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Mul tiple Image Coll ection and Synthesis for Personne

Screening Cross Reference to Rel ated Applications The
w@e@smeen3oappl i cation clains priority to US ProRCEUSIV0$/083741

Application No. 60/988,933, filed Novenber 19, 2007,

whi ch application is hereby incorporated by reference

herein in its entirety. Technical Field and Background

Art The present invention relates to the field of

X-ray imagi ng of personnel, packages, or other

subjects to detect conceal ed objects. Current

RS L C B AT SRR IR P 6oiter W eening

representative of the surface of the scanned subject,
but, insofar as they may well not penetrate the

entirety of tigo&aRAPR%E WRCRIed APBHcdifmg t he
capability to Tmage itens of Interes ocat ed on the
far side of the subject, or itens of interest that
retyrn a SI response s ot he ckgr oun
or s nen PR CRPERE brgil o 3fs Pt ether §PE e Ney
60/9%8, 93l3eﬁfealNc%ﬁ1beﬂ M, 200 At 18ePApliRatidiCis @8&8y ikt®rporated by
det ecti on accuracy of such screening systens,
refegaidp heigivaln isealetar e required that might further
necessitate repositioning the subject to be scanned.
These additional scanning requirenments, while possibly
I ncreasi ng det ekichpitabEiRLY &t/ Badigyouhd daant | y reduce
the rate of throughput of such systens that are
general ly inplemented under circunstances t hat
ex I f y
o e R RS R Yo e? pEbAIR pockoges.
mwﬁwwswghpyu)&ﬁﬂmc@nﬂaméqumcws |nspected subjects to be
exposed to onlﬁ a | ow dose of. radiation

partFEH BFPIRLaT TR Y RS i falfsi%%.aaﬁ guillimeter wave
techMB QY S BV idcl iRy &ﬁl‘%@éntétf%%mtﬁ&ﬁrfa@e 8 the séded aaEd but,
provi ding an apparatus and nmethod of scanning that can
insodartis ey minewell despanettato bl]leefcmurw of thersnamgd sfibje¢tethey lack the
l.Lnvention l.n ac of
cangtSh a8l PR aE e Bt B e HE S PSS TR i of
intcRSCHLL RIURS a JighBll @Eponke §igllatlforthd 58&GtAEdumbilidtli@ the subject, or
subject, and in certain enbodi nents, generates one or
itemprdulivneqyesaled on the ssbisflect . The apparatus general |y

In an attempt to increase the detection accuracy of such screening systems,

additional scans are required that might further necessitate repositioning the subject to be
scanned. These additional scanning requirements, while possibly increasing detection
accuracy, significantly reduce the rate of throughput of such systems that are generally
implemented under circumstances that experience large volumes of scanning.

A system that provides both accurate and effective imaging at a high throughput
rate and requires inspected subjects to be exposed to only a low dose of radiation is
particularly desirable in such applications.

Accordingly, the present invention is directed toward providing an apparatus and

method of scanning that can achieve these desired objectives.
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includes a first carriage, a second carriage, at |east

one vertical positioner, and at |east one detector.
WE2Wb/06Eo4 | age i ncl udes a source that is adaptRdr/Us2008/083741

produce a beam of penetrating radiation incident on

the subject. The vertical positioner is adapted to

synchronously di spl ace each carriage with respect to

the subject in a direction ving a vertica

conponent. The at §@Hgﬁﬂ3#g—6%bgﬁﬂgﬁﬂreceives

r adh abd RBarRE AHKGREFRYd Binbb@iaRhts AT Opreddn€iny Ot dif apparatus
~after interaction of the radiation wth the subject.
is profvesled dhas esasrtamsp nivderiil Sppdere dssoniatddevith p subjecirandgpecrtain

The subj ect nmay be a person. e penetrating radiatiqn
et St BEne EolrRO ARG oI WARRE T Wity
inclt @i afirs OdhrridRC B s &OH 6QTIAEY, abRa&dAB lvedichiodRItRES Bndat least one

penci| beam of radiation. Each source may al so have a
detegtosin Faeh earpacaaclpdesoiparaerbatpeadapsyd tp seticar jbpgm of
pentfBith ri Akl ACHER oo Mt ShE P LATRUTLAA L i o
syndieondustynsflaseroach cariegroppke respbe ¢d tharndbjcban aRidppésn having a

wheel may be adapted to, provide. interleaved, be :
Veﬂﬁéﬁwmnﬁmagél%%me&& CHpT PGP F4ja19R FARAUSES By &t least one
of t%fas%grcfék Y&l ih{eYachn gﬂh%@_ﬁ&ﬁt?oﬂ@%fh 'tHbQuHﬂ@t. afp (ﬁ?eﬂorqﬁalaﬁrdbe

scatter and transm ssion detector. The first
disppecsbordthe dirsticagmge.ndibie prigeiticvydalgteasoni al | y oppositel y

di rect ed beans of .penetrating radiation.. The

tr e e roeaal e orons il i SRRy hol e orarorray
radifii SR OSRH sBlirc@ a8 RUALHIONtSHBGLRM pkll Beffl daladiRiohh #ach

of the source of the second carriage. In one o
soukgainesdi akeritave f semachrdaptedito imeve thd pant dfepchptringandiation
prodcgd Bg 1AL ER9E R TR B %qescﬁﬂ?e%%% Yo QH %%eriagé’st. "Each

carftiages nay be coupled 1o a single nechanica
scarflcBinfa® bk rfeinm of Hehalpet @RS afd ehe@DSphdr WIRE] th8y be adapted to

adapted to nove the single nechanical platformin a
Iﬂoﬂﬂ¢éﬁﬂkﬁﬁﬂhﬁvﬁﬁg a vertical conponent. In another

S Tl RS0, 200, QUIGR TR
mayt ianipde af leyst ont ef 4 scaadr andrtedb@aission dogctoer n.  An

e di nt of the present inventigon may.includ )
di e&%&r?é‘ﬁt“@r‘i’@c?&@ﬁg%@%BEQdPP%ﬂg’PtaB?XI%%PPQﬁ%er atragied

bemﬂggf'aghgg@g@kﬂﬂ@ﬁst one of a rotary notor coupled to
a lead screw, a rack and pinion system an

el edtertommemivaion clatektpr pf hedirbtedrreags tneay bealisposed at an elevation

substantially equal to that of the source of the second carriage.

In one embodiment of the present invention the first and second carriages may be
structurally coupled. Both carriages may be coupled to a single mechanical platform
wherein the at least one positioner is adapted to move the single mechanical platform in a
direction having a vertical component.

In another embodiment of the present invention each source may be an
intermittently irradiating source providing a temporally interlaced irradiation pattern.

An embodiment of the present invention may include a displacement encoder.



10

15

20

25

30

hydraulic piston or a pulley systemin accordance with

an enbodi nent of the present invention. The apparatus
worespolosmsbade a processor for receiving a si gnaPCT/UsI908/083741

the at | east one detector and for producing an inage

based at | east on the signal and may further include a

processor for electronically conbining the i mages

produced. by each detector in e enbodi mept. In
DB o et s o HBHE AEE T gh Dhb i gupipr coupled
to allEWi&REw R rhdrCarRRRAOA kikFerTBh dIQGHMARh A AN rORUICE s ¥m, a
containing the carriages and the at |east one
hydpesic pistmesr adumllep gystére i axsostaned wishen ambogiment of digpresent
v stationary detector may be coupled to the
&helosure. The encl osure may be an environmental |y

CONMtHeQipb@dtus Medydaelngs a pRReSOETR SeUch/ifBY sipfalTRh eHel 8 least one
froman external environnent. In an enbodi nent of the

detqgtos gahiorinedisinecn igwen basdpt asay thesignpgnd ewydpihgdnclude a
progdBpEEL a0 S I U ALORIR LIy SHALEEL o on
embodiediiti on an apparatus for ascertaining a materi al

feature associated with a subject is provided that

i ndp aa%gaawf: REUSREERS %l_@,duae@@% Seprent M@@l%ﬁge gpparatus
rna;! faéfHe 9 EnM&ukd ﬁfi‘lcoﬂgﬁliﬂg g @ﬁr‘ria% SinllithSt 1GRE bh@SSsitioner

i ncludes a source adapted to produce a beam of
duripe thet comtsernd operdiian.i Ahleastond statiomary dbtecteutjag bt camuledito the

first detector for detect.in trating radiati
enclogizty AREGTIY SRk o6 Fa o g sha el st dhsdes
encRsH8 eYhed8hI6k Font B cHeherddvivgnReRet rating radi ation

produceéd by the source of the first carriage and

t r dngnicmbedimant eligh prasentguysingion cachnwugge masalyt a pieed source

vertical si.ti.oner. i.s adapted to synchronously vary
ada?tﬁ(é$0p18%npﬁgeﬁklgfn%(§%tﬁ tl%:easlru r%JegC\Eg'e with respect to the

sulth @edordahca wdihr@6thc® Bmbadimrgt ¢f thepiteck&Rlinmveanipoeiparatus for
The positioner may act. on the first carriage to vary
ascqriggningp gratayisl frabire paciated prth asyibicckisgroYied that igeludes a first

carrv%%t'é rai &96n . Maéﬁg%lg%? iea%too(;]%hft%ﬁgcﬁgéc?s%one}. NrRCERL gﬂﬁg%ie includes

h anot her € i men esent ‘i nventi on
a soappadaptod ta ropuawi ltbath dfqrenasamptradiatiorginaidomtoarthakubject and a

ol PSR At gt et T AR U cong
carrBARE@EH @ sPERAURR REFRIRcting penetrating radiation produced by the
source of the first carriage and transmitted through the subject. The at least one vertical
positioner is adapted to synchronously vary the position of each carriage with respect to
the subject in a direction having a vertical component. The positioner may act on the first
carriage to vary the relative position of the source on the first carriage with respect to the
subject.

In accordance with another embodiment of the present invention an apparatus is
provided for ascertaining a material feature associated with a subject. The apparatus
includes two vertically disposed arrays of sources adapted to produce beams of
penetrating radiation, at least one detector for receiving radiation produced by at least one

of the sources after interaction of the radiation with the subject, and a controller for
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penetrating radiation, at |east one detector for

recei ving radi ati on produced by at |east one of the
waouweoesdafter interaction of the radi ati on wi RET/UB®08/083741

subject, and a controller foractivating at | east one

source in at |east one of the arrays independent from

the other sources in the sane array. In a rel ated

.enbodi pent the at .l eagst one detector. of the ar at ys
st QRO Ot bt P 1t e fiaradin FRRHE ol
souREPHEES Umd Bfaypr ocessi ng detection data received by

each detector 'during a specified tine interval. In

andn ketlated|catbedinegnb dui arbgast aralctgspacdthespparetusdedudes two
scanner ted ta nove at J east one bheam o .
verdR SRR cF A S &R B RSBy SR8 PERR b sgpively coch
detc3 @M IdGEDg a kpecicaiantavi t h anot her enbodi nent of the
present invention a nethod is provided for inspecting

a JuBpelber relptrd arehadimerdle annapdusonclufend segnuer pilgped to move
ot 18 i S R A chbrbducly by B HE BPUBSARLEY

t hdn audagjréaice withwvinbther embydiolenosfi thapicsent wavtchtidhe nfetlrogltis

caryjage a second, carriage, h vin% coypled.to it a
prmélé?f_L 8 IMSBEG 8 2atd] TedTl}edmﬁP%% btetepsivbamosing st Fati#45g
hanngg;bﬁ]%l!e@ B it 4§t &GbhRg a&‘éaptt&} t%t&)rl)@&%ta ROG ot Z)Eﬁ&fa@iﬁ% radiation

radi a t le

i on produced by st one of the sources
incidériten thangubreat tmaonngin syhehrpmdatatn with thetfhrstt daeriapgalaj secdnd

eneratin etector output signals based on radi.ation.
car PR B Bty Byt £ SoRlt Rolsr AR SoURER § Befii b Blichibing
radi6fiéH, A6Tein ZWNE at REst SHOHEEE0PR LR8N BRsHuSePby th8ast one of the
detector output signals. The at | east one detector nay

soulses gfbarphterdction aff th sadsationveitiotheshlicdti ganeratiag dictegior anigut
.t second ;carri aqge. n.a related enbodi nent. the .
s RSP REDR AR5 10 R ATHRLE FER el iz e

subjeennst thabhdigof the datkctonomp@ciigts. bhhetdd GastineRtcctdr tay be
direction transverse to the direction of notion of the
couplgd q gideast ongqofthefiFé carriggaptthe seroai sditge-he met hod
fur . (i . ' c
B R e
penarinheadiatddrapre duedibgdharenicd ine diettiedtrametrscde thhdirection of
steps, of: scanning the beam of penetrating radiation
mot ({ReErTHYEShe source coupled to the second carriage

i N 18 ofbthECH |8 dHTIPHEN IR TRthhAGuBdr U RY cRh AP Rihge

of the carriages, generating detector output signals
basdsaaerdahion ddiccttd by thedoei anddebyndt degectdrs.st and second

detlg %Iteto another gelgtreg' grtn. 0dintnt the method include the steps of: scanning the
beam of penetrating radiation produced by the source coupled to the second carriage in a
direction transverse to the direction of motion of the carriages, generating detector output
signals based on radiation received by the first and second detectors and creating an
image based on radiation detected from the first and the second beam. In any of the
described methods for inspecting a subject the subject may be a person.

