%ﬂ ffr?‘ast(e))sl:arpa{s% ure 120 halts. If
the test of 'CORUItIhary 301458 g Iémf) ? e"ﬁ Focedires- 120 conti nues
w t h oper at i paricality shitedotadifdct Qerneraaeﬁ)of tvhﬁdlmeﬁseﬁmemege/m;sqims;lsausasobj ects is

communi cated to an gperator. 19 This comunica |on clud di spl ayi ng
an i mage of t%%te&?g pIiDest, frmstanes; IQGPH%E%W&P\% €&t obj ect as

gener at §§ i N, QRRLALF QRbddthent¥] SMBE display may only be partlally shOWn,

schematically registered, and/or dependent on the detection of a suspicious object

as is more fully described next.
From operation 164, procedure 120 continues with the performance of
object detection operation 170. In operation 170, a determination is made whether
20  the person is carrying one or more objects of interest, such as those that may pose a
threat to security. These objects may be completely or partially concealed by
clothing of person 22. In one form, the determination is initially performed by
inspection of one or more images rendered in operation 164. Alternatively or
additionally, numerical processing of image data is performed to determine if one
25  ormore 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
30 195 is positive (true), procedures 120 continues with operation 200. In operation

200, the presence of suspicious objects is communicated to an operator.



and/or audi ble alert signals can be generated in operation 200 to focus the
operator's attention on the person undergoing inspection and/or a
corresponding 5 imge. Optionally, the suspect imge features can be

hi ghlighted by a visual characteristic such as an identifying color,

bl i nki ng/ flashing or other intensity variation, and the |like. Based on this
di spl ay, an operator can determne if further inspectionis warranted, if
person 22 shoul d be detained as a securlPty risk, and the like. Additionally
or alternatively, information pertaining to the classification and 10
detection of the T eohmuniastidyean isqhdeydghlaying &xitmage of saghorcal fod i f or
operator considerati.on Aﬁ anot her option, different vi f the person
and/ or susped{Piect HEpRiapL it ﬁ@%%%@mg‘ft@bgw&ie inrﬂﬂefaélﬁﬁgggl Yisudly furt her

variations, aw@RediBlcMert &Ml Sh eleRehie elogrdier ot Yé@Wheand/ or can
zoomin or zoomout to change relative size of an imge being displ ayed

usi ng i nput epeyaterey alenton on egensdh upddreeing Bispevbionendat scorfespedingl ar ms can be
used to refi e i iteria i.red. o.hidelconceal, body features
to whi chsa pﬁ?a§gc9sg%1}a@gttﬁéﬁusﬁ§ééan%%eegg%ﬁe %,gn P %gl%lgg}gg%g%a&%%} can be

di spl ayed ascharsefien@iuch abadljdentedes codarChlinksn gdflasGing weet Butend@nnequi n,

w re-frame body, other g,ender- eutral representation, and/qor_as a visible

l i ght range Wﬁl‘?}bﬁa fredikey i %tﬁfség%’ilﬁyaﬁq BRETPT samedeframanst fugheron such
body repr eseplabl NS wainfQ! i SERANSS Bl bl fidh QUEkba¥ Q{Sk,aaﬂanhesusp' ci ous
obj ects can be displayed for operator view ng. Alter natlxe y or

addi ti onal | ylikeprAddgtmpalip oc@temsitively, foravtior pataniby td the plstificegion and

-seqt | | . t ak | t he hei ght of. 22 to at | t
et 19 evaiteriph SRE BEP £ & B3Mellin "o Re beBhic et BRoP&rl) being.
carried. Onecoappérafed) AOartias Sptiastdifiiialt vaivs ofalgd p@sdnSantiler kivpectdescri bed in

U S. Patent No. 6,507,309 (incorporated b reference), which is, instead,
directed to WREREEINS can Petisplayed simpkyicaY- ol THBBEVarplinsSEIREEHAd r egi on,

such as i 1S chiuGHAl BRBEPaEEIACIe kR RDb 45 BIRERIR Bim APRLGNRI Vi evs are

further described in connection with the experinental exanples illustrated
i N connect i omlatiive $izdoipn itBgh beied dwblaged udqe iMputfdeviche) S2.ethutd atfiee quantity of

e R R
whi ch inmages are tro Hhe/gnesabb@otdaturédto ddedhad ivacy oBjeewdr migat by

made, the person’s body can be displayed as a schematic body image, such as a

silhouette, mannequin, wire-frarme body, other gender-neutral representation,

and/or as a visible light range photograph or video representation of the person.

20  On such body representations, an correspondingly located overlay of any
suspicious objects can be displayed for operator viewing. Alternatively or
additionally, privacy concems can be addressed by inspecting cross-sectional
images taken along the height of person 22 to at least partially evaluate whether a
suspicious object is potentially being carried. One approach to cross-sectional

25  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.

30 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



20 only those for which such processing has indicated the presence of a
suspi ci ous object. Accordingly, an operator only reviews imges that are

i ndicated to show one or nore objects of interest, such as a weapon or
contraband, and privacy concerns are at the very |east reasonably reduced
if not conpletely elimnated. In 5 still other enbodi nents, display of

i mges of the body beneath clothing na&obe conditionally or unconditionally
acceptabl e, or may be al together absent.” Alternatively or additionally, the

i nformation thered with subsystem 40 is.sent via conputer. network 64 to
one or nore 8‘@%@1"@3 &‘t’“’é‘é‘g’ﬁsﬁ& @%6?%551“@ ag il 5‘191‘%‘? H’ieseé‘ﬁ?rﬁnp%fusﬁlﬂouﬁ)f t he data
processi ng ofpgdt O AeehRg25h bper _tb@éhl?fevﬁv%qgﬁ%@tﬁ@aréﬂ)dic%fédWSW process, a
clothed individual is nonintrusively scanned by portal 30 and the inmage

i nformati on ¢ie aapare objacts ef ipteress Fuethas mweaponior pontraband, ged phvesed conput er

82. Alternatj (. 0 | nf.or 1.00: per son
carrying anéo\é]gj&é%?égfgllg r‘{%fgﬁgagt Je?ég%l}%g@}%g%%cgggfené) %?%@e%@%‘%g%g%n net wor k
70. Aftels exsitudthermbbdiopatsadisglay 300nagps otad body BBathetothingimag be Al so, if 15

conditional 195 js &egati ve, pr]ﬁcedure 20 term nates, bhypassing operation

200. It shotfngitgsaliiemeensiiipng &tacﬁﬁf’@?édﬂrr@aﬂ%alﬂﬁthﬁ’é&qséﬁeat ed for each

person passi AfembdV; hdditiShMBNHRSRYbiY rp%h@r%&% [th s ARG 468sRe repeat ed
mul tiple ti mesel}qor egﬁs}gi veln p@rtson i f reosu ts appea? tgtbe anb? guous.
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wth system roce part thereof.
W t h redpect onetppodess) b icloghel Ifdvidnalda nbnittuhdvely $danhaishyosenl 8 seiodier ed t hat

intensity and depth can be wused to discern -magde.objects carried by a
human subj ecR2SEERSTRTILY 1S SR $RTYE %lﬂ"éé‘?%wog?%ﬁ%a Hiﬁb@a@éﬁmﬁgteﬁ weapon or

contraband off eQudipaRely Rbd@Hb{aRISSBack RN it ORI RioR dBSR alpeRbn @ﬁ@yi@%
discrimnated fromthe typically snoother, curved surfaces of ‘a hunan

subj ect baseth @yeck At iakestst senchedcerssechvimagpe pdoetveel 7Qi t h _ _
(el et el ot ur eSS ATBARCt ot QD 9 NGy TRLE 1 Euencl o 1
this dilScovemitional 195 is negative, procedure 120 terminates, bypassing operation 200. It
should be understood that procedure 120 can be repeated for each person passing
through a given security checkpoint and/or can be repeated multiple times for a
given person if results appear to be ambiguous.
Numerical processing routines 170a and 170b are further described in
20  connection with Figs. 6-10. Routines 170a and/or 170b can be implemented with
system 20 in the same manner as procedure 120 or as a part thereof. With respect
to routine 170a in particular, it has been discovered that intensity and depth can be
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
25  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.
30 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



30 In routine 170a, nunerical processing of image data is perforned in
operation 170 in lieu or in addition to any other detection approach to
determine if one or nore suspicious objects are present -- such as a weapon
and/ or contraband 21 being carried beneath clothing of person 22. Referring
to Fig. 6, routine 170a is shown in flowhart form Routine 170a begi ns by
setting image counter F to one (F=1) iq operation 172a. Counter F indexes

t he adj acent inmages from operation 162 or processing in routine 170a.
Initially, routine 170a %enerates two dj fferent ? wo- di mensi_onal i mage data

maps of the PYPpECPried e Wloéﬁé%?f%ﬁ?“i%- é"_c?ﬁ‘?i’é‘eg 'g-%rt"!‘f“ﬁdgpéfsi on 164 of
procedur e 120,,wENR$BwakE: fok:A) R@uﬂiﬁ\@lﬁa%@iﬁk Bﬁ%t;iﬁ@ﬁnag@%hﬁ{&dﬁ forgy@ the ,

t opogr aphi cal representation based on maXi mum pi xel intensity (an intensity
map) and (b) (Fel) wospdratien 47 2m dfountgs Roadexgs the adikentimegad drsnhopefatione

fl [ d . L nf ' d h .10
For  cach |l REpoE eI IS o S GAP IS R AR P TP gl

portions5to sacdinedsioeidanaiealas eNg dfakefipd Pre@iokslly dedcridpémdonfdttivhdexed by
counter K. Each image map kernel K corresponds to a group of inage pixels
fromthe i nWeheperytioaldsph gracadicgd g -nThesp areTHpka hirotigeasionalag@ pi xel s have
the sane re L j l: : MBRSH : . on 174a,
kernel i ndex‘heg{gh%?r 8#1&%@%8?{2}3%1%1%%@ %eﬁ{ean%ﬂgﬁemﬁr om o%gg?)é)t&?gﬁ&%"}ga, routine
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image F is sel.ected for processing. Fromoperation, 176a, .routine 170a
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appl i ed 1po the degyriadiBihab®mal 8 ARitinkK 1Y0k seRLAV MigntRr 60§ ARPBAGHNG dept h

di fference map. Specifically, this difference 20 operator_ approximtes a
derivative oforti¢ns tpGrrhdierrepisstelysvalyaisein aspmphPpaeting indexed B «QUBKE| ng
operation. | %ﬁof , i1 I pi larly
utilized. Asﬁ'ug% eatgg?{r%ﬁ'kglglgt %ﬁ%@g&gﬁ%@gﬁﬁ@bﬁggH{;{r@mitff?ansieh%} s i ntended
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inder st ood CRERVEeAsHS i PRhcPfre o PhiiRnln uEtgiop 1P Ghes s e
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a function depth_difference. . i _
176a. In operation 176a, kemel K of current image F is selected for processing.

