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M LLI METER- WAVE ACTI VE | MAG NG SYSTEM BACKGROUND
MIlimeter wave signals are used for radar and

wo edosapespuni cati ons. They are al so capabl e of PET/H§2004/040251
used for producing an image of a subject by directing
mllinmeter-wave signals at the subject and detecting

the refl MﬁﬂlﬁmfmeWVEfIMAGHN@WSTEEMySt ens
have been described in U S. Patent Nunbers 5, 455, 590;

5, 557, 283; 5, 859, 609; agggggggguﬁg; and U. S. Patent
Application Nunber 10/6 d June 26, 2003 and

a continuation-in-part of that application filed
@Mdmﬁtegwa\@@gnégtar g usgd fok fadar @ﬂf W@H'%P%t dhey are
at a Checkpoint”; and U. S. Patent Application Number

also 1€Hpable BF2béinge dséib vienrbprodRiting2@A2irmagk aof a subject by directing
conti nuati oni n- part of that application filed Cctober

millir\?\n%terz\ﬁg\% g@h‘a ?c‘gthe% &4t Y HEte%tlﬁg ggjeﬁgctgﬂj §@§|’5I: Examples

rence are | ncorpora ereln

erence. i ma S ar e f 0
of such TRATAG BT RV adHEn HESHBRCb Hel PalnE NUgmDSeS 455,590;
systemto quickly, conveniently and saf ely performthe
5,55%483¢i 15, 808;€09;Tharkd i 6,50d;30% ulaindl YU.Sc u@atemtsiApplications Number
where the surveillance del ays the intended progress of

10/6b|7955‘29ﬁl‘é@nJLﬁfé g, 9003 &ird ﬁdcorﬁlﬁﬁﬁtléﬁ-lrﬁ”pbﬂr of eh#oaplication filed
a public transportation vehicle, or prior to entering

octeBef ffr PR ertbR SRR Cohlsbrad TRk i C&%’F'?éo%te’mand us.

differently configured surveillance or _interrogati

Patest ApplicationnNuiben 18/354, 884 filesl Nevempendd, 4002 aid a Continuation-
i magi ng. BRI EF SUMVARY OF THE DI SCLOSURE
in-part of that application filed October 30, 2003 entitled “Detection of a Concealed

Object”, which patent references are incorporated herein by reference.

When imaging systems are used for surveillance of persons, it may be
desirable for the system to quickly, conveniently and safely perform the surveillance.
This is particularly true in situations where the sur;/eil|ance delays the intended
progress of the person being surveilled, such -as prior to boarding a public
transportation vehicle, or prior to entering a public or protected facility. Accordingly,
different surveillance situations may be benefited by using differently configured

surveillance or interrogation stations in which a person is positioned during imaging.

BRIEF SUMMARY OF THE DISCLOSURE

Active imaging systems can include an antenna apparatus configured to
transmit toward and receive from a subject in a subject position, millimeter-wave

electromagnetic radiation. The antenna apparatus transmits and receives radiation
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Active imaging systens can include an antenna
apparatus configured to transmt toward and receive
WO e@sna3subj ect in a subject position, mlli MEPEr/USBE040251
el ectromagneti c radi ati on. The antenna appar at us
transmts and receives radiationfrom positions spaced
fronh rpositidns  spagedc fropo $he | subjemh doaditicr ebhdt didtriduled aong a locus of
| ocus of points or aperture facing the subject. A
poir8 b Cﬁge Ur& 2facirif tHE Esidhibér@NSACLYHrolkPNEAY UinBRIdeCa  transceiver
operate the anterna apparatus and produce an out put
epresentative,of the received radiation, and .
configedOroPeralis v 2 s aRRarteciid Breciite, 2 Oyffhys pepresentative
into i mage data representative of an imge of the
of tealvpeaived xadiatior; ansha ipjocessobadapiedde convernde transceiver output
apparatus are possible. A particular configuration can
intolifhage! &th edpRSeRRRiVe f iant ithdgerofathe aubljett] ar
application. For exanple, the antenna apparatus may
in 0ne . . Dl u t ni a :
| 1 et K BUtchis b0 dniBpnd SsBRR U ale” poRYER. T, Barticular
antenna unit or units may nove_ al ong a curyve ath_or.
configuraoRNCald rlsy selested AT APPERPEHE starapgRArt pﬁﬁphq?élon- For
fixed or nove in a curved or straight path. Antenna
exampig, sther aoteanarapparatusr may sinoludanorenioa. aipluralityapf @atenna units,
fixed in position and pivot to scan a subject from one
i i ti e : . _
suc s R oBP R R BRIy 8P terrbP uEiS) SFfe sfenna unit or
.along a defined path ve i_n varigus .ways. For .
unitg {aRp MoV ain G a< e PRI orBE & 2 At el i Clibied: O stgpiant, and
at | east partially around the subject, toward or away
mayf berfixedleors mgjvecin, a curved answpigbt ipagh.diArdennaninits etnone or more
associ ated assenbly. Such antenna units nmay al so be

arra9t iof aheshriat usitd ey fidsDinl BdsitRsts hhd Pivotab®esn @subject from one
array. Antenna arrays may al so be fornmed of a

or rRJ)llér %éiﬁgnsoaisﬁfﬂlﬁgd about the subject. An assembly, in which an antenna
array is adapted to move along a defined path, may move in various ways. For
example, the assembly may move along a path extending at least partially around
the subject, toward or away from the subject, or in an opposite direction to an
associated assembly. Such antenna units may also be oriented at different angular‘

positions along an array. Antenna arrays may also be formed of a plurality of array

segments, and a group of arrays may be combined to form an antenna apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a general diagram showing an active imaging system.
FIG. 2 is a diagram depicting general examples of interrogation stations that

may be used in imaging systems.
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segnents, and a group of arrays may be conbined to

forman antenna apparatus. BRI EF DESCRI PTI ON OF THE
WORAMNG® FIG 1 is a general diagram show ng BEI/EE2004/@40251

i magi ng system FIG 2 is a diagram depicting general

exanpl es of interrogation stations that nay be used in

| RSN3-S wed Siplifie@Sop Iidvabediferat interdodationvstatisnsf

different interrogation stations. FIGS. | OA-I OC are

" At oty R R L VT AN RE AR i uswating o

are top views of yet another interrogation station
sequence of PREAYGNa sequence of operation. FIG 12 is a

side view of an interrogation station illustrating an

exEIRY. drip- 10D ana sopvieays ofoyet another imterrégation stationdllustrating a

front view of an optional enbodi nent of the antenna

seqt.@h{:@)ﬁf% efdtign. 12. FIG 14 is a top view of an
Intéerrogation station illustrating another exenplary

antepng array. configuration that.can t
i n'%@r]g%éﬁ iaog'dgt\él?wgﬂ'g SR PO R S?E%HF{“%;&%FQ &n, exemplary
top view of an interrogation station having laterally
antenhé setayanonfigneation:. ay assenblies. FIG 16 is a general
di agram depi cting an i magi ng system having an
| NERT.T POH hofost @0 Bf Wint Bpordl Wrabbdimedit efnttenaatenna array of

appar at us segments.
FIG. 12.

FIG. 14 is a top view of an interrogation station illustrating another exemplary
antenna array configuration that can be the same interrogation station shown in FIG.
12.

FIG. 15 is a top view of an interrogation station having laterally offset
antenna array assemblies.

FIG. 16 is a general diagram depicting an iméging system having an
interrogation station with a plurality of antenna apparatus segments.

FIG. 17 is a general diagram depicting one example of an antenna apparatus
segment usable in the interrogation station of FIG. 16.

FIG. 18 is a plan view of a plurality of antenna array segments that may be
used to form an antenna array.

FIG. 19 is an isometric view of one example of an antenna apparatus
segment.

FIG. 20 is a top view of an interrogation station having a plurality of antenna

apparatus segments.
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FIG 17 is a general diagram depicting one exanple of
an antenna apparatus segnent usable in the
WO niosneggnt i on station of FIG 16. FIG 18 is BCPUS2IV04/040251
view of a plurality of antenna array segnents that my
be used to forman antenna array. FIG 19 is an
i sonetric view of oFERXAADIBESERIPIIGNt enna appar at us

segment. FIG 20 dsTREVNRIOUSEMBODIMENTS ' 0gat i on
station having a"plurality of enna appar at us

of an
se nts. DETAL LE S T1 O THE VAR
EVEPBIER R g AT GG 1 s BoafUveL/ edTnG; ysigm.  System 20
active imgi ng system System 20 includes an antenna ]
inclaggsaamtanteria apparatuoA2rand & copirollghé4s yEhe gystemais active in the
in the sense that the antenna apparatus transmts

sen§d egdtr thiergneinng dpisiratusotra@émit® wiectromagHatiecitadestionadé toward a
in response, the subject emts or reflects

r [ AL 1 Om. ' , .
subfEcf 28 SR eaPol ARC Piel? ISy o e Siidiomladréic radiation
re ted i i nt ti tati f ' [
30 Byt dsndebRCtertal e ARETWEr ARRHAHS- anfngubiesh ndudes all that is
i nani mate object. For exanple, if a person is in an
presentted riogat iimbersigation rsthtion iafean mmaginge syatbimedar imaging, whether
i ncl udes the person as well as any objects supported

hungafh,t ?Ero“r_(iﬁani%%@_c%)zed@?t EdteSanS¥sif d pEbhYis iP@fkifterrogation

r "ot her "kni ves, coi cl ot hi ng 'accessories, guns, or

s R IS S ek e Wi s B 45 gt supported

conbi nati on of these. )
on the person, such as watches, keys, jewelry, pocket or other knives, coins,

clothing accessories, guns, or any other objects that can be imaged. A subject may
include one or more persons, animals, objects, or combination of these.

Electromagnetic radiation may be selected from an appropriate frequency
range, such as in the range of about 200 megahertz (MHz) to about one terahertz
(THz), generally referred to herein as millimeter-wave radiation. Satisfactory
imaging may be realized using electromagnetic radiation in the reduced frequency
range of one gigahertz (GHz) to about 300 GHz. Radiation in the range of about 5
GHz to about 110 GHz may also be used for producing acceptable images. Such
radiation may be either at a fixed frequency or over a range or set of frequencies
using several modulation types, e.g. chirp, pseudorandom frequency hop, pulsed,
frequency modulated continuous wave (FMCW), or continuous wave (CW).

Many variations of an antenna apparatus are possible. The antenna
apparatus may include one or more antenna units, and each antenna unit may

include one or more transmitting antennae and one or more receiving antennae. An
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El ectromagnetic radi ati on may be sel ected from an
appropri ate frequency range, such as in the range of
wW@bwat12@00D negahertz (MHz) to about one ter ahePCwmUS2004/040251
(THz), generally referred to herein as mllineter-wave
radi ation. Satisfactory imaging may be realized using
anterinec unitnagyeinictudeadi pluralityi of chéenredutlkat mayqueraiye radiation in
range of one gigahertz (GHz) to about 300 GHz.
hatd i il &0 0 a On{ggjz
res@géaf‘igﬂﬁ'yﬂ%g@"f?? %r %EP Cl n%ﬁtg@gg'tza'glﬁ’% ?'?rﬂgggéé Such be any
radiation may. be either at a fixed frequency or over a
appiofrigle bype eanfighived 1o demshit o icklye clearamagtals trdfigio such as
types, e.g. chirp, pseudorandom frequency hop, pul sed,
a slpt digeepaic fine e waveauidey eipoleasemicendugtoropr laser. Antennae
conti nuous wave (CW. Many variations of an antenna

ma2 it afragsraft ca@secbive,  Tike aimtemie apmer aidys haRE one or more
i ncl ude one or nore antenna units, and each antenna

i, RS, e O7fgRl BEnctive R, PhREafih SR EfIRE botarized

include a plurali tm_ of antennae that may receive
wavetarmg sush e pleaspsiipticalo of Flsrdar Belasiratign,and miayehave narrow or
antenna. The antennae nmay be any appropriate type

broatbahgglar eddiation rseanmigatiarns, edepenelirgd eat therapplisation. Beam width
radi ati on, such as a slot line, patch, endfire,

Lol . \ . ]
may)rr"’gé %tﬁf%éy g)'rcﬁ’éa,el.%ﬁgmﬁ‘ﬁ@uﬂé@ﬁ?ﬁg Cng] tl@%ﬁgneg éﬁpﬁgﬁ”’cﬁ)@? that use

bot ransm't recei ve.
have .one or nore .i.ndi vidual antennae that transgit o
holqeEaiahic dSet iAo MAHIEAATON BERTLHIG e e F7adsior 0 to 30 degrees
wavef ornms such as plane, elliptical, or circular
maypbé aised foi applicatidnsrhipvingva nagrowofieldrofbliesdeguigemant.  Further, a
radi ati on beam patterns, depending on the application.

SRS, RoTtahe CODBCL 15, M Snanel, IR bodéhe subject i
one- or two-dimensional path. A one- or two-dimensional array of antenna units
may electronically and‘ mechanically scan a subject. An imaging system may include
one or a plurality of antenna apparatus, such as a second antenna apparatus 22'.
The antennae apparatus may be protected from the environment by suitable radome
material which may be part of the apparatus, or separate, depending on the
mechanical motion that is required of the antennae apparatus or array.

An imaging system may include an antenna-apparatus moving mechanism 32,
represented by a motor, which moves antenna apparatus 22 relative to a subject 28.
Moving mechanism 32 may be mounted relative to a frame 34 for moving the
antenna along a path defined by a movement control mechanism, such as a guide

36, including associated motor indexers, encoders or other controls, as appropriate.

The moving mechanism may be any appropriate mechanism that moves the antenna
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hol ogr aphi ¢ techni ques, while narrow beamw dths in
the range of 0 to - 30 degrees may be used for
wa@ppbiizab: ons having a narrow field of view  PCT/US2004/040251
requirenent. Further, a single antenna may scan a
subj ect by nmechani caIIy novi ng about the subject in a
apparatus, @ndtmay thaedesa steppep andtor /seove maior, or other suitable device.
t wo- di nensi onal array of antenna units nay

el BGhIrOMirCA by XdhtrER 6P€?ti‘bﬁ| SYmBEGH B2 ahdlotRFEinat¥Ithe operation

|mag|ng systemmaylnc one or a plurality of

o sBBANaBnp et AL A AR ol 24

envi ronment by suitable radome material which may be
maypiaciudefharteasgpsaftware, fismvespapa@ecoraeipatian i tbﬁse,hénd may be
mechani cal notion that is required of the antennae

incluRiRBAARUsoRbutdr! Bbmpiitel BaBIErd dpysthem myoprockssbe-sed system
ant enna- appar at us novi ng nechani sm 32, represented by

copdb T et R R B ABEARS, 3R AR Brdeising can
e A, 0§50, AR st
a gui de 36, including associated notor indexers,

comporattel s Ir opiehexample, r corstrolkes 24 pmayr indlude ﬁwetramewgr 38, a
mechani sm may be any appropriate nechani smthat noves

procreg&ra%e%ﬂaagpﬁégriﬁ 4?%u ‘té‘oﬂhhldﬁr&e%&pﬂﬁr sﬂi‘S‘Pﬁ‘n l data and

Vo notor device. Control

y control operation of nntor rd| the
OPEV@BQQa‘F%HCWSan \é?lwsawgpa%u abﬁév&'{‘ﬁ"‘ﬁs@ e dpfrmware,
antenna apparatus. Controller 24 may include hardware,
or seftfvamar e, firmnare, or a conbination of these, and may
be included in a conputer, conputer server, or other

e S e ety g s
approprlate for generatlng, routing, processing, transmitting and receiving
millimeter-wave signals between the antenna apparatus and the processor. The
transceiver, then in this comprehensive sense, may include multiplexed switching
among the antenna units, transmit and receive electronics, and electronic and logic
units. The transceiver may be wholly or partly included with a central controller or
be wholly or partly resident in an interrogation station 44 housing the antenna
apparatus. In certain cases, more than one transceiver is desirable, such as for
multiple antenna apparatus or for two dimensional array imaging systems. The
transceiver thus sends to and receives from the antenna apparatus scanning signals
46, and outputs received signals 48 to processor 40.

The processor may be any analog or digital computational device, or

combination of devices, such as a computer(s), microprocessor(s), or other logic
i
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be distributed wth individual portions being
i npl emented in separate system conponents. | n one
wez@spta92 control | er 24 may include a transcei REF/USBP4/640251
processor 40, and a nenory 42 coupled to the processor
for storing data and operating instructions. Such
unit(shsidaptdd tmsontryl bearaning difeal sabjechatdaraseiving meegieed signals 48
software. The transceiver, as contenpl ated herein,

and | ?&&dt‘é?ﬁna?é d§ttarS‘Gtréﬁt%séﬁﬁtifvértﬁ‘tér?ﬂﬁa@@ﬁif%rlieé‘étead f@tion of the

enerating, routing, processing, tranSmtting an

.recepvin i1 Linmeter-wave signal et we

sublGinalHpde Bl maYe G HoEog 0 Aot u et e BEGCksbd, BRI brocessed
this conprehensi ve sense, may include multiplexed

or uspriocessedy onsubgethef thet dataasueh as data fafshpertipngof a subject, data
recei ve electronics, and electronic and logic units.

that 19 endripMatei ¥ebrdatobsepuialel, Yoo viepand Iby an dpedstdr wrtisy another
a central controller or be wholly or partly resident

prock il ob Ll HREAIHY Eregial cEdy R UhaRr ohiec e an-mace
objesis, 1an-DsicibaAL asnBeNAirGy oIt g <t Bke: ek dentifying or
transcei ver thus sends to and receives fromthe

facilieqtirgn nideatfieationuof s aanobiect s bgnsligeds, oanteasti@ments or other
received signals 48 to processor 40. The processor nay

_ it _ : : .
R ATIOS O i Pas SR Tl dRM P fondk.  The image
m cr opfocessor,(s), or other |ogicunit(s), adapted.,to .
datac JRey o[)eSQHgPthégofana B ¥eMTfy ?‘ﬁe'ceﬁLz?hn@Sr@ce?tQ@ge device,

signals 48 and produce i mage data 50 representative of
comanunicatiga link, such east netwarkthun arfotherecerupyastor saruge or directly
data may include any data, whether processed,
to a RRdPIARHEVIC B HBESvideo monitor. Memory 42 may be a single device or a
combination of devices, and may be local to the processor or remote from it and
accessible on a communication link or network.

