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M LLI METER- WAVE ACTI VE | MAG NG SYSTEM W TH FI XED ARRAY

BACKGROUND M I I'i neter wave signals are used for radar
wan@eweisezomruni cati ons. They are al so capabl ePOf/UBB0#H 10069

used for producing an image of a subject by directing

Plre LB BRR A S AETVE Dl G S R Mg E TR ey

have been described in U S. Patent Nunbers 5, 455, 590;
5,557, 283; 5,859, 609; aBACKGROVUNID9; and U.S. Patent
Application Nunmber 10/607,552 filed June 26, 2003 and

a Mﬂlﬂhé@#&&é@sigﬂalﬁﬁé uskd tfbatadpRinCalléc@minuhREtions. They are
Cct ober 30, 2003 entitled "Detecting Conceal ed Objects

also a{;up%g?g)ig%m@t Hs@{)@&ﬁ%@dy&ﬁg gbzﬁgﬁ# & 'aOEuBJ"éEPEHy directing

continuationin- part of that application filed Octaober
millimeterapare signals algthersbiest i detestiogibediefiacted danal, Examples
whi ch patent references are incorporated herein by
of suctf Bnaging. systens ihangi neers des@ibedaineUlG.eRatient Numbers 5,455,590;
surveill ance of persons, it nmay be desirable for the

5 55?&%%‘3”th§5§4éd)§~k'é/nd CEBOI YL lahdany, SsafDS{éhtp tﬁ géﬁdmeNumber

‘Urvei ranée.”"This i s pafti"tularly tfue In si

10/661235?&!@@& i 26 éﬁﬁﬁ%r%?'eao%glbﬂﬁtl'gé‘ﬁrﬁ"p%%?o? iloapaicaton fled

public transportation vehicle, or prior to entering
Octobep 36} 2603 rentitiedeNatecting: Cbncegaled\@bje«i‘s rafl  CheckpgaimE€niand U.S.
surveillance situations may be benefited by using

Pateft ﬁPEFL%’Eﬁ)hyN@mBEi‘ a0/, 52 viRd NORGRDEF 2![ npenz afatd ednhtinuation-
fons i n a person Is positioned during

in- pqrﬂfé tla% g@;ﬁq@ﬁg% g&%ﬁ%&%ﬁrﬂéﬁ R “Iﬁglfegt:/l ols] of a Concealed

configured to transmt toward and receive froma
Objestibpenich patent sefisyenaes padsg iinqosporated hergin &y-refarence.

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 surveillance 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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el ectromagneti c radi ati on. The antenna appar atus
transmts and receives radiationfrom positions spaced

WO e@ioo 1823 subj ect position and distributed al oPQI/ES2004/040069
| ocus of points or aperture facing the subject. A

cont.r.ol | er ndnclyde a transceiver copfi.qure 0
from B Bhs pated hathaties sdhisE BoSReN pind Bl lielo  locus of
representative of the received radiation, and a
points eteapetueddpting the cobjest: thecontroliec edarerindudpua transceiver
into i mage data representative of an imge of the

confRiPe@ & op¥pdteahe Sfdhna Wpphratls adtl Hodats @dndutput representative
apparatus are possible. particul ar configuration can

e ted. a ' [ .
of Rk e B0 3fiTPr B0 B Bl BeSed HDrf TG Blikdh g arapsgeiver output
. include one or a plurality of antenna units, such as a
into image fat representady: pbaalimage 8f the sulbieshna units. The
antenna unit or units nmay nove al ong a curved path or
bevVarousn canfigyrationt dfsars wn@thaolappbratiighdre poxtibiey Reparticular
fixed or nove in a curved or stralght path. Antenna
' l@QN@ A0 r ant ki ;
confi Ao calBe? oliPich BT Borophal (BF ¥ oiltbapPTooplation.  For
or re sitions distribute bout the subject. An )
exargige i ANt AVRPBAIALHS ARTAHALE OB 0% S-BIkERIEY 9f,anispsa units,
al ong a defined path, may nove in various ways. For
sucheaa@plireart tie tae<tmenhgionaly array eofadniegna yrnitsh Ghieeantienpa unit or
~at least partially around the subject, toward or away
units fd rh&Fe SIOPIGSE turnvd pathast PROS Bfral i the€ls &ﬂflvéél’ oggstraight, and

associ at ed aSsenbly. Such antenna units nay al so

riented at different angular ,qositions. al ong .an

may e B8 Rr dhafe i Br G ved 3 flotoioth, AR i or one or more
plurality of array segnents, and a group of arrays nay

arrayseofcantann@ éinits may he dbxed it @esition el pivasto SrRINEF subject from one
DESCRI PTION OF THE DRAWNGS FIG 1 is a general

or mdrapositioRb eldtribuiel alstutvidiel SUkgedty Al Hssemblyl ta whitls afl antenna
di agram depi cting general exanples of interrogation
array i@ BHHRd B 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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may be used in imging systens. FIGS. 3-9 are

sinplified top views of different interrogation
wat@bioorsss FIGS. | OA-1 OC are top views of anot PEF/US2004/040069

[ nterrogati on station illustrating a sequence of

Gaé‘ 108 3 ﬁ#@hffelhgf O\ﬁ?\% of r)éhﬂ’l‘ﬁel‘?g 4dn g@?foﬂgr

rrogatlon ustrating a sequ nce
operatl Eé is a side view of an interrogation
stélﬁ%nlf?w t@r& t% vigve ok rgilather inteeiqgation r-°§9t|0n illustrating a
configuration. FIG 13 is a front view of an optional
sequembe dif wpetatioh. t he antenna array of FIG 12. FIG 14 is
a top view of an interrogation station illustrating

bePf(fﬁ 112X £ laRe lfoﬁ’%@{iﬁqéf tIr ﬁotﬁ@F‘Lﬁt@Hb?éﬁ@‘F &HT% fiiétrating a

same | nterrogation atlon S
) top view of an interrogation station
SeqUﬁHWﬁ’gopﬁfaéPQH y offset antenna array assenblies. FIG
16 is a general diagramdepicting an i mgi ng system
hakliGagl2aits iansidervigat Obansindetirogatian ktatiopl ilustrating afin exemplary
ant enna apparatus segnents. FIG 17 is a general

anteﬁh@@?@m(@ﬁﬁggﬁétm\.one exanpl e of an antenna appar at us
segmant usable in the interrogation station of FIG

ar r zgjly: Iis%ebslnén @”?H‘%W ﬁg;é &@é@% %H(@H‘ﬁ% Oq:f'f“ n%\ﬁ%n“a array of

array. FIG 19 is an isonetric view of one exanpl e of
FIG.dg- ant enna appar atus segment.

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 imaging 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 interrogatién 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 20 is a top view of an interrogation station
having a plurality of antenna apparatus
WG e@apntss3 DETAI LED DESCRI PTI ON OF THE VARI OUS PCT/US2004/040069
EMBODI MENTS Shown generally at 20 in FIG 1 is an
active imagi ng syst W I|5 des an antenna
apparatus 22 and a : systemis active
in the sense that the antenna apparatus transmts
el ect romagneti c %W&E%;@Mj ect 28, and
In response, the subject emts or reflects

el Sitdwe rgeeallyc at 20 & iFoG. 30ist B@tadtﬁedma@m%@%/bbérﬁ.hesystem 20
antenna apparatus. A subject includes all

lnclueég nmélft%nhg nﬁ%a'ré‘ctug V%f?ﬁ Eumn‘éroinll ngl' h%n%)rs?&g'lggactlve in the

i nani nat e obj ect. For exanp if a personis in an
senseringf rtbgamt@wa},taapar@ﬁus’f érrarnsﬁu@. ﬂgctr@mgagm éediation 26 toward a
i ncludes the person as well as any objects supported

subject 28)eanxkirs oespopsehites sugiechemitskaryieflerBvelectyompgaktt radiation
or other knives, coins, clothing accessories, guns, or

30 thay ot fheecRi Bt hd i dpatamged. A%bﬁgéa't%yr&x all that is

clude one or ‘nore persons, ani mal s,

i nation, of these., El ect net| c radi atj on may be
presgri*ggcweanfmaqﬂr%a@ BRSPS Py BEHEG VP g o ddding, whether
in the range of about 200 negahertz (I\/Hz) to about one

humaiey amisral zoi( Manjmaigeoijeat.| For exampley ift & peesasi is iasan interrogation
mllineter-wave radiation. Satisfactory imaging nmay be

statlérﬁ??éﬁ m%buh@,' the ibfsct ifdBaeLtHeCpéraeh Qits'v@éll 88 ah? Q)b]ects supported
reduced frequency range of one gi gahertz

o PR S e AT o i e, o

acceptabl e i mrages. Such radiation may be either at a
clothingcagrespeiigre sopr ankother apigetsoinag @andﬁe magreknéi sbject may
usi ng several nodul ation types, e.g. chirp,
inclugde @measrandenpéirsensiearimaly) pbjduts, serdcombination 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
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frequency nodul ated conti nuous wave (FMCW, or

conti nuous wave (CW. Many variations of an antenna
wa@ppaieses are possi bl e. The ant enna appar at usPOEYS2004/040069

i nclude one or nore antenna units, and each antenna

il Sng BY bt sty affebfbanihe bt Bd TiRIpRG fftennae. an

include a plurality of antennae that may receive
antenaai it omay ninclisleonsplurality refnanferwiaenthiaf mayi regelve radiation in
antenna. The antennae nmay be any appropriate type

respensd i @urteshdnaissivANdY & einglecariterna! ecTh@nageaha€ may be any
radi ati on, such as a slot line, patch, endfi re

appn@\‘ﬁgé‘bﬂ)%te ﬂgﬂ!r%d g%hg@(%‘éﬁe%fewecﬁle#t@ﬁé s fd?ﬂi?on, such as

e one e individ ennae, that transmt or
d 5|<Pfe @,veaﬁk@qs@r%r Wa¥eg\y e:oF“ /i ﬁeé“k%ﬂ(g ¢topgor laser.  Antennae
wavefornms such as plane, elliptical, or circular
maypbbtahitzans‘nuib,arahcfeneiye.ha\Tdﬂenantemaer unitoathagnbatv@rone or more
radi ati on beam patterns, depending on the application.

