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Cross-Talk In A Backscatter |nspection Portal
wepos/hssiugdd Mul ti pl es Sources By Ensuring ThatP@ﬁhxn&ggrngz
Source Is Emtting Radiation At A Tine 5 Field of the

I nvention The present invention relates to systens and

nmet hods for inspecting objects with penetrating

radi ati on, and, nore particularly, the invention

relates to inspection systens enploying nmultiple

so £ I

¢ YiiGatle CRRAOT: A ShcdakIl BRAERD Bttt UL Mulipls

s uc Hoagces @iyt Exsuaing, That &ndnOpe SouroeipEnsttngsRadthn Aoxdime
been conceal ed, for exanple, in a noving vehicle, or

'on a person, or in any inspected object, while the

d nspected obj ect is novegle3dtthdMGerRfon™r € Syst ens

that image the contents Of the obj ect using

penet r at PeBrepeaginyention relatastogrttennindandtionds & inspecting objects with
c a@@&ltﬁtlﬁ% ra@%h@ﬂ a8 Sor 3‘?&&1&1&&5 He %ﬁﬁ&nelgla%pju?ﬁg ek Pon NYstems
noti on, alternativ t he 1 nspect o
sy§t’0@}%’ln§ mlﬂtlﬂetswmﬁs\mftaﬁlaﬁelspect to the ins pect ed

person or object. Indeed, since inspection rate, and

t hus hourly throughput, is at a premum it is

desirable that the vehicle, for exanple, be driven
Wi t hout requiring t hel ndcof ¢ s to alight.

I n caseltas deirand toQBtekBinBBdresdnodios HEikctt, @ﬁ@ﬁs%@ﬂfﬂb%&@eexpoms
avallagﬁe for verification. 20 The use of imm

e
pr SURFELIVES, TR havetheeheoRRzplodnior fimplein pawEng a«%}lﬂg’ or on a person,
r ael @lahP hsp&tedido E&? ¢nfié Qﬁ‘nﬁ[ﬂedt&f &ﬁéc@k%v@@gﬁ@ bne or morg systems

container, or vehicle is the subjeéect
usthapizmage theiggnterss abie vb.mct usigg mrrmgsra@am Theq dqﬁ@mnatuon

5" ChRhiBle%a pgaﬁ)ﬁ@éﬁbe}ng mhads Wae HELR ?&rted]obﬁe%gggn moti O ;o5 8 alternatively,

Chal nmer s tent teaches backscatter spection o
noVhirythg Espedtien pystent is iminader Wigh resprst tpdhs ipbmrectail pérson or object.

X- fnﬁé’e?l GhQM ROV Ak, ng@ﬁﬁ%ﬁuﬁ usec!‘ﬁg&)ﬂ s XteJBr&lm%m ﬂ‘cfs desirable

as fromthe 2 X-ray
anthafethe yehiclg, forexemplorbe dsivehwitbe regdiring tize cpmet ‘a‘lpassbngers to

PRS0t oS R SAIR o 5, S LB

July 2 2000,, X-rays are scattered frommtter in al

2 di r ect i 'd¥idse ?ﬂg}aé?scnf?éiucgdc*aﬂe&cﬂ%w@@alws eleteaeliadiag piation

al’bc%ttdi‘@t’fr&ﬁtaﬁ ﬁ’fan‘iat&i' obREE B6htAherddtWeRRR! i€ thE Qubil® for example, of US
scatterln wth resp ect to the direction o?

i fctdeNee 6?9 ?ﬁ/%emi (Fhalmrﬁ%ttai ﬁ@e r'ebalmess datentth dysegddPesoben 1, 2002.
" finsi eSO Paterk t&cﬂé@bg%é{tt@xgiﬁfﬁgtlf /2 ﬁ@%ﬁ\é %%lluwmamg

irradiation systemis typical used,
péhqf(eh@ﬁlp vite xjragsdecsn d@vepy l@@@atl%l/ the moving vehicle, as well as from the

25  side.

30

The use of an x-ray source and an x-ray detector, both located in a portal, for
purposes of screening personnel, is the subject, for example, of US Patent No. 6,094,072,
to Smith, issued July 25, 2000.

X-rays are scattered from matter in all directions, therefore, scatter may be
detected by an x-ray detector disposed at any angle to the scattering material with respect

to the direction of incidence of the illuminating radiation. Therefore, a “flying spot”

o
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illTumnated with penetrating radiation at any given
nmonment, so that the |ocus of scatter can be

wigb@smsagd unambi guously, at |east with respegiriyR§0dRii3se
pl ane transverse to the direction of the beam of
penetrating radiation. s In order to obtain nultiple
views of an inspected object, nultiple backscatter

i magi .Syst ens, ma e enployed in a single inspection

t unREARGY 3R pleally seflrvhetvhyeysingiecasns o ghe nspected object i

cr oBfmiiratdd, witheicneeling ARIRAGA hitRy ITRA WatheRY 5§ B he locus of scatter
resul yﬁgg in imge degradation. This is due to the

| ack™ (SERNSq WiRRGiE Py, Rhiged pith resbect for the plane transverse to the
di sditeaget sHfihd am HpbabAfY ralifi€oscat t ered radi ati on
fromeach inmager' s source. To date, this problem has