FIG. 2 illustrates another form of interrogation station 60 for use in some
imaging systems, such as system 20 discussed above. Interrogation station 60
includes an antenna apparatus assembly 62 and an antenna path-moving assembly
64. The antenna apparatus assembly may include an antenna apparatus 66, a
motor 68, a guide 70, and an intermediate frame 72, similar to interrogation station
44 of imaging system 20. Components 66, 68 and 70 may be mounted relative to
intermediate frame 72 for moving the antenna apparatus along an antenna path.
Path-moving assembly 64 correspondingly may include a motor 74, a guide 76 and a

base frame 78. Motor 74 can act on antenna apparatus assembly 62 to move the

position of the antenna path. As is discussed further below, this movement of the
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or unprocessed, or sub-sets of the data, such as data
for a portion of a subject, data that is manipul ated
WO poosneisp2 t o separate, for view ng by an oper ap@r/Us2004§40251
anot her processor, objects that may represent a
desired class of objects, such as man-nade objects,
antenna-gppasatoab Ggserablyoman e Used ycaitjaccsesoby 1ah|@ersolk ésubject) to
dat a |dent|fy| ng or facilitating identification of an

the ﬂ?dp ?%l HEY i 8154 1nt@Fro§§ﬁ§Nrs?é’ERiﬁ Drab PoRfe extended scanning of

on relafing to a subject that is derived from

Qel ve s. The i e data may be output to an
the ¢ W@Q\%% Nas3 A 3 a storage device,

connunlcatlon I|nk such as a network hub, another
coRpllavéngoare evarioys @miodiments and acenfigiiratjorse\ofc dnterrogation
such as a video nonitor. Menory 42 may be a single

stah@ﬁy 'o? ‘f‘.:o?ﬂ'or% SOREeAGHdth sthtiosy tifesmapibe usey ihear meRjing system,
he processor or renote fromit and accessible on a

st BB kL SIS e o PEFIGE S g 2. i

some i nmagi ng systens, such as system 20 di scussed
lustipkesea tOMmYIENY o ani BHTEIGRHIORr5TaH0n §0I IAYAG AR Aeaim apparatus 82
apparatus assenbly 62 and an ant enna pat h-novi ng

spaceeisfeinl & s@diectTbesition 8Armvirgpasabjest asisterigicy Amignna apparatus 82
i ncl ude an antenna apparatus 66, a notor 68, a guide

provifc(j)(?s t%'?CErag{%rﬁlﬁ rg Tt 'r@éej\ﬂﬁ%%@ctﬁo%na idhd! r%Ehatth)n along a locus 88 of

erro I magl Nng system 2

sonSETBSRER B 50,5 79, TR B8 B LAV b o oot

al ong an antenna path. Path-noving assenbly 64
92 that isesptheddpprpsiterside ohsubjdet center 86 from the gofermarappratiatus.

a base frane 78. Mdtor 74 can act on antenna appar at us

assRAMRApEZoft thedWBistdfepoints may vary along its length in one or more
directions. The locus of points may thus appear to be concave or convex to a
subject being imaged, or may have any of various curvilinear configurations, such as
an S-shaped curve, or a curve with an incrementally or continuously varying
curvature, a configuration with one or more rectilinear segments, or any combination
of such configurations. As used herein, the center of curvature of a portion of a
locus of points containing three adjacent points is a point equally distant from the
three points. The distance from the center of curvature to the three points then
corresponds to the radius of an arc passing through the three points.

The antenna apparatus may include at least one antenna unit 94 that moves

along a path 96 conforming to arc 90. Various positions of antenna unit 94 along

path 96 are illustrated. In an embodiment having only a single antenna unit, the

subject position is scanned by mechanically moving the antenna unit along an
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position of the antenna path. As is discussed further

bel ow, this novenent of theantenna apparatus assenbly
woreapshai3osed to control access by a person (suP{BUS$3004/010251

the subject position in the interrogation station, or

to provi de extended scanning of the subject with the

aperteohmtevepgrsathas dtond emd 9@ are vari ous enbodi nents
and configurations of interrogation stations or

PORhHIR Qhit I9AL 958 hO@Maft 8 & QRPN &htdMYa B ay $RtHaR extends
S CR g)s of t ﬁe

an 1 magl ng system In one or nore

i ing systens .illustrated in FlGS d 2, .Fl
vertl it g £ s of BPEToRof His PRlgh Tloh Thidtolplscsuch as 2

havi ng an antenna apparatus 82 spaced from a subj ect
pergons igenerallgJodeapying subjedsj pesitiare8tter Irgsuchnat easea tgle vertical array

apparatus 82 provides for transmtting and receivVving

travBlseslbh§ 'TRAREY6 Gn faﬁl‘ﬂirﬁé%iﬁg st & lleetatedBirpFI@OILNt The various
represented by an arc 90. I n this exanple, arc 90 has

sosoRE B St BHis d BR Lok S AT o e ooy

shape of the locus of points may vary along its |length
98 gleng e Bathaore directions. The Iocusyof poignts may )

t hus appear to be concave or convex to a subject being

i idnally, artenhavumitafsd may \ber pari sofcaihorizontharray 102, with the
configurations, such as an S-shaped curve, or a curve

hori&lﬁt@g?uﬂgg?ﬁgﬁﬁ\/g@ 'a)fldeon%P%H%H’f%“ﬁhbfs,vﬁjg%ﬁéﬁg antenna units 104,

Iguration wt one or

106¢ 33Bi ] GaPon BOTAGNaL aleHel 4 SXLRHEE eBRORC It A sublect in the

curvature of a portion of a |ocus of points containing
subjebt epositipmc engty phé nseanneda athnteledariicallydialenrgt the oatray and
the three points. The distance fromthe center of

e B T e e thr 66 poi nts.

In some embodiments, a two-dimensional array 112 may be used. Array 112
thus extends vertically and horizontally, and includes antenna units 94, 104, 106,
108, 110, and others extending vertically from the antenna units along arc 90. The
subject position may then be electronically scanned from the locus of points covering
an area or aperture 114 including arc 90.

Extended imaging may be provided by one or more of extending arc 90,
providing one or more additional antenna apparatus, rotating a subject 100 about
center 86, as indicated by circle 116, such as on a platform, and moving arc 90
around the subject position. Arc 90 may be any length considered appropriate for a
particular application.

The distance D1 from the center of the subject position to arc 90 may vary

along the arc. An imaging system based on a cylindrical aperture for imaging, as
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© curvgl fridiezars isanorg elopgaie: along the lends;

The antenna apparatus may include at | east one antenna

unit 94 that noves along a path 96 conformng to arc
WONsNaBIDUS positions of antenna unit 94 al onPCPHSIN0DGH0251

are illustrated. I n an enbodi nent having only a

single antenna unit, the subject position is scanned
disclogedrdic \ASI Patént Nov 5853, 69, acane beamodifiedainocgmputing image data

anaperture of interest, such as along arc 90. Antenna

corrgﬂioﬁ%dﬁ‘fg gfé( ?g:xg@éfri&? s?%tgm,gfy <ﬁ)ﬁ°{|9éﬁ§a§iﬁ B ts AfFfeREh&Y in distance

vert al ong the height or a

sonl 2 e S s 4 BB B UELEShp L M B3 propessin, o

__such a case, the vertical array travels along path 96
diffarencenvalues)tany bestoresh insmempns tsugh & in@ Ipplgupitablhe
various positions of antenna unit 94 along the path

COt{ RAIPSE 8 ppRodiitet ttheh By Posriohiiytheacdritgr 88 cahvabgret 9 of arc 90
path. Optionally, antenna unit 94 may be part of a

arizont.al .array, 102 .\t '
on W3 0RER e S ne st o't 88 ok n@hid i s 82, the
104, 106, 108 d 110. Hori
an ri zont al ﬁ;{fﬁ%ﬁg@()%tri% ti(\eln S the subject
scanned both electronically along the array and

posifieghamthe ddriger thenmaduseoft cadvature, dne ayoreegrtadaal by straight the arc
some enbodi ments, a two-dinmensional array 112 may be

bec#érsg.'z aﬁrgﬁ%y&ﬁﬁg%rﬁﬁg“&&oﬁﬁﬁﬁfg‘:ﬁéés}blé‘.ﬂ dor instance 6\’/vhen the

I nc s antenha units 94, 104, 10\
2110, .and, ot hers ext egacii';(%ﬂ vertically fro

.. 108, t he

inteAgalioT: SHONSISHSSHEA% APUER! TPhaNsigdiRy sYsient A @ ggtrance to a
then be electronically scanned fromthe |ocus of

facilgg,i rsush cas/ e rajypant, ait emayr bapdesitable to4have | peaplg welk along a

continuous path. Having the antenna apparatus extending along gentle arcs along

the sides of the path reduces the width of the imaging system, allowing it to be used

in a smaller space.

If the subject, and therefore the subject position, has a shape that is
cylindrical, then a cylindrical arc centered on the subject center would provide a
uniform distance between the arc and the subject. This, however, also may not be
the case. The shape of arc 90 may generally conform to a side 118 of a subject 100
facing arc 90 and that extends more along one axis, such as a long axis 120, than
along a transverse, short axis 122, as may be the case with people, particularly with
the backs of people. As a result, an arc 90 may be selected that provides a distance
D2 between the locus 88 of points along arc 90 that generally conforms to an

expected general shape of at least a portion of a subject.

FIG. 4 illustrates a top view of a further variation of an interrogation station
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Ext ended i magi ng may be provided by one or nore of
extendi ng arc 90, providing one or nore additional
wa@psnngonppar at us, rotating a subject 100 aboptT/U82004£040251
86, as indicated by circle 116, such as on a platform
and noving arc 90 around the subject position. Arc 90
130 nmwwbleeinaary iragigy rsystems, slesheab Bipaging rsysitegn £20r  Interrogation station
particul ar application. The distance D fromthe

130%gﬁt teﬁﬁﬁ.a%&%h?c% PESshAQH HONRL 3@&&?){30‘3‘,@@’1 134 having a

e arc | magi ng syst em based on a

sl S 2o D5 B0, B B MRSl fsPing anc

i mage data corresponding to a cylindrical system by
receiing elecirarmagniatic kaskiatiant alongne dogus 15& chmaints) sefreseried by an

arc. Such a difference can be conputed during data

arc P4@C e hidexadiple &dcer4Nhgs valenes sfadurpetusé dM@cthatis on the same
menory, such as in a look-up table. I t will be

sSSP SR B i 0 S0 b, maroator

subject center 86 fromthe antenna apparajus 82, the
statipny 130 isrsimplr tr iptersogafian HRtAR %5@%8&%‘1 fREV¢-engt h of
the arc relative to the subject position. The | onger
t hheamitesnabpparatag oy, intlhde mbleasy oadealtenna sinitai4ghthat moves
the arc becones. Various configurations are

annlﬁﬁ?gééjchnﬂilQ PRRHIhG toF&fc 146t aP&fou Sﬁtib]t@ of antenna unit 144

rogation station is used as a portal for an

alongrbaihy s e Tustealy Ol e EPckRefl: hjao sl Stle Bhtenna unit

al ong a continuous path. Having the antenna apparatus
the subjeatiipogitiahdagscganed dyameshanically oeying the aagennaeunit along an
path reduces the width of the imging system allow ng
apettiird 6f RferdSEGUCH o oMy hRY 14Pace.

Antenna unit 144 also may be part of a vertical antenna array 148 that
extends vertically along the height or portion of the height of a subject 150, such as
a person, generally occupying subject position 134. In such a case, the vertical
array travels along path 146 in an imaging system as illustrated in FIG. 1. The
various positions of antenna unit 144 along the path correspond to positions of
antenna array 148 along the path.

Optionally, antenna unit 144 may be part of a horizontal array 152, with the
horizontal array also having additional antenna units, such as antenna units 154 and
156. There also may be additional units between those shown. Horizontal array
152 extends along arc 140. A subject in the subject position may be scanned both

electronically along the array and mechanically by movement of the array vertically.

In some embodiments, a two-dimensional array 158 may be used. Array 158
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I f the subject, and therefore the subject position,
has a shape that is cylindrical, then a cylindrical
wae@sasisver ed on the subject center woul d provPCEUS2004/040251
uni form di stance between the arc and the subject.
Thi s, however, also may not be the case. The shape of
thusalmy%ktemd \@emﬁﬂylawvxedrﬁs)hm:zmtalhslamaas: d#0aand may include
subj ect 100 facing arc 90 and that extends nore al ong

anteﬂ RS (hitsS144 UP%IO anda 3@ HhRstHerd %Qterld‘l'?d{' vahfidlly From the antenna

transverse, rt axi$ 122, as may he case with

e SBRoc R, P b DG 5 be BBy amne o

di stance D2 between the | ocus 88 of points along arc
the loous hfpoiginer\dring apares asapaestue Whivelugdingyarel
shape of at Ieast a portion of a subject. FIG 4

i | Eyaghtiad efmay ?anyeWeOfprwlﬁetﬂtbﬁron/@rcbratm@r@ off @me following:
interrogation stationl30 usable in an inmagi ng system

excefl A% M HA S A, 8k SHLIGHR] ART=2ApReRR? rotating 2
subfagpbshpbatiGEtaR S or 6y ElLore &&Tﬁ&aéﬁfwﬁé‘éﬁ% & platform; and
recei ving el ectromagnetic radiation along a | ocus 138

movirfg a@ MG arowpl resubgectoyositiorar Ard 480 may betary length and shape
exanpl e, arc 140 has a center of curvature 142 that is

coné?d%réﬁ%gﬁ?c%ﬁna’%é‘?@r? Fl#ﬂlﬁcép RAkGH, 136 fromthe

rat us |nterrogat|on station

LD U s LRt M D RS R "l mey vary

antenna unit 144 that noves along a path 146
alongotifenand.ngAs odiscussed Oaboxg; | dudmagiig isystendvfbasedeanaa cylindrical
unit 144 along path 146 are illustrated. | n an

Ty e et
com%ﬂﬁﬁgﬂ nu%aﬁ@ élatg cooqpes%ndlng to a cylindrical system, by compensating for
the difference in distance along the arc. Such a difference can be computed during
data processing, or difference values can be stored in memotry, such as in a look-up
table.

It will be appreciated that by positioning the center of curvature 142 of arc
140 on the same side of the subject center 136 as the antenna apparatus 132, the
curve of the arc is tighter along the length of the arc relative to the subject position.
The shorter the radius of curvature, the sharper the curve of the arc becomes.
Various configurations are accordingly possible. For instance, when the
interrogation station is used as a portal for an imaging system at an entrance to a

facility, such as an airport, it may be desirable to have people walk along a

continuous path. Having the antenna apparatus positioned on the sides of the path
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aperture of interest, such as along arc 140. Antenna

unit 144 also may be part of a vertical antenna array
waa@sthav2 ext ends vertically al ong the hei ght BPCT/US2004/040251

portion of the height of a subject 150, such as a

person, generally occupying subject position 134. | n
and shaped toawaforthgeneraly arith dne aidesrafva persinopgsitianed ongthe path
in an imging systemas illustrated in FIG 1. The

mayvl?éhéélﬁabq’é’Siti ons of antenna unit 144 along the path
correspond to positions of antenna array 148 al ong the

path tional l ntenna, unit 14 r I
nor P tR g of BBNEDT 4 Srlomk ot 544 il derigi conform to
havi ng addi tional antenna units, such as antenna units

a sidest64108 a1Bbject HS0g10sed e pre 448 dd: theh gxtangistless along one axis,
bet ween those shown. Horizontal array 152 extends

suctrheRP kG add 166, i alhg &n drthogohak dongesdst 168, asynay be the
e scanned both electronically along the array and

b
: | . :
case it Wt SR SR e icks s ol /25 BRUY amar 140 may
ve et o it it B o el d3g b aong ar
units 144, 154 and 156, and ot hers extendi ng

140 that gedrally torformb ¢o ant epeatathgereral shepecofca pediorToka su bject.
subj ect position may then be electronically scanned

flggf@;t g%ld&?ﬁ%@s tho%%éw Bffa?lvi‘ﬁféﬁ&%iclbnaﬁt‘éﬁoﬁrlmﬁé\ﬁiﬁé Q different

I nclu arc ended 1'hagi ng may be

s QYo B BB o o B B3 SRR i 172 1

apparatus; rotating a subject 150 about center 136, as
an antefnzappatagus 174 IneovEs Alosgian ais 196 havigaiasnigr efngirvature 178
nmovi ng arc 140 around the subject position. Arc 140
that"BYorP €h& ¥ nle Bidkhoffa bubitecenter 180 of a subject position 182 as the
antenna apparatus. Antenna unit 172 may be part of an antenna array 184 that
may extend along arc 176 and/or vertically.

The antenna unit may have a beam 186 that may be narrow or broad,
depending upon the application. By pivoting the antenna unit about a pivot axis 188
passing through center of curvature 178, the antenna unit moves along arc 176.
During such movement, the beam may scan across subject position 182, as
represented by double-arrow 190. In some examples, a plurality of such pivoting
antenna units, such as antenna units 192 and 194, may be distributed along a
further arc, such as arc 196. Arc 196 may be an arc similar to arcs 90 and 140
mentioned above. Optionally, antenna unit 172 may also move along arc 196.

Also, in an optional embodiment, an array 184 may include additional antenna

units, such as antenna units 198 and 200 positioned along arc 176. Scanning of the

A}
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consi dered appropriate for a particul ar application.
The di stance D3 fromthe center of the subject
weomstuem to arc 140 may vary along the arc. ABCT/US2004/040251
di scussed above, an i magi ng system based on a
cylindrical aperture for imaging, as disclosed in U S.
subjBett positidlo.then 888y d&dacaoanplisbedwaledtianically oy motivating each of the
i mge data corresponding to a cylindrical system by

ant&ﬂgﬂﬁgﬁﬁb@l@gﬁ??rg_he difference in distance along the

arc. erence can be conputed during data

558 et & FHEVEREE 45 MR gt ot is smier

~appreciated that by positioning the center of
interagation station21 43, it oliffars iortheha pivekeds déd2der piuoting an antenna
subj ect center 136 as the antenna apparatus 132, the

unitUUV6Ef & ahbshrr pparatusiiiéls positichacheppesiigt fronf a tsabject position
arc relative to the subject position. The shorter the

r.adj. 0 . , .
215 80 2 S BLHGE 7300 AL 8BS ALP (54 Y8, 0bel Ainatent wi
conE eduvanrs. i BN orc LTl LS8R U . oy

entrance to a facility, such as an airport, it may be

pivotingi alsthitepivot bxeis €2 1% apitennamiukital bhgnay scan ianbears 2 Beross the
Havi ng t he ant enna apparatus positioned on the sides

subjgﬁ%egﬁ%@?gfigpgs HARREC by é}gg,t, opg general |y with the

erson position on the path may be

of PhieERg e ik oA Tk BE, Movlil 6l fdtads,SgpS 3P moving

subj ect 150 exposed to arc 140 and that extends |ess
mechhoisy @36. afine, waydh tassupperbitie antennesenitt prRNapBR232 that is

an orthogonal, long axis 168, as may be the
adapted to pivot relative to a frame 234. Arm 232 may pivot by reciprocatingly
moving an arm end 232a by a drive element 236. Drive element 236 may be driven
in a reciprocating fashion by a drive mechanism 238, such as a solenoid or stepper
motor. The drive mechanism may be controlled by a controller via a control line
240. A similar moving mechanism also may be used for pivoting antenna units of
interrogation station 170.