From operation 176a, routine 170a continues with operation 178a. In
operation 178a, a difference operator is applied to the depth map for kernel K to
provide a corresponding depth difference map. Specifically, this difference

20  operator approximates a derivative of the two-dimensional depth map by using a
differencing operation. In other forms, a differential operator could be similarly
utilized. As used herein “depth difference” for a map or image is intended to refer
to the result of either a continuous differential and/or discrete differencing
operation applied to a depth map. Accordingly, it should be understood that an

25  operation performed as a function of depth encomnpasses, 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

30  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 repetiti ve training process, such as a back propagation of



From operation 178a, routine 170a proceeds to operation 180a. In operation
180a, input fromthe intensity map for kernel K and depth difference map
for kernel K are provided to corresponding inputs of a neural network for 30
adaptive processing. In one form the extracted features are input into a
mul tilayer perceptron formof neural network. The network is configured for
object identification through a repetitive training process, such as a back
propagation of 22 error algorithm 1n23till other enbodinents, a different
type of neural network and/or training technique nay be addltlonally or

al ternati vel grrealgarithod. In stillagher eppbedimentseatiitrant iips of acuthk feewenit type of
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i nformation using techniques known to those skilled in the art. In one
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neural netwo een uti ayers with 98 inputs
(7x7=49 p|xamsaﬁf¢GMHmawﬁyofmﬁhanWQaﬂhﬁﬂtn@bGMGmsbp@ubnbm1mEmagxz 98 |nputs

total). This. netwark incl neurosmth first hid ayer,

neurons in t%agg\éﬁ “ﬁPaa‘é%e mP']été%FhenSH %F‘S‘tﬁus(’fsﬁgé)gdlgu{%ﬁts
represent th@rel ﬁﬁeﬁ}@ﬁy mbp InforétRa b ﬁsnaéoﬂeeh@@u@ @awm@ﬂma@laqn&u @che &nd (2) not
identifiable as man- made obj ect. O her classes as one correspondlng
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the 49-pixel areas o tensity an pping to
network that has been utilized included four layers with 98 inputs (7x7=49 pixels

from each of the two input sources to provide 49x2=98 inputs total). This network
included 140 neurons in the first hidden layer, 25 neurons in the second hidden
layer, and two outputs. These outputs represent the classes: (1) identifiable as a
20  man-made object and (2) not identifiable as a man-made object. Other classes,
such as one corresponding to the identification of a “human” attribute could be
included. In the experiment performed, the neural network simultaneously
examined both of the 49-pixel areas of intensity and depth difference mapping to
decide if there was a man-made object within the kermnel window. For each kernel
25 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.
30 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 kermel K from



decide if there was a man-nmade object within the kernel wi ndow. For each
kernel 25 K processed, the outputs are conpared to a threshold value to
provide a discrete result in operation 18la. This threshold can be nmanual ly
and/ or dynam cally adjusted based on false alarmrate, detection rate, or
the Iike. Fromoperation 180a, routine 170a proceeds to conditional 182a
which tests whether kernel Kis the last (FINAL) kernel of the given inmage
requiring analysis. 30 If not, the nedative (false) branch from conditional
182a proceeds to operator 183a to increment K (K=K+1). From operation 183a,
routine 170aimaeFr or txmh epantion diloof 164, kemel 1o olpfts 8adifiorqpt goepsf t he next
intensity kernel K and depth kernel K fram.23 i e F. For eagh execution
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processed by the neural network in |loop 184a, threshold output results are
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used to define the kernels, so, it, should be understood that _while | oop
184a proces S%EOWHEO“EW@PP%P‘Q Procesieddmage, map fath e teitetiop b2y nor e

kernel s coul gishigions RGRIHAE objBctPMidtib&! TRE thie Hiy dRFe8findk & Mheloupuzes or
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branch fizom 20 SRR b3 ke PGS IR1d00it RS EhE BRuel$d S that while

loop 184a processes one kernel K at a time, in other embodiments two or more

kernels could be processed in paraltel and/or different kernel sizes or

configurations could be used. If the test of conditional 182a indicates the final

kernel K has been processed for image F, then the affirmative (true) branch from
20  conditional 182 proceeds to operation 187a.

In operation 187a, one or more filters are applied to remove false alarms
and/or false negatives from the resulting adaptively processed image provided for
image F by the repetitive processing of different kernels K in loop 184a. In one
form, a median filter is applied that replaces each pixel with the median value of its

25  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

30  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 operatton.



In operation 187a, one or nore filters are applied to renove fal se al arns
and/ or false negatives fromthe resulting adaptively processed inage
provided for image F by the repetitive processing of different kernels Kin
| oop 184a. In one form a nedian filter is applied that replaces each pixel
with the nedian value of its 25 neighbors to generally renove single
outlying pixels potentially produced b¥ noi se. Alternatively or
additionally, one or nore norphol ogi ca dfilters may be utilized to change
the structure of an inmage. Such norphol ogical filters can include a dilation
and/ or erosion tyjyem %faﬂ%élg??eﬁﬁdﬁlcﬁlal'wgﬁ BepsAURtEredarhich gpte pdadenn obj ect
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person 22 f operspufSdeuashseqpens peershaing inepupenQGLef mocedyfe Bilodetare 120. | f
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for which a fr -to-frame 15 check .js not, desired, the test of conditional
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routine 170a proceeding unconditionally to operation 192a.

Conditional 194a tests whether all of the images F have been processed. If
the test of conditional 194a is negative (false), then the index F is incremented
(F=F+1) in operation 195a and routine [70a retums to operation 174a via loop

20  196a to repeat the kernel-by-kernel analysis of the next image F. If all of the
images have been analyzed, then the affirmative branch of conditional 1944 is
encountered and routine 170a halts, returning to its calling routine (such as
procedure 120).

As an addition or alternative to routine 170a, numerical processing of

25  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

30  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.



the test of conditional 194a is negative (false), then the index F is
incremented (F=F+1) in operation 195a and routine 170a returns to operation
174a via |l oop 20 196a to repeat the kernel -by-kernel analysis of the next
image F. If all of the inmages have been analyzed, then the affirmative
branch of conditional 194a is encountered and routine 170a halts, returning
toits calling routine (such as procedure 120). As an addition or
alternative to routine 170a, numeri cal 5proceSS| ng of 25 image data in
operation 170 can be perfornmed in accordance with routine 170b to determ ne
if one or nore SL&qﬁr@ngaédlb@l}a@Eﬁ%Flar% apecsargylar imggectegion IR indhpcaiedind/ or
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di fficult tofohmbtalbiezdesisablh I\énmetbbljeacm othen eaﬂ:@danmgéwemzemhdppszu ng 10

Ku- band el ect at.ion ne ze of bout 32 by, .32 pi xel s
was found t%”%lgsg{égfe? %{uén Oﬁiﬁl%f’ﬁ&?régg' ﬂatgﬁw rsm%odl FSW %lfjher si zes,
shapes, patdceins thodegkiBesinakhe unwft@bﬂwmbbut@n@lﬂayplr@ﬁoﬁmfsnt attributes may be
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over | appi ng port iRsierngBacktp Figg 7 ygetae: [§0kicgntinpes wirhapaation ot dAt i nues wi t h

operati @8 1788ratibf) 176, image data for each segment undergoes a Fourier transformation
into Fourier spatial frequency space. Operation 176b can be performed with
subsystem 40 to provide a corresponding spatial frequency representation for each
image segment. Typically, such a representation is complex-valued. It has been
found that man-made objects often have a spatial frequency representation that

20  typically has a higher percentage of upper spatial frequencies relative to natural
objects, such as the human body. Also, spatial frequency representations for man-
made objects tend to dominate in certain directions in a spatial frequency
distribution over Fourier space. Such distinctions can be utilized to classify image
portions suspected of revealing a man-made object.

25 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

30 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



15 operation 176, image data for each segnment undergoes a Fourier
transformation into Fourier spatial frequency space. Operation 176b can be
performed with subsystem 40 to provide a correspondi ng spatial frequency
representation for each image segnent. Typically, such a representation is
conpl ex-val ued. It has been found that man-nmade objects often have a
spatial frequency representation that 20 typically has a higher percentage
of upper spatial frequencies relative o natural objects, such as the human
body. Al so, spati al frequenc% representations for nman- made objects tend to
dom nate in catdred on tde eercthi (0 )sfr¢quera:y$pmpmdnt fHE@}uEﬂGEﬁCEdFSItthleUtI on over

Fourier space. Such distinctio an be uti ed. to c ge portions
suspect ed of 2 S en‘ﬁe‘{ﬁeﬁﬁrr?wr‘fga%ﬁ mce@é&%@%gog 5@‘3?[09 equency

information plvafkdige. tEﬂﬁcﬁér@ﬂlt&Q’fkmyoﬁa feoaf b@ﬁflg&étﬁﬂsmﬁﬂle ﬁﬁh%tl on typically
i nvol ves conplex values, it is often desirable to e data as part

of the obj ecépaigfmausneivs pibineengh scotrm sshel featugns rmwntla&an@hrraa@tl on filter
lied t t at
ol P 30 RUBIARRLof BeLUr SRl ARRAE SRR B I EAUSREY yRRIEEent 2Ll o1

Fig. 9, thremvaidnf extemtiof GtetfR2 eantbeadiind tbixdietrﬂfgsoﬂﬁ&tt haviiPpre fondd FR3 are
illustrated in diagr Feat ure

matic form.r el at t o Fquri er. space.
extract or FRPTIGNELGRS %{&Lqrﬁlées qurgéséf phHng ﬁ@ftﬁﬁ?ﬁﬁ’(j’néh%étsl f-pl ane of
wedges and arohiioh ifvhARR afd sd ife'ﬂ%er%ﬁa seeRRA IR SNa td¥8a1 2841 Bedilindy frequency

conmponent in Fourier space. For this “extractor, the wedges provide scale
i nvari ance agfnpohenty fmepsrasion i’ g one pEmpg v thesy nwraaqtlanéléter tpResy&Bili on filter

FR2 s qh a Fesleas) GOl QU al bidfle o Bltedrlf BOICAIc0G RN Pnaf bEAUENCT €5 wi thin

each sector, ures represen angu ar an ial aspects of
the corres pomdua@ Inntill ettee gmbotiments, ela&acglenem ﬂﬁxastage\&hajbeatmbnt. i nvari ant,

extraction filter. FR2 ca ized t denti f ts havin referred
orientations and/IBPp%rPti@sl%Ex{JF@Eersleétﬁach% dtu I‘—"ﬂéyfl ﬁ)?é:b AP Ry E‘g‘?é)l guration
that is rotgukdfetivoMedefiabd with Quii9stt:BRDE HEBASTRMSEE RRFictBRRdregArea I adi al
spatial frequency conponent. |In operation 178b, one or nore of these

extraction finpytéptopymuglapamenceptyen forp of paRzat networse Thp pRtwoEK ind/ or a
differ enk t y&%ﬁg&m@t&o%@%lﬁﬁ{ﬁs&ﬁ rth%%ﬁ? ?et?eﬂ{lllé fr&xﬁglg plr&:e§§ lS\!l‘Jh agtaher

enbodi ment s
back propagation of error algorithm. In still other embodlments, a different type of

neural network and/or training technique may be additionally or alternatively
utilized. In yet further embodiments, a different type of adaptive processing
technique can be utilized in addition to or as an alternative to a neural network,
20 such as fuzzy logic, an operated-assisted expert learning system, or the like.
Alternatively or additionally, nonadaptive processing can be utilized.

