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particul arly, radiation scanning of objects supported
and noved by a platform 5 Background of the

I nvention Radiation is comonly used in the

non-i nvasi ve i nspection of objects such as |uggage,

bagRADIATEONGSEANNING URITS Hﬁcmmm;ew MbVA!BPlEqﬂLATFORM
contraband at airports and public buildings.

contraband may i nclude hidden guns, knives, epr03|ve

devi ces andRadiatigal scanning of ebjestatpidentitheontwakaisrend, more
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radi ation, such Backgroand efih@tinventioand a
statl onary detector. The radiation is collinmated i nto
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ation is a uhctron o ensity o
nmmman.d el ravtpghts wand pubtie buildiregs. ol Haeanntrpbamésmay include

The, attenuated radiation i s .detected and, radi
' REEL G i eso mrBlnebeosvinies Bp dliedl sl B Dinsie. One
f @miitsPRSpESibn SyxtemTagameSstANER avh&rfeaRe objéd o MAnspected
varying densities of the contents. To obtain

a@dpas»smabeiwefe@r areﬁtatmaéxo@ourqeh@f éaﬁwfeqn sush asX-raporadiation,
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Patecit bd}&m Rﬁﬂﬁ;oﬁ#anérﬂitted)tamﬂgﬁ theyshjedtds attéMuated to varying
nbi ne detectign of scattered rad| ation wth t

d&@@r@@ﬁ&y e eonipntyiafitha luggaaeat 1 be attsnyatien of &wﬁfaaféon is a

n%ﬂaﬁn&e’tﬁéqeeh@iﬁp'bﬁhl? or{ﬁ'ﬁ\ tilis Wugﬁo\fvh%hdgﬁ ‘é%{haltlgn beam

out the conposit e content
tpaml The attebpeke’d radictionddidetecied eainmdicgraplictimages of the

b LBl s Lo A e ohihe
| gk s tdideand Véﬁ'g' é’r‘i@sﬁes BtiReoht&itst he materi al

t hrough which t radi at1 on beam passes. Dual energy
syst ems enabbeobtin eadditoralt lnﬁmfnaﬁtlmsl @bout thet eontdrds of the

ille 0 r exa Che di sadvant age
o Boaup R sl Phiggn detecBra ey po; PaM 1 HFeit-gcatiered
oRidiftior], gt BEsdidkl iAfU SheP4tadi Rbl 5'64126@9'4 Foe example. Systems
superlnposed on the image. WO 2004/ 051311

mm@sﬁmm qf scaBipeedhradliatinn, with dhe deteqtipe of transmitted

1@ it my be difficult to distinguish anong
hem ie identification of dangerous itens is thereby
hanpered | Anetihér tiechnique to enhance the information that may be

derived about the composition of the contents of an object is to scan the
object with radiation beams having two different energy distributions. A ratio
of the attenuation detected at two energy levels is indicative of the atomic
numbers of the material through which the radiation beam passes. Dual
energy systems enable better detection of plastic materials and illegal drugs,
for example.

One disadvantage of radiographic imaging is that all items within

the object in the path of the radiation beam are superimposed on the image.



the orientation and shape of the items within the
obj ect could affect whether they can be identified on

wa@200adssgr aph. Thin sheets of expl osive materi BCFUS2000938497
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al so be difflcult to identify on a radi ograph,
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P oF R DIt GBAHERS Ao TGP JUMIRE ofuana Glofia ebiect at a

tplufﬁﬁﬂjﬁ bheandlégageCaiduchng! o aukriciert! ngg'gJe‘?Sof a%ca‘?%d?or CT

increnental position. The Inspection sp
i FRacastuetioy l@r’@mgcﬁ@@&um@gw tPepending-at dhe S’Yﬁiam used, CT

MRS, 5, i, PRSI LB SRl B o prtca use i
Pedreshindduggady fh ﬁﬁ?or(s Eé}@exﬁﬁfaepat ent) discloses a CT

25 scanning systemfor |u e _where data processing
techm ques Hr E-isRatend Nos bhe (ithe et patentas @ sopsce of X-

I)/t{%%lat%%zls 59 Hgd diors 'sfle 81%‘5 o%r%c?dq% ‘fc#g{mg module

are di sposed on opposi ng SI

nmtd:laedefﬁmor anay 0§ prayidedidn m@mpﬁsu@@lsmmnﬂi@gage% moved
i ati an he et ect r arra
i, leiRerarosihy 3haibadils rataisicsen the luggage at

| 4 @uaafty 'o? Iéso%tt' Hqﬁérlé dﬁfdwgf‘hé h@p@g@l&h %’peed may

prOV|d|ng helX cal” vol umetric scanni ng.
i le siateeasedbby pprevéeieeniofy with entlme-ecam ecdheh, Icmggagfsplmous

h
NebtijaRftid b afer i Seos SPTTOR Eoinacis
wel |. 2 VO @@94pafshd No. P@Uﬁé’t‘é’&ﬁ%‘tﬂé’@é@i pét'en%g &igtiBBks a CT
No. 5,410, 156 di scl oses an exE osi ves detection system

f%}ar@mwﬁgm {Ridugaage WAierg slaia preegssitiontpchninuesr are used to
"QUSA R ifPYchibn rate. As in the ‘552 patent, an X-ray source and a

detector array are disposed on opposing sides of a rotating module. The
source may emit a pyramidal cone beam of radiation and the detector array
may be 2-dimensional. The module rotates as a piece of luggage is
continuously moved through the module, providing helical volumetric CT
scanning. CT scanning is said to be provided of the entire piece of luggage,
without requiring pre-scanning. The source may emit an X-ray beam of two

different energy distributions, as well.



on one side of an object and a two di nensi onal
detector array on the opposite side of the object.

wab@4obisect i s supported on a rotatabl e platforP@r/US2003/038497

10

15

20

25

30

Rotation 5 of the platformduring scanning enabl es

optional to f ect on
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ﬁnt ai ners brgo%%ht to the United States by boat are

Bt Bl Methods A1p) esed dpedrihmine whiather a volgme increment
I\lg(ymamgdaﬁ/\gkagsﬁgport February 11, 2002, p. 52.

St andard cargo containers are typi cal ly 20 - 50 feet
long (6.1 -Wile2 thet ens)gglidgf exft dontthbé2d,4 suehersy) gunts and

BRI R <oN R Plaes; i Geironabeass ddin. Ricaer peg boen a el

pkies@s, ehgbingoaaiceth, o N&is papiazé® te a%é’f@éhdug {i€at is the
body of an al rpl ane, may range in size gyeng
[

h@?ﬂaaglmgm@ft rfaonirabﬂndbagtosss rdersx apd crb@@t(m darge cargo
(%cﬁiia?ﬁeg Hgtﬁ elluﬁ %po?ﬁ_ogf %gttg%lq é«i(q %éﬁga)frbq?rg brougﬁfc’ to the

obniked §tatescﬂny aoatrary inspecksl, 3br bxaBpRe, “ORYCIPoRt tBfor”, U.S.
slﬂgporte on a pallet. 25 Pallets, i ch may have

W8 @andn %ﬂd@ﬁﬂ’ﬁ & ehrggnubl, #0020Rpa2abl e si zes as
cargo cont aspefisrg &by vdeoeeéﬁtam?& ard Fig&[:él'lwgp"bé(f%eﬁ lpng (6.1 -

The term "cargo conveyance 0ré
t {p2aneters)aBdeetiigh a(Qmemmtere)jan@Mfmlvwde $1.8ed.7 meters). Air

| d h h tf b
RSt comiRore WD SHe USSRy eaMER! @ BHBy S PRGRerc luggage or
tOtREE BArgdl tolsY Stored w?ﬂf@ﬁbé&goﬁ%ﬁ:aﬁg]%ﬁgo Fnéiﬁfargée% s%gﬁength

have tunnel entrances up to a
deeiahl, Mgdiby Srommabbut 3Bhe2k 21 inpegd 0o e 081 re.53 meters) up

SELARESR0 198 ek AP, 13" Bl 5B Shkcrons o

sahjéctsy stiehras eaamp pidees Wi dlgdayd, ﬁ‘ﬁ@}eélsoc@é g@pported on a pallet.
contai ners. The | ow energies used mtg pical X-ray
=Y

IR lfé@é'vféaﬁa rﬁ@ghe%ﬁuep@mng@s@w@@d mobe of camv»@rable sizes as
20044 OB ARPET S0 RN L ing e, T B rarco
conveyance” is used to refer to all types of cargo containers and comparably
sized pallets (and other such platforms) supporting objects.