Optionally, a plurality of antenna units may be positioned along arc 224, such
as antenna units 242 and 244, of an antenna array 246. Additionally, the antenna
units may move along a larger arc 248, or pivoting antenna units may be distributed
along arc 248, such as antenna units 250 and 252 of an antenna array 254.

FIG. 7 illustrates a top view of an interrogation station 260 that may be a

further variation of interrogation stations 170 and 210. Interrogation station 260

may include an antenna apparatus 262 that is fixed in position on a frame 264 that
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case with people, particularly with the sides of
people. As a result, an arc 140 may be sel ected that
wEe@siehss2 a di stance D4 between the | ocus 138 PET/psiond/e40251
along arc 140 that generally confornms to an expected
general shape of a portion of a subject. FIG 5
mayi Iricligler ahesndoswrp @i dwusingafori theeranbeyata @ppatattis.on Theoantenna
having a different design than that of interrogation

apparhftis PRILYRES arPHhtehps it 286 3R BE Pkt bf Ak Zarfténidd array 268.

antenna apparatus 174 noves along 'an arc 176 having a

center of curvature 178 that is on t Sale. Si f .
Eachy gjtelpa C%W? edYgHavF 3 @Wec‘ﬂteljﬁ%‘cﬁnﬁ%n&iéﬁéagﬁ}(ﬁe A moving

ant enna apparatus. Antenna unit 172 nmay be part of an
mechaniermp anair shoyvr, 8may hpivotrilie axtenna anity ef anterwaaappyatus 262

vertically. The antenna unit nmay have a beam 186 t hat

abouiey lp_h@t X[’ TP ehownh edigned ewentiengntepan Urig. As illustrated in FIGS.
application. By pivoting the antenna unit about a

s a3 02 3D SR R B g e,

novenent, the beam nay scan acr.oss_subject posit.ion
bearng2/0 g8ay &6ABSAGHPEY abgutaiseuopesiapno%m%wgng 3 Supject center 276.
exanples, a plurality of such pivoting antenna units,
WhesutHe asteant eapparatustinclii@@s andart®y/ of amterina diits, rihelarddnna units
along a further arc, such as arc 196. Arc 196 may be

ma ﬁ‘ngdﬁ/é(?\}léyyl Bioted & rﬁﬁYt%Qlﬁg&eéi{%H?&ﬂfemned above.

ant enna un 72 may al so nove along arc

1t Thisrelsso P arBORHal SAee 2, i of i3l B antenna

units 198 and 200 positioned along arc 176. Scanni ng
appariitudiesuchj 8staniosna iappardien 284 534,61886@1@ 88 These antenna

el ectronically by activating each of the antenna units
appé\JaﬁEEQ nidyeedtChbe configured like the antenna apparatus 262 of interrogation
station 260, illustrated in FIG. 7. They may be distributed around a gubject position
290 having a subject center 292. Antenna apparatus 282, 284, 286 and 288 have
respective antenna units, represented by antenna units 294, 296, 298 and 300. The
respective antenna units may pivot about respective pivot axes 302, 304, 306 and
308 for scanning respective beams 310, 312, 314 and 316 across the subject
position. The various antenna apparatus may be fixedly mounted to a frame 318.
As illustrated in FIGS. 5 and 6, the pivot axis may also be spaced from the antenna
unit.

More or fewer antenna apparatus may be used. The antenna apparatus are

positioned to provide a desired coverage of the surface of a subject positioned in the

subject position. In the configuration shown, the antenna apparatus are positioned

to allow a subject to enter the interrogation station along a path 320 at an entrance
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FIG 6 illustrates a top view of an interrogation
station 210 that is simlar to interrogation station
waz®@snpv2 differs in that a pivot axis 212 f orP@i/usionsig0251
an antenna unit 214 of an antenna apparatus 216 is
positioned opposite froma subject position 218 having
322, astandj s cthecaubijett Bastioriduweingaiagiad,2andyleaveishioeigh an exit 324
coincident with a center of curvature 222 of an arc

Oppégtéuffdrﬂﬁﬂe%itr“ancé.he antenna unit noves. By pivoting

pivot  axis 212, antenna unit 214 may scan a beam

226 across the supject positian ,.as indi.cated b

i st ot FETGPORtiE StABER 0GBt Secdhd antenna

provided in various ways by a noving nmechani sm 230.
appatakis\@d2 aisd 884 positionedtdneoppasitersidemoft a subjest REsitieR 336 having

that is adapted to pivot relative to a frane 234. Arm

. i ! rel .
a suﬁ%g 'Egytég %.Vgﬁetf@cérﬁb%lﬁiédﬁ%hbwm\/éa@ﬂ &AiteAh& Hpdratus has an

enment 236. Drive elenment 236 nay be

driven in.a,recipraocatin ashi [ ' :
antehi (i AOUTEE DBy i e opT i pRe Mo ARy 3 TRt Sfgrfits and
mechani sm may be controlled by a_controller via a
receiven elastromagnetigradiation dlong anwvé A4 mechani sm al so may
be used for pivoting antenna units of interrogation

st AhtiePRa laffparstoisi 332ahhd 334 mphy i fdryneal asucombieationstaf antenna
may be positioned along arc 224, such as antenna units

sord s i doa e AT IR B4R e k). L B rgermeaiae
portngi4a,giing reHRsiNG EAISTonasvale 390 S1 145 hstifigd between
array 254. FIG 7 illustrates a top view of an

the agsbeiateratd portivhaanc the2 6Gbjebtacentay. kach arc 344 also may have end
portions 344b and 344c that have respective centers of curvature'350 and 352
positioned on the opposite side of the subject center from the associated arc portion.
Optionally, terminal ends 344d and 344e may be formed in a straight line so that an
antenna unit on that portion of the arc more directly faces a subject in the subject
position.

Antenna units may be distributed along the respective arcs, may move along
the arc, or both. Optionally, the arcs of the antenna apparatus, such as arcs 353
and 354, may include other arc portions. These arcs thus may include intermediate
portions having respective centers 350 and 352, and end portions having respective
centers 346 and 348.

In the example shown, first antenna apparatus 332 is fixed in position relative

to the subject position, and second antenna apparatus 334 is adapted to move

relative to the subject position. Second antenna apparatus 334 may be mounted
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further variation of interrogation stations 170 and
210. Interrogation station 260 nmay include an antenna
wappanages 262 that is fixed in position on a PCHOS2086640251
thatmay include an enclosure or housing for the
ant enna apparatus. The antenna apparatus includes an
relativet tnaa apparafe6frama 36Rywitke panavind mechanismridbakbris agdapted to
268. Each antenna unit may have a beam represented by

movéid?ﬁeﬁﬁé)-aﬁﬁtafﬁg égagm&&m@ fNa BAde RV 356RY TREVéticohfeantenna

antenna u ant enna apparatus 262 about a pivot

axjis 272 .sho Ld d wth_t . nj :
appaPiLgsA (B Pr P Beniic s T BT s, HoSe oy prgamal the
be spaced fromthe antenna units. During pivoting
subjectapasitian fetyimaging o asdistabagcepd pasdion 60 spaced: further away
a subject center 276. Wien the antenna appar at us

fromi fifd BdgBcBpoditiory THe antedimacapparttus, thes,amoeesdn endirection 362
e’individually pivoted or may be pivoted

may b
0 i | ' trat i nt ti
that & rpiElerdely petdciedre i ur al Ty o antenna
apparatus, such as t t 282, 284, d
SEhRe o oo Ay S B 2 o5 o HEad Hoosure,

li ke the antenna apparatus 262 of interrogation
defirsidaby apposihg atds B34, srednd ra Bllgect dufihgyimagynd éhat has reduced-
di stributed around a subject position 290 having a

Widtgﬁgésggge\ﬁgﬁ 8B4 %5 368! eAN& Rl UthefBfhovaSithto 48l out of the

respective antenna uni'ts, represented by

e SRS LSS B RS CGBEFE Between the

302, 304, 306 and 308 for scanning respective beans

-anteBna,are3, is ereasetl. 3A6 ancopdenal idesigimjbeth of dbetansennarpeays can

various antenna apparatus may be fixedly nmounted to a
movE ' @Ward ldhd Away! froft tid edbjeet floSBon) amddtiferebyeomavdtand away

axis may al so be spaced fromthe antenna
from each other. In this case, first antenna apparatus 332 may be mounted relative
to an apparatus frame 355’ with associated moving mechanism that is adapted to
move antenna apparatus 332 relative to a base frame 356’. If more antenna arrays
surround the subject position, any combination of them can be made to move
toward and away from the subject position.

FIGS. 10 and 11 illustrate top views interrogation stations that include barriers
around arcs associated with antennae apparatus in which the barriers move in the
direction of the arcs. These arcs may be concentric or eccentric relative to the
center of the subject position.

FIGS. 10A-10C depict an interrogation station 370 having first and second

antenna apparatus assemblies 372 and 374, each having a respective antenna

apparatus 376 and 378. Each antenna apparatus correspondingly includes one or
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unit. More or fewer antenna apparatus may be used. The

antenna apparatus are positioned to provide a desired
weowsnage2 of the surface of a subject positionkdr/Us2opdi@10251

subj ect position. I n the configuration shown, the

antenna apparatus are positioned to allow a subject to
morerardenna einita t380rarghtifi apprepeaiey mnadntegna apay3&2 Guah azrhas been

entrance322, stand at the subject position during

destrifdd With @@eh@@!&tﬁ@bﬂé@hsﬁ‘fqlﬁéﬂ IRHArGanes ;ﬁgﬁét%]assemblies

[
the entrance. FIG 9 Illustrates an interroda

S [ aving first and con enna. arat us, .
372343 28 wefls P By RE 0 B8 B0 it Somiado spatively with

position 336_having _a subject center 338. | n the
antefisoaPpiRtus BZ%rﬁ!ncgéZﬂ- a‘ﬁé@ﬁﬂwbaléi@&mwgowSoa@nclose associated

antenna unit 340 that nay be part of an antenna array

arcs3387 bha 388y alongi wiichriedterragRRicaladRitiof e dRfisifitted and received,
radi ati on al ong an arc 344. Antenna apparatus 332 and

o 3550 ISR R O 008, M o
o e s ) Sl o Lt e e

associ ated arc portion and the subject center. Each

alongran aggaratesopatity sticv as elefingd byisotracl3389. and 344c t hat
have respective centers of curvature 350 and 352

PO%’W@N@@’ iQthE Ry PR OS ish%;'e%@t %@oofggyh&wtér %t%ﬁiogg@nah Station 370

romthe associated arc porti on. ional l'y,

clor B8 SRS B0 35 26 LA 5 P B SgAanc 306
maydli:)é GZ:;I:Jtultt)i/ng;c ?l’(l: %Spgsiégr? jd%(\:/vtns;:rgatnrselgtlij\?ej ?g ta EL?IZ?]IeEtI Sgéition 396 along
path 392 and blocking an exit 398 from the interrogation station. This barrier
supports the objective of having the subject stop on the subject position and remain
there during imaging.

Initially, the antenna apparatus 376 and 378 may perform imaging along arcs
387 and 388 with the barriers in a starting or blocking position as shown in FIG.
10A. The barriers shown each span an arc of about 90 degrees, so the two antenna
apparatus are able to scan half of a cylindrical aperture surrounding the subject
position. Other lengths and shapes of arcs and other numbers of antenna apparatus
assemblies may be used.

After scanning the first side of the subject, the antenna apparatus assemblies
may move in opposite directions along track 389 to an upstream position on path

392 at the entrance 394 to the interrogation station. The other side of the subject is

then scanned, and with the exit open, the subject may be allowed to leave the
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Antenna units may be distributed along the respective

arcs, may nove along the arc, or both. Optionally, the
W@e@s/196391 he ant enna apparatus, such as arcs 3BGI/ESIH04/040251

354, may include other arc portions. These arcs thus

may i nclude internedi ate portions having respective
intereegdtsstalibnaas sBOR@N inrlGerl@Bpofié antermavapparatus assemblies are

respective centers 346 and 348. | n the exanple shown,

then‘; iapéih. AMYven g@@pwa%k usgP g 6|§p(§§it’ée€idré&id?%5 ki @R initial position

erative to e “subj ect position, and second antenna

ppar at u 34 is.a ted,to nove relativ o the...

oiocBBEr e Sa3 sk sS85 S haE A SehS kP Rigngen seconc
nount edrel ative to an apparatus franme 355 with a

subjetv3 9 toenbemihenntarngationastialiered t o nove ant enna
apparatus 334 relative to a base frane 356. The second

anhﬁnnﬂeﬁ*@gﬁﬁéﬁ UstatiGlY 400! illketrated tind FIGS waldA- a1, rbvides for
position 358, close to or proximl the subject

ositiaon.for i [ a iS. d it .
contigey of Sﬁ%ﬁ%@%%ﬁnﬂlsh%%éﬂb%%?%JSS??P*W%e's shown
ant enna apparat us, t , i) ' i
as Haying ansgblaraa: SpamaBs 40AqORPRURE4alNG, & rIgati:t about 120
station 330 may be useful for providing a

degrekess althbuigh rethenatokngehs ieigenadt shortgrptbainnarca@s redyt be used.
around a subj ect during inmaging that has reducedw dth

Anteiﬁ%s ggﬁ?ﬁ\%ﬁ% ﬁagéeﬁ’\pg/r 395 infiRie8 Sﬁ_tarﬁféﬁﬂé hedlt ee WhIcA may be

V\:hln rogation station through the

. passageways en the distance.be en_the_ant enna

inciebipoan SRR 208 41 dh DS ok, TR FSHNd, SR ihe arc. The
the antenna arrays can nove toward and away fromthe

antennbj apparphsi assemblymday Her adgptedvier moyedalangya Padindefined by a
each other. | n this case, first antenna apparatus 332

guid®¥%s hepraentRfby &l #adk/414. Track 414 extends at least partially around a

subject position 416.

Initially, a subject 418 may enter the interrogation station through an
entrance 420 and along a path 422, stopping at the subject position. The antenna
apparatus 404 then performs imaging from positions along arc 406 with the barrier
in a starting or blocking position shown in FIG. 11A. The barrier may block an exit
424 from the interrogation station, downstream along path 422 from the subject
position. After scanning a first side of the subject, the antenna apparatus assembly
moves along track 414 to a second position, which may be complementary to the
initial position, as shown in FIG. 11B. The next 120 degrees of image of the subject
may then be scanned.

Assembly 402 then may move to a third position at which the final 120

degrees of scanning of the subject is performed, as shown in FIG. 11C. The exit
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to an apparatus frane 355 with associ ated noving

mechani smthat is adapted to nove antenna appar at us
w@3dsned3at i ve to a base frame 356'. | f nore aPCEOSM04/040251

arrays surround the subject position, any conbination

of them can be made to nove toward and away fromthe

fron® thé eaterpigpitionostatibh GS. opiéh avivenl asserhblyt 402 dnt tis \thieghsposition,
interrogation stations that include barriers around

S i ' t r@bhistsn | N [
alloiyh 1R SApIGEEL %8, ] G BREABAMAGT hitn. | (THE SRR apparatus
be concentric or eccentrjc,relative ..o the.center, .
assepRBly HD25 By N Ve AT ek A14CHS Hes il bSit bidtking path
interrogation station 370 having first and second
42? agit exitadadpandliths thesasdenildy 7 2hianpogtian, eatraneavfQ is again
a respective antenna apparatus 376 and 378. Each

unoB&HERBE SRRREHGS sEESHESIABE A Yo ieherupesinBitfoditianr ation.

antenna units 380 and, i1f appropriate, an antenna

o R PR 5500 SR A Yt B BR oy be v

~assenblies 372 and 374 include respective barriers 384
in varigusas thes iteroeation steliens, diugtrated, indhenpthes pligirgsyus FIG. 12
372 and 374. These barriers may cover or encl ose

iluserateacsimpisticigsars@ntent 3paratlAg2vihclading a vertical array 434 of
el ectromagnetic radiation is transnmtted and received,

' I yher C

antetfip e FTuAAD e, SRS 351 137, 338 BAdCRE) JoRp st by cone

used. Apparatus ass lies 37 nd 374 may_be d .
shapgioiol b yar AT % JgA0H MLILH 20N VARahomd F4i The array is

389. As viewed in the figures, a subject 390 may enter
generallgrdiregtdd towardaa isubje’t Qositiongd4d extgneing ganeraéwzparallel to the

through an entrance 394. Initially, barriers 384 and
array86

In a lower portion 434a of the array, the antenna units, including antenna

unit 439, are mounted relative to the array to extend generally perpendicular to a
line 446 corresponding to frame 442. In an upper portion 434b of the array, the
antenna units are mounted at an acute angle to the line of the array. For instance,
antenna unit 436 is shown to be mounted at an angle Al of about 30 degrees from
the perpendicular to the line of the array, or about 60 degrees relative to the line of
the array. Any suitable angle may be used in a particular application, as is
appropriate to obtain the desired coverage of the subject. Antenna units 437, 438
and others are at progressively increased angles relative to the line of the array until
they align with the perpendicular to the array, as in lower array portion 434a. In

this example, upper array portion 434b generally extends above the level of the

subject position. The subject position can correspond to the expected general
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may be abutting in a position downstreamrelative to a

subj ect position 396 al ong path 392 and bl ocki ng an
we@2005/1388 from the interrogation station. Thi SPOEDS1004/040251

supports the objective of having the subject stop on

t he subject position and remain there during inmaging.

position of @l $ybjedthecateticnrtheaubjecitposit®né Accbrdinglyyeall of the antenna
performinmaging al ong arcs 387 and 388 with the

unit?%?{:iogeﬁgégl_t&ﬁ@agﬁé J0b ct ?o@ﬁi'éh?gTﬁ@Séﬁtbﬁﬁa %ifshﬁ’\}’\'[]pper array

arri hown each span an arc o

poﬂ@%?ﬁﬁﬁbﬁ%ﬁ%%e@}k t%?)rcg\n&?faﬁﬁm%ﬁh&nggaag&&e?rg% &SVe the subject

surrounding the subject position. Qher lengths and
posigbiapes of arcs and ot her nunbers of antenna apparatus
assenblies may be used. After scanning the first side

of Fidher s uRisaates & RfmpiiNfroneRRe aF asvaERionbOf @steMdy apparatus
nove in opposite directions along track 389 to an

o2 ERSRTIERE 190 1 4B8 Mo, el BRI e e porvon

subject is then scanned, and with the exit open, the .
4343 objasay M are directedeld differenfvdraumderantial eghtations or directions
station, as shown in FIG 10B. The antenna appar atus

abo@stenid 446 af ¢hé erayagromexameld, ahtenpaturdt 43889 diracted forward.
opposite directions to the initial position blocking

Antegﬁamrfiﬁaz#ﬁ aﬁé‘i4t4839§s§3ljegﬂgel? %S’SXE %n%%é@\ﬂ%tﬁlgﬁa unit 439, may be

ing a secohd | ec 0 enfer t

e TR ket DA MR e oy be

rotati on of an antenna apparatus assenbly 402.
repe@sed: rdidryg 408 amsagholm uppenaariray portiomt4Sdia thepantanna units are

404 extending along an arc 406 of about 120
variously directed left, forward, and right as in the lower array portion. Additionally,
the antenna units may be directed downwardly at an acute angle, as was described
with reference to FIG. 12. For example, antenna unit 436 may point downwardly
and forward, antenna unit may point downwardly and to the right (from the
perspective of a viewer of the figure), and antenna unit 438 may point downwardly
and to the left. In this example, the amount that the antenna units are directed
downwardly at an acute angle to the line of the array decreases with increasing
distance down the array. Many other variations in antenna unit orientation may be
used, as appropriate to provide imaging characteristics desired for a given
application.

