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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  not detect most organic polymer and composite materials that may be used to
fabricate firearms, explosives, and other items that may pose a security threat.

In another approach, electromagnetic radiation within a selected
wavelength range can be applied to provide images that can reveal objects hidden
by clothing. However, this approach typically faces limitations regarding

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 sxnroosmntdoons in this area of technol ogy. WO BODEARBHEERY

PCTI US20041034889 3 SUM VI ARY One enbodi nent of the present invention is a
uni que technique to detect objects. O her enbodi nents include uni que
systens, devices, nethods, and apparatus to determne if a person is
conceal ing an object. 5 A further . ient of..the present invention is a
Cechnt que t hdteoriE Fisse stemsieh BRvidE Baled Tore L0t teny sREGHE s SR | on

havi ng one orinf¥Rd& tb be BitIes bg Slothing utii2Mee oP4 hehaiihspeodr dhgrhertz (MHz) to
about 1 Terahertz (THz), froma surface beneath clothing of a person,

est abl i shi ng ¥shamassing P theperean herngdnipeeied, apdEgh epsec congrrn that PAVaSYr r espondi ng
to intensity d. . t . i processing the
data to deteﬁﬁ'ﬁgﬂ?P&gg2&@%@%{@ﬁ?ﬁﬁé%%@?‘Fgaﬂé?%gaﬁg¥fbéﬁé§y the person
Anot her efrbodioneibntiords ih ltes pree s€tethnabgynti on is directed to a techni que that
includes: irradiating an interrogation region including a person carrying a
conceal ed object, detecting el ectromagnetic radiation returned fromthe
region in 15 response to the irradi ation, 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 ment of the
present invention includes a technique to 20 detect el ectronagnetic

radi ati on returned froma subject, where the electronmagnetic radiation

i ncl udes one or nore frequencies in a range of about 200 Mz to about 1
THz. Data is established that corresponds to intensity of electronmagnetic
radi ation returned fromthe subject and depth difference along one or nore
surfaces of the subject. Adaptive processing is perforned with the data to
25 determine if a man-nmade obj ect suspected to be at | east one of contraband
or a potential security threat is present as a function of the intensity
and the depth




difference. In one form the subject undergoing interrogation is a person
and the technique is perforned to detect suspicious objects that m ght be
conceal ed beneath clothing of the person. The adaptive processing can be
per formed WawososdGoneur al network that eval uates each péT/eseerahssoul ti pi xel
i mge portions. For each of a first set of inputs to the neural network,

i mage pixel intensity is received in c?rrespondence to the inmage pixels for
a respective one of the inage portions,”and WO 2005/ 050160 PCT/ US2004/ 034889
4 for each of a second set of inputgpmté?&%neural network, a depth
difference pixel input is received spondence to the inmage pixels
for the respectiveneBfbedimeht\§t thiBEGnPRNVEARASs a thift RiqRIbadidrent of the
present invention includes an array operable 5 to'interrogate a person with
el ect r omagnepbjects.a@ther pmhodiments éncdydervmique Systaqase deviess, mnethods, adnge of about
200 MHz to a 1 THz an [ocessi ) e This subsystemis

coupl ed to tﬁé%%arurlsatg Lﬁ’é“':ﬁgﬁé;'tmergm%%c%gzﬁaﬁgaé%ttﬁgg%r'al network including a
first set‘idof i NnpuiSfuethet eg}tﬁﬂﬁmdoﬁmé pﬁfs?dtmpmhﬁon igheﬂichhirqﬁ& thatihclodesi npgf{ s
recei ves dat corresponding to a map, of returned el ectromagnetic radiation
intensity al gﬁscwfemwﬂﬁ&e%%ﬁ@af Frdiatiop fheYige gie ‘?IHE‘)fSé’feg‘&ﬁ‘?g’GﬁH’e"r goi ng
Interrogati Oﬁnggeﬁaﬁﬁgmmgihc% (MHZPH sbobCCEriRATRSY, 1R feutfaéd €spondi ng
to a map of surface depth. The neura network evaluates if one or nore

obj ect s suspbeneath ddthingiofig parson.caiwblishing dafa e therratyened eleadioragretient i al
security thregt,.Aar | LONnce; r I one or nore
correspondi ngﬂ%% B&P ggépgﬂ?lggg?/@?éﬁlgl&%ﬁ#gﬁpﬁe}o&ﬁy&%ﬂ% ag@i@ﬂxﬂe? tion of the
map of XX engidcyssinpdhé Bata tageterininteip b buspiiouslobgctfis béihg tarsiabogthaent i ncl udes a
device carrying | ogic executable by one or nore processors to anal yze data
correspondi nge"g%“'an i mge of a person obtained from el ectronmagnetic

radi ation includi AgofBeefbodiRER of ERAHERAL i8%entibn & difetBd & Plectiiqeithaf00 Mz to
about 1 THz. This data represents a map of 20 el ectromagnetic radiation

i ntensity anénchidegipirefiatiag eminderragatipmiegion dncdudinga paFsanarryiggason. The | ogic

i s operable ' s uate if one
or nore obj e%?%cg%(l? & gﬁjgﬁtgg?tgﬁ%g;eie\ég?@%@%gg%%Fﬂéé@gﬁtggg éﬁdﬂot%ﬁ{%{e person as
a functildn otespbwsenmthedfradihtint exablighief data repdésattative ofateapsoftintersitg of he map  of

depth. In one for t he devij.ce includes a_processar-readabl.e mergry and t he
P ﬁle c?ecgr]omagnetlc rac.!hat?on returned from thg mterroga?mn reg?on and a maprgllg y

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 a man-made object suspected to be at least one of contraband or a |
potential security threat is present as a function of the intensity and the depth
difference. In one form, the subject undergoing interrogation is a person and the
technique is performed to detect suspicious objects that might be concealed
beneath clothing of the person. The adaptive processing can be performed with a
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



25 logic is in the formof a nunber of instructions stored in the nenory. 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
net wor k. AwWarzwsesoi@nbodi ment of the present invention PoTUsmeso3asstechni que
to scan a person with electromagnetic radiation and determne if an object
Is being carried 30 by the person. Thi 3 determ nation can be nmade by

eval uation of imge data fromthe scan, which may include inspection of one

or nore corr ondi i rage an erator. In one for an .oper at or
i nspect s onee%a{)eaﬁ]g IPEQE%CBB‘SS%QEEPBF%‘P i“&%f)‘bqt“’?% ?8??517 8‘@?&"6’5‘3 pix
PCTI US2004/ 034 % re€eitdiian Refrepondeaakeid thé ke phISTBF e fespedti®b B oft © M ni M ze

privacy concerns that mght arise frominmaging of body features that are
normal |y hi ddesinage ppgiopeibl i c. | n anot her enbodi ment, a person is irradiated

by el ectromagneti Lal00: Wt Bi : 0, 00
Megahertz (MHz) tgxﬁa'%%hférﬁg%?j%ﬁgp{éﬁ?% Iﬁg%) l.ag%g{cgfafgi%lr%rsag%?a l|)]\g/e of an

i mge of 3 he tpanaropatesa pstombiittséledroimagnetichradiation @ dhadbi moredreduanoies @spondi ng

| mage data is provided. e fqorm e irradiation . is performed with a
pai r of a_rrafsrg‘fgﬁ‘é’cfa_g%ﬁoﬁmw aﬁ’o bt %h‘pl?ﬁ’élfl %HS?%%S}%WS? Wer son. In one
speci fic i mplsapEateaiis esupd dofthSark4r M ogaﬁﬁasafde@me b SeRaELWEH iRSuding Pai r of
opposed panels that each curve about the person. These panels can be used 10
to provide a adustset efyinpuis @iog@isprond aeidf inpptsh d'ha Siesd setrof énpugsueaeiveddatdi t h one or
nore ot her ' . sStri Lngdi vi S. | 1| anot her
enbodi nent %ﬁé&@g@ég\tﬁ;%c Jggéet‘gﬁvéf %?cu‘r%%}ag)q %#Crrgtggt?inﬁgtgé%ws%%grat from each
ot her t ol@ef isnfacerbenertle tlotigad oftthe pagdmumdeipeingintemegation Thke secomlsst ofar e
structured tqQ turn about thjs region.to interrogaje erson or object with
15 el ect r omagRY Toqes ofhgrslgtafo ?Pé’"‘é)‘?’g?ﬂﬁ’élaPPga‘\E}é‘ﬁ%&%‘g"iﬂ‘ea“eP%ge of about

200 Mz to 3RRkrk dvallites fof®orl M6lcWBREs3NHeOBE oPbeifPitGeabl BERFSOrs operabl e
to establish data corresponding to an mage_ determ ned from one or nore
G188

i nt errogat i orfos¥ahang gnd ppesentRl gemitt thecakare cancealethby e PGP 2pd ocessor s
generate an QUbpil g o?{nﬁliésjglg%éspgdl}tdgf&c}utpdgﬁp %ﬁ&gaﬂiﬁoﬁ%?fsﬁ&?ﬂeﬂraﬁ her includes

a device responsive to rovide an indication to an
operat ortj f possionofthefmap ofdntensityyant itreamspesti degth. obj ect is suspected. Yet

another embodi Mentg, G, 4 e RinSsoahent Mafudes £ devidk carying lodit Sxectafld by "

one or more processors to analyze data corresponding to an image of a person

o

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



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 radiation at one or nore frequencies in a range of about
200 MHz towodows/HdIGHz;, and generating i mage dat a fromethaskooiessgggati on to
detect if the person is concealing an object. A further enbodi nent of the
present invention includes: generating _.electromagnetic radiation at one or
nore frequencies in a range of about 206 Mz 30 to about 1 THz with two or
more arrays to performan interrogation of a person positioned therebetween;
movi ng at | e PewE takenplang the Rerson-y hepeht 1 MBHEIZE R coBteR SRt 208 050160
PCT/ US2004/ 0 ' 4 i-on; and

generati ng iﬁnﬁgglgo a?%%ﬁ?%%%ﬁfgfiﬁ?gfr}lﬁgggk ?Ig%atup ?1%&%&%@?@1%che person is
conceal i ng an obj branotlgr embodimient, & ipersorishualiatethby elfcttdmagpetsradiatiomvent i on

I ncl udes perfor.mng an _ interrogati f e w th electromagnetic
radi ati on th‘gﬁmﬁa"‘k mn%m%?%p@%@ﬁ%s@@@@%ﬁ%?ﬁ ZMHz to about
1 THz. Ofe O(THE! Ddtd Rpfestft@ivedlah imigeRg @ Risoh icespdlisied fncthgener at ed based
on the interrogation and it is determned if the personis carrying a
conceal ed objrédiationand gersesgondingimeage dptg isevided yInfang feray, thejigadiptine of t hese
| mges. Accoy.di ' r ' ' ' provi de a
uni que 10t EERaPhNed BRA a0 OF bl Gt BRGY MG LR 48 P OL' 00 .
provi de a unpeapen. spsine specifixt inpdemehtatiooef thos foappeach sy istpeoviketdes ai ne i f an
object of interest is peing.concealed. Oher objects, enbodi nents, forns,
features, adV¥ %@?se(g‘éaﬁggtﬂ%a e %cfu“ﬁeﬁl?g?ﬁn?%lj%f&f ﬁ%‘efﬁ'@ngﬁfaq PRASEE i on shal |
becone appar @g&ofzﬁe @s&élﬂig#&ie@klbcﬁﬁk, ARl Mepbe hsed iPFonpdtich With BEkSor ek uded
herei n. WD 2005/ 050160 PCT/ US2004/ 034889 7 BRI EF DESCRI PTI ON OF THE DRAW NG
Fig. 1is a Yarqeicesd sgiightreessofindiiderls-a security inspection system
0 2 g2 pant A stilf AR EMtbOTindeRe e sPsterh iR YiieS RV PbiHbke Wityspsidl | ne 2-2
épafc ‘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 is suspected.

Yet another embodiment of the present invention includes: providing two
or more arrays each shaped to turn about a person positioned between the arrays;
operating the arrays to perform an interrogation of the person with electromagnetic

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

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



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 arc segnents. Fig. 6 is a flowhart of
one type oW®HI0FEWI@et ection routine. 10 Fig. 7 is a fl| serwazops/esssanot her
type of object detection routine. Fig 8 is a diagramillustrating
segnentation of an inmage into overl appi pg rect angul ar portions for use in
the routine of Fig. 7. Fig. 9 is a diagramconparing three different types

of feature extraction fjlters.for use wth the.rautine of Fig. 7. 15 Fig.
10 is a scheﬁlﬁ?q?@?ecﬂew %55&5%‘8?0@%?57@3&5%%?%%55 g"’é‘l‘ é‘eﬁ‘ﬂ*‘g conceal ed
obj ects that jitérd aﬁ@ﬁtddb@ecﬂf&ﬁ@ﬂiﬂrﬁfn_iﬁtﬁrceéﬂin%@n%ﬁ@me the procedure of
Figs. 3 and 4 with both of the routines of Figs. 6 and 7. Fig. 11 is a
partial, di agrammitille fustihes eypbadimsnt of the preseat inygntionrnclydes perfarming 2p parti al |
di agrammati c. b | ﬁa@ ! i line 12--12
shown in Fi 91&%@6&'@%"0{5’%8’&?@ Efﬂg%lﬁ%%or a I%t??g@'gggrg%tapﬁs Sﬁ%?%#@r%’g .

cross- seét i ofiafudnnieg &sa ragenef 200adiz to alpmoit Tékzc Eneidr movaerossessctianehni ques  of

et s, Rt pan e i lp i Y R L i, 751 "5l
25 Fig. 16 i $ tRe pabdr Blcarrfinddiconoericl objettakat Pbscitalthleattd ity PR bem Fig. 17

is a partial, diagrammtic view of yet another system Fig. 18 is a partial,
top view of i%%‘?@f@rﬁ%ﬂﬂ%@. 17 along the view line 18-18 shown in Fig.

ot esent i mvent| on ey e ERROAPER-] e R FTT R PO T the pur pose

of prond®i ngtezhnigneltr detamnidémgoftfitetdse princi pl es of the invention, reference
wi |l now be made to the enmbodi nents illustrated ipn the drawi ngs and 5
speci fic | anguage ARPHET @g‘gé%tﬂ pf%“@%%%ﬂ‘bcesytgtﬁ@’ Eﬁ%@.d’cfwcﬁﬂ cfrlapﬁaéefg?t hel ess be

under Zt god t hPdetéienihé iFiah dbjebivi Hitedeclds B&ifPeorREalédie i nvention is thereby
i nt ended. '
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.