In contrast to the size ranges of cargo containers, typical airport
scanning systems for carry-on bags have tunnel entrances up to about 0.40 x
0.60 meters. Scanning systems for checked luggage have tunnel entrances
that are only slightly larger. Since only bags that fit through the tunnel may be
inspected, such systems cannot be used to inspect cargo containers. The low

energies used in typical X-ray luggage and bag scanners, described above,

3



addi ti on, many such systens are too slow to
economcally inspect |larger objects, such as cargo

waeongassers. U . S. Patent No. 6, 292,533 Bl di scPOFES2083/038497
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nobile X-ray 5 inspection systemfor |arge objects

such as car container carried b vehi cl e,

o 86 o foo By &, pRRefia thsglan el larger Férdo containers. In
saaambheqnéwy Buch "di6kerA8tard Rfd‘%!dw Qea&dﬁorﬂeaw Mifbet larger

to verticall'y scan'the vehicle. Detectors,
s opjssis, stichmstdasge cortainarsa boom ext endi ng from t he

truck, are Vi tQg . de di af i ransmtted
t hr ough and*-s att%eg'a @9 tég‘égéﬁ n@i 315 {o[egs g mobile X-ray
oljspettion Byseen far Medd Sbfadts, Qﬁ:H s Fl‘?%b%) Bdihtafner carried by a
al ongsi de the scanni ng unit on he truc The source

aMeh@& doatoysesaare XWewufsmo;fdﬁoakvy e aourcarig|stipperied on a

SURRPL B Sl LB Y98 g, getecrs
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car g@ containers. The scan notion is said to

tasi Rgsliation drans{niies Inugh and ssatieres Bk hesanients of the
UoBiecb2ifiie, '@vefﬁcl%]tz t{%ﬁiﬂsﬂé&‘éh Rs Qg)r@sfd%ythe scanning unit on

i nspection ’apparatus use 0 I nspec
cmegtruclontTmenmwce \eimdcdietestess Mre ayoverchdoamrdallpby abtrahslation

sUAtRm B b ok 26 Baftad ey ean bR EE R, iWhiE Bving sufficient
abeﬂ@l‘?ﬂldﬁ el Ha fidivclt GEnk dnaP beebBCdlowasi afitieRtly scan cargo

transmtted through the truck.” A second detector array

| §onq§rrtws deTahQ Scare teetion isdbaidi ionbe oexeeetlinglitslewe(1/3-1/6 of a
I{%L&E truck. The truck is noved through the
vertiltAI"M beam Data fromboth detectors is used to

det erm ne t geS.avR4tage Nb.0n6,017880erdigdloddre At t Rt indgection
material in the truck to |dent|fy the materi al

cBppamius thatieay mecksed fadespedidiaree iopatajpetshevhich uses X-ray

TR of p6ALBRRY, EOHRET RSP T Al P BBRPYS 88 a truck

I'rs or arraylsa
re@hry:ggatpbscargot ha first detedtbr Iwrafyaist aﬂgrtdfdalwm trenéarl beam to

oFaRct Srejalon HEReTRsa ThicugbofhesFuck: akessqand delector dmay is
Pﬁl‘o%ied% déte@tg%d‘ﬂa?t%n fo%%fﬂeg E%HQQ L@'hethbr} : flge] truck is

a systemon a nobva urce o
bmﬁddhm ﬁ&mmcalafarpbeam Padanfrefm )boﬂa;detectors is used to
such as near., acc

eI o eds afomi ATREF BEUR ahehuating wafkriaLin the truck

oeidehdly 1Bk mbrribl aoktent i GRS RGERN IGgey mcﬁcél‘ﬂ)ér‘éﬁ%e%atenal
an opposing side of the frane. The frane

2enfenba) thepawepsper 3/ 4upvidedyb thes Erst qﬁt@q@t@r eg@y is also
AN AR AR aRSrasTs bPfhe O Mvitite! A&t RERNSEncil beam, a fan

beam may still be too slow to efficiently scan large objects at a reasonable
rate.

In U.S. Patent No. 5,638,420, large containers are inspected by
a system on a movable frame. A source of a fan beam, a cone beam or a
pencil beam of X-ray radiation, such as a linear accelerator with an
accelerating potential in the MeV range, is mounted on one side of the frame.

A detector array is mounted on an opposing side of the frame. The frame



Radi ogr aphi c i mages are generated for analysis by an
operator. Radi ographic images of |arge objects such as

w@argossont ai ners  suffer fromthe sane probl ePeT/US2003/038497
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descri bed above with respect to radiographic 5 inmges

f II bj e I U S.  Patent . ,
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piafigeaiigfubmalléo odfstts oS -asAlsdgtideondrs. fekest No. 5,524,133
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sdléeéseﬁ scABNINg&Y§HaMS for |prdecohiecisagncht awireighina i eantainer or
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the other.  For energies of. 1 MW and 5 or W
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dﬁéf%%mﬂ?uﬁér tﬁaéébheﬁﬁ%Fy A S¥tonBW Egﬁcﬁ%féﬁég g% I8¢t opposite

as a whole for eac ice or by
deadt soursepbnidpposie isilesi of thletfeelghinéd receive vaghiatied ttamsmitted

5, e R P bR o X3y TR B B s eBI0 yo different
t égerbicd et emfitedt BAEESEY | SQQFC%V ”@ﬁé%ne?@;v %es@hm%aﬁtly’ Hf&her than

i mges based on the ratios of nean atom ¢ nunb
pler.c Foixamnledenerging ak 1 (M\/@mbﬁl @ch d‘dVWaMdftmused A

d C pozc t h

L e S Bumb 748k S0 AL ok Sy by e
Id@tmstdr(arkm/ d@h&lvm)leef@r eachagigbigrasy the iMdividbdledetectors of the
determi nation of the nean atom c nunber of the

i 3Y [Saiermined e garapared tg@slgp&uﬂﬁeblq Enigently amean atomic
eﬁurﬁb@@tc%ijreepoﬁdl glSdthfeolﬁ four t §ICE:6 nt gtlﬁ t% fr&ght is

hree di nens ona i mages ase on ra I ograp
i thprelyedetermineer  Tlrdieodjmemsonah anages based lon ﬂrmegrlahos of mean

ORI her SR BRFroanstigres £ 7 dalhseliesied bt detector
CdrrafsSMFhi! dellermt stBteRDhE WhilBahe hfagBE WL ASAISY, thly enable the

scanni ng woul d be advantageous I n the I nspect’i on” of
cshepesc et aelﬁ@lfls itemse tGTb80 determined, unint scamshidation with the

RBRhEDS o AR P rin gL MR g A Ka e ftems,
sLapiciougiterne MhAf beelimirzted of Raghée fortfartAEE Fh@fi@dﬁtirﬁ
noDst cargo conveyances, the rotati ng nodul es of the

*552 pat entWile theee: dimensieraltimagigsdoasast onorasiographs are an
ol 5B oy MAGIRAL R Hon s, o
timageoucadmasindridhethdet abilityr sto woistidglieh small differences in
characteristics of items within an object that are provided by CT scanning
would be advantageous in the inspection of cargo containers. The CT
scanning units used in airports for luggage and the like discussed above are
not readily scaleable to the large sizes required to scan cargo containers. For
example, to accommodate most cargo conveyances, the rotating modules of

the ‘652 patent or the ‘642 patent would need to be greatly enlarged. Such



very expensive and would be difficult to operate and
mai ntain. Despite the various designs for the

wo pepestsion of | arge objects such as cargo COPCHURBN3038497
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disclosed in the patents di scussed above an in 5
t ar go
c 31 Gey RIS PG roreriEs 2t el FoUtesn Y e deteatirm: would be
t Qé?ﬁéxpedéiv% aNeWoURNBe Wfﬁblﬂt federhte afdRdiamh, 11

200 p. 52. Practical, efficient, non-intrusive
radi ati on s&ﬁf‘pﬂéﬁsthef\caflqult’oedémgmfemn e imkpeatiare of Iarge objects

Ul BB oOTaF BT SIS 6 weis G cgset Sbes and i
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r Beaded ility forpedon Splointaging o jasge obigcts tﬁa@%‘id&cb @s well.
bympblsele |eﬂiconr Qgérf}{érgr\‘oﬁ'?ﬁ'e In e R6hobf ?I‘?l%h%ll‘ %ﬁfe%t%, such as
ter he beam Wt h

recelve radi ati on Interaction o
t ggappeivcluditg ingreved T mhagihg of aiadler objestsy mee alsot eeded.

platform and the detgctor are vable in a first
di rection. Preferabl u"m%ry‘bf@\%flﬂyﬁm'gnnovable in the
first direction. Mire preferably, the first direction

i's 20 vertiphecoriantadithlorenerABAATERL of theétinvention, a scanning
horjzontal |y diverging beam such as a fan beam or a

higRit SQ5ripspesiingrebioests digdasedi camipisiag Beramat@ncsmmtse fo emit a
t | S,.
2698 Earbh, LDLREBIEPla Rt B RUBER an, bBfch B Rbpbation by

diheebeanm of Vatliatien rared GT dietertsrs Pﬁ@iﬂoh}@d rteCrteiveleddistion after
t he Obt ct whether the plat t he source and/ or

'n&eraev% &\ PEARLVEBItBe biecks AlHghst pre chithe cadiation source,
Tihe pladomh | 'a?@ tﬁ%%ﬁé%@ci]@?\ér g%a/a%%i frfg ff?%‘. &{é&%n Preferably, the

radi ation, exa t1ona 0N Sources
nplatform s mnvabtb mnldiieafddt directimn. Meteeptefembrth&dirst direction is

S PR B o B0 FRARS TbAuci benteuch os o
efanr BoAH, OF R hdhBoh@ily s vahicbnﬁw&%wggtdégﬁl WPb%a cone

provi ded. In accordance with anot her di ment o
| BRAM¢ ilB e Brefewad winmgpdimient,itbe qb]iaqu:sq:a'rmaanzsedtls rotated and

AP 306 AR OB 5T i PR S recontayoted o
|theam;¢¢t(whé1her he\ifla ok, B8 sdlitcdad/IBRD 86284 % e hé\able in

radi ati on and a det ector positioned to receive

tggmﬁﬁ direchpper

The radiation source may be a source of X-ray radiation, for
example.  Additional radiation sources may be provided and additional
detectors may be provided as necessary to accommodate the additional
sources. Each source may emit radiation at different energies or a single,
multi-energy source may be provided.