Although this discussion has been directed to a vertical antenna array, it also

applies to horizontal antenna array. For example, FIG. 14 illustrates a simplified top

view of another interrogation station 450 having an antenna apparatus 452
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degrees, although other arc I engths |onger or shorter
than arc 406 may be used. Antenna apparatus assenbly
walsiipysbudes an antenna unit 408, which may bRCT/US2004/040251
included in an antenna array 410. A barrier 412 may
extend along the arc. The antenna apparat us assenbl
positioed kedjackntt tsl @ culject position a4kt h Idethinezkample, t?/\e antenna
gui de, as represented by a track 414. Track 414

app%%&é“?%teﬁhs'qq@ﬁé PR iRlthy fBRAUSKaR apelkisect Aposhichal array 458

rtral a subject 418 may enter the

. ipterr tion station thro .an_entran

incluges, P b AR, Upiic e e e NDs SEs S fiean 462 463 and
The antenna apparatus 404 then perfornms i maging from

464pars distributat algngutbe £u6. Witch4bthdapa £erlier ol Gurdature 4 spaced
or bl ocking position shown in FIG HA The barrier may

fronPho&ntan 468 idr thesublietn fdarion) ter shewwt.i @thet shapes and curvatures
downstream al ong path 422 fromthe subject position.

o L 18 29 0L e S s S P A o eeinear e

second position, which pnay be conplepentary to the .
470iand have gotennagnposidorerbah differengangigs w&réxﬁé&@ts'lt'i)?oas shown in
degrees of imge of the subject may then be scanned.

Fig. ASS ®ublry a4@Rizbhiah posiionpve to a third position at
which the final 120 degrees of scanning of the subject

: f] {Agﬁ&‘;cggaf?ﬁ%;){ i@?lg?@%W“init&nféo%tﬁﬁg)rtiaﬁal%iélf)ﬁ g%rflﬂﬁ the antenna

ron 1s open n assenbly 4

it BB o oot 1 Loey ) 5 ofd 847 MR n i

402 may then nove along track 414 to the initial
exampld id ang 4560c Rhagamay talste nchidasxend 4zortiong 1498bt aed 458c.  The
assenbly in this position, entrance 420 is again
antenna units, such as antenna units 460, 461, 463 and 464, in these end portions
are mounted at an acute angle relative to the arc. For example, antenna unit 461 is
mounted at an angle A2 of about 10 degrees, corresponding to a complementary
angle of about 80 degrees relative to the arc. The antenna units, then, in these end
portions may be oriented more directly toward subject position 454 than would be
the case if they were mounted orthogonally to the arc of the array.

Antenna array 458 may extend only horizontally along arc 456, in which case
the side of a subject in a subject position facing the array may be fully scanned by
mechanically moving the arc vertically. Optionally, an array 458 may be part of a
two-dimensional array 472 of an interfogation station 474, which array also includes
array 434 depicted in FIG. 12. For instance, the view of the array in FIG. 14 may be
the view taken along line 13-13 in FIG. 12. If array 472 is large enough it may be

possible to obtain an image of the side of a subject facing the array by electronically
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unobstructed, permtting a second subject 418 to
enter the interrogation station. FIG 12 illustrates a
wo e@saee9Inf an interrogation station 430 that PEEUR®04/040251
used in various of the interrogation stations
illustrated in the other figures. FIG 12 illustrates ]
scangingothes sukigrt.y larsing exaepigsp anatraager9p anhit Pupprtignaof a subject
vertical array 434 of antenna units, including antenna
mayUse desif@s, ind@hich4dieptie 43y Rl e@seaspeddbyy enlyea portion of the
shapes for sinplicity. Array 434 is nounted along a
subj%f&rti cal frame 442. The array is generally directed
oward a subject position 444 extending generally
parallel to_the array, | n_a |ower portion 434a of the
ar h 39D Viaye of Mekanet SK forgn of HE?VJBQ%C?%%@QHH ds ﬂ'h‘isﬁa@g‘,n FIG. 15.
are nounted relative to the array to extend generally
An ipermpgation wtation e188 inclueled 46'st and essgondi ardena fappasatus 482 and
442. 1 n an upper portion 434b of the array, the
484 YPYsRIVARAUBE téd@fté‘d ngpu Bbieﬁoﬁfioﬁéd %I#tﬁea&g'ae_shﬁj;lésgg ®position 486.

'l ne of the array. For stance, antenna unit

shown to pe nt ed at angl e Al _of .about 30 deqrees .
Ante g ondtalE ABAey B A SerteRbapnif i arrad, OF gtiha units
about 60 degrees relative to the line of the array.
adaptey te Gransniittand rasivessledisomagneiia radiation plomgaan arc 488. Arc 488
application, as is appropriate to obtain the desired

in tHPeREMPR 8 sémecpelilhe CdxteAding iremuaifirst ¢3d. 48838t@rdsecond end
others are at progressively increased angles relative

, ¢ - . . _
o0t e E8eP o SR gRUAEPIan " St Rl o Bl g otencs in
434a. n this exanple, upper array portion

a se@érﬁ%smalﬁr PreddL hayingoirsk apdsecend engs 4398 %ﬁ%ﬁt{? about a center

position. The subject position can correspond to the
of canatateedliogeneBarrigesi mapnbefassosiabedtovith othesedaras, tdse has been
subj ect position. Accordingly, all of the antenna
described, and the arcs may correspond to movement or location of one or more
antenna units during imaging of a subject. It is seen that center of curvature 490 is
at the end 492a of arc 492. Similarly, center of curvature 494 is at the end 488a of
arc 488. In this particular construction, then, the four arc ends, the two centers of
curvature and the subject position are aligned along a common straight line 496.

In this configuration, first ends 488a and 492a of the arcs are positioned
closer to the subject position than the other ends. The two arcs may be considered
to be offset relative to each other, in that the arcs form an asymmetrical
configuration about line 496. The arcs, thereby, form a partial definition of a subject
path 498 having an entrance 500 and an exit 502. The subject position is located

where the antenna arcs are located the closest to the subject path. Further, when

the subject is in the subject position, the arcs surround the subject, allowing for
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units are directed toward the subject position. The
antenna units in upper array portion 434b then are
wW@bios/12439pr ovi de an i magi ng perspective from abOwES1004040251
subject position. FIG 13 illustrates a sinplified
front view of a variation of antenna apparatus 432
imagingustt albsiglesiof theGubjett withduti moeirgrar antenma apparatus or moving
units in the I ower portion 434a of array 434 are

the$ red F'u?tl‘%'o ftRE ea"rt? Cdéfﬂéz’g?é W@bn@ﬁ | N P%Eﬁ" ¥tween the

ctions ut’ the Tine e array.
4 d ed f d
entiZhce 8ng et sonpauabens Juf A8E Bt Dol ow

antenna unit 439, nay be directed left and right,
r edmaging sysiemasnay baetserin enwide ariesy of mpsligatianss AThey may be
may be repeated along the array. | n upper array

use@q’rﬁ fcbﬁ(/‘erﬁ%l fike@ |6cHtRAB aviietet secafity vitddke Uik cudfarelyt tede, such
forward, and right as in the | ower array

as |' :Eaétr{cg%d %ﬂ%ﬁér &?ﬁté@nt&%‘%&%%iﬂﬂ:ﬂl&u@ ﬁlﬁg%ap fhay be considered

escribed with reference to FIG 12. For exanp
||ke|¥rtﬂé?ﬁ1@f iteresh is pﬁﬁﬁpﬂﬁ&amngd@%tmw&prmeﬁﬁ w&hlaﬁtlons In such

antenna unit may point downwardly and to the right

instélfatioms} e ipdmppetant e kéem the eweaging dybeenis gunetjonahrid order to
antenna unit 438 may point downwardly and to the left.

mtel'rogagé‘rec Hﬁ%l% \Acfgbgpﬁﬂﬁ’é”ﬁow hgf ﬂé??o | efHiBu ﬁ' Eh°e associated

y at an acute angle to t I'i ne
deé;cafases W th increasing d| st ance dovvn

_ ra
'”tefrHSaEP'Fégat 1833 variations in antenna unit

orientation may be used, as appropriate to provide

i wﬁlgylla(?gwt%g;ﬁﬁtams are slsocssefielsior &oe temparayy vrierrogation of subjects in
ad r?(fcpappllcatlons that do not warrant a fixed or permanent installation. Examples
include special or infrequent events, such as sports or political activities. Another
example is a military operation in which troops are moving across a large territory,
and check-points are set up at points of access for non-military personnel. For these
applications, it may be desirable to have an imaging system that can be readily
assembled for use, and then disassembled for reuse at another location.

FIGS. 15-19 illustrate various aspects of imaging systems that can facilitate
assembly, disassembly, upgrading the imaging system, and maintenance. FIG. 16 is
a block diagram of an imaging system 510 having an antenna apparatus 512 and a
controller 514. The function and structure of imaging system 510 corresponds to
imaging systems described above, and have the particular features described now.

Antenna apparatus 512 can include a plurality of segments or modules, such

as array modules 516, 517 and 518. These modules in combination can form the
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Al t hough this discussion has been directed to a

vertical antenna array, it also applies to horizontal
wa@nicenngonrray. For exanple, FIG 14 il ustr atBGI/EHS2004/040251

sinmplified top view of another interrogation station

450 havi ng an antenna apparatus 452positi oned adj acent
antémnan appayaias. posiftame dis4nounting lassemblym®28, canejoin the various

ant enna apparatus extends along a line in the form of

moé\?le@ftfgétﬁér in"§ th%%?ﬁig@Fétﬁ)Y\ 48&h BBGh HASRC @2&' dff a’ﬁ iartréiy 524,

ant'enna uni incl ding antenna units 46

T oo S PRI 08 FORJ of gty o

468 of the subject position, as shown. Ot her shapes
intesiagation segmesss, guchas latefm@aylo:aesag@wt 526 Adant@nalemterrogatlon
the array could extend along a rectilinear |line 470

seghAfftd)avecirndsineeratatiohi eegrient 518 f emgntbearfolraed of associated
versus position as shown in Fig. 12, but in a

o6 R A TR A s 0, 31 2 o

units, such as antenna unit 462, extend norpal to
be Jaec by 3 Rebrets Ry Mo Sssertily <55 arfp) Wiive MewOGaoN segments

The array al so includes end portions 458b and 458c.
526Tdrel 828 eamch otimers s may umeh jaisech by enbaseumiousitinggssddibly 888, to form
and 464, in these end portions are nounted at an acute

ant&ﬁﬁi& Shflid ¥ to the arc. For exanple, antenna unit
%['r)rmunte ‘at an angle A2 of about 10 degrees

God ERBPRGNER o “RRB & Bk Hah, TAADRAS' oAt tocfitp @ modute

in these end portions nmay be oriented nore dlrectly
inputpowiput device Sd2mfgiontrofen8k4.t han woul d be the case if
they were nounted orthogonally to the arc of the

glf gFEr!](SgE al?‘g%%génléi;d] %P%ﬁ&ggg che eofiguirhtion ©fi & FiRstadirsly module,
such as module 516, connected to a second array module, such as module 517 of an
antenna apparatus, such as antenna apparatus 512. Module 516 may include a
frame 544 that is attached to a corresponding frame 546 of module 517. Frames
544 and 546 can be attached together in various configurations, such as by
connection to a common frame or mounting assembly, or by joining them as
segment frames, as shown, with an attachment assembly 552, such as brackets 554
and 556. Other structures may be used to attach the array modules together.

Each array module can have a plurality of antenna units, such as antenna
units 558, 559 and 560. When the plurality of array modules is mounted together,
the respective antenna units may form collectively an antenna array 562. Each

antenna unit is in communication with a transceiver 564, which transceiver may be

resident as part of the array module; mounted on a common base mounting
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the side of a subject in a subject position facing the
array may be fully scanned by nechanically noving the
wae@saspical ly. Optionally, an array 458 nay BPET/ps2on4/040251
of a two-dinensional array 472 of an interrogation
station 474, which array also includes array 434
assetabiye pedt iano&tian uez{noueﬁomntﬁe:aantenna Bppaiasus.oflf hereansceiver may
array in FIG 14 may be the view taken along |ine

therdt Bl dofhrhiificatian with a Pro6@ssdr 8r behdraidital €BAtaNet Hevidy, such as
be possible to obtain an inmage of the side of a

. Subj e f.acj . rray by el ectronicallyscanning the
via éﬂﬂf’%@z‘?“tPHf Q%Wéggﬁghpl es, an imge of only a portion
of a subject may be desired; in which case, the arra
nmayflGodBedgnicia a plusality of aday inedwest %hs%jﬂ&dule%ﬂé&ﬂ and
view of yet another formof interrogation station is

518} pbsisibhéd afbrigarriafe 568 andrdiratted togaid @subjeat positiéA®70 to form
I ncludes first and second antenna apparatus 482 and

on §nRBSkpaRARd, o7 *JREHRCIIE, RaBh PRyl ke bty o
i ncl ude an .ant.enna uglit or ar{j@/ of .,ant enna un

anteie, SS9/ 2 isageed alnno e gt CEPICRI NS nés 574 and 576

radi ation along an arc 488. Arc 488 in this exanple is
asscatated cwithuimadulasx b6 dindy 547 omiTaef amay raadulgeg smay cbes mounted at
second end 488b around a center of curvature 490.

respachivt &rlgles, 2R U aRRRA ! fefati@HE ¥hENGthém The result is that arc
sem -cilrcular arc 492 having first and second ends

soc 2R e Bt &, SR e AR AE Bl con accordingly

been descri bed, and the arcs may correspond to )
be canfigused toform@ny appropriaieearsy Inuding i Eegtlingai tike for which the
during imaging of a subject. | t is seen that center

radigh of ¢UuMatufeemd bd coriiderbe tee atHrinfihite distdRce.

Simlarly, center of curvature 494 is at the end 488a

of An example of an interrogation station 580 using a plurality of array modules
516, 517 and 518 to form an antenna apparatus 571 is shown in FIG. 19. The array
modules form an array 582 extending horizontally around a subject position 584.
The array may be moved up and down to scan mechanically a subject in the subject
position by a moving mechanism 586. A frame 588 forms a barrier that also
supports the antepna apparatus. A transceiver 590 may control operation of the
antenna array and antenna units during scanning of a subject.

Optionally, interrogation station 580 may be configured as an interrogation

segment 592 that forms part of an interrogation station 594 shown in FIG. 20. As
illustrated, interrogation station 594 may include a plurality of interrogation

segments, such as segments 592, 595 and 596. The interrogation segments may be

mounted collectively on a segment frame 598 to form a combined antenna array 600
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arc 488. | n this particular construction, then, the
four arc ends, the two centers of curvature and the

W@ apaze3Iposition are aligned al ong a conmon sSPCHU§IW4/040251
line 496. | n this configuration, first ends 488a and
492a of the arcs are positioned closer to the subject

fornpeds byithe arreys oheadt bértheterroghtion wegarenss angd edending along a
considered to be offset relative to each other, in

conﬂ:h?éd th%@QCS‘I'ﬁé”tFEn%Bel@éﬁé“m of 4AE iARAFCRYbAT de@fin@it8Uhay be in
1 ne 496 The arcs, thereby, forma partial definition

oy B AP RaE HAEERyBefn seomen

ant enna arcs are | ocated the closest to the subject
mayshare Busingler frappesivem eQbpe sepaeately, tmeastyﬁpmver included in
position, the arcs surround the subject, allow ng

confroflérB@4, ngs Gfasaddscribad swith réf@ﬂemébtcﬁcbnt\noltdrozn offdmaging system
an ant enna apparatus or noving the subject. Further,

the arcs define the boundaries of the path between the
20. , . .
entrance and exit. Qher configurations nay also be
used

d. t w d
o 3F vl e e Yo B g BTREAINGG HBNGS RS e, Jaterrogation

| ocati ons mhere security checks are currently nade,
statimms rarab antennasapparatrs hiavs vartyires chamactaristing eadckeatyres. Various
public facilities that may be considered likely to be

of tﬁése]I feRfIRS! mb? HREus& Uaﬂbl@céﬁﬁiﬁa‘ﬂi@hbvq:&re%ﬁés ¢he antenna

I nati ons. nsuchlnstalatlons It |S|n'portan

arrayfy é?%fﬁ@gﬂewﬁﬁ%?ﬂ%ﬁ%qs 5 Bok B e RoBfE bang mav e

through the associated interrogation station or ]
consiraatednwith | ansgy regosieste machr Baving oa (Rjerality fafr arags, transceivers,
tenporary interrogation of subjects in ad hoc

andﬁfrpihb??aié eossthlidéd &6 inedrragationnsedméntse dThesep arrmamnsagiments and
i nstallation. Exanples

interrogation segments facilitate maintenance, since faulty parts can be readily
replaced, or the entire system may be readily assembled or disassembled, as
appropriate. Further, an interrogation station may have antenna units mounted at
differing angles along an arc or with different polarizations and beam angular width,
either vertically or horizontally for the entire antennae apparatus, transmitting or
receiving arrays, or individual antenna units within an array arc may be formed of
antenna units formed in groups or segments extending along a line that varies from
the arc, but collectively form the arc. Array segments may be oriented along the line
of an array that varies from the perpendicular line of the array. Various
combinations and configurations are therefore possible.