From operation 180b, routine 170b continues with conditional 182b which
tests whether all the images have been processed in accordance with operations
174b-180b. If not, counter F is indexed (F = F+1) in operation 184b and loop 186b

25  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

30  each other to the extent they overlap (see Fig. 5). Likewise overlapping image
results for arc segment pairs S2 and §3, S3 and S4, S4 and S5, S5 and S6, S6 and

§7, 87 and S8, and S8 and S1 can be compared for consistency during operation



In operation 180b, features extracted during operation 178b are input into a
neural network defined with subsystem 40. In one form the extracted
features are input into a multilayer perceptron formof neural network. The
network is 15 configured for object identification through a repetitive

trai ning process, such as a back propagation of error algorithm In stil

ot her enbodi nents, a different type of neural network and/or training
techni que nay be additionally or alterﬁétively utilized. In yet further
enbodi ments, a different type of adaptive processing technique can be
utilized in h3fdi thh ofher emindiments e pefewar frameestapd/ar pdlifferentfeameotok, 20 such as
fuzzy logic, I - i d.e t _|Learni S r.the |ike.
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182b is affi tive, routine 170b continues wth operation 1 in which
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to determ ne._i.f re.consi st.en ith one.other. In one nonlimting
exanpl e wit hmflggtﬁé,ztﬁgx}tﬁe ?l%'wej%cﬁ %{Ost Perygenel ﬂ%@%{ VT%,\HsgﬁIdlagi ' %PICQH‘& segnent s
S 1 and S2 c@prAlicha 9z MPaHeadst b cafAitRmal 90b Ralegitetthen RXtiaat 70they overl ap
(see Fig. 5). Likew se overl appi ng imge results for arc segnent pairs S2
and S3, S3 alifhrey bymssipgepentiondd2hnl skygild bggndgrgtood zhatdhe pefprisgncetid s3 and

Sican b ComalefedinQoneh SOLARY1sdHrhBar SRRRhIORR Can lRlve 11 O her

r
enbodi nent s, re or fewer franmes and/or ifferent frame-to- frame
conpari son cenmnpsengrbecssing resutts tit dneror ewiroliiestnid valveher eth¢rsritariaftpane- t o-
frame corrparéersﬁé)n.rrca e at all, From ogﬂerat irtoon 188be c?r{di “H?an%' 190b is
encountered 1 e F?%%O@I%ﬁ%?’il S8 TR TR0 COné nor e ot her
desired det efebfufe)of the BRODIADARE ki Bbjecdf intdrést.t A8Y Q@ @iteled &mrBentaticfor any
objects of interest are indicated. If such objects are .indicated, then the

rel ative | ocBIABif NGt DEasinCrifte BBY BetPeratigeivesatic Pdamivgbed in
‘igggat 1 99 1920 -hirdef adhiieal Sfor QE1e GRRA dnbRBkhrd AR difreRG9Rich¥iGud fien routine
would occur to those skilled in the art. Referring back to Fig. 3, once routine 170b
is completed, procedure 120 can proceed to conditional 195, and if one or more
suspicious objects were detected, operation 200.
Fig. 10 illustrates object detection arrangement 200 in block diagram form.

20  Arrangement 200 can be implemented with system 20. In system 200, new data,
baseline data, and equalization data for a given transducer array is input into
preprocessor 204 as generally designated by reference numeral 202. The output of
preprocessor 204 is further provided to image generator 206 that can produce
internal image data regarding the subject under interrogation. This internal image

25  datais represented in a grayscale, computer-generated form as image 206a. It
should be understoed 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

30  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



returns, bypassing operation 192b. It should be understood that the
performance of 10 any of operations 174b-180b and 188b, and/or conditi onal
190b can involve conparing processing results to one or nore threshold

val ves or other criteria to determne if a correspondi ng i nage, inmage
portion or representation, inmge feature, or the like indicates an object
of interest. Any such criteria can be static or dynamc in nature. Dynam c
criteria may be operator adjustable, d%%ptlvely 15 machi ne adj usted, and/or
sel ectively changed through a different technique as would occur to those
skilled in tH8 iaparangRetaparfong reHiak I?Qﬁ Eeyously desadeed ipgenprstionobh i s

conpl et ed, r 9 one or nore
suspi ci ous E%F'e %;Hege\éré&a@fe 19' rgg ercgétc‘?gn é%i)ﬂ%urés %&) &F]ﬁus{ °r at es obj ect
det ecti on ardslﬁfmmﬂlthaﬂﬁagerﬁahlmﬁiﬂhdl;ﬁgﬁamtb(mbmal n&@zoﬂ{ﬂaﬂgﬂﬂient 200 can be

i npl emented with system 20. 8 system 200, new dat a, ?ﬁsellne data, and
equal i zat i oringiyed 1f1@pergto§|2\l,@n E?%H%%ﬂ@d%@%?%ﬁf’ ceqt SpRKIPHINAD 13K ocessor

204 as ggnertﬁlulIys&ﬁafngég@ﬁcﬁémwof&h%q?ﬁe@ oPMERERc B&eriald, hﬁd@a&%ut of
preprocessor 204 is further provid i mage generator 206 that can produce

internal i nﬂgaamayla’:smégﬁﬂohlwg Furthesubjeeibt llmfgsted‘ata ﬁn@mrgmgaﬁora@ﬁlﬂhi s internal
i mRge 25 dat g i 5 BRIESPOLEC) i Bl AYSGALe,, SOmRL 65> OBDer Al o, for m as

i mge 206a at’a may not

be di spl ayeCthfbdedt@theIdélevmyof@mﬁczﬁdid&%traﬂdiam’eaﬁm&s lh@ed)direﬁ;ﬁfih}ed in a manner
t hat masks gender-based features, as previous|y descri bed in connection
with procedUFeuensy infprmation db ARg formpensara AttH oy 414 i dFaRgFddR REFUor 206 i s

further 19r ovioggfl 70y ?é%dlﬁw RcrBed WQokndctioNRhehlTigsS 7ig1ctHddRtbudhroper at or - 208.
Neural network I 1is con gured to determ ne object presence based on

intensity artd)ediam ﬁ%ﬂﬂﬂ&@méhcéﬂ are prowivied toveravs déss 2 hedch ps dosmect i on with
routi ne 170a at.or aran d 0 .,be rmroutine
1908 previ odkrgbed ek lonSAEREles e e 1 Tflo ARREE ah BuBRhAT T D1
man- made objifditstedthe piekeiet Ut ale drewdrélsigpicioun objeets Nﬁnmm@pre@amﬁm) 208, the
i mage data |s further Brow ded to neural network H wh (Hlncl uded in
oper at or 21 0°f objsel(Hcar boeyeraid %%%ﬁ@@d‘@%ﬁld@b%%tegb@@’llfﬁ‘?}e‘it dA i mage 5

that is)§0MelHEs, rdbRabh¥GoRdinS &Y dudh BritdRPRethodth 8 SEsLufRRs al S,

i ncl udi ng
tone, shade, or by other means, such as those previously described for procedure

120. Image 214a is a grayscale, computer-generated example of such an output.
In image 214a, two suspect objects are indicated by a contrasting grayscale shade
in regions 215.

20 It should be appreciated that arrangement 200 can be implemented with
system 20 through various hardware and software techniques as previously
described. Furthermore, while neural networks 208, 210, and 212 are shown in
series, they may further be arranged in parallel or a series/parallel combination, as
well as in a variety of other ways as would occur to those skilled in the art, Indeed,

25  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

30 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,



certain types of explosives. Furthernore, the inage data from generator 206
is provided to neural network Ill, which is included in operator 212.
Qperator 212 is directed to the detection of man-made structural features
based on spatial frequency information. In one form neural network 212 is
arranged to perform 10 routine 170b previously described in connection with
Figs. 7-9. The outputs of operators 208, 210, and/or 212 are provided to
various filters 214, such as those de¥cribed in connection with routines
170a and/or 170b to provide an output that indicates the presence of one or
nmor e suspi cijusigo oshes fay. Kirdigahore syshdegineantticdn (he)fomp f eilgjosaners) can be
overlaid on g nder -.neut Sij t i.spl if d ted, In 15 one form
regi ons corrsé?%gsncl e& ‘Ylg“{é%lé%fy%@@??sg&g@gé (?m(}rlf I?Oﬁggggso(ﬁj Délgiuiteﬁg col or,

tone, shade, ngdkofy700 TG sXRAPE, logidGignals td pefiem@ne vi MUt opedaigs aked f or
procedure 120. Ima%e 214a is a grayscal e, conputer- %ene‘r ated exanpl e of
4

such an out piansmitied to/framaroceaser(s 4ovia pelpert 70 B} Eeradively or pdditionalbe by a

contrastkng ﬁ‘%‘kﬁef i i : : ﬂ@ﬂ:l ci ated

t hat arrgnge%é%t)é 8g?g%s?ﬂr(%l4g%%e r\%lat% Rd%%fé{laetm Ougﬁ%'t%ﬁ%gri ous
har dwar e andarglfr ouaorendre otiri sjumge dsviges.eNoolipitipg esarsdes dotherfsysteler nor e,

whi | e neural  networks 2 210,. and. 212 ar ho i series hey may
further be atp%‘}ef:ﬁbérﬂplii”ﬁerggt?eaqae’éalu%sr&é’r‘écgfhilrgg?@aﬁ’%%eell%%6%1rf?aﬂoﬁi’n, as wel |
as in a varigidpr afrafpeheht 208 cR8indQsEobiaRE tic)tifciidtabee dkicRd ihn the art.

| ndeed, 25 there are many other structural 1nplenentations and systens that

can be used gognectigpWehdias- bi-b¢ auighews20, routine 170a, routine 170b, and/ or

one or re opernald : t i em 20 of
Fg. 1, 0 anscer i §hiublp LEANAGHER 2800 (P hbamORCE (hopRITt o
arranged t o ipegntion that ¢tea beas¢dopedpen piocaine: s eoitined 703 Goutdreed b, | ncl udi ng

those descri bed i tior e 120, .routjne 170 tine 170b,
ar T angenent 00" O DR JRFFATCORE BH i G PRy ean et | n e form

of sof tware $ys@e Zo0ilngink@s ki 222n8ith delecidd@lctiro@itht 0 ra@fatohaten red form
29 just to nane a few. Furthernore such laqgic can_be in the formof one or
nore si gnalfaties descabeddn conneaiqsy Yithysysters 3Q- ot agptens 22). Gerseh&@24iS more parts of

COMPUt €5  wearing clothing articles that conceal object 225 shown in phantom. As in the
previously described embodiment of system 20, system 220 can be used to
interrogate inanimate objects as well. System 220 includes dual clamshell panels
238 defining scanning portal 230 at security checkpoint 231.