mdnﬁiﬁ?dr‘ Hht@hhaé%alﬁetrélﬁrﬁ&'cyle'ré!cé?»‘é’élﬂie olﬁrlzé’lﬁbr‘[ oF2@nlike polarized

degrees tor imaging applications that use ogr aphi c

q wbeamvvldthsmth an
wave P s Buenal Pl hetrile Bpirathn, G R ryetarow or
narrow field of view requirenment. Further, a single
broaginargiar megiatieabeans ppitegis, t@ﬁnﬁédWDﬁdhEyapnimBh@”l Beam width
about the subject in a one- or two-dinensional path. A

mayolﬂé-reratlvéwobﬂjad?ﬂ% AR+ azoadegrée@rfbnennagml éﬁpln‘m[ons that use
el ectronically and nechanlcal y scan a subject. An

ho'ogﬁ%#’%@é@u%ﬁ e rfioEBedSuRinG Ll Ariglof 20 degrees

The antennae apparatus may be protected fromthe
mayémw%fﬁsrﬂpnwamn& #Vieg padryrew figld of Xiewreqwreragntoe Further, a
part of the apparatus, or separate, depending on the

singleearit@nng ahaystaora slhtay'ECti by rmegchardcallgf mbhimgaatheutnidk@ subject in a
apparatus or array. An inmaging system may include an

one-28f BRBAIARAIOAGH pafPVi A DnEe JralcBimensional 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.
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represented by a notor, which noves antenna apparat us

22 relative to a subject 28. Myving nechani sm 32 nay
wheoodoourseed relative to a franme 34 for novi ng PEEUS2004/040069

antenna along a path defined by a novenent control

The 'ﬁ‘?@\mﬁ :nié(;e{g@ﬁ téﬁ rﬁa}cg% gﬁg %@P?cg:erhdgé %%{ﬂﬁ%n@?ﬁ%hﬁb@g the antenna

opri ate. The novi ng nechani sm may be a
app%rggns» ghdanay iraude A SRR tMeieleSEve én@t@r,e@rngther suitable device.
apparatus, and may include a stepper notor, servo

nmoControler 24 heay corittalldperation efemota 32, Cdrlcbd:ocﬂrdmmd the operation
control operation of notor 32 and coordi nate the

f
of aﬂf%‘?fenfw%ﬁ&pfééﬁ?mﬂ&fﬁ@?%ﬁ 1,56, % AhtehuE dFpERlnG Colfoller 24

fi rm/var conbi nati on hese, and
maypIBCIAE HRTBWarS, ST DiRGBMA A B FerOTRBINGEPT &t h@ﬁﬁeang may be

m croprocessor - based system capable of performng a
inclugleduisnaecampltayj coomrutat isenger, lornothedi microprogessoedsisad system
can be distributed with individual portions being

capdtﬂ@'o?%?ﬂd?ﬁmg‘ asﬁtﬂfe@aﬁ:é &Méb@%ﬁé?&ﬁ@rﬁ?nqﬁ addlfbﬁ’ngrocessing can
exanpl e, conttoller 24 may tnclude a transcei ver a

be BEERET, wifvalal TRRhchs by S fllebRolel & 8FFH5H ystem

instructions may be enbodied as hardware, firmware, or
compenear e. InTioaet pxaBpls, veantrelier cdht @ial| Wckidend dransceiver 38, a
i ncludes all structure and functions appropriate for

procesdter 40, apd & omehitgy 42 @oepRidne theaprtesddrnfbrastdring data and
receiving mllinmeter-wave signals between the antenna

oper g o R PO LB R 08N, pbF ok AT i e Bre rmuare

swi tching anong the antenna units, transmt and
or sqffwdlieye el ectronics, and el ectronic and logic units.

The transcei ver may be wholly or partly included with

a Tleatrawsceivet, rad tentempldted viterkiny inauges all struetireeamid functions

in an interrogation station 44 housing the antenna
appropriate for generating, 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
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apparatus. In certain cases, nore than one transceiver

is desirable, such as for nmultiple antenna apparatus
W@eroobo018e30 di nensi onal array i nmagi ng systens. PANES2004/040069

transcei ver thus sends to and receives fromthe

nt enna aratus scanni ng_si s 46. and out

compRafipg & SR ges ok 89 5 LIRS g il e Reu e, Br per logic
be any anal og or digital conputational device,

unit(s) eolabtethté eantbl deannieg, ofsaishbjest andoraseiving sgceived signals 48
m croprocessorCs), or other logic unit(s) adapted to

erodu@! |rr$d§j@"ﬂéﬂé95@fre resuhiztive ¢Msh iMEGE \Ofnt legstea wltlon of the
SI gnal S and produge i mage data 50 ?%present ative

subleefh LT8G Rt o B, B8 il et ekl PR rocesss

partially processed or unprocessed, or sub-sets of th
or umpiosessede Ar subwetsof te datgo suehhas dptafas mperion ahe éUbJECt data
that is manipulated in order to separate, for view ng

that iy neanipulateal Br ofderbiy @e(]mrbw for oiedsghy abjoperstorfatby another
may represent a desire | ass of objects, such as

rocEE TEHEc M iy OFBINCh PESR PocEbr s MAER g o moce

|dent|f|cat|on of an object or . subject,

objegtsa SiAERBYIQI0gIcak (e PONHV KGO0 Qﬁ% rJr or o n!ik?'o data identifying or
subject that is derived fromreceived signals. The

facilitabige identificatipnbefoanpwbjea an subjpcl, devineasG&mentshor other
as a storage device, conmunication link, such as a

mfoHﬁ?étVMP\r &I%t@ﬁ‘% ct%ﬁ?k&t 8&rivid fBRY Bscejveld slgh&s! | YThe image

devi ce, such as a video nonitor. Menory

a, single deV| a.co nat i f devices
dati BT O UaItor a1 1B cdSdEs o Pl ¥ Aonttpfede device,
and accessi ble on a communi cation Ilnk or networKk. )
compiugication| links sieh @s aanetwerk huh, mnsthemeanpdigstaroserver, or directly
station 60 for use in sonme imging systens, such as

to a isplRtAfcalistieH e vidkoRonitdr eMep@Ry 4amay dkipsinge device or a
i ncl udes an antenna apparatus assenbly 62 and an

comPaEBR PRI YR S 6815 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
iméging 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
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64. The antenna apparatus assenbly may include an
ant enna apparatus 66, a notor 68, a guide 70, and an

WO paoefoosas at e frane 72, simlar to interrogatiPOI/US2004/040069
station 44 of imging system 20. Conponents 66, 68 and

(0 be nount ed,rel at.iv i nt.er nedi f 7
posifest S0 RgTee GAienAa 5 e S04 FtBrigbaRRs fnfigiément of the
pat h. Pat h-novi ng assenbly 64 correspondi ngly may )
antenne lapgaraiusassembly may dei ured7t® condrol asesss By arrersan (subject) to
Mot or 74 can act on antenna apparatus assenbly 62 to

the sUBjECt! he@sH il ek Pftetrbgation etativnpak fto phevide ekitended edanning of
further below, this novenent of the antenna apparatus

the FREGEEh B RS raRetiios: {1 on i the i ntbrr ogat i on

station, or to provide extended scanning of the . .
subgllgvtingi ere tvasioxst emedipsaiatand  cNORtiNSa Qf interrogation

vari ous enbodi ments and confi gurations of
statibmg er poeirisaf iatertogativnetaiond thatsnayf be nised v @at in@aging system,
stations that nay be used in an imging system such

i oo ARl iy ALAS sk Ha ephd > e 3

.. Jdnterrogatjon station 80 havi a nt enna_appar at us
lustetes 2-taRvieRont & JHisTTogRtiBR StAeh Sa dayi Ay ity agparatus 82
center 86. Antenna apparatus 82 provides for

spaceddramid subjectapusiticnc 84 Miaminged sabjectegnier B6. rradenna apparatus 82
along a |l ocus 88 of points, represented by an arc 90.

prov{q]é;tfbf‘ kand geandfeceffhd é&c&oﬁﬁ@g\;@tic FhdiaHbM oK a98cus 88 of

I's on the opposite side of subject center 86 from

i SAAP B ., TS BB, 4120 543 e ofcumctur

directions. The |locus of points may thus appear to be
92 thatris @netheropposiie sidecofsuhiggtaentesdmfonhipeanteppa mpparatus.
have any of various curvilinear configurations, such

asThe shaps afetheClotys of QPoirtsCimay evaiy talory itisniengtrein ankyor more
or continuously varying curvature, a configuration

direéﬂgbgi gj‘flpgﬁcﬂyro? béiftd hidlF #us SPPER o Y cBf¥ave 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
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of such configurations. As used herein, the center of
curvature of a portion of a | ocus of points containing
W booe®oma} acent points is a point equally di stBet/US2004040069
the three points. The di st ance fromthe center of
rvat re to the th nts hen [r.esp 0
subjectyPasitin 'éns%ﬁflf‘eﬂab W'B‘?Jb’h QI ht?%egﬂgq?\’# ”F‘Eh%'ong an
antenna apparatus nmay include at | east one antenna
aperturetofdateresty sudves alingngrcPleat h 96 conforning to arc
90. Various positions of antenna unit 94 al ong path 96

ar gnfehhturiededisd mayaie paRast avaticabghftinandryay® 98 that extends
single antenna unit, thesubject p03|t|on i s scanned

vertlgeﬁﬁth ﬁ{&g@aﬂ‘[ey hgféx\h ncgsé Z:i%gﬁgﬁ edl}%ggﬂélgnf‘ o) sbiel? 39 ulrs)éch as a

al so may be part of a vertical antenna array 98 t
perseit @iy alle acreRying saibigeg RasRIoReP4htInosuch acﬁaﬁeowebflertlcal array
t he hei ght of a subject 100, such as a person,

travale rorad patto GBupy Bndinsagng sy steas iasi illostBated! innFEGICH. aThe various
case, the vertical array travels along path 96 in an

posiﬂidﬁg{)ﬁ%éﬁﬁ UHit264 ia|dng;ﬁ¢|{e3%aﬁﬂ acio?rep bﬁd Yo B'%ﬁlo\‘@rdf%‘h%ergna array

ions o enna ong th corres
p Sltl ns of antenna array 98 al ong the pat h.
983&%@ §#3W: antenna unit 94 may be part of a
hori zontal array 102, with the horizontal array al so
ha@ptignallydiantenrs uaitt @hmayubetpart ©f ehhagzentakarray ukli2, swith the
104, 106, 108 and 110. Horizontal array 102 extends

horiZén®@41%ardé %a%b hévﬁlkj_]bhﬁ&lhohé] sMendHbigied, ReHi & Heia RRits 104,
scanned bot h el ectroni cal along the array and

o HAERIL Ry it B UL A n e

used. Array 112 thus extends vertically and
subjedr i pasitiatl | mayarke i sr@nnads babh e glestignically o along4the; ogray and
108, 110, and others extending vertically fromthe
mechéNi€dieby Mdvenfedrnng the @an2f. veftically.