Some embodiments of imaging systems having any of the various described

interrogation stations may use a transmitting signal that incorporates frequencies in
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i ncl ude special or infrequent events, such as sports
or political activities. Another exanple is a mlitary
wWo@p@sar43en in which troops are noving across aPCHU§®04/040251
territory, and check-points are set up at points of
access for non-mlitary personnel. For these
the 4pnge 6A2AdAs30 GHznENOWE nerdulation, @ndhadie signal cagteng that meets

systemthat can be readily assenbled for use, and then
FCi wdlgersad eshdration eHsRiimatot Brd |ocaitsigd. ofl &y restricted US

15-19 illustrate various aspects of imaging systems
GokE%eﬁgg'{ehaghéy P@ﬁrﬁ% ZE %Fﬁ tg%é:ﬂ@i?gﬁegroﬁ@gi 39 Rfkroseconds.

bl ock di agram of an inmagin stem 510 havi ng an
Antepash rReash pichesmaY2 e @200 cr205 flegraese for broad beam

function and structure of inmaging system 510
impiamerdationdort romdgito g36 yddgress des ararbew bdwivewigbhd applications,
have the particul ar features described now Antenna

dep@ﬁgiﬂba&‘ﬂ%héJiﬁ\agér\‘ohﬂﬁh&ﬁ Ogma‘P éil’g?égsb gi?%t S ﬁﬁous system

ufFes, suc S array no ese

es in at on c theante
poldfietiafs my RS dieringtxanaig pdudb it Peﬁﬁ'@ b yaPeb polarization,
nodul es together |n a glven configuration, such as in
ellipiicabpaladzdiony, right sirewlyr polarizayon, anel/ oy left ciecularcpolazation.
516, 517 and 518 can formone of a plurality of

' nt@t@@@%w OWhﬂé&ﬁénhﬁeanéﬁnémﬁn?"th@%ﬂcbwmgs@lﬂﬁﬁ@have been
526. Additional interrogation segments, such

pariidlithl SR e @gﬁﬁﬁﬁo%ﬂ?@%@“‘ﬁéﬁgaﬁ@e SHRG retens

Modul es 530, 531 and 532 may d]OIned by a frame_ or
embqglimenisy these:Aliled g3 4he jark V\t”uMﬁ' erstard thafamany variations may be
segnments 526 and 528, and others, may be joined by a

madsmigmremuwtthogt departingyfro@iSthet spifibam:l aubperuf thepaveattions. Other
combine;tions and sub-combinations of features, functions, elements and/or
properties may be claimed through amendment of the present claims or presentation
of new claims in this or a related application. Such amended or new claims, whether
they are directed to different combinations or directed to the same combinations,
whether different, broader, narrower or equal in scope to the original claims, are
also regarded as included within the subject matter of the present disclosure. The
foregoing embodiments are illustrative, and no single feature or element is essential
to all possible combinations that‘may be claimed in this or later applications. Where
the claims recite “a” or “a first” element or the equivalent thereof, such claims
should be understood to include one or more such elements, neither requiring nor

excluding two or more such elements. Further, cardinal indicators, such as first,

second or third, for identified elements are used to distinguish between the
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A conmmuni cation link, such as |ink 540, connects each
nodul e to a nodul e i nput/output device 542 of
weosnofsher 514. FIG 17 is a general schenatikCDUSINE040251
configuration of a first array nodul e, such as nodul e
516, connected to a second array nodul e, such as
elemenits, @ndl1do ofotdndiaateearraquivedrant linited incimbzes amswaimalements, nor
apparatus 512. Mdul e 516 may include a frame 544 that
doesst génaralg thdicata acﬁérhétf}lﬂp pekifen fdrafBePdfsth SRfHENEs.
5177 Franes 544 and 546 can be attached together in
various configurations, such as by connection to a
common franme or nounting assenbly, or by joining them
as segnment franes, as shown, with an attachnent
assenmbly 552, suchINDUSTRIALAPPEFABIRETGS6. Ot her

structures nmay be used to attach the array nodul es

t ogRHeh@éscribad Mnrgirty syseme earchoornpyrersts funedging spdtems, as well
antenna units, such as antenna units 558, 559 and 560.

as @Pofé Er{&&ﬂ@d?' Eﬂh tstfﬁgc to(/e aﬁdgﬁ%ﬁlﬁﬁo{ éun&!éfﬁ%@é’ metric, and other
coIIectl ely antenna arr 562. Each antenna unit

indysfries, in,wh rﬁ@ﬁqtdwaaﬁsﬁreaﬂ%ﬁ%ce. ver 564, whi ch
transcei ver may be resident as part of the array
nodul e; nounted on a common base nounti ngassenbly; or
at a location renote fromthe antenna apparatus. The
transcei ver may then be in comunication with a
processor or other signal controller device, such as
via an input/output device 566. FIG 18 depicts a
plurality of array nodul es, such as nodul es 516, 517
and 518, positioned along an arc 568 and directed
toward a subject position 570 to form an antenna
apparatus 571. | n this exanple, each array nodul e has
a plurality of
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antenna units 572 di sposed along a rectilinear |ine,

such as lines 574 and 576 associ ated with nodul es 516
w@ees5534392 The array nodul es may be nounted at PCT/US2004/040251

respective angles, such as angle A3, relative to each

other. The result is that arc 568 is conprised of a

pl @LAIlMey of chords. The sane array nodul es can

accordingly be configured to form any appropriate arc,
Whaltrlglcfé '88 i rectilinear line for which the radi us of

curvature may be considered to be at an infinite

di stance. An exanple o n interrogation station 580

usilng aiﬁl Imaging §y%?ma{2p§)‘?oﬂ:t5’(ﬂ§|n§s 516, 517 and 518 to
forman antenna apparatus 571 is shown in FIG 19. The

ar epyantenna apparatus §82)aconfigused testransaiih gowaid anehtraceive from a
around a subject position 584. The array may be noved

t suIsieaN poEiEiBAN (S| havidgs Hbi&ster | &lectromagnetic
SUbjsEE)ja(gg%)}jg@Qiatiggﬁ by pa nlei gsg;gnec\tqlaﬁi sm 586. ([,’;3\36?Jr1ane J

588 f barrier that 0 r t t
racigfion, (360207 ARtq SiSbushoEraBus edPEn e s 3B ARR 4z, from
the antenna array and antenna units during scanning OF
posisiogsiispaced fown i thaasubject; prsition §&4) éﬂds‘i"ﬁm%&ﬁecg@@%§ irst locus
be configured as an interrogati on segnment 592 t hat

(88Y of ﬂi@irﬁ@ﬁr‘icl@cﬂin?mti lebstr a fiyet cunvedtlatio(8%)96f pbimis hawing a center
FIG 20. As illustrated, interrogation station 594 may

. . . . o A%
o2 Bt ufe BhHedl ol fie bl [AATAEE SRR Hestioh @S
may be nouynte ol lectively on a ,segnent frane 598 .to
foﬁmtrénéQﬁWﬁrngﬁe aRP l'gwear%a)?pﬁfﬂ??o antgpnan apRareLys (82) and
of each of the interrogation segnents and extendi ng
producenan autpurti{d8p depreseridive ohithe reseivedi radiatiopdB0yf andhe
interrogation segnents may be in comunication with a

Sh%agﬁ)tcg%rf @0 dBRAd tORIInVBR! the triRscdiviresitpaat“s) into image

seg
data (50) representative of an image of at least a portion of the subject (100).

2. A system (20) according to claim 1, in which the center (86) of the
subject position (84) is between the center (92) of curvature of the curved locus

(88) of points and the associated locus (88) of points.

3. A system (20) according to claim 2, in which the antenna apparatus

(82) is adapted to move in a curved path (96) along the curved locus (88) of points.

4, A system (20) according to claim 3, in which the antenna apparatus

(82) extends along the curved locus (88) of points.
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may share a single transceiver nounted separately, or
a transceiver included in controller 604, as was

walemsnz4serl with reference to controller 24 of POEUBI9G4/040251
system20. | t will be appreciated that the foregoing
I magi ng systens, interrogation stations and antenna
appar at Ussysiem (24)doagrdimgitaciam 4tfoc sisarah deabjects(100) having
Vari ous of these features may be used in various

an é&‘é@ﬁﬂrﬁ%Hﬁ?ﬁ}@?i@%ﬁ@@% ehe Eéﬁte@r(Bé?ﬂ?e 3NBRYE position (84), and in

scri be erence to any of the interrogation

.Statipns be constructed w array_se ts,. e
whigh B Beks Tl 3F pBES has fr s P ALEERAIETE B ing Mides, (118) of
be constructed as interrogation segnents. These array
the saljjiesth( W facingttbe coead loaus E3feaftROiRtsei | i t at e
mai nt enance, since faulty parts can be readily

repl aced, or the entire systemnay be readily
assenbl ed or di sassenbl ed, as appropriate. Further, an

I nt.er r ogat. S [ i- ' J .
at & 1o e R 8 Cifs 10N s Ut AL 300) having
pol ari zati ons and beam angul ar wi dth, _either, .

an egepntricashapedd 18) relabve 40 the £enter 801 At e SubiegRgsition (84), and
apparatus, transmtting or receiving arrays, or

in which thelloals 88 ofipoimbs has ai curve (80) eomrespandingriyy the shape (118)
formed of antenna units formed in groups or segments

o tRELABAL L e hp Bori oy de i e o D

e arc. y ‘'sednents may be
oriented along the line of an array that varies from
t he perpendicular line of the array. Various
conbi nations and configurations are therefore
podsi bl & sy&iem 61 aticording tofclaimag; iy which &g pallvi(Rg) along the
any of the various described
curved locus (344) of points has a plurality of different centers (346, 348, 350, 352)

of curvature.

8. A system (20) according to claim 2, in which the antenna apparatus

(82) extends along the curved locus (88) of points.

9. A system (20) according to claim 8 for use on a subject (100) having
an eccentric shape (118) relative to the center (86) of the subject position (84), and
in which the locus (88) of points has a curve (90) corresponding to the shape (118)

of the subject (100) adjacent to the curved locus (88) of points.
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interrogation stations may use a transmtting signal
that incorporates frequencies inthe range of 24 to 30
w@Rs1HMWV nodul ati on, and havi ng si gnal cont ePCT/UBBD4/040251
nmeets FCC unlicensed operation requirenents and is
outside of any restricted US Governnent frequency :
barids. FAlsgstehe (2Q)hacoveding eogeaitm @mir2 whidld the path (96) along the
m croseconds. Antennae beam w dt hs nmay range from 20 -
el r f oad | ; t A
unfelP LG8 S0, o JRORET e AR aftchohy, Bntk81(s46, 348) of
dependi ng on the image formation signal processor
cur\@&ﬁ{ﬁ'r enments. Various system pol ari zati ons may be
used. Exanpl es include sane polarization, cross
pol ari zation, elliptical polarization, right circular
pol ari zation, and/or |left circular polarization.
Acdqar, di pgbystemi208 dcberdinty BNtapR 2, WWHRﬁﬂthé‘cﬁu%g locus of points

foll owi ng clains have been particularly shown an

I ' f : Qi referred. .
defilEE 8 RE Rl 468 CBY ISR, ot (4385 ), BifBeLifhieet positon
that many variatjons my be nade therein wthout
(486icis £aseR fo ongANnchEtSsa) P¥1th%ﬁt£ GESp dhan the etheneanst (488b).
O her conbi nati ons and sub-conbi nati ons of features,
functions, elenents and/or properties nmay be clai ned
t hrough anmendnent of the present clains or

prgsent at i ' [ i r: t . "
Boart ca) ohetel, (POYaELGHTy 18 ddlin? 137 18 WHCH, fife supiect positon
re directed to different, conhipations or directed to
(456).5 BenGAT hetheen e Cebter HADON Gt ERgaRire oty ke clrved locus of
~harrower or equal in scope to the original clains, are
poird$ aodrtbgangeznchet88ag lofi dleel avd (488). t he subj ect matter of
the present disclosure. The foregoing enbodi nents are

illustrative, and no single feature or elenent is
essential to all possible conbinations that nmay be

cl ?bfrEd,l\i &s‘t&%s(ﬁ :—lc%ledrinﬁ‘% Ic:ilacu%t Elf,nﬁf ch%r the antenna apparatus
(482, 484) is further configured to transmit and receive electromagnetic radiation
(26, 30) distributed along a second locus of points spaced from the first locus of
points, the second locus of points including a second curved locus of points forming
a second arc (492) having a center (494) of curvature and opposite ends (4923,
492b), and the subject position (486) is closer to one end (492a) of the second arc

(492) than the other end (492b) of the second arc (492).

14. A system (20) according to claim 13, in which the subject position

(486) is between the first and second arcs (488, 492).
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the clains recite la" or "a first" elenment or the
equi val ent thereof, such clains should be understood

wa o00snz43ge one or nore such el ements, neitherPCT/US2004/040251
requiring nor excluding two or nore such el enents.
Further, cardinal indicators, such as first, second or
t hisd, frosydtden(20)i actortiingett slaémel4)sipdwhirhdasiiienganisdtting the
bet ween t heel enents, and do not indicate a required or

one! ér:]rg[]il E(EESQUHP%? Q%ngfé” g@éiﬁ”ﬁ/ﬁh Sthe"Ghe %%2§4%2l?§ ‘ﬁ&efh“é k¥cond arc

e“a particular osI’tion or order

| ements. | NDUSTRI AL APPL| | LLTY The descri bed
(49 Sﬁéjt@r)?é‘ﬂgu e&#ﬂe@&%hﬁ@%& i magi ng systems, as
well as the nethods relating thereto, are applicable

to surveillance, netric, and other industries in which
subject images are utilized. CLAIMS What is clained is:

1. 180 | NBgihemSPB)Y btdrdhg &PaRIn BN whithrtHeeiR@ and second arcs
apparatus (82) configured to transmt toward and

cosh A BB okt bR S GH CRBRL o
(26, 30) in a frequency range of about 200 MHz to

about 1 THz, from positions spaced fromthe subject
position (84) and distributed along a first [ ocus (88)

of 1poi ntas s'};stehuqaoy aetotddag ttoacthim s1, aurwigidh | heuserdi®B) (142) of
of points having a center (92) of curvature spaced

cunat Q8 b fhe Elﬁ‘lt(v%g) IB@S% ](il’ggSJ:é\‘gpcﬁiH@ ghd tﬁ@%ﬂ&éﬁ%ﬂ%ééﬁrgt@s (132) are

transcCerver 0 opera
ppar atus (82) and produce_an output (48
on tﬁspﬁa&eeﬂfiatq%\t%e @fanw;élgébc@ﬁ ﬁwh%taﬁq%ﬁw @3- and a
processor (40) adapted to convert the transceiver
out put (48) into inmage
18. A system (20) according to claim 17, in which the center (138) of
curvature of the curved locus (138) of points is between the center (136) of the

subject position (134) and the antenna apparatus (132).

19. A system (20) according to claim 18, in which the antenna apparatus
(132) is adapted to move in a curved path (146) along the curved locus (138) of

points.

20. A system (20) according to claim 19, in which the antenna apparatus

(132) is curved along the curved locus (138) of points.
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data (50) representative of an imge of at |east a
portion of the subject (100). 2. A system (20)
waewonzlidpy to claim 1, in which the center (86CDUS1004040251
subj ect position (84) is between the center (92) of
curvature of the curved | ocus (88) of points and the
asstci atfedydtenu@0) &tyowiing to atesm A) fok ssesorra §utfect (150) having
according to claim 2, in which the antenna apparat us
an é&?gﬂbcf\sll?é}%’g%ﬁtgﬁé’tm@ céﬁ‘toef‘ rg?‘ch)’SF*ttﬁé‘%ﬁbﬁ%ﬁ?@%@ﬁ%l%}, and in
a|m3 n V\,hl ch the antenna,a
whigl 3 cloPdh (2361 B Paints” s voque cMERR iRG 3, R Shape of the
A system (20) according to claim4 for use on a
submbj(biﬁ) facing)theaauirveyl logus (&3 ofi poiBtsape (118) rel ati ve
to the center (86) the subject position (84), and in
whi ch the I ocus (88) of points has a curve (90)
correspondlng to the shape (118) of the subject (100)
ng tah \% I .
o @orﬁés“t@h O)é&ﬂ?dlé&&ér&ausrg‘i n°‘ wh? @f%ﬁ&%ma apparatus
g, eccentric shag k :b rel atlve to the center
(33%,8%3‘550 PW@SJ%F aptenHgsAH ML 3B movinedin A et 8FC (3r) defining a
| ocus (88) of points has a curve (90) corresponding to
firstt durvedh bguers (of Pdjnte fantree seadnidearite(id @jraly AGHAY mMdwing ir & @dcond arc
| ocus (88) of points. 7. A system (20) according to

(34/? ?kiglhn?’l‘g é”sé@Bh@hchEdpl b Q)?%OI@#S gﬁFt fist GHd SEcARE Yhes (344)

ol nt's has ura Ity ferent centers

bt e o A AR e

extends along the curved |ocus (88) of points.
(338) o the subject position (336) and the respective antenna array (342).

23. A system (20) according to claim 22, further comprising an array-
apparatus moving mechanism (355) adapted to move the first antenna array (342)
between a distal position (360) and a proximal position (358), the array (342) being
closer to the subject position (336) when in the proximal position (358) than when in

the distal position (360).