System 220 also includes monitoring/control station 250 that is typically

20  attended by one or '1‘[101'8 operators and coupled to panels 238 of portal 230. Station
250 includes processing subsystem 240, Subsystem 240 can be configured the
same as subsystern 40, accounting for differences in scanning techniquess of portal
230, as is more fully described herecinafter. Station 250 also includes onie or more
operator input and output devices (not shown) as described in connection with

25 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

30  system 20. Mechanism 234 and arrays 236 are mechanically coupled to each other
and are operatively coupled to subsystem 240. Under the control of sub>system

240, motor/drive mechanism 234 is configured to controllably move each of arrays



network 70. In one exanple, logic signals to performone or nore operations
are transmtted to/from processor(s) 44 via network 70. Alternatively or
additionally, 5 programm ng for processor(s) 44 is transported or

di ssem nated through R M D. 48 and/or one or nore other storage devices.
Nonlimting exanpl es of other systens that can inplenent the operations of
procedure 120, routine 170a, routine 170b, and/or arrangenent 200

(i ncluding associ ated | ogic) include tfose described in connection with
Figs. 11-18 as follows. 10 Figs. 11 and 12 illustrate system 220 of a
further enbddb meng agprrespengingavel path BY enb? avbestillustated Bdligsdd to perform

procedure 1 i rQuti : . or re operations
descri bed i ﬁgoé%b%gjg{hfgz a\l]/f\/lg?%mgroggﬁag%e%g2gd%l%g%g§ee%%a?@ﬁgﬁsnat es person
222 with selZciddZead eptesemabinedroshiiadh aig. Ohaddrorlesponkatd e veeralr i bed in
connection with system 20. For system 220, person 222 is 15 wearing cl ot hing
articles th re%t&?@ééi”t b‘g‘lsgéffgEQ%‘gsHo\ﬁ?”ieﬁ’oﬁH‘&ﬁ]tyoﬁﬁ‘ay/&sz%r?a?}h@noﬂraevi ously

descri begl erﬂé@ﬂhﬂ?ﬁ&s Houb ¥Stneih Qtionsr¥§5@@392i%9u§i§§ pi?ﬁfdz'l%%ztaﬁd interrogate
i nani mate objects as well. System 2207 i ncl udes dual clanshell panels 238

defini ng scasmnpmgZdathendriggobuthe saspastive pedhaiskpdtnAlZauativelysrem 220 al so

i ncl udes noni.t.0ri g/ rol .station,25 h i i;Cal Q_attended by one
or nore ope%g{hgl?rga h%%g%)a%oé}(ljo %aﬂbsar}’r%eqngp%gﬁlgf gnﬁéérfst%gloqrf%%? S'%gp ation 250

i ncl udes pr eegight path ssphsmsoepled &lat 1ty sthenpalid :cont ea camllingatroed t he sane
as subsystem 4Q, accounti nﬁ for differences in scanning_techni ques of portal
230, as is ﬁﬂglgarf’mqn?-(fé% PR BerRERRgeSRE ane OrgRfE PbRaE L And B2 A¥5c| udes one

or nor ey Op%ﬁhﬁiedio@Qlﬂhmeadof%ai@mtpa@iﬁeé' Efts ERPledTBONRIr Bsin BfSEIhded in
connection wth 25 system 20 that ‘are coupled"to subsystem 240. Portal 230

i ncl udes st aektahablique phgles torogll@geixtwa pbad aportionph thet ingparogaiior222. Pl at f orm

232 can be de of [ that 1s |y ot rent .
i nterrogati 2%‘?“3 I é)? i Bérjl{%&g%rrtt%a Og% aagge%peﬁig]lfetﬁ/ é%gc%?%?srggoﬁégedand a
mot or / dr i ve toEgphaimatan 34 Jrethee aniilinbarphapel FullBS, while patis PBénd B2 conpri sed at

a colum of elenenfs 38 as described in connection with 30 system 20.
Mechani sm Zﬁi?%ﬁﬁfaﬁﬁ‘?‘ﬁ%m??@ a0d §RBRSHEC ABPYL gXig Su ) et gr Mt her and are

operati pel y pe@upl 88l PPmay Revist et enddD AT ot foPBE & fricsyhsyst em 240,
not or/ drive nmechani sm 234 is configured to controllab 3/ nove each of arrays
alternative variation, more than two panels, arrays, and corresponding paths are

utilized.
Mechanism 234 can include an electric motor or other controlled prime
mover to drive a conveying arrangement for the respective array 236. Such an
20 arrangement could include a belt drive, a chain drive, a roller drive, or such other
mechanized linkage as would occur to those skilled in the art to selectively move
array 236. In other embodiments, a single pime mover may be utilized to which
multiple arrays 236 in different panels are mechanically linked together to move in
tandem. In further embodiments, another scanning arrangement could be utilized
25 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 1703,
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
30 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



30 236 along a corresponding travel path Pl or P2 as best illustrated in
Fig. 12. Notably, paths P1 and P2 are of a nonstraight, curvilinear type
turning about axis Z. Axis Z is represented by crosshairs in Fig. 12 and
corresponds to the vertical direction as best illustrated in Fig. 11.
Correspondi ngly, arrays 236 each follow a 5 path that turns about an
interrogation region 239 including platform 232 and person 222, when driven
by the respective nechani sm 234. Al t erHati vel y or additionally, either or
both of paths P1 and P2 could conprised of at |east one straight path
segment couphEgogwioPerfanrad coFesnsndrde apgleshA L aghd A subtendgd by piths Pdear or

angul ar man 1l I a A0S f, paths P1 and P2
are 10 conppa?@g&agfay\‘,ﬁg#%g%ggssﬁt %%%E%Q%%esegn@%?tgg{@%&%le% oget her from
one to the Akak eath mbdasigd(s. bngines prefecal dnéodimelt yangles A lanow2 aeporti on of
the interroga of this_arrangenent, the

ti . regiaon. JIn one . .particular for
pat h segmnte@cﬁrﬂ) Bfﬁgﬁﬁgc?g“%er b°6$ i @H}fﬁt,gpge%éll@{l%éﬁ curvil i near
shape. Fgrt hafectwblyl RoRad & sirdiinfalebeR2an @NvEragehrel abindohshreBidengt h and
symmetric about axis Z, in other enbodinments 15 paths P1 and P2 nmay not be

the same | er®§Ph Sasten @20 saryinglyde pre asyrareencoders (not slravn) aperablyaoipled var i at i on,

nore than t ok I i hs .are ilized.

Mechani sm 2?@Sgsgérﬁlb%%?nﬁﬂﬁd‘{era&ﬁag%gﬁsﬁ?céﬁlﬁgﬁggﬂggg%ﬁﬁ}éw Ogg“ﬁrfl ¥30#Eed prime nover
to drive a celateypladorar 2320 @ysemt220 oin fuftRerisdpdcd ¢oremadicapn 2&xEysch an 20
arrangenment could include a bglt drjve, a éhai n drjve, % roller drive, or
such ot her rEEFAAVILEE FAPRASGUDSYSCRON A TFRAHY COHMURIGEE S SUPHES™H the art to
selectiyglyqpve array 236. In other enbodinments, a single prinme nover nmay
be utilized to which mnultiple arrays 236 in different panels are

mechani cal | y | i nkeeng prgecularramangemsie pingls 238 arreshapadrandieonfigiredettbodi ment s,

anot her scannj ange I b . jt and/ or
receive t he@lgggélglarrg%{er (ilng(;e}}%(r)b:’f a{é}%cz?? @%‘éggﬁét#%a%gﬁtesr%g"y‘{ QF%IBZ@%FPG:m 220,
subsyst em 24ftlude 22drldngintseif, hitcopeateinalic Hub @ STRNirdficoty rasges thelor20, and i S

ko oo arangedyt o RS9 proregul < 120, oY IE 0%, foune 1700
?: re 2ggem Nt eg&arr3A6 CRB chi&spbithin N Barfly PR Eart dn@BSBRAKMBbAcIaMIAi@r SW t chi ng
arrangement utilizes two ultrawide transceivers, and two corresponding switching
trees, one for each of arrays 236, to selectively transmit with one element 38 and
receive with another element 38 in a desired sequence. A high-speed computer
within subsystem 240 controls mechanisms 234, arrays 236, the tranceivers, and
20  the switching trees to obtain topographical data for processing. Panels 238 are
opposite one another to provide an angular scanning range of about 240° for this
arrangement. In one mode of operating this system, a person 222 under
surveillance enters along the “ENTRY” arrow into region 239 between panels 238.
Person 222 then turns and faces one of panels 238 for one to two seconds while
25  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 suitabie 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
30 222 inregion 239.
Referring to Fig. 13, cross-sectional images of mannequin 222a are shown