In accordance with another embodiment of the invention, a
scanning unit for inspecting objects comprises a radiation source to emit a

beam of radiation, a movable platform to support an object for inspection by



interaction with the object. A first conveyor is
provided to convey the object to the platformfor

wa@e@anssglt A second conveyor is provided to coPvBYS1008038497
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object fromthe platformafter scanning and a third

ded 5 o] t f
SR BER o v RleRn e UetSdbs hostipngane’ fess redatign after
dirfteeicacn Withome cm“eéthet\ HiRs %ﬂv@ﬁN@P%wé’éﬂjtd Bﬁn\l‘eﬂl the object to
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081 Ee% 1, 8 rci e RoBRRBCA T AL corbis Bt is areyiced to
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pagiectivaluslirectes é@.cme pﬁé %tﬁe@@ﬂdv@QﬂVGMﬂé apfl thﬁaethlrd conveyor

“84088 oPORKGRUNT A2 it AOPRLSKor 115, 58 pRmea 1
t hiave: therpletform dodalighethe! eljeor WTtIITﬁMe lecony Gdaineeyor if the object
to aI| n an object  supported by t
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1had rhcﬁcﬁé’és%%” ‘é!ch@n apyt Qﬁ?mﬁ@ooﬂ'ﬁ@'ﬁla@érrﬁ hrﬁa)( be rotatably

i nventi on, nn|n uni t I nspecti ng ob
c paghos&e ao radagn dhe anbjem writheoh® of thet sacondecmm\amjor la@drthe third

di at at abl e pl at rov,
bR T e sutl PoiVenRs Bt beralis, difES il level than the
b cohvegby anarthenplafiempnady BEMBPAAS veriiell bcbeé]fgn an object
hori zont al I%.qA vertical detector is positi oned

apipprstediby the platfoomwgih erepf theasacond m‘éttélirde:onveyors

radlatlonat [ C n The
verti cal beam‘\:él bﬂ%i\ Wgﬁ 8&%€rf%ﬁb§§mt of {iig invention, a
pk@éﬁrﬁhﬁgﬂuﬂiﬁyfov&mgpetﬁinbyobjéct%pbmpmé§ aandidthn s6@e8i tddemit a
uni t ma% further conprise a second radiation_ source

&

+ Yerding ageebfrdiaten zOntoiptablearliatiormaigi BrQVitechiel saipport an
I t tjnl

2GR Ry BELEHEN AR HOEHelB: 615 Hagorm moves

btenohjecthdarizentddiye cA veftiual tietexttorsio wositioned toHe al@mﬂwuth the

) be th | dance th a
oI BREMorlo; HoSiVE dRUIAHRN “SlTeTs URRACHGN Ith e oblect. The
| ASRBAIt bk ‘?ﬁb)?%sa GRS Sfof e&aﬁfg?é ' Wez@i&ff&ﬁ? tn‘P?y vertically

emt a enci |~ beam of ag?at 1 ONn r ot at
t@lssl@ppagle and thg ecanrmog B0t maypgedheocomprishen Iseamd)fad|at|on

S Rnif S sPodi diarkorfHl Rt Of o' Giriind ¥ zecpad ferizonta

odietefor tousitiohddaiol RItef/RUFRRatiort fremigiecptéracand of ke horizontal
platform are displaceable in a first direction. The

dfé@%et\wﬁh e obieciov e dirstosquieeiang thedpegansh seereet r@rayobe the

by.hhe object along a predeterm ned direction. The
detector may be supported on a rotatable ring 7 WO
2004/ 051311inP&gctiIg2008/ WaB48mother embodiment of the invention, a

scanning unit for inspecting objects comprises a radiation source to emit a
pencil beam of radiation, a rotatable platform to support an object for
inspection by the beam of radiation and a detector positioned to receive
radiation after interaction with the object. At least one of the radiation source,
the detector and the platform are displaceable in a first direction. The
detector may be movable to receive radiation scattered by the object along a

predetermined direction. The detector may be supported on a rotatable ring

7



with an axis of rotation transverse to the platform
for exanple. The detector nmay be adapted to detect

wo e@giosrs1bypr oducts, for exanple. The radi ati oPCT/E8208/@38497
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may be a source of one of neutrons or gamTa rays, for
nd radiati on %ourc
at

h t al
BT 248 o OHEHEN i SN S tardoA NS diter M <foR GRATENR-afl hg dtector
eriagneé %a‘ﬂ)@‘éd? G6 QetBhi §566n Yy l}J?’O(t;ILI?@ISS g@o t@g%ﬁﬁ}ér Ceryed radiation

recéive radiation after iIntéeraction ori zonta
beeurcainmay beea Gbpmet of omg chlneutrbes qmrgam@tadray&'h&)r example. A
sour of,. the enc e so rce o e

ST RiAn0R RERE, af & TRt boshESt K8y bl and a second,

aR6RETHIRE eXich@irdn %hﬁtore BRgAEABMAth tRe SSeHMdNSoltekito receive
for 10 inspecting ﬁ% ects cConprises a radiation

st@giation aﬁearrmteracm thre herigantaldrgan withothet algueet may also be
DB, 16 SRR bt e BE4EF bebl abRSREThEte Bt i Forzonaly

I extehdiagHoami hgdyelsk &8 sehens from the object due to
i nteracti on of the beamw th the object. At |east one

of the radil8t a%préaue%éfvitfamo@m@ phModipantra seanaibpeunit for
|HsBe§tlr{95 bl s@?adlé‘ﬁd H&ebtsaémig%%’%ée%ﬁn bP rédiation, a

h eni tt axi's an
srtqtatabm @ldtfem $<$|suppomrmy| dﬂgecinfoc Imﬁprectles dyathedeam of radiation

d
A BERREAEE nafifen e I et imBRed BSOS ki thal gpiset due
p@lﬁ@i‘é’é‘rﬁjﬂ SHthbbdde withl thk obgééts Mfleéiteolﬂaeaﬂh'e r*é@%'ﬁbn%ource

second radi ati on source may provided to emt
hand Henplatformaare anovalde in adirshdidectione cOhel radintion bearraly\ay be

S oBnbEBEEm bl Go6d iR Bzt e, MRt Bigions may be

bewdiear tdsohhrce® MuetdscehBe! MHie GossbtoRindyeBetpdditnell to detect
the second radi ation source, the platformand the

SeRT respRaNGs flugresernasemitiad substantially parperdicdar ta the first
ABGO LA Se ecrpflltt;b O%h Lol sofcs Wb(ﬁgs ou‘#éd to emit a

for 1ns Jec s conprises a rad

tlmrmntala)dwamf ohdiation atrnidoa sezbndnittectpl atdyobadligned with the
ort an .object for inspectign by the beam of
ngil @%'at'ﬁﬁes?ﬂrﬁﬁft@r rRcelentRFiBiQ afel infsradtion; ofotheapecond

%éﬁ'ﬁ%lﬁ{‘ #c\)(?i ngé@c afy QR Ehse SHP ﬂ’%e%tgtgq%ibf ittgg S @hbOfd8iation

in a non- ntal direction.
pssiree,dhe glattormeard the sextingt deiactaf bes mam@taamtthe_rﬁirsffdirection

t he beam wi,t h_t he  obj ect. i,on source i

| east part il FSFAGERcE YD QBBﬁler mnggn?qtar?s\:;ggg@ngoumt for
JRspéring! sjéosdorhpriddirh ra@atiohnsouiBy 1t6 Serhit aabebl@laéit radiation
parti al rotated about an object supported b

pAngt adatforméo sopped ampbisst icnrpm@peefaprbpyathgdmany of aaduatuon

I t.able t e, ax
0 PR, otie" Bohen P LARR S e, oo
Ismmbrtsdr by adhley platfartre dn a@odbnihgizbhail syies@ion. axA Sdet@stor is
ge non- hori zontal direction my be vertical. 8
posmone to receive radiation after interaction of the beam with the object.
The radiation source is at least partially rotatable about an axis transverse to
the platform. In that way, the source is at least partially rotated about an
object supported by the platform. The source may be supported by a gantry
at least partially rotatable about the transverse axis. The detector may be
supported by the gantry and be at least partially rotated about the transverse

axis, as well. The non-horizontal direction may be vertical.

8



WD 2004/ 051311 PCT/ US2003/ 038497 1|In accordance with
anot her enbodi nent, a scanning unit for inspecting

wobjeossiConpri ses a stationary radi ati on sourBET/1US2003/038497
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emt a beamof radiation and a platformto support an
obj ect for ll nsgecti on b\&. the beam of radiation. The
pl at f or m i ' BEERTHBNES alith 2nether, embogdient, @ scanning unit for

dingpbafiRpbbect 86fpAses aegaiths irédiaﬁoﬁtsﬂuirég‘ﬁ épit a beam of

detector is positioned to receive radiation a
i Fadéatipnt aagh 2o platisembleasupparh anhebjedt fertinsgéationi by the beam of

axi d e d_axi may b he same axj.s, which
ioRatlE {1 RIS Fotanc Bbadha 575 54 Bnd thtaceble along a
esgghdTaRs. OA bhiohAmMedbicdtor B pAEtiIOREd ab R¢BNeNidMlation after
contents of an object conprises rotating the object
1i0terpeiian ah thaibeapt with: e ebieck c Thei fingt wixis angl dbe seicond axis

r adi,ati I adi at i .c8, . detecting radiation

[ ng (S—,(?btaelctﬁlgnslg(s]i'vvlig %lglst ﬁgkg@gggﬁ%ﬁcﬁa‘?gx etector and

movi ng at | éasdccordardke With ahotper . ermbedingslitadi @ik invention, a
sour.ce and the detector in.a first direction.

gt §f expnaIngo Retenisy ofuAn @bjast enBeEses sotgéingthe object
: 4 at.i . e

it R8RS, SoahhEhRIoE N SHERENRS raitor

cenrae e detesting r rapiationnindersctimy Viith rtee oolsjectueiitada detsetdr and

dPYED SRS & of the ety Pededitonréeliss;and Higetggtor in a
sfranaREctiint NSeaknig MY He’ dsHdictey \A{Pﬁl@'ﬁ’ne_ JEENE Bt‘éggg%tated

and second energy distributions. Volumetric conpu
2nd Bieyge aphiptatinryerd mgvementaaay beralisreatedagituseanning of the