In some embodiments, a twb-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
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subj ect position may then be electronically scanned
fromthe | ocus of points covering an area or aperture
waQ 2ebeiomskaidi ng arc 90. Extended i nmagi ng nmay beP@F/08100€040069
by one or nore of extending arc 90, providing one or
nore addi tional .ant enna aratus, rotating a subject .
alongofhe-dout "R eyt PR Bhed afieal tbefae Yo Ghaging, as
as on a platform and noving arc 90 around the subject
disclosed timn dhS. RaterdoNaap, 39,608, tam fehmedifisddier eemputing image data
appropriate for a particular application. The distance
corr&pdndiig '8 yRRdietal Y steht W&rﬁp‘éné@@iﬁ?tfoﬁ thé @iffsren&din distance

may varyal ong the arc. An inmaging sysfem based on a

lon Ll 3y EL el RS BBl 3Ll pHbRssing, or
__image data corresponding to a cylindrical system by
diffesemgseyridgs e berstened inirmemesn sech @sdn & lgakaimiablgy t he

arc. Such a difference can be conputed during data

pr ticwhisher @ppraciated fthae by @ogitionizr) dencdrtes bbcad/atare 92 of arc 90
menory, such as in a |ook-up table. I t will be

' t it t
on BERSSERE BFUNPI S AP R AR iy ppgraus 2, the

subj ect center 86 fromthe antenna a ratus 82, the i
CUW@LQ'J eo@rct'ﬁ@%fﬁcgpg%‘i?r gopg 6&%3@@"5&‘0@@@{8 rﬁ%’fb{fﬂﬁoo‘ihe subject
the arc relative to the subject position. The | onger

positibve, rE longet tharradiusr ef curvaeturey theymaateagiraduak or atrgight the arc
the arc becones. Various configurations are

becHRES" YariBliy d%ﬂﬁ?h%tﬁ)ns_’:é}é ARSEARGIS: pddamile.t IFdr instance, when the

Interrogation sfation is used as"a portal for an
an entr

. .l magLn st em at to.a facilit such a
intergiGaiof sfation o Jheg g SR Tl 26T o i syt 2t il fitrance to a
~along a continuous path. Having the antenna apparatus
faciliéyt sueh ras @nomiypgdnt it emay ce adesirgblehdo shan pgoplehavalk along a
path reduces the width of the inaging system allow ng

contifudu@ fReEhuskgving thesdritehBd appaefus 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.
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I f the subject, and therefore the subject position,

has a shape that is cylindrical, then a cylindrical
wae@oeoenster ed on the subject center woul d provPEUS2004/040069

uni form di stance between the arc and the subject.

ar EGro® AlpGEes. B:5PR, VBY, 360 AinbLOafG5 ph 4y Hi8RSation staton

subg)ect 100 facing arc 90 and that extends nore al ong
130 tisablexinsan urgingsystanyngichasimaging ishisien 26n gingerrogation station
transverse, short axis 122, as may be the case with

130 HeRPhR  arlténita QilpgéfétMsvﬂm spétecbﬁ@km aobulpjeopIpesitiéh 834 having a
result, an arc 90 may be sel ected that prow des a

s B, B 5T . 82 Sa kR gricng and

shape of at Ieast a portion of a SUbi,&?Ct FIG
receNlngﬁecaﬁ%@a@qt@pradiaéwnoaloagfzmd@quér of faigs, &prsﬁented by an
interrogation station 130 usable in an inmaging system

arc $4G.hIashisrexanpde, sarst 10 R8s aloehtarrofgalrvatars 1dRithat k36h the same
has an antenna apparatus 132 spaced from a subj ect

SIdep&SEGBtUSE%SPai‘S‘S”QO% %!3@1 énl’fae;épéérajc@ &H&WB% interrogation

rovi OI‘ tr mitting

statllrgﬁC Vllﬁlgg'nl 4@&“@@%@9@?@%@&3@2@ C%&@’abé)&%bi) Iocus 138

exanpl e, arc 140 has a center of curvature 142 that is
onThaantenma apphratifs majiedude ahleast 086 antemna bivit 144 that moves
antenna apparatus. Qtherw se, interrogation station

anné3£) pathSi48 kahforMind teraregeda. Onvéﬁcﬁ}s' 965|ﬁ8n§'%$0énthﬁﬁa unit 144
bove. The antenna apparatus may include at |east one

aloneoq#ﬁ'i%ﬁk’%ﬁ e Gh e Bld o sl antenna unt

unit 144 along path 146 are illustrated. n an
the sutpjedi pesitiondyisagnnsed Pyamechajiealinmening thﬂ gntenm@ unit along an
subj ect position is scanned by mechanically noving the

P 0, %140 oy be st o1
Vehhtdrith ARk IR d Mayt 4R PAAL 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
vari4ous 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.

11
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extends vertically along the height or portion of the
hei ght of a subject 150, such as a person, generally
Woe@dpyisey) subj ect position 134. | n such a caBET/US1064/040069

vertical array travels along path 146 in an inmaging
systemas illystrated in FIG 1. The various positions
ofinesaree emnhadimentss ashgmelisiolial riay Feib BiRcDE ised.” Airay 158
positions of antenna array 148 al ong the path. _

thus @pay @xéénd veetivalinras well taslkdrizenjalbe ajemgt asf 140, and may include
hori zontal array 152, wth the horizontal array also

antehy®y iu‘i‘l&a aflgh tiNghd aneeRRd ditieks extaieihd Seditaiy fibri thkSantenna

154 "and 156.  There ‘al So may be additional units

s R A0S TR p B0 Rl TR sggmned rom

be scanned both electronically along the array and
the logushefnpaiats govieyingrareaneatoraiperiuse 60apcluding argl 1401 n
some enbodi nents, a two-dinensional array 158 may be

usedendéd aynakhdg t dg BRY peovidett! tyerdriecarl ynge ol theafollowing:
hori zontally along arc 140, and may i ncl ude antenna

excelIbh ki PR B8 o RbaBAL e A %pppratye, rotating o
s IR b e Rab By 5T Bt 3R o and
160 including arc 140. Extended inaging may be

movipgoarcdield dnoundethersubject pafsitidme Acd 140vinmay. bearyrléngth and shape
arc 140; providing one or nore additional antenna

consﬁ@?@dﬁﬁ)é@ipﬁ’&%%ljﬁi‘%ﬁti{g@lﬁ%ﬁ@ﬂidﬁ&.abom center 136, as

I'ndl ca circ h as on a platform and

ol diskica Brgrimang iR B ruBeauPaTiv bt ddogpay vary

a particular application. The distance D3 fromthe o
along difieearaf Apadisausped tahoys; taronmagingr system mhaged a0y a cylindrical
along the arc. As discussed above, an imagi ng system

RS by iond R At s an e e
comgﬁgrilgf iir%gg(ie "Yata corresponding 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 memory, 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

12
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conmputing image data corresponding to a cylindrica

system by conpensating for the difference in distance
wa@bk@agoshe arc. Such a difference can be conpuP€&rUS2004/040069

during data processing, or difference val ues can be

ontluis patl TFRAn g leiiorhaat gpce%rﬁor&cﬁparthsfs'des of the path

curvature 142 of arc 140 on the same side of the
and shaped tto confenm geeerdly twith dine sites efpp densars pegtipnechen the path
curve of the arc is tighter along the length of the
mayq—_ré:dég}a@eve to the subject position. The shorter the
radl us of curvature, the shar per the curve of the arc

pobliing {Bl M of kAL &léf?sa#f%@ B0 %eheraly gpform to

|s used as a portal for an |rrag stem at an )
a sideniohpte subJectfl&@. efpoped do@rc 4 Oaaﬁrdah apextendstlesfaglopg one axis,
desirabl e to have peopl e wal k al ong aconti nuous pat h.

suchHay ianshdrb eaxéan L 661 tharp plongt ars opdeigbnah don@ axihe68,) 8eay be the
of the path and shaped to conformgenerally with the

case>flfiSh éngpleel @?fif.t‘i’l@rlg%'rghgé‘ iﬁeé’rbf},de%ﬁféat Rs @Ve%i?gc, apar 140 may

desi |ne 0 I kI ng,
140 ma eney al | onformto,a side 4 of a
be ss[sa@r%cﬁrhars@r R ditends, B b waen BaPous defica paits along arc
al ong one axis, such as a short axis 166, than al ong
140 ématogertevalbnednfotra ¢o axi expiéied generralysr‘mpetcbfea padionft & subject.
people, particularly with the sides of people. As a

r epd U5 jIRBuakds 445p W be aﬁqh%rrogqétrdhaétaabﬁwm%@ng a different
di stance D4 between the | ocus 13 poi nts along arc

cesg S oS B AR ELED, Ly Beh e BBl e 172 o
to a

p view of an interrogation station 170 havi ng
an antérner apparabiss bt mavesaleng an are b maying aceptertofgurvature 178
130, but for which an antenna unit 172 of an antenna

that?f@%ﬁé;?a??sirgg\tﬁsa 3ubjat aenterc1 80 of Faviiece pesitibARr 182 as the
antenna apparatus. Antenna unit 172 may be part of an antenna array 184 that
may extend along arc 176 a’nd/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
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that is on the sane side of a subject center 180 of a
subj ect position 182 as the antenna apparatus. Antenna
WwWa@iIRi0b/00823 may be part of an antenna array 184 POHUSI004040069

extend along arc 176 and/or vertically. The antenna

n T dR br .
ot 00 4 B S or e
antenna unit about a pivot _axi s 188 passi ng thro
subjegh pesitigh tb@nvraaurbﬁ agepmplisded relecixrenicali mﬂéwaan@rﬂgch of the
arc 176. During such novenent, the beam may scan
antelmamtssalbhgctheao@iti on 182, as represented by

doubl e-arrow 190. n sone exarrpl es a plurality of
angﬁi‘g I‘Rﬁthﬂ é‘%tﬁiy' gﬁ{)f gnl ng a P:{tﬁ@(?ﬁ azri@l fh%t]ri%imilar to

as arc 196, n arc S|mlar to arcs
mte%{ﬁaatmsmwnméﬂtgﬁ% M?‘?Bﬁaﬂ"}’?t aﬁﬁtl’é#rfgr Lmthtmm@ antenna
may al so nove along arc 196. Also, in an optional
unitetidooli ae anterama appamtussmﬁwjpmsiﬁdmetbopnwite’ froal a subject position
antennaunits, such as antenna units 198 and 200

218 RRfind %n%Jékpean@rczjd 6. P@ﬁaaﬁsmzofméw@héy@eeéémadent with a
position then may be acconplished el ectronically b

conBPAP QAR E2ED, B 4B B U S S moves.

station 210 that is simlar to interrogation station
pivoting abewt pivetr @xis 12, tandenna pnitol14may dan Bobegmvazs agross the
an antenna unit 214 of an antenna apparatus 216 is

subjeeispaditisre d18paomidicatéd dnarrawbpect position 218 having
a subject center 220. Pivot axis 212 may thus be