In accordance with another embodiment of the present invention a method is

provided for inspecting a subject. The method includes generating beams of penetrating

radiation at a temporally varying elevation, the beams of penetrating radiation generated
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i mage based on radi ation detected fromthe first and
the second beam In any of the described nethods for

WO p®pec3)hg a subject the subject nmay be a perBOHUS1008/083741
accordance wi th anot her enbodi nent of the present
invention a nethod is provided for inspecting a
subj ect. The nethod i ncl udes generating beans of

by ag;fn et;({qaeglﬁstgspﬁ%g lggtglﬂ,ﬁg to Fs@rﬁtgt?tgg dl??élo%é g%%tgigrection toward the
subjeenakak dontseddd@sbuRB BodilibRld t6 AHE&HR@BtInk PNBEdOin a
direct the radiation in a first direction toward the

secangsjirsetionionvazd thesubjectomd dseeiorgiwgb at lvest pos detcetnethetradiation

pro?uc v\ghﬁ ﬁegas%t [ aJt eé]% sé%glesggfte?q tlerra]l for® efﬁtgg?ad?a{tlrggl%&longe subject.

Thed@lRst o firfi@otidindlyl dmpRkod lﬂ@ﬁ@l&ml@tofh@@aés (ﬁﬁiﬁ‘)s@cf attdi®inct
sources after interaction of the radiation with the

vertigghheights anthdie gt loagtppe sepadspyise may sPr@risng secon plusdity of
som%%§§&h§ﬁﬁ%@ﬁhﬁﬁh81h ources di sposed at distinct
vertica el § n

"the at | east one second source
may conprise a second plurality of sources at distinct
vertical heights. Brief Descrlptlon of the Draw ngs

The present i nvditéfddesexibtionof the Pravings| d of
Scr galrrg ntRl gﬁ il relap to f( %{?(IE(P ?afc ns\lé/‘?e%ﬁlsﬁga gl\%ooqrr aSBg %{rlrlg? tg ckages

The 0|n Sat'tir'e
andfoe8ébjats.under st ood by reference to the foll ow ng
detail ed description taken with the acconpanyin
@W@@g@w

dr aVierfgeegomgdeatyre of thedpyeatan méll he groreadity
e It | .
refePefncéFbe R fﬁﬁﬁﬁh d?t%ﬁ@&a%%grrlg‘?o%dtaﬁ% ‘gﬁﬁ' %%cgﬁgﬁegglxg '&}e al s
il |H1§t]rlatal soisnaifc vacw efian smbedinicype tho pickér Merenadi awlded scan
to a C rla e of the current invention. Fig. 3 is a

a P9l Wh SPeretbthe NREBE BRI 0 chopper wheel s
confiyg QAeéiildSZlB:zﬂe GinRkratiii ocf%qé&fas%réwglgi@l %El[?lgéfrealtttﬁ%h%ﬁw a

a su%Ject I n accordance with an enb
carrprge oétite duneetinivenionFi g. 4 illustrates an inspection

syst.em praqvi ded thin an encl os cordanc
o HE o eh B R ES oG i Besenh PR GBRERERF sueh tha
the §dulBlces MdySalRrif€d P B&uhi CsuBRRY iftacedtd Mcedvil drPEmBIdim¥nt’Fhe
source based on electron field em ssion.
present invention.

Fig. 4 illustrates an inspection system provided within an enclosure, in accordance
with certain embodiments of the present invention.

Fig. 5 is a schematic depiction of a prior art x-ray source based on electron field
emission.

Fig. 6 shows the use of a single-dimensional array of discrete sources in a
backscatter imaging application, in accordance with an embodiment of the present
invention.

Fig. 7 shows the use of a two-dimensional array of discrete sources in a

backscatter imaging application, in accordance with an embodiment of the present

invention.
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Fig. 6 shows the use of a single-dinensional array of
di screte sources in a backscatter imaging application,
WO poogoc3ptance with an enbodi nent of the presePCT/US2008/083741
invention. Fig. 7 shows the use of a two-dinensiona
array of discrete sources in a backscatter imaging
application i n accordance with an enbodi nent of the
|nv ntion. Fi 8 ,shows the us
D TF & oS WRdir ok R nt g oL g esougs and a fixed
set ¢f BaBRkcaRdr défec%ﬁﬁ?@éckﬁatt&% gt@ra@ph&t@nbﬁ%maﬂ&rwuh an
i magi ng application, in accordance w th an enbodi nent
mﬂ@ﬁﬂﬂﬁéOﬁﬂeseﬁﬁnﬁmveﬁmmon Fig. 9 shoms an i mage
gensar a 93 er%%aet us | b Wl?ll Cat}atu in Flcﬁmq{s ldI ne! f’rheon ?olnal
sourEe APrays ArE RHITHOH ABA AN HTRaErs i
SOuRe Gah a6 ﬁldﬂlhte'd oAl sﬁlﬂ%@ ey livRIaE, 11@f1cdoﬁﬁ1n@é 3/$tﬁl?;h embodiment of the
invention. Fig. 10A shows a front view of an
PIeSRBHIIHOAt of t he present invention in which xrays are
e
ik P MR RO Sieay b B Ao IR i inAiF R which x
Iawdﬁﬁbﬁmhﬂghﬁnpbmﬁﬂn at successive positions traversing

lurality of x- ans e tted from apove. Fig. i
I%gs%\%hoéﬁf St ?m%ticewi‘o‘fle‘é(r? Pt Bgt?lﬁ Iﬁ’éesﬁli‘tégiéfﬁ]ttlon
depicﬂﬂ% Q‘pkﬂ&é hpsu\e’aésglﬂg &Qﬁ%@tf&ﬁleﬁsﬁ'ﬂgé @‘Jrafhrtﬁgf’ £ aﬁlg emitted

a schematic VI ew
ﬁmeabD@Lnent of the present invention, deplctlng a

p at successi ve iti traversin | urali

bt T st am e B i R mbh o Gbress st Which x-
raysSF0 8ARIdddTdTh @pfostRcdid@nal view of an x-ray inspection

system that uses nultiple backscatter imaging systens

i nF lgcbld?r tlmcs@ S\mmhateqm@fdvlnwmf gngfmbpiengyt e @mpresent invention,
deplcﬁn%e é)f:rson at su% esswe I1%%sﬁé’c‘?nsatra{velrsmfg a}:?lura(fli_}éop >f:raal bei%s emitted

i‘on system é
frorsBbove. a prior art backscatter systen1enp|oy|ng an
el ectromagneti c scanner of a sort enployed in various
enfdgi IHehpys aichameatiscaass sectiondleriew @ﬁ an x-ray inspection system that

uses multiple backscatter imaging systems in accordance with embodiments of the

present invention.
Fig. 13 shows a side view of the x-ray inspection system embodiments of Fig. 12.
Fig. 14 shows a prior art backscatter system employing an electromagnetic

scanner of a sort employed in various embodiments of the present invention.

Detailed Description of Preferred Embodiments

Definitions. As used in this description and the accompanying claims, the
following terms shall have the meanings indicated, unless the context otherwise requires:
A “carriage” is a moveable system including a source and/or a detector of
penetrating radiation. A carriage may include a detector that detects radiation; however,

it is not required to.
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Det ai | ed Description of Preferred Enbodi nents

Definitions. As used in this description and the
waecwonpaM/i ng clains, the follow ng ternms shal PCTTHS08/083741

t he meani ngs indicated, unless the context otherw se

requires: A "carriage" is a noveable systemincluding

a source and/ or a detector of penetrating radiation. A

i.a ncl yde a detector that
" adh SEa TR ) S GtpatiepetlS b eying picumiees i
a dlfé@ﬁbﬁ hBALE a vidicA o%ﬁﬁ;bﬁé’ﬁtc ARARRIAEr AP aRIRIcAh actuator, such as a
di splacing a carriage in a direction having a vert ical
mote #pd n@mdantAngd@mcaldnéqagm Cphlclllnﬂde an actuator, such
gzupl“lmr)lg ll’y A? deo(geac{ atlr?agzdﬁlp 5 Hﬂlg%b L QLo ?Ct% )gerlgérﬂt%ﬁ% s&Urces or
deteloss, ahspbyedqﬁ acbbhﬁgaramorgwg% Lattisfleba@Bn@it seet et st one
di sposed in a configuration having a verti cal
SOUKES by Memealsdippaspd prray of xEges Hd agbfierent glgvagon than at least one
urces is at a different
Othe\efl%gen‘iljgl il ﬂhth%g%Qgr?l%?e}gﬁsl &%)lsﬁggot ler source in the sane
verH1g clails laysclkirspsedy af aaymbédigentlofitie aresah ém@hiion siaeing a
enbodi nent. of t present inventjon scanning a
peryos P@Wﬁ‘a\ﬁﬁlﬁteﬁéﬂsﬁ WRHY @E thgh ifpagingiappargus Hi Imagiggparatus,
ill ﬁﬁﬁ%rﬁ 1, di i H ﬂlh SR UiktthcFl
H 1, aﬁd¥g25|dﬂ§?§ gggg$§fgﬁ§gg ﬁﬁﬁéra §ké uggg ot pSbees
thatgireduica penatmting eslidtivatso phat dlm:mbwehmtsc?amﬁdl,gn raaeetight lDEtSBL amd is

. that t b t d i ngle . d i
imaiEliat T SAPOYIG NilsRoB el Sl <FrdrasyfulERRn gy ©
con&af R Aees. I TIRYch bt radia®in FOMu&asRateshuel i€ ¢fpicalilhe

penetrati ng radi ati on produced by each source i's
eleotrymagmtlcya plaQit, Suehadprietays of sibi-millimetersvivh r@&hat;ons hywewr,

under cbertaln lI'CHEItS anceis Ml% ursea gf ?al%her ?Iﬁctrorn %le{lc ral%ila 101N 1n 0 H:elal n
fcumnms hé usé o Fonagnet|

freqﬁaldjya’ahgiﬁﬁ olr of eithely diffegneyeyclésaB@hssGaryohs, eﬁﬁy weedcboantageous.
different particles, such as baryons, may be
Theggyisat 8§ @@iﬁl@ct ilat denyradlosy mbeanye einﬁ@%tmgﬁa@%@n torhgyproduced

fron?leéc%vgaﬂl %Q&é&ﬁht%”&ﬁgl g'ﬂﬂqul di a@ér%sﬁﬁa?ﬁ erﬁéé)ﬁlgejuérgﬁlaced

rom eac carrlageto telmaglng
incl¥éing drasgds ragesoneansinésspnatdoe dcatnacfadda!tmg detreige oneabadide

si on_and/ or scatter tion detected o
andfélr fQPe‘?aqu @J%dTg?Setl@ﬁg%fm%‘ée G Tcggtcont?ﬂ]@g@np% 'Phe
conft oPBchEP H&ﬁgcéaq{}ﬁgggjlﬁﬁy;*‘ﬂ@%&)ﬁed sls %any processi gmethods

ont enpor aneously produced | mages nmay be ‘conbi ne
Soum@l 193 odithe q;prp@ta@ssss nopphet toedgiagsd 00.c €arkdge d00 trag include one or