A .Ccol\l Agr nnin the different ener
A D ABhEYG AR AR Rl by Bddosr il ipeiiedhigructed
dbamedben 1thy afbtbetet zeaiztiohy PRsferdING@ Mist iction is a vertical
vcﬁrt i.cal beam of radiation. Radiation resulting from
t

EeGliRber action of the vertical beamwith the object

is detectedryd bEJeet%\t/ve Y]Eér}; 'bgégcaﬂﬁ{ag%iﬂ{ opgg&a@g}e‘?%d%{fon beams

may be rotated vertircal scannin

vavinet filst  endplgeedndt emegg\aplistributiopes r egslogietrict esputed

Brgsed on the detected radiation, gs wel|. The object
(NOgEARTYA HREESS TRY r B rEPR%frucied neriked 1ans datsh collected from

fdcamhmidedt!tBe @ﬁ?&éh%nér@klﬁfﬁri Idfel ’le(ljé ir%@ésgrg}tag bE¥sed.

fission byproducts are”then etecte ct nmay
be scanned Mie abjechmayi dlsddanmoted darizontally ar@Dscpmed with a

BHA K o, AR A S SURG, e o2 REhactBY of the
Plewticll ibegnovitixthe diédtsis RRSSstedtwitie aStertialRfdtbcteR g][h@ object

of a rotational position and a vertical position
tMRY pbat fretafrd gbetween vertical scanning and volumetric computed

tomographic images reconstructed based on the detected radiation, as well.
The object may be scanned with radiation to induce fission in
fissionable material in the object, if present. The fission byproducts are then
detected. The object may be scanned with a pencil beam of neutron or
gamma ray radiation to induce the radiation.
The object may be conveyed from the platform along one of a
plurality of exit paths based at least in part on one of a rotational position and

a vertical position of the platform.
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em ssi ons, such as nucl ear resonance fl uorescence,

woray4log13det ect ed. | n accordance with another PCT/US2003/038497
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enbodi nent, a nethod of exam ning contents of an

obj ect conpr rotatj ng the qbject, scannin
ob} ect W {Tﬁét lﬁ%@pa‘?m@ﬁ%@%?\“ﬁh%éé]%'ef%rreﬁf’n @%?s uorescence,

PAdy 158 deftépt ation of the object and detecting
radi at| on interacting with the object. In accordance

wi t h anot heln agtadaneawjthanethéroembodimeant; ainmethod of examining

< SahR of R P e P b B Phiert scaaing &' object with

deacﬁsﬁcbrng;drmduauswnfdrnétel@@t |t Wt thel RGtafiBh et thelcbbject and
Bri ef Descrlgtlon of the Drawings Fig. | is a sid

vHetecng sadigsianiintgragting with theshielitng t o one

corcicarty 1 abfaatie WihdhorsdohBbathdrd, A ighSa of examining
posntentsnof Bhdpbject @)rﬁpﬁsei;erdmtﬁw the tbject aranhing el dbject with
1, wherein the platformis shown in a

%I"@é‘daﬂ@ﬁ'Pf‘@éW dﬁ?@t'n%rqd@t&ﬁ‘dm%?c@ga%h ¢hepbigctyst em
for rotating and ¥Rk pe Sk“étloﬂ hgcmn&{hgﬁepl atform

Fig. 4ais atop viewo r|or scanni ng
unit of the enbodinent of Fig. 1; 20 Fig. 4b is a top
vi ew of an blg.ettis @n sideevipivaof ar m;amﬁieg aurithd0 acoogdisy to one

t hi ess _of .the object durin rotat| R IS

SPRRERGRC R e MVhffion ShouBana RipBbi *ySMEl ssplaceale
vplitiofth iR ol IoR@rédpesitionsuch as a standard cargo

cont ai ner, on the pl atform 25 Fig. 5is a schematic

i 11ustratiofi®2 8 peide viewoef ﬂnecwmunﬁmi Fig. 1, wherein the

?lta%&rﬂﬁ'stgﬁf)\%é il téqja %@@%ﬁ@i}sed in the enbodi nent of

of the scanning unit of

t he enbodi nEny. 3:)fs arfdtber dxampler &f 4 kgstehafdraofating and vertically
allgm ng an ob ect with a second exit path; Fig. 7 and

laging thespladoriews of scanning units i-n accordance

20,1, SRR M A D o
cembedinmentfdtign]; 10 WO 2004/ 051311 PCT/ US2003/ 038497
E: gt f gr |ms \e/u:{qr’lozg)t svlaetvc\)’powew 0 hegtgjegtno% otﬁe plagorm where the
longest thickness of the object during rotation is shown aligned with the
radiation beam;

Fig. 4c is a side view of a long object, such as a standard cargo
container, on the platform;

Fig. 5 is a schematic illustration of a portion of a cone beam and
a detector array that may be used in the embodiment of Fig. 1;

Fig. 6 is a top view of the scanning unit of the embodiment of
Fig. 1, where the platform is aligning an object with a second exit path;

Fig. 7 and Fig. 8 are side views of scanning units in accordance
with embodiments of the present invention, showing different arrangements of

the source and the conveying system;

10



vertical line detector for vertical |ine scanning
intersecting a horizontal, spatial detector for

woedodoetsni ¢ CT i magi ng, in accordance with anoPdiBUS2003/038497
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enbodi nent; Fig. 10 is a schematic representation of
i ng,a source, of

a portion of.a_scanning 5 unit inclu a .
penci | bearrhgf q?&QUPQ‘J{? nV'%WOOfaa’ﬁé\%’ﬁﬂ?.é’rUB}Fbel grplatform, with a
a@@rﬂé&iﬂ[ﬂ@déﬂe&fbr%@%&ﬁbalﬂl@ﬂédﬁﬁﬁg irfter$ ctif?]% tbﬁwec?izontal, spatial

schematic representation o a portion o
sdetgaton doyplumetria©d dmagings imaceordance aitharotitémembodiment;

by rot at i 0 B PTG afte FIES@RUST oP S patiBh e Scanning

Fugit intRudisg & $src¥icf\ péndilNSeaidt Ghdidfioh PRdra Aldvaibig biBtector,
the enmbodinment of Fig. 11; and Fig. 13 is a side view

ol agcgriancerwigh apothesembegiment in accor dance with

ot T STogf e sy B REE ) 8 0.b0Bem o, ancter

aswhnainguaital ecebridneenwithyamsthemamissdimeat, "aakdie an X-ray
vertical l Description of Preferred Enbodi nents Fi

' L > 1 g.
1SQUC], 1§; %éovﬁ AR oPlectssupnarteg Ovi @ rotetiirtically displaceable
gtioyodi ment of the invention. In this embodi ment,
the scanning unit 10 20 conprises a source of
radi ati on 1Rig. sltisas t&pr eiew adi thiei object @ rthadplatfermnin the

obj ect. 13 . beir anned, a detector 14 to detect
r%{bsg?'mttq?gn!@nfﬁta@&through the object 13 and a
rotating/ verigl ced liy di sigbagRaPldt Bl poitBhMLAG _ts‘?:annir‘%;e unit in

support and “position the object during scanning. T
rfcerdange, withi aapther dirgbodimeablof thel iavéntion, 1ghérein the source

b he. det ect or_ 14.  The rce
SSHOE UeiagH i o, VBRAR <B0E e MBI R may o
hﬂaynohbalm@\mrewénnfany_adi ation and the detector 14

may extend horizontally. The horizontal |y extending

beam may be a Qascriptign ofBreferad Embadimentsor a fan

beam for exanple. The object 13 may be a | arge

obj ect, su a : :QNV ; j

and pal | et gﬁgf gr %&Zﬁ%ﬁg&ﬁ%ﬁg‘.ﬁa&@?@igﬂlrtmf}?atcggﬁgﬁeg atlo one
srabodimengtofojeeditvertionh ds thigpiescsodifneht)gthegscanniag unit 10
carry-on ba for .ex le.,.In this odi nent, the .
s‘i?uni'. ésefZaa%d"ﬁlé)fd@aggPBr" 1@“&?@35 -@yefaﬁ@gpn, to irradiate an
GEédtorebding!dcanfeddy ¥RtRUSOHS td Qelése rﬁiiéﬁﬁ%&ﬁ@hﬁted through

source and a stationary detector because
dhachiadidsand @ retatingdesticrllyi disglanagblpeplatiarmwits to support and

SO T8 B0 SRR BN, T TR, BBbRRsate
platform 16 is between the source 12 and the detector 14. The source 12,
along with suitable collimation, may emit a horizontal beam 17 of radiation
and the detector 14 may extend horizontally. The horizontally extending
beam may be a cone beam, as shown in Fig. 1, or a fan beam, for example.
The object 13 may be a large object, such as a cargo conveyance (cargo
container and pallets, for example). The object 13 may also be a smaller
object, such as a piece of luggage or a carry-on bag, for example.

