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WD 2006/ 001823 PCT/ US2004/ 040069 M LLI METER- WAVE

ACTI VE | MAG NG SYSTEM W TH FI XED ARRAY BACKGROUND
WQRM6{0AE22r wave signals are used for radar anBCT/US2004/040069

tel ecommuni cations. They are also capable of being

VAL IMETER WSV EACYIVETTMAGING SYSTEM WA FERED RRRAY
the reflected signal. EES%ELE;LE&QSUCh i magi ng systens
have been described in BAGKG Nunbers 5, 455, 590;
5,557, 283; 5,859,609; and 6,507,309; and U. S. Patent

ApMiliiroataramaveusipaals ate/used 66 adarl el telemn2@unRAb8nsindhey are
a continuation-in-part of that application filed

Opeit@0 téat | H eghi I ' T
als0 P o) DelFid, ol foF | edugRor s MaGE - B, Slibfeet ¥ Tirecting
o Nugber 10/301, 522 fil ed Novemhe 1 002_.and .a,
il QAR SigRals 3 e sUtiect 3 Setahna e dRneredcianal. Examples
Cct ober 30, 2003 entitled "Detection of a Conceal ed
of sughy baagingvgyistemsp dawatbeasf desanibed iar U.S.nRatepb MNanabiers 5,455,590;
herein by reference. Wen i nmagi ng systens are used for

5,553,288¢1 5|88%609 4kl S6/587,300; Mandbeas, sdepareni! ﬁppﬂéatrdhe Number
systemto quickly, conveniently and safely pertformthe

10/637552, 168 Fje. 26200 2t Bk Gt Girkpal B Wk anplication fed
octobey’ $baod eritisa b dngs hafesried Dbiecrsint A hedipdnioand U.S.
to entering a public or protected facility.

Patemic ApplitiatighyNumberf 18/381t 52 filedi Ndvemleers?21 U200 asd megortimuation-
benefited by using differently configured

in-patt!oF that! AsHiRafén KL OCRERY 130D o3t érﬁt&?b*%%@ﬁ&g%m%@ceaied

person is positioned during fnmaging.
. OF THE, DI SCL E Active.inmagin st e cap i ncl ude

Objegty, WHich-pateR pIFtErises ai Tt b NSt Ry e feretinr d

and receive froma subject in a subject position,

mWheneigaging vaystems careobisemh dor csurseillanceorof peksons, it may be

antenna apparatus transmts and receives radiation
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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1 WD 2006/ 001823 PCT/ US2004/ 040069 from positions
spaced fromthe subject position and distributed al ong

WO 20064098828f points or aperture facing the subjPEFIUS2004/040069
controller can include a transceiver configured to

t { u t
fronf isichs, FB0’ RORF HERPLRCY MO RBE Gl o @ tocus of
. processor adapt ed convert the transceiver output 5
Po"ﬁﬁth iansggr%iﬂ%sme?sﬁ%s@%@n verﬁolbtﬁéll%g@i dnclude a transceiver
subj ect. Various configurations of an antenna
configipred fousparate fwsantdnea abpasatus andaprodieafargBugiltaepresentative
can be selected as appropriate for a particul ar

of HkPPRédeRRd Ridliation!, anl%lxé | ééssélhé‘dﬁfﬂeﬁ QB%O%B?@T%E@@E&%\Q& output

i nclude one or a plurality of antenna uni
: ' two-di.nmensi_onal arr of . anfenna units.
lnto%ébgfq?gq]ﬁéorgﬁgqtahyef af]ﬁp"ﬁgeﬁ’tﬁ%%{;@e&{:*ong a curved
ath or be in an array that is curved or straight, and

mayaHeus iceafigemtions ofi an antennae @pparatus sarghpossible. A particular
Antenna units or one or nore arrays of antenna units

confiayation fdaxede Beleetdd =8N appbpPia¥@tfol Oa Sﬁﬁ*gc@a? Uﬁbé;ﬁfc&tion. For

fromone or nore positions distributed about t
: _ . ' oh . .
exaritfll 62 S SPRRlotys Al e BBl BBl ¥ attenna unis,

varioys ways, For. 15 exapple, the asserrbl_g/ may nove
such, g @, Ieas-eh twer ﬂ@ﬂﬁl@napgrréusqf FEnna) unjitsar Thedantensa unit or

-subject, toward or away fromthe subject, or in an
unitomayghoee dlangea corvedopath ordssipcaratirdy ahaesbdurvedes Biraight, and
antenna units nay al so be oriented at different

may 3R9fked or RAGVE iileBS%lﬁg?ﬁ' %r%@rai’/dﬁtadathﬁnhﬁféﬁﬂaaﬁﬁi@é ?)r 2R or more

al so be forned o uralirty of array segnen

array gt B0 uBlS BB Fudf BRRbR cpckST R SPRaBSRhlERt from one

i s a general diagram show ng an active inaging system
or mprespositipss glisiribgieghakmigi thei sulpjegsn skmassembiy) &s whiich an antenna
interrogation stations that
array is adapted to move along a defined path, may move in various ways. For
example, the assembly may move along a path extending at least partially around
the subject, toward or away from the subject, or in an opposite direction to an
associated assembly. Such antenna units may also be oriented at different anguiar

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.



10

15

20

may be used in imging systens. 2 WD 2006/ 001823

PCT/ US2004/ 040069 FIGS. 3-9 are sinplified top views
WO 0183 ent interrogation stations. FIGS. 10RCTAIS2046040069

top views of another interrogation station

|| FISS) 340iare smphiet €915 ieWs oiffaler® Tnteflotion Lesh s

are top views of yet another interrogation station

il rahhl nce_of eration. EIG 12 is a .

i 5% SNGRC AT BB IERS oo ERE ThisPtiatiop: saiap Tistrating
exenplary antenna array configuration. FIG 13 is a

seqyeneRtohaRsiptiN. an opti onal enbodi nent of the antenna
array of FIG 12. 10 FIG 14 is a top view of an

| NFEGS.0pI-10D svtabpanews bEget shdther ﬁi’c@h’@?éti@ﬁ SERGH Mustrating a
antenna array configuration that can be the sane

seqdéﬁkérdf?%%gétﬁ?}.“ ation shown in FIG 12. FIG 15 is a

top vie an interrogation station having laterally

of t,,antenna array_assenblies. 15 FIG 16 is a

gehis-at? ds zi’g?’%% Wep: ef iaRgInkgrrogalinm gtatios: dshating graexemplary
interrogation station with a plurality of antenna

anteapparmywonfigyradions. FIG 17 is a general diagram
depi cti ng one exanpl e of an antenna apparatus segnent

uspld. e13 i Aot viRW efah Q]Btieﬁ t ;érgl?otgﬁ}e'ﬁ't Qf e algt!eﬁna array of

18 is a plan view of a plura enna arra

FIG slezrgrrents that may be 20 used to form an antenna
‘affay. FIG 19 is an isonetric view of one exanpl e of

an_ant enna apparatus segnent.
FIG. 14 is & 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 _interrogati('nn 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 segnents. 3
WO@E0gm882001823 PCT/ US2004/ 040069 DETAI LED DEBCRITRT#0@N40069

OF THE VARI QUS EMBODI MENTS Shown general Iy at 20 in

FIG 1 is an activedg&&wﬂrﬁmaem 20

i ncl udes an ant enna~ap control |l er 24.

The systemis actqu in the 5 sense that the antenna

appar at us t r ansmfsligk YARIQNSEMBODIMENTS: i on 26

toward a subject 28, and in response, the subject

enShewar gerdraliy ot 20 éutFiGnegisahcactvdl mhaging sYetdrhat System 20
is detected by the antenna apparatus. A subject

RS ARt Stiah Z2ONEA LBl o) 1 SRR Bt n the
sensgolfed in A, Sppetfis FErepn e, estanvonche rdinkonras toward a
the subject includes the person as well as any objects

subjecipd®r akd in sespanse pthes subjestiemitssomefiettselekrpmagnetic radiation
jewel ry, pocket or other knives, coins, clothing

30 thatessdsteetad dynthe Antaia Cﬁﬂgﬁ"ra@i@l eCA Ssubiddt FRILUARR all that is
i maged. A subject may include one or noré persons,

i ohj . Qr [ (on_ of. these. . .
pres@telirS encteirbdatchl B’ AEPhoinatind 36 fo maging, whether
appropriate frequency 15 range, such as in the range
humgﬁ, %’B‘BTP(': o fanETalePRIECT MR examplss it @ peksareisainean nterrogation
(THz), generally referred to herein as mllineter-wave

statiomforaimaging,Shei subjedt ingludetiel personasheell 89hhy ebjetds Bdpported
el ectromagnetic radiation in the reduced frequency

n i i -
on herersh, Menohskathds R Kol G Siner bpves, cons
GHz_may _al.so be used for, produci ng acceptabl e images.
clothief aCcesoTich GliisnOhayy Gie: QEFtsafiah cA Pedmaasquofcyibiect may

) or over a range or set of frequencies using several
include @neri mara persens, animalshiobjects seruaonbinalion bf Hwsency
hop, pul sed,
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, puised,
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




10

15

20

frequency nodul ated conti nuous wave (FMCW, or

conti nuous wave (CW. Many variations of an antenna
WaBMY¥Ni8238 are possible. The antenna appar at uPCREISE2004/040069

i nclude one or nore antenna units, and each antenna

inclidd bn8®Y mdreFPanrsaRt §#g?%nr@géﬂéﬁaﬂggfr%81%6%c13i'\1/ﬁ‘|g‘9ﬁtennae. An

one or nore transmitt ennae and one or nor

recei vi.ng ant ennae. A ntepna_unit i ncl ude a

antefing 4njt; 313% '%ﬂ#@% ﬁaQFl{fH@V ﬂﬁ;ﬂf\t@&'@wgﬁ%%@m ire¢eive radiation in
response to transm ssion by a single antenna. The

response nkaetransmissioanyy apsinge i anenngpe Thef agiehedet fay be any
transmt or receive electromagnetic radiation, such as

appRopriaté WOPé EOFigUral &b treeifit e recoRILCEBE @maﬁh@ﬁé ?adiaiiion, such as
sem conductor,” or laser. Antennae may both transm
ecepye. T a npae units may have one or nore
a siBinbr Bl snHifnaloFRafte, Hrcle: SUnOBHurPE Pr gser. Antennae
p%@ari zation or unlike polarized wavefornms such as
maypoge , trangmibt ard| receiveci rhe antgyag iunisi omy hadenewe or more
have narrow or broad angul ar radi ati on beam patterns,

indideyenaintepnae thed eandritadrt eaceiRe dikewpokfizdflor®¢ bflike polarized
relatively broad, he. 30 - 120 degrees for imaging