24. A system (20) according to claim 19 for use on a subject (150) having
an eccentric shape relative to the center (136) of the subject position (134), and in
which the locus (138) of points has a curve (140) corresponding to the shape of the

subject (150) facing the curved locus (138) of points.
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9. A system (20) according to claim8 for use on a
subj ect (100) having an eccentric shape (118) relative
wao o0oshai3gent er (86) of the subject position (8BJT/Us29A4/040251
in which the I ocus (88) of points has a curve (90)
corresponding to the shape (118) of the subject (100)
adphcenf systarhg20)iaceording: i clah®) 18)f Inpwhld'\s{;hﬁ)anwnna apparatus
system (20) according to claim8, in which the path
(13%%%'%5051%9 hRe %uwé@dot@s:eﬁs()?cﬁ ifts. poi nts has a
lurality o fferent centers (346, 348) of
curvature. 11. A system (20) according to claim2, in
whi ch the curved | ocus of points defines a first arc
(488) havi ng opposite ends (488a,_488b) ng the
suBpect Ap%?& 0) £gegrding & skim 2% @nwhgﬁdﬁmgggpngfappamtus
the arc (488) than the other end (488b). 12. A system

(334, 23K) aschodell aGrdtantemarairdy (B42whioving inea §irstjazc (344a) defining a
position (486) is generally between the center (490)

ﬁrst%a\%%g&%‘{f PB{ t§e Qrzcri %ﬁeﬁ@?'aﬂ‘ﬁﬁw@érr ?‘é{fné)( @g‘?lntgriﬁ #85&cond arc
Gafal e pecord SRt dars EiPSintio e Srdid SRGd arcs (3442)
recei ve el ectromagnetic radi ation (26, 30) dlstrlbuted

haviag orespacthec oenters ¢846,0848p |0|ﬁtc31r$¢1‘au:@d3dsrtmmedhbeﬂweeﬂ the center
| ocus of points, the second | ocus of points including

(338 %'r%aers%j‘é&b%@nt.bﬁqssﬁpén@Qh@?ésﬁe@fm@: RAtehrRenead (342,

having a center 94) curvature and opp03|te
ends (492a, 492b), and the subject position (486) is
closer to one end (492a) of the second arc (492) than
the other end (492b) of the second arc (492). 14. A
sy27em QA26ystarc 62Q) Agcarding 4o rslaim 36a fsthes” gomeprising an array-

subj ect position ,
apparatus moving mechanism (355) adapted to move the first antenna array (342)

between a distal position (360) and a proximal position (358), the array (342) being
closer to the subject position (336) when in the proximal position (358) than when in

the distal position (360).

28. A system (20) according to claim 25 for use on a subject (150) having
an eccentric shape relative to the center (136) of the subject position (134), and in
which the locus (138) of points has a curve (140) corresponding to the shape of the

subject (150) facing the curved locus (138) of points.
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(486) is between the first and second arcs (488,
492).15. A system (20) according to claim 14, in which
wa@2dosnsi3epnnecti ng the one end (488a) of the fPCHUSHNQ040251
(488) with the one end (492a) of the second arc (492)
passes through the object position (486). 16. A system
(2@P. acdosystam (20)caaonding, toi claiwhi25h in ehi¢h the ambenna apparatus
second arcs (488, 492) forma generally S shaped
(1748 M&ﬁesp&s@aaew anféhina udit - (17\2)Syaﬁ¢c?ea&r?ahtaﬁ~@0umt rw72) pivots

laim1l, in which the center (142) of curvature

aboggaaﬁ RSB S Bl BB R A of e cre

136) of the subject position (134). 18. A system (20)
locuscebpeintg ¢1g63/ Mheraby eash antenna Hinik &kt 2y SEABBRCEES at least a
curvature of the curved | ocus (138) of points is
porfi6ii OE eiie biRsjeciepdsttion 188Y) f thehentetha emit (T2) blv@lts 6BS4) the pivot
and the antenna apparatus (132). 19. A system (20)
ding to claim 18, in which the antenna apparatus
9 is adapted to nove in a curved path (146) al ong
the curved | ocus (138) of points. 20. A system (20)
according to claim19, in which the antenna apparatus
(132) is curved along the curved | ocus (138) of
poi3fit s. Al syshery 2Bnad@adingdoarlaiimd8t in evhichmtiz® ahtennas apparatus
on a subject (150) having an eccentric shape rel ative

(174})”{\%}}%6%% I@éf,t( éﬁ@bnfﬁnﬁahﬁnﬁ l{ﬁ’??ﬁarﬁpéééh aAtdhha%init 2072) pivots

the [ ocus 0|nts as a curve

aboyﬁ”es %g(%qn the §r}acf)mp fen%e& erZQ ci?@g;g ﬁ{é)g ftﬂe curved

according to claim 19 i n which the antenna appar at us
locus of points (176), whereby each antenna unit (172) scans across at least a

aXI

portion of the subject position (182) as the antenna unit (172) pivots about the pivot

axis (188).

31. A system (20) according to claim 30, in which each antenna unit (172)

pivots about a fixed pivot axis (188).

32. A system (20) according to claim 18, in which the locus of points has a

plurality of centers of curvature.

33. A system (20) according to claim 17, in which the antenna apparatus

(216) is between the center (220) of the subject position (218) and the center of

curvature (222) of the curved locus of points (224).
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(332, 334) includes first antenna array (342) noving

inafirst arc (344) defining a first curved | ocus of
w@eioatisi3and a second antenna array (342) novi nBCT/HSH04/040251

second arc (344) defining a second curved | ocus of

points, the first and second arcs (344) having

re3gect Aveystamt @03 acéddlin@4@)claiin 83, mawvhich s antevmadapparatus

bet ween the center (338) of the subject position (336)
(216?9@9‘16@5 %?3@%’36%%%% %i@{%ﬁﬁh%ﬁﬁzéachzghteﬁn§>{ﬁ$i@(‘214) pivots

according to clarm 22, er conprising an

aboft & BRSSO RS Db GHGLEE GaTBYfre curvec
position (360) and a proximal position (358), the

locuarofapointsi £224)ki whersbys each anternas ubjte214) osqanisoacross @t least a
when in the proximal position (358) than when in the

portiirséRthePRbjédtPbsitih0)21834s the Andéraa (RIRX2 a4CHivEisd@bdLR the pivot
claim19 for use on a subject (150) having an

. tric shape relative to the center (136) of the
aXSigg?Em position (134), and in which th(e Ioz:us (138)
of points has a curve (140) corresponding to the shape
of the subject (150) facing the curved |ocus (138) of
poi nts.25. A system (20) according to claim18, in
whBgh tll\esy@témr(ﬁa; apeordidigute Claiv2 B4ein eundch edamgntdmaa unit (214)
curved | ocus (138) of points. 26. A system (20)

: i [ 4ok N which th t t
pivoE BBt A PR e 1P (o enna aray. (342) movi ng

inafirst arc (344a) defining a first curved | ocus of

poi nts and a second antenna array (342) noving in a

second arc (344a) defining a second curved | ocus of

poBht s, Atdysterm (20) aecbrdimgoiodclaint 83 Buwhichhidei Ingus of points (344)
respective centers (346, 348) of curvature positioned

has BESIMRATY bN8iffePditeenters of curvature (346, 348, 350, 352).

37. A system (20) according to claim 33, in which the curved locus of

points (224) is convex when viewed from the subject position (218).

38. A system (20) according to claim 17, in which the antenna apparatus
(262) includes at least one antenna unit (266), and each antenna unit (266) pivots
about a pivot axis (272) substantially passing through the antenna unit (266),
whereby each antenna unit (266) scans across at least a portion of the subject

position (274) as the antenna unit (266) pivots about the pivot axis (272).

39. A system (20) according to claim 40, in which each antenna unit (266)

pivots about a fixed pivot axis (272).
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(338) of the subject position (336) and the respective
antenna array (342). 27. A system (20) according to
web@sme@® further conprising an arrayappar at UBCTOS1004040251
mechani sm (355) adapted to nove the first antenna
array (342) between a distal position (360) and a
pr c¥d. malA ppstem (20)(R&%8)ding e daimay, in3vwRjchbienipcas of groints (344)
to the subject position (336) when in the proxinal
ik j Rt a it i (360) .
i R A st N AR T L e T
subj ect (150) having an eccentric shape relative to
the center (136) of the subject position (134), and in
whi ch the [ ocus (138) of points has a curve (140)
cordles pdhaysigm: @09 receishing: ta £laim 0s imjvdich the mcus afipeints (353,
the curved | ocus (138) of points.29. A system (20)

354?%@@1: MletrRedib® Burded portivhiakd dhenddupras géﬂﬁﬂf 8hWach end of
174) includes at | east one antenna unit (172), and

e .enn Lt A .\ O | Vv i . .

the (et R RC iR pRrEn: R 8 RitBHhediaft tRhadl Bytion daving 2
curvgd | gcus of points (176), whereby each antenna

longgyi radius of cusatHEe Hianode rmdiysefsquriatybe of Hie gnd pektions.
subj ect position (182) as the antenna unit (172)
pi vots about the pivot axis (188). 30. A system (20)
according to claim 18, in which the antenna apparatus

(1g3) | '?\Cgﬁsgéﬁ i) ?@%rdi‘gpetoaﬂtagﬂ@i g gsé Jo??}a’sugﬁé’ct having an

each anten unrt ’( Vot s out a prvot axi

88) ,spaced fromthe center curvature (178). of )

eccdnifg PR ctRntote B the etero (St g stbfect aaskioha 3385, and in
unit (172) scans across at |east a portion of the

whiguBje:locup of ipoinds has @urse (34da, atdbn 3d4ancarréspording to the shape

pi vots about the pivot
of the subject facing the curved locus of points (344).

43. A system (20) according to claim 40, in which the locus of points has
an intermediate curved portion (344a) and an end portion (344d, 344e) on each
end of the intermediate curved portion (344a) that is angled toward the center (338)

of the subject position (336) relative to the intermediate curved portion (344a).

44. A system (20) according to claim 43, in which the end portions (344d,

344e) are rectilinear.

45. A system (20) according to claim 43, in which the end portions (344b,
344c) are curved, with the intermediate curved portion (344a) having a shorter

radius of curvature than the radius of curvature of the end portions (344b, 344c).
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axis (188). 31. A system (20) according to claim 30,

in which each antenna unit (172) pivots about a fixed
wproosti2ast s (188). 32. A system (20) accor di ngp@DUSI084/6m0251

18, in which the I ocus of points has a plurality of

centers of curvature. 33. A system (20) according to

cl aém 1A systemhi20) atmrdingetmalaippdd fiouss¢ 206p subject having an

bet ween the center (220) of the subject position (218)

it e Y/ 2 el t0t i i

ecc%\?ﬁjlc Q%tpg f(fglﬁdi\se?g% GHE Ve 93(79; of fhe lhiBjey ﬁ&ﬁldlr\o@‘%), and in

poi nts (224 . A syste 0) according to claim
w33 RS SRR ) S o SRS ) e
com(b%léedg; ivots about a pivot axis (212) coincident with

shape cofrespondingite thexshpperoftthe subjeedfacieutheintermediate
poi nts (224), whereby each antenna unit (214) scans

andaéﬁdﬁggért@hsl(sm, F434den of the subject position
(218) as the antenna unit (214) pivots about the pivot

axis (212). 35. A system (20) according to claim 34,

in which each antenna unit (214) pivots about a fixed
pivot axis (212). 36. A 3ystem_ (20) according to claim
3347 n i Etaging sygens (2 GomRiisNg:344) has a plurality
of different centers of curvature (346, 348, 350,

352n. ardénnd appatatus (430) cnfigurkchtp transmiti towdBd and receive from a
whi ch the curved | ocus of points (224) is convex when

5P AP RS, B gl (1 0 ey
rang"i‘(-{"-J 5 Iraabtolﬂl% 200 MHz to about 1 THz, from positions spaced from the subject
position (486) and distributed along a first locus of points including at least a first
curved locus of points having a center of curvature (490) and defining a first arc
(488) having opposite ends (488a, 488b), with the subject position (486) being
closer to one end (488a) of the arc than the other end (488b);

a transceiver (38) configured to operate the antenna apparatus (482) and
produce an output (48) representative of the received radiation (30); and

a processor (40) adapted to convert the transceiver (38) output into image

data (50) representativé of an image of at least a portion of the subject.
48. A system (20) according to claim 47, in which the subject position

(486) is generally between the center of curvature (490) of the curved locus of

points and the one end (488a) of the arc.

39



(262) includes at | east one antenna unit (266), and
each antenna unit (266) pivots about a pivot axis

w@ 2003)12480bst anti al | y passing t hrough the ant enPer/usion4/040251
(266), whereby each antenna unit (266) scans across at
| east a portion of the subject position (274) as the
ant¥hna Aiayste(e6d)) adcoodisgdbotiaim K8, jn wdiiciathe anker)a apparatus
39. A system (20) according to claim40, in which each

(4821)1Is€mﬁihelﬂ RbhfigAed)tortarengit ahaYkbcdvéd EPé%@PomagNet@faélatlon (26, 30)
72).40. A system (20) according to claim1,

r
o5 L O ke i b R K B,
Sy étenw(ZO) accordlng to claim40, in which the |ocus
secoid fasust & paigts inshihing, assecendruy e dpGuseofc peipks forming a second
portion and an end curved portion on each end of the
arc i(A92y hevingt centey exf quovatues (494Y) bnd lopposite reameldi @92a, 492b), and
curved portion having a | onger radius of curvature

the kﬂgi/ésc% E)r%s?}@g') M?g?fis s bﬁ Und ;@@2%&%%&8% ##€-(492) than

|ngtoca|m r use

subj ect ' entric pe relative to the
theé’ﬁ?ére‘?“ct%%bggﬁf%ﬁﬁ EQRS]‘ (‘@g&tion (336), and in

whi ch the [ ocus of points has a curve (344a, 344b,

344c) corresponding to the shape of the subject facing

the curved | ocus of points (344). 43. A system (20)

acar di g systefil I0O) 4ecordih c?’\"ﬁb CdTalhhe}Q JauwhRh B '%UBJect position
has an internediat'e curve portlon 44a and an end

ort he internedi ate
(48@ eegwsélﬁﬁ%ﬁlr%%j\?as.e%?ﬂgaaﬂ?%?Agi% g& toward the center
(338) of the subject position (336) relative to the
internmedi ate curved portion (344a). 44. A system (20)
according to claim43, in which the end portions
(3#4d, A system (20) according to claim 50, in which a line (496) connecting

the one end (488a) of the first arc (488) with the one end (492a) of the second arc

(492) passes through the subject position (486).

52. A system (20) according to claim 51, in which the line (496) also
passes through the other end (488b) of the first arc (488) and the other end (492b)

of the second arc (492).

53. A system (20) according to claim 51, in which the one end (488a,
492a) of each of the first and second arcs (488, 492) is adjacent to the center (490,

494) of the other of the first and second arcs (488, 492).
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344e) are rectilinear. 45. A system (20) according to

claim43, in which the end portions (344b, 344c) are
weeogazi3oni th the internedi ate curved portion PGHUS)004/040251

havi ng a shorter radius of curvature than the radius

of curvature of the end portions (344b, 344c).46. A

sy$Sdem @20maging system (29) coaiprisi®):f or use on a subj ect

havi ng an eccentric shape relative to the center (338)

of hh&rrappies) oP aRtdindNukiBS 6436, a8F, i438Ma30Y doRfigured to transmit

i nternmedi ate ‘portion (344a) and end portions (344b,

(
344c) have. onbi ned of.I g t e ;
towg ehe BB TR FHHIRE R For HBBPC RN Bty Ba), SRmagneti
portions (344a, 344b, 344c). 47. An inmging system
radigtion (26nB0) shng:frequeaey dange fpabeutu20Q M0y teoabewul etHz, from
to transmt toward and receive froma subject in a

positishs ephcéd $idm ahe (shiBfact pisitivhr GReEQreetd distdistitatli inrthe2&ray (434)
30) in a frequency range of about 200 MHz to about 1

clonf S OB TA6 ek LA (136, 298] 85, 49 b orented at
o il et Bhe RS 48, o  l o , henna e s,
first arc (488) having opposite ends (488a, 488b),

437438, 438 Iseibg ecenterkat awac(#4s)gld o the the $446)t of thearray (434);
end (488a) of the arc than the other end (488b); a

t i i .
r%nﬁ%ﬁbé’é’r&eé%@)aﬁgmpd@gﬂ% bBet%E@rtﬁbe?l’Zg)f @B4$HFdantenna units

apparat us (4 roduce ah out put

(RIS T NS e RGBSl P e B receves

output into image data (50) representative of an inage
radiatiom{30)% & a portion of the subject.

a processor (40) adapted to convert the transceiver output (48) into image

data (50) representative of an image of at least a portion of the subject.

55. A system (20) according to claim 54, in which the line (446) of the

array (434) is rectilinear.

56. A system (20) according to claim 54, in which the line (456) of the

array (458) is at least partially curved.

57. A system (20) according to claim 56, in which the line (456) of the
array (458) includes an arc (456) having a center of curvature (466) spaced from
the subject position (454), and a plurality of antenna units (460, 461, 462, 463, 464)

disposed along the arc (456) are oriented at an acute angle relative to the arc (456).
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48. A system (20) according to claim47, in which the

subj ect position (486) is generally between the center
w@boosaeasar ure (490) of the curved | ocus of poi PCBUS2V04/040251

the one end (488a) of the arc.49. A system (20)

according to claim48, in which the antenna apparatus

(488 | A bysteimeacooodingdoraaint 571 mawkitht thenahteanaiunits (460, 461,

el ectromagnetic radiation (26, 30) distributed along a

46259463',“3'464%2%?8&@?1 ¢ the Sgﬂ;??”éﬂeh%riéhfe%f gleﬁéﬁé?lyofdoward the

point's, econ ocus o s including a secoOn

curved..l o of points formng a second arc (492)
SUb}?&\gipﬂé't'gnggﬁ@er of curvature (494) and opposite ends

(492a, 492b), and the subject position (486) is closer
to one end (492a) of the second arc (492) than the
ot her end (492b) of the second arc (492). 50. A system

(2@p, acposgitam sccordingntoddain B4\ Ghhitthehe Wnighst of antenna units
position (486) is between the first and second arcs

438, 5 C [ ai m 50,
(46¢’n%i{6%?)§6r9’1 %34)(%{@%/?3@@1%@%%9@9&%% %Eae)’ 2%5?)(488@ of
the first arc (488) with the one end (492a) of the
second arc (492) passes through the subject position
(486). 52. A system (20) according to claim51, in
whiedh t e sistem @¢ed@dirg 10 gaigs &4, tinrwhigh ahdeast leerpoetion of the
(488b) of the first arc (488) and the other end (492b)

; C 9 S ( j IO i
At L 2R o e Y cHeE 3R RirEthe subject

@.f t@g ii rst and second arcs (488, 492) is adjacent to
Posligs (&aft-er (490, 494) of the other of the first and

second arcs (488, 492).54. An imaging system (20)

conpri si ng:

61. A system according to claim 54, in which the array (472) is two-
dimensional.

62. A system according to claim 61, in which the array (472) is planar.

63. A system according to claim 61, in which the array (472) extends in at

least one direction along a curved line (456).