Any alterations and further nodifications in the described enbodi nents, and
any further applications of the principles of the invention as described
herein are contenplated as would nornmally occur to one skilled in the art
to which twod@s0%y@ntion relates. Fig. 1 illustrates seetiukiogssgsggecti on
system 20 of one enbodi rent of the present invention. In operation, system
20 interrogates an animate or inanimte_ object by illumnating it with

el ectromagnetic radiation in the 200 I\/Eaahertz (MHz) to 1 Terahertz (THz)

frequency range and detecting the reflected radiation. 15 Generally, the
correspondi ng wavel engt MBESWEMEH@MGS to a few

m croneters. Certglnn AR el j f ansparent or
sem - transpar entﬂk'olslé’li%:ﬁ&?!rﬂég%grnm es?&é%?@n%%?%&%@? rtl%grﬁt he detection
and/ or i nmagi ng oFigsRif apatialptopividvooittie Fegn e aydters alohg theteew ihs2—Bhen t he
subject of interrqgation is a clothed individual, inmage information about
portions of *W‘BE?%O% s body covered by clothing or garnents can typically
be obtai med W th pisyss gil 28 fRWHEt illastratin® 8 POEdLR Tor bftadtin@tRe NOt cover ed
by clothing or garnents. Further, inage information relative to objects
carried by asytansefiFigeheath clothing can be provided with system 20 for

nmet al and nonnet aj,. _obj.ec 1 ti. onmon! S . and
cont raband. 25 Asaﬁlﬁ % %c&%%%@ﬁﬁéﬁ%ﬂ%@%{th%gg,ﬁmgfg ?ﬁuqsﬁrén%aﬁ%ﬂfﬁﬁperson 22

present ed f oof oveflagringgaidegelty. system 20. Person 22 is portrayed in a

typi cal manner, being at_ |east partially covered b arnments or clothing
desi gnat ed nore s%‘écgf”r%QPWWWM“Q@F@HB@C?{‘WF%?%%E -and 24b. O othing
items 24y and 24bFi§9ﬁ9§§hp@8i£€6fa§§the§tB}ﬁé"& dtffect B&8ediidh Tutined Weapon in
phantom Person 227is positioned in 30 scanninglillum nation portal 30 of
syst em 20. Por t al Fig@ jsa diegriundilysgratingyegmpntatemedan impgainteevgrlppning heckpoi nt
where it is i . ons.. contraband. Portal 30 includes
pl at f orm 32 g%ﬁaﬁé‘g%eé‘?ﬁngﬁn‘%’%?%%%ﬁ%ﬁ%%372 is WO 2005/ 050160

PCTI US2004/ 034889Fig994ay & diageth tompmripp drrée differeonty@ of feature bxtedction obj ect
desired to bg exam ned mtﬁlh s%stg}cpz . Motor 34 is arranged to selectively
rotate platfdf 564 .Bf‘ﬁ’tt"ca)ﬂ '8 axis R while person 22 is positioned

t hereon.jsFor the pipi @O‘i@ééa‘ﬂ@mMakﬁégﬁm%f'aﬁamli?f@ﬁﬁﬁﬂfﬁﬁaﬁédﬁngert' cal, and

person 22 is in a generally central position relative to
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. 161is 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.



5 axis Rand platform32. In one form platform 32 can be conprised of a
material, such as an organic thernoplastic or thernoset polyner, that
permts interrogation in or beneath the soles of shoes where weapons can
sonet i nes W0 tiosiosemeo Portal 30 further includes nultipl ecefuemenizssensi ng
array 36. Referring additionally to the partial top viewof Fig. 2, the

rel ationship of platform32 to 10 array,36 is further illustrated. Axis Ris
general ly perpendicular to the viem/pla%e of Fig. 2 and is represented by
crosshairs. As notor 34 causes rotate about axis R array 36

| at form 32 t
circunscribes a generally cir %H&PWE%JBQB{ axis R G rcul ar pat hway
P corresponds to %iremﬁgxggényiﬁgﬁqdagg@&egﬁﬁomea@m%affg}émmﬁ@,%@sponds to

an interrogation region porta Radius D is the distance 15 from axis
R to array 3ée purposeef progfoting enl ufidersiandiregrhif ylse Minciplestnd the iDv@tiono about 3

neters. In a re preferred form, radi us D. i bout. 0. 5. neters to 1.5 neters
- corres pondTeﬁ%e?‘i?p ’gldlﬂw%“faﬁ%tf’é‘i’e ‘E‘gboglrﬂ%r{t% l.u%age;ftnglp drA¥IES A% shown i n
Figs. 1 sandspécifRa@aaRs #ill Beuseakeadstiie thotahd. wdf ndeathéledshe32 about axis
R Sensing array 36 1ncludes a nunber of linearly arranged el enents 38 only

a 20 few of tndergpodihat reciraitetiancdtheyscope efdhe invenionuthershy intendafll y desi gnat ed
by reference,,puiEhals 43 f!?lrtl?&%o\ﬁ?ic%{igﬁsgﬁﬁ%c &L&iﬁ%@%&b&*&n&ﬂﬁh@@&gw eto
Ia ecte

transmt or reteive electronagnetic ra lon wihin a se bandw dt h.
Sensi ng ar r afurther applicatbons|of thetprinpiptes ©f therigventitns yssdesenibéd heSibay st em 40

I ncl udes transceiver 42 w sw.tching tree. 43. coupled tp, el enents 38 of
array 36. | nCUhEmPigiehas é‘f%%“\f,’j%ﬂccﬁf g‘z‘?“*éﬁ#‘&i“‘a‘%‘: S@?%Wh?@ % pl atform 32
i s det erjp neghvdhitidh @R@sOr nore positional encoders (not shown) that are

coupl ed to subsystem 40. In other forns, one or nore different position
tracki ng devi ces Hitdl diushates secyrtygsReeRGYSE™ 20 ong adbodimentd the;sed. Under

t he control ' A Al l; he . sel ecti vel
heti vat ed wi Pies&li AR Ch dberapl hustbd 90 in @ RN e 08 Bl Y
t ransm ssi onoljectrbyGipmimating ilvathesi¢ctroBRgantie radiatiomge thei 200tMegapentier al | y

i ement s a0 NBBOb5! Gentet: (6 (RaGos Dasoey cisthe REFridns tafay The
col umms 1are degdaRy,eBe Erdsp@Unp wHleRRghb thndt BRI HeSerditoentMBRIJt6lalfgy t he ot her
of the colums are dedicated to reception. The nunber of ,
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 typicaily 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  scanningf/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



el ements 38 in each colum is in a range of about 32 to about 2000 el enents
and spans a vertical distance of about 2 to 2.5 neters along axis R;
however, in other 5 enbodinents, a different vertical span and/or nunber of
el enent s cavo mes/osoudoi zed.  Transcei ver 42 can control swetmblongougsee 43 to
irradiate body B with only one elenent 38 of the transmtting colum at a
time and sinultaneously receive with ope or nore elenents 38 of the
receiving colum. Transceiver 42 includés logic to direct successive
activation of each element 38 of the transmtting colum and the 10

cor r espondi n§THEd §p SYRROE NETSEREA ©F sush offfer phjectdesitsditp hg exasnipedwith provi de a
scan of ap | o] : ' ' i Ltk ray 36.
The corres pgﬁﬁé."ggo“ %o&ﬁ%ﬁgé&%&l?@%l%%‘%&}étﬁggzha;&phlﬁ%?gﬁ%ﬁt%bnggn be used
to provide pxisRtiwhikaperstat 2 ialpositiomedcimrecns Fon thergieptation showaf axpeRdon 22 under

I nterrogation. Further infar I on Qut such arrangenents is._provided in 15
commonl y Omé@f@g@atqi}w@m:ﬁ,\%so& 3YGHFA Yﬁﬂml%gp?‘?éqo@ﬁﬁlsaﬁlwct&porat ed by
reference | gxig Rl R4 BI0RGnseitn, plaffms SPEaESe bdphinél 6Tl afRe8, 38 of

array 36 are of a formsuitable to transmt and/or receive el ectromagnetic

radi ation sekeshtas@n orgagin thernepiastie oothemnsekpobyrerdhglneenttyintesrogsiinit one
Terahertz (a?rpbjxlbeill ets%le%%filx?‘%%h%ﬁ%ﬁons k%&%&&i&%g@&b@ﬁ. to a free space
| wav e engt r about 0. net e

el ectromagneti ¢ radi ation ahge o r (m to about
300 mi cronet ers (PRprtall39 fusthatihdedgs mafliéple eldmentoedsing atrgy 3n Rafprihge

transcei ver arr.an nt, is utilized at enerates f encljes in a range
of about | 200 MAGOHHIIBAR P8 be G SE ik g ERERETP REARLERALIEN, | whi ch
correspods ufayp3d fsSRrtharanSstRtdC AR I RhEGLY petbaddi@ilard® thaaNsy plagt h range of
about 1.5 mto _about 0.02 in. In a nore preferred enbodinment, the frequency

range i s abo@f Fig. Zppd isgepiseanteddnorresshain ¥¥s motordt sansgspladiony 3Etee space
wavel ength r )b b1 { In a nost
preferred eng%}%lgﬁg%‘ft?ﬂ&hlﬁe’ a?l}agggg:%rg@m%cgggsgao é%ea lxa&‘g%{zﬁ{a& a oﬂtt 110 Gz
Wi th a corr eapisRdiCigeul arqpathsyrydecomymindngtdn imagigeryafyliadeo (it witlBtediis@6 m t o
about 2.7 mm, The transm ssion pathway,fqr a qgi el.emrent . 3§ of the
transni tti ng e SITERFRO ﬁoﬁ’él@%‘F(ngflgla n&@%@’h%@?ﬁ%&@gﬁg tp‘éﬁ'(jfaﬁceas t he
transm sg on fRat ANeR (\er2P S/ IdhbGerbiect foies Gdih O BAS 8but 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 o;;erate 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  amray 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



for the corresponding elenment(s) 38 of the receiving colum to sinplify

cal i bration. Nonetheless, in other enbodinents, the transm ssion/reception
arrangenent can differ. For exanple, in one alternative enbodi nent, one or
nore el enth @og&oHi0e used for both transm ssion and reeepUsmmM/034s89anot her
alternative 5 enbodi ment, a m xture of both approaches is utilized.
Typically, the signals received from a]{d' ay 36 are downshifted in frequency
and converted into a processible format through the application of standard
techniques. In one form, transceiver 42 |s of a hi-static heferodyne
Frequency MotRPRENAS epHefi the s gm%%‘%c‘ilﬁ‘?\tﬁ aPsyEsIPR nga“b?fﬁ?mﬂégcri bed in
U.S. Patent NymBREng tHthe? 8P thelcBmANR afeidcaitarbd td¥cépdibh’ ThERuhRyr@kn) . Commonly
owned U.S. Patent Nunbers 5,557,283 and 5,455,590, each of which are

i ncor por at edelgments3Srin gach aodunen 1§ in p range ababout, 34 t9)abow IR0V glemienly aakanpl es of

other transcelyeh RHANISIER G abbif 235 s mkRGong SRR hAFDICE in Burg] XL ur & of
different transceiver/sensing element “¢onfrgurations’ W overl appi ng or
nonover | dppi agbbdinteneng diffepony eertica Rpdreandfor hinnbet of BRinenayaid be uiilidedde one or

nore of the inpul se type, nonostatic honpdyne e, hi-static heterodyne
type, and/or™ W‘&rﬁél"a’%ﬁ Oiéwmgj“% _I’F@%%EEB%‘B’%W“I 1B 9% the art.
Transcei ver &42nphfys 688 Erﬁﬁ‘snﬂﬁfn? ORISR B A8 sinfhifah@uiyréokiveiial s to one
or nore processors 44 of subsyst'em 40. Processor(s) 44 can each be conprised

of one or nemeocwaakments 3 ofthy recsivmgsalumab | Teanseciprdeénduden dogiica recei ved

from20 tran L,V ' i I gL tal .gi i . I circuitry, or a
conbi nati on %ﬁg&ﬁgéf:ﬁ?ééﬁr%’@gétgbglr‘%g?&ﬂé%%ﬁ 3%8“?# t’éﬁ%‘?‘%@ %&% éénd%i/lépe; a
dedi cat dd, hessiwgpording bad & moreelénitats 38rof herecddvingitolomn o plohEs @.scdnor a

mul ti ple procgssor, form distributed, _pipelined, and/o aral l el processing
can be util i%’gﬁpﬁgloaﬁﬁf"c‘fﬁ?rlﬁQPH%WW%_Q‘?@HM %¥§6W&PE processor (s) 44.
Menory 46 cagoREpehdidg S@wifirangs ottBing-of it forRlaB6d EMAMBRAREL oC vari ety,
optical variety, or a conbinafion of these forns. Furthernore, nenory 46

and can be vBre¥i{d positipsphdstaabopiea casrespengingipgrtiongyf persere3dundgbes. Menory 46
b | 1 ' ] i . .Renovabl e Meno
Bevi ce (R M By aBphtrt HEBR AR i A NeRRERRA by e D i can he”

Device (R M I's al'so inc sor .M D. 48 can be
a fl oppylsdi seomemniy ewlge, U.8r Patap Nubxden 859,660 wihidhlieh&Ebeinearpomateddget | c
recordi ng nec%a; an optical disc, such as a CD or DVD type; an electrically
r epr ogr ammabl{@“EBfG d- st ate type of nonvolatile menory, and/or such WO

2005/ 050160 PCTI Ug?0Afd#4i38tbodiment, 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
embodiment, the frequency range is about 1 GHz to about 300 GHz with a
corresponding free space wavelength range of about 0.3 meter to about 1
millimeter (mm). In a most preferred embodiment, the frequency range is about 5
GHz to about 110 GHz with a corresponding free space wavelength range of about

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



12 different variety as would occur to those skilled in the art. In stil

ot her enbodinents, RMD. 48 is absent. Subsystem 40 is coupled to notor 34
to selectively control the rotation of platform32 with processor(s) 44
and/ or tran¥Ral§esoid?2. Subsystem 40 is housed in 5 a nmeOTASZM0AE4EONt I O
station 50 that al so includes one or nDre operator input devices 52 and one
or nore display devices 54. Qperator n@ut devi ce(s) 50 can include a
keyboar d, nouse or ot her p0|nt|ng devi a voice recognition input

subsystem a a different ement as, would occur to those skilled in
the art . opdrabtrotEBeIde HupLls) 3 SEbe tsshiviak COMTE GIINIE Ray Tube ((CRT)

type, 10 Li qumsbrﬁafﬁtwdnemeﬁ:@i ﬁYotﬁ&QQ)boHMﬂ&lts HeamiBisViBerectt@®ani ¢ Li ght
Emtting D ode (OLED g such different type as would occur to those
‘&na[yi UnFSOe

skilled in thgangement Xagnpde, nlawgﬁeaﬂtemuwecmmrmumonmome ore nore
security poi iy %ﬁ&rﬁta% s rf@rﬁ%ﬂgﬂrt%hﬁssgygra a1 ﬁ@?o%f Fﬂcgheqfalté%gﬁv%m 20 as

further described hererna ter €s connuni cati on

subsyst e’ 60 esbudilest, hmiﬁr@mﬁmﬂsh@ﬂmaéﬂesbyummmumlyahe bipmdts 62. Subsystem
60 i ncludes network server.. 63 _.cou uter netwqrk 70. Conputer
network 70 caffelyed Emw@ .qﬁeflw&n&f&ﬂﬁvﬁ nb% e CORy e o k (LAN), a