In this embodiment, the source 12 and the detector 14 are
preferably stationary. It is advantageous to use a stationary source and a

stationary detector because the characteristics of those devices may be

11



of a noving source and/or detector. While preferred,
it is not required that the ,source 12 and the

waledeos il 14 be stationary. Exanpl es of non-stBCT/O8B0Y038497
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sources and detectors are di scussed in enbodi nents

o fibleBR ity Feingihdeoa bt atonRaMecaors Ther wehs and size
0bf & sovaky §§urcb3arﬁ?lérecﬂ@t§cfb?0‘(/?hi% BWé’rré@"?ls ntﬁrﬁégwred that the

platform16 is recessed wwthin a cavity 1
180ure9 be and thee dgtesterd14 e mitatiorary.s Exandlesvmfemom‘statlonary

b tf
1rRCEARUAR b 48 Bt s D P s g oW
In this enbpdFrent,.the Mr@@ﬂ@eﬁhﬂ%éy&é‘cé&br GMSQﬂéS§ orted at
with respect to Fig. bel ow, noves the object

t ground lﬁvglt@oﬁhelmmpﬁﬁge ahjeski1s pgepdﬁcﬁbweegfotl@dtlml The
PSRy, B OLALM IRy e BB e 105 e g ne grounc

s@stl‘ﬂg] 2(13 tilside bl@Wlofrthé&Ioeantrig&nﬁit 40 fop IFig. 12RM&reid the platform
throygh a center of the pI ate and

ﬁé“ SPRuTinga rBisetoolon s Gromndy Rupblg. Prbiserbodiment, a
vl rRCS Ym0 HistAtSed Mith 'FBXP%’& 8'@%%5@ mBALLHR! object

cI ockw Se ‘when’ noving vertica TecT Ong.
Thetajtheeplatform 46 along an iaois memeadmldmeo thepage.se when

|| di rect _
1 ockui se e RE IS Tk abe A1 Ak Ret€pp b platform 16 s
Buppoiiearby 3 MRechERidaticvite cﬂ%ys@nozo st betA %ﬁat@@%h@%latform

one in which the vertical travel of the 20 platfor
@Otﬁmv%ﬁ@leamﬁe%mrwwaa qandereof bk plate atg mvesshe platform

DR S o E Pt s o, Bk o
smmbroéloomemrrﬁemfndvi@ perichiy R b@tH girgdtRhe! afle/ direction of
that tag object 13 is stationary with respect to

B“a’f’\edr arRe eleskwise: whes mpvingevesticalit inapee direction and
Séo%tn'té%n obkMdel V\fh%?ﬂpfr‘?cfv I#é) é}éelnjﬁ eﬁlgjt fiCthéS d)tpréglt? béggqcttloh.s The

nmoved. swtab e ra I'on and‘ver

rme@mcalafevidwo@yﬂtémrm ffaynsey ohe ir @ditiH medfér&diéhtfa@/él of the
b ne qf. ski,l | he art of rﬁdla on and conp
b

R @n pn’%ﬁﬂcﬁg he velticaltravel Pfchgsokiestal 3 é‘HPPﬁﬁed by the
Hﬂé%lé' ROaGlinétith 6PMHeLRStIcH oﬁﬂ%o@v@t%fﬁ'l 16- btﬁriha %R B quired.

nmoverment rates i s given or a por on o
tTH@ pperd of movemenirdd theplatfarer 16dspoefenatsly stich hbat the object

SEPRUAA Y TAp B8 G T i e RSO Gt e

mmrmrary &hthd@‘sﬁéﬁ td8haRYjde a8 thEToHedt 3 kovkar A%%sammg rate of
conprls readed post 22 sugportl ng the platform

Tetatigg vigrtical nniogemfnt offee p etf pwayt be $ea®b/ed&tetmlned
Bhé‘ &T %IHF ‘?ﬁ‘qﬁg &?\@ng'%édﬁsldﬁ“ﬁ é g%osrgglﬁﬁgttgﬁ %a@l?lcalhbagmg,
pbaieng |htn> aonéldemoﬁomélﬁédl&ig dP@hé ORI 0827 object 13. An
example of movement rates is given below. All or a portion of the platform 16,
and any other components of the scanning unit, may be made of material
transparent to X-ray or other radiation, if necessary.
The mechanical device 18 may be a screw jack, for example,
comprising a threaded post 22 supporting the platform 16, as shown in Fig. 1.
The threaded post is received within a threaded cavity of a motor box.

Rotation of the post by a motor (not shown) causes rotation of the post. In a

12



basic screw jack, rotation of the screwin one
direction raises the platform 16 and rotation in the

woppasstdel di rection |owers the platform The sSePCERWS}008638497
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coul d al so have a double helical groove that swtches

t di ti. f.the pitch. A ball bearing trapped in

| BB bR b S T P B o 1
oand Irbtaties in fiee @;bp’vtts‘nt@rdrﬂebﬁorld Poied tHe\WlatfsHi. i nuously

such that the rotation is always in the same
direction, &beiscrewnienk ¢avld rdsarhavera glowblé hefinalt geove that

e f . 0 tating. and vertically
RIS e GraXSh s pidh ABA iR rann e ehg efial groove
cangir & seseaon 1hiehpkitfarhi ¢60bsEMREEBHLC pﬁéfﬁirmmﬁzu@)%nd down
moving the platform 16 vertically and a notor 34 for
r 6PRHNUYshheuph dhabotha ratalionyigr always ior thensamet direction, as is

S ; nprises a piston 36 within a chanber of a
h%ﬁé\?ﬁqﬁg}f&@he pi ston divides the chanber into an

upper chanbEig. 3B ianahathbowxangiiandern 40stehx 30 M@ rbtatidg and
' ved fraom the upper and_ | owner

is provided to and re AN, :

o %{ﬁﬁglrysg@,lacm eoﬁbargflj)_)gnt Ireshy mpchagism in fig. 3 comprises a
r L ¥l i . i j
SRS O e 4 0. T 100 Bl TEUERELRYanc
ofmotare34ifer sotafisg ihe Hplatfornie Tioeidiydgadic oapaesmiatie system 32

HAnBNEks BB BB & hRmeRE g RUShe - Tae piston divides
CibiendtRantier ihfdﬁa@hébépéhﬁrﬂlﬁetg%S aRdSE W dhathbet-40. Driving fluid

Rot ati on of the second rod by the notor 34 causes
28 Rreyiderida and removedaremrthe Mppeansnddower chaaibers 38, 40 along

: [ 36 and _sub- platform 48 uses
eI B A2 e By oY atble B (P 75 5 Bnnectea
ctord sob4pilatfprin48 itiwoaighfa it add 60. AllovEReAPbPthe3dis®MI36 within
ttge rate of vertical novenent of the piston 36, the
r

EUsHY 3dneruasst theasubrblabioamt 48 dp heneaised andolowered. The

- ' St f iaed v aD:

o PRUBHAAY SURAFE the et o Whigtris Soliied 1o the pletipigg 16 by
neskesond mednd. dRotatibe afsthd. sédand Axd 52 by ttiee Modtew 34 causes
the .interior of the_scapning unit 10 of the |
Jﬂga&!ﬂ”n%ﬁ#‘ed?'a‘ﬁ?@? T, While tVﬁﬂécaémmr@?nttqféhﬁmt%ﬁ% anyl sub-
I HaBbinG WK [ ingt hendRRinRSt Fthe!l

p'?gt form 1gar§rgéis k?grﬂgtgﬁgf&gﬂa%%gcélnﬁ‘ Si zes,t %fsthv(\a/epra.tfoélal' By
mongiollingo the yrete af nepfation f othied ebtoo Ibrarel théneratd| afc vertical

t f . atf or 6. The conyeyor syste
oksined0 b G8TLARG, Bh S BBl B BB ST o tne
quiaieyon 6 hedy b6 4yhétrbnRstieidesire@m t he outsi de of the
scanning unit 10 to the platform 16. A second portion

66 conpri sdathgr sdleefiermachiaisabr hiydraulic gang/oe renevgnatico driving
trﬂ@crﬁ%rﬁéﬁmgrnﬁ%);glsb%etﬁ?eo@“ erior of the 13

Fig. 4a is a top view of the interior of the scanning unit 10 of the
embodiment of Fig. 1. In this example, the platform 16 is circular and is larger
than the object 13. The platform 16 may be other shapes and sizes, as well.

A conveyor system may be provided to convey the object 13 to
and from the platform 16. The conveyor system comprises a first portion 62
comprising a first conveyor belt 64 that extends from the outside of the
scanning unit 10 to the platform 16. A second portion 66 comprises a second
conveyor belt 68 extending from the platform 16 to the exterior of the
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riBglegdficanveynedeltss whose | argest thickness " T
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t han about eet average energ
aadiatibn\V¥oraeramplef. effabkgurceet2 slhn)utd genémﬂg@(—wy radiation with

JbiEnotigh ansgon B BefetatzREHidtn hehiggGesasT e Obiesh 13 while
|tﬁ€%tﬁ’@¢tﬁ§‘ir§ any lr'@@tlglz?ﬁf Rk Gn 76 BRtfoPR 4. n?br %%Qmple for
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ol A?ét' 1% :tﬁgrlg@nét eg'n%’lﬁri?et%ﬁé? is° BBt CBpfosih G LBR S s G 8 object,

ai né
as shown in Fig. 4b.

To scan long objects, such as a standard cargo container 13a,
which is about 20 feet long (about 6.1 meters) and about 6-9 feet wide (1.8 —
2.7 meters), the container may be placed in an upright position on the
platform 16, as shown in Fig. 4c. The radiation beam would then intercept a
diameter through the width “N” of the object, which has much less thickness
than the length “L” of the object. An average energy of about 6 MV or more

may be used to scan such a standard cargo container oriented on the

14
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beanvensergltio sadiallon tndjeigarused tad Wl D Fasvef BherdyRIMRY Padiation
Here, the term cone beant refers to a two

dNAKve; usest, theisuicgi 1Rgmay kel an Xgay telen fos examate. a

di at
ot on ek AR89 9ES R0, et botwoon
chaeX-ray someebt? and 2be abidt rartol QOII&h@H@elﬁeCm@ Wb ftom each
cross-section having an outer edge wit
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%%h?allymﬁ/e@ﬁgaﬁé% élﬁrﬁma@? E&&é’ Heeégﬁa&g%l 35n beam, for
nple. Fig. shows "a

asymTet rrc con eam for exa
Exampe. deneg theatero é:orreobmm’éaefefmtd atteoakipicnsipral, diverging
di nensi o

(ElE Bt sk, Shck dapiaten S KiftaAveies Boriseatally and
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the circular cone beam proxi mate the edge of

Arbignedlyvwshpaed ygansamith Becrgisssectien. hamm moutﬁr edge with a
(SEHBUASafR AP ISR g 6 LR 3 Braton
theiasn endy Do adrettagulahasymdti comk! belidl f6€ example. Fig. 5
shows a portion of rectangular cone beam 80 intercepting a portion of a two
dimensional detector array 15 (discussed further below). If a circular cone
beam is used, data collected from semi-circular portions of the circular cone
beam proximate the edge of the circle would typically be discarded. The use
of a rectangular cone beam instead of a circular cone beam avoids exposure
of the object 13 and its contents to this extra radiation that is typically not be

used in imaging.