SORRBHAGTr el Sn@n8NUAE roly BU MRS RPfaiu@liedt by a moving

antenn un| noves plv
bout |vot axis 212, antenna unit 214 na% scan a beam

mechapisac23ds PRE Wapjiedp HHPOH Hie antennasuniin aNearmy232 that is
arrow 228. Pivoting of the antenna unit may be

adaptedviod pivot melative olos aviagmeb334h i B2 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
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mechani sm 230. One way is to support the antenna unit
on an arm 232 that is adapted to pivot relative to a

WO e@amoB33l. Arm 232 nmay pivot by reciprocati ngPT/IB004040069
an armend 232a by a drive elenent 236. Drive el ement

may ARV e A Sl o7 e ikl g Bl Y plrame 264 that

motor. The drive mechanismmay be controlled by a
maycieludsl er englesurecentobising fey Ham anteriavapparatbisi ndhe antenna
mechani sm al so may be used for pivoting antenna units

apparbtusireludedain antephat urdt 268 thapidyob@lpayt ofian! artahnd Yarray 268.
of antenna units may be positioned al ong arc 224, such

EactnftERamy ek hate cAnkedlty « Erraid SOE R, 20.%*% moving

| arger arc 248, or pivoting antenna units rmgﬁ be
mechariEMy, gitethayybngayy kivol ghe ansenng uai{onekankgnna apparatus 262
and 252 of an antenna array 254. FIG 7 illustrates a

aboutap piviot axisf 22h shawe raligoed ivith tHeabni@nndafhitshads ithgtratediin FIGS.
further variation of interrogation stations 170 and

5 an@ - th‘e%i@éﬂ’z%gé‘mﬁ{‘alﬁé ?3#3: %&é@?ﬁﬁ thé %ht@ﬁaaﬂnﬁ‘.;%ﬁ@g pivoting,

appar at'us I'n posifion on a

th may i nclude an encl.osure or h ibng. for the
bearnBeh THR% SEAR AGRSS Phabint ARSI A AYIG, a1 ldech fenter 276.

antenna unit 266 that may be part of an antenna array

Wheb6ihe &ftehnarappanatuarincludes aharesyobaatannaepnits; dheeahtbpna units
line 270. A noving mechanism not shown, may pivot the

may 3 ﬁlﬂﬂﬁd&é?lktdiﬁdteeforﬂﬁé?Bé%i@&éércﬁllé@civ%% about a pivot
axis 272 shown aligned with the antenna units.

pel et EEfplsh 2 Dt Bafith Srabd 2eR] Jthg oG Etigty"6r antenna

beam 270 nay scan across a SZL[‘JEE ect position 274 having
apparablishj sich a%randeniEy @pparatts t 1, ad8%nA86 aipshrZ88us These antenna

includes an array of antenna units, the antenna units
apparausdmayneichi Ibel 2bhfigimedoliedtin anennaeapparatidd262 of interrogation

col l ectively.

station 260, illustrated in FIG. 7. They may be distributed around a subject 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
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FIG 8 illustrates an interrogation station 280 forned

of a plurality of antenna apparatus, such as antenna
wa@ppaterses 282, 284, 286 and 288. These ant ennBCT/US2004/040069

apparatus may each be configured |ike the antenna

o o2 B e M FHERBLHRE B F00G st 520 1 entance

a subj ect p03|t|on 290 having a subject center 292

322,psimednat Higaubiest pestionauring gpaging, 28¢ leave through an exit 324

respective antenna units, represented by antenna units

oppasie fréMtthel&firaitd, 300. The respective antenna units
may pivot about respective pivot axes 302, 304, 306

anEIGi,O%I gg rgﬁ@ﬂﬁ&r@?i@@%ﬁa‘fﬁp%ﬁ?ﬂm fi r§tlgnd 3¢éond antenna

and e su posI e var ous

antenna apparatus _rmay be fi xedI% gount ed
appayabls A& and JSd Rasiiipried en @RPOSItG:FiHes O Arw! @&05559%336 having
may al so be spaced fromthe antenna unit. More or

a subgowtrcenbdreBB8. dipptheatmbodimyeriteshoven). eddie anteneanapparatus has an
apparatus are positioned to provide a desired coverage

anteﬂf‘la.tLrl‘l.‘ﬁt 55‘4"5 ﬁ’?@c ﬁf yahe YRre o é’r?sdn‘t% %rféeﬂeghﬁ thePiteSismits and

conf| guration s ant enna
ositionedto allow.g, subject to enter

rece{\ﬁg I#ﬁ?%%tco@dﬁt'gﬂﬂﬂn%%r@ éiﬂath 320 at an

entrance 322, stand at the subject position during
i nAgtanga apparatisEs2 ARd R4 enayehe forgred apgosihirationsnef antenna
the entrance. FIG 9 illustrates an interrogation

appdrhfild 82 aRdO3ededetibed prévielsly S FaehGre l3t44rmay pBPeaAtintermediate
332 and 334 positioned on opposite sides of a subject

por B8 SRS B P20 198 e betveen

antenna unit 340 that nay be part of_ an antenna array
the aspociaked ar¢ RAdian and the ﬁ@@@pb@@nt@recﬁacbrﬁdg&éﬁ @lso may ) have end
radi ati on al ong an arc 344. Antenna apparatus 332 and

portid4 3adb landf 8Ade cthat havebiaspectives cefteasitafnagrvature 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
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apparatus 82 and 132 descri bed previously. Each arc
344 may have an internedi ate portion 344a, with a

w0 empoctseye center of curvature 346 and 348 poBRCT/USI08H040069
bet ween the associ ated arc portion and the subject

S e, SR, SR B BB PR S985ya  oune

and 352 positioned on the ogp03|te si de of the subject
relatiyentae BNt alpArakis oot 3abeditara meiing JReCgitismntiatys adapted to
term nal ends 344d and 344e may be forned in a

movétaméatd appaeatas 334atelativeatd @nbaselfidme 356hatThposddond antenna
of the arc nore directly faces a subject in the

appa?ﬁ&js%%\ﬁ RASS Ebé@?}lﬁ@d‘b@ﬂﬁé’ewg'fﬁ& n@@éftl&? 3@8%{9@@ %‘%ﬁi proximal the

e res Ive arcs

bot h ti onaII , the, ar f the ant ar at
submompsg% i e 33D oS s BB R Ruther vy
portions. These arcs thus may include internedi ate
frompte subjscthpesitigns eBipe antarsmacapparatus3 3busnonoss2 in @andirection 362
end portions having respective centers 346 and 348. |

Lhatns Erﬁﬁs@?%% Bssted atd Ba4, antenna apparatus 332 is
fixed in position relative to the subject position,

oS08 LN R) B el BrOaREH g v

~apparatus 334 may_be nounted rel ative to an appara
defiriachiy QPSS ACE 3Bb rguid eh aWPieRt AHEINT; inaging that &\@S reduced-

nove antenna apparatus 334 relative to a base frane

wndtﬁﬁﬁssic_tj@/v@ﬁ:eﬁd amd 866a Apsubjettumayathenhomovieeintdidndedut of the
bet ween a first p03|t|on 358 close to or proximl the

mter?‘b’dxgdtﬁﬂ Pzgg:i&‘ 'fHFbJ s %e\ﬁﬂﬁs itk ik, d%@é?%d between the

spac fu way fromthe subject

A O T T ——

344. Interrogation station 330 may be useful for
movpriowatd ranch avlayskori the sybisst Ipesilios, and thereby toward and away

from each other. In this case, first antenna apparatus 332 may be mounted relative
to an apparafus frame 3‘55’ with associated moving mechanisin that is adapted to
move antenna apparatus 332 relative to a base frame 356" | If ‘more antenné 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 aniennae apbaratus in which the barriers move in the
direction of the arcs. These arcs may be concentric or ecqentric relative to the
éénter of the subject position. |

FIGS. 1OA~1GC depict an interrogation station 370 having first an‘d sacond

antenna apparatus assemblies 372 and 374, each having a respective antenna
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defined by opposing arcs 344, around a subject during

i magi ng that has reducedw dth passageways 364 and 366.
wo@dlpses nmay then nove into and out of the PCT/US2004/040069

Interrogation station through the passageways when the

oo D o SAB EM  Se S AR s e or

move toward and away fromthe subject position, and
more tanéeraia uhitsa8a andd ifappyopriate, sacnteamearray 382 sueh as has been
case, first antenna apparatus 332 nay be nounted

describtldalit PefcPeriie RPBRY BlavusRRes5 N pattidulas appardtas assemblies
novi ng nechanismthat is adapted to nove antenna

572 SRR AL Eh R 2 el PRy

conbi nati on of them can_be nade to nove toward alnd i
antermaagpparetns Bé2 sl 364 phagse barriers apay govelnar enclose associated
illustrate top views interrogation stations that

arcs 38KhidesBasohgrwhieh elavtromagneticsadiatioads Wansnitted mndereceived,
apparatus in which the barriers nove in the direction

f s T - ; ,
as hag e?%{h?g%ﬁd?@ep hese b%Fﬁé‘sWﬂX#e%%gEcgﬁF fOthe @rdy, a%cﬁﬁﬂ@ié' &though

he center of t ject position. Fl

| QA-1 OC depjct, an interrogation statio 70 hayjin
othersshapes 4ndy SSORR Uﬁ‘?f-?-e aﬁ%ﬁé@éﬁ%@%@%gﬁiﬁ“&% f%‘é'nlae moved
374, each having a respective antennaapparatus 376 and

along3di8 appaahus pakn sackapp atefined byas traslp888i ngl y i ncl udes
one or nore antenna units 380 and, if appropriate, an

eNBRe8 ih Ahe fures U8 sdfedtBOP ARy EREsTinttrogution station 370

a
reference to the previous figures. | n particular,

appar at us ies 372 an 14 hhcl e Y,

sloncp R S 308 2, Bt sRACUHRGF AR 504 anc 366
antenna apparatus 372 and 374. These barrjers may,

may bevabuttingdna pesitias sémyvrgteana relativg tozmgubist pasiiey 396 along
whi ch el ectromagnetic radiation is transmtted and

path "2 aKnadblogRingaan ke 398sfrohbele ilterdyationestatioay This barrier

conformto the arcs, as shown,  although

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
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ot her shapes may al so be used. Apparatus assenblies