MIni ci pal A" @acbati tdsmuMhMug h%&de(p@hca‘?mn\ﬁ\fﬂﬁnd%f@@c 488" th, dolddfin, O €i ther a

private type or publicly acce55|b e type, such as the internet. Link 62 can
be provi ded Wbxgnssaivar 42 iseof abi-kate heserodyneFramenesiModulaed Eontinmeis Wavon channel

variety. Ser t 40.

| ndeed, in om%?ﬂ%%é&? tﬁagg?%gbg%’gqﬁg' %ageﬁﬁpghl%%%igsinur{ﬁg?%ya eFq'em)t ely

| ocat ed 19ubs pgirefenddhattin}) Catunesiy@sdied Y. @ateat Nu@dbers 5553,283 4nd ot her

enbodi nent s, I han o rver 63 can be coupled.to a nmmon portal 30
S subsyst &3 52D BENED 210 PR POrRE bY JETOPICRITaR GHHG4 VSR vor 63 oan
be an 25 int %gﬁlﬂintﬁgrekmﬁﬁle§M&ttﬁm&ﬂrer ﬁ%ga@ém@tmhn%meedl ments, server

63, network 70 sites 80 are absent. Indeed, R MD. 48 can be used to

al ternativel yn@pdmmm 2 raxtute| of dtffmm@nsc%@réseb@na\el@memgf}gxrﬁmn&o and ot her
netnork g0 CAREfoR N e fBvor B E okl AR ARYE s UURLOT 2 0"
sites 85t ogmdlmte onEac mosd efahSinpubel typbe moncwatiztioarod8ie type, bivgtedk t 0
conmmuni cati V?lle%rdd%ce try];)eaca%dygr suchco?}qg%ltj:;p%ras r\}/%mﬁoorcléurng 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



Each conputer 82 includes one or nore operator input device(s) 50 and one or
WO 2005/ 050160 PCTI US2004/ 034889 13 nore operator output device(s) 52 as
previ ously described for subsystem 40, that are not shown to preserve
clarity. D¥02e§6p18®0 and 52 at each site 80 sel ecti vel pCT/psmud/aiessan
operator input and output (1/O capability. Conputer 82 can be in the form
of anot her subsystem 40, a personal conputer or conputer workstation, 5
anot her conputer server, Personal Digit Assi stant (PDA), and/or a
different cqnfiguration as uld occur to those skilled in the art. Wile

only two sit@dfersat vazjety ps youldogerdo those skillediip thegrt, Instill other shoul d be

under st ood t habodiREdts OR MLERE iCRedte coupled via conputer network 70.
Col I ectively, server 63, conputer network 70, and sites 80 provide an 10

arrangement to reyubsgstymcerisoenpied to nogtotB4stp aelp@ivelyontrolghe rotasion ofinect i on of

t hese conponegnt.s h | L ele L ngtion of,.both. In
lieu of or ﬁﬁ&%r&jdcﬁ" iwlc%)t‘ri'l qrggegéé&tr (ﬁg% a%{;retf)arqgcséé)vre P«%?%&%?B%I}l?géﬁwgegﬁg server 63
coul d be 5 cowplogforhs/clamtiol shtish Sttt 41§b Melutidsont ok mordGspEraiatiiggiti on over
network 70 can _be__used to nonitor perforpance of station 50, update

. [ ; [ p
sof twar e ass&R¥icss 412 oRe PsmerHSRIEIAVIES 5‘?’-e%rétP§/mBB%‘?eéﬁ°§(S§§%?qnon 50 or
portal 30, a j Eﬁ?l‘ﬁ'n' ; r L dod uspi ci ous
objects wit hﬁlg{?g% %%Qg%&ggq%\ﬁs?s{)&eﬂhm e t%ﬁgﬂeglgg’ge@gcgggéeoghﬁg?gpﬁgf ter. In one
such ar r angesubaystenp randénr adifferenifarsingergeng @s wewd ocamtd thosekilted imtheeposi t ory

for data perfingnt to securjt., ni.ng Wi t 0 ferring

addi tional | ygrtt'OSP%%tofldbsﬁgﬂéiﬂ%géfgg@ bfg)fgr%ﬁqﬁg%éﬁagﬁau%%&@sit §* 20 system 20
Lo provi e | pee | of of HEL ot Chl Laont ot b of Cbor b 2 oo Ly g obj 6ot 25
Procedure 12 itMEvetSHCIbﬁng’é?PFWﬁﬁ’?ulﬂﬁc%‘ﬁé‘;@?ﬁoﬁlﬁi? ﬁ'ﬁéﬂson 22 enters

porfal 30 at s@n&PRY dianghee R UoRirodl Beons EARBRIeLilty PEARRRFocf ON r aband,
and/or other itenms/materials. Procedure 120 proceeds to initialization

oper at i on 12mspanaible2for $lest eperation of sysiam 30 as futher dexeribed henemaftar=1) . Fr om
operation 122, pr Le 120 .epnters jnterr ' | o eginning with
I nterrogation roufy%ﬁ%%fg&lr%h A Clﬁgcs)é%wgﬁlc?tgogtas%%&f%&%ﬁglééggogat es a portion

of persars 22subsisieini4@ byicehthwaficatibetink 62. Bubsgdterd 60 achpies aervokXervef at es on
pl atform 32. | nde

i nt errogat i of ?Wﬁﬁ#@@ﬁ‘%&clﬁgﬁt’g‘%ﬁ% n‘ﬁaj‘g’)r(’ﬂiﬁ%tnteg‘?orb %rerb@g goii I : {net &M

form of a Local Area Network (LAN), a Municipal Area Network (MAN}), and/or a
Wide Area Network (WAN) of either a private type or publicly accessible type,
such as the internet. Link 62 can be provided by such a network or be 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 correspending portals 30. In still
other embodiments, more than one server 63 can be coupled to a commeon portal 30
and subsystem 40 arrangement. Altematively or additionally, server 63 can be an

25 integrai part of subsystem 40. For yet other embodiments, server 63, network 70,
and sites 80 are absent. Indeed, R.M.D. 48 can be used to alternatively or
additionally transfer data between subsystem 40 and other computing/processing
devices.

Server 63 is operable to communicate over network 70. Computer network

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



30 Referring to Fig. 4, interrogation routine 130 is further illustrated.
Routine 130 begins with initialization operation 132 in which transm ssion
index Nis set to one (N=1). Fromoperation 132, el enent sequencing | oop
134 is ent &We205MMA005/ 050160 PCTI US2004/ 034889 14 bepBCTVOSI004/048s0

transm ssion/reception operation 136. Index Nis an integer index to the
nunber of transm ssion/reception operat;j,ons 136 perforned during routine
130. In operation 136, a portion of person 22 in the field of view of a

transmtting elenent nunber "N' of arra 6.is..irradiated wt

el ect r omagnetP® quﬁqt%t‘tqumtiﬁﬂcgs)oﬁefs evﬁ%ﬁé’ Q?B?I’rb«?_gﬁ?{r?agsﬁéte VgtpeB‘P'i on el ements
col lect the gehbesHod t8/pektive TRERE tD&vice(d30ahE 8 al ddck SRBUBRERIY he _
transm ssion. The transmtting and reception elenents are selected by |ogic

of transcei vEPvifle apjoperatpminmih prboutpud 4/Q3capabifite Fampitsr 82¢er be inghal.  From
operation 13 r ' [ L] I l.ch tests whet her
transmtti ngé)gf1 eogeﬂh{)tﬂﬁrus#g&qun%&?gﬁ{shgall%g@ﬂh%{ gﬁn%mp{lt:éggg\é%'tatﬁgn,lo transmt
(b N=LAST?¥; \é\hfgtt&rbéﬁﬁuﬂeﬁsetrm, Partombl Eigitbleissﬁian: (RDAY, an;tﬂmatdi'fmnel e][rent s to

e activate transceiver. 42. In one form._ for each executjion of routine
130, transmi fLgYTAEOR ﬁ%WP_“lchc“@WB@ﬁ% Slﬁﬁ?‘{)‘g‘]dhe J-sBihge oaly trp sifidficy range
twice, and the;RRthRARG PAsGYe cRAGKRGRGNIE e IRt BthAMdObr R cAbet Ne two

sweeps is received wth a different 15 reception elenent. The transmtting
el ement s cancduplestagcampuiernstewtkv®. t o t he reception el enents such that

transmtting ele | i hth a poi . 1 t reception
el enments al ong aﬁgﬁﬁgﬁglh%@%ﬁ%%éﬂpg%g% °3$@5§&;f‘&eﬁ?8ﬁﬁ°" c(laeraIl 5, 557, 283
(i ncor pdoat egstrdgeimehtad eanetkl ydaatiiunieate with sxdemite THe ihteicedmectiangfenent  of

transmtting_ and reception elenents, In other forms, a different fechnique
can be 20 utﬁhFﬁez‘é’&nR%g%F Gihbp %"5@ VHEEIRSH OF RSP ‘Pa‘Eﬂnr‘?ngﬁhﬁnﬁ?‘b of

sweeps, and/ gfin Gidh#ieh ehetwobieT® Ghé b M6 o GRRIB0URA v Y3aloue. and nunbers.
If the test of conditional 138 is negative (N<LAST), then increnent

oper ati on 14goupleddurdedicated cablingras emitken ¢ oxprpyniention oxemeetyork 7@ 6 34 r et ur ns
from operati 4 LSSl : ' | - r execution
with the 25‘95{3’935?1?%5&?%19 %g%%%vo?%ﬁggggébgg?chﬁ%%%%%%négg(\?@grespondi ng to

t he new15i ncsubsgsradOyenoelpdpdhtt sativrofiortdrah3d 42d/ot shatehdata pemtiinestr , el enent s

38 are actl v et L0 Ry SF MefRlonb3 i LA BY a3 Rulbd Dok ARpeeT ver 42 to
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 “T” to one (J=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
numbser 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,



a contiguous region of person 22. The resolution of interrogation

I nformati on obtained with transceiver 42 30 can be enhanced by linearly
sweepi ng through a selected ultraw de frequency range during each operation
136. | n onw(proefresor@d form transceiver 42 sweeps thropghvusongesgsseof at

| east 10 GHz for each execution of operation 136. This WO 2005/ 050160

PCT/ US2004/ 034889 15 sweep can occur, for exanple, over a range of about 10
GHz to about 20 GHz. In a nore preferrléd form transceiver 42 and el enents
38 are arranged for a sweep ,range of 16 GHz, Thi S sweep can occur, for
exanpl e, ovePCEMNg WiEh BRDIBSHIPYEACPHONPPEBHHKR e dlS any ipteggrandey st
preferred fopihe bt tainilesiRERoALEGalions ] 38 PeREMRA dial:ig the range
resolution is generally the sanme as the lateral ‘resolution. For these
forms, el enelit0s I8 &paateors E3 atpedianef ipersorf 22int the &eldi af view offatagereiting r esponse

sui tabl e for ,the sel ectgd, swee nge,.. i ncl.udi.n but not .li.mted to the
t aper sl ot o‘f‘lelgﬂﬁpflfng"ér gﬁ't 8%&{@%Hmﬁ?tegln%#h‘él?éﬁo&ﬁﬁ"etﬁféd‘ﬁ Itter can
sweep t h§ougbhedr @hot€Eorréspahiding yeceitaeldnfentstollsct 1ke feblectédelddrotidgieticn a pseudo
10 random order - sonetinmes known as frequency hopping. Loop 134 is repeated

LAST nunber Bfliafiphingesnonge iiBe Hansmyssinng N e fansiding @ recepiaslemeniyt r ecei vi ng
el ements 38 L =l ; i : When the test
fo, s&%%@c?’bﬁ%@%g&?ve? 7)) Mtﬂ.swﬁfclg?g?%ﬁ 3§84 Me¥io

of conditional 1 e affirmative proceeds to data
oper at i on 14descrileda Fraenwipeiatign 1. 3@ moutine 186 progedds o ofnditjperlat3BowhitlBe 15 i s

provi ded by fransceiver 42 to processar(S)m44 n data_ope i on 144, an
I nterrogati Otﬁstag?lgt%gretfax}sgugl&ggge'rqegﬁ%\ﬁn cgrg\lt hsethF L%B%ﬁ“&%‘}‘é‘ﬁe‘{agi%er ed t hrough
the repeat egaRqNELABTH); WhGE RIAISATs th Gothl BN of the tankgitiNe elombnts Thi s dat a

set corresponds to the current value of integer index |I and the portion
i || uni nat ed todgrertivpaddes wansgei¥ei4%ns. Initially, the interrogati on data set

can be accuml at ed f0raie) (GF SRR LM of HARROEIY incRainPERAERORP(S) 44 or

both; and then stored Iin nenory r further processing by processor(s)
44 as descr i $veatps thraghrreseldcted fraguerdeytrimge teicai anddhe ofrregpandagur e 120. From

[ I, h : . .
Ret orring basieieftSrbilol B thdor el bl B RRF o sBFRFE G 152 1 na

3\2 t est 45Wheiebgtioh BRmicnfaThey/ednsthimihg elathents calbs sthgeredrelatiad tid =TOTAL?) ;
ere

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,
increménted value of N from operation 142. In this manner, elements 38 are
activated in a vertical path along array 36 with transceiver 42 to provide data along
a contiguous region of person 22.

The resolution of interrogation information obtained with transceiver 42

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



TOTAL is the total nunber of desired executions of |oop 124 (and routine
130) for procedure 120. If the test of conditional 152 is negative

(KI'" OTAL), procedure 120 continues to increment operation 154 to increnent

i ndex | by Vénhzoog/hselenl) . Loop 124 then returns to routi peT/USthod/amssohe next
execution until | is incremented 30 to be equal to TOTAL. Wth the
execution of |oop 124 TOTAL nunber of t1i5rres, TOTAL nunber of interrogation
data sets are stored in nenory 46. Wien~the test of conditional WO

2005/ 050160 PCT/ US2004/034889 .16 152 is true, procedure 0.continues with
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22. In Fig. déire@trﬁkﬁ?niﬁﬂ-%%@d?ﬂh@@leﬁaéﬁts 38 AP RidP3ndethe cotrol oft, S5, S6,  S7,
and S8 (collectively segnents S) are illustrated with respect the generally
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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<KTOTAL), procedure
120 continues to increment operation 154 to increment index I by one (I=]+1).
Loop 124 then retumns 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



view ng angl e of about 90 degrees, and each one overlaps two others by about
45 25 degrees. It should be understood that each different segnent S
corresponds to a representation of a different portion of person 22. In

ot her enbodvorenes/ssolgéohe viewi ng angl e can di ffer and/ or poeywshesosagsani f or m
fromone arc segnent Sto the next. Alternatively or additionally, overlap
may be intermttent or absent. Pr ocedu[]@ 120 continues wth mappi ng
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adj usted so that fhe back surface of the representati on does_not contribute
to the rendering. PEERS PRFAYON Jt%’ec)fl@"élﬂﬁl inagedaig petsare deteiyned forap of

number of arc segments about axis R that collectively circumscribe person 22. In
Fig. 5, eight overlapping arc segments S1, S2, 83, 84, S5, S6, §7, and S8
(collectively segments S) are illustrated with respect the generally circular pathway

20 P and corresponding 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, 54, 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



I mage pixel intensity for each selected view ng angle. Besides intensity
mappi ng, other characteristics of the interrogated subject can be mapped.
For instance, the range fromthe interrogating array 36 to a sel ected

regi on of aGofesoi6ocan be used 25 to generate a char acperwsiongosugsage nap.
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parallel ray, the intensity is attenuated in proportion to the data it encounters in the
volumetric representation. Afier 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 resuit 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 designated reference locations. Specifically, range (depth)
can be determined from differences in the temporal delay between transmission
and detection of returned electromagnetic energy. In one particular form, a

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



threat to security. These objects nmay be conpletely or partially conceal ed
by clothing of person 22. In one form the determnationis initially
performed by inspection of one or nore imges rendered in operation 164.