. : : h . - . o
wa P St il ehbicalnd? SRR boiabR A, P el N narrow or
A, bq used for applicgtions having a narrow field of )
broag} angiiar, frdiatien bSaRy PAREMS, HePendiitoa Hhe aRplisatios.cBeam width
a sub'gi_ct by nmechanically novi ng about the subject in

i

mayabe ggletively braadgiiresn3d onaR0 pdegrees fonémaging applications that use
t wo- di nensi onal array of antenna units 15 may

hologtaphid ﬁethﬁﬁ{dex, hfle TREIOAN bEah! WidBheh gﬁtégg%céﬁ 0 f- 30 degrees

I magi ng system may include one or a Ity o

{ - uch as a secon n{ enna appar at u
may 33! SRRLA AR fokive Bndina TR of Yieht reu et naurther, a
___environnment by suitable radome material which may be
Slnglﬁaﬁﬂteﬁlﬂa tARY spPpacasuliectoby Jagehanically depeingi abpuithehsubject in a
mechani cal notion that is required of the antennae
one-ampawaidimensionalr path. 2 Anei @%M&Qdiﬁi@fsgﬁzﬁdl' Rirrdyn6f Yfienna units

an ant enna- appar at us novi ng mechani sm 32,

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. Mving nechani sm 32 may
Weap0Mi2dd rel ative to a frame 34 for novi ng PREUS2004/040069

antenna along a path defined by a novenent control

The'YR6WAY MBthaHiGh A riidy Bed é/d(ﬁ)lpré’i@p] ﬂer\ﬁbt\‘?érﬁ égﬁ’icﬁfeﬁ%e antenna

not or i ndexers, er contr O

pr 06/ 001823 PCT/ U82004/ 040069 The .
app R iR in Qe tBanE 0% NP TROT et AEHAT S Bble device.
noves the antenna apparatus, and may include a
st §ppeollen?smays eontoolmperatiorof bidter 32 andbberditmte the operation
Controller 24 may control operation of notor 32, and

of apeshr agp@raw@ 20PRItAtMBVeRENEBf SN0 Anddia apgéraﬁs.vgédhtmner 24

novenent of the antenna apparatus. Contr ol

ma) KR #‘3‘2‘@2@ Eflire, TS o o PAREBlrRUGR, of these, and may be

. c%gputer uter server, or other
inclyg anaoég erl COSADRE tSEHvere Qapiher omigseprasessarcbased system
sequence of logic operations. In addition, processing

capabie of lperibrating lauseglianice rofl logicvopkiationsnr tIhQﬁ@dlti@h nﬁrocessmg can

i npl enented in separate system conponents. on
AN
be & ﬁgﬂrﬂ(’)cgcésgg’cfl rgr!h{/ﬁﬁg??dr@%%# ;lféﬂé’c gfpl{eﬁ%ﬂ? lﬁe%eﬁﬁ‘at@ system

rocessor. for storin per at |

comPRIEHSS ¢ 11on oneSEEATPIR: . FURISIB s 2hegiole eissiae dranscelver 38, 2
hardware, firmvare, or software. The transceiver, as

processer efiy andda haeatary 4 couples to Ithet processor ﬁmrdstoring data and
functions appropriate for generating, routing,

opera_tiﬁg §asthidions! 28§ Iriskigtians! n’fa%FB%‘én‘ﬂﬁbdléé as_hardware, firmware
m|Timeter-wave signals between the antenna appar at Us !

he processor. The transceiver, then in this
C rehensi ve sense, rray i ncl ude mult | pl exed swi tching
anmpng the antenna unit transmt and receive
el ERe (igWseaiver m$ @l‘éemp&ated heneiny éngledesuall structire and functions
transcel ver may be wholly or partly included with a

appropriateal fororgemekdatﬁsg,orrouﬁﬁgMEfddésﬂthatr’ehynf ittidgdediid | Peceiving
an interrogation station 44 housing the antenna

miliimeter-wave signals between the antenna apparatus and the processor. The

ors

transceiver, then in this comprehensive sense, may include muitiplexed 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



10

15

20

20 apparatus. In certain cases, nore than one

transcei ver is desirable, such as for nultiple
Warteii823ppar at us or for two di mensional arr apCiiusgi0ag40069

systens. The transceiver thus sends to and receives

complrfih<, BRLEG G- BT RR . DeniBERsEonkedPRirgssctfe, Wother logic

_processor may be any anal og or digital conputationa
umt&éxﬁd@@tedarto Gonyol 2088ning 1628 su@m% SHSh EGRiNI0G geceived signals 48

conbi nati on of devices, such as a conputer(s),

and rproduge imags detzs 50 mpreyehmtnﬂeogﬁ an image (cf) atakéapt adhdrtion of the
control scanning of a subject and receiving received

subjglftgggthlﬁﬁéglgtﬁ;iﬁgfi@gag%r 3, on@tl'%@ p{%‘SE’és%ég Eﬁfﬁa‘ﬂ? processed
or upBRERsserl, O Sobsel ot B, At She as S887 Mra BomiabeLa sublect, data

the data, such as data for a portion of a subj ect,
thatdstraaniptlated in orddrpial sepatate; for déewing ta;eaarcmaatdralr by another
viewi ng by an operator or by another processor,

proc@?)éd?c bﬁjetfhafhdﬁﬁai ?é}ﬁr%@i'ﬂ? a @ieglﬁédl cRds %'f%b?er% ARihesd fan-made

such as man-nade " obj ects, non-physiol ogi cal ‘or

objefG nor fPigRbRal e RbiVilg cbleciSihf "Bk e dentiying o

or neasurenents or. other 10 information relating to a
facilifatiee deleptification @fr re @bjeEnOF eshioeld oF gensureThents or other
i mage data may be output to an output device 52, such

inforasatorstalathye toledubdect thatrigiderdasd from reteiveglusignals. @ The image
net wor k hub, another conputer or server, or directly

datat gn%édb%pbﬁi’plﬁe‘ff)c%gew Céui?sd&né@ @BEht 25 faNEéfBFé@e device,

e a'single or a ination o
be |local .to . the processor or renote

Comﬁiﬁﬁﬁ%fpn alwﬁr SQ@( 3¢ @uetwark b, ang rRRYtEs Pr| SeRyer oF directly

network. FIG 2 illustrates another form of
to a displayr deydas, such taata videé Onéritorudemons d2enay beg single device or a
systens, such as system 20 di scussed above.

combiRb86h QFaddvivkss bkl RRYe 1dHt iHdee Brdc Bremote from it and
appar at us assenbly 62 and an antenna pat h- novi ng
acceSsi Blgnth d 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 20 notor 68, a guide 70, and
wagoteo2pedi ate frame 72, simlar to interrogRCT®IS2004/040069

station 44 of imagi ng system 20. Conponents 66, 68

. ed, rel ati ' [

posifh of i ind Bt st 5isSed fyehdl BRERL Pl ric@ffenc of the
pat h. Pat h-novi hg assenbly 64 correspondiggly may .

antennamma@r@tumﬁsaembgc may die ueed7to epnirel aosasby @apeysom (subject) to
Mot or 74 can act on antenna apparatus assenbly 62 to

the subject pesitign WOLRO MteA0G886N BEKIAUIS2P A4/ fro0kiecextended soanning of
of the antenna path. As is discussed further bel ow,

I+ nna apparatus assenbly may
the%ﬂ@%@g@ﬁﬁgﬁggﬂﬁégﬁhgg%ggéﬁby a person (subject) to
th uhject position in the interropgation station, .or .
torgllaha e g Vanms SombodimgnS oiidhecanigledion (g igrrogation
antenna apparatus. 5 Follow ng are various enbodi ments
statiansi ot pofliansr eft intersogaftionratetiongythatonay beatsedris aorimaging system,
portions of interrogation stations that may be used in

sucheds iHTBeEE Ut rRYRd 8Mthe AHAdINGSysten BluStrafedl B PIGS."Eand 2. FIG. 3
i magi ng systens illustrated in FIGS. 1 and 2. FIG 3

st 3 6 ol AR sfiodiod 4P pO RIS R affaratus 52

position 84 having a subject center 86. Antenna '
spacgd depnatausibiectippsiion 8d davingra subigsheaiten §éadntenna apparatus 82
recei ving el ectromagnetic radiation along a | ocus 88

provitdes fopitransmittipgrakerdceiVily elbatraraddetic radiation adow@gallecus 88 of
arc 90 has a center of curvature 92 that is on the

poinfbg ‘P@ﬁﬂe&@n@ﬂlﬁye ah att@oeCin E@Q*eﬁéw?ﬁe T4rE Bt s §HRB0F curvature

appar at us. shape of 't l'oc of  points may vary

al.ong its length j e,or nor | pectjons., The | ocu
92 tiggt 5 Dpthe orppSRe sl gl iect Sehter 44 G a Siten0g anparatus.
15 subject being imaged, or may have any of various
cufhe Ishaparofdief fogus af ippints may vang alondgsitsHapglh iruone, or more
or a curve with an increnentally or continuously

dreaBE¥] MEHENS o oS 1691 U aphes I 1l Eoe GP@nvex to
subject being imaged, or may have any of various curvilinear configurations, such as
an S-shaped curvé, 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 |locus of points