more ﬁig‘aera%%su &e gtglor% %ret S o%v%rf%r ﬁl%stral’th% pug;paorsgsI aﬁlee tl1iree dn?e)étors
illustrated include detector 104, configurable for forward scatter detection, detector 106,
configurable for transmission detection, and detector 105, also configurable for forward
scatter detection. It will be appreciated by those of ordinary skill in the art that carriages
are not limited to including three detectors or a specific type of detector. Particularly,
cach detector may be configured to detect more than one form of radiation. A carriage
may include one or more detectors and any single detector on the carriage may be

configured to serve as a forward scatter, transmission, or backscatter radiation detector.
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nore detectors. Three detectors are shown for

illustrative purposes. The three detectors illustrated
WO pbes9det ect or 104, configurable for forwarBCEHUS1008083741

detection, detector 106, configurable for transm ssion

detection, and detector 105, also configurable for

forward scatter detection. It will be appreciated by

f ordlnar skill in arrla

o iHIE B (5 e HE R RN bagde ot Briefgh e Sbachired by
modiRRes BF dIRERES QltputPddtédtiol RFibY, an8 R Berdff V‘ﬁ"f?tl@srel By B8mple,

configured to de?ect nore than one form radi ati on.
eaclAd@acrtmi mgeownyt dermtasﬂdef%nn@tl@tr torpprecebseieprofisalbepniigyred to

et ect or carriage Ry be..confi red t
proceés glgedgfjec{eg nal % ttl%e e[%roce%s of cogfl glératlon Mal IHEE e d%pendlng

on Wigdt Kﬁfé&iﬁrﬁﬁat[cﬁﬂls a.t:ﬂe@ted d@ﬁlgg: 401 giCanfing irtegl. art@&tee&tm may
to_sense a partlcular ki n radi ati on nma

be caphigeoedonsxamidy. i ithig duries Hllétcé@ltsé pgthﬁﬁt%m¥eraaé@e@ﬂg yiich
I
sowggt g? ?s' oprrg&gflﬁ%uﬁ%‘? b%fee%ﬂeatg&é Cfize\l.’e%#og? E@t“i ﬁigag}?& f06 ﬁ@%gnﬁgured
to dpneotd&nsksmttapedmﬁmm dkteytoesolifdi apdrid 8 ateocamifi gu&dszo téxect forward
etected signal. Further,_ the processor conflggratlon

ScatFFégiadé‘l‘ttoélr %ﬁt?fé‘ﬁfeln‘él i gorHigupEke delpsbiramisingpdighon.gin the
I 1

samf ek SERACHIE Mok Y 1 Rl udtthdting (IO FShohe:

timcotarsd, dffinet &y tsouree il h2 pnoda¢ingi abearg O\ﬁkndmdtloslodﬂtcc@m d24;j =5,

and J48 S Bt S0 TR PR R PR BEEORR D g PR ™"

conflgi8g tPdect FrwaRdschiksr @8RtER M detcBdr 1 06 Aebafibub@i@dtebt
sCatter radiation, and detector 116 is configured to

tranglatssion radiatinsni Bs brust adingid grmplqof e ‘élardéteé'@@aﬁ‘rmﬁfé behe
conﬁ%ureg t[0 %Qeregﬁ é (? Cctgrq gtrl?englrs\sﬁlg%rﬂa‘ttale?t th%(lé){r%ggesdg S rstggl 112
conpoachts impPpartiiganappficdtiadi aisisach, vddbecdonriguklidns, dhich @ignot
116 are configured to detect backscat t er radi atian,
be erpligtibyglescriyd %obemswé%nb%?ﬁ@ﬁd@mee\m embediBientsfob thgaprgsent
cghter radiation, and detector 106 is configured to
etect transm ssion radiation. This is just a single
exdigptiggeof1 Ohamikhe cetieeti@0sinnhycbbraatidegus gt 4r0 coupled to

} ate and the confi gur at nabl

it. Tgtf%f@re&é&teg%% eMPlSHB 6 lﬁﬂaﬂCE@P{ﬁe feaﬁoam it 1NER 19,

dete%@fo?%gﬂa’scéft?err'r%é?tlcﬁlo ALyt pid QFigu MBIB deRYt t?ﬁfsm*?s%lon
explicitly describéd may be prOV|ded I n accordance

radinfiorh andrdetdétneht salsd cctdﬁgumbtfste nictechfoewtidonatteCaetcrtage These

1 | t d th d t
dotefod a3 1105 B o Rt 100, BS R EP ps bRt GRSt
aboG@lé Hae& cAdiPtybb 6f tideutida! iR6lu@ing ¥ v Bt tialbBistidn, and/or

backscatter radiation.

nv

Carriages 100 and 110 are cach maintained at substantially the same elevation
throughout a scan. Carriages 100 and 110 are generally each coupled to separate vertical
positioners that move the carriages along the trajectory illustrated by lines 108 and 118
respectively, as further illustrated in Fig. 2A. The positioners move the carriages in a
generally vertical direction at the same rate such that the carriages maintain a

substantially equivalent elevation relative to one another throughout the displacement of
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detect forward scatter radiation, detector 116

configurable to detect transm ssion radiation, and
wa@lea0en0613p4 115 al so configurable to detect forwe€TUS2008/083741

scatter detection. These detectors, as those on

carriage 100, may each be configured, as discussed in

t he exanpl e above, to detect each type of radiation

cach O ibeEn The PG Rm b SR Bl Rye SAE0 S sidg spptter

detd¥BIr N2 2k detdéts %&@ﬁtoa%a@r&yaﬂp?@xlﬁﬁf@gy @rB¥ALy ARing a scan.
throughout a scan. Carriages 100 and 110 are generally
eacks hospirediliustrafed i Bige! veans butagct 138 hotizmeally, slhmltaneous to

the ?apn\‘/lzg%ets ?)%]él%% lafgg Pl@lgglz}g{nts&%ft rOI%Ith(l: tnor %flﬁ Igrllel él'ltf’q Ilrlje?; il tion

produtedifi@m 2fst LS ik | VAR ONDISt éalﬂﬂag‘eaﬁﬁy BO&Sedté, after
generally vertical direction at the sane rate such

integagton phigc é%’ﬂi‘tioa’]g‘@%h theisHbigrtn by defagietsdaedted on/arcepnovarspgond

carrgfggv tddﬁf&nﬁ (Fy %ﬁé %éﬂﬁlttl fb%u@&pﬁﬂﬁllﬁ s%@&n%us‘gn&létlogalae% on a second

acenent of eac r age e 'scanni ng sy

carridgt mtﬁtyr‘t&tdetbcfdd[ aﬂtmrmtlemhmdefstha r&ti@tonomiat mesubbectsbﬁtiétecrtors
deteﬂi 122 that detects radia |8n scattered

locatedhier RRPRYRE Vst ¢4rtags yIhgve Ry radigiomdetpdiongpaysigahude

trankllnis%h a4 %Q sdaﬂet': dl&ectﬂ)ns %@t‘ﬂ§u§rpl€dcﬁ§ctatt312&t{b@d s 4R MR lequressly

si multaneous to the carriages being displa
dempastritechdn theicarrgigaciriogi Iz shd anriages magnecladmdd’u@tors tchtdigured to

radi ati on uce fro .first soyrce that. is loca
ot BB REGHPS Sl bRt oS € Gt I8 s kS B 6
detcf bddRSeattdtiaatation the H&eét&emﬁy Bét8&itradiB¥oPRb8GdA Fom a source
| ocat ed on an opposi ng second carriage. Additionally,

locqterdeorr thdisams enrripgothibe detﬁetgrnaa eml@mndi sthaesamploebewd on
SI{el %10 ?er g C ?‘g ?l’fl@%(ﬁ%e{l‘%t oeulrgetJ eJ eea(c:: car%atgee rrntag l%t o Sp%ed % produce

penhDB@inﬁd -roys. tThes @pPos aﬂ@exfedrtﬁlbuglaﬂfeltﬁg efa Edi‘lﬁnia‘_tdi%r of any
radi ati on detection may include transm ssion and or
meags 8 POFUGBE 8 AETIBW, beﬂuntqﬁ Doytirabag kaslatione Thgespwie s1ay bgfarther

adaﬁg& i ?fe?&?éd%ngo%ﬁﬁﬂéﬁ F(S%p%g 3e ﬂté]{g?ton%acfifek t?aﬂs@eljts:é & thd

e carriages may | nc rs con ured
geneiellﬁ etrtibalckiecadt eff travatibpthe@arriagn. dhe mmoﬂhgnmytbd athieved
whj ch a. dFtectg is.configured to d%geﬁt backscatter.

usinggvices igludy w@é&%ﬁdﬁ%fﬁ%ﬁe@&h@? off STOGHERF dticens

devchQ%k@nySQﬂ{EP&ahﬁﬁgkﬁ%rﬁﬁ the sane carriage as the
detector, as explained in the exanple above. In a

pr diigrlr deb Bhublodentbnteletine molooe oﬁﬂle eiatchtomrr @@g@mrr@ﬁ with

ted to duc enci | bea
resn 3R AR B B G L GG s SEO T g FOgpr o1
souftBaae] @teddsr dbibbm@ratedNan FIRVEnRRAIM St iR@RREIah IFNY 1, cach source
radi ati on. The source may be further

is located at a position that corresponds to the height or elevation of the opposing detector
that is configurable for transmission detection. Specifically, detector 116 of carriage 110
is at substantially the same elevation as source 102 on carriage 100 and vice versa for
source 112 on carriage 110 and detector 106 on carriage 100.

Two of the detectors configurable to detect forward scatter radiation on each

carriage are disposed, in an embodiment, at a vertically offset distance from the

corresponding source, such that the scattered radiation that results from the beam of
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adapted in a preferred enbodi nent to scan a subject in

a direction transverse to the generally vertica
walwensieon of travel by the carriage. The scanPCTgS2088/083741

be achi eved using devices including, but not limted

to, chopper wheels, electromagnetic steering devices,

or any other scanning systenB Fig. 1 also iIIustrates

the. relative pasitio tors op jone
peniiiizdnBedan OB piebisshd it Sioudh dREEioR 406 v be
configliredl ﬁg@ete& R&fct Fedltiou, aie@éct&a 04 and L @mal bOmodé optimal than

sources and detectors demonstrated. In the enbodi nent
detqctqr 496 pdaserting fevgrd gcattenradiation reselting frope ﬁteé@a@tof aource 112
inte {1%'31? a p%@\eﬁt (ﬂgpeotesch ? dsei:ri] tcgr%laggk]%m&@g (ie(’[:2 ﬁg may be
conﬁg@f@@ 6 &&t@Torfhet®attOradi2R6s, but 8ébdtyrs 1dataﬁ@111)5 nilagz%e@ﬁore

carriage 110 is at substantlallé the sane el evation as
optigg;thea degotoph1¢ afrdetestjag fawakhisalipicadipiprseesylgng Sount the beam
pro%lgc\éd g? {}Lﬁ'% %@?@éet]r%cgls %%H‘Eeﬂtﬁ)ﬁ&? %elg)ghgg Iglg%lrdffﬁgteofjtgpe’ctors
11404t & fromadhiuadei k2. on each carriage are di sposed, in an

enbodi nent, at .a vertically offset distance fromthe

cor FRSpHRH WQ@%?@ gotighehtherariogss SRR pling that allows

the ERFhEYE b oveRl Ji r’?%wt&ﬁzt hiPR %ﬂ?)%ld%ﬁam of penetrating

radiation inci he subj ect Is detected.
Al tlhmsrg fa sdetBetoanmrs 198 impyofhbe m@pﬁfqtlgnl sedert end dteadhe carriages

ter ra ati n, detectors 4 105 may be r
are Setarih s T B TS sirfed Beuti oA Pt oot a Sefapess.
As 4 A€l 4jen eﬁt%?sl&hé baﬁalffélod’éhﬁﬂlﬁ hﬁ@aarﬁﬁ SQHA 66gin ;&nnlng the
i nter act| ng with a subject d| 'sposed %etween

subJ@atrﬁcbragl@sr cusient pesition asdbeyet drSPhawi mcadb' lcélitﬁ ¢rg1951é¢1

dlrectlo&l (]_é_l(gsplacengn ér%ﬁoz’ﬁ%&tr}e {lrlg lrp?e?vrl]ogl}nsl sg 21% oEp u% exdaet gé: tO?lE subyj ec4£ is

scardet a¢ themarriagemredhmtea afa {I@ﬁbzﬁtdm@ﬁtldrﬁ@déirdaslﬁl i elevationeind
beam pr oduced qy source 102 interacting with a subject
aftegthe sean is gamplated and| thorexd sebjest caierse dicgrext subicchpgy be §canned

as tﬁJ Qi Hralceedlgpqgced-{& a @8111111 SV Laed c%glﬁ? 11?91%%1&%&“ the
carri ages, uctural coupling that alFows e
carlniaagert onbmiv@c@of ahespraglneinbemonrmlyh baripgomiagéttludern
use,..a subject enter cinity of the inspection

SOULSE ARG defrstprt rnlagf it GRS VAL [idica dOH CXALPRIP-SFTIRCS

0035 8BS SEBI LESEnelod Yo gL 115
116s daths exgmpi statianary aigestocamapbg provsted it dgtet higans mbjseot
andz% P?qtttglgfa:diﬁtll%ﬂ ra% ﬁ@tc ﬁg%é% ilrg rgils% actecril Srld %reesogrlcgsp al’[aerna% activation.
The stationary detectors in this example may still be configurable. The stationary
detectors may also be provided, for example, in an array that extends approximately the
length of travel of the carriages, thereby allowing them to detect radiation similar to the
detectors attached to the carriages illustrated in Fig. 1.