as produced by laboratory simulation experiments performed in accordance with



30 as appropriate. However, the operation of subsystem 240 does not provide
for interrogation conpletely about the circunference of person 220.
Instead, interrogation is perforned over a partial circunference of |ess
the 360. The 31 interrogation perforned corresponds to angles Al and A2
subt ended by paths P1 and P2 as followed by arrays 236. In one preferred
enbodi nent, angles Al and A2 are each at least 90. In a nore preferred
enbodi ment, angles Al and A2 are each2120 or less. In a further preferred
enbodi ment, angles Al and A2 5 collectively provide a circunference scan
cover age of the preseatinvemtipnaSych crpsseficornabiggzesdpeititatn the detectionioficl ude one or
nor e encoders_(. ho .0p bly, ¢ Q SYSte 40 and/ or ot her

devi ces/ t ecﬁ"?lJ %g&ss Sbé)ecﬁpalg% rg%%llqgit%%ﬁfé@?}hggdr%fsm\%égg?&e%%g?? W/glcpfiat form 232.
System 220 gaivadyusijdteibn gt be enade. CREMMBILBELO 1} iB1APEYiS heinbénsit shown) the
sane as subsystem 60 to rermt%e?!(% communi cate with subsystem 10 240. In one

particul ar %8 aeumMsAe8) 2700 el 250dhal peprelakamuit Barcchigrdideres  house a

respectiye Qp&;dfingd 58%S2580addB5c GAMER ﬁnaawtcl%ssv-@e&iéﬁfﬁmj s hei ght,
i nclude 224 elenments 38, and operate 1n the 10 to 20 GHz frequency range.
More speci f266al2(794, and 230asc0R88popd thsertas trden tilvog seduian hing355efand12 el enent s 38

each. For 15 each array.2 the correspondi n y il 1S arranged
back- t o- bac .anslvﬁfsg%o 3’#%@“ e Wﬁ%ﬁeﬁ%cg‘ap\m?ggﬁ f@%@g zﬂ%%@%ei vers, and two
cor r espondi n@rEMoh& Y REtionk HARE alof Sectitn IRATITHAhd dakd¥Se B3is 20 sel ectively

transmt with one elenment 38 and receive with another elenent 38 in a
desi red sequ@RBE; ciashicghonabBrrtes Hifs e L80qgormsnend thisgdensiskenaloagnt r ol s

rechani g5 28diondit 245 Fidrankiifielis 160! YRE Srosdlligh Ihes WdCHicRY L1 ees to

obt ai n topographical data for processing. Panels e opposife one
anot her to pnddéYeshawnameplimmn 26@ eavhicngespamto agfrosatsetiton@a@ef along hi s

arrangenent.__ln, .one. e of operating this syst a. pe n 222 under
surveill ancé‘xg%lgrwghwgﬂg?ﬁ B ﬂ%ghjggl%gﬁvg cgflf’(iwc?/lﬂtw}q%}bag{u@hg@% bet ween panel s
238.  Per sonrirddnrfetdnedistitagst. dneeds70s a7 0blof paeh$7@ 380 hewidedel,t 0 t wo

seconds while 25 arrays 236 nove along paths Pl and P2 to performthe scan.
Person 222 CABFIcHMfEency GEPseRsatignsAngitrther depigtyatiousipregiy canqeaied B anni ng. 1t

i's has peen find §RR1EAIN if #8ss-sectional image 270a, a small handgun 235 and

dielectric slab 235a are detected. In cross-sectional image 270b, hand grenade
235b is detected. Images 280a, 280b, and 280c of column 280 each depict a 240-
degree partial circumference view corresponding to one arrangement of system
220. In this system, the incomplete coverage (partial circumference) still reveals

20  hand grenade 235d. It has been found that the arrangement of system 220 with les s
than 360° coverage provides a faster scanning and processing time that may be
desirable in certain applications.

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

25  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

30  type. For each subarray, the elements are spaced apart from one another by a
uniform distance. During operation, each subarray is electronically scammed from

element-to-element as the scanner moves rapidly over the generally horizontal



coverage provided by this approach is suitable to detect nost objects that
pose a threat to security. Panels 238 are each nmade to be at | east
partially transparent to facilitate view ng therethrough by an operator
during the interrogation of person 30 222 in region 239. Referring to Fig.
13, cross-sectional imges of mannequin 222a are shown as produced by
| aboratory sinmulation experinments perfornmed in accordance with 32 the
present invention. Such cross-sectiona?3inages facilitate the detection of
suspi ci ous objects while reducing the |ikelihood of providing imges to
which a pritEye\pagbl bet PHnAnihgieerapmoiesde nugkss 98 seanh a podormediiiged in a
nunber of vji i taken with
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to axis Z. THénewasyy seengemeal canpagtilizedeoaouigniur to fese dled igtsan i n col um
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is no object beirng carried and i circu eis
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235 and1odi eleRelisd Gciiliqiks23PBe @Il 8l &cLaldd il SrfEQRR~aRChe onal i mage 270b,
hand grenade 235b is detected. |nmages 280a, 280b, and 280c of colum 280

each depi ct embpdignentieaftes. pdOitp address petisyepeeens. vi ew correspondi ng to one

arrangenent of s e ; I I ) ge (partial
ci rcunference) st*?ésl [% %I\?/%g‘-i %Ih%f)att%:%ﬁt ﬁgsfztgﬁog]é%&tg%ghﬁ %?@%hgéﬁgéezg%g%@und t hat
t he arr angerimventiod thaysindrnid@Dtopetformh essedurd 20, B6fine 0¥, AgEndt @b des a faster

scanni ng and ocessing tine that may be sirable jn certain applications.
For this parffeLPReordy & CPSTaHEH Of aTpEs We?%aaflesgpéff HqCQWF“‘B‘a‘HEBs 238 are

15  Fig. 10. System 320 illuminates person 322 which sclected electromagnetic
radiation in the manner described in connection with system 20. For system 320,
person 322 is wearing clothing articles that conceal object 325 shown in phantom.
As in the previously described embodiments, system 320 can be used to interrogate
inanimate objects as well. System 320 includes dual planar panel scanning portal

20 330 and processing subsystem 340 included in monitoring/control station 350.
Portal 330 is coupled to processing subsystem 340 and can be configured the sarme
as subsystem 40, accounting for differences in the scanning technique of portal 330
as is more fully described hereinafter. Station 350 includes one or more operator
input and output devices as described in connection with system 20 that are

25  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

30  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



operated in an FM CWnode with a 10-20 GHz sweep in |less than 20 25

m croseconds to provide an imging resolution of about 1 centineter and a
range resolution of about 1.5 centinmeters. During operation in this manner,
arrays 236 are each provided in the formof two vertically-oriented
subarrays arranged back- to-back. One subarray is dedicated to transm ssion
and the other to reception. In one form each subarray is fabricated with
112 el ements of the slot-1ine antenna 30 type. For each subarray, the

el enents are spaced apart fromone another by a wuniformdistance. During
oper at i on, mnslgmbaﬁfaﬁﬁ il g dlSsbevoerecd PhnelsTdrin apater detril elilsringw - t 0- el enent

B o pol AR AR o QYR B0 BSRENRIY: OReARRIA AR 4yt {2V P

P1 or rra noves Scans are only one
el enent tr ansbsysteng)) eftsystetn 2@&0 pﬂfbrmr‘geyelﬁ]ﬂlﬁthéeﬁ:ﬁd: updﬂgldnefaﬂeem)hslye

el ectromagne |c radl@tlon d e to such transm'ssion. Each transmtting

el ement and %Wflﬂa 1 EHSFRIVET anden SWishing UicR aheRPETdiaifee with a

desired sequeneser 4 botran tBQ%té&Q@thém%BﬁbP&%s stéhn 540 dcbodldigF gMbodi ment s,

a different nunber, size, or’ type I 1 near array arrangenment can be
utilized as mmwlrr@nb@ﬁmmayt366 rdgse t@kar$dne3d2llmaﬂlh®r teamslational wieirel ot her

exanpl es, different types of rotatin nd/ or |1near scan n rrays can be
utilized segd&dd qr} g %P?WI E}S‘%ﬁfﬁ%@ SB%E%%F?WS?UOH YUULH r%&?tf: e or
addition t C32Orcﬁl$ﬁtcliﬁﬁbh@8ﬂ1h0ﬂeréﬁ@ﬁ51;s (ﬁﬁthﬁ@wﬁ)ﬁ@@ﬁb@fcouﬂe@mya&wﬁn automatic
conceal ed object 10 detection techniques can be utilized as described in

connect i on iger pher davirsetsrbniaues &9 “?quj%’m@n eharrays ddredative By PRI concer ns.
Fi gs. 1fpanda3s syét&ﬂg%tzo %slﬁfu%}ﬁéaﬁah&%oco%n B Eub%gaaﬁ R Movath tche present

invention that can be used to perform proce ure 12 routine 170a, routine
170b and/ orsawpes wbsmreGapereatotedm@lmﬁurawawgbntéxsyst@ﬁ64(as described in

connection with 15 Fi stem [ m_nat es on_3 ich selected
el ectromagnetic %? 3 ga[rilcu M#F%@’c R?\Ig? (?lé ?pﬁgeél i’%nnoeui?i gﬂ W th system
20. For systlﬂetmaaﬁhaﬁ'e@eﬁeylsﬁe%g i &e\l@atﬁanﬂgroai Aol msas GHelies that conceal

obj ect 325 shown in phanto previ ously descri bed enbodi nents,
system 320 @éﬁo%’@ddg@ﬁo"tl‘é?%]ﬂeéﬁl F‘ﬁ@l&l%‘%“ Oﬁarli’ﬁﬁ‘i esnbmgisy ad xdeRd wel | . System 320

i ncl _udefs duglsoRliRAVE 2Rl c%ﬁ@rﬁ&br@%&%fs%ha%n%ﬁ@ Ak BBRESSHEINE Subsyst em
340 included 1n nonitoring/control station 0. .

two subarrays of about 56 elements each that are arranged back-to-back. One
subarray is dedicated to transmission and the other subarray is dedicated to
reception within each array 336. In one form, each subarray is fabricated with slot-
line antennas spaced apart from one another by about 2 centimeters. During

20  operation, each subarray is electronically scanned from element-to-element as the
scanner moves rapidly over the vertical length of person 322. As the array moves,
a number of scans are performed with array 336. During each scan, only one
element of the transmitting subarray is illuminating the person and only one
element of the receiving subarray is collecting reflected electromagnetic radiation