WeEH6AI0M23g t hree adj acent points is a point e®qCaENUSE004/040069
di stant fromthe 20 three points. The distance from

r.of t
subliBE FESRERG IS psHeP Y Frechabiedly JpB%pBCk Gristffa, gt along an
t he t ree 0|nts The ant enna apparatus nmay include at
apeﬂt'éréb@ ipfRreahHRR #5long 8 Yhat noves along a path 96
conformng to arc 90. Various positions of antenna
unAhtedvhaalinib §4 alse mBcbapart of alsrtarmm@nteﬁnaa&raﬁ o8 that extends
enbodi ment having only a single antenna unit

vemwa}ﬁned ng rnecﬁlaﬂrrll?r ?%Qﬁ(ﬁgﬁ%hﬁg@h? gdgnﬁ%glh.%c@gﬂld&zgsuch as a
persiil, GRRSTAIN CocSyiaB ity mTigh Bor ISkt o) e, Hh yartical amay

array 98 that extends vertically along the height or
travels miong qativf9G ire aneingging fsyatesm tgseitiusttated suEIG.ad. aThé various
person, generally occupying subject position 84. In

positieoPasenfa Uriresy %ldﬂgCEHe ﬁémadbrﬁésﬂﬁﬁh %o%idéftﬁm@ﬁfrbrﬁénna array

in an imaging systemas illustrated In
ositions of antenna unit 94 along the path
98 agjg'ngr@g;%%ﬁ to positions of antenna array 98 along the
path. Optionally, antenna unit 94 may be part of a
ho@PH@'ﬂﬂ’M astenna vl 9himay badpart of rohprizental agay k2, with the

al so having additional antenna units, such as antenna

horizontdlsartéyt alsol Baving08dditidnal Léntehina i widity, aduchr asantélha units 104,
extends along arc 90. A subject in the subject

106, PR ta'nl”lf@y Ik? rlftﬁﬁé‘lnﬁﬁayzqtdi EJct”eﬁHF cﬂ?ﬁpﬁ@'ajréf 9'19 ond stibfect in the

"array and anlcal y noveiren he~arr ay

subiekty £PSRESY gy bP %T?%c%rﬁ?%& Bpth 1 lelnically eloenddie array and

vertlcally and horizontally, and includes antenna
mechanicallyday, movemend &f the agray Meeticaliyd ot hers ext endi ng

vertically fromthe antenna units along arc 90. The

In some embodiments, a two-dimensional array 112 may be used. Array 112
thus extends vertically and horizontally, aﬁd 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

WO RAGMER28di ng arc 90. Extended i magi ng may bePgTaNR2Ead40069
by one or nore of extending arc 90, 20 providing one

addi 1] a rat r. Lng a o
alorl fECef 106! IR FRieFA AR L8] ol Pag el tr dmaging, s
. 116, such as on a platform and noving arc 90 around
disciosed 9u4y Se tPaberl Npo§,859,60&ocam¢ebmoal?@ed Bhgemputing image data
consi dered appropriate for a particular application.

corrébsordlisg & aecyPhdfical wsm,cmnt@he%ﬁs forthedifference in distance
osition to arc 90 may vary - 9 2006/ 001823

P
04 : r ' ' .
along e A S hi el et 1 Complied B B8 BRocessing, or
..disclosed in U S  Patent No. 5,859,609, can be
differgase Valkes ﬁar&gﬁﬁ!@'ﬁ%ni REgeNaLeh asdn elopkrin bleo a
cylindrical system by conpensating for the difference
i nIdwilk e appradiated thak bymositisoity thelcdiiter eficaredord®2 of arc 90
conputed during data processing, or 5 difference

I i t i | -
on U8, HFfEle 7 Re S aREy g 5 8 Mk s 2, e
ce r.of .curvature 92 of ar, 0 n the opposite side X
cunydh fle G S hfiartestond dfi ienot R AR TR E S e subject
82, the «curve of the arc is nore elongate along the
positiengt therfonges thedadisisael gervatureh e msrecgradpek bt istraight the arc
The [ onger the radius of curvature, the nore gradual

becamesst Makiohs donéigaratiohd drecaeesiinglgr pargible.orHordnstaht®Nwhen the
are accordingly possible. For instance, when the

. . | | .
intrBGAIGE S84 oA 1o B 8% orth 6 31 ] ot o By enponce to
.an airport, it_my be desiraa%e,to have peopl e wal k
facilify,o aucth asc o Pipets hanRy bndasiiablee tanheve Pepplavalsalong a
extendi ng al ong gentle arcs along the sides of the
contjraiolis rpathc eldavihg the dirtterria apparates extenslig alongagéntie ages along

it to be used 15 in a snaller space.
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 Ithe 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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If the subject, and therefore the subject position,

has a shape that is <cylindrical, then a cylindrica
waretsdem2edr ed on the subject center woul d provPdEUS2004/040069

uni form di stance between the arc and the subject.

Thie$, I h The

ar 660 HIHG3 Flse 2L, VB, BE o fRfibel V8R0S ij8ABBaion station

subject 100 20 facing arc 90 and that extends_nore

130&!%1& ¢ rn imagingsyysierassuch angnaging system 29anintareggtion station
transverse, short axis 122, as may be the case with

130 peaspbR, arptgnha @pparatuswi3h spattm:l frmk a slibjeebpositiofs 134 having a

result, an arc 90 may be sel ected that provides a

subjgsts ReS 186, D trfﬁ@f’?l‘ih té@a‘rﬁl‘[bgslﬁ rﬂE PSiY q‘bPrf&?r?srn‘ﬁttmg and

at genera y conf an ected genera

o R R e i B et geprgseqjd by an

view of a further variation of an |nterrogation

arc $4aut iInthiskss@mplebire 140 has aroegterpfsysvature 9d2hthat is on the same
i magi ng system 20. Interrogation station 130 has an

sxcleatﬁlt %rﬁjécﬁﬁﬂ%?tl% #dfn TRAGRftehn® rébgﬁﬁa‘tﬁb eC(tJtﬁé?Wtée QHterrogatlon

134 having a subject center 136 tenna apparatu

stat*éﬁééméﬁﬁbﬁaéﬁ%nfeim Bt 89 PGt B3 "Doi s

resented by an arc 140. In this exanple, arc 140
he apéenna ajparatys,mayriaclude at legst pee @mtena vaikel44 that moves
S|de of subject center 136 fromthe antenna apparatus.

alongt ngrath ski6 icohformigattocarc $4Gt | variolisOpositiongriof aanteAna unit 144
interrogation station 80 descri bed above. The antenna

o Ly, S R M Skl o .

Qsitions o uni.t 144, al on ath 146

: t
the syl BodiSn e GCaniec BY dRBaRKAN MavinaqHenRytEaNg] Wy @long an

antenna unit, the subject position is scanned by
aperhtmelﬁrihtﬁltmtysudviaﬂglmmeamrﬁ@mna unit al ong an

aperture of interest, such as along arc 140. Antenna
ﬂ%ﬁttekg\té At CLPPRIRE Y beOpait ¥Pa! VERIcaP 28t Y 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
varieus 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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15 extends vertically along the height or portion of

the hei ght of a subject 150, such as a person,
w@gemsiald2§ occupyi ng subj ect position 134. |In BATNS2004/040069

case, the vertical array travels along path 146 in an

[ ing systemas, illustrated.in FlIG The  variqus
ol $9T SpodEBt 2 Hip-CThanSIaRa) TN 55 Aav bS Used! Array 158
correspond to positions of antenna array 148 al ong

thust may padend aeritysly asaivell, asahodzerdalniadonm arard0pangainay inciude
of a horizontal array 152, with the horizontal array

antefhg Qriaviqy ssiihhiorsd, anet 6fheRs eRidriding vekiclly Frornhe antenna
units 154 and 156. There al so may be additional units

units Gt 50 TR K EEROSHION el Hish be SRR sepnned from

be scanned both electronically along the array and
the lggdnhehpeialy w\@ylnma@ator@p&rn&edrﬁ%lycwm ami40. 11
WD 2006/ 001823 PCT/ US2004/ 040069 I n sone enbodi nents,

a Extendédreinsaging! mayr bg  pbdvidey e orsedr Morey ofSthe following:
thus may extend vertically as well as horizontally

_ , » 1 _

exteBSRR" 0k PovBAth BB ok Saceh 8D Bl dprkfdtust S6tatng 2

subigtoroihabeultist fent S 45 MOt hY S 147 R cs Sqatorm; and
poi nts covering an area or aperture 160 including arc

movingarc Exdleaindrandi tinggiubiedrapositionpr Aud 446 nigy baanyrlengiheand shape
of the follow ng: extending arc 140; providing one or

consifey&d aﬁgfdpirmélfowg@ﬁm!aawmﬁm rotating a subject
50 about center 136, as indicated by circle 162, such

2SEPEeReBiE! O3 AP ol A0RL AR, BRANAN 1B 140, may vary

10 consi dered appropriate for a particul ar o
alongdpei aea-i ofs disisard 3heve, @B iMagingnsydem dased ema cylindrical

subj ect position to arc 140 may vary along the arc.
aperdgedbs tmagind, abalistiosed innd@. FatenisNenb/859:¢60% cam be modified in

cylindrical aperture for imaging, as disclosed in

compliting FRAGE RS -corre8pchdiRG  tota kyRisdrieA!i /5@, 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 15 the difference in
waizgteantiz3al ong the arc. Such a di fference canpPOEWUS2004/040069

conmputed during data processing, or difference val ues

can he such a | e.
conffityihathe HRyPE e aRiicun aoRy 3t PofupRers oftbe disof the path
of curvature 142 of arc 140 on the sane S|de of the
and sipaped ttocamnfenm geperllyt With dhe sides ofppdexsars positipnetheon the path
20 curve of the arc is tighter along the |l ength of the
mawﬁ@deﬁhﬂﬂeve to the subject position. The shorter the
radi us of curvature, the sharper the curve of the arc

ng@'@? ng 'i}_%{ r"%é{ Qﬂ@lghgmﬂ%t éfﬁb% & ﬁ‘tcgﬁﬁ) Bﬁyl @qﬁ'erally conformvto

atIOP is used as a orta for _an |na ? stem at .
a siden 16 OF arieibied 150 @ﬁ:gSﬁdtts» are 4R andl that quétlgess glongyone axis,

be desirable to have people walk along a 12 WO
such?@e & SIRard 2P THE6 G0 AlohgOas Drthogohal Uong asxt hegHay iney be the

t he antenna apparatus p03|t|oned on the sides of the

ﬁﬁﬂﬂ L

caseg\?it pe sd ogllgtafl e pat'%0 A%(reh I'es]t?aﬂ C 140 may
Fol thls | ine f ki th e 140

be splital it pitydes, 4 Sishncs b% AT l'?:sﬁs 138,64 eifits along arc
150 exposed to arc 140 and that extends | ess anng one

140 satygenesaltyhcerforms o an expestetogeneralshapecfs partion of a subject.
orthogonal, long axis 168, as may be the case wth

pepm & ilRBtrateLh %;b Yie of ahhﬁtérdiﬁiloﬂf stR8em|190 r?am?g a different
r esul t, an arc 14 nay be sel ected hat prOVI des a

e RSl AT o g BB e 172 o

shape of a portion of a subject. 10 FIG 5 illustrates

an aat%@ IRRAKABIS bt maves e ala)ﬁrcsi!-a@ iheNing7a cRatar«f carvature 178
different design than that of interrogation station ‘

that i8@n the sdme sitke of asubjeckreateni8) 73 slbjeenpeositionnid?2 as the
apparatus 174 noves along an arc 176 having a center

antefha @HpaRatise Adtnna unit 172 may be part of an antenna array 184 that

may extend along arc 176 and/or vertically.