While Fig. 1 generally illustrates each carriage as having a source, it is within the
scope of the current invention to provide a source on only one of two carriages and to

provide a scatter detector on the same carriage as the source, and a corresponding

transmission or forward scatter detector on the oppositely disposed carriage.
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di rection of displacenent perforned in the previous

scan. For exanple, one subject is scanned as the
w@220ier3es are di splaced in a vertical directiP@I/US2008/083741

decreasing in elevation and after the scan is

conpl eted and the next subject enters, the next

subject may be scanned as the carriages are displaced

a vertical dirgctio asi in el eva
At els s Rt ie i SR Bes R R sotiree on
one %errfarkgélﬁﬁ)dﬁé‘ﬁ/lﬁ pBedtraeia @acﬁﬁﬂfnca%d%é JS}%MEH@? msgsgea%ﬁfage solely
coupled to t noveabl e carriage. For exanple,
detesting radgeélgnmuaﬁ@bﬂl@t mammub@ctpkMS deeodi t hout any
gialid AC }sor S%lusglﬁlgp% 8? a% %rlcgf]txge %%gtio&e{) %ﬁtagé%d fE ! an%atrr%gse of
the el@te tnvteﬁtacns MhS $rh Blgia@z{tu§ﬂﬁkﬁrzﬁéd gt A QfesidBatel@enerally
carrlaqes are displaced and the sources alternate

by ragaraldiliseaws faad seicys 280 and 2Hbeapiasite cpmiagey K00apdnd0euch that
as tlgga%ta%l hdali spr%wctﬁggogsg%f laaf‘ﬁld%02 Tige ?ér@ltnk oS ﬂ{eypogﬁfoﬁglts 02{1% operated

SO be provi n-an -array
mme]thnemdﬂy appiagEs hal aidyl lu)h&ox}een gtg&nexﬁlly veviehl dmfecitldnEalong the

carriages, thereby allow ng th o dete radlatlon
axi r’f?‘ia’é?n ehthel éesﬁé‘itlé’ét %Cﬁtwsaéﬁ%ﬁftlw el i’r@“&fﬁﬁ PR&yEs of
pOSftllohéﬁIlét% é 1 C[ﬁérﬁentéd wih 'cLu%aE Lof the AGRER ﬁivleﬁtlont to, achleve the

|ustrat carriage as having a source
necwsetrlyldnspﬂdmemsnto pewcmfer t dmdaqdunctém of thapesstitonvdngiop noyi 1d®r1aorate

oG Es AhePRIRoS P i S sl e AR fas o b G eStoms
mayaﬁi@lluae QR hRSIRO NHIiRE td, raaacsmxﬁtsmﬁlan @psté@rmgctﬁﬁﬁéé@mcal
detector on the opp05|tely di sposed

Syst@@v whighena userchegtroved gpetist @r@p taehydiaplig sststeam ed aiplley

g d operate w QUL ce
Systel’élr rThg1 é%veg#lgrau 80 ﬁ%ntf)rél él%ersa s]pna\,élnrgrd]tﬁe Cariiages ¢ ﬁ' qa %nrléle positioner

that@ppapiddab Yheléspage d Taapodia@er snlyehiludted sl pgsitioner having a
radi ati on produced by that carriage as subject 120 is
mechamigel platfreg copplerd 4o giorg thap ene garriage. oFhegpastigyeisarBwy
TR GG, R0, 0, B30 8B S
carrfes thesdigrabedr decotioas bljnelbljnaﬂn arentizhl dikcErowAny eﬁﬂhe systerns

ws 200 and 210 cou o carri 100 a
et iy OHST PRRITPRS Fné‘é( esce@éwnﬁgf By & coyi0 E?ﬁ abipsludes
a dlﬁﬁéc%nﬁﬁf éﬂcBQGI%ZttQ ‘?rcR@@é dibAR&HRnt & Be CRERAEET a specified
si mul t aneousl y, riages 100 and 110 nove in a
pos@len ©r alvénya specificd éispkacfrm@m dhe adprordlet hl@gM)fmhemfcommand the rate

thei.r respective |ead screws., This u
ot it PpBeeretd S yhEVET Shubrorh GBI S ARy et "
carridgp @ Regd Wi th carriages of the current |nvent|on to
achi eve the necessary di splacement; howev

enjo@nerembedistent the ppsitigeartmdyrvectoupisd t@raydlslpw@@abdmmaﬂ@er that
subject 120 may be disposed on, as opposed to the positioner being coupled to the

carriages. In the embodiment where the positioner is attached to a displaceable member
that subject 120 may be disposed on, for example a mechanical platform located between
two carriages, the positioner may vary the height of the member in a direction having a
vertical component such that the subject or some region of the subject is scanned by the

carriages. In this embodiment the same images produced through moving the carriages in
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ot her systens that can be used to achieve di spl acenent

of the carriages. These systens may include, but are
Wmoa0961394 ed to, a rack and pinion system an PCT/US2008/083741

el ectro-nmechani cal system which may use

el ectro-magneti sm propul sion, a hydraulic system or a

pul | ey system The invention also contenpl ates

i spl aci ng the carriages by singl e position t hat
syniheSBeinan o et it Syate et reaiskisTHEgecl both
emUodfhMAEpRv RIS £vARSI0h iPMRcIRBV HiferPat TRGITHY &Blect with respect

pl atform coupled to nore than one carriage. The

to thyossrmidgemerhileapaintginieg prohicpwiage of ameldvationildtidpes naichape with
rosd tst¥%ﬁeeor¥hérhc%1l:’riaal |l ows notion of the carriage or
PEarPi ages’in d%irection or directions other than a

verfig O isdi prefileividv oy er@bodimentSyfshepRsdhe sbichfi@use@ o scan a
any ot her positioner used, nay be commanded

by a
PGTS@Q%TIP&IE‘}S ERteFAnC iMRAINRIRRPAEANE. Sht ICEREHY it theppproey may
be dHsQV 86 ofll SROAGRTENhaf Eac%lgglél%@ i l'o?’«ﬂ&? af! aﬁqo%itﬁ)ﬁ%ﬁétfc'oﬁgsponds
position or over a specified displacenent. e
to thedrdigho lot elevatioghif thcisiposing dotenmn that veconfperablic fuhthe hedquived

di spl acenment is achi eved or y ot her rel evant i i
typafy cishies B%frqxamf% 8 drisclen P et s B RYIS AR efgction being
locd®RR lq' VIRt Baglg%sdnte'cgﬁﬁtrge Wis%nﬁﬂéiﬂ{lﬁse \%;gh #he source éocated

di spl aceabl e nber that “subject 120 nm di spose
on ammppestehppiopesdd cariape Posintagoreappbeiusgdsangted @etaralinby

carri,ages. the.e diment where the positioner is
nunE g1 2R T 3 B ST BT et hedt SQ) £ g 62
mayoee £hERES 6? ofettih©theR¥AR 0B d R BERARI, hede AhbO250 and 260.

| ocat ed between two carriages, the positioner may vary
Forerampleiifithe cotiagtsevere wiveitarlyreoatigined stithghe hawtnepngrally located
ond HEE G OB GB S Pad  08 SRR e PR TR

eacl bdrfagdvatt besdupldiao sty spcdigeposticadiget ddvatioghereby one
noving the carriages insynchronization in a direction
carrigg ihyeracalyaffseiron dhpotheintariges suehhihat/bg respedirssonise wf cach

. Ui it . Civ

SRS AROUS FERAMF LRl R BT S 1 e

still eéfiectuaige the vabbt eonfipurdbéd ddteugore as hreemuslyaljeussded aRarticularly,
el evation that does not _change with respect tag _the

durigg ﬁféﬂrt}resmi?raglewh% Gures é5§é§ %c%aﬁfafi AP ECipTEAm s may be

congg@'gg kBt BhoksBaIPTREAN, HAVER I AMMPEdcdrPighf@No Actect

rson who has entered the I naging apparatus. As
tranpmesyioo uadigtiam did detedor 2G3emsybr cedigueyl thdeottf fosvarfl soatier
hat .each source is

radi 38 e e e B aRBE ™ 3Peh a2 B P Bl afagrs 209
and ;ziesa Erlihfr?/ etgmaﬁﬁ'glﬁgd ted@6dt Bhclsbater kilifRA! d@bEedI I3 hey bd he
configured to detect transmission radiation, and detector 254 may be configured to detect
forward scatter radiation.

Fig. 2B further illustrates lead screws 251 and 261 that provide carriages 250 and
260 with motion in a generally vertical direction as the lead screws are rotated by motors
255 and 265.

Fig. 3 is a top view of two sources with chopper wheels configured such that the

sources may alternate producing radiation that is incident on the subject. The imaging
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type of detection. For exanple, a detector

configurable for transm ssion detection being | ocated
W@r00a/0¥Bp4 i cal hei ght on one carriage that i s PCT/US2008/083741

commensurate with the source | ocated on an oppositely

di sposed carriage. The imagi ng apparatus, designated

generally by nuneral 12 in Fig 2B shows that

of fsetting the sources, here.squrce 252 and source, .
oprgsS DBt F o T BT Ida, d1hgrieHRoR GPaRSa Figting the
soufedd ol Fe&Re ri@hforCiRtidbRAMSthe Hbjendt &6Ghct HRfe iR%ANR. ertif may

the carriages were simlarly configured with the '
be aghigr eewitk atsteatly gtatedrasmitinniepupecoriutiting palsereswresfthat transmits
T R Nt e
soufc@ $P@et | He sRsd inlaP BE providedriviel £ViRdppeitwihérs ke Yadsie-half the

carriage is vertically offset fromthe other carriage
norgloneaet slie frespaws vEhsapprgisorilldhenberpridageithg
contficr Y 1S hERhpitk U SoFRRE it ich T SOUEETuR bl sources
alteofateqooduciny @biagod éfcddhoos thesupjeetvduing lsyedfisttias @édervals in

Particularly, .during the tinme jnterval when source 252
ordgrdo aé}l?\vﬁa‘ﬁ{lh Yidreerarsbos sdgref be SUbHeq. %@ungwr%

{ RS HisPREHSE Bfoni AHbAfH £PencPBkALHRI 44 TR
Caﬂca%ﬁflﬁéugelgpt 0 detg}g{gt 0tnr ansm ss?%nr? rgg‘%at iaon, alndyb}bt";1e
positietes bopotstenny be configured to detect forward

scatter radi ati on. Fuyrther ri the tinmeg interval

andh FGhar e araan peoht b aes i ROPE g g Vi he
carrR@eS Othii DAL 4 QuARIIAtanBBEK PERILRE peAdtAthk @iation 302 and

detector 253 may be configured to detect transm ssion
312¢ dde aencireting rdliatnenayobe pedugedyn beanggntidtefad by thegsource used,
det ect, for d.scatter. radi ation.Fig. 2B further.
nd {FpG S hRAIBHE LS RREind BSRUICR" e PrecT g s
detc@@iratiag 65thd p&h g birod 10 wivi chith B¢ dn® 6f tabiabiof &N@a@lddYor swept. This
vertical direction as the |ead screws are rotated by,
rangegt ghustrotsd by hgepdk and;liies 305.sLines 3 tpesewithe e or window
thlro?igll!J Ghtch a\%etaﬁl aeRa" %&I%g%lf%"gv&'f Vrfﬂﬁss‘g'@ﬁg%éntttﬁeerange or
sGur ces may {ernat & producing radiatron that Is
window itilengh whichhéesmhjrediced bhsourtadd hgappeatr. afhesubgct is placed

designated in Fig, 3. by numeral 13. The invention
bet@%@éﬁ%@é@%&ﬂsa& &B?Srrﬁfgd?piénagg%ég&f% %awla%ru_@%e PP Uhiee 2
beat M8 onORadil %éﬁ@g@ﬁé clﬂ)tpggr' whddieh04 B3 14N TRE VBbSher wheels