372 and 374 may be noved al ong an apparatus path, such
w@goodebisaed by a track 389. As viewed in the fPQUUSHN4/640069

subject 390 nay enter interrogation station 370 al ong

eng PR ool RS, W SUBREE Rl B SRR e e

downstreamrel ative to a subject position 396 al ong _
interpegatiopostation, a$ sBRWAJN dHGeX0B. 302 ARERANEhRPParatus assemblies are
interrogation station. This barrier supports the

thenobg&itt mtsvedf alomyg tack B8% uhj @spositeodirectidrise te uthiee tritial position
position and renmain there during imging. Initially,

o1, 302 A0 95 307 QR BRSO BeRANGSy seconc

.or Dbl ocking position as shown in FIG 10A The

subjecr39G e e@?@'vmeé@@ﬁr%ﬁ'ﬁnasﬁat&?rb of about 90 degrees,
so the two antenna apparatus are able to scan hal f of
a Ayl imehrogatioramtatian e4GYyr illogtrdterh inhEIGRbj1dA+11D, provides for
position. Other |engths and shapes of arcs and ot her

contifiiBRs retatfon?K &1 ARt aéﬁdéﬂét@%ﬁ@ﬁiﬂlﬁozrﬁmé@é%ﬂloz is shown

ter scanning the ftirst side of the 'subject,

oo TR SRS RS T B D Ep bR 08 o bout 120

path 392 at the entrance 394 to the interrogation
degreesit altioughetharhanc lengehsolongae osudhioster thenhalie 4QGamaad be used.
and wth the exit open, the subject may be allowed to

AntehfaVappdiatidaeserbipt 402 idtiidesnan amtemgavuriin 4085 which. may be
The antenna apparatus assenblies are then agai n noved

8T8 4 3y SRS 5 B L2 5 SRR L e e

entrance 394, permtti n% a second subject 390
§

tQ
antepna exppafeius ASEMBYatian Deradaniad tanmoMe alerga path defined by a
station 400, illustrated in FIGS. 11A-11D, provides
guidépas represented by a track 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
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conti nuous rotation of an antenna apparatus assenbly
402. Assenbly 402 is shown as having an antenna
wappatetses 404 extendi ng al ong an arc 406 of abOTUSZBO040069

degrees, although other arc Iengths | onger or shorter
t han_arc 406 enna a at us.

dearig of Serydag hihensuliRer is-P8 TBRCvRS ShOWHyMpEC: THC. The et
included in an antenna array 410. A barrier 412 may

fromeihee intesiogatjon hetatior . is Tprenamhennassaopaly AU uasthiﬁnﬂm;d position,
may be adapted to nove along a path defined by a

allomﬂhk? G §§b]é€f3ftésléﬁt'éethéyln@eﬁé@aﬂbn‘ll‘ﬂatloﬁ” ackhet htenna apparatus

ends at” least partially around a subJ ect position

asseini APaghed hee Here d it waek 4 s el rsitgn, blocking path

al ong %ﬁ)ﬂith 422, stopping at the subj ect position,
422 Eieexht Aiblar dheisassemblhdR His  RASHEON, n&giAgee r4# is again
positions along arc 406 with the barrier in a starting

unobzstrd@teu; lernittingi 4 setonelzubyedt 18! @ ehier th éntearogation station.
| ock an exit 424 fromthe interrogation station,

%tfzemﬁbﬁéfé%ga féaétnred'a @%‘r%tlﬁHkﬁtﬁﬁén Qgﬁ'tthPnay be used

After 'scanni ng a St~ Si subj ect

. antenn ppar at us assenb] ves al on rac

in V@&%@?ﬁggl Ht%*ﬁoga,tmrbﬁtwﬁsb Uéﬁﬁﬁﬁﬂdeffgﬁ{‘%r‘?ﬁlﬁ? %es FIG. 12
initial position, as shown in FIG HB. The next 120

illustetetgs mpﬁétidaﬂm;m ahtenha appgratus 438 indiedingea yedinabarray 434 of
Assenbly 402 then may nmove to a third position at

antetfth ‘U?ut%hfhcid ﬁ% gegrﬁfég{u‘ﬁ@s‘él% 43?”4‘38‘9n6f4391?e§#é§b%€d by cone

I's per orrre own in The exit fromth

nterrogation stat en _ass

shaneR (6" bffhiato AavcA i PoRRG ?Vﬁegam? el fatRadd Thgarray is
interrogation station. The antenna apparatus assenbly

genetally dixgctedciowardea aubjegt pesitien 414 exdending aenerally para"el to the
position, blocking path 422 at exit 424. Wth, the

arrapssenbly in this position, entrance 420 is agai n

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 partucular 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
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unobstructed, permtting a second subject 418 to

enter the interrogation station. FIG 12 illustrates a
wo e@b0o2Df an i nterrogation station 430 that PEUBE®04/040069

used in various of the interrogation stations

Illustrated-,n the.other . figures, F 2.1 1L ustrat
sublett BRsEBhca P SHBIEhE disidrp saf aoartesRent? it Hificted general
vertical array 434 of antenna units, including antenna
positian tof msmjeqta%,camisinam abgectrpgsiticne nfeeprainglrall of the antenna
shapes for sinplicity. Array 434 is nounted along a
unity &iré idiRctdd aowarth Zhe Bobjert E[mﬁitiofﬂ. gqmer ahtieyindi wiied &0 upper array
toward a subject position 444 extending generally
r 0 7 . , i.an. 4 .
porti e ineParer BIRTE Bovik ot rlflq BeishEayc! it Bole fhe subject
439, are nounted relative to the array to extend
Posif@her al |y perpendicular to a |ine 446 corresponding to
frame 442. In an upper portion 434b of the array, the
anFERNE ilhistrates @ simplified frant afevaofttevaniafion oHantemna apparatus
line of the array. For instance, antenna unit 436 is

432 ﬁﬁlﬁ%tﬁ@ i:*?GFIGPligE eth ahisaXapiie et a@§enﬁ§%ﬁits391 BRIIAS portion

fromthe perpendicular to the l1ne the array, or

soa8 3 A SR MBS By LB o avecons

b
application, as is appropriate to obtain the desired
aboutother linge446 of fibe auitsye cEorexample, antannaddmt 4334s girected forward.
others are at progressively increased angles relative

Antdrrat ivitd 4472 afl 44185 résperlivelptabovi e Bélb@nantehha it 439, may be
perpendi cular to the array, as in lower array portion

. I i e . P . j 4
dire33 et el P tt@PRE R PHE Ui, 1 gl s pattem may be
position. The subject position can correspond to the .
repeakest Al JBReRERY podh tURAEr ATy bR t 434k athey ankennge units are
subj ect position. Accordingly, all of the antenna
variouwsly directeddefitefaredrd oavad dghbas sublje tdwgromiray portiotheAdditionally,

antenna units in upper array portion 434b then are

the gﬁtﬁﬁgéﬁnﬁfs%'b?%eaairé&%id&vrﬂﬁélﬂﬂr‘s&ﬂ hY AclitBhgiRO%E Wdiedescribed
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
perépective éf a viewer of the figure), and antenna unit 438 may pcint 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 cher 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 simnplified top
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position. FIG 13 illustrates a sinplified front view

of a variation of antenna apparatus 432 illustrated in
WO-R@6/00®23 1 n this exanple, the antenna units PET/UR®04/040069

Iomer portion 434a of array 434 are directed in

v Sl B kel 180 BAPRE A SRS B 2

unit 439 is directed forward. Antenna units 447 and
positiased radjpeanti (@3 subied gpsitipal 4hAantlBn s u@xampleg the antenna
may be directed left and right, respectively, as

appdiatie éxtahds ilohd g line ifithe foamt ef anray 486.r dpeahtghna array 458
along the array. | n upper array portion 434b, the

incl%&?ﬂ&g#lﬂgt&ﬁ@nﬁa‘a Q@gﬁhgpﬁg{geaﬁt%ﬂanjﬁngi d%&{,"% zﬁ62 463 and

he antenna units y be direct downwar dl y at
464aétﬂ disinilgyted aigng\,gga (ﬁ,r§crNFe65§\n 3 SERES eClﬂ"(‘!aWr& 466 spaced

12. For exanple, antenna unit 436 may poi nt downwardly

froneadcdrema68 of theesuigectrpdsiticny gsoshuwrlovdtiver shapesidnd curvatures
the right (fromthe perspective of a viewer of the

of tlfu-i'b gﬁﬁ?alyelﬁ‘gs@‘.t 138 fhstide ‘%ﬁ@ aﬁ%ﬁ/ dHEﬂId‘ExfE‘ﬁW‘é!l@h?'ayre%ﬂﬁnear line

|s exa e anpunt that

7o S 551 8 SRR e BB o5 o i

i ncreasing distance down the array. Many ot her
Fig.\i&y, ibat iroaharizontal osidionni t ori entation may be used, as
appropriate to provide imagi ng characteristics desired

f OW‘I% agﬂﬁl:lkjﬁétarpiﬂ\telﬂlédi@ﬂégﬂibmbhS458asalbﬁglw’rﬂch ake antenna
eep irected to a vertical antenna array, it al so

P TECATNEAV IO T g o i

interrogation station 450 having an ant enna ar at us
exampie jfoere ¥ohed Thej alkayitalse incledes epd mﬁﬁmnﬁ and|458c. The
this exanple, the antenna apparatus extends al ong a
antdrineunits, tsueh fazr antehnanurdisc46(, 646 1AM E3namch dd4aiin dlyesé5end 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 interrogation 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
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includes a plurality of antenna units, including

antenna units 460, 461, 462, 463 and 464, are
wale@bnotses ed al ong the arc. Arc 456 has a centPC€T/052004/040069

curvature 466 spaced froma center 468 of the subject

Siti as shown her, s \;
poss}iE thaptije HBtroa ettt e umetdpfill B e, By glefronically
along a rectilinear line 470 and have antennae
scanpivg theoseljeat. dhfdomme exaepigse SNy BRRGR 0bO5WY RoROrien of a subject
shown in Fig. 12, but in a horizontal position. Array
may4§@ desived ;N Wﬁﬁ:haﬂaslemtﬁé g eHya rayPesriéspondS@aonalyoa gortion of the
whi ch the antenna units, such as antenna unit 462,
bi gy}tend normal to the line of the array, which in this
SUDJE& anple is arc 456. The array al so includes end
portions 458b and 458c. The antenna units, uﬁ as .
anh &R ¥ieyof yeh goothes form ef infearaggiion;station: isdllusiated in FIG.15.
portions are nounted at an acute angle relative to the

An iRfegrogationestatiph etg0aimickmies first and6dedosdnantensa appasatus 482 and
angl e A2 of about 10 degrees, corresponding to a

484 f@m‘&f@n%)ﬂgﬂ%@% etoo%eapeﬁfioﬁé)d de@tRestd & au gf{&tt Position 486.