The antenna unit may have a beam 186 that may be narrow or broad,
depending upon the application. By pivoting the antenna unit about a pivot axis 188
passing through center of curvature 178, the antenna unit moves along arc 176.
During such movement, the beam may scan across subject position 182, as
represented by double-arrow 190. In soma 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

13
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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.
WOR0Wa828nit 172 may be part of an antenna ar Pay/us894/040069

that 15 may extend along arc 176 and/or vertically.

h e .
umtg &%&%?H%M% Jinlﬁg%%;% |8 r@oﬁg@iﬁ@r&% élgﬁ{; é@ﬁ@h Segnning of the
otln the antenna unit t a pivot axis 18
Subﬁéﬁ h‘ih@{}gwaa! chp@ﬁ%ea elaeféorihzgly bMeaQetWﬁBHﬂaﬁaCh of the
unit rmves along arc 176. During such novenent, the
antdrmanumitsyalengrtha@rass subj ect position 182, as 20
represented by doubl e-arrow 190. In sone exanpl es,

Sk{"%‘?kEt'ﬂ%s.“fastéﬁ‘g@n‘é@%’gﬁgaﬂ?@*%m%“?ﬁ%%“?ﬁ £19 83 ﬂ%t 5 similar to
intelsBgleh sBifon, 45 du R  thot & Bigdicaiaaidetor pivoting an antenna

%t&l onally, antenna unit 172 may al so nove al ong arc
unit19at ofzar @ntennaapppeiumal 6 énpesitionsd ppposite fram &Subjecy position
i nclude additional antenna 13 WO 2006/ 001823

218 AGMNP084HR40REA NP AG, Fvead§ 1Y ﬁwtm& tha é@iﬁcﬂaﬁt with a

200 positioned along arc 176. Scanni ng 'of the subject

G PRV O, P TR AT RN SN o v o

6 |IIustrates a top view of an interrogation
PfVOE'FQtaQWtﬂYPtt #4E 412, Anienna Ut 2 mayesealyat peam 226 across the
station 170, but differs in that a pivot axis 212 for
subjpctvpeditian alh8,aaﬂ mwiicated bitar@id 288. an ant enna appar at us
216 is positioned opposite froma subject position

ZlﬁlvBﬂngtQ‘ theSHRicpRb &ﬁf"’fﬁ‘dy Bé%ro tma%ér?o%l%?g%%gf a moving

t hus be™ coi nci dent cent'er of curvature
enna uni t ves

mecBRyi 250 au008 v dit 4 .DPoRDHR ARtsia W OrD en ey 232 that is

scan a beam 226 across the 10 subject position 218,
adapiedi tedpivat aelabye dior arame. 234.v Am @3af meye pivot d)ynaeaprocatmgly
unit may be provided in various ways by a noving
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 renesoB23. Arm 232 may pivot by reciprocati ngPgT/US2004/040069
noving an armend 232a by a drive elenment 236. Drive

e nt_ 2 ' I,.n [ eCL R in

mey i GHRR prb 5 teh Hpeh ety ean s e s T dh ppg%@*lseﬁénwe 264 that
or stepper notor. The drive nechani sm may

mayc ssluds] |aaden§!owreoat MSILSEYd §ota the chienea annaéatugm The antenna
sim lar noving nmechani smal so may be used for pivoting

appaatienimgiudestah ahtennat @it 0gatthah niiyabe gard 6P an antenna array 268.
Optionally, a plurality of antenna units may be

Eacl‘g?@\ téh@é‘ Q'l'?l Hﬁgaﬁgg%f geﬁﬁgégﬁ??aﬁ %sﬁﬁ e@\d%‘?tl onha IyS A moving

he anten units may nove along a | ]g arc 248, or
mecéwgm, rf!?t WhaMayi RiYokdle matenis ung: ea apiefy apearatus 262
248, such as antenna units 250 and 252 of an antenna

aboudra pivoR 24is E1Xshown laligaed atitds tiee aoiennaamist Anillustrated in FIGS.
interrogation station 260 that nay be a further

S e N Aot 1 9085 ek A RAREUARS Durng g

bearp;3{0 T8 15 SAosng: SUbRC fositn ord Bairih B t?wéit e8fter 276.

include an enclosure or housing for the antenna .
Wheapiher aittesna Bpparmaiue includep paratays of aotamnasunits, dhearianna units
unit 266 that may be part of an antenna array 268.

mayliﬁcindwmpq:wmed df&ﬁayh@é@u@ot@é@mledtmtyesent ed by line
70. A noving 5 mechani sm not shown, may pivot the

oi %@@IIMQ& )a 51\;;@}1% atidh gﬁﬁﬁbaﬁﬁg&a d &bé’ﬁur% %’ of antenna

axl| s |gne enna“uni
AS|IIusrated|nFIGS 5 and 6 thegé/"%t axi s
appasptls, HRICHpas altennimapRaratHs efiia 3t 48 4g8. T ehe antenna

pivoting, beam 270 nay scan across a subject position

appddatushmayrepch sellgpafiguredniiler thzr éntemibeappdmatusn?&sh ofl interrogation
apparatus includes an array of antenna units, the

stati@@tz‘gpg gltdég*ageq 1né§ItG|”€We l?ﬁei/ My b WhdthibuiaV é’fb%ﬂdoé stiBjéct 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 td 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

15



10

15

20

FIG 8 illustrates an interrogation station 280 forned

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

apparatus may each be configured |ike the antenna

to aff AP L ASect s ter e FeRRBoU A el Bfio et 29 gh7p enrance

a subj ect position 15 290 having a subj ect center

-322,ppipBdnat Higp srbiegt pesitionoduring #vaging, 2wl leave ’chrough an exit 324

respective antenna units, represented by antenna units

oppdsie frédtthesttrante. 300. The respective antenna units
may pi vot about respectlve pi vot axes 302, 304, 306

gﬂgx%@ﬁﬂsﬂfatésc gﬂtgu Pg@@?%ﬁdt’bﬁ ?ﬁ?ﬁé\flﬁéq:rstg&ﬁd s8dhd antenna

across osit

appfahis 292 AR 130 Ras e O OPPoSLE OB AT 8 bRt Acpion 336 having

axis may al so be spaced fromthe antenna unit. More
a subjedt asateraBi@nria thepembodbnendystmwvnseath ahkennat apperatus has an
apparatus are positioned to provide a desired

ante:ﬁié\éeurfﬁg€34?Jf tﬁaﬁtenﬁavr Bé‘%r@fofaaﬁ HitSSia RP IX‘.’:‘»"’!@Q’f‘\at Rrdrfifhits and

j ect position. the configuration s

e

interrogation station along a ath 320 at an entrance
324ntennanapraratuse33’d apdc&34pm§m e forgird Ag combinatipnsaeigantenna

| eave through an exit 324 opposite fromthe entrance.

appdrbfas 82 Bht US2rddsesibed previeusty.g Eachars G44imay Bale bavhttgmediate
first and second antenna 5 apparatus 332 and 334

port@ﬂ%éﬂao With 9'Fe bl@nkd SCLR'(/aﬂlr d B4§ E{UI néaebetween

avi ng’ a subject center 3 odr e

the GRpCRLEG T PORIEr Pt e ADISEY 55/ 8ho Ea ﬁa?a?% 54 als0 Sy ave end

recei ves el ectromagnetic radlatlon al ong an arc 344.
portians e3v#h @appladdd4a $hats hasie drespactivey certersrofectirsature 350 and 352

conbi nati ons of antenna
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 thaf 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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10 apparatus 82 and 132 descri bed previously. Each arc
344 may have an internediate portion 344a, with a

WO eajsaotszye center of curvature 346 and 348 poOBCT/SIOH040069
between the associated arc portion and the subject

center, E r al [

oS e SR ot 2528 R b, FEBAR S8 Y rountec
and 352 positioned on the opposite side of the .

relativepieen apparatus figme RE5wib@A Apedng raeghanisnthatgs adapted to
Optionally, termnal ends 344d and 344e may be forned

mové anesta apphtatus rB34s elbthveg tam base éramse BH6L dhet $edond antenna
portion of the arc nore directly faces a subject in

. e L b ]

2ppdiaBiriiah Bt LT Ber AER Mot PodBoTaRa0loss &o gy prgpamal the
.the arc, or both. tionally, the arcs.of e_ant enn

sublaggpsition, forogtag, hd & Gais! sasORdPoslicn 360 Sraced iher away
other arc portions. These arcs thus may include o _

fromi titecsuhidctapesifions i B antarinagappaypats; ithes,ceves én 3edirection 362
and 352, and end portions having respective centers

that &H@aBserdd o abspdidied eax@ppie shown, first antenna
apparatus 332 is fixed in position relative to the

2P ao R 5o8en DR S T PR s filag Bnclosure,

relative to the subject pogsition., Second antenn
defingshy mswar@ﬁﬁ%t 70URY I SURIE ANGB0 At dal b, geduced-

frame 355 with a noving nechanismthat is adapted to
widthpessagaveaysa 360 pandh 866. 384subjécit may thenamsweeinto amd out of the
356. The second antenna apparatus nmay thus be shifted

interg@gssa&@jﬂn statfdr’ ThrowRi the hatBSgewhds tvieh Qhe Paltnwel bgmen the

ect position for imaging, and a distal, secon

osi_tion .360 spaced rt o '
anteB3 1o 1 e eBRREn AS oy Do Besigh, 80t 8F 16¢ Hpfina arrays can
direction 362 that is transverse to assqciated arc
move Agwarg s ayayi semsthe subiest Goslipnp @ndsdaueby deward and away
providing a close-fitting encl osure,
from each other. In this case, first antenna apparatus 332 may be mounted relative

to an apparafus frame 355’ with associated moving mechanisin that is adapted 0
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
tos;rvard and awa§ from the subject position.