25 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

30  atoperation 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



Portal 330 is coupled to processing subsystem 340 and can be configured the
sanme as subsystem 40, accounting for differences in the scanning techni que
of portal 330 as is nore fully described hereinafter. Station 350 includes
one or nore operator input and output devices as described in connection
Wi th system 20 that are 25 coupled to subsystem 340. Station 350 can be

arranged to provide a security CheCkoar%l nt operator interface adjacent
portal 330. Portal 330 includes statioftary platform 332 arranged to support
person 322 and overhead notor/drive subsystem 334. Under the control of
subsyst em 34uilizedpygud aspupihess skiled inghe ad nostidlther sxamitigsy digferele each of

two arrays . . I . I - = -.down with
respect to 32%3?%g@é’%&?%ﬁ%@ﬁ@ﬁ%&‘%ﬁa999‘31%%%?@&%%&& foll ow a
general | y stooaibgiation.| Furdermquatsigstem 320 paolsé tsed $0 ghmsraafonper swre 322- and ar e
each included within a correspondjng 34 opposing panel 338. Fig. 15 shows
one of pane|sgct§§gpwﬁw§;9f§n§fsgp38@@@?&@?&? ?%p‘ﬁdn%e gﬁﬁﬁpip’éﬂac%t -away view. In
syst em 320, c@mmrﬁwnﬁé&iohwﬁ%é@mﬁeﬁtb@fﬁgg@moF&ﬂ&%;sﬁr«w 40 of system

20 to performgenerally the sane operations previously déscribed and can
i ncl ude a treangees.- ver and/or switching tree as appropriate. 5 However, in

contrast to systey . rati S 34 nt.s, for the
novenent of arr a%ﬁg ﬂ%‘%ﬁ%ﬁ?@%@%@@ rsg%fﬁm%?é%? %r?ogﬁ ﬁrieﬁgggf&gﬁrogﬁgﬁ ati onal
manner i nstpegentdhventiont Systean4d illamiates psrsoes22 whieekldcredconnecti on with

system 20. System 320 can include one or_npre encoders. (not own) operably
coupl ed to §i}lf§fr@]|’i1?§l‘?@° radiptio v the H@Pﬁ%{é\%%’@gﬁtwmcaaw%wvazﬁ- posi tion of

arrays g6 s §‘§sité{'ﬁ34iﬂ?p@ﬂsé’rﬁ&ri%%gir%%ﬁ%thi%}é%&tﬁﬁ@s%@a oy kb Ridei NCl ude a

communi cat i on subgst em (not shown sane as subsgst em 60 to renotely
comuni cat e oRjechd 3Dy bsyis peavicRaly desonberhembrediments| svterate@ papdearsed topanel s 338
are spaced - : ; ers and a frequency sweep in the Ku-band
from about ?@_@%{)ﬁ%&@%@ﬂ}%&&gﬁ%ﬁg%d to provide a lateral resolution of
about 1 centi net Systamnd26 imthpkdhschbningbaltt 3@ coupledab ovttroPand rerekiingt ers.  For

this arrangenent, arrays 336 _each include two subarrays of about 56
el enents eaHPRHEM ‘gpe§8wgﬁd’@8&5@9chtl‘ﬁjgﬁét@ﬂ‘?naﬁlglag?ﬂb A8 edi cated to

transm gsi oRy@eh fh@n AP and SMREEIRY shigpdiedbeRlRAJuBled to array 436. In

contrast to the platform rotation of portal 30 and translational movement associated
with portal 330, scanning booth 430 selectively rotates array 436 about rotational
axis R and platform 432 during interrogation. For this arrangement, array 436
follows a generally circular pathway to provide a corresponding imaginary

20  cylinder about platform 432. In one form suitable for scanning a person in the
standing position, the radius of this cylinder is about 1 meter. Array 436 is
otherwise configured the same as array 36.

In system 420, subsystem 440 is configured the same as subsystem 40 of

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

25 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

30 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



reception within each array 336. In one form each subarray is fabricated
with slot- |ine antennas spaced apart from one another by about 2
centineters. During 20 operation, each subarray is electronically scanned
fromel enent-to-el enent as the scanner noves rapidly over the vertical

| ength of person 322. As the array noves, a nunber of scans are perforned
wth array 336. During each scan, only one elenent of the transmtting
subarray is illumnating the person antf only one elenent of the receiving
subarray is collecting reflected el ectromagnetic radi ation 25 at any given
ti me. Accor diengbdto seaahtetona nsmbte drosy-sedtmmantievesnd pemoh422owiorivtijze el enent i s

activated in accordance with a desi.red sequence during.,the scan. In a FMCW
ot o1 odyne (PRATETS MR AR SERE R SPRTEin v ATt TeRE % 5 e

frequency Svﬁgﬁlilﬁtsﬁadﬁsﬁdadyfbo%&ﬂi_ 12.75 m croseconds. In one form
system 320 nmay not include the generation of a topographical representation

and/ or franes 30 Hg. 1gp%ustraics pledteamagselitragianen infeagation-systemms 2@ ehwitst ency
checki ngzdesgr | | D i 1 . i | $y,n0t

port ormed. - oLPefinbimeR oF BT thidtubg Sysph SO AR 0 £27° (pe of
| i near arr aywiti sedaegpdraoetromagnelie ralation of the zg@ pas/iowslyl dtsatbedr Féro t hose skil | ed

inthe art. In stjll oth exanples, different types of rotating and/or
| i near scanﬁyﬁﬁmézbag%soeg%z %W%mﬂsig%nﬁ%ﬂu&géwﬁ%edm re{ff‘?ﬁﬁ? nati on.

Fur t her nor e, nyssd1£524340d 684b MG a8 biYed8nSr AL B RBBoRLy dRESHeAr 0SS- secti onal
views of person 322 and/or utilize oné or nore other approaches 5 described

i n connect i cnbridinkents, syséamb o Gaa e sisest to Mtergogate. angnate oxidaRENE Obidctracy

concern Fig. 1&.i r. i r i t t enbodi ment
of the Si?)r esent Sﬁ%/ljglrrlltu‘? gﬁﬁl'@g%‘{e}lﬁiﬁgg&bﬁgﬁcﬁé c&?ﬁ‘gé&ﬁ%&%ﬁ%@f?%ﬂﬁ g‘u sel ected
el ect r omagneubsysteadiddt iSomning tidoeh fENnduddd énaeisB@ dranped onreegite parson t h system

20. 10 For system 420, per 422 i s wearjng cl qthi articles 424a and 424b
t hat hide éﬁ”?é‘&?sweﬁ ySﬁgﬂﬂéﬁp%ﬁéf%}ﬁﬁ‘é@gﬂy%ﬂﬁﬁﬁ%@dﬁh@r%?g’,a ystem 420
can be used 438 of bRYRUEIQ GBlcBibbNARIARDO ABIES bFa P30/ htranged 9§ £An#80 1 ncl udes
scanni ng booth 430 coupled to control and processing subsystem 440.

Scanni ng bodwoRp 8g@rallycienigred wthaespsaitp gerpeting verhead 39s &MAangaumber of

15  electromagnetic radiation transmitting/receiving elements are arranged in a
generally circular pathway along the ring. These elements operate to interrogate
person 522 with electromagnetic radiation including one or more wavelengths in
the millimeter, microwave, and/or adjacent wavelength bands. Array 536 is
arranged for translational movement along axis CVA to scan person 522 as

20 represented by travel arrow T. One or more motors or other prime mover(s) (not
shown) are utilized to selectively move array 536 along axis CVA.

Referring further to the partial top view of Fig. 18, array 536 is sized with
opening 537 to receive person 522 therethrough as array 536 moves up and down
along axis CVA. In Fig. 18, axis CVA is generally perpendicular to the view plane

25  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.

30 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



15 support person 422 and frane 433 to support notor 434 coupled to array
436. In contrast to the platformrotation of portal 30 and transl ati onal
novenent associated wth portal 330, scanning booth 430 selectively rotates
array 436 about rotational axis R and platform 432 during interrogation.
For this arrangenent, array 436 follows a generally circular pathway to
provi de a correspondi ng i nmagi nary 20 ﬁﬂl nder about platform 432. In one
formsuitable for scanning a person i he standing position, the radius of
this cylinder is about 1 neter. Array 436 is otherw se configured the sane
as array 36.0r heggicalfransigtions|meyaneahpharmyi43o eakrisgirrwalertidakame as
subsystem 40am%%% it §¥%teﬁ12 Sz‘;tﬁ‘éjan'fﬁrtlhér lﬁg\rf]ﬂéllevg BREAAGS ort &beﬁﬁéﬁg{& pr ocedur e

120, routine 17 rou 25 170 r one or nore operations of
arrangenent shO®n} the detesas subfjsent G tbherhotalyycomoswicatetvthesibsysEnsBuri ty.

However, the .operatign .of .subsystem 440 acc ts for . the nov nt of array
hoe ol at 1 vaiREBFiong RienBER PR P PRE DS e sk CSah ey m 39

rel ativesto @ﬁgc&yasgﬁp]aﬁleamcoﬁy@t@m%ﬂ,ee(ﬁﬁng 420 can include one or nore
encoders (not shown) operatively coupled to subsystem 440 and/or other 30

devi ces/ t echni quéerinsraditg aray B adesernugipend! tpnpmijtinggsceigingelepentso pl at f or m

432. Syste | j 10 (not shown)
t he sane arsﬁ é@%&ggp %J%H%g&%% a¥ gﬁfté)ttéceh%@%gﬁ%ﬁ%&%‘%@@ﬁ?@?ﬁ%@@%ﬁem 440. System
420 can 36 deecribsédmbodigensr &t @écanmpamti wonlioithgexampie, batakenvilOws of person
422 and/or wutil. one .or, nore ot her approaches scrib i n _connection

wi th the emfBuRER R R e e E s A BOC e P LSS Fig. 17
i1 ustrages ®hesLOPRAREY 36 ok dsth ﬁ&@rds&h%ﬁ,@%hﬂi@@ oﬁy&@qu&?& of yet 5
anot her enbodi nent of the present invention, System 520 illum nates person
522 W th sdiaag sederted dEaweyRhyndor RPPTPRIEAtREqIgHions. seavaingheethpB38pbus] y

descri bed. E . i i : t Ri.ng

dosi gnat ed By EF &SR RuRiaBPERAPUBE ol 023 SRPRARIERL SR TY 625, as
i n previ ouslsyard@se farlpedal 30 o nreget of abeytdDem2® 0ondsrvetras alsetl2 toS | nt er r ogat e

ani mate or inani AR ollz)l' ects éjjﬂ gy te @20 iencl toées sc%nni3 ng_boot h 530
coupl ed to CBITELIO SHETIERSEESP Iy YL SgL e frsiet CLERRAERC BOBPR 530
i ncl udess f r ap®s-3&ioRAININEST peRofil 62BAnGRor RE i Sedhe or more other approaches
described in connection with Figs. 1-10 to address privacy cancerns.
In a further embodiment of the present invention, the body undergoing
~ interrogation and the array both move. In one such example, array elements are
arranged in an arc segment that can move vertically while the body rotates. In
20 other examples, both the array and body rotate and/or translationally move. The
processing of interrogation data can be adjusted for these different motion schemes
using techniques known to those skilled in the art.
As described in connection with system 220, the interrogation and
corresponding image information may not comespond to the full circumference of
25  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
30  array size and/or scanning patiern 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



522 and support array 536. In contrast to the linearly oriented arrays 36,
336, and 436 of previously described systens 20 and 420, array 536 is
arranged as a ring or hoop generally centered with respect to centerline
vertical axis CVA. A nunber of 15 el ectronmagnetic radiation

transm tting/receiving elenents are arranged in a generally circular

pat hway al ong the ring. These el enents_operate to interrogate person 522
with el ectromagnetic radiation includiﬁb one or nore wavelengths in the
mllimeter, mcrowave, and/or adjacent wavel ength bands. Array 536 is
arranged f orimagemithout entalinigg veme ar alhofdhgyimpgestogstherte PEYHIS aper son 522 as 20

represent ed t%g?%£p§¥c§| re?feeéé?}‘%u%n. %&?eaﬁrth{?gﬁﬁmodgg&gxﬁ@%{% rage%@cgfm%dt”e mover (s)

(not  shown) i 0 selective ong axi s CVA.