0 been  addressed.b | aci ng the, i magers, sone di st ance
5’allpa.rt 't SRS %Oigm%%}}@@%tvéﬂ“%d h ?”él_’e"%ﬂﬁplﬁ%ﬁmglﬂ?ﬁﬁkscam
t heingging systenisheayobeasglldyes b4 £A21E spddbbLARRL TH may result in
space-limted appljcations, this is often o
o dBETTPiSRie0 Ot SRt yPoBTEoR FRSPctye edzg Yo gssulting in image
emhiegiad®mivh, Thistid@uens @2estk of BacRHyifpot iﬂﬁgﬁ"s' ability ﬁvqgééﬁguish the
an i nspojct ion 15 system for inspecting an object that
i s QCHeEY A derehtiesed Biatinntirosm each imageas sousen. afo dale; thist profriem has

10M tHaed REIRBGH by Pldohie ﬂheriﬁfagé‘r& e ?iyt?ﬁc%ggarp%fﬁﬁh iAEerOds talk. This
notion with respect to the local fra of reference
of 2BPIOMACAERE theisize of the prsal] psisartoiieseasy sinspace dimited epplications,
Thehik R9PEE LAk st em has a first source for
providing a first beam of penetrating radiation of

specified cross- sectign directed_in a first beam

direction substanti al I&ﬂéﬂé@éﬁ%ﬂ&&%e di rection of

20 not | bionefmbbéinehf f e présentdh it $hefe iS BEAMEA aRspetion
n% .a secqnd beam of penetrating radiation

for_proyidi ; . ! M

18] nSytebios P BREAY PR thab chaperirag hapHompdinartisilar direction
sowtthespadt to el dishdcabalysReaBP virth 8f RERATEw R reRRPEh ALY frame
radlg ation a]{fg@telgtg'gor,al ly interspersed. Additionally,

t h& AFLIERHP PRIFCH the ipspsrtiosystery orhette dheinspdction system

dehBet firftGonRé A tingS LAt Raftbfihb s h&a8in F8ecBied cross-
the first beam and the other beans by any scattering

255fHREtIFeled it # Hrshbeamedifeniqrewsbuientiohy ensversmioftir direction of
20 JCRBHGH oMk éhj&eat 1184 asadhaldu fﬁé]?g\ﬁhia%;m&on& Xga%rg Jr;?

may al so have one or nore transms ectors

d eRPEFIRG r3skiationrime pasgnd heani dinettim, andanayntiave edilitidnalogives of
t he1aaRhAYeamd ! . ntraller for
creating agﬁ i@ggé%rgf&? %ﬁé@%@:@?@g&%& &r {ag BRI Eiseg‘t

| eAdditionglly.Hee systgmihas e gluradity oftscatter détgmart fardecting radiation

Ot G f I |¢Zil the scaptering material . 30
I'n ace\éégffg%rﬁ E@E%?%rﬁe daflﬁkeg% Fltaqegmém gl& ioh@ﬁ?%amtﬁ#yta%scmmng
25 | ripaderidl phthinttheinkpecst] objectrane farfgendpatingtarsadtiend ridistiontsighhl. The

poha o o e SR Bt Gheifot fltpdinh P Beineannciieing
t hradiglioneehsmirted thraugy tietddfct. PEAIY,RYsy@8mhas a controller for creating
an image of the scattering material based at least on the scattered radiation signal or for
otherwise characterizing the scattering material.
30 In accordance with alternate embodiments of the invention, the first source of
penetrating radiation may be an x-ray source, as may the other sources of penetrating

radiation. The first beam direction and the direction of any other beam fnay be
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coplanar. The various sources may include a beam

WS 80d8jhskdogrechani sm such as a rotating choppgerwkek/oiiss:
or an el ectromagnetic scanner, and one or nore of the
beans may be pencil beans. In accordance with yet

further enbodi nents of the invention, em ssion of 5
penetrating radiation in the first beam nay be

c hapetaptigllyedplpnar al e vageustsevrpesrrady ipdndeorbeamdicanairiggndchanism,
of . T .

chay e a chélglelbhalof i dcBRERAC U R 6n Frangre of he
andbeais maydepandikepws.al peri ods of fset by fixed phase

be. char aberrobae pl TR3lR: Bt et AT RSB B Eih ey
adj paetttingoadiaies inthy five bedvamayg bel’ﬁliai'z&d:rihgd 8y fxastemporal period and

rel ati anshi it.h 10.respect to an adj agent sourc

wheP PR Radie e ediath Briip sch R BaRar Sets harschpired by accond
dut semposat peiod) the e arddbngeont teipyrel pefibdst JTREL by fixed phase
errbo?i.msnt STﬁf theaane tion, the inspection, Sé’St e

ey FIPRYE Thetemparahperied of €35h sgrreenaheshpmgterig dpy a duty cycle,
S c aridale éfiBgen 6ffadfiBdre bdvddes eHia§ PO SRFactetizbdibya %ﬁ)ﬁe relationship with

i nspected object. 15 Brief Description of the Draw ngs

9h PRSP 3P AYAgeBLICUTCESWISFS 1R Bhash {Rboneip WRY paugbtorftignes the duty
readicley understood by reference to the follow ng

detail ed description, taken with reference to the )

ac conparfy AFrgrdapreatitthyss furthar epphodimentsof thegnventiem dhgsingpection