Al t er nat i viNG/2085/0508didi ti onal | y, numerical processing of PCTVESOGEuEEY| S
performed to determine if one 25 or nore suspicious objects are being
carried by person 22, such as conceal eq object 25 shown in Fig. 1.

Nonlim ting exanples of such nuneri cal fsechni gques are further described in

connection with Figs, Q-10. hereinafter, After operatign 170, ~conditional
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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.



20 On such body representations, an correspondingly |ocated overlay of any
suspi ci ous objects can be displayed for operator viewing. Alternatively or
additional ly, privacy concerns can be addressed by inspecting

Cr oss- sect Mahwbs/oson@ges t aken al ong t he hei ght of per sonceBsioos/@ussheast
partially evaluate whether a suspicious object is potentially being
carried. One approach to cross-sectiongb 25 imaging is further described in
U.S. Patent No. 6,507,309 (incorporated”by reference), which is, instead,

directed to gatheLi.ng dinensional .inforpati on ahout he sect.iqgned region,
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made, the person’s body can be displayed as a schematic body image, such as a

silhouette, mannequin, wite-frame 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. Altematively or
additionally, privacy concerns 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



given person if results appear to be anbi guous. Nunerical processing
routines 170a and 170b are further described in 20 connection with Figs.

6- 10. Routines 170a and/or 170b can be inplenmented with system 20 in the
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20051050160 PCT] US20041034889 1 being carried heneath clothing of person
22. Referringm? oﬂ‘ﬁ_ .oré’f’c‘?”gmopﬂﬁy 3eFBRLars, or, Wﬁqﬁ?g?tﬁif\ﬂ@ﬁ%ﬂt't form Routine
170a begi ns Rierfsivelytd agdlﬁ&?all OB ordTaticd gatRred(WithlsubbyhidP 86 Alsen 172a.

Counter F indexes the adjacent inmages fromoperation 7162 for processing in
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kernel oper adn Qyect pldateeast ¢ beseansead vikserridh andaglevoriaplker nel K corresponds
to a group of i r%k%‘ﬁ{ién {J{]@E}ﬁbﬁ 20b§fr8{hﬁh}eyllﬁq9 of NQsglgpth map. This
sane “relative

group of inmage pixel's havée ocati1ons’i'n éach of the two
maps. | A5opesoatlitional 194 & negativegprocedies 1 20ntentinanted, Dyllassmgoperation 2oe If K=1) . From

operation 175 %hldrb%%iiquto&cz T?lgt ]g"(r)c?ecdeu?edfmt c%n %P: ?épae%geg ?or 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 1702, 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



176a. I n operation 176a, kernel K of current image F is selected for
processing. Fromoperation 176a, routine 170a continues with operation
178a. In operation 178a, a difference operator is applied to the depth map
for kernel WO 2005/05160vi de a correspondi ng depth differ eneer/mosgoos/Spesei fically,
this difference 20 operator approxi mates a derivative of the two-di nensional
depth map by using a differencing operzgtsi on. In other forns, a differential
operator could be simlarly utilized. used herein "depth difference" for

a map or image is intended tg.refer tq_.the_result_of either conti nuous
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skilled in the argrom operation 176a, routine 170a continues with operation 178a. In

operation 1784, 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 encompasses, but is not limited to, a
more specific operation performed as a function depth difference.

From operation 178a, routine 170a proceeds to operation 180a. In
operation 180a, input from the intensity map for kernel K and depth difference
map for kernel K are provided to corresponding inputs of a neural network for

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



In one particular form a kernel size of 7-by-7 pixels is utilized for both
the 15 depth and intensity data. For this arrangenent, one form of
perceptron neural network that has been utilized included four layers with
98 i nputs (WoxZo0a950pé0xel s from each of the two i nput somCT®S20000338%ViI de
49x2=98 inputs total). This network included 140 neurons in the first

hi dden | ayer, 25 neurons in the secong%gidden | ayer, and two outputs. These
out puts represent the classes: (1) id i fiable as a 20 man- nade obj ect and

(2) not identifiable as_ a made Obj ect her cl ses such as one
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provide 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 kernel window. For each kemnel
25 K processed, the outputs are compared to a threshold value to provide a discrete
resuit 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 kernel K from



a correspondi ng adaptively processed inmage map with a discrete indication of
any suspicious nman-nmade objects detected. This inage map corresponds to the
output for each kernel K and correspondi ngly may have a resol ution
dependent o¥0 edogosbB6ot echni que(s) used to define the ker petws208d/gassei t shoul d
be understood that while 1oop 184a processes one kernel Kat atinme, in

ot her enbodi nents two or nore Kkernels ﬁould be processed in parallel and/or
di fferent kernel sizes or configuratiofns could be used. If the test of
conditional 182a_jndicates the fjinal kerne%dg hﬁs beg&@orocessed for image
F, then the HPageFmdior cash exeqyion pflone A84a: serpolok siifa q 2 giffsrent g20uBPbceeds to
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operati o WO 20044 8i9eindkdrhelé KIS2 ORMHwWIIAGR Dre prbcdssalDope halirabierd&ka,
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then routine,  170a proceeds to ration 192a from.the positive (true)
branch of coM¥PtPHHRIPCeREE Hre k??“@ﬂg b fip, in other embodiments two or more

kernels could be processed in parallel 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 operation.



10 192, the location of the suspicious object is stored relative to the

I mge map of person 22 for subsequent processing in operation 200 of
procedure 120. If the frame-to-frame check is inconsistent, then the test
of conditi O¥AR0VIOPIGH s negative (false), and routine 1POWUPSLIDCENE tO

condi tional 194a. Further, for enbodinments in which nultiple frames are not
avail abl e, and/or for mhlch a frane- to rame 15 check is not desired, the
test of conditional 188a is negative (?alse) resulting in routine 170a

proceedi ng uncon tlonall eratio 92a. Co d|t sts whet her
all of the images ’Pmrﬂi\?@ %Iéi%]apg‘?f@@é@éﬁl f 1 SRERRD ’é’gtwqﬂ‘?h t(‘?t]"?} 8rnal 194a is
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encount er ed rout returning to I I'ng routine (such
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processi ng of 25 |tgage data jn operati ﬁ‘gf?tcan be %grfor med i,n accordance
wi th routi nel™mp e Nex§ie proyids e measyp af hiechditecuor ylidrionif aispenigiausy o
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of person 22. Referring to Fig. 7, routine 170b is shown in flowhart form
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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 1952 and routine 170a returns to operation 174a via loop
20 196a to repeat the kernel-by-kernel analysis of the mext image F. If all of the
images have been analyzed, then the affirmative branch of conditional 194a 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 I¥ 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.



of the region necessary to indicate a common object type of interest, but
not so large as to nake it difficult to |l ocalize such an object. In one
arrangenent utilizing 10 Ku-band el ectronmagnetic radi ation, a segnent size
of about 3vdo8dopioxel s was found to be desirable. Nopetrhglogfcsagson Ot her
enbodi ments, other sizes, shapes, patterns, degrees of uniformty, and/or
different attributes may be varied as would occur to those skilled in the
art with or without overl appi ng portio%s. Referring back to Fig. 7, routine
170b continues with operation 176b. In 15 operation 176, image data for
each segnent undd¥efersiag addisenallyfo Esamfr@ﬁta-sﬁuﬁ%magngonéarm Blustsgied i al

frequency sp ' e b & 40 to
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frequency représentations for man- nmade objects tend to domnate in certain
di rections i ¢t thpeghtaiostreprgsestation ofdimsge regien Wnindier8. Howneer space. Such

di stinctions_can.be il.ized to cl.assify 4 ortinons suspected of
revealing a Hh Q%ggﬂh%flg%?fja sggmggdsaﬁgeg%g ptgf%lgzq:g??neodlﬁgrtl%floqleaﬁgtr)nroﬁtat ion of the
type provi deek thyregionQietdsedry td ih@ibRE @ coMPATodjecOtypé BPintaést ybut ivtalbves conpl ex

values, it is often desirable t sinplify the data as part of _the object
det ecti on prgEEdsiemakeit dicullitp dncalizesch agyobigsls I eng YrngemendUtifiging ) j ed t o
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i ndicative of a man-ma ct. Referring additiona to Fig. 9, three

di fferent fefouudtto edesisable rNdnethelesss irhdr enttiR@iments] oBfRBsiaew shdpesustrated i n

diagrammatic _formrelative.to Fourier.space. FEeature extractor F Is of a
ri ng- wedge Rt rg’é“ieF8ﬁ‘fmf° Rt fﬂﬁﬁfﬁnf?%?b eésrgqy%\(ﬁlg a%ﬁ’&“@ hal f - pl ane
of rings WO 3R05baké RO thiS2DA1A 034 8RSt Rerapnigsedorn the zeroth (0 h)
frequency conponent in Fourier space. For this extractor, the wedges
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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 @ man-made object. Referring additionally

30  toFig. 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



I nvariant, extraction filter FR2 can be utilized to identify objects having
preferred orientations and/or sizes. Extraction filter FR3 is of a ring
configuration that is rotation invariant and so represents a segnent based
on a radi awcpasisaisof requency conponent. I n operation ggBbs2004 84830 nore of
these extraction filter types (FR 1, 10 FR2, FR3) can be applied and/or a
different type of extraction filter %be utilized. In still other

enbodi ments, extraction at this stage y be absent. In operation 180D,
features extracted during operation 178b are input into a neural network
defi ned wi t heestased antherzeroth (P fpquency coqpeneat indiquaier srpcs-cBerthiss are i nput
into a nulti I e : k is 15
configured f%&g@f’@g&%@% [ ﬁd%g?%léé&v #P%%%‘hdq@&?@%ééﬁog@é&ﬁ%i ng process,
such as a bawhriguce PEgaciianfiltdr BR2rioof adegtor codfigurdtions Bylihtegiatieg enbodi nent s,
a different type of neural, network and/or_ training technique y be

addi ti onal | ySiHalfrequengies Wibin each eciar.Asgt Of{fﬁat;‘/‘é&ts TERIFICHERS @?@E’(ﬁf’ﬁnt s, a

di fferents typRiaPhspBde the GorRisp ifflge deBRRAL SAbeRRcRRAUWHilezRE | N addi tion
to or as an alterrgatlve to a neural nétwork, 20 such as fuzzy |logic, an
oper at ed- assinyagant, exipotion filer FRhepndp stibized torddantify dlpjkats having erefeaeilvel y or

additionally,.. adapt . ve. I | L. ) ation 180D,
out i ne. 170b RS RRRAER SR QERRRIATER PR3 i b Eonrau B ABELS, 2 e

i mages have hmignlilwgﬁiﬁﬁ&ﬁdsdftp&@ﬁmdd@gﬁﬁnw&édOlgﬁaﬂgdll@ﬁkﬁia]ﬁ‘gcfthnd.)BOb. | f not,
counter F is indexe F = F+1) in operatiaqgn 184b an op 186b 25 returns to
operati on 179BRRGHy é%%%egatwﬁel)?.ﬁ‘é@c PHREE of these sHgPD ﬁﬁpt tmd%?é

af fi _r”atl'Ove’FR@}FRﬁ'@m]{%eO% RADAd A G Stk R 1 RESTRArARioh 3R, iy WBI Ch the resul ts
obtained fromloop 186 gr different 1 nmeadge franes are conpared to determ ne
if they ar euvtilinedi Etstiitother eimbodimenss teatraction abthas steged may be algemxanpl e wit h
respect to arc ment. s the image resylts for .a eqgnent s. Si_and S2
coul d be conpar egﬁt%gﬂ\. m%?c%’%?ﬁéerse ocﬁe&J é’ﬁ?fa{lﬂﬁe?%bv%?f@ﬁ? s%eaé Fig. 5).
Li kew se ovefibdflpetngrk ddped withsubdystein@0. & 6nSREnPihe eRhdtad SRAufRdeS3, S3 and
S4, S4 and S, S5 and S6, 86 and S7, S7 and S8, and S8 and. SI can be

conpar ed f or n@BHEloAEHElRYeR ReTGsgroiorm of BrHeepBess d5e P ORE US2004/ 034889
27 188b.1sl n 9614?%[1 Q| BRAE R ficIRSEthgh & itive hini & @i faer ent
frame-to- frane crg&rrpar [ jségﬁl car%?1 be"r’rfrartag)‘gf(g I\ﬁgfgfg%%ot ﬁelrr%gﬂné)ogﬁ'r@ruent%,a there is
no frame-t o- bdckpmpagatiopaf exornlgardemaln sl other embodiments, 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 S3, 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