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

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

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 reduced- 10 w dth passageways 364 and
wQe@e/0a1828ibj ect nay then nove into and out of PO®US2004/040069

interrogation station through the passageways when the

om0 T e BB s cne o

nove toward and amqy fromthe subject positiaon, ah
moretamnberns Unbs\388 2 iarpropTiatemasaieanm afray| 384, isush as has been

case, first antenna apparatus 332 nay be nounted

descritRidlith eefheiie BNtHEppAVIBUSSiduase I8 Hartiolar apparatuaeesemblies
novi ng nechanismthat is adapted to npbve antenna

372 S IA nglluﬁgzrersﬁéﬁ\}eVBaﬁfétrﬁe Sugna " asfiatbd r'égg&'tively_ with

surroun ] ect position,

conbi nati on of t he a de.to nove towar \
anteriRagPPATGHHE AL2 AN SE4. pURFSE BIISH ) Saveintl enciose associated

illustrate top views interrogation stations that
arcs 38 hnd 88Baalongnshick @lectmmagreticsradiationi iateohsmiittad and received,
ant ennae apparatus in which the barriers nove in the

as hadl b&st H@étrfBEFt hFhé”b%FnerEhﬁé? BhfniTeY the aﬁ?@sﬂ GRNéHdven, Odlthough
eccentric relative to the tcenter of the su Ject

otherfSFiAES A1 61 Mot ALPOS asSbieSn? ZRRE 421 ey b moved

assenblies 372 and 374, each having a respective
alongaan epparatus path, 200t Asciedned by@ We0382040069
apparatus 376 and 378. Each antenna appar at us

CWsr\ﬂéwea dn r@kYfigures,udestibgete 390 mayr enfentistenrogationsstation 370
380 and, if appropriate, an antenna array 382, such as

t t iyP
s 3R 2 b SRR, PG40 o 6
374 include respecti barriers 384 and 386 SSO| §§%
may beafultingdnya apbiion dovrstieans selalive 50 & subiest Pesikion 396 along
These barriers may cover or encl ose associated arcs
path 3%2 and BIB6king! amexith3e8 fromc the rintpnagationastiativhon This barrier

transmtted and received, as has been described. The

suppbiS the bBjeve 6P RO the dUMeddisp cAhENMfect HdshRIGnd 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,
wauael/0a828ef i ned by a track 389. 10 As vi ewed POTAUS2004/040069

figures, a subject 390 may enter interrogation station

thengé%[ r%cﬁ%cﬁgﬁ#ﬁbgﬁ ex Bﬁexggé'g(sgﬁﬁfé%tgﬁé\é%t ﬁ@@&q %%ATeave the

position downstreamrelative to_a subj ect position 396
interawﬁtgm patianz 89 shawndnddia: A§Ban T iantgym apperetueassemblies are
interrogation station. This barrier supports the

thenobeirt inveveof alomg bigckh88$ uhj eppositeo plireatioree to utheedtitial position
position and remain 15 there during inmging.

blod%i@?t b&tH %92t §€ Bt §§‘E§‘aaﬁ8p8|5§g@§ é’?dtf;‘aé;%d 3848 ﬁéﬁﬁﬁlttlng a second

orm I'iragi hg" al ond arcs Wth
Iocklng position as shown

.b tayt
SUbJ?%rﬁ(gtg éﬂgﬁath%ﬂg QS:EQQ%UQF'SS ¥R each span an arc of

about 90 degrees, so the two antenna apparatus are
abfe indeogatidral dtatddn o400, illvdtrated inpEIGor A1A-11D, provides for
surroundi ng the subject 20 position. O her |engths and

contﬁhu%ﬁﬁ%ofﬁtlow &Ba Afteracsp gﬁiﬁﬁﬁr&s@hbﬂﬂﬁﬁﬂn@«s@@ﬁﬂyﬂhw is shown
assenblies may be used. After scanning the first sid

"Bl R s abee R AR BRARY, Hbnd° 8 GhE R Fdbout 120

upstream position on path 392 at the entrance 394 to
degrteﬁ% althugho gtheroarcslenginsnlongre osishertesitanqarci4@6 may be used.
subject is 18 WD 2006/ 001823 PCT/ US2004/ 040069 t hen

Anteananagpbratus assdrhblyh402 xintiudesran tamtesndj it 408y wiich may be
allowed to | eave the interrogation station, as shown

incluﬂﬁd FhGn %ﬂ?ennghgrrafon'ﬁ”aAaB@"i‘gg | nﬁfaé@@?ﬂehasalaﬁﬁ the arc. The

én agai n nove g trac oSl
dlrectlostoth initi Si bl oc pat h
antefod GPaaLDs  ASSRDb, BV e AHAPSH 30 0RVE Lo 7 pal defined by a
second 5 subject 390" to enter the interrogation
guidet as represeutediyea teegpht4lsh Jraok 4id eriendsat deastaartiallynaround a
FIGS. 11A-11D, provides for
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
waperiatazs 404 extendi ng al ong an arc 406 of abOUWUS1DE/640069

degrees, although other arc I engths |onger or shorter

t han .arc 406 be used. 1 tepna_ apparatu .
deorkS BN Phihe, SubiRER s neupRbEdnRs MR TFIG: 1ag The oxt
be included in an antenna array 410. A barrier 412 =
fromilye dntesregatioonstatine isrepenTméderaassainblyafPariat s third position,

assenbly may be adapted to nove along a path defined

allovidvig atheggildiect @8 leaps epeninsirbyatiort rstetiord 14Thd ra@mkindd 4pparatus
extends at | east partially around a subject position

tiall . : ‘ _

ascfrfl, 403,150 b oy i B35k 45 EEETIEN Ao, plocing pat
al ong_a path 422 stopping at, the subject position, . .

422 SBtoo, 4he, VG tBe ASROIPIY o e, POVTN RRERRGS 42ns again
positions along arc 406 with the barrier in a

unobstarcted) parmitiingck se@ndosibject i8hboventer the Grtetrbgatidhetation.
barrier may block an exit 424 fromthe interrogation

staig, o illﬁ%ﬁ'tﬁfésrf fBtat P an %ién‘b%%itigfel@g?ﬁ@ﬁ g%g%lﬁﬁe (P:r%a’gpbe used

position. er scanning a first"s

. the an na. ar gt us assenbl ves ong,track 414

in viripus” Bk RSSO SERER st dRt B de ek iptes” Fie. 12
the initial position, as showmn in FIG 1113. The next

ilustrates sigplistically anmagenos apparatus) 432 inguging e wedical array 434 of
scanned. Assenbly 402 then may nove to a third

antenAs iuniteNirludifig ahtdrie fnitni348,2437,1438\6hd 3%, @6a@2ented by cone
PCT/U82804/6%3%69 degr ees ofzscanning of the subj ect 4

shap:eg f ek l:’gﬁg.h A?faafﬁ?m ﬁﬂuﬁfeﬁ @\Iééﬁ'aa\zés@ﬁ@rf;é @8‘;4@%1 TRE array is

rrogatl i'on’"i's open
this third position, ,allow,ng the subégct to | eave
generglly diseeted Jouard §*ﬂ|%l?%ﬂ05"frwg 44 efradiRgpgenaraly parallel to the
assenbly 402 may then nove along track 414 to the
array.ni tial position, blocking path 5 422 at exit 424.
Wth, the assenbly in this position, entrance 420 is

agfi g 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

wea 2000122 of an interrogation station 430 thaPCHap2006/040069
used in various of the interrogation stations

j | t t Lu
sublect HRSUBNC T Bkt fteitd SafporkedPosty o s RPp&HEd genera
verti cal array 434 of 10 antenna_units, including
posisian & i St [ogated insthe adyedepsitim. rﬁép@r@mw,eall p§the antenna
cone shapes for sinplicity. Array 434 is nounted al ong

unite arerdirached ftoward 448 . subect gigsition. s Theeartapnbyudits éetuper array
toward a subject position 444 extending generally

port&ﬁ‘f @ﬁ-#t?fthérpa@?ole"’kb delaranain}% B@ﬁ?@tﬂvrb ﬁ%ﬁaﬂ&(‘% fife subject

e antenna |ts
are nounted relative to the array to extend
pOSIB@ﬂerally perpendicular to a |ine 446 corresponding

to frane 442. I n an upper portion 434b of the array,
t hEIG.ah? diuslrades assimptiied fnonédiew ofia vanatioraofybrtanma apparatus
the line of the array. For instance, antenna unit 436

432'1&15%?&@@ ith FIGE moum Qﬁrsaéxaﬁiblénﬂieeaﬁien@lfa a@hedin ﬁﬁé lower portion
degrees from the perpendicular to the line of the

4344 of %il;aryo{l;/f‘%géj R AEH 8 Sif%éérit' (ﬁ%&l\‘l@fg}‘%‘g@ Briehiifticts & directions

partucul ar _application, as is appropriate to obtain
aborﬂwajlm 46 of dhe askpy. oF ok exanspls; éatermat @i 438 s diregter forward.
438 and others are at progressively increased angles

Anterglaainiteed4.0 ahd 48, mespectivile aboveyandnbelow dritepnalundird39, may be
with the perpendicular to the array, as in | ower array

dire&ggtlbﬁ”arfc?ﬁlap y' fes b@ﬂl\f%l)?xﬁémi @\hedJ[P'gve ﬁgpf%%/ hgﬂﬁéz 88%m may be

ener a ends dbove t

06/ 018 PCT/USZ 04/ 040069 subj.ect sition
fepeég%? %Ef—'t?r&ﬂy -car (IR SHER [?'Ple4£ e@leeé”te"“a units are
general position of a subject located in the subject
variqzuﬁ,y directed deft ofarivagt yandirighbas im ghaloverarray pottionar Additionally,
directed toward the subject position. The antenna

e Sl TISRGY 1 URIoQLHBRIOY 5 MBRUE g, 8 s desred
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
perapective pf a viewer of the figure), and antenna unit 438 may pecint downwardly
and to the left. In this exampla, 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 pther variations in antenna unit orientation may be
used,' as appropriate to provide imaging characteristics desired for a given
application.