64. A system according to claim 63, in which the angles of antenna units

(436, 437, 438) vary along a length of the array (434).
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an array (434) of antenna units (436, 437, 438, 439)

configured to transmt toward and receive froma
wGaaimsaeze39i N a subj ect position (444), el ectronegresion4/040251

radi ation (26, 30) in a frequency range of about 200

Miz to about 1 THz, from positions spaced fromthe

sulbect Afmnagmsystem (Zhcomprisindsut ed in the array

(434) along at least a line (446), each antenna unit

A3, a3y (4 R el ﬁd@sm XRffiglescEto t it
t(o thae g?r(ley{?&%)é g?‘nn{ahlé gsr ?23y632a34 3P?aast gEe © transmi

a 4 | .
towgtﬁJ {%@Ha ré’q%'l\}et (fr %ﬁe fsﬁ@ e ? 57 g’@]{eﬁ: p@?lrtlgb Eﬂgﬁ ;eéf%ct?cfhwagnetlc
ranscei ver configured to operate the arr (434
radlatlorad@énﬁg) uﬁ. 7 JrausBCy 49nge fgabaido ?0%H‘6Hért8d%%@-'taﬁ %Hz, from
output (48) representative of the received radiation

positidf} ;spaoet] firaon dhe ssibject 40kitmda@i4el) dml distvsuiedtihethe array (434)
transcei ver output (48) into innage data (50)

. . t
anr{gﬁgf ;Fe'l?gjf‘tg?idé’ E‘Efg)A%ggh 'E‘?l@&‘{r%s.lﬁft (4885437, BSE k199) ﬂfgvmg a given

accordi ng to cl'a

. inp which the. |i 44 of the a 434
oriepfaei, 1)y Tins, 4S5 H oty (Bl b It patsangunits (436,
in which the Iine (456) of the array (458) is at |east
437p4388, 439yhaving differemt orerdntormon 20¢ line (4] obthearani(434);
56, in which the line (456) of the array (458)

i ngl Hﬂﬁ?xeﬂérag%)(é&’?ﬁgdﬁéﬂ | tBJopPeraed ttAk éﬁra)ﬂ(EIM) ltﬂ“‘i‘an’cenna units
(466) spaced romthe subject position ,

(43 H37 408 Ponf AREPRR it £ ﬁébiésea{ftgﬁﬁe 40?4@18 received

angl e reI ative to the arc (456).58. A system according
radlam@(%@)maml in which the antenna units (460, 461,

a processor (40) adapted to convert the transceiver (38) output into image

-data (50) representative of an image of at least a portion of the subject.

66. A system (20) according to claim 65, in which at least two antenna
units (436, 437, 438, 439, 447, 448) have different circumferential orientations on

the line (446) of the array (434).
67. A system (20) according to claim 66, in which at least one of the at

least two antenna units (436, 437, 438) is also oriented at an acute angle to the line

(446) of the array (434).
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462, 463, 464) disposed along the arc (456) are
oriented generally toward the subject position (454).

wGh 0542495t em according to claimb54, in which PEEUS2004/040251
angl es of antenna units (460, 461, 462, 463, 464) vary
along a length of the array (458). 60. A system
acE®: di rfy systenl 4200 aacordingviiei clainat6d, daswhighpalr leash ooe of the at
the antenna units (460, 461, 462, 463, 464) are

Ieas‘i’ "tl/v%rﬁrfténﬂéf upfalh3e t433/93r4358) he aﬁs@%nﬁ‘?ﬁe@% iahi édﬂlté 4pfle to the line
. A system accor gtoca|m54 in which the array

nsi onal 62. A system according to
(44@4%6%%%%%%?% the array (472) is planar. 63. A
system according to claim6l, in which the array (472)

extends in at |east one direction along a curved |ine
(456). 64. A system according to claim®63, in which

t hesganglasinefging spstem (20)tconfpBig:437, 438) vary al ong
a length of the array (434).65. An inmaging system (20)

o 7 ;
Co?)ﬁﬂjggﬁ%cnéﬁ?al[giu ird St((é%f )F’zgﬁi @lﬁ‘ﬁgﬁﬂ@& tg"cgérﬁ,nﬁlﬁ gthal%ngd receive
from ubj ect a subj ec ti 44 e .
frorg b eupiskh @, SubIPelIPaR YO (338), SeStomodneti sriRtign (26, 30) in 2
range of about 200 MHz to about 1 THz, from positions
freqeeacye darige of Bheut 269 dditiz posboubd THZ,AIﬂomnnos]timsr spageeidfrom the
in the array (434) along at |least a line (446), each

subfeitt PBEEOHTBS6) md.sﬁ%tea?a%ng@%sﬂem ef aomlté/ §3744a),

or| entation on the line (446)” of the array

X NS A T —
(66,(334) along a first antenna path (70);

a second moving mechanism (74) adapted to move the first moving
mechanism (68, 355) and the antenna apparatus (66) in a manner moving the first
antenna path (70) in a direction transverse to the first antenna path (70), between a
first path position (360) and a second path position (358); and

a controller (24) configured to operate the antenna apparatus (66, 334) when
the antenna path is in the second path position (358), and to produce image data

(50) representative of an image of at least a portion of the subject.
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a transceiver (38) configured to operate the array
(434) of antenna units (436, 437, 438, 439) and

w@e@duzeInn out put (48) representative of the PeEDESW04040251
radi ation (30); and a processor (40) adapted to
convert the transceiver (38) output into i nage data
(500.r epk esystenat(20p adcoeding egelagh &9, Ifedber @opwrising a second
of the subject. 66. A system (20) according to claim

ant@rﬁwa 'aB 4RibGS) 59321? ERfFigura® t8 ARt YoWarRd bAS Gecvd from a subject

9 44 48) have different circunferenti al

v B GBI8S AUOR bl Bl t AEodeas o o

one of the at |least two antenna units (436, 437, 438)
30)iis afrequencerange af ahputa2dl dkn §o @boyt dhEHE, fiem paghions spaced
of the array (434).68. A system (20) according to

frorfi lthé Bubfect positibh ¢B36Y ahd ditrisutedefioidia setohe istustofpoints (344a
antennaﬁSnPts (4%6 )t437 438) is al sd]o oriented at(w;pn ( )

spa%&?@agrtﬁ SirsP Iéé?fsé ln(tngg)mé’)f tlhgesﬁ:ro ymg)ﬁr['?@]me%ﬂamsm (74)

system ( r'st

atus (66, 334) confl red t toward an
moviag &ng dirs HI‘HVH‘% mceemlsrrh?éo 3 id ﬁ&?fst(ﬁﬂt@@@%)apparatus (66,
el ectromagneti c radi ati on (26 30) in a frequency
334) aregativef tabthe s26éndviimtennaapparatusHf332); oangb ohiet icomisoller (24)
spaced fromthe subject position (336) and distributed

nfi089.8. S0 b ey Gl 1 o

apparatus (66, 334) along a first antenna path (70);

71. A system (20) according to claim 70, further comprising a third moving
mechanism (68) adapted to move the second antenna apparatus (332) along a

second antenna path (344a).

72. A system (20) according to claim 71, in which the first and second

antenna paths (344a) are on opposite sides of the subject position (336).
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a second novi ng nechani sm (74) adapted to nove the
first noving nmechani sm (68, 355) and the antenna
wa@ppanages (66) in a manner noving the first aPCEOSM04/040251
path (70) in a direction transverse to the first
antenna path (70), between a first path position (360)
and3a sdeoimbgiag sysiesi (A0 rcoagsBjng:and a control |l er
(24) configured to operate the antenna apparatus (66,
33 h&rd t i
poe e AR L R lgBredd SRR B(lRTkNd receive from a
repr tative of an i.nag at least a.,portion of .
subfef GTE] uEie Yo% BPsti @y, BlechRirert adatirkzs, 30) in a
further conFri Si ng a second antenna %pparat us (332)
freqieRey gangsiof abevtaA8RiMHz davabaulddla deomepasiiensaspaced from the
subject in the subject position (336) having a center
subjedBBbsitieh €416 pamd ditriilsuted iléig affir{t26cus36 pbints
frequency range of about 200 MHz to about 1 THz, from

00Si 4 ] . o
G 2 b AR NG BT o ARGt rCertd pBBratus (409
spaced fromthe, first |ocus of points (344a), the

alorg&gfﬁj aRsennay PARELHAERE sm (74) noving the first noving
mechani sm (60, 355) and the first antenna apparatus
(6@, saddnd r mloatrigv emechdrtism s €24n cadaptedhnid appee athes first moving
(332), and the controller (24) configured to operate

i d 3 Y i & ;
e AR R AT RSN ORI 1 & nAnRUE R0 Ble antena
' ' 68 ted he .
patf A 2 GBI Loe kP b L SRRat Bneiina? o and
(344a). 72. A system (20) according to claim71, in

whaceontradler | (24) centigerechtal oparatarthepantesna Ipparatiuse(494), when
opposite sides of the subject position (336).73. An

the BRBSNAIPSNS7DN ié I0)different ipdkitidhs around the loop (414), and first and

second moving mechanisms (68, 74), and to produce image data (50) representative

of an image of at least a portion of the subject (418).
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an antenna apparatus (404) configured to transm't
toward and receive froma subject (418) in a subject
w@omsteem (416), el ectromagnetic radi ation (26PCBO0¥20041040251
a frequency range of about 200 MHz to about 1 THz,
from positions spaced fromthe subject position (416)
anp4.di sArdystened26) aagordirfg tetcldimcZs, of whadhntise sabject €418) is a
novi ng nechani sm (68) adapted to nove the antenna
p 4 . fi ’ . . rouah
persoh m@&*%sfﬁlngﬁ%ggklgﬁﬁ i (@Qﬁihu&l@ sibRcPBhth (45) pa]?s_smgt throug

sSe‘cond adapted to nove the firs

Vi ng nechanj 6 and t nt enna_appar at u
the ePlackRARKAT HH e hOSHR cana) PUr o pon T T ditenna path
continuous | oop (414) around the subject position
(70)( 4né) in aviicha thersacond emoying) meshanigay £44) ¢ @gaptack te Haove the
ant enna apparatus (404), when the antenna path (70) is

jep @1b) sliemtthe ositbhAd SappaPatind | 1eb tited i3t nedving mechanism
barr!terr(g]tl ?’;mdI second novi ngpynechanm (68, 74), and t%

(68)pthe B 267 ofrthB Ineh RE BB Y5 Oy, T GBedhid moving

(20) according to claim 73, in which the subje 418
mechankmiGis A, padtions 16 bATED#L2n6N S0k SUbIEct BAL (HRhdoNstream
subj ect path (422) passing through the subject

fronPEfd §ikgact( ﬁdsﬁﬁor&wm? privrrtodnitiafing Jopexation ofi thexbotennatapparatus
irst antenna path (70), and in which the second

f
o AP0 FEBREI barbraton ot T, e ey (12
o 5 S o 89D e e

mechani sm (74) to position the barrier (412) on the

appaabie@04pat h (422) downstream from t he subj ect
position (416) prior to initiating operation of the
ant enna appar at us
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(404), and to position the barrier (412) away fromthe
subj ect path (422) downstream fromthe subject

w@omsteem (416) after initiating operation of PEEUS2004/040251
ant enna apparatus (404).75. An inmagi ng system (20)
conprising: first and second antenna apparatus (376,

3735. cophiigiagi systémai29)icompoisigd and recei ve froma
subject (390) in a subject position (396),

el r hat i
LGP AP 9 SR St e

andf celvendom o it G006k} SOdpiRed Betidhd3he Fdgomagnetic
antenna apparatus (376) along a first antenna path

radigB@av (26,230 doral fresniengy enge il sahquss30td4iz éd attoutolfeT Hz, from
t he second antenna apparatus (378) along a second

resp@@iél\?é‘ Bés@éhi‘sﬁé’&%)frém%dbjédﬂﬁ@ﬂlohl 39k);ant enna pat h
, a third noving nmechani sm (74) adapt ed to nove

T

subj ect position (396 and adapted to nove the second
7@b¥OW@aH§6h@Nﬁ@ﬁﬁﬂﬁéb(3ﬁﬁhthe second antenna appar at us
(378) in a second direction opposite the first

di gesédopd aovimg rhbehahidi e@8)padaptedntd 3A6Ye thedsecond antenna
controller (24) confi gur ed to operate the antenna

sooSBRE 918, 4048 30 HIGH BB SoBEBRTE 1375 oo

sifion (396), and first and second novi ng nmechani sns
patI{J%’B‘yB, and to produce inmage

a third moving mechanism (74) adapted to move the first moving mechanism
(68) and the first antenna apparatus (376) in a first direction around the subject
position (396), and adapted to move the second moving mechanism (68) and the
second antenna apparatus (378) in a second direction opposite the first direction
around the subject position (396); and

a controller (24) configured to operate the antenna apparatus (376, 378),
when the antenna apparatus (376, 378) are in different positions around the subject
position (396), and first and second moving mechanisms (68), and to produce image

data (50) representative of an image of at least a portion of the subject (390).
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data (50) representative of an imge of at |east a
portion of the subject (390).76. A systemaccording to
W@b@sie48%, in which the controller (24) is conPCTUS®A4/040251

to operate the third noving nmechanism (74) to nove the

first and second antenna apparatus (376, 378) between

a ¥76r st Aagystenn gresrdingnto rclaim 5, t ime vihiclst trendcontotled (24) is

ant enna apparatus (376, 378) are adjacent each other

[ r

conffilfef (5 HRRAE R TADE g LREHERBET €L AbLE the Mitje and second

76, in i C e first and second, antenna.apparatys '
antepRREPRTRNS A3 8oap LY By TS At ioPOSHOR R Walefbphe first and

antenna position. 78. A system (20) according to claim
secorid, antennhiappatates §3ifG, 3A8) (B0 @djacenk epeh obher aritka sgeengrantenna

(20) including a continuous subject path (392) passing
posihgh Spedd RenPUR RSt aResid EOIEGRD) . a first barricr

384) extending along the first antenna path (387),

and a second barrier (386) extending along the second

antenna path (388), the first and second barriers

(384, 386) being adjacent to each other on the subject

patF. (392;ysa@w182(})ea¢ﬁor¢laﬁw thélagnnfectn ydush itha frééa@)'ld second

in the first antenna position, and being adjacent to
ante@m@ahaspdratusofB 76h S 78) jre clsp atijace AP 2pctu jptheremntte setdriteantenna

subj ect position (396) in the second antenna
poﬁﬁ?ﬁition'79' A nmet hod of imaging conpri sing:

ansmtting toward a subject in a subject position

(84) having a center (86), electromagnetic radiation

(26) in a frequency range of about 200 MHz to about 1

THz, from positions spaced fromthe subject position

(87B. and shistémi (A0 eatcatding ta dlains77) dﬂnﬁ@idﬁ;&ﬁe subject (390) is a

points including at least a first curved |ocus (88) of

per®fl thé sPaeh@2® including a continuous subject path (392) passing through
the subject position (396), a first barrier (384) extending along the first antenna
path (387), and a second barrier (386) extending along the second antenna path
(388), the first and second barriers (384, 386) being adjacent to each other on the
subject path (392) downstream from the subject position (396) in the first antenna
position, and being adjacent to each other on the subject path (392) upstream from

the subject position (396) in the second antenna position.
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center (92) of curvature spaced fromthe center (86)

of the subject position (84); receiving fromthe
wGaaivseze392 ef | ect ed el ectronmagnetic radi ati on (BOJ/PS2004/040251

produci ng an out put (48) representative of the

received radiation (30); and converting the out put

(489. i ntPomietiekotinaginG epmpeisingsent ati ve of an i mage

of at least a portion of the subject. 80. A nethod

aC @;%rn‘éhﬂ@l goto%}aﬁ‘d R dGbjket ha %Ubjet@'i‘:bé@‘tlbh . (Isg) rh@din@t & @Bnter (86),

I ncl udes transmttlng radiation froma

nt enna,.a I us 2 aL

elec rﬁ@?m&&'cp%?a%wnéﬁﬁ b %?regweﬁ%@)r‘c‘hﬁgm%#e%@am? to about 1
apparatus (82), the nethod further conprising nov

THz; fikonamoshiensagagedtfrem( $e) subjet positied (842 I@n(jg'élﬁtrd?'-gﬂ@ along a
the curved | ocus (88) of points. 81. A nethod

firstdea s B8) dft ll@fsamdu@lﬂg atrleadtichirstouived lobes 888)eofMgoints having a

appar at us i ncl udes noving the antenna appar at us
oS oPb A 54 09 L AARL e o0
center

th bj ect t th
anf%ﬁ?h‘él’g'ﬁg%%‘ﬂ 5h@§3@§55 teflected %%@%8%6& Ew aaqciéntl@raﬁ%%i m
80, in which noving the antenna apparatus (8

2)
[ nprcnnlimgmmomgpmtt(el%me;mmantapparomths ré@&Nechtadligtian (30); and
curved | ocus (88) of points corresponding to a shape

E@ﬁvé}ﬁn? the lEiu‘ﬁ%t @Z%tot el dat§ C(S@)‘Pé[ﬂ)r@sérﬁ'aﬁ{/é ¢ a?ﬂmage of

t he cente (86) of subj ect position (
] { gccogg g b I a| m 80 i n which rmV| ng the
at 15t 8 Ph 3?)[9 & g4 ](eg i ncl udes novi ng the antenna

apparatus (332) al ong a curved | ocus (344) of points
having a plurality of centers (346, 348) of curvature.

80. A method according to claim 79 in which transmitting radiation (26)
includes transmitting radiation (26) from an antenna apparatus (82), and receiving
radiation (30) includes receiving radiation (30) on the antenna apparatus (82), the
method further comprising moving the antenna apparatus (82) in a curved path (96)

along the curved locus (88) of points.