From operation 188b, conditional 190b is encountered in which franme 5
conparison results and/or one or nore other desired detection
threshold/criterion are tested to determne if any objects of interest are
i ndi cat ed. Wdf 208si@sh160bj ect s are indicated, then the rel atTue0bsaadshon to the
person and object inmage data is stored in operation 192b. If the test of
condi tional 190b is negative then routﬁ',pe 170b returns, bypassing operation
192b. It should be understood that the*performance of 10 any of operations
174b-180b and 188b, and/or  conditional 190b can_i nvqglye onpari ng

processi ng r &8 = other ephodispentsy mors e fgesrdramey and/isa Grtegen MPteria to
determne if 4 ' I g | ' aiion, inmage
feature, or ?ﬁ"e’gﬁ‘?ﬁ-‘g |§1}8€Hggfﬂeﬂ§mghﬁloﬁtg@tgpeo i%@%ég?éé%&gﬁg fgcri teria can
be static orfranlycemparisommadt atel. Dynamic criteria nay be operator

adj ust abl e, adaptively 1 I ne adj and/ or sel ectivyely changed

t hrough a di ffereﬁ{f)@fé&ﬁﬁpﬂﬁ@ﬁ%%&d}}ﬁ%ﬁﬂ@&pcquggqrﬁagyv&sbﬁ&aﬁ inthe art.
Referring bagdmpafisdr @sulfd an@B£Ene/ Ruidrd 6thdrcRfired detecQBR gt @Id/dHi@s&®AUr e 120 can
proceed to conditional 195, and if one or nore suspicious _ob{ ects were

det ect ed, op¥eiastedrio deserming if any obipdts efgntergstcase wBicaled. JEsushobisats4Fy angenent
200 i n bl ock; di . - ,2%911 a0 he i with

syst em 20. lxﬁﬂig@%@,ﬁ}%@@%?@l%ﬁﬂﬁlgﬁqg eop%gﬁ)g@?%ﬁgaﬁgﬁg%ga ?Jzeg'?ﬁ] on data
for a given tpeaaimdUudel. Hrheaystiof condjiionali 190wis negative ahessmtin@ 070bas general |y
desi gnated by reference nuneral, 202 The output, of reprogcessor 204 is
further pr OV%&W’gﬁpqsﬁﬁﬁgpeég?é‘rlgi‘brhﬂ%fq Wd‘ln%@a Oﬁr%ﬁﬁ%‘gpe NParsEa i nage
data regar di ﬂgéf%eﬁﬂ&iselqﬂbiw@%ndl 1386, 2h @8A¢dn@iiondl Nl 9Dbi dah BivdRle | Mage 25 data
is represented in a grayscale, conputer-generated formas inmage 206a. It
shoul d be un®RIRRACHEATOCesFINEeFuLS foAng ok Blors thissholdval wesarothericrifasiadp spl ayed due
to privacy ; : ' esTaTerel masks
gender-based& eatél}?gg?gés 6%%?‘%%2’%ﬁ SCr | dergerﬁﬁ conneb{ﬂlﬂ%ﬁ Wi th procedure
120. The i nt fzatuad, or thedike thelicatep anebjdadf byeregenAnpsiwh @i6rid eanfberstatieor pr ovi ded

to 30 neural network, | ich is i.ncluded in oper r 208. ural network |
i s configur%‘%‘”&é’f@ﬁr‘%ﬁ%agﬂf %’EFn‘b’F“é%geh raggsa. S?%P?‘?’ﬁﬁ@%’é’?% and depth

di fferense maét@ndalisea, Afl/eseEdRBLha ea%agghtw dffeyénit fechfigd 4¢ 170a. I n one
form operator WO 2005/ 050160 PCT(US2004/034839 28 208 is arranged to

per f or m r out WREd ppgl ipthesd silladyn theset iRgtearingPaglotondia: B opnogireutine 17

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 asray 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 understood that this internal image data may not be displayed due to
privacy concerns and/or may be presented in a manner that masks gender-based
features, as previously described in connection with procedure 120.
The internal image data provided by generator 206 is further provided to
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



Fig. 6 to detect possible nman-nmade objects or structural features. In
addition to operator 208, the image data is further provided to neural
network Ir which is included in operator 210. Operator 210 is arranged to
det ect spewidi00p0s0180an i mage 5 that i s sonetines indi capdwes2084/03858%ai n types
of dielectric materials, including certain types of expl osives.

Furthernore, the inage data fromgenergtor 206 is provided to neural
network 111, which is included in operdator 212. Operator 212 is directed to
the detection of man-nmade structural features based _on spatial  frequency

i nf or mat i on.208ds gFrageGforRerioET Foting & 0AcrRvigunly descaped n GRRNCEROIH or m 10
routine 170bFiQ'r@tél‘Eﬁﬂoy“gﬁ%?’?r“g’g%baifg@%?g‘%ﬂfe}g’ fé‘athﬁs.':hg%dit;cfnlgco The out puts

of operators~20 to various ters 214, such
as those desperadr@08,;the imapedeataisiurthertphovidadgito nesrall Tworkid whichiy0b t o provi de

an out put that, .indicates res e of onge o re suspicious objects.
Visual repr elgcélﬁgeé]tlpﬁﬂirgt)or 25)41%33%&&{1@)18 Yot ints too‘i?é?%?%ﬁeﬁﬁlmgolg G ERYET - neut r al
si | houet e chalé &ymdtimed MRekiOSlof deflaid PypRP 6! dideBtricEgérils ididigs pondi ng to

such object(s) are shown in a contrasting color, tone, shade, or by other
means, such @&ainkyRes opexplosiies| Hurthemrorp ghejimage datadeera generatopP6 if rage” 214a i s

a grayscal e’pt%ﬂ%@%?%?ﬁtﬁ@ﬁfkqﬁ, wi %‘iﬁcl&éed%ﬂgpe%r Qﬁ.pégcr tot Q}}i ge 214a,

two suspect 0bj Icated by a contrasting graystale shade in
regi ons 215.dif20ted to thiadetleckidneof amprecie atrexduthfestuagsrbasmgleomesphtil00 can be

I mpl emented with system 20.through various hardware and soffware techni ques

2o pr evi ous| SIS HRTBHIOTE I PP mEITal Y ki 5 PRRE ST RIS, 210, and

212 ar e 1g6hoWauifkk 1798 piedfously#RitriBBY infcdhidd@én REh Fgsange dhebufpatsalfl el or a

series/parallel conbination, as well as in a v%y etzéﬂof ot her ways as woul d
2

occur to t homerats 293319 andles2 2 are prowided i vapigus Sugh pytheteher
t t i ; ' t ' t
structura !Z%Q%rﬁferﬁﬁ ﬁ&enh%n%ﬂ’l rﬁ%(tﬁtﬁg T"?Q?&E%r ir‘;g(?bofrﬁeprb’ﬁﬁg att &thEGtrI}PJte men

procedure 1 rou a, routi a one or no oper ati ons of
arrangenent ifGioates¥be presency obarclor tmprs suspieivu Gojoéts.FVisuallreptesantaion{syer 42 and

rocessor(s) A44. jnclude logic that can b rranged to.perform.the various
gper ati ong L@?@Wk@&ag%oﬁﬁiﬁ M 2 genderigi: s%@é@?@g@ypﬁiﬁe@#ﬁ nne\ét i :)nu
procedung 12he fon!lréginseoB@spofi@bis io%ﬂcﬂ-&ﬁ@bt(sﬁiré%?@ﬁﬂﬁﬂi coARfstir il RY
e

variations of these. This logic can be in th orm of software progranm ng
i nstruct i onstong jshadge@rdy oshen msanspsuch am tosrprewausly describgsl frgescedue 60

PCTI US2004/ 0pA8 %%agc 214aisa grayscéle, 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 atrangement 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,



29 just to nane a few. Furthernore such logic can be in the formof one or
nore signals carried with nenory 46, R M D. 48, and/or one or nore parts of
conput er . In one exanple, logic signals to performone or nore
oper at i onsq‘g{iﬁﬁg"&ngﬁﬁsm tted to/from processor(s) 44 vi agﬂypmpﬁéﬂ-*ﬁ?
Alternatively or additionally, 5 progranm ng for processor(s) 44 is
transported or dissem nated through R34 D. 48 and/or one or nore other
storage devices. Nonlimting exanples of other systems that can inplenent
the operatio atehalﬁw?é%@tmmé&&r@E&Htm%ta@caa?&qp tHe@bHnh H€onb BPlinoreand/ or
arrangenent 200 (including associated 1ogic) include those described in
connect i on wiigtalsiagied with m@nery 460R M 48, pod/pr gpe or piorg pafts P dompudrr at e syst em
220 of a fur r ' t r LNV ' t e used to
per f orm pr oc‘téegﬁ?%(e@ggﬂ)&'ra%ﬁ ’%éfogg(f'gg,"%% |rfn°éhll;IJ f%%{,ﬁgﬁenog Slrtﬁ%gg}% or nore
oper ati ons desmiteddo/fromoneueeiis P4t ik hétwark 2N geleeintival9@r ad Gyishsly, 220

i1 lum nates person 222 with selected el ectrogl%gne,ti c. radiation_in the

mat ter déscrPISHTINNG oK REXCESSeRi) A dthiransaqrisdop gissqpypated brqugn B Dped son 222 i's
15 wearing chiBicRdofhble GRe stofBE d6I0s ERbnRRItRE bx AdRlesSHAME ssteRgnt om  As in
the previously described enbodirnent of system 20, system 220 can be used to
i nt errogat e thataanimplemeitjtecopsraionwed drocedyrs t1ddn rodine] 1704, weldiedlib, cl anshel |

panels 238 defining sc ' rtal 23 t .secyrity checkpoi.nt 231. System
D20 ai so- i nortisangserERl o e ineGpeobieathaiO S el S BSEIRAR, )20
attended by esifiedion WithFigspe1-ag as follawsl coupl ed to panels 238 of portal 230.

Station_ 250 includes_ processing subsystem 240. Subsystem 240 can be
configutfd the SHge lhandlhdlpetralssysisn 22006 8 Anrtheg empodigedtiof the BE&EY 1 scanni ng

techni ques OfnvBifichRhat caribusédio p%rfBHﬁ ?rc?r &tulve/ 1ﬁﬁ§'ﬁlgﬂIEQd0§]?6lgﬁﬁhaf7tO€,r . Station

250 al so includes one or nore era I nput ‘and out put devi ces (not shown)

as descri bedaideronspewoicoperations d2gcribgd inaonp@tioh with arrengemepk 890.t 0 subsyst em

240. Portal 230 | Mdes tion . tfar : ed. to port person
222. Platfor %Y%%Q%dalﬂu ’f'ar%éggrs%f Q%ZVWI%@%GZ‘}?#%I@EC@%’& §B‘ggaﬁéaglaqnl 3 Ut anspar ent

t o i nterr ogaiater destibed in@dnndefoi @ith 2Rnal® drorispati d2G, paRom22ays 236 and a

not or/ dri.ve nechani sm 234 1ff:or each of panels 238. Array 236 |s conprised at

a col umllof WrEHEHEhngaryclesthat fanpea obirct Z4n AR BIPhHRIPH- 46 §y8¢ em 20.
Mechani sm 23gre a1 Bds@NSedefbofntent B AR B! dyéehlIlaH bE BhegPEh Other and are

operatively coupled to subsystem 240." Under "t he control of subsystem
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 more operators and coupled to panels 238 of portal 230. Station
250 includes processing subsystem 240. Subsystem 240 can be configured the
same as subsystem 40, accounting for differences in scanning techniquess of portal
230, as is more fully described hereinafter. 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 subsystem

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



240, notor/drive mechanism 234 is configured to controllably nove each of
arrays WO 2005/ 050160 PCTI US2004/ 034889 30 236 al ong a correspondi ng travel
path P1 or P2 as best illustrated in Fig. 12. Notably, paths Pl and P2 are
of a nonstw&i2g¢sosur vi | i near type turning about axis BCT/US20/034885
represented by crosshairs in Fig. 12 and corresponds to the vertical
direction as best illustrated in Fig. ;. Correspondingly, arrays 236 each
followa 5 path that turns about an interrogation region 239 including

pl atform 23 n erson 222, when drjiv by the respectjve_nechani sm 234.
Al ternat i vel%gﬁﬂmg SGW‘TSPBWQW 2 _englﬂP\gi O‘g& ?:f‘ﬁi’:ﬁ ‘ﬁ‘l’s“ﬁ%‘fgtﬁﬁﬁand P2 coul d
conpri sed ofNgMbly,padt PPRARd PS hicdf d Abndddight, SGUIMBAr tHRRkAAg hbulhxik east one

ot her path segment in a curvilinear or _ angul ar manner. %n still another

ar r angenent /Z. owes &iis fepresentad yaresshas inFig. Epangrcorrespondesr the vertiel a nunber of
strai ght pat acounl .0gat n_one e t. oblique
angles to C%é@g%g{aﬁlﬂ Gr n gg‘oﬁggg' gg)he%ﬂgﬁ%ggtﬁ‘[‘ea(}ls‘tnz?grc?%hg%p?‘gr? region. In
one par t3 culpath thanmmeofibdubirsineriogagmregion 23%iacipdinp phefprmig aade oriented to
approximate an arc or other curvilinear shape. Further, while paths Pl and
P2 are gendfBPN 35% reber drrgen byrige FPSE??HV%?H?PQEFW@ﬁb%Wr%&‘W%'YZ’F in other
enbodi Ment s 4Bl Seitler S WbUTSE ERS Fl0hd P cbi1g cSRpRseli TGt RadtRgé Or may not be
symetric. I'n one “alternative variation, nore than two panels, arrays, and
cor r espondi rsijaighifath segment poppled tat lavsicng pthenpatiBsegoent ima¢wrvidineas ogl ectri c
notor or ot antrall el ver ' | rangenment for
t he respect P@%ﬂ Igrrl{rﬁanf%ﬁgugﬁ}é %rﬁ&%mgbtgg%%r\r{fe&% oﬁﬁ%@ﬂ%ﬂ%@?ﬁ%g@a bel t
drive, #0 chabmptisedwet a nembed dfatraight pach segmerstsicduptedhegetierdhom b the nkage as
woul d occur to thgse skilled 'hn the art to sel 'eCti\[.[l]%lzié nove, array 236. In
ot her enbodiMfrft SOlige2nglgt o Gofpativehrita oot pB‘é“’Bt"f W8 ch nultiple
arrays 236 Irégi&i.fm%ﬁghﬁeﬁ&eﬁoﬁm%fﬁlimﬁhgéﬁh&laltﬁeypakﬂ SUsRbntOAEbAGIted O NOVeE in
tandem |In further enbodi ments, another scanni ng arrangenent could be
utilized 250 appreximaterantarceerdtir craineyrshafse Fuaksry while pathePbandPect r onmgneti ¢

. LS ' . b 40
o Syat em 315 SRRy tho SUETNR RS lhic BN A 27 T O SRR YS! e

170a, tHut ipaths PT@hd P2ne avt lsthe samatengh arid/drimeayopebasimnetrite de ohded in

connecti on th _arrangenmnent 200; and can incI&Jde one (Pr rmﬂ[le transcei vers
and/ or swi t%?’ﬁ@“‘fervélgg on, 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 prime 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 170a,
routine 170b, and/or one or more of the operations described in connection with
arrangement 200; and can include one or more transceivers and/or switching trees