S CheiBl ay L8 iRARI N pI BV aydil aschi®¥ ihARRE Glake? disposed
system that wuses nultiple backscatter i1maging systens

i n Béhin thedprpected etieckmbodi ment s of the present
4 nvention; and Fig. 2 shows .a side view of the x-ray

i nspection system enbodi nents of Fig. 1. 25 Detailed

Descri pti on of Speciliie ijpti se Draveingsor dance with

O I 1 OMIFO [L1%S
enmbodi nﬁ?’ti of .the resfegt, i nvent i‘?n, beam ¢cross talk
i's mini tgSYCEREEfEUrreR Pt Bniretien M Be or adily vagsttood by
bagkifeatd ®ithd fFBEWRE detalldHt REGipa O tdkeh A ré8refee to the accompanying
mul ti-view backscatter inspection system wth no
r eSHAWIRES BNt he di st ance between the i ndi vi dual
i magi ng systens. In other so words, in a nmulti-view
20syst em Erpsheedc sohematidicwisslseationabuiks ofib ey ingpgttivg system that
ig%&%gﬁ%fl (rei ggc%gc%ttc\ér: igl\g%intg g)?stelmnsqul \e{cl:cgyd%cel wrgﬁlgém%dgxe%ttseoq?he
present invention; and

Fig. 2 shows a side view of the x-ray inspection system embodiments of Fig. 1.

25 Detailed Description of Specific Embodiments

In accordance with embodiments of the present inventiqn, beam cross talk
is minimized between or among multiple flying-spot backscatter imaging
systems configured as a multi-view backscatter inspection system, with no
restriction on the distance between the individual imaging systems. In other

30  words, in a multi-view system comprised of individual backscatter imaging
systems for each view, the individual imaging systems can be placed as close
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WO 2005/ 098400 PCT/ US2005/011382 together as is
physical ly possible, while cross talk is

v yaRhadepusl y reduced or elimnated. Met hoo'%c%ﬁ%zooa/onssz

advant ages of backscatter inspection of a noving

vehicle by illumnating the vehicles with x-rays from

ei ther above or beneath the noving vehicle are 5
described in US Patent No, 6,249,567, issued June 19,
ZOOIOgGﬁhﬁl‘@h i ghyisive by possiltle,dvhide edoss tajk isefleamngenuslyreduced or
acc n%e with preferred enmbodinents of the present

i nv |on ‘regi ons of enhanced backscatter that arise

due t 0 NMifeMoiodng 28 RNGEE cﬁ%aé}is@cﬁt%r in@pe(:h&: Stadfovyad VeRicRfby
hi.cl e %F reveal ed wit hout uiring that

penéﬁ’%ﬁtﬂg aghigles wih wwémeltheéa uppritacalihe myingtyghicle are

§ OUHSLriBYd ih USIHREhI 196 .6,249,567 Gssudd RRAOYS, 2808 MRS liorporated herein
cross-sectional view of the el enents of an i nspection

sys Perrferenss; lgngroetnesotié prpfeyred gmhediments ofithe prasenbigyension, regions
of bfb%ﬁi%%a Bébkéc%uer‘ﬁﬂh Gl HRY 1 Rate AL BBHcGaI c1dsB ?cPdth?Jd@ walls of a
noves, Is noved, 1n a direction into, or )

th evi%@@ara revealpdwithqut eoquiriog thatpepe ratinlg radatiopdraverke the vehicle
SUPRYY, h‘@cog}sggﬁngl;&gu&f sources 13, 15, and 17 of

penetrating radiation. Sources 13, 15, and 17 are

12 ypi cal |Kig.x-shays & S.dbelsatimwsge@@am Vicsv éﬁihmlmgemd an inspection

ste sfeﬂxg g&?é%“?@@ gﬁgﬁallg %? WchL,Irzh {J] Andb $ect (!:flo 5spg&%gg?ﬁe\§l§ch may be

sou 1 penet ng radi at
h avmmgata ocingsigiagembyes oréf maveslpingi diteedbnsih@per. ouFaf; the page and thus

CyareEfey B 09 PR by A S B3l R RRES a0 5

naypdnetxatfng macﬁatﬁﬂ‘pﬂoﬁroeﬁl& d&andfl7xre tgyisallyeiay abeshaving beam

gg chromati.c x- bea

VWiile s ce 13, of :
o TP AR st PSS et iyt 0 Far Sxeripley Squppsdl3 e
20 xetrguing radimior ed beainB3rhasiap b ¢RSs-edctipe ot spadifithshape. For scatter -
radi atjon, such as a linac (|inear ccelerator), _are
wi t'2RInE ARPIER YRS a&ﬂﬂ?ﬂ@eﬁﬂe@éwtls iisalit selovedbed 25 of

I NdRAétrating erdRBIOR nfaYtbe Br exadfpled b bOiin bBx-RRE slch b agsiy&momatlc X-
X- ra% radiatjon and may include ganmma ray radiation. A

sc AP TEfsAverdd o PﬁP%W‘H%EPd¥ pn ésdléfif?rﬁ‘?@ ap &ARY pige, for

202l QREmPleShREY e HiHteA duYces Bﬁﬁénbﬁ;ﬁing%‘dxﬁlonséﬁ@bast zhl"fﬂac (linear

during a portion of a duty cycle, beam 23 is directed

i n AcdLRiPB sarg fvithipghecppecaf we@{a@nveazgomnd rjeed thepnetrating
t hahdihfonti@ndiGintiR RECE ?%Miﬁ‘ﬁ%ﬂ@ﬂﬁ& 1&%@%%% b Ry adlatlon
substantially horizon directioh, 1nt ﬁle In

the depifeicRr@ingynechpmism is provided forscaenieg be@mb@cnlmmsybmnnaﬂy

t NQehid¥eRYs Qidh tHaf) ﬂuﬁn%"hr Ig)‘?uﬁ{‘éy agfutspé}laﬁr b 4319 BiFectld 1£ Q@enes of

i nspection’ system n“reflationto obje

25 1 8 dirggilonksushys &b Qbiegt ergthattls tol te, msppctsd mbyas rpastgaean@a&m