This may be achieved wth steady state transmtting

inclgdaomaings 308 thd 31 piasdbve thepercttdtag radiarmgmroduced by the
di ati on time.interyal In the event

resrpRiNe e s PP b B ne PRSP Su gt fokf gty
rotaﬁ;ﬁféh_bﬁgtll.?ﬁgieh %@at%@f'tl@keﬂloﬁb&rw@ee%hﬁ@pﬁlﬂu‘d@ el 380 @ddgréastations
or less. The rotation of the chopper wheels may also include an oscillating rotation or
any other motion that allows the radiation to be scanned. The wheels are designed to
effectively shield the radiation emitted from the source on an interval during which any
of the openings 303 and 313 are not in front of the direction of radiation emission from
their respective sources. As such the wheels may be constructed of lead or any other
suitable material that effectively shields the radiation produced by the source used. As

shown in the figure, beam 316 begins sweeping through range 315 simultancous to
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normal nunber of slits, for exanple. The apparatus
W ll thus be provided with a controller adapted to
W@ 06BN ze the sources irradi ati on of a subjRCI/US200$1083741
that the sources alternate producing radiation
i ncident on the subject during specified tine
intervals in order to achieve full wdth scans on both

choBist <8 LGN T HioR PSR GO A GRNer T G wil

conMﬁIettb %ﬁbmgﬂer&ﬁfg' SHept QSVthE '3@1‘1‘1@%@5‘ drb RIRES ir?d vRA&dI @& R, into or
I n firtst and second carriage 300 and 310 are

out gﬁtbm?ahp @lfrﬂ‘ei? nagp igioedor tdrirféllqyararqoagﬁé@e eciolofithd subiacht e a

Alterna {V%%ﬁnp %IH nodngﬁé%lr etr I?rﬁgl F:(ggl ﬁﬂ%elrenrg t%r elagte% grp d3 391011

mh@n&@nge dlctated by the source used and i S not
intended to be limted by the i lustration, The range
of Higet isgnilbestpgoniat the inshegtionsyyemrievidehyh mmncﬁ@gk@sure for

f r

contili R0 PEECH R PE B pREROUTEPBNGH, Bt FUERLE ot
The3Zhblosep 468 ety 1t1dfleder apgeal d51 vhandeubjtdtrmoaygintertfocdraanibgaihe

produced by s ce 31 swe i nes, 305 r present
CnCIORMIC S PG %%f?@lﬁ @%ﬁ@ﬁéasva%&ﬁasgﬁfs {pRrgviggd with
caﬂﬁg% 460 ﬁfﬁhl‘ﬂsthétviﬁﬁl conH"I? t@%kf? ddt&tt B 1%@ BRLWREDN tired

rriages as Illustrated mar ker 320 or scanni ng.

for thhepsofir sesnipg epiplcetian. bTélaﬁrsﬁ chrriagel @t dtsplathh'tn 4 gensrwptvertical

dire?%%t{ hgléec nopRer 94\58%8%133&%81?% ¢ ?ﬁé{ml&a}? g% ggcectlon systern such

systBRNB I athi @ﬁclbaﬁé fa ?Qﬁbl@d@éﬂé&%@r}b&eté&&s [&\ﬁféﬁ%'tﬂ@top, bottom,
sources to be emtfted through the openings as the

or apj edhicssidenad thycentajaere rTaellyfom@tanyOh’mnﬁbﬁomﬁaeh pobthasd on
detecIors ¥ %Q QRBRE V\'g?oec.ﬁs]sega IY({lVl ual tflet‘ 1r1]1fo a 101 ngdy ¢ epe?cessed

rotations or opper

and ®Bbalcd Gvithnit Udernadtiod Seonh hlaithé’fgiefdafoﬁlbt a&tc@brsaltyludinpehe
notion that allows the radiation to be scanned. The

detagineelosatad en gegirgaedn erderiorabiain gepiper dpfpidt ehavhe concealed objoct
of uggl%kﬂh&aq Eéaﬁgeci §u%ﬁ;@c{ bﬁle%ﬁylro gggiygaﬂsé) gélg&éé gllésnﬁ értlspectlon

any 0 e ‘openi ngs
coniroils fand) af amﬂymheystbm ecthe emclosfuras adiy &t iadaptedrios ssowith lamemote
their resggetlve sour ces. such t he wheel s

ey 0
analygiy SyYemt d§e sRelpuymay pgmgydeo@ﬁ gpvicannienial onrnl &9 that the
1ntehﬂ@¥eng;efa%&te' Pﬂ%ﬂdltﬁ heiu%r@%u}é" %1151%9121@51‘ &Jﬁtﬂﬁlﬁ%c‘c%gtegﬂ’ of Ber

source used own in the figure, beam 316 beglns
envsvwemtaig%@thr wayhe rautecd TBesinnigstramegusal achtppeportion of the

hi el dj t 30 duced b
encl30FE i s SR R oGt FRUBAEME) et nat o bl ng. swept

as o GIJIdiRERS ofthe pRR¥RUnTdhtidn VWeiyire A to@hdtBsdsi 288 systems
for :nglt)e%tlgg; objects by means of penetrating radiation that use multiple x-ray sources,
which may be individually activated, as described in U.S. Patent Application Publication
No. 2007/0258562, hereby incorporated by reference herein in its entirety.
X-ray sources may be based on field-emission cathodes, offering advantages in
both spatial and temporal resolution when compared with thermionic sources. Because

field emission of electrons is produced by a high electric field, no heating is necessary,

whence such electron emitters are commonly referred to as cold cathodes. The electron
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out of the plane of the page, in order to achieve a

conpl ete scan of the subject. Alternative
w@omblogiisat i ons may be provided that all ow di f PEF/E81008/083741

interleaved irradiation schenmes. Fig. 4 is an

illustration of the inspection system provided within

an encl osure for containing the carriages and the at

| east one positi.oner duri the course, of operation.
bearph i R ARGy Bt TG rar AR s PRRAE e of
focHY 8fdred RY, tBOYRiuall PInsBAANBIRGespbi§: SR QRMESOMEY tiRR gating
provided in a nobile form The enclosure illustrated
capglglifigspphperible with Swrtimargssludooobihd canteolciravit,mag may be as fast
contaigathe desi red de?ector sour ce comnbi nati on

a5 MG ’%%ﬁg%wggngﬁg%¥)?%y'scanning appl i cation. These

carzhiang esalaeVelirs aac Btal Dmagife Spltah Bisotiit C&dbn Nanotube
~direction. The encl osure 450 may al so include a
FieldigniyrerisaiyMedisalimacng2006, Brocsgdingyt SRIEnVel &1 #mMach 2,
RV t] : lQea
200d . REEH S R, RS, S SEYErl it ol et
linc@ioditagd oFSI X -rdnouirdihs OFad R inli i, fobilaboesttl cam@ankd 300 ihéas:d on
detectors may be viewed or processed individually or

the pyeeoficarbep manetabe (Y Ddeqsiodee Sdeciron surrewi he éarweytqﬁ OtlhbmA
' i on f : t

werk PERERAL L0 ADSLRI ARUS SRUBFL ALy sl oo

wastegtimbteditn exgiced @00 liriraiHos ambatcraingontegd et 004\ ctbeai

interest |ocated on a scanned subject. The encl osure
Cu“ﬁ%t))ofall%_éBAihﬁ% %FdlemwgfefieTh%faaeéﬁlﬁ AR Rt 3 Jrapenisdnegrporated
her@D 8 ¥YSESn&Y DeblBeOWithNB06 ﬁJeB;j}éF FrelRYind Eul@@f%%%ﬁt%xf @fes on 10

use"wth a renpte analysis system The encl osure may
MHprcaw belenvisonahwith teehealogy wobmtthe bursant statetoftthearit.nt er nal

tenperatu um di air pressure, mcrobial qr .
corRron Ahe NI tthodss BT E R s car or byt dosggbed
by @RnEROM, b SLmiTRRIISPEHRSHIER DBY-bESRAMInANLd-PhsRU iold-emission X-
portion of the enclosufe fromthe surroundlng out si de
ray eawee.on Sci dpnEid2004)t whilpthesisnot ChFenatd enthode

may relate to.methods.and st.e faor. inspectin .
sourgE P gy SRt Sl e i Fhaneist rlomiqiipge sgrning
ray Bollbé PhRd%ncaybonOuibede MM G oYysdappINEhW. du@dl hy184104

activated, as described in U S. Patent Application
(20@0batk af Mhishreticlogny sewsEed hereindpyreferasepor at ed by

r ef r el Qe R ' - - .

pacagfegnt; MERSE Br AT dofs ERddeShioe Brpin OHE B 85 R Rfisscd
by Zhanpet 4., spratrioalbedaded ol emalsionasaly ybvinen foheiaraomparedd

wi th thermopic sources. Becaus
tomography, 76 Rev. gci. Instruments, p. 943011I (5005), which is also incorporated

herein by reference.

Discrete cold cathode sources may advantageously provide for electronically
turning on the sources, and with low latency (on the nanosecond scale), in a sequential
manner, thereby forming pencil beams, as often practiced in the x-ray imaging arts, or,
alternatively, selecting a pattern of sources at a given time to form coded beams. The
development of CNTs has allowed important technical challenges related to current

stability and cathode life time to be overcome.
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field em ssion of electrons is produced by a high

electric field, no heating is necessary, whence such
Web@enesM emtters are commonly referred to asPCDUS2008/083741

cat hodes. The el ectronbeans emtted by such devices

may have | ow di vergence and thus provi de ease of

focusi ng. Moreover, the virtually instantaneous

response of the.souyrce poffers tine gating c bilitjes ..

CorbBranre el Aok BB roer onticr. Rt aBherstabS T Fig
5, b§ bt 10801ds WRY ul&er@Sod aSthe @i alANOKRERSyitRifdnce to Fig.

current technology. Zhang et al., A Milti-beam X-ray

5. Thergglidregthgde pam Basetadyan@aedysly allamstioibehigh degree of control.

VoG, bl L0 G2 T D0 EPO0 Y FEHTIERl 015

confrélb theC@irte@nof dyctXdinDll @15, while volthgdRe s ®atveden Taihadg I €14 and
Par k, NC, a linear array of 5 X-ray sources, each

of
anodg 1 (65 Whishalsosisbics Bethieerayigechrantsoo theglegns caeigy impmging
on 488199 R ANTRDHT) L B ERPSR ot e
clecaon ébanapotngzevol t age of 40-60 kVp. The lifetine of the

col.d cathode was estinmated to exceed 2000 hours. .For
an ‘é{eﬁ%F@r étdpwgts\?a@@sgg@ﬂmn whigh ke X-Ery8 @LRRERiENT2 Bf

refldcBiolhrBast ok 9,%r£[ﬁﬁ§éﬁc§1dtarg-gpﬁagfaf% %? g‘?@}]{;}g@ RGthét thRlscope of the

paper I's incorporated herein by re Devi ces
presgnt lhvd@@©0. pi xel s per neter and pul se repetition rates

UGy atisFrf R et e e B e b e
predefit thbgntoaNt Ak wath tB8 dindmdbonsity oF ehd Srl Drcd@say (AR th¥%-, or
Cheng et al., Dynam c radiography using a

thregglimensionahothgseanpapanipde(rabterar aitan), Xreadyneoie vse, of isfferent or
va gev. SqESaIH%%;%ge¥h%w,agh 3264 (2004), while the use
ore ¢o1°d” Cat hode sod%cegarrays in a scanning
coMmexhbodimndasenthditeionibdB@ridbd dith refSfedté REIEY6. A one-

. scanni ng xray source based on carbon nanot ubefield
dimgngierabpgay BEOQfx-ray ppyises 1022tis disposed gvithobacksogtiey)detgsirs, 1023
f i artic iy . ' y : :

on i 4 BB R GERA PG HELEL Il g g dvie
1024 ouni rensdate aystramyvteadgeaiphyl 025, tgpisaisss@trobtal g tetreate an

. al., A nanqtube-basedfield em sgj X-ray sourcefor .
imags i B LBARATR %}ﬁu@‘f%ﬁyﬁe Weﬂ%_iblo@reay rqitie @ﬁﬂﬁ@?&@uﬁml
(typieall43Rkal) 208Th21 WihGRat xSrag!be8m 1086 SROERLLY tRRERER d¥ction

reference.” Discrete cold cathode sources may
(agam wamtd belousboytay b thedeb yf aweatimg edinednyi-loed image drativngrouinthe

entigeg(gquc)%%ézvﬁg% @tglglﬁﬁgq ih?lg :isog}/ea!ltgcti E}r) %leteg (s)cnantmhneg &S cizreltdcically
by turning on one source 1022 at a time in rapid succession.