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 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. Twe N€/@066/ 050160 PCT/ US2004/ 034859 31 i nt erv@gedzosansizes f or ned
corresponds to angles Al and A2 subtended by paths P1 and P2 as followed by
arrays 236. In one preferred enbodi nenf,, angles Al and A2 are each at |east
90. In a nore preferred enbodi nent, a%‘l es Al and A2 are each 120 or |ess.
In a further preferred enbodi nent, angles Al and A2 5 collectively provide a
ci r cunf er encléeERgHIB PFEPHERRS cofrespongsdg anglessyl %’o‘g% syhienidse by paghs Pdyst em 220
can incl ude 690k ORBS é}@b@' 0 system 240
and/ or ot herzﬂﬁevi cggﬁ@gﬁﬁ%&gg%égmﬁ%i&g&gg? ti oncg@l?ﬁltér r ayéAqga?fé& relative

pl at f or m 232A2 spsadnt2east hn If ampteprefemes ehodimensamgles ddtand A2satbsyst em  ( not
shown) the sa sybsyst e 0. to renotely c ni ¢cate wi,th subsystem 10
240. I n one eﬁggtl?[ilﬂ’rg‘ﬁ“'aﬁ‘r“a@&@%ﬁ%?m?aeﬁféqog@ﬁg ape g‘ﬁ&ﬂ%\éband configured to
house a pes Q%ﬂb&tml%@‘tevieé a 8frfulfBreRcRGeid @ivea@e bf A leastoda0t bbdheegiod eet i n

hei ght, include 224 el enents 38, and operate in the 10 to 20 GHz frequency
range. More 239pSyptemcal con inglude gre oraepre eroeders (1ot skowroreabiyceplsdof 112

el emrents 38 : t qt Q% barray pair is
arranged bacl‘é%?%?r%ggtg ?ﬂ@%ﬁgﬁé}gﬁlgﬁgee@ﬁtuesl}??rfl‘lglgz)ggsﬁtﬁ)&o%u t az\%lhde

t ranscei ver sielatinalpletfore 232. Sypeml2gars furthedinelgde 4 caampnioationfsabs ysweh of arrays
236, to sele té‘\ﬁelg t:hransm't h\ntp %bﬁt el ement 38 and r.ﬁ‘cﬁave wi t h anot her
el enent 38 i WOLSNGRE) g farle Ay WRYAtD Pé‘?{g‘gﬁé(ﬁaﬂ%ﬂﬁﬁ&%‘”f‘ it subsyst em
240 contipol spqmechani sns 234, arrays 236, the tranceivers, and 20 the
swtching trees to obtain topographical data for processing. Panels 238 are
opposi t e one anotiA&pe pytighlasAreazement Ranpled3SseashapethandaegBewed Ehout 240 for
this arranggi, : Er;ﬂqg; ' ' 3 13: RErson 222 under
surveill ance en%lgelfegﬂ’%flgﬁgnt e ag\%ﬁg@ﬁ'itg%d}mg% %%Pgse?ggfegﬂ%?%&nget ween panel s
238.  Per sonin@ldde 2 Heriementn38, andlofeatem tha i ©f200EHzfreqi2B8y faoge. dvkoré 0 t wo

Per son’ 222 (REAREAEHA10 sy e d] Bt 2 Hemests BB Sblning. 1t
i's has heen éa@ﬂ&ﬂa;ﬁMtHe%n&éb@ndiﬁ%ﬁb&ﬁ@epaﬁlﬁQm&ﬂ%dd Byckt iackpmh@ach is

suitable to detect nost objects that pose a ) o
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 axe
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 suitable to detect most objects that pose a
threat to security. Panels 238 are each made to be at least partially transpatent to
facilitate viewing therethrough by an operator during the interrogation of person

30 222inregion 239.

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

as produced by laboratory simulation experiments performed in accordance with



threat to security. Panels 238 are each nmade to be at |east partially
transparent to facilitate view ng therethrough by an operator during the

i nterrogation of person 30 222 in region 239. Referring to Fig. 13,

cr oss- sect wormabs/aisamges of nmannequi n 222a are shown as proUS0®b3dBY9

| aboratory sinulation experinments perforned in accordance with WO

2005/ 050160 PCT/ US2004/ 034889 32 the_pgresent invention. Such
cross-sectional imges facilitate the detection of suspicious objects while

reduci ng the likelihood, of providing, i es to which ri vacy obj ection

m ght be madde PRESAHEYENIN289 qrg“r*"ﬁ%@e?}gﬁgeé fﬁm%@r%f?ﬂ“@mg in the col ums
260, 270, angs280hddbflctsWRliR (bAERR td BIRIAGRIT Provi@ingirhdges ®Which #€ction |ines

255a, 255b, and 255c” of mannequi n 222a. Cross-sectional 1mages 260a, 270a,

and 280a corprigsqyorijection méght be made. aMemneghio 3g2% ks dmagad ih A nemb&R4 and
transverse to axis Z. . Li kew cr -sectiqnal i.mages 26 270b, and 280b
correspond tvée‘%ség??eocr%uw‘égh?@poﬂﬁlozégé%ggﬁrﬁq T Vﬁ‘gg Spﬁﬁtﬁogageﬁ?\gerse to axis
Z.  Furtiier setiondimesSEsSa) 2538] and BBge6f ﬁﬁﬁ.aqaﬂdzﬁisaﬁowecmmﬁﬁﬁéso sections
taken along 10 section |ine 255c_and transverse to axis Z._ The

cross- sect i A8 27fh gad 280aarresnong to seglipys takor alopg Fistipmliveoddiaand 60 each
correspond t 5SeCk L.EV ' ' ' here is no
obj ect bei ngtfbg%/reﬁeg%%gﬁg. ?‘Fll&%%ﬁbgsvgfe gtﬁﬂﬁﬂgl Gagég Zgﬁlorg’(:il}?? ’\grag(r??i%ﬁ i s imged.

| mages 270a carrespidiv seftiane takem ali sextiswlipgr 2Hdbded fremsiverse ®6@RiscA.r cunf er ence

cross-sectiaqns,and further,depict vari threats. concealed by 15 cl ot hing.
Spocifi cal |y el Grosscle Ul (iiar 200k a0 285 sore R ad PRGN iim abag ” anc
diel ectidc skalndingassy ddeheriede alifZC TS SrosettiGiabimdgs®PWa2260b, hand

grenade 235b i s detected. Inages 280a, 280b, and 280c of colum 280 each
depi ct a 2460ddaQn dawpan eqlumn 2P0 eachramespend 19 a<HPsE§pSioay ot HE% o one

arrangenent aszgszsaﬁafrf;sﬂ théR% nd BhibdlbEing VitiEMhnd i3S HCIOMR] Soe coverage (partial
ci rcunference) sti revea?s Zd an(ril grenade 235d. It has been found that
t he arr angerememfgiensy istimage2 dmagesi270@ands270b lvhieol@B0 2¢0 der prgeidp fwl/i des a

ot e B Sa Ahh B e e o BB BB B 2
panel s 288 a®hin@PSpeaifRAlly,in afdsfddcidialiitge 270d) adamihalgGiiz3smriep i n | ess
than 20 25 m crosecaonds to provide an i maging resqglution of about 1
centimet er heleciis gphye3a 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 citcumference view corresponding to one arrangement of system
220. In this system, the incomplete coverage (partial circumference) still reveals
20  bhand grenade 235d. It has been found that the arrangement of system 220 with less
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 scanned from

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



resolution of about 1.5 centineters. 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 rwoapssisetso | n one form each subarray is fabricrasszobswsishy 112

el enents of the slot-line antenna 30 type. For each subarray, the el enents
are spaced apart from one anot her by 8y uni form di stance. During operation,
each subarray is electronically scanned” from elenent-to-elenment as the

scanner npves rapi er the generally harizontal WO 2005/ 050160

PCT/ US2004/ d?dé‘égthd%‘éf’fﬁ%v%% thE g1t wv%:}’wf)be;@&% U PEOHEY IR a nunber of
scans are P%niﬁéﬂé%@erﬁ!_n"t &ms‘ﬂﬁhﬁﬁg%@ﬁﬁhﬁﬁ@éﬂly bRcREAVihE kdfdcie @ L1 NME and only
one receiving reflective electronmagnetic radi ati on due to such

t ransm ssi orelecEamagnetia sariation; dyg tesushiransmagsipn. Faelntransgittiog plgmentansht i s
activated in .dan Wi .desi. e £ h an.
Nonet hel ess’ealglﬁfegéigﬁg%g%egﬁ ﬂé‘%‘%ﬁ?“&é%&sﬁ’?‘ﬁg&g‘f) %rg%gﬁrte@ge % réc;:t%lmgxﬁ e, or type

of | ihneats arth@ycadr N??gmﬁm inGeill othler emb%ﬁx??m,aﬁMMtdmb?uﬁizé,ar tyjese 3}<i | | ed
inthe art. |In sti ot her examples, different types of rotating and/or
linear scanrffhigedaray aranggmeplean bp nfilized as wpuld aceimyo Brosq shilledrip Meat i on.

Further - as @0 1AkARbMS Lasfupls, BRI s of RHAIBSSABRGhI-PRAN hERIRS, Of her

types of images and/or autonatic conCeal ed object 10 detectic hni ques
can be util iczaabe atliztdseparggely or in combieation.ofurttiet, las e eltesdsivd onaddittomf Fi gs.
1-10 to addr | yacy . e +Figs. 14 a illustrate em 320 of
anot her e nbot § ?Fr%%%ec)és m%f ﬁlg'g%e (rg é(gtg%ttypels ﬁ@lg}]atg?soar?ra&ﬁ é?mlélaa%g%oél c%%%doo ﬁ%/%étper form

procedur® 12&@tectionfetiiqueé@an be tilized as dedétbed ancbnaectidevithrth¢ror e oper ati ons of
arrangenment 200 as described in ¢onnection with 15 Fig. 10. System 320
i 11 um nat es §5EodBpent Eigs: drOde pddress privac¥ CoRGSHBgnetic radiation in the

manner described gin GORREES QB ey O ueRher EbodHRhEMN B2 eseriier SON 322

is wearing clothing articles that ‘conceal object 325 shown in phantom As
i n the previiovmkipn thatean izaged inpsdfiorme proseduss EX0e rauging 1 Wanropine 88 t o

I nterrogate _ i.pani mt bj . | 1. m,320, incl udes,. dual., pl anar
panel scanni "lrl?fglr(S 38‘#{%’% rﬁ%‘% @%@hgﬁ?ﬁﬁr egxgﬁ@b?%%ség?eéiﬁ{x §§W%?%°é]l vﬂlc}gd I n

moni t or il8g/ cRigt100ISystemt 320N Ghidates Rersdnad22 336kh stlecet pleeorhampliocessi ng
subsystem 340 and can be configured the same . as subs%tem 40, accounting

for differ efadationinthrmannes Apsebedia pRmgeRongYith isiem 23 3T systers 2Qvor e ful Iy
descri bed hegegioRahh & weatingoldiing Aicled fattdRSeaP He Q325 HRvrAR Bhath On.

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 same
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  comesponding 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



I nput and out put devices as described in connection wth system 20 that are
25 coupl ed to subsystem 340. Station 350 can be arranged to provide a
security checkpoint operator interface adjacent portal 330. Portal 330

i ncl udes swat2oewmowso pl at f orm 332 arranged to support percous28i234s8nd
overhead notor/drive subsystem 334. Under the control of subsystem 340,
subsystem 334 is configured to control]),ably slide each of two arrays 336

al ong 30 correspondi ng gui de rods 337 “Up-and-down with respect to verti cal

axi s VA. Correspondi ng%sy arra s 336 each follow a ggeger ally straight,
li near path GWosioppas| 338 Higds sBpwsraie b pangl 338 iy sreptet deirhvilimated within a

corr espond naPeAORASL5R FEIHUSRAANARINAD 1 HnpRReRicadmpan! 33, Ho.

15 shows on in greater détail utilizi ng a partial cut-away
view. In sysiubmStBZU‘}O ofisysiymtBrie erboringeneally he sane opesativanpredisusipubsyst em 40

f 20 h I d | bed
and tan 1 nlteaa RS opEREBRDRH St kRGP E MR BB o s

However, 5in Hmé»reasﬁ cridrasits seyien2 20, thid Wpeion of ubBystim 34(b&yQintfosthe account s
for the novenent of arr?é 336.relative to person 322 .in a |inear,
transl at i onaPOYRRISAEST atay JH6 selatiye tapsrena2e ha linsepireslatiepabmamier bed in

connect i on whlsb (LA mh 80Mes A0SR B BElHdRPEAIROTRL B nCOder s ( not

shown) oper y coupled to system 3 ot her devi ces ni ques to
track positii20coh lmluday)se Gﬁﬁore&hectdme(ncht@hcpwla)tdpmahw]c@uﬂwto s@sten S 320 can

et |l Byl BRSSPt

arrangement , 3323'39‘st§m3§8 cai ﬁlrmaaﬁaddmﬁmubﬁcaﬁb@mbsﬂstaa (nofBicng tiend a
frequency sweep in the Ku-band from about 12.5-18 Giz is performed to

provi de a | REESf S%W@ﬁpéwe@mteébeﬂmm&m@émmthﬂtwstaﬁ84% depth 15 resol ution
of about 2.7 centyj, gE culgodh.a}légac , AL ANoeFERL a@&f ggﬁmﬁa@ i nclude two

subarrays of about enent s 1at are a rang ack. One
subarray is rdddnsaadedlwqwemyawsapiisﬂiediu -band froeatwuhk.5486ddzriay i s dedicated to

reception W|t ch ar. one, for ch sub ay i s fabricated
weh sl ot - 1HeRena e hrauagy 1nkael rospliioh ot apdelt e Bigiet b Bhon. 5
centimeters. m&lﬁﬂdﬂgafaemﬁrzerca:&mmaerseazsﬂhfstahaﬁgemnt Y336 eadh iselbdey scanned
from el enent-to- eI enent as the scanner. noves rapidly over the vertical

| engt h of peodgHbasgeys ofabouhed elpmenys ¢acly 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



a nunber of scans are performed with array 336. During each scan, only one
el ement of the transmtting subarray is illumnating the person and only one
el enent of the receiving subarray is collecting reflected el ectromagnetic
radi ati on W& 20560 gi ven tine. Accordi ngly, each transkdwoszog/oeisenent and
each receiving elenment is activated in accordance with a desired sequence
during the scan. In a FMC\Nheterodyr}S transcei ver configuration of this
arrangenent, the 5.5 GHz frequency sWweep is perforned in about 12.75

m cr oseconds....I n, one r system,...320 t .i,ngl ude the neration of a
t opogr aphi c éﬁullﬁébﬁse‘%%’ﬁff%&%}%tﬂ)@%%ﬂ“ﬁnéﬁ@g@ Sﬂlll Oﬁ’ﬁ’é?xﬂﬂpgeﬁ’ ‘%%ﬁr,ems uch t hat
frame-to-f r&?%s%ﬂfb‘i&tﬁﬁg%ﬂ%rﬁﬁbﬁﬁé@hﬂﬁn?ﬁ%b&ﬁﬁh ttllize€ SpRRLAY 64 InW t h routine
170a and 170D i s note[?erforned. In still other enbodinents, a different

nunber, si z&ombination Fusthermaresysten 83y cair hedisgd inegeneratgone er MEYeZows7 050160

PCT/ US2004/ Q3488 Seésffpie%%?ﬁ ﬁ?{%ﬁiﬂc &‘%C"?E’%"%f%@’%ﬁ%ﬁ“’ %/].;e(%l ed in the art.