30

H@sYan'anz‘}, %Qﬁorg%}%ﬁ%%h ngto\r;\[ﬁé: Ez?g@' e &%ﬁ?ﬁﬁ Oﬁ:l l 4 irngtemate

s pot rota 'sons
skietnbediments toﬁéle awenthﬁl tthe sovatd andloy pthet pmihcms wﬁgn éfdspection system

SC %&r}]’%%?ne ﬁg m%a@orﬁpt Xj&%(}s 125 ngay ?nsc’)%mg 1tse% oxb se;:gtlonary
Source 13 may include a scanning mechanism such as a flying spot rotating
chopper wheel as known to persons skilled in the art. Alternatively, electromagnetic
scanners may be employed, such as those described in U.S. Patent No. 6,421,420, issued
July 23, 2002 and entitled “Method and Apparatus for Generating Sequential Beams of

Penetrating Radiation,” which is incorporated herein by reference.
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July 23, 2002 and entitled "Method and Apparatus for
Cenerating Sequential Beans of Penetrating

wRaglioghdsary * Which is incorporated herein by relerRPsRmn11382
4 WO 2005/ 098400 PCT/ US2005/011382 Beans of sources

15 and 17 are shown in typical extremal positions of
their respective scans, and are | abeled 25, 26, 27,

and 28. Inspected obj ect 18, which, as discussed, may
refer toBgamschiselress 15 anchht are sleywn lorty;acaybertsmal pdsigions of their

ex a%%b&tw@ﬁ*)énsb §ndszﬁé fabelfd %;%kl PA AP ﬂgg pa3 'B% ﬁzﬁééﬁlgg Fas

may beé conveyéd a nmechani zed"  conveyor - or
by diseysagsh may reéqr(ljo a yahicdd, e epnrainer, endopaotsomefor sxaarfplet, may be self-

' ”Vﬁr%@éﬂ’éa thx%@g% ﬂegﬁ?xp ?f Eé & m?%&at ceonk?yeg g? %8%8%16 zsq/ Cé?nv%or orpulled . -

®bj byt traetery etasIn altemaehcmbceiuhhm oﬁthg/ invedtioa) the mﬁﬁbcfifmlslyﬁgm,

or ne 23- eferred to
or o Safeb BTl PR RrALIRY oA bF BRvERgver g pligr Shch as
beav@ucléﬂnaana;ottcbwbeemwmglomafoemiyed enbodi nents of the

dovel op BEapR LR i RRrekaeds R e ot TreBptiniHt miation,as

pl am-ew teains. 1A adcofilahds vt péfeRtd &mbddiadntOdf hdiBvRBER 2 rdtafng
cross section of MCH beam 23 is of conparable

"Bt GIOPPIT sl dhusad Iis¥siom aeneilibsam 23128 qylich may be swept in a plane

s ubsibaartiadtl byrald] ECHhtDE the?Ja@@ \athg Brdisd seciBofPEndiBYRYm 23 i 1s of
shapes. The di nensions of pencil beam 23-28 typical

def PRI eXlentip grch dimensionraad & tpipally sybstantialipgircplar, anﬁ’ough it
obt @hyTRmbivyt %aﬂeg‘ %Hﬁﬁ&@ongﬂ'ﬁhcﬁm o] ty@@zﬁf}‘ defifiSthe scatter

15 section be advantageousl|y enpl oyed

parlfqaé?ﬂea?lu‘éfﬁwhl%m)bb@bt%n@ewtﬂle Byspiy. £ileps sliapes of beam cross
14 ygﬁeétﬁ&x%@)’be%@%&a%&ug%t ip! ed %aduﬁxl?ﬁi' ?Llﬁﬁﬁt?&ix in a

plane parallel to th ct on ot obj ect
18 dur i Hydateréor eoenssmenss typified bz acrattex)demsps 380s dispstdin@glane

é%\%‘fg?f {3 Ell)escﬁl%{:t o BBuoHL, e(?Jé ol zg H%r%& thé’]co%e %% rchg géanak-ers :

rection are
ba@9§e@ttereeirbyd?@n@mmpmeﬁng dutsyf bsmnl %atameaemsmyrbadcvaaad direction

o S e A AL 0Bk 8L 51 Bl SLLBIFETEALS: fyn
20d etOQmCt 189Axldma1}ai; cﬁantpt mmlgeramtﬁszagzu‘:ﬂom hed®6 dhydadsed
SG [ e
T Ak 9 Mol LS e S S0y