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

applies to horizontal antenna array For example, FIG. 14 lllustrates a srrnphf“ ed top
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5 position. FIG 13 illustrates a sinplified front

view of a variation of antenna apparatus 432
wWORKsHISA8ed in FIG 12. In this exanple, the BOTESNM4/040069

units in the lower portion 434a of array 434 are

._directed in.di e ' nt grent.i | Lon

view bE ey BishiERilh S ARy 3} iehhy Enfhratus 452
exanple, antenna unit 439 is directed forward. 10

positipned nadjasents ta4y suhieds positieapdeti vdny thisooxamale, the antenna
bel ow antenna unit 439, may be directed left and

apparaihs extarieslbhg e Yinedn theefoemh b ahtarcf4%fir An ahtenna array 458
pattern may be repeated along the array. In upper

; il a ' | Anas|

inc ey PRAGAYR g Ui RCRRAT, Bt Mifs 60 5 462, 463 and
arra tiagn. Addjtionall e antenpa its :

4645 P SHBRDUSA ARG e ATCan A 455 Hasch Gont gl valire 486 spaced
described 15 with reference to FIG 12. For exanple,

frona@t eanter ¥d68tof4be subjeqigbositiampvasnshaiy. Qbher shapes dnd curvatures
antenna unit nmay point downwardly and to the right

of thd bR De BSSPPE6E instaritie, 3 Py coifd EREnd aaahg)ea rezfifinear line

antenna‘unit 438 may poi nt downwardly and to t

| ef In_this ex . t .
470,14 by @npring, BARIGace b, TSRk drgils bGug Hokityas shown in
~the line of the array decreases with increasing 20
Fig. diZs bab deadwrizonia pesitign. Many ot her variations in
antenna unit orientation may be wused, as appropriate
t 0 AprayV43 8 miayeoclode @naindainedistiel portidastS8adalbng vehidh Yed antenna
application. Although this discussion has been

unit?,ioﬁtﬁc‘glt é‘sdaﬁl‘[énf\a ‘é.ﬁ{itt 462 3548 Nofmal the lFlLe’ B't_ﬁ‘& aqﬁﬁl WhRh in this

rizonta ennd array. rexanp

illustrates a sinplified to 1 WD, 2006/ 001
exaplg B0 45640058 e A0 TS Sl RAThpRS A0 and 458c. The

station 450 having an antenna apparatus 452
anteyai units) sdich disaardenna anitsstf], etfl, fesSi andA645h theset énd portions
exanpl e, the antenna apparatus extends along a |ine
are hbunted B AR Ut BnglSrefite tOthANHEN For&idamplé Sdhtenna unit 461 is
mounted at an angle A2 of about 10 degrees, corresponding 1o 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 he 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 5 464, are
waizensrd3s ed al ong the arc. Arc 456 has a cent BETWK2004/040069

curvature 466' spaced froma center 468 of the

ihL.ec Siti h . .

possBY8 prf i iifye, B2 SHE o DB B e by sfgstronically
a(ra¥ coul d extend along a rectilinear I|ne 470 and

scanpig thesuhiest Jossamersxamilesian dnage offilied pertliansof a subject
position as shown in Fig. 12, but in a horizontal

may s idekiped; me&a%&hwmwm@dmm@spwﬁﬂmmwaeportton of the
portlon 458a al ong which the antenna units, such as

subjé&t enna unit 462, extend normal to the line of the
array, which in this exanple is arc 456 The array

al i n¢l udes end rtions 458b a na
cinkitop \dextior st 2ol Joth ardniessUagn taien Biludaed i FIG.15.
these end portions are nounted at an acute angle

An intsredgatient statibe 480cinckalesefirsinaing, secondnarteona tappitatius 482 and
15 nopunted at an angle A2 of about 10 degrees,

n I G er®f 8
464 JREIGIRAT f 0dhes SPBR) pESUOART rebnaes 1o Spptec st 455

o SEPE Ahl PERLahe f AL RE Srfl BE e s

t hey were nnunted orthogonally to the arc of the
adapied 59 transmihaed secelve alsgtrampgartie radiation alenig FvAra A8y, Arc 438
along arc 456, in which case 20 the side of a subject

in thi$ examiphe ¢ sembeirtilar &aendingt froraarfirgt ey 4884 b Iy second end
scanned by nechanically nDV|ng the arc vertically.

488I:?Q|tdlﬂﬁlaé ¥t df %ﬁf@%u@%@;t ratntéﬁné‘?lla%anratlfs 484 extends in

nen3|ona an |nterroga
474, ich arr al sgo includes arr 4 d
a semigircylar apg A92 dsviige st @pgd secand én h"e9 rﬁ"ﬁ%g g@lﬁ a center
14 may be the view taken along line 13-13 in FIG 12.

of cufvaturea o472 Barrlens gmagnbeghassociated with Hes@Oarcs, as has been
2006/ 001823 PCT/ US2004/ 040069 possible to obtain an

deschP@G,?aﬁB t‘h@ &b GRay fcorreSHONE b éﬁérﬂgnf %? |G¢dtidh BY one or more

ronlca scannlng the subj ect
antenna 'H%its durlnrg]; ima g 9 aosrlljlbYec%. He r|§ ISL-g?Elznn 81at cembtle?rJ St éurvature 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. 5 A top
W0i200/09182§et anot her form of interrogati on st aPCOAUIS2E4/040069

illustrated in FIG 15. An interrogation station 480

the Ls@%%cﬁﬁ“ B sBch BRR0n S 28 IRRRLAL e PiRGE algwing for

. a subject position 486. Antenna apparatus 482 may

imaging| efdall éﬁf esrfdiezsulieat withelst mevieg amaatﬁrmmwm@"atus or moving
adapted to transmt and receive el ectromagnetic

the rautijedti oFuatherg the acs ddifhe fhie BRMBidabies noft the pathnbdteen the

is sem-circular, extending froma first end 488a to a

ent@ﬁE@%ﬂd ﬁ‘?ek?c%hﬁgﬂ%t E?‘Hépgabgi Oe\épt ure 490

riy, nna a para us STin
g] C|rcular arc 492 having first and second end
maging awemspaY, eaussednaw'ctﬁ va-,raﬂtmf@p@h@mns They may be
Barrlers may be associated with these arcs, as has

usedbére aonvierstionab icted dochtions velnare smuribpclneck]scaré dusrently made, such
movenent or | ocation of one or nore 15 antenna units

as il %Stﬁ‘ﬂtéd“?él:‘llitﬂas(’foraatsélﬁlé s tgg%&aicsz%%mtféb ggap Ridyehe Chnsidered

curvature 490 1 s

m,l ar er. of rvature 494 i s at,the en 88a
iketgeBBele aarS' S beRonS tVot st tictive o Havirse MEfiiore. In such
the four arc ends, the two centers of curvature and
installaiopspjite ia ippertant toakeemthg iewaing rsystenao fmetional in order to
straight line 496. In this configuration, first ends

interBgateard phR@atiallyl cohEnases fove @@%drsm tlﬂ'@l%%lh Ofiff associated
to the subject position than the other ends e two

inte@?ﬁétlcma H%hg&{sed to be offset relative to each

e arcs forman asynmetri cal
co figuratl on about |ine 4[96 The arcs, thereby, form
EJHF' ing| Sygtams are algodiseful Jonjhe temprrany iderragation, of aubjects in
entrance 500 and an exit 502. The subject position is
ad Hoocappiidationsethat tdrenainwamant arfoedaoreptiosaiend indtallation. Examples
cl osest to the subject path. Further, when 23 WD

o GE0RSOONHTHUATF A9 BI060 1ttt kit Ancter
exampfe 153" hi [ltary 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 fadilitate
assembly, disassembly, upgrading the imaging system, and maintenance. FIG. 16 is
a block diagram 01;' 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
warek/te¥2Bne t he boundari es of the path betweeRCTS2004/040069

entrance and exit. Qther configurations nay al so be

0 5YS y L de. e
o H5E AR S80I TRELSRNG, AP toh form the
flxed | ocations where security checks are currently .
antgRpe apRAEAUSas A nfra@er pr cinednting assembly 40 gen join the varlous
entrances to public facilities that may be consi dered

motlilks tygathebin afgiven esrdigiuratiom eush s ihani arg SESof mhh‘a? 524,
or adverse inclinations. |In such |nstallat|ons

i "R%ﬁcﬁﬁllxt h& GRBALIRS mﬂgsm a?MSB' n@fnp] WHE of (b plurality of

or de Olnterrogate potentla yco

inteSiogBRioR BETISe; T 03 ARy Ceatimerty S Z\%ﬁwwmntermgaﬁon

for the tenporary |nterrogat|on of subjects in ad hoc
sega)guits, c suclonas tihtarregationt segmeaht 528,f imayd be foemedn efit associated
installation. Exanples include speC|aI or infrequent

mo@Yes)! suichsasChrray nsaillés 530, 91 hhd oAb, aﬂbuweblm 531 and 532 may
Anot her 15 exanpelsamlltary operation in whic

be iﬂ{a@e%ﬁ By 3% et R BFHeRT alsosBbAir 6t ot mt%vrogatwn segments
non-nilitary personnel. For these applications,
BeSqeRd oHArs, MaYHRe doined bire;base gwn&ﬁgtaséembah%& to form

readlly assenbl ed for use, and then disassenbled for

antermssepparatusobtir | ocation. FIGS. 15-19 illustrate
vari ous aspects of imaging systens that can facilitate

20Aa€§rﬁﬁmrgcatﬂir§ﬁ§e§ﬂ3hyaﬁzﬁﬁgr5@@ 'EthE&B &t ' Qﬂndule to a module

sys em and nal nt edance I'agra
. yste i ng an antenna appar at us
mp@@ﬁthHﬁ\% %ﬁ?— |q05}f0é§lhgf¥he function and structure
of imagi ng system 510 corresponds to inmaging systens
de$t@i Béds abgencrahischematic wof oneacanfiguration editaifiest array module,
descri bed now. Antenna apparatus 512 can include a

suciP by nidduly 526, eaMBIES tOh RENH BFraySHEMUle2udPas module 517 of an
2006/ 001823 PCT/ U82004/ 040069