In still other "exXanp ere ypes o an r |inear scanning
arrays can hiesadbed irzetneeipawith dheyenthodintentscafriigsn 110 omaddbass ptieacyor e, system
320 can be used to generate one or nore cross- sectional views of person 322
and/ or utili®®Be or nore other approaches 5 described in connection wth

the enbodi ments @fg b YfustrdtedAich@gARATGHEM AN BR&IOthes ONB&TiMSHt of iz 16
illustrates interrogation system 420 of another enbodi nent of the present

i nvent i on. $yesertrinverton.| $ysiahdd0cbupinates persop424) with splactedt ed el ectr omagnetic
radi ation i SCE | ' | ne 10 For
system 420, %%)éggg%lwgggﬁdgﬁ\ﬁggdr?ﬁg‘aﬁ%@}g{&%&gg{rﬂt | 8&5@%‘%’?@%&3 g%4b t hat hide
obj ect 4@25. Bassystenpd2) ipasal 422de sedridpadothiipacticisn 4243 amslyiRtethadide can be used
to interrogate, inanj mate objects as well . stem 4 i ngl udes scanni ng
boot h 430 c%{ﬂ‘:b%i?&%fam%ﬂ s'ﬁr‘?ﬂ“ﬁ‘ﬁ%@?ﬁ?%‘%§lﬁﬁsat%f?lgqﬁai‘}@.us@ﬁt&nni ng boot h
430 i ncl udesnishafdtOMativhal) objdeRra8wAB2 arranged to 15 support person 422 and
frame 433 to support notor 434 coupled to array 436. In contrast to the

pl at f or m r ot at i oby8fem3gP ingludspscapring beaik 31 covnied toernimband piassstn@t ed with
PO oot S99 A SEhh AR BEUISAUEL Ll SRaBH 2 A
ar r angeit®nt ,supporepersb8 @22 hud frams 48 wengror hytoc4Idoesupled pedriapePot b provi de a
correspondi rz:%ntlrarg? g)l tplg E)l):/itform 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



20 cylinder about platform432. In one formsuitable for scanning a person
in the standing position, the radius of this cylinder is about 1 neter.
Array 436 is otherw se configured the sane as array 36. In system 420,
subsyst em wORNESewNf i gured the sane as subsystem 40 of pcysb@madge and i s

| i kewi se arranged to perform procedure 120, routine 170a, routine 25 170b,
and/or one or nore operations of arra&%ement 200 to detect objects that may
pose a threat to security. However operation of subsystem 440 accounts
for the m)verrent of array 436 relative tqQ platform432 instead of the

movenent of Pepised ogensrae OP%%@PV&I?S&S%HP&%I ViEgys 9& PEISON SA2ANGIRF YBlizesy st em 420
can include gaer fore SRérS: gﬁx‘%ﬁ&fé@ﬁ&cﬁ@éﬁtm%&ﬁn\%ﬁon%ﬁ{tﬁ&bn‘ﬁ%&iu" yREed to

subsystem 440 and/or oth 30 devices/techniques to track the position of
array 436 rdfigs. |1'c/1@toadcpbatphaa0}'\w3®ms System 420 can further include a

Communi cat e ¢ h bR OIERE Bt 38 inEeP BB 4T as ot e T Y

PCT/ US2084/ %mm&ﬁm@t uﬁﬂﬁ pmeﬂmha&rﬁ SeRmI20IiRinGeOpers@esAi onal vi ews
of person 422 and/or.  utilize _one or nore other a proaches described in

connect i on VW%SQQQ@@F%EW%W%I@%OFP@@@tYPEI’EPViQSIS]é(d’G?“é@ﬁ .pF¥fvacy concerns.

Fig. 17 ill t F@,g%g I stem 520 of
yet 5 anot @Et@ﬁ%ﬁ | ma?llzﬂg t eh%%gg]g:ﬂ%sﬁ:?d%@g%%l {ho% afc%%giréet?n{%g% i1l um nates
person 522 miniemlsi24acne 4241 tbaiqonmgokgeot&& oS imtprovmousty debeibegpe previ ously

descri bed. For, .system 20 er 2.1.S wearin ar.ment s ot

desi gnat ed besmt}ogpé?fn fﬁ‘ﬁg 5 8"5?%0%% r?%%?“%‘ﬁ@gélolb%rect 525. As
in previlusly desscyﬁtbbxeﬂo1mﬁuedgdmﬂ1hgbo@mswm@&ﬁt@acsméa;eam@dcetsgng nterrogate
ani mate or inani nmate obéﬁects stem 520 i ncl udes scanni.ng boot h 530

coupl ed to cURDEEM A a@@ws%qOHgS Oslaﬁgéﬁétfrémeé&baﬂ%ﬁm WQCIYFOERTWHSSO
i ncludes frag® pasy ft%ﬁ%?g:iéoin %V@:Hﬁ&%§o§a&@a§%y§§@%@ an@’ ray 536. In

contrast to e linéarly oriented arrays 36 436 o preV|oust
descri bed sya6mﬁpre2@ualacﬂe¢21b¢d systeans 2036d #20, arranfitfas amanged p$ agnper  hoop
general |y centered t to cent I ne ti.c ax A. A nunber of
15 electro KR Ef ef%'ﬂ;}(d’ea?f%‘ ﬁ‘rlgﬂ’fﬁ'itf)tc rﬁa-}lpeégeé-%aﬁ g:lvéqué‘tflgnclg r<a°far ranged in
a genengl| yeleaubﬁxug@ncmﬁhmyraﬁ&,@mg?rb@mng@eméﬁ{wae agh@iEBA{ & operate to

interrogate person 522 with el ectromagnetic_ radiation including one or nore
wavel engt hs geferally 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
amranged 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  andis 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 3540 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



the mllinmeter, mcrowave, and/or adjacent wavel ength bands. Array 536 is
arranged for translational novenent along axis CVA to scan person 522 as 20
represented by travel arrow T. One or nore notors or other prine nover(s)
(not showwWp 2805050690 | i zed to sel ectively nove array 536ciusigmsazisss CVA.
Referring further to the partial top view of Fig. 18, array 536 is sized
with opening 537 to receive person 5 t heret hrough as array 536 nbves up
and down along axis CVA. In Fig. 18, "axis CVA is generally perpendicular to

the view plane 25 and is .represented by cr hajrs.. Wth the vertical notion
o arr oy Dadoring Ve e b CRO Rt chargy 476 ik U5 GETOErEBs Lop | b
accor dance Widafgdih.CSyufl 310 oo Riher BE1 B olbimbiBatR Bl ysietbfnot vever

neither person 522 nor” array 536 is rotated relative to the other, instead
t ransl| at i onahovi\thereane asfsubgystamp 603 ramotely eemmpnisata withsubsysisms#0. vertical | y.

30 Subsystem.b40 .. | IS operable to
perform pr o%geu%gb@g%? Hérsocg?fir dﬁegnb%%%ﬁ?spgﬁ%&n%é?% ﬁ%ﬁ%an%? %:rcgl@c%%le%r nor e

oper ati ofis objectras axpainedin cofkct witk protedunl20pr ocessi ng of subsystem 540 i s
adapted to accou WO %005/ 05 G%PCT/U 20(%4/ 034889, 37 for the vertical
transl ational mo cdde a‘é"f‘*%}a T RpmReT §f rapymItngfrecelying slementt r angenent .
System 520 %‘E?)fcldll R&dded I bHEL5 55 16 ARVEL L dnialBIk rE4IIcHIE Prvilly shown) the
same as subsystem®0 to renotely comunicate with subsystem 540. Like
previ ously diesasibed eribeditsonts nmng comparative Brlmitingesaniplecbetweend00conceal ed 5

bi ect ; Cn i . 36,
"ol o “namodSoPOC PR EOFRS b R AP o BB RI L0 25, °
array 538 t @0Daye0Gfoe andedador eompaaleiicsslntidnyd¢pending on the fredaayi bed

enmbodi nents.. In one ¢ arative nonlimting exanple, between 500 and 2000
transmittin EQZ?C\W%E{[@Y%%H%@TM?WW% PR NS bPPtI8 8 ver sus 10 200

to 600 for gpefgin 38cdnQubsARRY ﬁ@ﬂe@thﬁx?ﬁ&{a‘!'@b.o'i‘n ottt &AmblRemt r equency
band sel ected. However, under” appropriate conditions, scannihg booth 530 can
perform a sceaan tiubiargartild0liyinfarangerof mbei 10 &y 2bsecaBls versupahoundigll i ti ng
exanple, th e for a kSn L0 r e _of 10 to 20
seconds vergﬁ%°%§§gbﬁ%&%g{n§%gm8§é@o%#gg? g@‘?@é’%ﬁlﬁ %d&gl%g ﬁt%g’gg&”g%gtem 520 can
be usedl$o gemesadtionslgevasofpersen 32 Midfes atiBRaink @hflore/othsyappfoagies son 522

and/or utilize one or nore other approaches .
descri%eg in connection w:theFigs. PRO to address privacy concerns.

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 segmoent 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 correspond to the fuil 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 pattern can be correspondingly adjusted.
In still other embodiments of the present invention, the image data gathered
with system 20, 220, 320, 420, and/or 520 corresponds to a number of cylindrical



described in connection wth Figs. 1-10 to address privacy concerns. In a
further enbodi nent of the present invention, the body undergoi ng
interrogation and the array both nove. In one such exanple, array elenents
are arr anyeadodsnsensd ar c segnent that can nove verti cal | sgcvdm2b@/obizge body
rotates. In 20 other exanples, both the array and body rotate and/or

transl ationally nove. The processing gf I nterrogation data can be adjusted
for these different motion schemes ugi ng techni ques known to those skilled

in the art. As desﬁlri bed . in connect'oE wi.t h system 220, the interrogation

and corr espBAENY PHERQELIHRS $9TRE T ; 1%5655ggqtl§§!§§bﬂavifigat he full

ci rcunt er enGgpdafaphia! khiesentibn URERAG MG 1ihdri @I | h@Rised WiRlogad, the segment
of interest can be less than 360 degrees. For such enbodi nents, the inmage

i nf or mat i on being combined peendy partially bayngeombiinedndn gettother embedipentsli ng to two or

nore differ view .angles. ;A ternativel r . additional ly,.less than the
full height ?&%?8% ﬁ{aygﬁﬁﬁgﬁeﬁeyn%t a@y n?’ﬁgﬁgﬁbﬁlﬁnaﬁﬁﬁw@éog‘g%%% I n ot her
enbodi nefit s.def@e ob¢tedbitihg & pravidy @ fapoplaphicd) répréseiitatibr EindAdpaticigaanni ng
pattern can be correspondi ngly adg usted. In still_ other enbodi nents of the
present i nv&AtS B Planpepangls §Esysiany3 3 mapravide plapar, inglsadphcabindeab 320, 420,
and/ or 520 a byl ylindrical WO 2005/050160

PCT/ US2004/ 8%%18%3 gé?"tn‘glélg"s“ W t oeu{%?:%hbi ning sone or all of the imges

t oget her to provilalencdurtherpotpodinkent e image miwmation sobtainedtread, t he
cylindrical images ate used w. thout. i ng._conmbined or onl artially being
conbi ned. | r%“’?ﬁé@’m(%? W&EPE%B%LHF r%(ﬂtr% ,t‘“e?ﬁ%ag?%’g‘“gg 6%5“%%%@8% or partially
noncyl i p@Ir i Gastern 20/ 3Etene220] dybtefii 320] §y8@hi 420, mddegyeem 620 Radbitibhaly t o provi de
a topographi cal represfnt ation. In one particular case, the planar panels
of syst em 32¢iliAsd toigentiyrn ipdixdual. Onsdoranef tais epppdiment vglidesianpge i nf or mati on
wi thout mul trbdphguf (ABRRo! AcBese RFa feltiiRE e RRHHHIRR! scaifie AR RAfyidR] Or mation is
obtained in ak:nglgrdance V\E/%cthS pr%cedurearlZ’(), routi ngc 170 ,a rout_li ne 170D,
arrangenent age@ptingto gyintacens?® the yestristed 220, detgrotining 9hethergheindividiad, and/ or
system 520 i.s_additional,l. tilized to identify an indiyi |. One form of
This enbodi oAk BALObiEt Mhihe G’ BBl islor ARt BRI R o T ot e
area, CcoOfr icsiragondifinige dnformatiod irstabtintg featds @fifel indlvideal gadaa aeedss to the

restricted area; determ ning whether the indivjdual
or 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 individuals‘ for 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



is concealing any objects fromthe scan; conparing one or nore aspects of
the 15 correspondi ng image information regarding features of the individual
to data stored for those permtted access to the restricted area; and

al | owi ng a¥eaess/oseise he restricted area by the indivi dusltigodsfssses i S a
favorabl e conpari son and no suspicious conceal ed objects are indicated. The
determ nation of a match can be wused j0 activate a gate or other access
control device. 20 In another enbodi t, image information gathered in
accordance with procedure 120, r)gufti ne 170a, routine 170b, arrangenment 200,

system 20, sYithoghperpisgiondo de sy, An @%F@H?‘K’Z’G‘}tsﬁ?m‘?ecﬂm‘é@%d@rﬁ 520 is

addi ti onal | ypQhodfbbkidad & 4oede i@ i dentify individuals for which access
shoul d not bne1 poer’rﬁgfatied,' gsgéc ’ags suspected crimnals, known terrorists, and
the like. In one Albpubligaticnaaiadpatert applichtis citedio dhisrepeciicatercaro herpipr e ot her

bi onetrics (.such fi.ngerprint | p int., .retina i e,. vocal pattern,
eto.) of t hansirehrapfyrerdpce i antn B Rl Blivasioh 35 bR PBEGHGY aphi oo

r epr esensat i vdie shtcicaldy fa¥ihdioidubineindichted toi lzahdopporabd hedfhiesicet 0 al | ow

access. The features used for identification can be changed for each access

to reduce tHyEthes pry theerygmeshapismid opgralianis Progh OF Bndipg afaige Bereiip | pe
circunvente i ar@ﬂ‘%i i i lect tion in
accordance \%\nn?aap%oﬁg&%rg@tédﬁtwhﬁwﬁ\%ntl anlct:rg Sge[tdg‘%&h?]g’ agéei'?steﬁr%’?ﬁ ne if an

i ndi vi dual iistcﬂ@ditq@nﬂmhe)pjewlt infventinngn agy eay MEuEOBSHS5dGEnREHE US2004/ 034889