15



10

15

20

25

30

used in imging. 15 WD 2004/051311 PCT/ US2003/ 038497
Here, the term"fan beam refers to a diverging

WO agiasizon beam havi ng essentially only one di PENESIN3/038497

such as a horizontally diverging radiation beam

Si . f th L

cont ai ner paPTaade Bl AT R FElfTDdan dNewiey Tadiebe beam
bﬁa\rm@r@gée@ﬁan@sdrﬁy oné CafEnatbrt, Naera afsa% %ﬁﬁan !éwl Giverging
a fan beam di verges sonewhat in a second i mensi o

tmlatlomebgem:e S@ceeaycmlbem evepRImaore Notumee of the cargo
own in

f t. di '
ChREBBEBE B 14135 e SE03L 5% oF S bl BEE GabEE faser
dﬁeﬁmirfg“ thbh dadh b&sma Welleatfan b%fahﬁmvéfgé‘s%mﬁéﬁ/hﬁﬂmaa second
pI urality of detector nodules, as showmn in 10 Fi

viiEiensin, the diveraencs isorery small aseomparadsio tmedbvs@rgence in the

b@g{r&, conpri se one or nore rows

%%n%ﬁ;asg%g(hogh'm?o ¥tm)dul es to detect X-ray :

rad| ati on tTledetdct@di4 hrayughatspatigljetettot.3 Theridtedtor 14 may
ortion of two rows 82, 84 of detector nodul es

8[@,6 g tegiguAarray e g@ma@&:lgg@r@graﬂy of dgiggier modules, as shown in
gegﬁtWﬁ@hltMea}@ r@/ P%d %@or‘? %fnct‘ﬁe' Brrf (ﬂ“ gond %e%h{“?ﬂe Yetector

detector arra e obj ect and ot
owrmonaytcmnmrlsdmne; cantoragowsidf twc daamensnonal @étemhmr imodules to

f I E onal
lecx o bbiind BubSt piiebt 33 Beb Arton o
Cilourews 80, dat SddlectramBiliRs 86! Ghe %ﬁowﬁhoﬂ'ﬁée)@fré)t/ 'sbﬁrce 12,
el ements, in a housi ng. The conponents of the nodul es,

viloven sehemaiisatlyias a peindsourceris gt 5.da@imed Bidhe detector array

t 20 ot | odes,
R RE et s S BRI, Bfoaded PG Sadiifgrunifito are not
BhoensindFig) 5 fert e fSillustestiapr. | Badtotwb-ginfgngtondl\de®éctor module
detection elenments), my be used. Multiple, closely

b cempripas & plaralty of tEQWﬁBaﬂ%?O'HWK@ @fed@t@ﬁm@iewntﬁq@uch as
hd@é&sxt%' téet el 5Sin ' Hol@noC 256, egoh%{ngﬁtsog? the imodules,

menS| onal o? S may be provi each” fa
betdioh aféé&newatin dhe cet, @ce aot $Hown. (Tine Wte@érm’tl\m)dlleh@lts may

se anorphous Silicon ("aSi") detectors,
?fzﬁp’é%aﬂﬁ?’gg g?ﬁ t or rmdul e 86 may be an aSi
det ect or aVﬁé'fé‘r‘?'b%aH R S&Y | g%éﬁjﬁénal%?ectors
trade nane PaxScanTM 4030. The canT 4

deowmprising arsinglac m\1800f4deta¢tla(n Bejemants'l)o magprhwased. Multiple,
t he detector

cont rast resol ution, led to
ST Spebde AT b SedtFS IBRpr st e ARPEd Y e pr more
Hoilpeatord. hin HEnesdes;al Fow 6PBRE airhaldisnall diItiofRindy RSprovided
described in U S. Patent No.

for each fan beam.

The spatial detector 14 or the detector modules 86 may
comprise amorphous Silicon (“aSi”) detectors, for example. The detector
module 86 may be an aSi detector available from Varian, for example under
the trade name PaxScan™ 4030. The PaxScan™ 4030 detectors are each
40 cm X 30 cm. To improve contrast resolution, the detectors may be
coupled to signal processing circuitry comprising a preamplifier stage with
dynamically controllable signal gain, as described in U.S. Patent No.
6,486,808 B1, which issued on November 26, 2002 from U.S. Application No.

09/978,727, filed on October 16, 2001, which is assigned to the assignee of
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Fig. 5. The cone beam 80 may extend longitudinally (vertically in Fig. 1) over
an arc 0 of from about 2 degrees to about 30 degrees, for example. The
lateral length (horizontal dimensions in the embodiment of Fig. 1) of the cone
beam 80 or a fan beam at the location of the object 13 may be slightly greater
than the width of the object. In that case, cone beam or fan beam

reconstruction algorithms may be used to reconstruct images, as is known in
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Application Nunber 10/202,273, filed on July 24, :
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nsat}lpp%?te%rtg))y lar‘%I ?%eg(rer% gL\{\;/)port frame extending over the top of the scanning
unit 10, as well. The shielding then essentially defines a shielded room
including the scanning unit 10. A beam dump 92 of sand or concrete, for
example, may be provided behind the detector 14 to reduce shielding
requirements, as shown in Figs. 1 and 4a. Detectors may be provided in the
beam dump, as well. The source 12 and detector 14 may be provided below
ground, at level —1, for example, which may decrease shielding requirements.

A shielded tunnel (not shown) may be provided around the source 12, the
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During operation of the scanning unit 10 of the

A AP iBgt dgying ppgehanismnof By%@?a@sn’t d6pdhraygheeitpyts §4b, to
el e pBraging BRI ton] S i shod gy ! i §mpliy the
tihestpatadrf)o Mulfiple precedsoms of nofmpgters mayohe egeti has vlejlect

13 int iti, th tform 16, at r d | el.
50 (EeS Y ShiRg sttbsetin Atha RAnrie s 1007dhS smbgment of
tT ﬁgt gl(,e anPOFEEOL 91 D IhspBBRY R plQ@Jte@ %n Y fifkaEAlByor belt 64.

-ray source 12 is activated to emt an X-ray
bEhenficy| danveyedbeh 64 and theethirdasars@yor belhdi2atonothe platform 16,

FSE 4RGN0, 20 BeBELS PR PBEH 9348 S0GuIER e ardim 16, =
agiouvidtiedel 0 (FRj.at)e ARdopesraRfFSMiapttheh NRcoAY ithy obfect 13 to the
b&!at?‘c\gvrntw h1eG by ropes or belts, for example. The X-ray source 12 is activated
to emit an X-ray beam collimated into a cone beam 80 of radiation focused on
the bottom portion of the object 13. A fan beam may be used, instead. The
platform 16 is activated to rotate and recess into the cavity 18 below the
platform 16. As the platform 16 rotates and recesses, the cone beam 80
sweeps the object 13 and its contents in a helical pattern. When the platform

16 reaches its lowest level —10, as shown, for example, in Fig. 1, the scanning
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of about 45 to about 80 degrees. (See Fig. 5). About
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di5 efddress ik Oprefaea) eThé\bﬂHtfoﬁﬁom mapatenlb&Foved in each
proj ections per each conplete rotation of the BI atform

1®r€rﬁél9nbf@rtcmeemlmldie Cthe platfersn i 6t maythe Fotatest 2-4 times during
BV Bt e ol iR lar S, TG0l 30! 357868t 1,000

I Cl ent ance t0 scan the

epm;efcmohelpynteach dolmpléw fotstionod thetpldtfortrh 46 nesanbbd ¢aken for CT
t he scanning unit 10, or the driving

I nspect ed
Egﬁrgt;ﬁq%)fprb@(ar@ Rtrolled to raise a particular
bj ect b ™
obj ect bei nﬁh%ﬁ%\fl\\‘lmﬂ‘@dn{&ﬁaﬂ%‘?ﬁﬁ@ Y\gSUeSHTé;Em | frg 16 vertically a

Sensors (not may be provided to
haiftitienbdistanceldpescianuthd eamtire hetghzhoﬂ theotatlesi cbtn]ectt tkthat can be

d i cal pl at f 16.
PP by ol SEahn e Wl B s e cRads Thefhahism may be
oRirtfdliedab e Heidtiéuly obfeet béHgYSdé%bH'tﬁB' REekBEry distance.

source 12 and the detector” 14 an roviding a driving
neemnsos ot ﬁmwrm)aﬁameepmmeiedttped@nttfh thenbeigbt af gn object under

VBt ARG orBprfid e tfat i Bl B, s g e o 1o

AT h@w@ﬁmnglsystetnhaormtay@@ desigrsd] toimepsect olfjetts f amyl sight by
if driven _ by crew ty ge mechani sm the platform 16

nedjtably p@%lﬁ@@agéha sodrased2iand theddpteepril hand provisig adriving
nech@%@gm‘%na?g%mggove' ?he,g%'g rtné ui%%ggévvﬂﬁ%r%g for complete
nEmainamgsm the platform 16 may