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 ﬁsed 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 togéther,
the respective antenna units may form collectively an antenna array 562. FEach

antenna unit is in communication with a transceiver 564, which transceiver may be
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as array nodul es 516, 517 and 518. These nodul es in

conbi nation can formthe antenna apparatus. A frane
WQaR0eH28 ng assenbly 520 can join the vari ousPCHSu0e040069

together in a given configuration, such as in an arc

" a 5 Lonal ul : 7 .
el 35oBR1°6f ety HOLRRE, blprtd P ' Srdh b mounting
i nterrogation segnments, such as .interrogation_segment
assemlgly; At gt gilesriion rereeiesgam e anieghe apparatusnh The transceiver may
I nterrogati on segnent 528, may be forned of associ ated

thenrbd ih eemmucibation withey prockskers ob dther signaldn&dller device, such as
Modul es 530, 531 and 532 may be joined by a franme or

via G TBREOEN BBE2. < "oy b joined by & base.
52 976 18 TRHRP cDIBATY ofarr S, dRoles, iEhoa (Bl £16, 517 and

each nodule to a nodul e input/output device 542 of
518cpositioned alobig4an &qH68 anddirechsch tovedirdsa Belject positionsy0 to form
configuration of a first array nodule, such as nodul e

an akenn# @g;?g?%ﬁﬁ' 574, 218 SRRNExAhpIRY BBY driay ﬁ‘lb;dﬂl{lﬂe;‘ﬁas a plurality of

nodul e an 15 antenna apparatus, ‘suc

anteB{i° Dl 527 sintSnd cond 8 dePoilieds TRé e s’ 87 and 576
nodul e 517. Franmes 544 and 546 can be attached
associjed Haith j modules bt @odf bydr afherrral waeduwles yyay be mounted at

connection to a conmmon frame or nounting assenbly, or

respeytiy®angleg, shelmagsangie ¢(B; neldtiventeseadts otepywnThairebuldis that arc
attachnment assenbly 552, such as brackets 554 20 and

568 ?r%gaw&@?% &ﬁg@?ﬁgﬁy%rﬁ’? %ggs]ah?e %‘aﬁg@gﬂgﬁs YahPdccordingly

ge array no e can
| urali f antenna uniits, such, as antenn units .
be Ggoaeshio,fRrmbany AREAPTAHE FEuMIICIN o eRtingAr ks fasswhich the
is nmounted together, the respective antenna units nay
radifivofcuvbtiretmane bg considetaxhtmbeat an ibfa#ite distanceant enna
unit is in communication with a transceiver 564, which

tr ARSS@hRE of A Aferréfation 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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WO 2006/ 001823 PCT/ US2004/ 040069 resident as part of
the array nodul e; nounted on a commobn base nounting
WaeA8I823 or at a | ocation renpte from the anPEMAE2004/040069

apparatus. The transceiver nay then be in

mou?n‘?é‘ﬂ"%{l@b@'eb%tsﬁgﬁleﬂﬁ Pfdrie 868 ¥h ﬁ?rﬁ%rgqﬁhﬁ{ﬁ%htarggw%grray 600

contro vice, “such as via an I npu

56 FIG_18 depicts a plurality of array nodul es,
form&gb by ue AgtarS “of e iterrogation segments, and aserding along a
arc 568 and directed toward a subject position 570 to
combimeah arn6@dit efveatrappeaivara SH7 of the intelwgekengegmertts imay be in
array nodule has a plurality of antenna units 572
| .
C B B e Db 0, L] i D gctich segments
arra nndulestnag be nDunth at 10 .respeetive angl es, )
may sHfaead YRYFeransCENGr JMAYBTed, SeRRttelyn OF . a FRRNSCeNEr thcluded in
is that arc 568 is conprised of a plurality of
conteglier B4, Bsewaa tesaiibed, wibdreferencartoacardralien gy of imaging system
configured to formany appropriate arc, including a
20. rectilinear line for which the radius of curvature
may be considered to be at an infinite distance. An

Ay ”ft*{‘/g o@bg?@é@ﬁﬁg@% 108 REE84A0 ibing SBdng,, interrogation

form gn antenna apparatus 571 is shown in FI G 19. The

statighs gDd anRiguna appParaiamayerayyisg chaxadatstics and features. Various
hori zontal |y around a subject position 584. The array

of theag fbatures emayupe arsdd dnwarlous ssoanbingiideni et lexample, the antenna
subject in the subject position by a noving nechani sm

i ithS bk i a i :
arrays) deshibed hith MRerRige fo A O he Pt oGt MRS may be
20 ante enna units

eration of the na array and ant
consﬁﬁ':{qqu vg@hﬁmap{gsc?gmgn§ug? ?l_avtq& %Oﬁ&r@iﬁy of arrays, transceivers,
interrogation station 580 may be configured as an
and/onmayt bgaonstiuctedgas: inteBogatitiatsegments. pdihesefarsay segments and
interrogation station 594 shown in FIG 20. As

oGl SegfentTTEINg AN LR R DY PAFLULE e resly
repiaé@&,’ o?ga'lea'é‘ijlt#e? 6sysig?ﬁ Héﬂ;e Béoﬂa%tdﬂ?na?s%%ﬁgé Sor”ac?fsa%(saembled, 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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26 WD 2006/ 001823 PCT/ US2004/ 040069 nount ed
collectively on a segnent frane 598 to form a conbi ned
WO r ray 600 formed by the arrays of ea®QTAfS2004840069
i nterrogati on segnents and extending along a conbi ned
i het iV fei ' j P
intefiGate stabofls (AP BEE e afermitthg sidraf that FepAfgted Trequencies in
contr 4 [ 1y, . the interrogation segnents
the @n.gsﬁéiﬁ%ﬁﬁ @W?@%“éeﬁfmﬁ@g@ttm 3R iaving SGPak eariieyt that meets
or a transceiver included in controller 604, as was
FCCduslitenised wptratiosf eequirements and db| eutsdde obf i amgi regtricted US
system 20. It will, be appreciated that the foregoing
GoverfiBHnt g anda! eB|88 fn ' an :
SRy hanids! s n%dmgﬁfz 46 "Miroseconds

apparatus have varying characteri eat ures.

O 10 . t features be ed i n various '
Antefioe *Hepm, Subins, IREF joBBe. b "B snidd afiearpes “for*Bload beam
. described with reference to any of the interrogation
implemgntasion, nery figen  olgs B0udegreesi far aarreyw begnewidtie agplications,

having a plurality of arrays, transceivers, and/or
depemalind encihesiniat éstntionnsighalogiRiceSsdryeg iR Bhfents. hasRious system
array segnents and interrogation segnents facilitate

pola BABHETAAN e FL0EC SAONS RELER, e AR s piarizatn,
e RS SRS i SR At b o,

nounted at differing angles along an arc or with
di Adcerdinglypovhile tw inventiansl deéiaed dngthieafolloiniitdy claims have been
either vertically or horizontally for the entire

parti@flhgy N akoRAP l%hé!t Hoscliba Siitht ir@%ré’r’ice FRC gl ?Srebrﬁﬁa@ Z%referred

or individual antenna units within an array arc

farne f. 20 nna,units forned in oyps or . ..
embi@iBls, Snos? shileghairnat v e stana dEaE BRary wariatigns may be
arc, but collectively formthe arc. Array segnents may
made sheyieirne withoul (depgriing: fromm the epiriémnak scopet ofathes imviestions.  Other
fromthe perpendicular Iine of the array. Various

coml!ggméfg?nglaéa:amssm@oﬁmﬁdtmatdforféamrés,t ahefid€ 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 clailﬁs 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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Sonme enbodi nents of imagi ng systens having any of the
various described 27 W 2006/001823 PCT/ US2004/ 040069

WO/ M4t i on stations nmay use a transnitti ngPETFIsanc4/040069
that incorporates frequencies in the range of 24 to

. . havi  anaks ¢
secqffl O it RO HaeBisc Atk 1Bl SCHIEREHEL hegpveen the
is outside of any restricted US GCovernnent frequency
elemenisisandggosaot ate Frigquirgeher fimitgdonumpgr of such elements, nor
m croseconds. 5 Antennae beam w dths may range from 20
does it gePersdiyrindicateoa partiadabpestion opbrderdfauichrelerments; om
1 to 30 degrees for narrow beam w dth applicati ons,
dependi ng on the inage formation signal processor
requi renents. Various system polarizations may be
used. Exanpl es incﬁgﬁﬁggﬁﬂgg&%hzégéﬂgk%h, Cross
pol ari zation, ell i i = right circular
pol ari zation, and/or left circular polarization. 10
Acthe dieagiihed ihagiagtdystems andiconmpanents ofl imagingesystems, as well
follow ng clains have been particularly shown and

as tHESREHRRY Mildthg ehaeriCard appitableots Sarvaliiaic ehe®’, and other
nmbodi nents, those skilled in the art will understand

e

. . vard.at .. [Tade therein w thout

'“dugﬁﬁgHﬁ?ﬂﬁchsgﬁﬁiﬁﬁﬁiﬁﬁa%ﬁqﬁﬂ%ggtope of the inventions.
O her conbi nati ons and sub-conbi nati ons of features,
functions, elenments and/or 15 properties nmay be
cl ai med through anmendnment of the present clains or
presentation of newclains in this or a rel ated
appl i cation. Such anmended or new cl ai ns, whether they
are directed to different combinations or directed to
the sane conbi nations, whether different, broader,
narrower or equal in scope to the original clains, are
al so regarded as included within the subject matter of
the present disclosure. The 20 foregoi ng enbodi nents
are illustrative, and no single feature or elenent is
essential to all possible conbinations that may be
claimed in this or later applications. Were the
clainms recite "a" or "a first" elenent or the
equi val ent thereof, such clains
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shoul d be understood to include one or nore such

el ements, neither requiring nor excluding two or nore
such el enents. Further, car30nal indicators, such as
first, 28 WD 2006/001823 PCT/ US2004/ 040069 second or
third, for identified elements are used to di stinguish
between the elenents, and do not indicate a required
or limted nunber of such elenents, nor does it
generally indicate a particular position or order of
such el enents. 5 | NDUSTRI AL APPLI CABI LI TY The

descri bed i magi ng systens and conponents of inmagi ng
systens, as well as the nmethods relating thereto, are
applicable to surveillance, metric, and other

i Adust ANgBagiNasysEeMs(4B) eemprisinges are utilized. 29 30
1. An imaging system (20) conpr|5|ng a frame (318)
extfearde (818) 4aAdigSiroghe® assi léc‘shbg@@ bbsifion ggg@;: at

| east three antenna arrays 286,

e

subj osi tion (290 each arra 282, 284,
ffameztaﬁ%)zaéépaF ﬁaalptrlecaettOﬂSéﬁ%tﬁbétﬁéi arhing %lrgﬁqed(fm the single
296, 298, 300) configured to transmt directly toward
subjeahdnosiisi@ei (250)di easht byray r @82a 284)j 286, 268) Haclading! at least one
subj ect position (290), electromagnetic radiation

antenh%ﬁ.mlt3 94 1298, 0§ IYEMCYOHTRIIPEd ?c? tr2ReHi &Pé?:tlyﬂévsfa?d gnd receive

about from a position Sremsiny ey

dlrecty)ﬁéﬁﬂgfsﬁgﬁ;gﬁ I'fé‘eggfl%g%g@%%% s@&sﬁ iﬁnéﬁp%m@nep ic radiation

electromagnetlc radi ati on &3 toward a portion of a
(26, dQjreatfre@inc¥dange afeakaus) 200 Mits te iabaut zginwz,t fram a position
does not receive electronmagnetic radiation (26) from

fixed atlativastd ame spatet front ehe aikjle aubjet®postih (2B, each antenna

array (294, 296, 298, 300) transmitting 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 (294, 296, 298,
300);

a transceiver (38) configured to operate each antenna array (294, 296, 298,
300) and to produce an output (48) representative of the radiation (30) received
while the subject is in the single subject position (290); and

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

data representative of an image of the subject.