0 b jvelt preiéhilyAe dest:nbﬁ’alafolr yachtof &iesothed bemik i€ il tusn, on inspected
dis e&dlstallytothelnspected obj ect 18 25 with
res to the emtting source nay be used to augnent

t he SC&Aﬂéﬁlomdmyg&naﬁxsmﬂiﬁ%écmr\é\ﬂdisboséﬂl disﬁﬂﬁﬁb tBd inkpeBted object 18
ained in transnitted x-rays, for exanp

| e
o n e Bie g 1 ePisouce ) G 30ehio uEmBRg g aeafet lguge oHgpages

eMminsthia@ imefe of ﬂiéro@ﬁct]ag oBirlell d@aHskitRd xtBYOHI Exa‘rﬁ}ﬁe the detector
i nspect eﬂ obj ect. I n another enbodi nent of the

i nFERERS esl%lla@fi A red 3045tk the cbssionobpourcs 13 as transmitted through the

inspected object. In another embodiment of the invention, a single separate detector is
disposed between the pair of scatter detectors 35 and the pair of scatter detectors 36 and is -
30  employed for detection of penetrating radiation transmitted through object 18.
Within the scope of the invention, any x-ray detection technology known in the art
may be employed for the detector arrangements 31-36. The detectors may be scintillation

materials, either solid or liquid or gaseous, viewed by photo-sensitive detectors such as
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di sposed between the pair of scatter detectors 35 and
the pair of scatter detectors 36 and is so enpl oyed

wW®500863s36¢ 1 on of penetrating radiation transmpltRdaoso1is:
t hrough object 18. Wthin the scope of the invention,

any x-ray detection technology known in the art nmay

be enpl oyed for the detector arrangenents 31-36. The
detectors may be scintillation materials, either

sol phbtomulltiplipﬂ oF solid sfats detastprsviiquiddcibtillgpdre ey be dayietl iwith tin or.

d 0 5/.0984 011
mob gl ol By eh bt ey Kot OBy i rom e
s c:| Mattéd dateotoss 31e36 detralnpérebdwd b broces’onto, amitﬂmreswﬂ en@hitdin images

or ments .of . high ato ect| ut

o o REFURR B deahe' et Bl BB Soe P IR i ot Bt scatiered by
b r angnérdrgasdurces withi Ol§es 18 ﬁnté@u diddvtioRy; 0836 Oith targddréiisare used
i mges ,of featﬂre 42 inside the inspected obj

t 18.
Si nldnxipizg dgcollestigy offfie ssiered paotansa it acatfaRss vt certain

S CathBddimentS FURCRSentloh, HroteOldl 86 totHeBwisdeerRtld lto herein as a
directions, detectors with |arge areas are used

e icRREAler hmay. gisp beemplpyedrio derivesther eharastpristitstob Hs. scqfigring object,

ac CQcA aNBEmids{ Hasg aeﬁsﬁy e QR AHNNE RhSb&Af etd. N1 ds RUSWA Qe art.
processor 40 (otherwise referred to herein as a

10 cont r ol In@Fdey topllowatiaws of ghedngpeesgd ebieds gy nyitple digeqtions, multiple
chagRekeis- i’? hieSis&fto ﬁr%%a%&ak §3pdci BRE Fowe v (‘slﬂ%c@%e' ;Jh%?ons

mass, nmass densi t ective atom¢cC nunber
as HREhbY erch h@r@rqre scatierpdingllgbinections areamnsy bestsreised imherder to

I nstﬁﬁlﬁhﬁg CI%% tzeipkt é rtﬂ@gﬁﬁﬂeﬁﬁﬂaﬁgg b{ tﬁg %Ch]?&sdf 11% attlbgllﬁ accordance
sources 13 areused to irr e I nspecte
obj with emblimeents of the present invengihwitcorss talleiviatvaathgtopslyaeduced or

1§oueflﬁrﬁn§é??}f]&géﬁd1?tﬁ{i ohlgl o'ﬁ«l: maﬂg’a S%Hitggératdfaﬁﬁr?at%ﬂe lﬁ.ﬁ»t the

exerci se e Cros
- m sdutheencild ofctleet beranns emitteh érosottie Umgnfg systeraslisaetiless-thanror equal-to the

acc odi nen sent. i.nven

o AR el STREERET Al er i PP Sl Fllent o

by eaamphe; ifi hetnaberaiflviews resiteageix, ench 1ﬁﬁﬂgitng lsysgant fsdbtﬂ"bﬂ oduty
a. g?/G Fi.rst, the duty-cycle of the beans enitted

fro lﬁ? h¥dffy systems is set |ess-than or equal-to

od he i nMeKs ﬁleqﬂlaiehﬂaﬂit}nﬁlﬁp bet®leeh EMRY iphig oﬁ&d?dca{fﬁouréﬁs 1s set to 27

views, in. the -vi ew, system_  For . exanp

s sy Sl el egwcedefa@ﬁﬂqmﬁ@ fgﬁg?éthsmg;rs,
s etelifnMatifig EHetpBssitin lof cacurké® em@kioh @ ma® tH¥8%he infdg€r. For
phase rel ationshi p between each gal r of adjacent

s 0 EBRle; AmulgrVig npeetion 1YER WikkS sRiFeFs BN geuyg fhgt they run at the

I eShithé ﬁeq\féné‘-}e HaEThER duﬂ'yfkgue; beOD6, %H%ﬁ't @8ir bhABYdIdiRnship be 21 /6, or
i magers, elimnating the pOSSIbI ity of “concurrent