The rotating and vertical motion of the platform 16 may be
continuous. Alternatively, the motion may be indexed. For example, if driven
by a screw type mechanism, the platform 16 may be rotated and raised in
predetermined increments while being scanned. If driven by the driving
mechanism in Fig. 3, or another such driving mechanism, the platform 16 may
be alternately rotated and raised while being scanned. For example, the

platform may be alternately rotated 360 degrees (or slightly more to obtain a
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vmlumm conmpged toaegtaphy @@Tsyaﬁfyg@g W AS rﬂeﬁﬁtﬂﬂad above,
beam or a fan beam are known in the art. Heli cal

v@ceﬁﬁkfwttorbﬂ%&thnéornﬁw%twangrvc@lhmetmnmgesoha:sed on
re
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wear on t heHslical velutdetrié CDweanpinganay belfastr tisan absventional
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ngTuégamHﬁlg ea%@‘gﬁnm’"ﬁfgﬂ‘?‘%r e by %ﬁnﬁ‘éfj Brse, awekly cthan in

%@ntﬁﬁél%?%E ORAth Ieg@mééﬁ 6rﬁ9’t§§9urc'en1?d% 14P&k power

a | ower power source i s use
r@w{:@ enaha Orhﬂj ubed r althotigl, seanning etithca Imverqmvseraasuilrce may
t. i ze of scanni ng, system 10. Reconstr uct
RErs2sB s Gnnh s ol BBy R E e Fowss et Maptenance costs

vinayahé Yebtliicat) apeaddifon Off & NBway BocwBr 5burdgSis’ gskd, t §iielding
obj ect 13 may be scanned agai n. en scanning Is

d@ﬁwr@m@@ts trhay dig deduaeyl,i alseoredaing feasts arige the size of the
p% h},ﬂ{rqﬁy%g mlfo.t he object 13 passed inspection, the

nmay ‘be aligned with the first exit path

aI ong the sRecrsttetetnrigdehiaydfe afslysbe Wy ¢dmplﬂb@94 and/or
he second and third conveyor belts 68, 72 are

a@?‘i‘ by alh @PerRiop ot thpetysten. i df desiegethaobiest thanay be
peic%hﬁ@& Sq%g‘) aAthdHdcdni |£2 gdgﬁpf&ltéw tﬁ@ 'otbglélqg 13 lg ctonﬁayed from

object 1 not pass scann
atbalpiatftmn tife I;f)ltlae fob;emt 18, pé%md mispectiorgl thandatien 1 6ahay be

BIEREE Nihine Uit SvhbaBibns 1S seagnd gonear bl G dmspwn in

FEgmay Theescasd raﬁ@%hﬁr@%or&%@?%ﬁgtﬁé est §ré3§8tl\fé@ied and the
conducted at 30 slower rotati onal and/ or vertica

T ISQ@Q&GEQGdJOfftOIﬁ&@p@ﬁﬂmm&@nmouhq)fgherscadomg unit 10.
; gE etshgf en?ftrhfeé %tag%lbf?mdslgot AICY 'sﬁ]eét%% %t%é)'/ Bo s2580ad again
on the platform 16. The rotational and vertical movement of the platform 16 is
resumed and the source 12 is turned on. The object 13 may be readily
scanned as many times as required. Subsequent tests can be conducted at
slower rotational and/or vertical movement speeds of the platform 16 or higher
dose rates of the X-ray beam 80, than in the initial scan, for the entire object
or just while scanning suspicious portions of the object. If the object 13 has

been removed from the platform 16 before it is determined that additional
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or just while scanning suspicious portions of the
object. If the object 13 has been renoved fromthe

w@b@ufosrm 16 before it is determ ned that addi P€DUIS2003/038497
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conveyor Spi cl ous obj ect
argl ag kiwwrsursme:taplmewb@fdhesscamamg)amt iB6 dfeFrrgo@ arTiheythird and

Sf‘e tfrseliVBU IS PP Brinen Peatede coakey Bapiest 13 off of

orﬂ'ét?drrﬁ h G%nd*%ihté ﬁﬁ@fo%'rﬂﬂgcdr%ybpbéﬁ irgn of the
sec and third conveyor belts’ The fourth belt 76

coul d al so Aa!mtptmmts objenbdﬁarapdsotheag,wsamsr objects, may be

of .t he, obj ect e is f
SRR stOHR 2Bh o, bk, K, OB or et 26l Lletpmeg to the
t;ﬂaﬂb@ﬁ Reriop sapsedqu@n? @caifihy af lét@atm{ﬁi)byh%vmmﬁg the rotation of
sensitive to at | east certain pes of contraband

ﬁbesswdsammm conveyer Rels. sJé\%ﬂthgthsb%lt 76 ouit) als6 16ad to
Nefipdthn S0ra0e ARbA ot Mdragd GrOlheP BblecP 13200 ere is time for

case four conveyor

b:@bt:anﬁ ﬁgﬂﬂﬁhé famthdcopelyoy bieitt 76 h’ﬂaw alsbelead(tarandﬂgar scanning
unit 10. The fourth conve or belt al so lead to

Flolof it B b reeR SRS orakleast qq@@ime@no candrapsnd (but
YAy Toidtf. FRBIALY Sdrinthd BekHAT) bol2Fesr BB dcaifing unit

n option eter
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P g 25 S A e B G T S ol Por ot
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mai nt al ned, regardl ess of the Eath chosen. Here, for

esystemeanay be candigurasl tedigelude-albtheseeopiisinee Selestipg af s option

Sr%ﬁ? Ege&&%lened' By the computer 94 under program control, by the
operator, or both, based on analysis of the reconstructed images of the object
13.

Since the platform 16 is rotatable, the original orientation of the
object 13 may be maintained, regardless of the path chosen. Here, for
example, the leading edge “B” of the object 13 is the same whether it is
conveyed along the first or second exit paths. It is advantageous to maintain
the orientation of the object 13 during subsequent scanning on the platform 16

or by another scanning station, to facilitate comparison of images. If it is
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conveyed along the first or second exit paths. It is
advant ageous to nmaintain the orientation of the

webkjeos1318 during subsequent scanning on the ppPal/UBINN3/038497
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G?Wr&j dhgccomprangRtE 8 t'é%t%)’sg?moﬁﬂ Pfs segiovenient of the

;ﬂbﬁo%ﬁ?@' IEE\?EB rRodifREd ‘fc?aéé't?n gfb QSJEE%t & othBPSizes.

own I n I's view but h "t he source and
t he Obj ect InOBis embedinent, easblm:e dno arrchasﬂatected (not shown in

HEFSHERoPUT AHEE i thé s usghe ™ he Bt ot Koeeeivg fadiation
'ﬁénérﬁhtbuaﬂhrod e BBRct) 8fd af 'écllévélsafibr db%‘é@'théll%l%ht of the
units. The platform 106 is coupled to a mechani sm

seljactas08 avfierothe platigsmhh06 dsin dB Soilies daweb positions such as at

JBVET B UTe DR Pl 8 T FBHAR B hheliin, Lt yon @

sarp) &N thenidchafishiy ldictisddd . abdveororeyinrg HIRIH ni@shdiisms, to
used instead, as discussed above. In operation, the

d&ﬁt@@t rotaiion @ndo\fﬂrta%dn@bemﬁ@t pf &g slatiorme Hﬂﬁw the genveying
%ﬁ @Hn?néé% tr%\%r %alA %8?1{/(5 iR bORLyY Be §éd ?nstead as
e pla en rai sed

ormi’s o°an upp post
vdiscesscdeahgveer surface 106a is at about Ievel +15

for exanple, whil | r ot at so that
bh ot 168 agPetions tim s THb JE Rapvetednia ihe: Uiatigyn 106

t\k)ﬁ"éw GIatféif is I-Fhﬁeflhlﬂgi p&fort 5RwRin FIg. Uﬁﬁ’@ Iatform is then
surface 106a I's such that the entire herght of

digjsect tol @8 mgperammmwmm theletp@eorselrfaepe‘rﬁfa @nat about level
B et Eriie WS R Rtalelh B 10 R Bty 00 may be

tdtRinned by an X-ray beam emitted by the source 110. The final position of

the upper surface 106a is such that the entire height of the object 108 is
scanned, and therefore depends on the dimensions of the scanning radiation
beam and the distance from the object to the source 110. As above, the
radiation beam may be a cone beam or a fan beam. Also as discussed
above, the object 108 may be scanned while being lowered back to its initial
position at level +10, as well. When the scanning is completed, the object 108
is conveyed from the platform 106 to the exit portion 104 of the conveying
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| evel +10, as well. Wen the scanning is conpl et ed
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eosen i lsootsTue as FhRAth, e SUseibens ghiects While the
Vige- I%V\)é‘?re":f‘apeﬂlohhﬂ 84 erﬂJQ?CQeWé‘ta’s éﬁ‘eeki‘teééﬂthﬁgir BELRNpassing

of the 15 orm 106 enabl es sorting o

smlspecilamsnramideﬁae\zwaablreﬂmbj erobedinEmns, thq)pertiopbrmd)timn of the
need al i th the first porti

AT A brdied otfife of e shSfciobS S SFeraRp g ghidlis. The

Oﬂ;b;%}{ Bbl't@h k4t Reed! @itf BE Malified withl eheb€irst! penrmh WoRhof the

the direction of the upper exit portion 114 when an

o@@ré@wm&sy&teme kfvoiihaé9eae,ahherrgtat@eabpﬁemta§@m tof dhe pgagform 106

{40 eéllg?\ Bf ﬁh’rtﬁ Pecf Sof i Qr HQ*t n 1n|4 when an
acc d 5 ene' 8 i Rvent
| objEtUis t&be&funveye@amr@ meldppem@bﬁidws 122, 124 of the
conveyor system are above ground |evel and a _source

126 is at aboARoleE coafiguratipp| ofa3 scaBniEG: balhdelaifyaccordance

r uppord i

Shith BR'eBeFmet & e MVBrkeA N JPRE 'S, Orance and exit
1partibas HiR,i 124 icdl theuppeveypossyisiam are ebevesagreuhé\det/el and a
as the rance Lﬂ ex t ort| ong 12 124 :

| SRHEES 2D 15 gnabice sameigvel 2 e § s affl e epeions A
O;f)IaHBﬁnW REs %‘3@@;5}5’&1195 éﬁ%c@'mé %tdheobject 128. The
scanni ng radi ation beam and t he di st ance Dbetween

splatform 2T bag apbipdial,. uppertpositiask ahifieesametevelnas éhﬁ:entrance

2%%; %gltltpg[@%rgs' ?55, Jrgll?' ’an%jzé1 I&hér &Ssdloﬁ/ eehovs}homuﬁlgt B, Ng above,
the height of the source depends on the dimensions of the scanning radiation
beam and the distance between the source and the object. In this example,
the entrance and exit portions 122, 124 are at level +10 units, the source is at
level +11 units, the object has a height of +5 units and the upper surface 127a
of the platform 127 is at level +5 when the platform is in the lower position. As
above, the object 128 may have other heights.