81. A method according to claim 80, in which moving the antenna
apparatus (82) includes moving the antenna apparatus (82) along a curved locus
(88) of points having a center (92) of curvature on the opposite side of the center

(86) of the subject position (84) from the antenna apparatus (82).
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84. A nethod according to claim83, in which noving

t he antenna apparatus (332) includes noving the
wapmsnngonppar at us (332) al ong a curved | ocus PGHUF2004/040251

poi nts having a plurality of different centers (346,

348, 350, 352) of curvature. 85. A nmethod accordin

cl 82m 78, methoti abcardimge doveldiro80s iof wWiithht Bodiag rgtbe antenna

a first arc (488) having opposite ends (488a, 488b),

h 0 Hhglohyba eeirved |
app%r%yﬁ%i{? ?1 éscﬁggg@n?gé gﬂg&‘eﬁdéﬂ)a%lggumﬁ )t he grc ec Tocks

(88>t@gefm.t'ttncgﬁtegﬁ?wétﬂf@ﬂetn%Qﬁe%%? ST —

includes transm tting radiation (26) fron1p05|t|ons
relativesta theucanden(3mpfdhesebirst IPesiiondB4poi nt s spaced from

the first locus of points, the second | ocus of points

i ncluding a second curved | ocus of points formng a

second arc (492) having a center (494) of curvature

angd.,oppQgsi d 9 d ;po n :
SUBPoor ApohstREn e (87 cRlm BOC, P SHiLE rgdirid"the antenna
sub ect position (486) closer to one of the
app@r@&t@@%ﬁdﬂ@@d% nigMRg the aptenna wreﬁ&z@ﬁgfa?%ma curved locus
second arc (492). 87. A nethod according to claim80,
(344)rofvsuints hewngng pliralipnofecentersp(3dbaB48) ¢flamyaturel udes
novi ng the antenna apparatus (132) along a curved

| ocus (138) of points having a center (142) of
curvature on the sane side of the center (136) of the

a9ia it Roetngdo SFa ARG 4o B 83, T ARLMAR0Td, e antenna

the ant enna appar at us (132) |ncI udes novi ng _the
apparrates (33 2 ppaludes sneving thaladtenna apparetly 63 along a curved locus

(344) of points having a plurality of different centers (346, 348, 350, 352) of

curvature.

85. A method according to claim 79, in which the curved locus of points
defines a first arc (488) having opposite ends (488a, 488b), the method further
comprising positioning the subject position (486) closer to one end (488a) of the arc

(488) than the other end (488b).
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(138) of points having a center (138) of curvature

between the center (136) of the subject position (134)
wa@eastihsoant enna apparatus (132).89. A nmet hod BCTUSTOD4IQH0251

to claim88, in which the antenna apparatus (332, 334)

includes a first antenna array (342) and a second

angennaAamnethod 3derdingntd aaim rgp, tinewhithetransmijtting atdiation (26)

(332, 334) includes noving the first antenna array

inclu%%g%}ar{%@cﬁaq/llﬁﬂ@ér? (ﬁé)gﬁbnﬁggaiﬁﬁﬁé tFlB?te%leﬁI%ﬂg a second locus

eénha ar secC arc I rst

and seco ar c respective  center .

of pith SHCeR\ TR TS0 0etS B Bsen MEcarORe 16y & P{i3gaycluding a
of the subject position (336) and the respective

secoadt @nmved doqusyof( paipss f@Ming\ansadend areddPd) gving aicantar (494) of
89, further conprising noving the first antenna array

curvéﬁﬂ'é)anl@leéd%ﬂe%r{élﬁs(%ba (532' and p3sRibnmedttee sﬁlrbjé¢tl”ﬁii5|tlon (486)

p05|t|on , e array 42) being closer to the

ject..pasition (
inc @S LFoTHERT AR SHORRL ooy ?”b%é; P51 Bl (B82a) of the
met hod according to claim87, in which the antenna
secoppRIE4£92) (Irwzthe:mh)er ERd (494 of thersecond @En k9% r ay
(342) and a second antenna array (342), and noving the
antenna apparatus (332, 334) includes noving the first
antenna array (342) in a first arc (344) and moving
t hgsecqn n 3 a iseoich 4
th§7T|r§t%“QﬁB§eggﬁgHr g&(g% ﬁgV”ﬁg respZQ?Y€§ the antenna
centers of curva ur e 03|t ween
appa;r@mse€13(2§3@§ s piyiag, Eh%éf‘ F?R?ﬁa%@sészg Nha dt¥ed locus
respecti ve antenna array (342) 92 A nmet hod accordi ng
(138) cofcpeints Bavingua teeter (dAR) iof icogvature np thieesame side of the center
antenna array (342) between a distal position (360)

(136t the RUBJEEPbsIBA! (134N as BRBantenna apparatus (132).

88. A method according to claim 87, in which moving the antenna
apparatus (132) includes moving the antenna apparatus (132) along a curved locus
(138) of points having a center (138) of curvature between the center (136) of the

subject position (134) and the antenna apparatus (132).
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the array (342) being closer to the subject position

(336) when in the proximal position (358) than when in
wo b@sdsval position (360). 93. A net hod accorBPCTgS1004/040251

claim87, in which the antenna apparatus (216)

i ncludes at |east one antenna unit (214), and noving

t hgoant enmatlagb acairdmg(@16aim 86) irdedighi thet amtenaadpparatus (332,
antenna unit (214) about a pivot axis (212)

2GSRI AR ek Y i/ 8L00 ARl 34, o

ook Hibuit SRS, T T REARD B eme oy

pi vots about the pivot axis (212). 94. A nethod
(342xina fist@re (344)aand aRyvingthehsedongdi antenmey aray {3424} bnaaecond arc
unit (214) includes pivoting each antenna unit (214)

(344@boMe firdtl X5@ JUcHAl &ves S(34A1 DaviNg - rebpadiveodeePST(@HBY 348) of

t'o claim 81, in which noving the antenna appar at us

16) incl ud novi ng the.an a ar 6
cunigfiapb i R e Sy SO LRI TBRBlT Adshith, G36) and the
of curvature (Zzggﬁfn a side of the antenna apparatus
respegtivg apissvei arkay (M)t he center (220) of the subject
position (218).96. A nethod according to claim95, in
whi ch the antenna apparatus (216) includes at |east
one antenna unit (214), and noving the antenna

(258, Ao eASQ ABprais 3o A8y 53 FAick SRR fiving the firs
antsjneiay £349) Dahiaciby GaiehPantisn (So0h And (2 D ek pesition (358),
across at |least a portion of the subject position

the (@218) (242)t beingntleseratarthe utfdot positors (@B6utwhére ipithet proximal
axis (212). 97. A nethod according to claim96, in

positiBhqB58) Ui Whef &% Bhebiseal'Bosktidnt (360).

91. A method according to claim 87, in which the antenna apparatus (332,
’334) includes a first antenna array (342) and a second antenna array (342), and
moving the antenna apparatus (332, 334) includes moving the first antenna array
(342) in a first arc (344) and moving the second antenna array (342) in a second arc
(344), the first and second arcs (344) having respective centers (346, 348) of
curvature positioned between the center (338) of the subject position (336) and the

respective antenna array (342).
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(214) includes pivoting each antenna unit (214) about

a fixed pivot axis (212). 98. A nethod according to
wW@b@sme48%® in which transmitting radi ati on (260CT/US2004/040251

i ncludes transmtting radiation (26) along a curved

| ocus of points (344) having a plurality of different

cepper s Aomethisd atcosrelingB46 cladmB 91 3 Blrth&529mpéiSingAmoving the first
met hod according to claim98, in which transmtting

R LN R L
the %f”'rrquﬁ&%ﬁt beiR ot R le A afetan LsEhatien it the proximal

i nternmedi ate curved portion having a | onger radius of
position {358y thanhahen frethendistad positionr(3&@0ur e of the end

portions. 100. A nethod according to claim99, in which

transmtting radiation (26) includes transmtting

radi ation (26) froman antenna apparatus, and

(385 onAdneliEiaRabd B 48 %&%Wﬁ%ﬁ e A gbbﬁ%tus (216)

conpr|S|ng novi ng t he ant enna paratus (332) in
includl@svaidlepstt ane lapkeNNah N r(alﬁhoan MaviRg) the @n&nr\?eapparatus (216)
portions of the |locus of points (353) during

inclidesnsivating egcteaftanpreint (214)185cutra piiob @stisof212yapirregponding to
COITprI SI ng transmitting froma transnission position

the %ﬁﬁ‘&ﬁe su ﬁ%réugizﬁ tofpﬂ'[ﬂlggg?/éd( ‘%%a% c}f At Ezﬁiblvﬂféreby each

net

radi ation, (26 fre en range of .abou
antemaawam(zaﬁi)rﬁ%anss%qﬁﬁ A6 9356 4 RAKCAN aﬂtfeezéyélecp postion (218) as
transmtted fromthe transm ssion position across at
the het@Esnaairpip(21i4) pivadts abeukthyg pivot pdsi(2idn (182);

94, A method according to claim 93, in which pivoting each antenna unit

(214) includes pivoting each antenna unit (214) about a fixed pivot axis (212).

95. A method according to claim 81, in which moving the antenna
apparatus (216) includes moving the antenna apparatus (216) along a curved locus
(224) of points having a center of curvature (222) on a side of the antenna

apparatus (216) opposite from the center (220) of the subject position (218).
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receiving fromthe subject reflected el ectromagnetic
radi ati on (30); producing an output (48)

w0 epsessnt ati ve of the received radiati on (30)PCHIS2004/040251
converting the output (48) into image data (50)
representative of an inmage of at |east a portion of

t hgg s ubpafigthotilibcofding ttd @thimceB)ridivigich ¢he laatenridddpparatus (216)
which transmtting radiation (26) includes

: f

AT O SRR 2, AT afermagates (1

inclup'sé%%i?s@e?% aRteaaa b g t%béﬁm 2. (519 Grrégponding to
pi voti ng each antenna unit (172) i ncl udes pivoting

the eentier a0ft enwaturei 224 =) thebounved brue of ghoiiots €3a49, whereby each
(188). 104. A system (20) of imaging conprising: neans

anteﬁﬁé)urflf’(%%@at&%ﬁ’stédr@& HPVRKE adpereidhestt tréel%ﬁjew pdsition (218) as

j ect itron (84) having a center

el ectro ti.on (26 equency range of
the gjignpea 2@9@ g 6?Ut1th? 81-f ?n?%@l tions spaced
fromthe subj ect position (84) and distributed along a

first locus (88) of points including at |least a first
curved | ocus of points (88) having a center of

cugyat upneméefid aaaeergf tooaminh ©6; éntwich §iyotirig theh antenna unit
subj ect position (84); neans (82) for receiving from

e e Sy e Sl )

representative of the recei ved radi ation (30); and

98. A method according to claim 79, in which transmitting radiation (26)
includes transmitting radiation (26) along a curved locus of points (344) having a

plurality of different centers of curvature (346, 348, 350, 352).

99, A method according to claim 98, in which transmitting radiation (26)
includes transmitting radiation (26) along a locus of points (353) having an
intermediate curved portion and an end curved portion on each end of the
intermediate curved portion, with the intermediate curved portion having a longer

radius of curvature than the radius of curvature of the end portions.
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means (40) for converting the output (48) into inmage

data (50) representative of an imge of at |east a
w@orosiioenf the subject (100). 105. A system (ROJ/US2004/040251

according to claim 104, in which the neans (82) for

transmtting radiation (26) includes an antenna

apg&Pat s Me3hpd amdrdimg toreckaisn O92)n Mdrich demismiitiing radiation (26)

radi ati on includes the antenna apparatus (82), the

inclGolesst Qfar{sﬁrﬁﬁtlrfgurrbb@floﬁogﬂﬂg' $iony areadiftefda) aprafiRy i 5‘|§tl recelvmg
t he antenna appar at us in a curved path (96) al

radigfffp ‘“(%@Zﬁﬁc.'undg%‘s“%g@fvx%tﬁ&[%ﬁléfﬁ%e)dﬁﬁ @Eﬁaﬁﬁﬁﬂ??pﬁaﬁﬁ@ 32, te
105, |n whi ch the nmeans (32) for noving the _antenna

methpd fusings qomzrising MEViRg the ANtapRa APPeFSUa{BEANAN a curved path
apparatus (82) along a curved | ocus of points (88)

alorigathengne aneninternuddiater suxved @oftids ohtheélbcopFspdintss(3%3) during
of the center (86) of the subject position (84) from

teRn atus (82). 107. A system (20)
trangfg@cg?\ i ng to clal'm 105, in which the neans (32) for

novi ng the antenna apparatus (82) is further for

novi ng the antenna apparatus (82) along a curved | ocus
of points (88) corresponding to a shape (118) of a
suBPéct A(method bfimaging comprising:rel ati ve to the center
(86) of the subject position (84). 108. A system (20)

ac g@hgmding Fréma thakSinissioR Y
movi ng thlgbarltenna appgrsat u%%é@g@s furth%@leepﬁosmon (182)

oy 0 N NG (357 B GhSL Fidbton, 20 n -

curvature (346, 350, 352). 109. A system (20)
frequecer @nas afcahguAi2001Mbz t @baut §THzie means (230) for
nmovi ng the antenna apparatus (216) is further for

noy¢argind ehenddiation dREptrahsmitted from the transmission position across
at least a portion of the subject position (182);
receiving from the subject reflected electromagnetic radiation (30);
producing an output (48) representative of the received radiation (30); and
converting the output (48) into image data (50) representative of an image of

at least a portion of the subject.

102. A method according to claim 101, in which transmitting radiation (26)
includes transmitting radiation (26) from at least one antenna unit (172), and
scanning the radiation (26) includes pivoting each antenna unit (172) about a pivot

axis (188).
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(216) along a curved |l ocus of points (224) having a

center of curvature (222) on a side of the antenna
wappanages (216) opposite fromthe center (220pCDUS200€040251

subj ect position (218).110. A system (20) according to

claim109, in which the antenna apparatus (216)

i nt03ided methoshatcordisgdntaaimal0?i n which) pivatiag \aeh antenna unit

nmeans for noving (230) the antenna apparatus (216) is

(172 4hdih@ess f)wbtlﬁ{i‘g@th RétERRN UMD ETX)abouitta ﬁ)?ekl‘lblv@b@%% (288).

pi vot axis corresponding to the center of
curvature (222) of the curved |ocus of points (224),
mhereby each antenna unit (214) scans across at | east
ortion of the subject position (218) as the antenna
un@ (28 4ystem 64Q) AUBIRIINthEOPPUSNTaxi s (212). 111. A
system (20) according to claim 104, in which the neans

( 3mizans ¢82) famisamgrhitiing tewam a subje6)(106) nua tsabject gosition (84)
transmtting radiation (26) along a curved | ocus of

PV CLEVEH 180, (P AP 1 g e of ot
200 M b ShPCE R o i dom B tarcer ool Qoo uyectaeripbed) and
182) toward a subject in the subject position (182),

distriiuted atongga dirsiclocusli(88) ohpeipey lnduchng raéd@aahcayﬁrsmgéveﬁ locus of
about 200 MHz to about 1 THz; means (174) for scanning

pointd €38)2BAadhy A ceR®: df aneature 9(@25 rspatéd Frdrm atﬁé”?téﬁ:élolﬂ%) of the
posi t'i on across at | east a portion of the subject

ubiBRAAN 2L eq e ect romhgnetic radiatton

means (82) for receiving from the subject (100) reflected electromagnetic
radiation (30);

means (38) for producing an output (48) representative of the received
radiation (30); and

means (40) for converting the output (48) into image data (50)

representative of an image of at least a portion of the subject (100).

105. A system (20) according to claim 104, in which the means (82) for
transmitting radiation (26) includes an antenna apparatus (82), and the means (82)
for receiving radiation includes the antenna apparatus (82), the system (20) further
comprising means (32) for moving the antenna apparatus (82) in a curved path (96)

along the curved locus of points (88) during transmitting and receiving.
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(30); nmeans (38) for producing an output (48)

representative of the received radiation (30); and
wore@ng24340) for converting the output (48) i ntPCT/IeIpe4/040251

data (50) representative of an inmge of at |east a

portion of the subject. 113. A system (20) according

t 01@6.ai A ysemi @R0)haaording toeelaisn (1054)inf which the means (32) for

transmtting radiation (30) is further for

movHr%;aﬂ‘ié'EﬁtEhHQ abpdtalt e82)i3 (?Djrtﬁélofﬁr%ho%ﬁgi’che AhEerdit 8pparatus (82)

172 and scanning the radiation (30) includes

alon 'f\émr'vgg Ic?c%%ho pomtrg;n(%SbjWavm(g]ggéntgpS’I"tcuﬁla'?uPé()@Z?)Sn the opposite

side of the center (86) of the subject position (84) from the antenna apparatus (82).

107. A system (20) according to claim 105, in which the means (32) for
moving the antenna apparatus (82) is further for moving the antenna apparatus (82)
along a curved locus of points (88) corresponding to a shape (118) of a subject

(100) that is eccentric relative to the center (86) of the subject position (84).

108. A system (20) according to claim 105, in which the means (32) for
moving the antenna apparatus (332) is further for moving the antenna apparatus
(332) along a curved locus of points (344) having a plurality of centers of curvature

(346, 350, 352).

109. A system (20) according to claim 105, in which the means (230) for
moving the antenna apparatus (216) is further for moving the antenna apparatus
(216) along a curved locus of points (224) having a center of curvature (222) on a
side of the antenna apparatus (216) opposite from the center (220) of the subject

position (218).
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110. A system (20) according to claim 109, in which the antenna apparatus
(216) includes at least one antenna unit (214), and the means for moving (230) the
antenna apparatus (216) is further for pivoting each antenna unit (214) about a
pivot axis (212) corresponding to the center of curvature (222) of the curved locus
of points (224), whereby each antenna unit (214) scans across at least a portion of
the subject position (218) as the antenna unit (214) pivots about the pivot axis

(212).

111. A system (20) according to claim 104, in which the means (332) for
transmitting radiation (26) is further for transmitting radiation (26) along a curved
locus of points (344) having a plurality of different centers of curvature (346, 350,

352).
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112. A system (20) of imaging comprising:

means (174) for transmitting from a transmission position spaced from a
subject position (182) toward a subject in the subject position (182),
electromagnetic radiation (26) in a frequency range of about 200 MHz to about 1
THz; |

means (174) for scanning the radiation (26) transmitted from the
transmission position across at least a portion of the subject position (182);

means (174) for receiving from the subject reflected electromagnetic radiation
(30);

means (38) for producing an output (48) representative of the received
radiation (30); and

means (40) for converting the output (48) into image data (50)

representative of an image of at least a portion of the subject.

113. A system (20) according to claim 112, in which the means (174) for
transmitting radiation (30) is further for transmitting radiation (30) from at least one
antenna unit (172), and scanning the radiation (30) includes pivoting each antenna

unit (172) about a pivot axis (188).
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