256 {O0&PBESSF r om nore than one i mger. For exanple, a
mul ti - VIr?é’Xsésm?&ﬁ}hQé‘sp%Y §§s?eﬂlsvéﬂré Qal@zeﬁ Bi Bﬁ@fﬁni&@l%gans such as

require that they Tun freguency,

t héetptinghoppe:ang cégpmewhe;e@s, ﬂ@mf@nqeald @rhemarmwmet by
r elsqich ARl B dtidh ot We m&RafOal AR pEESements, biased by phase

offsets. Thus, for example, where collimators are rotated to define the path of emergent
30  Xx-ray beam 23, close-loop motion controller systems known in the art may be employed

to drive the rotation of the collimators. The duty cycle is controlled by setting the fan

aperture (the total sweep angle of a beam, i.e., the angle between extremal beams 23 and

24 of a single source), equal to 2x times the duty cycle. In systems where the emitted

6
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In cases where flying-spot systens are realized by
nmechani cal neans such as rotating hoops and chopper
whefk/sossfgnese aforesaid criteria may be met byerws2o0s011382
synchroni zation of the notion of the nechanica

chopper el enments, biased by phase offsets. Thus, for
exanpl e, where coIIinators are rotated to define the

pat h of energent so x-ray beam 23, cl ose-|loop notion

co ntaldialtibrew@psbmrﬂle& plsvironiqally, ey desiredreggubree efrim‘adyédl or range of

' f.th t t
oyl Goey B KOl s o i SRy o SR o I e by
t ot al szz)emtwgﬂ tempcsralaselmacing whizgh ,redubees oaa@ﬂnmateetmmtalk sources
te )C()t %1%1: (?Plﬁ(é:g in gfgatamrgmga,té(ltléan offierw ) n ﬁgf%u#?ﬁeaéicpﬁg sources 13-17 .
em mkpebe ﬁsﬁﬁ&cﬂﬂ&&h@&%ﬂﬁﬁ Whith M&Z@t@@oﬁﬂi PEhits vathaRy kidltaneous

can he_cont ed electr nlc Y, sired sequence

of ?199%8?%&0 oF r‘iyéﬁf'ggé’ @% e g}h H’Z“%‘é’f"' ORJct Hgtsing by the
|i mntagtdkon, entirely by electronic or software

control. By virtue of tenporal seguencing which

reduces ¥ SBiSRlesstibesl rapypdxantageuslisyayidefor apdipagg o be derived

pl ag& thehepEAE bf QIR ¥icBissive wa@& BLIERY $ShdRR%8 leRdBplary three-
In particular, sources 13-17 may be di sposed in a

18 NHEY systeah avithiigpmn 23 35 cate- agcéléwgpgmgmwﬁt@rseswaﬁ g &Pplgnar.
si mul t argEYS N VGh Ea&%ﬁ%e? kw&% ih E‘&;uénc@ a¥eh {hglgxﬂar IQJ)I%%D one
of the speed with which ject” 1 s passi ng
| meigaey.is arpidtingyradiatiancié s e SbusreapresdomimersEd 3 Weeps lts beam
pr oyid Q{aﬁﬁﬁoﬁi a &@(ﬁﬁoﬁﬂheb(ﬁ) éé? 5& ¥ gg:senfté %&}944 S recewed by all of
perspectl ve 0T eacC SUCCGSéI ve sour ce Fl
shoe detertasx. e Bl stgnplstftomeeach 00the detoetery stearrquividiab s&tpeJatm;:hannels by

: 1%3 angag%urlﬁﬁ%sgg%&h T%Yﬁ?gdegsgs I‘eﬁgitgd:lto? Ee{cﬁ %f hlé %e@ﬂrﬁagers, creating

frome
sedisbees’eof theicjedt hait mogestyr e than one |rrager is

- emr;;g;]gsefe adl al\%\%vg% ga ! aa %ge \r/]x,]ew #s s:flg%vn r Ce ?J‘%Hlent of Fig. 1, with
s ¢ adldnemesdiefipomed H)e:oﬁ’e;tpeﬁdmg asmbeer L sleni(bld slhl;Wrrmwgmwmch the
is.recei.ved al |l of he det S al
oo RGP FiEeehoBups Prough eatenn ot S oL iePr AL Seicc 281

2C haosimbd whife inSviaf indClgteras dirécfion $§.stem This process is
repeate far h of the three i ers, creatin

"slices' %f‘g’faﬁ%tcr% Jﬂ&‘{mﬁg’mi Gn ﬁﬁ?fg%%ﬁﬁ/ly upsdrtR Feepiy gf“ﬁ‘c?%mage of
t o tﬂr‘e (Q)_]ecg slacessc@keerw 216tdnS 44 Ba¥tedy debetony 330ind 8 BRI Dhirce 13 are
enent s deS|gnﬁ%ed by correspondi ng

n u r?B@"f‘eﬁ“l aﬁscéﬁ%‘f’d B’E‘f’t‘?@ e Jhigs SHRT dreqire Ca"&?a?ﬁ?&‘i among

SONG6urded, RATSR% ih IHRPEHA sERBIENestioRdvie ¥Hridiént Qe of the detector
detector 31 as object 18 is 20 scanned while noving in