Ref erri ng f useidpetontibinet! foe oigrphaitally being vorebined. Thiygt othd,endiodiayent36 i s sized
with opening 537 to receive person 522 therethrough as array 536 noves up
and down al'BRgEBY bevamplewlﬁ%?maaé%y nepg gyl i%mg%fﬁé*ﬁ%wl 8¥tfendi cul ar to

the viewspl angred B sdtbihihghSProvRRALSISbPhRAOS R I dion Wi dhelphRicMBF t 1 cal notion
of array 536, 'an inmmginary cylinder s defined about person 522 in
accor dance wiash thetdangi panglsanf sygiemm A2Qaky prsaridgyplaniay instaad pf evlindricdhownever ,

nei t her persqQn_522 nor._arr 536.. tated relative to the other, instead
transl ati onalfn%ﬁ%{}lg%pﬁ{m%wtgérhrt%quggfr:’mgwsused to scan person 522 vertically.

30 Subsyst em 540 Ih snectufthegasitedirhdéie, thaiiaga snioains iedbtafed iand i s operable to
perform procedure 120, routine %70a,_ rogti ne,  170b, and/or one or nore
operations aFordftes wabmERRedwsd 20 gpeting: 1 70maputine dBe.mapeerent ik y st em 540 i s

adapt ed$ 0 ageRM™o, _%{Zten'f 200, Eﬁﬁ‘en\/?jd, Eﬁs@ém&i@@%/@%%@ﬂ%ﬁ‘ﬂszﬁ%/ﬁﬁiﬁ%a@} array 436
with its circunferential arrangenent. System 520 can further include a

communi cat i cHiligebydangfy gmiadividiab e forme of durecrabpdiyodns instudm 60 to renotel y

communi cat e \ I reviousl e L hed . i;ment s,
system 520 i %\éhtﬁ“s%‘ g vf(g%gttgfgegg ?8%8% A (r:éesgriggeéi pditu‘%o %?rg@‘{l%nﬁsﬁ%@b@aaﬁﬁ e@p{aﬁmc onnect
wi t h pr ocedutiemp@fy toGaipated td the assirbyeddca; deteanigewy whathbethe dridividual
transmtting/receivin

conpar abl e r’%%ﬁcﬁi‘llngﬁng jg&ggﬁt°§11@%: %émégfﬂ%{iﬁéa&:gfgﬁ%i: ]l;n%%r’?{’tg.ro% &% gﬁg to have &
conpar ajs ve Jaigodlih HHage i APhSiond8EMBRE fealfles of the individual to data stored
for those permitted access to the restricted area; and allowing access to the
restricted area by the individual if there is a favorable comparison and no
suspicious concealed objects are indicated. The determination of a match can be
used to activate a gate or other access control device.
20 In another embodiment, image information gathered in accordance with
procedure 120, routine 170a, routine 170b, arrangement 200, system 20, system
220, system 320, system 420, and/or system 520 is additionally or alternatively
used to identify individualshfor which access should not be permitted, such as
suspected criminals, known terrorists, and the like. In one more variation of such
25 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.
30 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



and 2000 transmitting/receiving el ements would be desired for array 536
versus 10 200 to 600 for array 36 for conparable resol ution, depending on
the frequency band sel ected. However, under appropriate conditions,
scanni ng booth 530 can performa scan substantially faster than portal 30.
In one nonlimting exanple, the scan tine for portal 30 is in a range of
about 10 to 20 seconds versus about 2 to 5 seconds for scanning booth 530.
System 520 can be used to generate one3dr nore 15 cross-sectional views of
person 522 and/or utilize one or nore other approaches described in
connect i on wwithoutipgnissiomig dogo.aday @ gices shedimensraa barovidedds fur t her

enbodi nent O%ﬁ&ggféﬁﬁﬁﬁgk &HM? cﬂ&vaﬁ e body undergoing interrogation and
the array bo ROVer T none Suc exanpl'e, array elenents are arranged in an
arc segnment that &ghpublivagonseant! ipataht applidutibes difeé ihthikyspeaficdtion arelllere2® ot her

exanpl es, both the array and bo rotate and/ or .translational|y nove. The
processi ng p?’c?rﬁ?r@@gyéégﬁﬁfﬁqcﬁ%gtlgg@gdnﬁgﬁgﬁjpgé‘fcéﬁoﬁ %rrpaf%ég@hﬂ?tf%er ent notion
schenes 5USi {erelF&iMiaAYasd KABHALAIQ iA QSR 16 ké |k8Poi b ditGeREdnce AS described in
connection with system 220, the interrogation and corresponding inmage

i nf or mat i on Rithenany dorye sisohistoot opsration |presify @ dindingetates kefein 5 t he body
under goi ng | Lro LO : i.nte an be less than
360 degrees.Béﬁgﬂéﬁ@%&é %&?%éﬁ%@?“@E§°fﬁ%§§&%h§%?#§%r%ﬁﬁégﬁ be

i nt er pol at edinlydabilingt thg pitst@ itwnties amg wag té aich ooy, meohanich §f er ent vi ew

angl es. Alternatjvel r adgditi 1y, less than the full height,, K w dth,
and/ or | gangt‘PPcm(S‘Pntlﬁ\éOfgﬁbﬁrécgfg'r%ﬂB eé’&‘ﬁﬂ“@ﬂhﬁsﬁeﬁ‘c ‘ililllé*?tr idﬁ%ﬁggq For such
al t er natjpVvesin defdf i3 the@l &y g S Ao ARG e REBIGY, B2 sRAL §8bbe CaRkidRed as
correspondi ngl y adj ust ed. Fn still ofther enbodi ments of the present

i nventi on, tiHastratygandeat sesiintive ieeharagior it byjrg wdestpod gimy onlyelectad 0,  and/ or
520 correspogﬂi @N@Q (AN L. I i onbi ni ng sone
or all of the |ﬁ§§%§s oge?ﬁg%OP@a%?@%%ggagmﬁﬁg%gg?%%ﬁ?@%%Qﬁé}F%sentation

| nst ead, t heandyhodifieationd thatmmgesvidiie theseotit of thh oventideiandefoedthemedbror onl y
partially bein i.ned.. In t .ot her enbodjnments, inmaging may be
conpletely o ytg%fcﬁ%xq@cqﬁgﬁ@ﬁ?ﬁgﬁﬁ Eﬁ?e Hr‘i’fecr’i%d'ur e with or without a 5 degree

of conbining to provide a topographical representation. In one particular



case, the planar panels of system 320 may provide planar, instead of
cylindrical 1inmage information without nultiple frames. In one further
enbodi ment, the imge infornmation is obtained in accordance with procedure
120, routine 170a, routine 170b, arrangenent 200, 10 system 20, system 220,
system 320, system 420, and/or system 5300 is additionally wutilized to
identify an individual. One formof this enbodi nent includes a technique to
control access to a restricted area, conprising: scanning an individual
attenpting to gain access to the restricted area; determ ning whether the

i ndividual 1is concealing any objects fromthe scan; conparing one or nore
aspects oVhdt scldified ot r espondi ng i mage information regarding features of the
i ndividual to data stored for those permtted access to the restricted
area; and allow ng access to the restricted area by the individual if them
is a favarabl @ wapmadingeRingnd No  suspi ci ous conceal ed objects are

i ndi cated. The determ nation of a match can be used to activate a gate or
ot her access BYNIIre gedyscpaced@perhiramsarhetibeipdefingenintereggtien 1408r nat i on

gat her ed i L Ut ine 170D,

arr angerréﬂr??e %@%@ﬁ,@%@%@%& b§ ;n/{ §$ grﬁngulrzeg&ll%glyast{og{rﬁ% gg‘?%gg‘%“e‘f%g‘% 15‘9 and/ or

syst em 520crragaddietsoo mrathie yntomro gatiberegemiwith afectrageghetio riditdion iaf gnejondiowi dual s

nown 1 o FPEE T At S 120 R kSR, AR PSR e T e

enbodi meig8als;one or nore other bionetrics (such as a fingerprint, palm
print, retina inmage, vocal pattern, of the ig_di vi dual are conpared in

etc.)
addition to tﬁ%@Ort%%aﬁoaﬁ%?ré&Per?'élﬁf%%%l?ﬁ%h4%006@@&11 B2 5 forpgrapiiesl

det er m Natyr QPR oMt iREsohUeRth B ABRGRSHiIterrbPRIchRBMME 8Rd HeFtd Moutput as a
identification can be changed for each access to Treduce the |ikelihood that

t he accedycteomnelrib¢ datmdkadasscapiespongimgdd the ivnogripbigal rggestntademdatinimal ayobyme
addi ti onthéB%r(ggA £Ghe %E%%Béo%geé}gn_%%ﬁordance with the present invention can
an 1 ndi

be used to ermne | Irdual is taking an object froman area 39
wi t hout per m sdévice rt@oddvsn.thdnypufo ploesle ae iMdadiiorentan opamtop & thy mrdoded as a

nmet hod, appar S, system and/or deyice. Al publications, and patent
Ropl | cat FOREE e he PR & BecPrIcelat PBRcs et HEF itheal to e
wherein the one or more processors are operable to generate the data corresponding to the
topographical representation of the person by combining image data sets of three-dimensional

data.