ar c eénna uni I'n these en
ori ent nor e dlrectlﬁmtomard

Anteg\grg,t %E@aﬁﬁﬁam%w d@eaph@n@gglg MRt e Arig¥r QP Jan%enna units

nount ed orthogonally to the arc of the array. Antenna
adapted 4y tHBMibgne xeesive elecromagnetaradiptiomalong am arad83. Arc 488
in which case the side of a subject in a subject

in tfﬁé’%ﬁ ﬁ?‘ééﬁﬁ-c&&ﬂaﬁréﬁénm frend H' ﬂ' bt Epanagsh kw a second end
ani cal

y noving the arc vertically. Optionally, an

s 3o e R hof PN RLARE bBS R 64 extencs

i ncl udes arraé 434 depicted in FIG 12. For instance,
a settieirculawant 40 éwaalmgaflrstranr;h second ends 42 ard ¢O2ly abRiha center
along line 13-13 in FIG 12. | f array 472 is |large

of c@nP\‘thGFb'494THYBBﬁW§SmeebEOaS§@J‘cthd awithngseotirdsheas has been
de of a subject facing the array by electronically

desciﬁ?@mgﬂg lHé %ﬁﬂ%Sgtcorlleggaﬁgecoeﬁl%@h%ﬁt RNotARAE oPfone or more

Sub

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
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may be desired; in which case, the array may
correspond to only a portion of the subject. A top

wo k@e/oofs2yet anot her form of interrogation staPCDNS2084/040069
illustrated in FIG 15. An interrogation station 480
i ncludes first and secqnd aptenna appara 482 .and .

the 55015045 17 dHEcS TG BPRERN oo ar o ST P LA cbiSe AigWing for
a subj ect position 486. Antenna apparatus 482 may

imaginglafosl sidesof dhasubjact vdthautmagving amaeienaaappagatus or moving
adapted to transmt and receive el ectromagnetic

the rs@%iea.! OpuRh@RItIA S dbfife M bHBRdaRed BFStHRX PAEH Gdtfeen the
sem-circular, extending froma first end 488a to a

second .en round nter_.of vat ure 490.

entr3iE oA AIehaa g aTafs Dbt il %,
sem -circular arc 492 having first and second ends ,
49Pmaging ayStems aaube ased in arwisle \ariekyofiagpications. They may be
Barriers may be associated with these arcs, as has

used f BotRSIonBE fixed Nstatibns avtkde RYUAB tifsdke e tc@irrently made, such
nmovenent or | ocation of one or nore antenna units

_ N ; 5 . - ¢ _

o5 I FEARTRRAIRRSClr B SHRREEs fh s BFGe! PR FR9'6¢ consdered

. Simlarly, center of cyrvature 494 is at the engd 488a

likehs fto Hecofaiptereshta Hel:csoaahd@mw dgstlshive Qi advsrse inginatignge In such
four arc ends, the two centers of curvature and the

installabioas;t itpissiimportant ¢oakegdhe ahmoing systams fanctiorghtin order to
line 496. In this configuration, first ends 488a and

inteﬁgélﬁte o ﬁdﬁ@n@élﬁz cgbﬁn@&% g‘;@e Hersindl OtHraﬁgIEUHieeCdssociated

lon than t er en The 'two arcs nmay™ be

.. consj dered. to b.% of fset relative to each other, in
integragetior staliop O JAUPIH asymmetrical confi gurati on about

line 496. The arcs, thereby, forma partial definition .
of Imaging systerpaiare ake usefilfor the tempanacy irderogatiomef subjects in
exit 502. The subject position is |ocated where the

ad Hot SiPliRaBoNS titeld A6RIARahPe MleeSEs pelfaridit iRstRIIGEIN. Examples
pat h.” Further, whenthe subject is in the subject

inclde’ islgeizc?é\’ ort lhn r&uent Sel\'/rehf)sl,J r&%cﬁ haes gH(?litf %tr’pcﬁgtilcglv\%&ﬂ/itfi&r. 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
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i magi ng of all sides of the subject wthout noving an

ant enna apparatus or noving the subject. Further, the
wa@re@s/oastd ne t he boundaries of the path betweePCT/H82004/040069

entrance and exit. Qther configurations nay al so be

os 4557l 62435 S BB ol GntPoBh il orm the

| ocati ons where security checks are currently nade,
antenneh apparatusesth ifeared oadneuntings assembly &20r gAdejoin dhe various
public facilities that may be considered likely to be

modiled figeithat lnt@P%thhﬁatl sdetsbs mtan\e&c G235tV a8 ay 524.
i nclinations n such install ations, i's inportant

' nt@ﬁ%@aa\/,et@é?ﬁ@ ?éﬁﬁ@ﬁ%t‘é ﬁgh%ﬁ%%POW 0 per&onngllura“ty of

t hrough the associated interrogation station
mtegrtogan@wegm@asef @lcg@t iBhalTQgalioN Segmnrade. 1 Aeditigaal interrogation
tenporary interrogation of subjects in ad hoc

segmeptd, catictores tihterratationt segmeatt528,f mad b foemednefitassociated
instal lation. Exanples include special or infrequent

mo%@:{“sﬁch%ﬁ%}r nftRRﬂésSS?’G PP bhd &3b, 61“‘156:!&“'&5 vﬁﬁ){: 531 and 532 may

'Her exanpelsam taryoeratlonl

be Lok Bsch FAEhe, F TOQENTD A6sosOmi: Spf 1acibs igirogation segments

non-mlitary personnel. For these applications, it nay
526andiB28,r aid etheys hoay Izenjdimmg by@ byss mounting assemibly 538, to form
readily assenbled for use, and then disassenbl ed for

antérfiisspptiragiosfer location. FIGS. 15-19 illustrate
varl ous aspects of inaging systens that can facilitate

enbl N ?ﬁasspﬂ?gu%gggﬁﬁgi%%oggﬁaégg L Lol o a module

i ng system 510 havi ng an ant enna apparatus 512 and
'nptﬁ/@%ﬁut dEVléﬁi 5420f copbroflgint4.on and structure of

i magi ng system 510 corresponds to inmagi ng systens

deslG| h@ds abeenerahdhdmutic iofoneacdnfiguration exftaifiest array module,

descri bed now.

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 Qsed 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
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Ant enna apparatus 512 can include a plurality of

segnments or nodul es, suchas array nodul es 516, 517 and
wG1®6/0T18e3e nodul es i n conbi nati on can form t hECEHOS04640069

apparatus. A franme or nounting assenbly 520 can join

s S8R S0 SR e 45 o BN b roumtn

modul es 516, 517 and 518 can formone of a plurality
assepnblinoeat adedation resmeterfrem Heantarna appanabdgat Tba transceiver may
segnment 526. Additional interrogation segnents, such

therPBe iiM cBRIMEAEAITh ARBNE prodedSor omYtHee sigiaredn@bller device, such as
associ at ed nodul es, such as array nodul es 530, 531 and

. 532 I 1 and 532 may be joined by a frane

via %}%}%%ﬂ%ﬂ@ts%@‘gﬁé *534. | n turn, interrogation
segments 526 and 528, and others, may be joined by a
ba&EGnbapicgs asplwity afyray snadifes, Amchrimmasiiesble, 517 and

512. A communi cation |link, such as |link 540, connects

518 epoditiometl hlontarfarmnses and iectel towdrdde sulojecbdsitibn 570 to form
controller 514. FIG 17 is a general schematic of one

an %ﬁgﬁﬁ%%@ﬁé@ﬂs %712 Th ks %Eehﬁﬁlemégéﬁ Eéir%a?u%oﬁrfeagﬁglﬁ Blurality of

ed 10 a second array nod , suc
nodul e_517 of  an antenna apparatus, . such as antenn
antefyiaa HRith 721 SiSPOBER | 408G 67 rFRGHIGaF JINE: ssUchare 16188 PR&(and 576
is attached to a corresponding frame 546 of nodul e
assdeiated Fwidivenodydiés a5ith a8l 54h. béhatarsahadodulgetrhay ben mounted at
various configurations, such as by connection to a

resp%@ﬂi‘i@%géﬁt%, ulh a30aHYlE B, aekeRl to efth B¥hdrOl ThBGebhIENs that arc

as seg rames, as shown, with an attachnent

h
so535EGTRbed i PLEAE S S, 2 e SR sam accorainly

toget her. Each array nodul e can have a plurality of
be confignred tofors) agyappIepratesaiea inahiding soeectifaearaline Sgowhich the
When the plurality of array nodules is nounted
raditi® 8 E&Ature may be considered to be at an infinite distance.
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 antenna 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
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the respective antenna units may formcollectively an
antenna array 562. Each antenna unit is in

w@ormaaisent i on with a transceiver 564, which PCT/US2004/040069
transcei ver nmay beresident as part of the array

dul e; nted. on unti ng assembly: or
mouffR eqiiecHPeiRioN Aol BATY 258 Fo B b iuRasd BRterina"Array 600
transcei ver may then be in comunication with a
formeddeye the ariays sif rRachsofghl inkeriegatiore segseniseand extending along a
via an input/output device 566. FIG 18 dep| cts a

comlﬁihétlaér‘ttGOZJf Taer aunmewdr%%sm:ﬂq@mtaﬁd 486n %é?meﬁﬁ may be in
and 518, positioned along an arc 568 an direc

com@@ﬁ@{ag{pﬁ d 13@ feﬁ{aﬁ&? % Hr§ %rﬁgp(% t %é@hméfqg\gqhgeg’gc?%atp&segments

a pl urallty of antenna units 572 di sposed al on
mayr are| @ ridagle| iraRscelvgs imayntadh sepayatelyn ar 57 dransseiveatieguded in
wi th nodul es 516 and 517. The array nodul es may be

contrallentcdd, as was plestribeel aithl efereniae Hoasortralee 243of imaging system
relative to each other. The result is that arc 568 1s
20 conprised of a plurality of chords. The same array
" nodul es can accordingly be configured to form any
appropriate arc, cludin rectilinear line fo
CHRL M st arsetoh it M Tor SRR G UMY (ke iferrogation
at an infinite distance. An exanple of an
statiomg and ardenoa appatdtosn a8e wasying chavaciedstiasyand featuags. Various
nodul es 516, 517 and 518 to form an antenna appar at us

of theéd fegtr8s\Why Be flsed iAS/aribis c’t‘fnﬁléiﬁam| Eor fe%ﬁ‘ipfl’é) the antenna

array 582 ext'endi ng horlzontal y around a subj ect

arra) Hes e ith ST BircY «foiny for RHE CintBufisudl Rafighs may be

a nmovi ng mechani sm 586. A frane 588 fornms a barrier )
constigtechveth suifyope@ments aachehayinggaphitrality of arrays, transceivers,
transcei ver 590 may control operation of the antenna

and/eF nfay Baccomstrettsdl adinterrddation segaEmtsg THesd Sl eégments and
Optionally, interrogation station 580 may be

interfYtoR! SEGmBRtL Padifthfl "HaRt & RAce, 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
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segnent 592 that fornms part of an interrogation
station 594 shown in FIG 20. As illustrated,

WO paoe0013gRht i on station 594 may include a pl ur aPCT/ySD4/040069
i nterrogation segnents, such as segnents 592, 595 and

e ol TS5 SRR BB PR Bt e

ant enna arr% 600 forned by the arrays of each of the
the range of @4aliol 3t Ghirg MMEW raadUlaliornanc Havingrggnral combenicdat meets
arc 602. The transceivers 590 of the interrogation