253 |haidBiEt direction 16. The signals fromthe detectors

can be gRbE@HNE Y thiSRkntion, FEARAREE UG @Qaﬂté%gﬁsl)ggllow multi-
the object. Since scattered photons 4 det ec

detviest ygg@go@ﬁ@ayg&paft@r@maglgmod@ pr®@tiggdain a smaller operatxonal footprint
by eliminating cross talk, and by allowing closer positioning of the individual imagers for

each view. The close positioning of these imagers (where an “imager” refers to a source,
30  atleast one detector, and associated electronics and signal processing) may also allow
sharing of scatter detectors between, or among, imagers, allowing more scatter collection

for improved image quality, with efficient use of detector hardware.
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as useful as scattered photons from source 17, these

sane detectors can be shared anong all sources, and

W& Sdakboséy | Mproved scatter collection with ef <

use @ ﬂ% detector 25 hardware. Enbodi nments %F%hﬁ?%bMIﬁmz
i nvention, furthernore, may advantageously all ow

mul ti - vieM/FIying-Spot X-ray Scatter imaging to be
practiced in a snmaller operational footprint by

el i m natln Iagplmatumrs whatelscarmitg dﬁyeladulve)mgwgs of ths ebJect is desired, co-

i ndi vi

eblet Bl e e “foiBoun TR o) Bignaf B Rers

"i I’rfegﬂﬂlessrc&‘fﬂ&r@eddOm& Whidh the objeet ifpaskiegby therimaghed. extisogreatly

and .associ t troni ¢s.and si.gnal roc SSIn
al nggﬁ_qo ﬁée Gentegl of X-gay egisiens fpm m EH?: multi-view

8D RGpeclidiBG SR, thad in@iMdilgl s@@d’eﬁmﬁ% ati-ey eﬁ@ésioas: héedot Bedserformed
i mproved. i mage quality, with icient use of detector

har #i&veicaly Ragstised by yeeme i Wiish eistiRyss §94oeganar.p

appl i catpegiass ¥Maghg cs&ens bNnOaliSEdRbhke iff REhOE¥SwiREh
the object is desired, co planar positioning of the

i magjebodiagntssidhesiresent inyrag o hayp besmrdesssied. othep phagasgeristics of
X~ T @¥pected 9@@&9}11@? B HtaihOPwRRR BR gk ldr %'p?é@eﬁt%eﬁ@drﬁ?&r example,
i s passi ng the i magers. This greatly Implifies
¢ hebaglsshigpn tqg%/mqwé na;adrbp 1applieds asykne ey indhg %f@rr@nwmé 28R 818SS
| Mg RaldWsuTildoh i it BIRGE! dr BRITOSH SR ontdiify argoted
i ndi vidual 'sequencing of X-ray en ssi ons nee e
per@Uﬁhedbﬂ%5 IS typlcally practiced in systens in
which e '
cont ent o Iﬂl §%b%g%ég§gﬁpéertglg r?c bg@ig{egtg %FEIE ﬂ?fgnﬁgﬁag {539 hav1ﬁg maximal
enmbodigee in the ofnge hﬁWpa:Iekﬁ@ﬁcteVl any 801 keéharh emploged At this energy, x-rays
19 €s «l:tpa? i to ot gfclec,: hr?]‘dr 6%%11 e c|>bséct §318 th {/Qﬁﬁg ganeo% d%gl:t%g tS?nce
ma Ained Wt ThePdEope ot "t he
[ nvlewen doses oF&na;emthah«m are ¢thub @oﬁsﬂamnmﬁnomkes hray <tpe| esnmalyusing the

be a vin

BBy FRE el 1ot o oo el e TR agpsonnel, end
or poirk ehdrfienistlew 30miiVaars pfe@ericd) Trtsesbe of fHegadsentdhential; however, -
In acc rda e wWth c rtain,enbodi ments f t he
| VS ARHIGHIS BY fhsyranss.of PRRGTAING BBRIODS SRRIPYdes i n t he

20" ange bﬂh&\ﬂ@ﬂnﬂeﬁ(}rﬂb@&ir@ﬁ@ oB e ikeMichl £c RileY©bhe niﬁ;frely exemplary
netrate into a vehicle

t hi
or R PETE e alig apa@opieaan il & BRNCHO Gperilad th the ar. Al

Si nGéh VaenEdns dAE RS dBkationt &% ihtEidRd il vArhiR R stdpef the present
possi bl e, aut onobi | es qu be scanned using the

pr duyention 3hetingddn thepgpe BHFRESt i ons where the scanned
vehi cl e may contain personnel, end point energies
bel ow 300 keV are preferred. The scope of the present

i nvention, however, 1is not limted by the range of
penetrating photons enpl oyed. 20 The descri bed

enbodi ments of the invention are intended to be nerely
exenpl ary
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and nunerous variations and nodifications wll be
apparent to those skilled in the art. Al such
variations and nodifications are intended to be within
the scope of the present invention as defined in the
appended clains. 8 WE CLAIM 1. An inspection system
for inspecting an object characterized by notion in a
direction with respect to the inspection system the
WE GNAINIM conprising: a. a first source for providing a
first beam of penetrating radiation of specified
Cr‘ SS_ S J . . . . .
suBat anty ATy gt SEERE0: ipdihy hEbnRE AL REN b Bhaign na
directidn whie raspgee tt the spatise sptah, Sianystemfcomppisiogd di ng a

second beam qof penetrating.radiatjon o speci fied
cros$-sect i Sg‘lr ¥ ﬁ%‘gfea‘{?f PQV?%”%‘B TS%%?P“ ?/g:ﬁeﬂ?tpag‘ﬁﬁ radiafion of