39 without perm.ssion.to . SO of es nbodi nent s can b rovi ded as
2 hethod.  SRRRRER REor R R R bR BeseR SRR R sl Dt e
appl i catid onsin @etaid ¢h the dfdWifigswad Corediag datrion, thesLhdls b hesunpideed ad by
reference as_if each individual_ publication or patent application 5 were
speci fi cal | yllast@tivsandnogeesinciive phaetey tibsingandarstgedbrtgmysalietedef er ence.
Furt her, any, i L : i i stated herein
is meant toeréﬂgrg%%‘;s ﬁﬁgﬁgﬁﬁgggﬁﬁﬁeﬁgﬂ%?%ﬂg }@ieg%f E}l%r%g%hti on, and is
not i nt endeudmpdificationstthat cpme yatin the vpirit ofdhe inverdiops ssedefined kaneih ot heory,
mechani sm of ation, .proof. or. findin Whil e the invention has been
illustrated bé’r}ggﬁjilggmgb%ﬂ%ﬁmi%s%tgibfa pfoﬁe%{eﬂe drawi ngs and f oregoi ng
description, the sanme is to be considered as illustrative and not
restrictive in character, it being understood that only sel ected

enbodi nrents have been shown and descri bed and that all equival ents, changes,




and nodifications that cone within the spirit of the inventions as defined
herein or by the followng clains are desired to be protected. 40 What is
claimed is: 1. A nethod, conprising: d éecting el ectromagnetic radi ation
returned froma conceal ed surface associated with a person, the

el ectromagnetic radi ation including one or nore frequencies in a range of
about 200 WMHz to about 1 THz; establishing data corresponding to intensity
of the returned el ectronagnetic radiation along the surface and depth al ong
t he surfwhaeis dsicheddapti vel y processing the data to deternmine if a nman-nade
obj ect suspected to be one or nore of contraband or a potential security
threat is being carried by the person as a function of the intensity along
the surfiace angdehbe cHplifingl ong the surface. 2. The nethod of claiml,
wherein the said.adaptlvely processing operates with a map of surface depth
di f ference t detgdtingreirctiempgnetip cadiggion peidraedlipo atconesalsd isvrépce asspeistgd pithehe
person j f 1 ) of

Ol o m 1 Popi e (AR R i bl LA o Bl 6 st o o AR

nmor phol ddHe & aboud t €Hs;. 4. The nethod of claim 1, which includes conparing a
first image fr data set to a second. i e frage data set. 5 .The nethod
of ol aim . SHENBRAG e cohpeReding Darerin of TG uuEa piHromghensadiihod of

cl ai m 1,a10M3itkd sutfacd dhd@ispthialdng @hedukfagk; ke person with an el ectronagnetic

radi ation output, froma transducer array; and displaying relative |ocation
of the nan- maeAPL¥Hy ercessiedhs datyte detepning &t man-yiadeebiedh suspprdedsig e one orThe

met hod gf rgbﬂogﬁh;'ban%?ﬁ gbt@néaﬁ"s&uﬂ ht‘é?l)é‘mgéa‘?ﬁ@o@@ he hﬁorpé:éraffﬁﬁcfﬁ%g.ofor each
of a nunber of I1mage portions, the Inmage portions each corresponding to a
gr oup ofthd inegstymlonglthe sutthce Snd thindeptieslbogithefurfdcai m 7, wherei n sai d adaptively
processing further includes: utilizing a neural network to process each of
the image portions; for each of a first set of inputs of the neural network,

recei ving anThoR@topbRelhim Nvaiksdih Yhe said adaptively processing operates with a map of
surface depth difference to determine if the man-made object is being carried by the person as the

function of the depth along the surface.

3. The method of claim 1, which includes applying a median filter and one or more
morphological filters.
4, The method of claim 1, which includes comparing a first image frame data set to a second

image frame data set.

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

6. The method of claim 1, which includes:

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

and

displaying relative location of the man-made object on a image representative of the
person.
7. The method of claim 1, wherein said adaptively processing is performed for each of a

number of image portions, the image portions each corresponding to a group of image pixels.



input in correspondence to the image pixels of the group for a respective
one of the image portions; for each of a second set of inputs of the neural
network, receiving a depth difference% put fromthe respective one of the
i mge pixels of the designated group f the one of the image portions; and
conparing an output fromthe neural network to a threshold to determne if
the object is suspected. 9. A nethod, conprising: irradiating an
interrogation region including a person carrying a conceal ed obj ect;
detecting el ectromagnetic radiation returned fromthe interrogation region
in response to saiqd irradiating, the el ectromagnetic radjation including
one or Rore %F‘%Ei‘ﬁ@ﬁgPg‘éla‘?’hld”l}eéﬁﬁ’@é“‘é)?dapﬁ‘ﬁéhPmQ@EmWthmal%Eﬁf 1 THz;

est abl i shi ngyuGidlify § GREAIERAL 101R0QEs ARBPHOImidR BRIy of the

el ectromagnetic radiation returned fromthe interrogation region and a map
of depth al ofiy cadheofiarfirstrseiorfanpusritbayersl netwdrk, respivingiangmegeepinkl inerisity o a
neural n r 1 .he. | cenceal [ect . t st one of

cont r aba Y\%rclég]é%g%etggé Egatggaﬁ%ﬁtp?% 1eS Oﬁa%bc %?‘ﬁ‘?fﬁfg%]eg?‘ﬁ"ga%% (fflﬁ}ge%%nﬁlﬁe of depth.
10. Thepomichgd of claim9, which includes: applying one or nore

nor phol ogi cal, filters to.image output data fromthe neural network; and
conparing a %quzgcth ﬁé&?%ﬂndﬁ%& it é’eB@f’bﬂWorﬁ‘oFec%iV‘F‘gradep#l eCE WREt to a
second R @t respRtiVObke dTBDiEna@ bikels of M desiSREAEoip B fe hebBthe fdage The met hod
of claim9, which includes: evaluating each of a nunber of different inmage
data poeftEAs @Mt h the neural network to deternmine if the conceal ed object
i's present, I 3 i i e adl Tf nt group
of | mage pi xel R aR gL AR A RACHPR HEARONL Bk g L il &
correspempesie.t o0 a two-di nensi onal map of inage pixel intensity; 42

cal cul ating a two-di nensi onal map of pixel range as a function of tenporal
information determned in relation to said irradiating and said detecting;
and det & m nAngethdie colapmsiggepr esent ati ve of the map of depth in accordance
with depth difference based on the two-di nensional map of pixel range. 12.
The net hod ofTadialingan nterigation Egien HYBEING;a5IsaY CHE RS aﬁmceaéef R on of the

conceal ed  getecting electromagnetic radiation returned from the interrogation region in response to

said irradiating, the electromagnetic radiation including one or more frequencies in a range of
about 200 MHz to about 1 THz;
establishing data representative of a map of intensity of the electromagnetic radiation
returned from the interrogation region and a map of depth along the interrogation region; and
inputting the data into a neural network to determine if the concealed object is at least one

of contraband or a weapon based on the map of intensity and the map of depth.

10. The method of claim 9, which includes:

applying one or more morphological filters to image output data from the neural network;
and

comparing a first neural network image output for a first image frame to a second neural

network image output for a second image frame.

11. The method of claim 9, which includes:

evaluating each of a number of different image data portions with the neural network to
determine if the concealed object is present, the image data portions each corresponding to a
different group of image pixels, the data representative of the map of intensity corresponding to a

two-dimensional map of image pixel intensity;



object on a inmage representative of the person. 13. The nethod of claim?9,
whi ch includes displaying relative |ocation of the concealed object on a

i mage representative of the person. 144>The nethod of claim9, wherein said
interrogating includes scanning the person in a portal at a security
checkpoint wth incident electromagnetic radiation and said establishing

i ncl udes generating i mage data corresponding to a nunber of cylindrical

i mges. 15. The nethod of claim9, wherein said establishing includes

gener ati ng i Silerlating aivo-depdeid map afpixel ranes ape fynstien efempene] wiimptiaiges of
the persfiymid intRB0R It Rhaklifl Malaia Wlebihe, fd udes adaptively processing
a spatial frequency representation corresporiding to at |east a portion of
an i mage of thiermisingdhe dat¥represenative wf the ampraf depily in anompncaywitplepthbl e t o

i nterrogate a e&ﬁpn vggh_ﬁlect&ggagﬁﬁéLc radiation at one or nore

fr equenct SEETSS PASet R 4 tyyo-dimstisionsh iR SOPIEEI Talles 1 1 THz: and a processi ng
subsystem coupled to the array, the processing subsystem being operable to
provi de neyral network including a first set of inputs and a second set of
i nput s, @he ?ﬁ*ﬁ wﬁ@é\tg?alﬁlm il ptitieh Belude d&%pﬁaaﬂxgéalaw IP%@Wgﬂ@aP%ceaied

cor r espibgliciéh 4 Brade FPesRhtati R diiREE@hect romagnetic radiation intensity
al ong a surface beneath clothing of the person, the second set of inputs

being arranged to receive other data corresponding to a map of depth al ong

t he surfgce, ral, . netywork. bei effect] val yate if _ope or nore
obj ect s 1?Us pgg:’%] gﬁﬂﬁi Oggllalr?gg’a\%oﬁflglél?ﬁdg%dégp&y?ngc%l\é?y% ﬁaﬁﬁ’%é’? 5 Cporcl)ctegfr% i al

securi t yobjcor @pd inesge sepheststhiiv@ofatie gebenmap of intensity and the map of depth
are conceal ed by the person and provi de one or nore correspondi ng outputs.

43 18. The systemof claim 17, wherein the neural network is of a

nul tilay@ar peneaRibo@Rf EMRE9, wHeRein {18 inididatiiOihclalidistanhing WOSE&nnhhe map of
depth is representative of depth difference and the processi ng subsystem

i ncl ude DeEaRS a sesurityeghaekpomit Mithtin@daphpledromaantti radigfinnandspd establishing e

i nf or mat:] he . t b 99@{1 I a di splay device
responsitd\ll(gﬁ%egégﬁéa-ﬁoﬁgﬁ%ge %%Be%%? %IIE}F y % %‘Inlﬁg%\g?@é&a lilalgé#g'one imge if
presence of the one or nore objects is indicated. 21. The systemof claim

17, wherein e _processi ng,subsystem i ncl udes ans for. filterj.n i mge
0 o madioon. ThSmPHRA SEDaPEe R S p T HRE R BroeRing PRIy ded  n a
first papggespaiding t/dnb &F moeOs b ilisdah In2BOSMBE pedsdndy i n a second panel coupl ed
to the processing subsystem and the first

16.  The method of claim 9, which includes adaptively processing a spatial frequency

representation corresponding to at least a portion of an image of the person.

17. A system, comprising:

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

a processing subsystem coupled to the array, the processing subsystem being operable to
provide a neural network including a first set of inputs and a second set of inputs, the first set of
inputs being arranged to receive data corresponding to a map of returned electromagnetic
radiation intensity along a surface beneath clothing of the person, the second set of inputs being
arranged to receive other data corresponding to a map of depth along the surface, the neural
network being effective to evaluate if one or more objects suspected of being at least one of
contraband or a potential security threat as a function of the map of intensity and the map of

depth are concealed by the person and provide one or more corresponding outputs.



panel and the second panel are arranged to provide a security checkpoi nt

portal. 23. The systemof claim 17, further conprising a platform proxi mte
to said array to support the person and a notor to nove at | east one of the
array and the platformrelative to anotther of the array and the platformto
performa security scan of the person at a security checkpoint. 24. The

system of claim 17, wherein the processing subsystemis further operable to
generate image data corresponding to a nunmber of cylindrical imges of the

person. ;25. A, PR 81‘&1?181 gfg;ﬂ%}.eg I nefta YENIGTE G Fﬁéiéﬁ?%érggﬂcgpﬁwg agl e by

one Or nore processors l'yz ata correspon n 1'mage "o
person obtained from el ectromagnetic radi ation including one or nore

frequencj,es i a ran of out 200 Mz bout 1 T t.he ta being
Feprosendar i JBe St i B Sikrciy Bl oot S dira e ve At drRR AR armp of
dept h deiné s pedsdigl abipent Dcluldempaisgonieterilitng Bgap beideh fromtahedp @per abl e
to execute an_adaptive process wth the data to evaluate if one or nore

obj ect s T8REEREIRANIOBf being at | east one of contraband or a potenti al

security threat are being conceal ed by the person as a function of the map
of electromagnetic radiation intensity and the nap of depth and provide an
out put i28di cdhe ssterhel daimeldh futhenfompnsing aalisplaydoviee tdspansivs ta the opgwetineae ed by

t he adapt|.v ro S, .4 . Th r s of claim.25,. wherei.n the device
o it BPRERRS 1Al oné ek EprBRREY ot el S MR T T o m
of a nunber of instructions stored in the menory. 27. The apparatus of claim

25, wheregin e device i.ncludes one or nore parts of conputer_ network and
the 1 ogi% i st’gﬁéﬁfféﬂoﬁe AiEnkl> ghersi Be BRogsing sitsystim ELPSBESH niienthe

conput efimagShMRhkition28. The apparatus of claim 25, wherein the logic is
further operable to determne the map of depth as a depth difference nmap.
29. The apparatus of claim28, wherein the |ogic defines at |east one neural

net or ka2 S0 T REAPARIAR. GheEhANLESD s WREELTh 4 S, bBl Sadtigpes rmeans for

filtering i mage "plXx I nfof mati rising:. establishing a
first dabmpssibg aotircespaonihiasgednd pantl emgiledtodlic pretessimesibeyseamt, aodrthg et i ¢

radi ati on flro an object .along a §urfa§e of t.g'e obj ect and a second data set
cor r esp&AYi 856688{3?@65?8@%?3?& SPRoYIgR & Securty AGehrPIt 8P pr ocessi ng t he
first data set and the second data set to identify a man-nmade

23.  The system of claim 17, further comprising a platform proximate to said array to support

the person and a motor to move at ieast one of the array and the platform relative to another of

the array and the platform to perform a security scan of the person at a security checkpoint.

24.  The system of claim 17, wherein the processing subsystem is further operable to generate

image data corresponding to a number of cylindrical images of the person.

25.  An apparatus, comprising:

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, the data being representative of a
map of electromagnetic radiation intensity and a map of depth determined relative to the person,
the logic being further operable to execute an adaptive process with the data to evaluate if one or
more objects suspected of being at least one of contraband or a potential security threat are being
concealed by the person as a function of the map of electromagnetic radiation intensity and the
map of depth and provide an output indicating the detection of the one or more objects if

indicated by the adaptive process.



obj ect suspected to be one or nore of contraband or a potential security
t hreat.

44

26.  The apparatus of claim 25, wherein the device is in the form of a processor-readable

memory and the logic is in the form of a number of instructions stored in the memory.

27.  The apparatus of claim 25, wherein the device includes one or more parts of a computer
network and the logic is encoded in one or more signals for transmission over the computer

network.

28.  The apparatus of claim 25, wherein the logic is further operable to determine the map of

depth as a depth difference map.

29.  The apparatus of claim 28, wherein the logic defines at least one neural network.

30.  The apparatus of claim 29, wherein the logic defines means for filtering image pixel

information.

31. A method, comprising:

establishing a first data set corresponding to intensity of returned electromagnetic
radiation from an object along a surface of the object and a second data set corresponding to
depth along the surface; and

adaptively processing the first data set and the second data set to identify a man-made

object suspected to be one or more of contraband or a potential security threat.