Referring now to Fig. 7, a two-dimensional source array 1030 may have no
mechanically moving parts and allow coverage of a predefined solid angle (determined
by the total number of sources 1032 and their divergence) in a very short time. It can use
a raster scan mechanism similar to a CRT or pattern beams (Hadamard or other coding
mechanism).

In accordance with further embodiments of the present invention, a system with

controlled velocity, designated generally by numeral 1040, is described with reference to
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manner, thereby form ng pencil beans, as often
practiced in the x-ray inmaging arts, or,
W@bkdoenspd vel y, selecting a pattern of sour cesPEE/US2008/083741
given tinme to formcoded beans. The devel opnent of
CNTs has all owed inportant technical challenges
related to current stability and cathode life tine to

. he overcone, The general operatio f ol d cat ho :
pie (R S GiE b el r e gaa ri el b e g gy 1044 i
tranSle¥R At ke Bspdel badknFRAITS#R Afldikdtibh ¢ 048 hdj@nét 105 or between,

described with reference to Fig. 5. The cold cathode
detegrorn h@f@rEneh sdicanmay elbade ymaldygdan foimterlagpdmode glcsesibefl
belc)control. Vol t age Vgc between gate 1012 and cat hode

1014, governed by control circuit 1013, controls the

CUrpethtr @rsRilliecina P Bs adiidvad ubhiigl Erel@dd cdated dMa antBatm@etat

cat hode 1014 and anode 1016, which al so serves as the
shown iy{igy & mdiste tWooHtRQIE Snedemensianpl wiasesaF qpyarian il O, 4852, are

1 W -

moifd i CALREL 108¥, Boq G s R oY phOR Y ARE 3l B dotfronically
witlsipigh spécdeon] Wiid @rayi ggneratine pi kirsy Beanas@®ndhhtyis illunnatidy a

the x-rays. are generated via a reflection target 101
targgy (ppLshegés et shgatd tﬁﬁgﬁha{ YE TR Reped i A hetiblo
shie‘fcf&&earpafg M aRbBSEThe ’v&#@cﬁft& BPthiARBYLI GAEAR M A natural ability to

di screté x-ray sources for X-ray inmaging, in
incaap@ratedbmugerigicechmte ap mewelescribied eantdi to wpntiramougy aggunmulate@n

imag "R B eTR P SrkE R TroMerid Sy gftent on
twoRgdct 8F Aubjtdie THY St & iH $&ctOfrradi hiEb EptbviRIed Wah ditroller for
energies, and the use of tine gating. An enbodi nent of

indepheddnheethvationof icdewees bed with reference to Fig. 6. A
on %Iq{eﬁgﬁrsllgmg?rﬁtl)eblgsgeﬁlﬂn 105%9 Wgtgte)e(alieat% tg%%%ﬁgm%tgt%oznslo? by design,

di spose scatter ctors n one o

the AMixigusd disdn&f bdtésenl toRGoUKES 3al crt iR itiealclyiradeeidlg@dn) for a
axis 1021. The entire device 1024 can translate in a
spegifig aRRlisptensglemapes sayreps phced ¢ pame apay: Grve FylgKichIthpe o8y
‘ ‘ ) . . 7 ) ‘
dlm%%tléetﬁll glt}?}@ea]?e ?1%%({%399%%@%%4& é)/&refg%talelétgg‘oﬁﬁsshﬁted vertically by
3.33 wngiBacid amat w(lt yoan diatd i cmephit dait be@xisso 12 Yesiaalshifh alic
X-ray beam 1026 sweeps in verfg%direction

. tran
resUngaimiEC {9 CORMNIGe RYFTFLRL B pyinoey vy 3P iRt igfyolsd 33 mm.
Thid B8 B¥sprtoni TGS red M as MrkIRLd fld8e b} I sgﬁ&ln‘%fépicted in
~nmoving. An image line is created by raster Scanning
Fig thenteraccd evagirg tiay dicipyobged wa menigaldransiatos olithe @rrd@ A cach
horl q»tine in rapid succession.
orizontal pass.

In accordance with further embodiments of the present invention, carbon
nanotube x-ray sources configured in a linear or two-dimensional are triggered
sequentially as described above. Other discrete x-ray sources that currently exist or that
may be developed in the future may also be employed in a substantially similar manner,
and are within the scope of the present invention as described herein and as claimed in
any appended claims.

The use of x-ray source arrays of this type for this application may be particularly

advantageous for the following reasons:
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Referring nowto Fig. 7, a two-di nensional source

array 1030 may have no nechanically noving parts and
w@bkdomesever age of a predefined solid angl e (deCBEURINER3741

by the total nunmber of sources 1032 and their

di vergence) in a very short tine. It can use a raster

scan nechanismsimlar to a CRT or pattern beans

(Hadamar d_or ot her codi nmechani sm. |.n accordance.

W T ars B BHDHISREAR B SP e o B ol RURE CBReipn along
systRMnMdrR-raPBhiRlded vel ocity, designated generally

by nuneral 1040, is described with reference toFig. 8.

One or mdise obadikstraurtagof darebeammsadvanagepusl yiredusds 1rnage

{ he ROUEER. QG 04l LAnSLALed with a constant
spega%acpk 2nd %?’vt T aPTecto'on" 1045 adj acent to, or
bet ween,. Thef HHEQUE td ratﬁg&hrawpﬁoememyxi@ilﬁfa iDignage

enpl oyed in an interlaced node, described bel ow, )
Fur A¢BHSINQY: 8BRNENY §nchigptpriat Hehisdieipeiderig Crrend|siedypoint x-

enbpaq]isr(‘;ﬁ&g b%y&fky% hat shown in Fig. 9 where two or

mor € “one- di nensironal x-ray source arrays 1051, 1052,

ar e nountBydusiny seqoatitiah@gpelibdf thBlasuraeray bEx-aty souscesad
be turned on and off electranically w.th high speed,

onl YAGEEAIF FBAECHaREF 469HHG AHIIRY HPSHaEMRCIHeS! OHEES | s
11 natiGin@erdRhOfher A1fficd AOWOdn hrdéhRE Bl ABShsIy

the other arrays are off, hence there is no nee
shi eiduresievaormyrefions afitbe peson Béieg vemsed, iallvangagsbudhi s

T8 e B o B BBAL L o porace

COMKAJIMRUBILS dAEGY BTNt By Afoh TBERY dALEHBENRth Y&biéndd¥8 Fig.
cylinders could be provided to produce radiation

10A. heisdé garbom nangduly xreay sofircgs $LY) eanfigurrdes Sioear@egys hl11, or as a
each arr may b rovide ith a controller for
o A e M e oo 67 P i U oy R Rl BF e 104

beirdeschusRH Ut ik Fo baGRRrsbRl that Dptesdnas basnaLateptdseithtatd dhisct of
. or by design, the m ninmum di stance between two sources._ .
inspegtion, b4 thpfithe appargtagynd wethpdstgpghtinerein g of valgablp ppplicability
to a@@?ﬂ)j'e%%@tﬂ%r AemBads isauhges placed 4 mm apart. On a
cyl'i'ndér, three onedi mensional arrays are placed at
12 cdegrdeestonn &1 ¥4, ovinchnodhiee bavkescasthi dit sddbsvatet detadtbys, oy

3.33 mm FEach array will scan lings 1 cmapart, byt
exaw@@aa@éoww{%to\ﬁep optRy feravy ﬁﬁ*erpee&?meﬁ@ seirage s
throﬁéﬁ Rl B Sehipt 31108 RtrahfRorEd HirBGA&! by¥nkinsh@¥ifada conveyor

resolution of 3.33 nm This node of "operation is
1118 of peapddmbpuerad Handihetd Bd@dnampaeo be povideleSeystesnurces 1110
maydt()eep allc%tvgtgd Isenquentially to provide spatial resolution in accordance with known
algorithms.  Fig. 10B depicts subject 1112 in successive positions traversing an
inspection station that is designated generally by numeral 1100. Inspection station 1100
has a front source 1160 and a back source 1162, each of which may contain linear arrays,
such as source 1111 depicted in Fig. 10A, each of which is comprised of multiple discrete
x-ray sources disposed along an axis transverse to the page. Subject 1112 either walks, or
is conveyed by conveyor 1118, in such a manner as to have different parts of his/her

person scanned by respective sources 1160 and 1162 during the course of traversing the

inspection station.
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Fig. 8 interlaced imging may be provided via

vertical translation of the array for each horizontal
wW@a®e/0613M accordance with further enbodi nents PET/UR08/083741

present invention, carbon nanotube x-ray sources

configured in a linear or two-dinensional are

triggered sequentially as descri bed above O her

di screte our ¢ t hat currently
58 Tl B OB DR PSR oR s SR inrhiog B and 118,
in a%oﬁﬁlgﬁa@dﬂ dppkdath g Thdt F n{d A8fectof 1 cafrntWst PANSHOM in the top
scopé of the present invention as described herein and

vievaof Bigall hgk- ray sangpearipmwel& eshibknays PR, iewedmont-alegyly in the

fron} gir'let(mcogfullg y 4 Vghl?%lz glél RE #)]éo%(ile{%iga{sfaoxie cailx%tlslpggedrtaan%y Tach

soulrcea@m affa@ miay RYact OAEC rdepehdbm delﬁé/otﬁ@tfH@afdes in the array in
especially in the dinension along the |ine of x-ray

accfpiesivgH an euslodiment qfithrepriesea magntimn. X-fayy 1B Egingpinge upon
sub%gt"ﬂ% a9 ﬁgﬁéﬁé FarleFAY ﬁ?e%née&@ﬂ@hﬁhééno rdgélgrﬂl]’]&?%e?lgfa g%g numeral

ol nt sourc pPpro
1208- Rayalanmweﬂa*sbf huebxédoil 112 gr bynobijemgeardedion wortni annthe SubJeCt S

try and footprint that is far superjor to current
pef@ﬁﬁ%&‘é@fwf by sceft %wréélﬁbsgéaﬂf‘gid@ieéw 12@@ g78FTly scatter
mgn%[%cﬂﬁecﬂé bais %ff th @I{e‘tﬂaﬂnggfadiéﬁ%n |tl‘1é§/e(%'fec§ raﬁ@Yheosfga‘r?fer s?@ﬁals are

sour ces, catter I mage can be acquire
procmsszeslsbytmbctcsmﬂ%@ o datent e 1deﬁtnfyslhre|at/materlah,and\/hbﬁcts in

s s St PP R B S RS frocessa image
of tIRCIAGNREE saBait: @Q;%Ehlﬁhd/mféﬂ hagE 88 ciing chdy wgﬂégétls Bénerated,

i nspected subj ects. “Anot her enbodi ment of th
with ﬂnvéfmn ‘omage” apwseddstain precinginy lapperfded elagras, tStganwglg an@adered
carhon nanot ube [ ces 10 canf

array g otf Values SR ondln tfﬂ?atlallsr (ﬁS%XlC? @gmelgs o%‘ ghe 1nsr%)a{:]teli %ngct Since

I near ar

the gé&n@ﬂyaﬁﬁﬁnﬁbpagto&ml a{ammdo»omg af tHehﬁlaga: das Mftomated detection
person 1112 being scanned. It is to be understood t hat

teChéll%@ﬁ gyhralyon Htmﬁ repogaitipn gresdy beagfitonp jegeducsgl image
L e N R
trangineskloaandbackatatcobaggagn sy];&tn@s.