subst arpdcaiddyrospeédpion diréttbdin 4 frst BB dideétfdn fBAMRAALly transverse to
penetrating radi ation, directed in a second beam

di r ect iRslircakRn efarqiionaf e abifcbr sper sed with the first
beanp of pengtLahd Mircd f%gféx%‘i/fd?r{é; a ds“ecorf?l b%LMro?b%eYraﬁE% radiation of
atter de ichis

scatter detectors e_ach [ tector o
di sposeépecizd capss-sestide selwstantialtii eiplaoar witta and subdtahtidim

bot h | f: h b by .. .
ccart oP R abuRf I AREhel o RS RRLACBRRI Oty BRba ipysecond

for gebematirvgor aadaini@irdl) infeasgbstd With Slegi@lbeardddpéhetrating
control Ider. for creating an image of the scattering
mat eri §939%ed at least on the scattered radiation

signal . 2. Jp@rdiRserachte Qe sl AR a®E dellbl f Wi [s@idPosed so
1, wherein the inspection systemis spatially fixed.

3. Theas taslsisetrpdiptianssaidered Gomdptlf the first pepncang) the gecond beam by
wher ei ' 0. . rati raadi at i '

e BB Sy SRRl BRSSO SR | e
i n cl aradialipn vigealednd t he first source of penetrating

radi ati on i ncl dﬁ$ beam scanni ng mechanj sm 5, The

| nsibct i on Sopalrali 48" SEfie PR P S A RIS Rt at loast
beam sgameisti@tercd@sh@nsnag @ rotating chopper wheel.

6. The inspection systemas set forth in claim4,

wher ei Rhe Hepepaeysieamsispigorthiseiaim b biersén tha dspagiion system is
spatiaffy §¢dd omagneti ¢ scanner. 7. The inspection system as
set forth in claim1l1, wherein the first beam of
3. The inspection system as set forth in claim 1, wherein the first source of

penetrating radiation is an x-ray source.

4. The inspection system as set forth in claim 1, wherein the first source of
penetrating radiation includes a beam scanning mechanism.

5. The inspection system as set forth in claim 4, wherein the beam scanning
mechanism is a rotating chopper wheel.

6. The inspection system as set forth in claim 4, wherein the beam scanning
mechanism includes an electromagnetic scanner.

7. The inspection system as set forth in claim 1, wherein the first beam of

penetrating radiation is a pencil beam.
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penetrating radiation is a pencil beam 9 8. The

i nspection systemas set forth in claiml1, wherein

em ssion of penetrating radiation in the first beam
is characterized by a first tenporal period and

em ssion of penetrating radiation in the second beam
is characterized by a second tenporal period, the

fig st Eﬁﬁlg il gctio?~I I@%s%}[g a§ %ﬁg&{h‘%h c !1o\%ﬁergiézeglﬁsgoglyogé%ﬁ(e%%ing

phase relattons I nspection s
radiafigr intth¢ firstbeaimis 8haradteized hy t Hiest ttenmosl pleripdaridathisfioreafqlenetrating

o8 LR A0 e ke S o B e

secoridesmpdral pepedd StheOby Raelphasadlaéenship. char acteri zed by

phase relationship wth respect to an adj acent source

edual I9e HPedinpsystenyas %fgrphdy elabm 81wherqinéhq tamperat pesied of cach
sourc® Y@ML RAz&Ry d QR§ By claim 1, further conprising at

| east one transm ssion detector for detecting at

| ddst diheimspectihe s¥stans s dobfomhandlaith 8, wkarein thedeaporakperiod of each

i1t . ' | ect d f .

sourc R e A i OBy S o B gRlap &0 g paual t 2p times
the dutetywdel for inspecting an object, the nethod

conprisging: a.. illumnatipg the object with

petet y?:ﬂl?_ PIHER %}tsreahanssP%g&m Rigln & fuptherspmpeigng ajeast one
transthis$iSTHAS b 0r 4 tiADhEELst Yhd &F tRENRT bk £Q thadb M d R¥Bm as

formed into a second beam the second beam

transmaiffpd thaprahdhe yaspeeist ahiget anidtier goherating & tratseaitd radiatiorf dignal
a S i [ [ d.on with
oot HgRH L eciEg B E B o B Al 0
I nt er sper setdlumirtabing 8spbixct Wish pbrethiingtdibeéaniormed into a
det ecti ng rgd{j@ti on fromthe first beam and the second
beam scat t et'8d° B>t he object with at |east one

det ectpr t hi@umeRtieEHS obfeat WEBR b&@trafif0ByRSMobR& intd $decond
and the second beans to@?enerate a scattered radiation

si gnal beany e sgeongdbgarp sulstansipihycaptrnapyyite the fsw bewre, #adixed and
of the : L.ak ks .

occor arpeahb AR, R AR At roshit (OHTHEABEm, gnd

or i ent &mporallpfintersgerded vath logpmnt taithdfisedspect to t he

oh ect oL STERL SR BB bRk AR A AT
radi ati on sdcgfsadd by thOobject with at least one detector that detects scattering
from both the first and the second beams to generate a scattered radiation signal;
and
d. characterizing the object on the basis of the scattered radiation signal.
13. A method according to claim 12, further including:
varying the orientation of the first beam with respect to the object.
14. A method according to claim 12, further including:

displaying a scatter image of the scattered radiation signal.
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