2. The system of claim 1, wherein the arrays are each provided with a panel and a
mechanism to move a corresponding one of the arrays along a curvilinear path about the
interrogation region.

3. The system of claim 2, wherein the curvilinear path approximates an arc of a circle.

4. The system of claim 2, wherein the panel for each of the arrays is at least partially

transparent to facilitate viewing therethrough by an operator.
5. The system of claim 1, 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.

6. The system of claim 1, wherein the arrays are each structured to operate at several



i ncorporated by reference as if each individual publication or patent
application 5 were specifically and individually indicated to be

i ncorporated by reference. Further, any theory, nechani sm of operation,
proof, or finding stated herein is neant to further enhance understandi ng
of the present invention, and is not intended to limt the present
invention in any way to such theory, nethani smof operation, proof, or
finding. While the invention has been illustrated and described 10 in detai
in the drawi ngs and foregoi ng description, the sane is to be considered as
illustrative and not restrictive in character, it being understood that only

sel ect ed g;ihedl . V. i :
equivaleg%s, gﬁgﬁggéésQﬁﬁ%dﬁgﬁﬁ?ﬁ%gﬁggﬁggﬁﬁgﬁgﬁgﬁgga?#%Phﬂﬁﬁgﬂg%P$P “Of the
i nvent i onsglast ledashid degreei.n or by the following clains are desired to be
protected. 40 Wsat is clained is: |I. A system conprising: two or nore
arrays spaced apart fromeach other to define an interrogation region

t her ebet ween, Thhgseir @¥kiRac WhbeinnBe stdyvd atelbhdtsihuoturddtd padynista sehe
interrogation region to interrogate a person in the interrogation region
with el e€YiIREYREM ¢ radiation at one or nore frequencies in a range of
about 200 MHz to about 1 THz to provide correspondi ng interrogation
signals; one or nore processors operable to establish data corresponding to
a t opogr &phi cdhe meibpd esdaitat.ivdhsrent the hembiaing samgsses inroherdntfyraombirtieg the

i nterrogati I d generate an output as a function of the data, the
dat a cor?é@%g%lﬁ%ga%%sgﬂe t opogr aphi cal representation defining a volune of

the person in the interrogation region; and a device responsive to the
output tq proyjde an_indicatiqn to an operator i.f the person is  suspected
of Bar ryPng ol BriepETubit edetr we TerbE e priits cOR Piedst my B aRaA ty.
wher ei n Hﬁgs@g@gﬁ%mp@kﬁgg@qggﬁﬁﬂgs are operable to generate the data
corresponding to the topographical representation of the person by

conbi ning i mage data sets of three-dinensional data. 2. The systemof claim

1, whereip they Et‘ﬁé{&oﬂlﬁnfﬂt eREPHE A58bi -nggoxgpg&@%bxpgiﬂ%gﬁhe rgtﬁlﬁipﬁ%l?ép to

move a correspondi ng one o e arrays alo curvilrnear p about the
data sets using a weighting function.

11.  The system of claim 1, wherein the one or more processors are further operable to render

one or more two-dimensional images from the volumetric data.

12.  The system of claim 11, wherein the one or more processors are operable to perform the

rendering using a ray projection technique.

13. A method, comprising:

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;

generating a plurality of image data sets from the interrogation, each of the image data
sets comprising three-dimensional data; and

generating volumetric data by combining the plurality of image data sets, the volumetric

data being indicative of the surface of the person.

14, The method of claim 13, which includes moving each of the arrays along a path



interrogation region. 3. The systemof claim2, wherein the curvilinear path
approximates an arc of a circle. 4. The systemof claim2, wherein the
panel for each of the arrays is at least partially transparent to
facilitate view ng therethrough by an operator. 5. The systemof claim1,
wherein the device includes a display and the one or nore processors

i ncl ude neans for generating the output“ﬁn a formrepresentative of one or
nore cross sectional views of the person. 6. The systemof claiml, wherein
the arrays are each structured to operate at several 41 different
frequenci es and each correspond to an arc about the interrogation region
subt endi Besidhed B BieQersdh. | east 120 degrees. 7. The system of claim 1,
wherein the arrays are each structured to provide a sem - cylindrical scan.
8. The method of claim 11, wherein the conbining conprises incoherently
combi ni ngst NerydbbbPLEINFRAC WALA & §hda BrichE uT5LACH Ol afiL Al b T €1 1
t he conbi ni ng conpri ses conbri ni ng the nult|ﬁ1e i mege Jara set’s usi‘ng an
aver agi nguttandhm gngd: oflad leaFtH@0 pegrbedelofivecth aiemetsonwher ei n t he conbi ni ng
conprises conbining the nultiple inage data sets using a weighting
function. 11. The systemof claim1l, wherein the one or nore processors are
further oper abhemétRod el 1400 Ber@in JMMAE alpdRicdi oTERSIa@iakectifR@es from the
volunetric data. 12. The systemof claiml1l | , wherein the one or nore
processors are operable to performthe rendering using a ray projection
techni quey. 13 dRSNALIAIHMPGhEh BHudR! BNAAZoL R i BRE SR dra) e anh
shaped to turn about a person positioned between the arrays; operating the
arrays t theperspmbasedion thatvelumsgrat daom of the person with el ectronagnetic

radi ati on at one or nore frequencies in a range of about 200 MHz to about |
THz; generating a plurality of inmage data sets fromthe interrogation, each
of the inhge TatmecthaRétldondl ivaérng thhgaderadhnefitie osiamettiatda imimdies

combining the image data sets incoherently.

19.  The method of claim 13, wherein the arrays oppose one another to define an interrogation

region therebetween and are arranged to provide a security checkpoint.

20.  The method of claim 13, wherein the combining comprises combining the image data sets

using an averaging technique.

21.  The method of claim 13, wherein the combining comprises combining the image data sets

using a weighting function.

22. The method of claim 13, wherein the volumetrie data is further indicative of the surface of

a man-made object concealed or carried by the person.

23. 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 path about the person during the interrogation;

and



generating volunetric data by conbining the plurality of inage data sets,
the volunetric data being indicative of the surface of the person. 14. The
met hod of claim 13, which includes noving each of the arrays along a path 42
positi oned about the person. 15. The nmethod of claim 14, wherein at |east a
portion of the path is curvilinear and the path subtends an angle of at

| east 120 degrees relative to the persorf3 16. The nethod of clai m 14,
wherein at |east a portion of the path is rectilinear. 17. The method of
claim 13, which includes displaying one or nore cross sectional views of

t he person based on the volunetric data. 18. The nethod of claim 13, wherein
the generatin : L | ki I ta
sets incoherenE@%@ﬁﬁgvﬂghgﬁﬁggh?ﬁﬂg%ggvgfﬁgqgﬁoﬁﬁgggyﬁk?%g&ggfggggglpgse one
anot her t objetdfthqast afgdnataing dgatihuwretriq dgy opluting cebeinweerphanty af eyladrieahged t o
provi de a, secuyrity chec i nt. .20..The thod of .cl aim . wherein.th

Bonbi i ngrCarirh sts SIS Fynefet e ihars SedpeSdl fuis Mk o

t echni quethre2 dimdizeonabdubface &fa iradnofid pardear ei n the conbi ni ng conpri ses
conbining the image data sets wusing a weighting function. 22. The net hod of
claim 13, wherein the volunetric data is further indicative of the surface
of a mam4raderiRbydd ARNGEIEHrAEinGR FAHIEhbRY IS DRI TANcas? 30 doyrPREONA e
conprising: generating electromagnetic radiation at one or nore frequencies
in a rang® thfpeassout 200 MHz to about 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 the arrays along a path about the person
during t h2s.i ntBremogladd dirjaima@3dwiGeingenetiagubtegdyol angitafiacleskat 20 8egoses t he
interrogation to detect if the person is concealing an object, the act of
gener at i N &K/ B i ¢ data including combining a plurality of

cylindrical 1inmge data sets, each of the cylindrical inage data sets

conprising data that is representative of a
6. The method of claim 23, wherein the arrays number two and oppose one ancther to define

an interrogation region therebetween and are arranged to provide a security checkpoint, and at

least a portion of the path is curvilinear or rectilinear.

27.  The method of claim 23, which includes displaying one or more cross sectional views of

the person based on the volumetric data.

28.  The method of claim 23, wherein the generating the combining comprises combining a

plurality of image data sets incoherently.

29.  The method of claim 23, wherein the generating the volumetric data includes combining a

plurality of image data sets using an averaging technique.

30.  The method of claim 23, wherein the combining comprises combining a plurality of

image data sets using a weighting function.

31.  The method of ¢laim 23, wherein the volumetric data is indicative of the surface of the

person and a man-made object concealed or carried by the person.

32.  The method of claim 23, further comprising rendering one or more two-dimensional

images from the volumetric data.



t hr ee- di nensi onal surface of a portion of the person. 24. The met hod of
claim 23, wherein the path subtends an angle of at |east 90 degrees relative
to the person. 25. The nethod of claim 23, wherein the path subtends an
angle of at |east 120 degrees relative to the person. 26. The nethod of
claim 23, wherein the arrays nunber two and oppose one another to define an
i nterrogation region therebetwen and ar@iarranged to provide a security
checkpoint, and at |east a portion of the path is curvilinear or
rectilinear. 27. The nmethod of claim 23, which includes displaying one or
nore cross sectional views of the person based on the volunetric data. 28.
The nmethod of claim 23, wherein the generating the conbining conprises
conbining a plurality of inmage data sets incoherently. 29. The method of

cl ai m 23, 3dher dhamethed gérleinad?.nhetdiethe o¢ndrmng is pederiad uriof adesprojeetisioni ng a
pIuraIityta%minage data sets using an averaging techni que. 30. The nethod of
claim 23, 8T n the conbi ni ng conprises conbining a plurality of imge
data sets using a weighting function. 31. The nethod of claim 23, wherein

t he volunetric]gata i indjc?tive of the surface of the person and a

[
man- made ofj ect Eﬁﬁé’égloé‘éila’é? carierdRithe yendpRng RGBS 32, The net hod of cl ai m
23, further conpksofifsPRALRA:IONE iPge TRHE: EMPoigdhiFR AR IONA | mages from
the volunetric data.” 44 33. The netho& of claim 32, wherein the rendering

i s perforned usindefing & syonsk wjcetimpmyonal wgh rquiet segand vidvengrenghodifigrentthan the 32,
wherein tQﬁtR%Qgggé conprises: rendering a first two-dinensional inmage
froma first wie ﬁ%gﬁngle; and rendering a second two-di nensional inage

froma second viewing angle different than the first view ng angle.