300); a transceiver (38) configured to operate each
antenna array (294, 296, 298, , €00) and to produce an
out put (48) representative 3f the radiation (30)
received while the subject is in the single subject
pasition (290); and a processor (40) adapted to
cénver A SYREEM (A3 @67ardingdior gaim @4 ) whishdtheratdeastdhree antenna
representative of an inage of the subject. 31 2. A
arraysy(20429@,0298,c800 ddingctt electrernayietid radMitiorh (28Yetosard the entire
| east three antenna arrays (294, 296, 298, 300) direct
_ , e ( : _ .
RS Bareab G Ell S TR S S
subj ect position (290). 3. A nmethod of inmaging
conprising: transmtting toward a subject in a single
subj ect position (182) electromagnetic radiation (26)
i B.a f Aetigthad of imagingtompdsing200 MHz to about 1 THz,
fromat |east three positions fixed relative to and
s presthitingungvidte Si NguBjecBUlbh e BRI | 30bjekB2)osition  (182)
scanning the transmtted el ectromagnétic radiation

- at | t: L.an i ngle.subj ect
clectfofflanSE ta8ieBpn: 28T in (RYLeHAE dbod A abof Do PR3 about 1
oSiti OI%%; receiving frgm the subject reflected '
THz, fraip atoleagh Eiree pesilions bxed Jelptive gpoand ispgceth asounpslithe single
(48) representative of the received radiation (30);
subjeghpiosidom{E82); ng t he output (48) into inmage data (50)
representative of an inmage of the subject. 4. A

NBEdHInG aBar %Hﬁnttééocltjegéscﬁ‘torﬁgargdétﬂéh?éiﬁbﬂdrﬁ!(?@ gatrc]'#%g(s?t least a

radiati'on (26) inclu smtting radia
poric 8P 8 B A LY o B e S M e e
positién%s?;z) '
receiving from the subject reflected electromagnetic radiation (30);
producing an output (48) representative of the received radiation (30); and

converting the output (48) into image data (50) representative of ah image of

the subject.

4, A method according to claim 3, 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).

5. A method according to claim 4, in which pivoting each antenna unit

(172) includes pivoting each antenna unit about a fixed pivot axis (188).



5. A nethod according to claim4, in which pivoting
each antenna unit (172) includes pivoting each ,
antenna unit about a fixed Pvdt axis (188). 32 6. A
met hod according to claim4, in which pivoting each
a%t enng unit (266) includes pivoting each antenna
uft  ( 2e6)ethpdaccarding ée @aims 4¢ dy ayhich fivglingseach antenna unit
through the antenna unit (266). 7. A nethod according

(266} inclrides mivbtinigneadhi artepha enitn(@663 aboains ivet axis {272) kR3D passes
i ncl udes pivoting each antenna unit (172) about a

through i : t is spaced fromthe antenna unit

0”?1\49?.%%&( %r@tgg%%agccor ding to claim7, in which

pi voting each antenna unit (172) includes pivoting
each antenna unit (172) about a pivot axis (188)
| ocated between the antenna unit (172) and the
subj ect position (182). 9. A nmethod according to claim
77.1n Whniethed \eetomtiings 86 ftlaimt anme wiiith pivotihg) e breSha unit
pi voting each antenna unit (214) about a pivot axis

( ush At hat h j i S e .
(172), Fieklacs Glotild leach Sh@Rhg 105 K142) RESER ) Bl SBlTagey,that s
8)..,10. A nmethod,according to claim3, in which
Spacqgféﬂ%\ﬁh@tq'ﬁ@”?aabm&ﬂ%i)-(26) i ncl udes transmitting
radiation (26) froma plurality of antenna units (294,
296, 298, 300) distributed at spaced positions around
a subject position (290), and scanning the radiation
6) iRncC i [ t i 204 :
285, 300y L PSR TREIED: B AT plvckigteacthfintenna uni
' Yo} na..upj 94 296, 298, )
(172)efie8 HROURP REF u IR Ll T, 2858 Do g 38 hocated
300‘? about a fixed pivot axis (302, 304, 306, 308).
between the antenna unit (172) and the subject position (182).

9. A method according to claim 7, in which pivoting each antenna unit
(214) includes 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).

10. A method according to claim 3, 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).




12. A nmethod according to claim111l, in which each
antenna unit (294, 296, 298,0390) is part of an array
(282, 284, 286, 288) of ant¥hna units at each spaced
position, and pivoting each antenna unit (294, 296,
293, 300}n I ncl udes pivoting each array (282, 284,
dd. 2deinebhod ACeRHIER ClRimbH int whicheRipeling wacihiantenna unit
axis (302, 304, 306, 308). 13. A nethod according to
(294,c296, 2982 300h indudds pivetiraneadh agtenadiwdii (294( 265, 298, 300) about
includes transmtting fromeach antenna array (282,
a fix v ) r netic radiation (26) toward
eé@%locr)ttzf&g% (%Q?’a?’[g{ﬁgj@gbtgg?gcat ed in the subject position
(290) that does not receive el ectromagnetic radiation
(26) fromat |east one other antenna array (282, 284,
286, 288). 14. A nethod according to claim13, in
whZeh Araetiad accerding dp alaionl,J6)which @ddestenna unit (294, 296,
transmtting radiation (26) fromarrays (282, 284,
298, 306) i2p&t Jf ernbedy d082 2284, 284 Z88)RSFSAAteARS UPRE R ®ach spaced
around the subject position (290) appropriate to

b T aRleect i haki ( e . ..

posiihy 853 pPRE CRRARERAT Wi {38k, 206, 28, AR HuddEpivoting cach
suhj.e pPQSi.ti (290). 34 15. A system (20) of. ]

a"ayi(:??g’i %é“c g%ér i2§g)@.% ar&%ma ity ahautithgrrespectivegpivetnaxis (302,
a subject in a single subject position (182)

304, 306308 magnetic radiation (26) in a frequency range of
about 200 MHz to about 1 THz, fromat |east three
positions fixed relative to and spaced around the
single subject position (182); neans (68) for

s¢anni Rg jtted eleciromagnetic radiation, ..
(53 Brklod 8RRy B 1 B hke Eafhifagdpdation (26)
, osition (182) fromeach of the at |east three fixed
includesdranssiing from ea@ actenna miray (B2 284, @861 B8 nelertramiagnetic
three fixed positions providing a scanning of a
radiatﬁng@@:temraf aynfrtoenf @ siibjédrdocutbil @F thé BubjBet sosidie (290) that
subj ec
does not receive electromagnetic radiation (26) from at least one other antenna

array (282, 284, 286, 288).

14, A method according to claim 13, 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).



position; nmeans (22) for receiving fromthe subject
reflected el ectromagnetic radicatfon (30); neans (38)

for producing an output (4834 representative of the

received radiation (30); and neans (40) for

cqQnverting, th tput (48) into image data
rggreséhﬂgi@V22§fOpﬁﬂaéﬁﬁggnﬁFﬁﬂﬁﬁ subject. 16. A

system (20) according to claim15, in which the neans

( pRarsdi22) foramamsnittimg toveatidea sabje¢ti)a simgfeusubject gasition (182)
transmtting radiation (26) fromat |east one antenna

eiectﬁdiﬁégne@i@draHMidﬂiegzc‘)t?) (F% f@ﬁﬁeﬁ@agﬂﬂd@ of ébhoLe D i@J'l‘zdf)tc.a about

26) i s further pivoting ea antenna unit

( i Cenna uri t (
1 THE o alieRo Ve ad U, Dot S At semcat rdind dpe single

.is further for pivoting each antenna unit (214) about
subjegt ppsiden p182% axis (212). 18. A system (20) according
to claim16, in which the neans (230) for pivoting

eawanar(68) fer scanhing26é)trarsnfittet! dectfomadnetietrabaitionqR6) across
antenna unit (266) about a pivot axis (272) that

- j I
o IeBESAELA RS sk SO RSG5 S U Bt v
fixed (RsHiisg VUL ANS RESRRAO AT paetpf THBcak Rashfivge Bxech posttions
_éZlZ) that is spaced fromthe antenna unit (214). 20 A
Provigng taesranpng efca epaipiefetcircamfénends of e shibjebt inhthensiagie subject
(230) for pivoting each antenna unit (172) is further

positib@y pi voting each antenna unit (172) about a pivot
axis (188) | ocated between the antenna unit (172) and

t Rfeamd k09§ for RREMAP o BR subject reflected electromagnetic radiation
(30}
means (38) for producing an output (48) representative of the received
radiation (30); and
means (40) for converting the output (48) into image data representative of

an image of the subject.

16. A system (20) according to claim 15, in which the means (22) for
transmitting radiation (26) is further for transmitting radiation (26) from at least one
antenna unit, and the means (68) for scanning the radiation (26) is further for

pivoting each antenna unit (214).



21. A system (20) according to claim16, in which the
means (230) for pivoting eaclgoantenna unit (214) is
further for pivoting each afenna unit (214) about a
pivot axis (212) such that the antenna unit (214) is

h I, vot ' 212) and the subject
:O ?: ?ghg\?t%éﬁffzé) gccd%r\ﬁ% toa)((:fa?m(l ] ?n wh?ch the means (230) for
pivoting each antenna unit (214) is further for pivoting each antenna unit (214)

about a fixed pivot axis (212).

18. A system (20) according to claim 16, 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).

19. A system (20) according to claim 16, 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).

20 A system (20) according to claim 16, 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).

21. A system (20) according to claim 16, 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).