FCC S@SlifeAt&d Neyerationn requiiraméemtat iapd W6 t butgidehadfedny restricted US
controller 604. Optionall y, the i nterrogation segments

Govegﬁeﬁlegﬁirregu@n :B% s ] %ﬁ%’s} QS AT ALE]  milfoseconds.

nclrude as was

descri bed w_.th reference t control | er 2
Antegiae dpam. Widthg; mavoe"aager%enht?éh Thit0t rﬁ@$2§% Bgoad bearn
i magi ng systens, interrogation stations and antenna
impléneatadibns drafienyat yiond0ctegmees efdrs hawowabdafmeatidtie applications,
Various of these features nmay be used in various

depe@ ;I@;B@t' %”lﬁﬁgfeof g § nélh&oﬁés‘?s%‘i’% qélré@¥ehts. Various system

erence O any of the |nterrogat|o

polanbigliohg Hop b iredty Eypmis it e HRAIAToN, e lgyization

be constructed as interrogati on segnents. These array
ellipticap pelatizatiory mght@ncumtpodﬂﬂzabgnpam of deft Icireulae polarization.
mai nt enance, since faulty parts can be readily

r%c@ﬁﬂiﬁ%ly‘)rwﬁlleetr%"ﬁmfeﬁtléﬁé"to%ﬁh@@)ﬂnb@lef fAdining clalms have been
assenbl ed "or di sassenbl ed, as appropriate. Further,

er A BB Y SRR AR o

pol ari zati ons and beam angul ar wdth, either
embodiments thpse rskiledi lﬂotlimantwlﬂldandaﬁétaadt thaé e vagations may be
apparatus, transmitting or receiving arrays, or

o RIS YphaR R o e St of g chtons Ot
comBiKLEAE "dnd! Q0B-Rnlbifstidiatof¥ dehfifed” Hinctions, 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 claihs 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,
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the arc, but collectively formthe arc. Array segnents
may be oriented along the line of an array that varies

wo ea@aioo tse3 per pendi cul ar | ine of the array. VarP@OUES2004/040069
conbi nations and configurations are therefore

ssi bl e. nme. adi,ments of I nagj S hayi
Secogay%fthﬂrﬁle r f‘%ulﬁg'%ﬁgs 8%"5%&? n®&r g‘ﬁggt ?% n&l@ﬂﬁgylgﬁsgﬁtween the
use a transmtting signal that incorporates
elemients;Lantt desndtnindicate anpeguitedoar tiwited repmberptsuch elements, nor
nodul ati on, and havi ng signal content that neets FCC
doesitGeRERIP hdiestead paridukAPdsRIBANGSoraled of Suchlefdrentef
any restricted US Government frequency bands. Pul se
| engths may range from2 - 10 m croseconds. Antennae
beam wi dths may range from 20 - 120 degrees for broad
beam i npl enentation, or from1 to 30 _degrees for
narrow beam wi dt h IS AL ARPLIGABHANY hg on t he i mage
formati on signal processor requirenments. Various

syFhe aes@id tmdding Sysemdbend sothpohratpbfnagingwystems, as well
sane pol arization, cross polarization, elliptica

| AL [ i { r.cul i Wl d/ ef
as e rfteRs s3fetiid, Htrefl. 4 BoplRanR o St ekl hétricPland other
. inventiogns defined in the foll ow ng cl ains have been
'nduﬁt&'leﬁi"&l‘ﬁ\{?ﬁ‘?h SULIRELINAGRS EH@S,LEE'F d with reference to the
foregoi ng preferred enbodi nents, those skilled in the
art will understand that nany variations may be made
therein without departing fromthe spirit and scope of
the inventions. O her conbinations and
sub- conbi nati ons of features, functions, elenents
and/or properties may be clainmed through anmendnent of
the present clainms or presentation of newclains in
this or a related application. Such anended or new
clai ms, whether they are directed to different
conbi nations or directed to the sane conbinations,
whet her different, broader, narrower or equal in scope
to the original clains, are al so regarded as included
within the subject nmatter of the present disclosure.
The
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foregoi ng enbodi nents are illustrative, and no single
feature or elenent is essential to all possible
W@ vbiomses ons that may be clainmed in this or | BCEUS2004/040069

applications. Were the clains recite "a" or "a first"
E!enent or the equival ent thereof, such clains should

CLAL understood to include one or nore such el enents,
nei ther requiring nor excluding two or nore such

The iavention slairfed idier, cardinal indicators, such as
first,second or third, for identified elenents are
used to distinguish between the el enents, and do not
indicate a required or limted nunber of such

i 1 g P g 37 (AR S T RotsTR AL

APPLI CABI LI TY The descri bed i magi ré%es yst ens _and
c catpenasiha Jirsk antaigiangni§ (St genfiguredela tragsmifetayeardoard receive

relating thereto, are applicable to surveillance,

fromreesubject @ro0) o esubjectusdsitiers (84), Muctﬂa)nmm]eﬂctradrmg)aS(ZG 30) in
are ut| |1 zed. CLAIMS The | nvent| on clained is: 1.

a fre'qﬁ?ﬂ Qaﬁ éb?;@%%@éz()@%ﬂ £ C tf‘ltrlaﬁl%ftfrd?nfétr %%st gne position

i gur ed t towa

spacecgg‘fl?oln\ll ghfggsl% lﬁ%}%g t‘%gnt (fé{éog%e gﬂte(@%ul?@giﬁﬁpyo‘:mg about a pivot

frequency range of about 200 MHz to about 1 THz, from
axis §92), esls¢rebyecgubsantconasyait €84 soans aerosstatekeasbaspoﬁtm of the
(84), the antenna unit (94) pivoting about a pi vot

subJ&%'p%sft%%)(e 2’%§rtﬁ@k§n€é}ﬁfb At eOPRpivBistadt)thé

east a rtion of the subj ect position (84) as

ant nna uni t ) _pi-vots out the 0

£ o TR Beeet (B ootk 36° Bhetl rf%t%' aafsf fianﬁiilﬁ%?% and to

unit (94) and to produce an output (4 represent ative
produte aheutpiee(4B depraseatativa of 3bg re@m\tﬁCbrqalaim 64D); @nd)

adapted to convert the transceiver output (48) into

| "EA@Pocessor (40) adapted to convert the transceiver output (48) into image

data representative of an image of the subject (100).

2. A system (20) according to claim 1, in which each antenna unit (94)

pivots about a fixed pivot axis (92).

3. A system (20) according to claim 1, in which the pivot axis (272)

passes through the antenna unit (266).

4. A system (20) according to claim 1, in which the pivot axis (94) is

spaced from the antenna unit (94).
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data representative of an imge of the subject (100).

2. A system (20) according to claim1, in which each
wa@pdaoeoms2anit (94) pivots about a fixed pivot BXI/ES2004/040069

(92) 3. A system (20) according to claim1, in which

35 B LD R s S BAL HLT H Bdes 1o0

the pi vot aX| s (94) is spaced from t he antenna unit
betwepn thee antespatunit (126) anddbe dubject positianrGla4).i n whi ch
the pivot axis (142) is between the antenna unit (144)
and the subject position (134). 6. A system (20)
according to claim4, in which the antenna unit (214)

pobit1 o 158 @) St el dn SR e SFksnna it 214 s

in which the at | east one antenna unit 5294) i ncl udes
betweqs thepivel ays (2udhanthtkepubiest Pesition 21896, 298, 300)

di stributed at spaced positions around a subject in a
subj ect position (290), each antenna unit (294, 296,
298 300) bei ng adapted to pivot about a respective

piyot a sg%gz(zgg%éc%@%& tc?’gl%t pte r\ﬁﬁ%hecﬁérhtqgé % antenna

unit (294 t 0 scan across

it S5 s SRR {t’aﬁhan?%y% upi (b B bb@&dtstnbuted

about the respective pivot axis (302, 304, 306, 308)
at spacetl pgsitiens aan)ncha cuibjdah dn taosubjacthpasitiom (i\ﬂﬁ)){; teaehcantenna unit
antenna unit (294, 296, 298, 300) pivots about a fixed

(29912498, 28! Sobf’gétng%tfapté@% pRfit)abobit afreSisdtR/a bived aX|s ZE302 304,
accor di ng to c arm 8, in which each antenna unit
rt of an a 2 286
306,23%3),0 phere nﬁgch rﬁort‘t‘gnlaq U @M %9(5,‘ 558, %66) i5 adapted to scan
across at least a corresponding portion of the subject position (290) as each antenna

unit (294, 296, 298, 300) pivots about the respective pivot axis (302, 304, 306,

308).

8. A system (20) according to claim 7, in which each antenna unit (294,

296, 298, 300) pivots about a fixed pivot axis (302, 304, 306, 308).

9. A system (20) according to claim 8, in which each antenna unit (294,
296, 298, 300) is part of an array (282, 284, 286, 288) of antenna units at each
spaced position, and each array (282, 284, 286, 288) of antenna units pivots about

the respective pivot axis (302, 304, 306, 308).

31



spaced position, and each array (282, 284, 286, 288)

of antenna units pivots about the respective pivot
w@zi0s/00322, 304, 306, 308).10. An inmagi ng systRaT/3)4/040069

conprising a franme (318) extending around a subject

ok 3 S e e, e (282,

I ocatl ons di_stri buted around and spaced (fro t he
subflame ﬁw)ﬁ)@ﬂnqmg@j@u%éWUEJQCQPO@@QQ 2 286,
288) including at |east one antenna unit (294, 296,

298 plaefly ofrdritgnnz dartayst (2825 84, tZBfarm@nﬁxecﬂyamanted to the
froma subject in the subject position (290),

o OSSN g #p@c@q TPy, oston
(290&?2% d@fg{@g{ i@z@ fé:égj f&%ogé) g r{Gas §°6he BNLENNE  unit (294,

el ectromagneti c radi ati on (26) tovvard a portion of a
296,5288,e800) coafigurednta fansotij tawaggbandi weeveodpn Rasubject in the
does not receive electromagnetic radiation (26) from

subjéét PERTN ‘QQ‘@O)Otél'é‘dtr&ﬁé & rididor( 226, 3#B6in 39%%&999 range of

transceliver configured to operate each ant enna

oo A0 57 5, T, B G THENA S, LB st

and a processor (40) adapted to convert the
(290 #ash epntannau@s@y (484, |2|%o 29%9808it anepitivaneleciromagnetic
of an image of the subject. 11. A system (20)

radicipR028) Rewhed alpurtiod Of ai subjétitdbcdtbe inpkives slibjert pbsition (290) that
arrays (294, 296, 298, 300) includes at |east three

does ééf‘ﬁ%éﬁ%’%%c)%? &IC ?‘z%bqéttlc?rpgﬁgjj fﬁfn?%dletagﬁ o?lléb{)ﬁfétr antenna

app opri ate I'rect el ectromagnetl C
toward the entire circunference of a

arra\é%‘éé@%@ééfé@@?n the subj ect position

a transceiver (38) configured to operate each antenna array (294, 296, 298,
300) and to produce an output (48) representative of the received radiation (30);
and

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

data representative of an image of the subject.