Alternatively, electromagnetic scanners may be employed, such as scanner 2104
(shown in Fig. 14) and 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. A source 2412 supplies a beam of
charged particles 2140 that are accelerated to a surface of a target 2160. Electromagnetic
beam director 2418 can be any electromagnetic beam directing arrangement such as
magnetic or electrostatic yokes. Penetrating electromagnetic radiation is emitted by target
2160 and pass through a collimator 2422 disposed a specified distance from the target,
thus producing sequential parallel beams of radiation.

In cases where flying-spot systems are realized by mechanical means such as

rotating hoops and chopper wheels, these aforesaid criteria may be met by

synchronization of the motion of the mechanical chopper elements, biased by phase
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Scatter detectors 1114, which may be backscatter or

sidescatter detectors, for exanple, are positioned to
w@apviesIscattered x-rays. The person bei ng scBEHES2008/083741

wal ks through the x-ray beans 1116 or is transported

t hrough by neans such as a conveyor 1118 or people

nmover. A hand-hold 1119 nmay al so be provi ded. Separate

sour,ces be activat ed se ntia 0 vi de
Oty SRcFEBR I PN PIAEARP du B HeI b bush Patcht 6.
7,469,807 hérBPPinchipBratdd® Q%}bﬁeshe?éﬂ@hﬁ% enkikdrg. Mhus, for example,

successi ve positions traversi an inspection station
whetrﬁmllln@tquse@ne gotateddo definerthe pythiey crgrasnbk-rayllgem 2023, close-loop
rnotb ns 6%8 lorgsgg’tti%té %quxgl 10%8 fl%\‘j’%aycﬁer ?rngélog N ttogcﬁ’lr\]% |the ro?atlon of the
collﬁﬁa[t@t)és Thedaty @8lesousinlkd b thﬁﬁF eeefdn bperfirg (tha, %1 5%6151

which is conprised of nmultiple discrete x-r

ang@cﬁf rdeamgi.& pihs apgla betvpen sxtasnal healaﬁ 302} and 24 @ sHe .
sou iRl 10 2E Ay Yok IndFpkiis SARRUE SPledTAMARY Lan be
controlsddnedectipaicalip, angalesied deyjudnes peitadietion ouraes 01[ $6Ecpangly be
2 durjng the coyrse of traversing the inspection

set, §‘t"gf3}ltolﬁm@t°naelft§?1tyﬁ)é’r§?§ﬁ”88@| (ﬁéﬂ{twa?e ©RECbr esent

in | A4 ;

cont) orrgel Srpast e hitpeh @S hidh AR of nifhbs Srosy il pource
maychr pleced ingecatehpradimity tham qthmwmag)ovslbw InfpaFtllcgllar,]ﬂOB;rces 2013

urc rra s, .1210 212
2015 o037 S B oY im rsangTop o g eERo Ap gy i
vuubﬁly&ﬁrﬁmltﬁﬁau@&v@ff\ésﬁ&dlQﬁkﬁeyx -HiyS PRI A spEaERith Whlch the
source in each array may be activated |ndependent of
quﬂm§m%$mgbxﬁwﬂ@@gﬂﬁn the array in accordance with an
msatern cf)escrlbDJ uc) y af%%%ta%e%\{lﬁ g /pr%wdei Egr LAY Ra ezt[o%e derived

|np|ng upon su ravers

frorh ﬂ&q%@stpbaiwesdf@htloiuccéb@ﬁib goacedo keI Rhhd 2017, rwmaf &@hit beams
200. Radi ation scattered by subject 1112 or
20261%08&F§g cldr fhowd ap ex¢aplarydhracHack gpjtes 2040, ry@ﬂs'eﬁr@ms%% 2025,

etc. %g%s%e%ﬁm ecc?c;r{ 4Gl ec%ﬁ?%gr 1220. Scatter detectors

sca ter Sig on the basis of the
pe ﬁElter‘t&Hmﬂ @ronaeﬁchhmaghrtshfeyp ohefcgudnce,asncdh thaens awid than one

gnal s .are processed by processor 1230 tect an
lmagﬂéﬁ?mftyng Fdéationgh Bica y@uaﬁau@sfz@ce@agqﬁt)%@gg PHEGRE s beam
firstM R Qi 3R Weat Rk QO drh RSB o b %t’asqglﬂ%éﬂ'te%{eo ths Qhéﬁlpis"’l%ce‘?‘ved by all

sui tably processed |nad e 1 nsp cted subject at

of ik dpécayrs 2OM-2@36 drRUOansinitted tb heroaame 204hto ohage imsges of the
as used, herei

.gener.ated, . wWth the term} )
obi i Vg S5 et R hy S AP G Peaiatsedyopyevor
2029 2ITHE §ighAIE FBEPQIH ioN thetdRtce RS hidlakyuifidsdsisBsdrat CRARRIs -y
t he i nspected object. Since
acquisition system. This process is repeated for each of the three imagers, creating
“slices” of the object as it moves by.

Referring now to Fig. 13, a side view is shown of the arrangement of Fig. 13, with
clements designated by corresponding numbers. A slot 2050 is shown through which the
beam of source 2013 passes through segments 2052 and 2054 of detector 2031 as object

2018 is scanned while moving in a lateral direction 2016.
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the geonetry mnimzes distortion and shadow ng of the

i mge data, automated detection techniques that rely
W@rooshesed recognition greatly benefit from t hePCBUDOR083741

i mage di stortion and shadow ng. These advant ages may

al so be applied to conventional transm ssion and

backscatter baggage systens. Alternatively,

ccaifrE g S FGhe EHPISY HOaoRUSEadmpse of
the bbjset. Rat@REathBed $hoteih 2049 detestSd 8¢ ddidbtirs2iD3328820840 Hom
entitled "Metho anqpéﬁparatus for Cenerating

souise gl Eheicals uBdahas sedttaPechphatens; frem Rewtica 29 bh thesqusdnehddgtectors
kncorporated herein by reference. source, 2412 . .
can o S PR AR 0 R SR PR BB B i ofiien

use afteldercatordatdeage. surface of a target 2160.
El ect romagneti c beam di rector 2418 can be any

el denbastiagife of hiviaxentins Bethcrneoras hay edreirecaisbhallogy multi-

vie TP AR SFolakoR SEMEER R AR RERS] SR Bpcrariqnah ootprin
by chindngagscrodstdiligindebycalohiimgatloser pdZPonling pb dredndividual imagers for
speci fied distance fr the target, thus progucin
cacly ¥igie nthiclosg AP HFPRING BEHITEC WhagCEd MAETCGH. IRE e iha pRirce,
t 1dabdrR G RRRL, USRI EcdiRAlds 284 sR¥aPR6ORGK hall
* Sucﬁ’ag rotiati ng hoops %n cﬁoppgg &EE@??, ?ﬁ%@gg’ o
sharzd o fesatitat detectoes bewpay obempeyt, ibygey,rtlhworg maiei soattayfcollection
t he not.ion of .the chani cal opper . el enents, biased
for kgppas aBEr Sty WL GEEEn s BeBoor P oper at i on 1 s
denRRgplidatiess Whcrbs@nniat SRl cMve régibRPo B obRef 8 R¥sired, co-
i ncorporated by reference herein inits entirety.
plarph pesitidring efhapnagerwléove sobltineanper/oficentraltadtteax rays
s B SRS BRI ) BabEP I S0 T e
simplifyesiBe @sdnoyfable tentfdl bV erijnemisoibad from cath foger in the multi-view
. collimators. The duty cycle is controlled by settin
Inspepigorf wystegh drus prdividpplescaeangingahaa gy sRdisonsneed my hgypertformed
e [ X1 T e 2 and 2024
s i Bicul} PR B0 s PEHE R R EERSlon e ARl EETY Chel e,
I n Bhyesieanribedieentbedinimtsasfithe edrentéh at imendedmo bemerely exemplary

controlled electronically, any desired seque of
and iwpgmug;vp%ﬁlqﬂs anﬁbaglf?ﬂatl %‘@Bﬁfﬁppeﬁn&t&tﬁo -spﬁ@gtm the art. All
such VARaBhS 2 mEMECERINY ARYinflnBEd fO8Y Citlh tﬁé’gctoﬁ@ﬁgtﬁle present

control. By virtue of tenporal sequencing wni
invengidueedeforeden thyi apatekdctaws- t al k, sources may be

placed in greater proximty than otherw se possible.

In particular, sources 2013, 2015 and 2017 may be

di sposed in a single plane, which advantageously

permts
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virtually sinmultaneous on/off control of the x-rays
regardl ess of the speed with which the object is
w@a®eien39by the i magers. The system descri bed P&l/US2008/083741
advant ageously provide for an inmage to be derived from
t he perspective of each successive source 2013, 2015
and 2017, which emt beans 2023-2028. Fig. 12 shows an
exenpl ary. three-vi ew system 2010, wi th beans 2023,
\Vh§d§8?“%W%§'each sweeping trajectories that are
1. ASORPpARSs-forl: J!;@eﬂ@eﬁﬁﬁ? afh AL FSIy kb TBDBTat RIWRRIPa bibject, the
sequence, such that no nore than one imager iS
appapius cpmgripiagi ati on at a time. Thus, source (or
"imager') 2013 sweeps its beamfirst. Radiation
scattered fromthe object, as represented by rays
204d4irsi GarfigReind @G ebihdadalrifpt, ddok caetage tnehdlindOBdoudéd3flapted to
and transnmtted to a processor 2040 to obtain inmages
progice prpsapgif @enctrajing eadigtiop ipades epdewbidstough t he
system by an optional nechani zed conveyor 2029. The
signals fromeach of the detectors are acquired as
sepatattonchartival sositjonanadepapdits sy chromyislyy @liplathicsch carriage
. process is repeategffor each of the three imgers,
withpregpact fpgthe sybiectdm a giregtion hgpjngar veslical PORRRASEL Bi)C
Referring nowto Fig. 13, a side viewis shown of the
arrangenent of Fig. 13, with el enents designated by
corat épiamdidetpcion idyerseiving sddpatiopGBoducsd bheteastlonoafthe sources

whi ch t he beam. of. source 2013 passes through segnents
afebiSioiod o SRS FbEs S35 s obj ccr 2018 | 5

scanned while noving in a lateral direction 2016. The
signals fromthe detectors can be selectively used to
2. Arepmsatnueccoring teedpmol, vihisecin Bjeat lcastSingalstestoais dippraged on the
ﬁmgéﬁﬁggs 2044 detected by detectors 2033 and 2034 from
SOUr'&Ss 2013 are as useful as scattered phot ons from
source 2017, these sane detectors can be shared anong
all sources, and result in inproved scatter collection
3. AR apRaghupiacrafing @ elabn 1t waergisy tae s gHCH Ay dMRIPRL
Enbodi nents of this invention, furthernore, nay
advant ageously allow nul tivi ew Fl yi ng- Spot X-ray
4. AScptuatusianegding td olabe 1pwactkincthd penetiatisgreddiaion is x-ray radiation.
operational footprint by elimnating cross talk, and
by allowi ng cl oser positioning of the individua
5. AnBY8fafisTa@lor8RAE o WafW-1, WHEcf B8 SolRCSistaiEN S Rbdtdesncil
[ ers (where an "imager” refers to a source, at
beamedsadigmm. det ect or, and associ ated el ectroni cs and
signal processing) nay also allow

6. An apparatus according to claim 5, wherein each carriage includes a scanner adapted to
move the pencil beam of penetrating radiation produced by the source transverse to the
direction of motion of the carriage.

7. An apparatus according to claim 6, wherein the scanner is a chopper wheel.

8. An apparatus according to claim 7, wherein the chopper wheels are adapted to provide

interleaved beams.
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sharing of scatter detectors between, or anong,
i mgers, allowing nore scatter collection for inproved
wo pgesaal ity, with efficient use of detectorPCI/US2008/083741
hardware. I n applications where scanning of selective
regions of the object is desired, coplanar positioning
of the imgers allows sinmultaneous on/off control of
the x-rays regardl ess of the speed with which the
object is passing by the imagers. This greatly
9. A%l dphiafus@ScdrBRgdE Sladh 10WvhéRm GeRthPheOfurthef @mprises a plurality
em ssions fromeach imger in the nu?tl-V|ew
of detgstoresct i on system thus individual sequencing of x-ray
em ssi ons need not be perfornmed as is typically
practiced in systens in which em ssion is not
10. 8@-appABAK acdNEing €5 Elaink @ dwRETOIAWa bR Birfiagf int@ed AVERE b of a
are Intended to be nerely exenplary and nunerous
scatip PG R SAAHARAPE i cations wil| be apparent to those
skilled in the art. Al such variations and
nodi fications are intended to be within the scope of
11. Ahexpparesie atcardivig i ¢laim a8, vdiefreinelt sourdehen fappemndest and the
clainms. What  is clainmed is; 1. An apparatuys for
sourge OB thexteapcairipgetRspuge splsigniialy QRRGUrR digretgelbaras of
Imn&ﬁghgq&ﬁmggg apparatus conprising: a first carriage
and second carriage, each carriage including a
source adapted to produce a beam of penetrating
radi ati on inci.dent on e subject, at .least one
12. (8 PpEAls geding ﬁoeflalgfai&%%ﬂ?%?%f‘y‘iﬁ%%%wws e S gt
carrR@6 s GigFdsb@eCand1ENAbR SRREINthRy ENRI BHHRhESTthd Sbudce of the second
dirtection having a vertical conponent; and at | east
carrtge. det ector for receiving radiation produced by at
| east one of the sources after interaction of the
radi ation with the subject. 2. An apparatus according
13. 1@ apbauis hcconiap @b tlainh @1 avhdreiashc fRCardedceidartiszes are
di sposed on the first carriage. 3. An apparatus
strugleE by foRplc€o cl ai m 1, wherein the subject is a person.
4. An apparatus according to claim1, wherein the
penetrating radiation is x-ray radiation. 5. An
14. appapatuws aaaeding togaino | chdrninkacbenred i8 ah ecsattentey | s
. dapted to_.produce a penci| beam of. radiation. 6. An
u’ra‘glﬁ SRS, B P afling ot e@rahm%?r%ﬁé l’l’éﬁ%ﬂﬂt’@ad’ﬁ“@&r ri age
i ncl udes a scanner adapted to

15. An apparatus according to claim 1, wherein both carriages are coupled to a single
mechanical platform and the at least one positioner is adapted to move the single

mechanical platform in a direction having a vertical component.

16. An apparatus according to claim 1, wherein the positioner includes a displacement

encoder.
17. An apparatus according to claim 1, wherein the positioner includes at least one of a

rotary motor coupled to a lead screw, a rack and pinion system, an electro-mechanically

propelled system, a hydraulic piston or a pulley system.
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nove the pencil beam of penetrating radiation produced
by the source transverse to the direction of notion of
WO b@9o6r3r4 age. 7. An apparatus accordi ng to clBCTUS2008/083741
wherein the scanner is a chopper wheel. 8. An
apparatus according to claim7, wherein the chopper
wheel s are adapted to provide interl eaved beans. 9. An
apparatus according to claiml1, wherein each carriage
further conprises a plurality of detectors. 10. An
18. 3P AFMS REGAIY DR 1CHuAh8 SmpMiafel dﬁ’ro@é@& BRFCERER a
i ncludes at |east one of a scatter and transm Ssion
signgbfremtthe at least anc dgipremandsonpiodnalng an troags| based atdeast on the
Sigwﬂerein the source on first carriage and the source on
"tie second carriage produce substantially oppositely
di rected beans of penetrating radiation. 12.
apparatus according to claim1l, wherein the
19. AnARBHAGIS RefPrdiag &glélrm %, ftlﬁberfqorrwsmﬂr riage is
di t t
or HREGR o PHlatRIahy ABlRS, AlecEblotly GG o blis Flenas
ﬁnnaa@hnde@fﬂaembﬁ1n111, wherein the first and second
carriages are structurally coupled. 14. An apparatus
according to claim1, wherein each source is an
iaRt [ [
20 N B S gk € B A B il P RYE Bikraining he
carra#gpmmi hhs atleeshode pgsitionee daring the owhsr: ef opdyatidn. c ar ri ages
are coupled to a single nmechanical platformand the at
| east one positioner is adapted to nove the single
21. mta@gahﬁﬁlacwr&h%gd Bain 26, flith&Cohiisha it [&s@n\é%fafubﬁ@ly
conponent paratus according to claim1,
eﬁmhép@wﬁedﬁéhp©®ﬂ0$mmer i ncl udes a di spl acenent
encoder. 17. An apparatus according to claim1,
wherein the positioner includes at |east one of a
22. Aot @pdraiid Rcodaignbethih@0avheéd thesRWsuft i§ a8 kneRthmentally
glnlon system an el ectro-nechanically propelled
con Qﬁﬂﬁydraullc piston or a pulley system18. An
apparatus according to claim1l further conprising a
processor for receiving a signal fromthe at |east one
23. datappiratus accbrdiag tgclatiu ) ndesin thewgelobhas édkcalableefemh ann

t .
externa? cnvironment.

24. An apparatus according to claim 1, wherein each source is a pulsed source adapted to

intermittently irradiate the subject.

25. An apparatus for ascertaining a material feature associated with a subject, the

apparatus comprising:
a first carriage having coupled to it:

a source adapted to produce a beam of penetrating radiation incident on a

subject, and
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signal. 19. An apparatus according to claim 18,
further conprising: a processor for electronically
W@ 0obio6li3ny | mages produced on a basis of si gnabPGI/U82908/683741
plurality of detectors. 20. An apparatus according to
claim11, further conprising an enclosure for
containing the carriages and the at |east one
positioner during the course of operation. 21. An
apparatus according to claim20, further conprising at
| east onerit @id@staby d &t RG RhctfAMB r&Hatidh dchfered by the subject
encl osure. 22. An apparatus according to claim 20
wherein the enclosure is an environnentally controll ed
enararaitis Do QB EE LT3 R aC LG Fyaiaion
pro@téd bo tHEdtirce 2 theMrsBRPAIRtand tREGAI@H Migtoligh Gk ubYed:; and
wherel n each source is a pul sed source adapted to
intermttently irradiate the subject. 25. An apparatus
for C ' . ¢ . o
U LR
carriage iwith requept ©daidsubject ia asbirectien haapt ederticalpoogoaenta
beam of penetrating radiation incident on a subject,
anda first detector for detecting penetrating

26. ;@%@Ma@ﬁ‘s REGHRY 5 L1 ztsf‘?héﬂéﬁi HE bt Rast 8ROVE AT RBfer acts

aving a second detector for detecting penetrating

on thafisararongprooduy the rblativdposstour deadf sdunee With sispecta ihage

band transmtted through the subject; and at |east one

SUDIGEY ti cal positioner adapted to synchronously vary the
position of each carriage with respect to said subject
in a direction having a vertical conponent. 26. An

27. Apparaeis farcsertiimpg & oaddral faapse awheirtsidvittheswycd.dhst

%erthggl,positioner acts on the first carriage to

PRR"Y'EFat i ve position of each source with respect
t o0 thbercaldajl@dispostd ars @oarRt Bdaptddl to@ssdict Bearth@f fenctrating

djggfrial feature associated with a subject, the

radia ;

appgrg%s
vary

at least one detector for receiving radiation produced by at least one of the sources
after interaction of the radiation with the subject; and
a controller for activating at least one source in at least one of the arrays

independent from the other sources in the same array.
28. An apparatus according to claim 27 wherein the at least one detector includes two
vertical arrays of detectors and a processor for processing detection data received by each

detector during a specified time interval.

29. An apparatus according to claim 27 further comprising a scanner adapted to move at

least one beam of penetrating radiation produced by at least one of the sources.

30. A method for inspecting a subject comprising:
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apparatus conprising: tw vertically di sposed arrays
of sources adapted to produce beans of penetrating
WO 2w0/a613en; at | east one detector for receivi NBCT/US2008/083741
radi ati on produced by at |east one of the sources
after interaction of the radiation with the subject;
and a controller for activating at | east one source in

at | east n of.th ndent froni e ot her
SourEage p N feriskah SRR YA MR LI 04 S SoRT g
ada}%t@d & pofucta MBS & fenbiiRindlradi®@s inefientds 86 s@jedtncl udes

wo vertical arrays of detectors and a procesSsor for
pr o@@s@gn@l syechaenizgronduitiathed e oae’ehgbya molhd opétlegﬁt, dhre second

canga(%%l L &‘qucd {o 1?d L n& Irt?r%erd/agoer([iérp |pgoI Hae 38 ca %g?netratmg
Iamaﬁapted to nove at | east one beam of penetrating

radj ati on produced by at |east one of the sources.

A rfstasBee.roth gtiepsbend drieciorstagjatien Pewstisrd &Y ﬁtg}e%vn%@f tae
soulchd SeriEfLAPor hOS ISR AGENAYI D0 coupl ed o

A First source a roducé a beam of

pe r@h@mﬁmgi@eteadn @itpmmlgnabibdeemit oromadiatien sicbjved by themtilengt one

in synchronization with the first carriage, a second
‘m“85¥r4 e, the second carriage having coupled toit a

?Qﬁct%ﬁk‘f&lget A ]Ra'c%in fe b%l@‘%iifh% RtRRA g&g& rating

ation with at [east one
radiation produced by at | east one of the sources

ft i Nt d t bi .
1. Buhhad Pirgr e ottt 3 e RObEhbibe Bht debifr RaghaE et teas
onelo® BRI HSCkabYagdeh@d e dc8@st ca@ﬁ'@gedet ector; and
characterizing the subject on the basis of the

det ect or output signals 31. A nethod according to

C t- l.east one detector
32. t}% rnae eag%orgmﬁ 10 c 11{1 ﬁa flflliﬂ}eg tco i glﬁmg sceanglnn t{l% arn o op}e&tetratmg

radig@ér pragescd Iz thé\sdm‘&d"mdi cﬁfé@ﬁditdtrﬁlrgwbl@e € hic idilra&ldcnttfﬂﬂi@tfon of the
conpri sing scanning the beam of penetrating radiation
CarTkyeg¥iuced by the source in a direction transverse to
the direction of notion of the carriages.

33. A method according to claim 30 further comprising creating an image based on

radiation detected by the at least one detector.

34. A method according to claim 30, further comprising:
scanning the beam of penetrating radiation produced by the source coupled to the
second carriage in a direction transverse to the direction of motion of the carriages;
generating detector output signals based on radiation received by the at least one
detector; and

creating an image based on radiation detected from the first and the second beam.
35. A method according to any of claims 30-34, wherein the subject is a person.

36. A method for inspecting a subject comprising:
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33. A nethod according to claim30 further conprising
creating an i nage based on radiati on detected by the
w@roobmeersv4 one detector. 34. A nethod accor di ngp@DUSI088/083741
30, further conprising: scanning the beam of
penetrating radiati on produced by the source coupl ed
to the second carriage in a direction transverse to
the directjon of. notion of .the carriages; generatin
o tEEBETBN S bR SF B O HURPTH APl KT el patiopyhe
beatb f BdnctrBBSS ra@Niod §bRG4CH by 8NRag bR TikN Yo #Be pEREUMRRS Bcct
on radiation detected fronmthe first and the second
the tadiathon 3Ba fipst dteion tawewlrtte mepjead anchyt lodst ehapasandemde

wher ej n,.t he subj.ect i,s..a person, ,36. A neth f or .

post B Eloryite e iR it B P R, e RS Bd et anc
penrtdcahy WthtislatabdsoonAdetectdraiP fidaltion pYaduttdBy at least one of
el evation, the beans of penetrating radiation

the grawieas aftegingpyaciion|of i radigdon witgtthawlbiese positi oned to
direct the radiation in a first direction toward the
subj ect and at | east one second source positioned to

37. i mediodpecw@tlingttd 0lgirm 8divaickam therat deasteaerfttsttionme tcbmprises a first

toward the subject; and detecting with the at | east

plurghty of spweeodisRdsed pliptinct Wlﬁ%lélaw%@oﬁnwheaﬁt Ipgshane ggqandyource
: ' "Hel3 : kation with

Rl TN SR SR b

wherein the at | east one first source conprises a

first plurality of sources disposed at distinct

vertical heights and the at |east one second source

conprises a second plurality of sources at distinct

vertical heights.
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