11. A system (20) according to claim 10, in which the plurality of arrays
(294, 296, 298, 300) includes at least three arrays (294, 296, 298, 300) spaced
around the subject position (290) appropriate to direct electromagnetic radiation
(26) toward the entire circumference of a subject located in the subject position

(290).
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(290).12. A nmethod of imaging conprising: transmtting
toward a subject in a subject position (182) having a
W@ emwbo018¢3180) , el ectronagnetic radi ati on (26) PET/ES2004/040069
frequency range of about 200 MHz to about 1 THz, from
eas the transmtted
trohﬂﬁﬁﬁFﬂP&ﬂ@@ﬁﬁ?ggﬁﬁpgéﬁgacross at least a
portlon of the subject position (182) fromthe at
| erenspitEingotivardna subiestvimg suliack pesition) e¥2) having a center
refl ected el ectromagnetic radiation (30); producing an
(1803ptenedtrdmajnetepraﬁ@nmat(26)a imfa flegueaceirdnge refdabduton00 MHz to
30); and converting the output (48) into inage data

abolgif e%‘ﬁ%g{lfe%gtpﬁe osﬁanl mage of the subject. 13. A

g’ dccord i'm12, in which transmtting

radlatlon |nclu stransmttjn adi at (2
f r 8FANKNNG & §t réﬂ%mEFﬁCErﬁ'%FtEﬂWQngPﬁz adr' s@ggrﬁ%@g% [k least a
radi ati on (26) includes pivoting each antenna unit
port{oh7&) thelsubjectpeisitimn @829 fiinmghe at tdast oné Positionphi ch
pi voti ng each antenna unit (172) includes pivoting

ea 5.
e o Wit cuBiReticelodatciomanneie S?‘&%?%@ach

(oBGJGi e guF sl ol e85 &IV%’htﬂ%E%%Evsea el iy and

antenna unit (266).16. A nethod according to cl al m 13,
i ncmuerhn@thetout@te(é@h infotimage data (50) represerdptive of an image of
pivoting each antenna unit (172) about a pivot axis

the §d$8¢t.t hat is spaced fromthe antenna unit (172). 17.
A net hod according to claim 16, in which pivoting each
antenna unit (172) includes pivoting each antenna unit
(172) about a pivot axis (188) | ocated

13. A method according to claim 12, 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).

14. A method according to claim 13, in which pivoting each antenna unit

(172) includes pivoting each antenna unit about a fixed pivot axis (188).
15. A method according to claim 13, in which pivoting each antenna unit

(266) includes pivoting each antenna unit (266) about a pivot axis (272) that passes

through the antenna unit (266).
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bet ween the antenna unit (172) and the subject

position (182). 18. A nethod according to claim16, in
wokioslosey ot i ng each antenna unit (214) i ncl udeGT/US2004/040069

pi voti ng each antenna unit (214) about a pivot axis

2) such t the,an 4 a
ek TG ASEORUTE 1 ST Dot REQLBRliRE AR, i o
(218) 19. A nmethod accordin to claim12, in whic
(172)s&m|mjiesgptvnﬁngreamranteafmaeue@t(rlaah@b@utoa rpa\cntaamr(l%) that is
(26) includes scanning the transmtted radiation (26)
spacdd ABh$ BRCaGkeRRa Unitoy2)) stributed around the subj ect
position (290). 20. A nethod according to claim19, in
which transmtting radiation (26) includes
transmtting radiation (26) froma plurality of
antenna units (294, 296, 298, 300) di strl but ed aﬁq
spdeed Apﬁﬁthﬂ@@cﬁmﬂﬂ&(ﬂo &I%lﬁbﬂ@ctn wédgh pyetipggeach amtgnna unit
scanning the radiation (26) includes pivoting each

(172 Mcides pivoting 2&4Eh dAtennadanit JQVR) 2bouk arpiviobcaxis (188) located
according to claim20 in which pivoting each antenna

e T IR Rl i S T

axis (302, 304, 306, 308). 22. A nmethod according to

claim 21, in which each antenna unit (294, 296, 298,

300) is part of an array (282, 284, 286, 288) of

arnt8enna\ améthed atccewtihg tpadaioh posirt Mthlph aw@tnpgv@ﬁdhqgntenna unit
each antenna unit (294, 296, 298, 300) includes

(214)°iﬁt‘ﬂﬁdé%9pﬁéﬁ|§’%@aﬁﬁ>ér{t8ﬁ¥a uAft4(2128&bodB ) pRbt @RISG(E’IQ% such that

units about e respective pivot axis (302,

e S82hen it AgTFL TS A S1ELB0B) 211 R g et

each antenna array (282, 284, 286, 288)
positisine@18dmagnet i ¢ radi ation (26) toward a portion of a
subject located in the subject position (290) that

19. A method according to claim 12, in which scanning the transmitted
electromagnetic radiation (26) includes scanning the transmitted radiation (26) from

spaced positions distributed around the subject position (290).

20. A method according to claim 19, in which transmitting radiation (26)
includes transmitting radiation (26) from a plurality of antenna units (294, 296, 298,
300) distributed at spaced positions around a subject position (290), and scanning

the radiation (26) includes pivoting each antenna unit (294, 296, 298, 300).
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does not receive electromagnetic radiation (26) from

at | east one other antenna array (282, 284, 286, 288).
wQ@4006/M0182% hod according to claim23, in which PCT/US2004/040069

transmtting radiation (26) includes transmtting

radj ati on (26), fromarrays (282, 284, 286, 288 .
| oot ech dneialicaccoriag tRudeit o 18 Suieh Phvasfidneach antenna unit
subj ect position (290) appropriate to direct

(294eR86t 298m3HBtincudesi pavoting e(azg)arttemm unit{@9én296,6298, 300) about
circunference of a subject |ocated in the subject

a fix@Pphvot aRis((399) 364, 3ds, Bohem (20) of imaging
conpri si ng: means (22) for transnitting toward a
subject in a subject position (182) having a center
(180), electromagnetic radiation (26) in a frequency
range of about 200 MHz to about 1 THz, from at | east
ordZ.posh Medhod aseerdingt) clan 2de dmmihich each antansiai unitd94, 296,
el ectromagneti c radi ation (26) across at |east a

298, BO0Y iiopaef of he ¥y €X82, 1284 286N 288B2F dntaind haitetat each spaced
| east one position; nmeans (22) for receiving fromthe

postRD R A 68 S P RS o et fdils oo et

of _the_ received radiation (30); and neans (40) far .
ey G2, 2hhos a2 Bk B anFeTER bk SPRUG dhaRspectve. pivot axis (302,

representative of an inage of the subject. 26. A

304, 396} 868).20) according to claim25, in which the nmeans
(22) for transmtting radiation (26) is further for
transmtting radiation (26) fromat |east one antenna
unit, and the neans (68) for scanning the radiation

(Z8) 185 THEH 08" ad Rl 48! Lilith SBC M AR Raritittid Fdiation (26)
includes transmitting from each antenna array (282, 284, 286, 288) electromagnetic
radiation (26) toward a portion of a subject located in the subject position (290) that
does not receive electromagnetic radiation (26) from at least one other antenna

array (282, 284, 286, 288).

24. A method according to claim 23, in which transmitting radiation (26)
includes transmitting radiation (26) from arrays (282, 284, 286, 288) located at least
three positions spaced around the subject position (290) appropriate to direct
electromagnetic radiation (26) toward the entire circumference of a subject located

in the subject position (290).
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27. A system (20) according to claim26, in which the
means (230) for pivoting each antenna unit (214) is

wo eoobloers23 or pivoting each antenna unit (214) BODUS2084/040069
fixed pivot axis (212).28. A system (20) according to

claLm 2, in [ he nmeans (2 for pivoting each
ant‘%-gnnag‘u'fﬁﬁsiée'%‘I\lgaégI 4nagipg ﬁem&* F?gpl voting each
antenna unit (266) about a pivot axis (272) that

pagmasst @) ufdr traasmitting npwandt a (2&§@ct 2O a Aulsjgst guosition (182)
(20) according to claim 26 in which the nmeans (230)

haviﬁ?ra BEMRF I(180 ¥ addrtAsth S 'dfatgo?nlg%a'lﬁ d freli8hcy Ringe of about

voting each’ antenna un|t 214 t a pivot &axis

ced om the ant.enpa unit (214). 30.
2005@%@&@59 byt BOTHIAH S3FLOBF BPAESRE i n wihi cir 1 he
means (230 for pivoting each antenna unit (172) is
f umeass &%) v ccangingatihe afargmistadnicleqtormagnatisuradiation (26)
pi vot axis (188) | ocated between the antenna unit

acro(;éé)?]ea@t‘é pdteon ldﬂtﬁétsuﬁj@&t bbsitiot 182) frém the @Mééﬁr@ne position;

according to claim26, in which the neans (230)

pi voet%!n% 3522%19 P%éé@f%ﬁ@ﬁ?tt@ 5%}%@@%&%&? %[écﬁ%ﬁg{g?{etlc radiation

(212) such that the antenna unit (214) is |ocated
(30)bet ween t he pi vot axis (212) and the subject position
(218).
means (38) for producing an output (48) representative of the received

radiation (30); and
means (40) for converting the output (48) into image data representative of

an image of the subject.

26. A system (20) according to claim 25, in which the means (22) for
transmitting radiation (26) is further for transmitting radiation (26) from at Ieaét one
antenna unit, and the means (68) for scanning the radiation (26) is further for

pivoting each antenna unit (214).
27. A system (20) according to claim 26, in which the means (230) for

pivoting each antenna unit (214) is further for pivoting each antenna unit (214)

about a fixed pivot axis (212).
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28. A system (20) according to claim 26, in which the means (230) for
pivoting each antenna unit (266) is further for pivoting each antenna unit (266)

about a pivot axis (272) that passes through the antenna unit (266).

29. A system (20) according to claim 26, in which the means (230) for
pivoting each antenna unit (214) is further for pivoting each antenna unit (214)

about a pivot axis (212) that is spaced from the antenna unit (214).

30. A system (20) according to claim 26, in which the means (230) for
pivoting each antenna unit (172) is further for pivoting each antenna unit (172)
about a pivot axis (188) located between the antenna unit (172) and the subject

position (182).

31. A system (20) according to claim 26, in which the means (230) for
pivoting each antenna unit (214) is further for pivoting each antenna unit (214)
about a pivot axis (212) such that the antenna unit (214) is located between the

pivot axis (212) and the subject position (218).
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