In operation, the upper surface 127a of the platform 127 is

initially in the upper position at level +10 units to receive an object 128 from
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pler pbmﬁ:tswas&mg inspeglonsonyvicesa-vergat s frbﬁheamrélgumtnon of Fig.

t
PR Al BRERL0P B, Matbrh® 135,58 Seiiel B parting of te
pduaspicious BAG a@oepﬁ@!ﬂéeépjéetsena@é@ as0abovy) e Ior portion 130
suspi ci ous and acceptabl e objects. Al so as above, the

| RS Noldhe Alignerkwith rﬁb@dlrstcno ap? gxﬁétaﬁ GPRYEVIMG SYstery and the
PRI a)ﬁgnt%‘iloﬁ'b? tf8 R)‘fgl?élfrﬁ 1%% @%8 W|th the direction of

rotation orirentatio

ahedowdr portibn twreerdan ebjéatis tmfbe tbméy@d@lomthe kmweMm@ntlon
an obj ect t.he | ower por

20 Addi ti olréqiélﬁl b%r'ﬂ&fmﬁggéa%l 'Pdd@?sré)ﬁmgf%ﬂnﬁr@ and may also
R obEhASd %iéel%ﬁ\?el bfetebfirt gﬁ?f?éc?'e‘?ﬁe? % ifferent energy

detecting transm tted ener g er ent nerg
rranges.. Fillergr(not rehtovetomay bays@ec&\&ilyecpmvdlegd in front of the

d f f th t 14 1) ,t
PO iR 8. eohlior S ShP bR By Betdor for
pedrtic Wt 8heRfyeiatige! APGCexdrApleS X hlters a9 Hd bbﬁFg‘urH&)fo block
be configured to block 25 radiation tranSnm tted

t/ReiRtigR fraeswitasb thewugh dhe egargpnbelove shataitaimnthreshold.  An
SHEIE o o TP R SORbiULS oPEPE Kb oBERY Rrkifftmay be
| sedeinche Ipeesant inyentiofpipldesatibed ifND.S.1QpPIc3tidANo. 10/013,199,
ffhl%g gpﬁg@}\é’n‘n’ﬁ@”ﬁ\é[ﬁ% Za%%?gne%stsélt geadssEgonetehgf tﬁzsﬂrggeeﬁt |gflent|on
and incorporated by reference, herein. Commercially available scintillation
based detectors comprising photomultipliers, semiconductor based detectors
and gas ionization based detectors sensitive to particular energy ranges may
also be used.

As is known in the art, the interaction of X-ray radiation with

different materials, including contraband such as explosives, is dependent in
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and i ncorporated by reference, herein. Commercially
avai |l abl e scintillation 30 based detectors conprising
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13. The st and second sources
source may be provided, as well. In Fig. 1, for example, a second source 12a

is shown in phantom. A second detector 14a is also shown in phantom
aligned with the source 12a and the object 13. The first and second sources
12, 12a and the first and second detectors 14, 14a may be stacked, as shown
in Fig. 1. The radiation may be emitted by each source 12, 12a in alternating
pulses, to reduce interference due to scatter. One or more pairs of sources
and detectors may also be diametrically arranged around the platform 16. A
source/detector pair may be arranged along a diameter perpendicular to, or at
another large angle with respect 1o, to the diameter defined by the source 12

and detector 14 in Fig. 1, to reduce cross talk and interference. For example,
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pul ses, to reduce interference due to scatter. One or
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an ener%y sel ective filter between the source and the
dBpwRg . in"one vertical direction and the other energy distribution may be
emitted while the platform is moving in the opposite vertical direction. A
pause may be provided in the motion of the platform 16 before changing
vertical direction, while the energy is being changed. While concerns over
induced radioactivity might limit the upper range of the highest peak energy

used to about 20 MV, it may still be desirable to use higher energies in small
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platformis noving in the opposite vertical direction.
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detectors 14, 14b to remove radiation below a certain threshold, to improve
the sensitivity of the energy sensitive detector array to higher energies, if
desired.

The detectors of the second detector array 14b may each
comprise scintillators coupled to a photomultiplier tube, for example, as is
known in the art. X-ray photons impinging upon the scintillator cause the
emission of light photons with energies proportional to the energy of the
detected X-ray photons. The light photons are detected by the photomultiplier
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detectors 14, 14b to renove radi ation below a certain
threshold, to inprove the sensitivity of the energy

W@ engiosi3ve detector array to higher energies, PET/US2003/038497

desired. 30 The detectors of the second detector array
3B RS i T B SFA1h i 3815 5P eletibaTant potons.
Pillse Haeight RRIRAS (PR Oinag B UBN R %ﬁhf)‘&é'th@_t §4ta from the

cause the em ssion of [ photons w th”energies

|Nspey t sensilive odetestasser glhef scindlatdetroay eble Xar @gsium iodide
phat.eons.. Jdhe |ight photons are detected by the
psg;ﬁ'ft@ﬁﬁ?rt \%ﬁﬁng’%n%g WD 2004/ 051311 PCT/ US2003/ 038497
tube, WhosenitfddUinaly e Féd BASEd oA ddis cNeEeY &feach peak
the detected |1 ght ghot%%gg Pul se Hei ah% Anal ysi s P

e

enerpy.) Rgpasatey sieda t poiatsalnyare hendleative Bmscagning at each

SREORIVRCERAh " SofFLARDI oA 5 N a8 er(TRY, 155 o
lferived poedsdanteg et tlatiewepldneedied vall raphimpgik based on the
poi nts may be derived from

energy. Separate data ts . Y

il AGCRMRLaR caktedpe wiich i Hepgidentan theuatosHe nugiber Z of
SREAGHS] (et VoL APR B Y Lffing o
dhe thighereé¢riargies will ke ased st pair grodugtionhvdtich 8 dependant on

P SRR A oMk Rtefefied Chuty g FReiedSer e fieomblect is
SepRRBY Sdanridiewith $88iti6RN MRS mdrd ghé}?tvbé‘%;hl@rgégdi%ﬂ%ﬁutions,

producti'on, which is dependant 'on Z2, as we
Gonme oof dbat irdeimation cobtaingidn@t dege eesergyhém careelated to the

TEGRb TGREHI R FORPT S, AL SEERal Yo Aation may
i gtifl @erahtisticalip sigrifshnit [hage SoRtrast may berifpraer dsavell.
the 15 informati on obtained at the other. However, the

addi ti onal Senaspitimagesiay ke ireconsirusted Pased an fhe scans at

R Jriegafﬁevepl.mﬁ% iﬁgage% E?ﬁé(% H?ycolﬂf%égg‘g rv?s\(%ﬂg R??)H‘é{ﬁla | computer

epar a mages nay reconstruc ase

%n??fh%@?imﬂﬁﬁ ail dreoate off gm i/asvﬁa]sgf they object atrpacie@nergy

Vi sua or t he, conput er 4., The ta points._in,

8Y s BRecamPRiRe 959&?@68@?dttﬁed%\feem?owg@ab Indigrtpvgyof the
e r c :

RotERA| RORR of° M HoRtn o PHEEBREL cofreSBbhiffia to fhat voxel.

piffeiemt atgforithmsabay be roorer sansitivel toglifferenh ahysicaletharacteristics

B ERbrigh JSHEAF PR NeB, TBOFR ATl bHE dide apinyfor a voxel
R & afdedh@o Vo< 8UbBirafiel A¥ATRINDthE BalAtRimOfdH tHaA" voxel.
a voxel may be added to or subtracted from anot her

ddtesngibieft, droin additionoa gatio 5 twptdataaints| gt eagh vexel may be
g:gmﬁdt&ﬁ‘.’ The 9attfo‘}|s°J vallR dje‘?bte?mdgﬂ{ Bhschgtavg?&ﬂa Z%% a@%ge Z2
of the material in the voxel. Other linear and polynomial combinations of the
data points may also be used. The resulting values may be compared by the
computer 94 to a database corresponding ratios with materials to identify the
material in the voxel. U.S. Patent No. 4,149,081, for example, discusses the
analysis and viewing of data sets derived from different energy levels, in a
manner generally applicable here. U.S. Patent No. 4,194,081 is assigned to

the assignee of the present invention and is incorporated by reference herein.
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conputed. The ratio is a val ue dependent on the
average Z and average Z2 of the material in the

WO 000805130t her |inear and pol ynom al conbi nat i oPST/U20051@38497
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and surfacqor scaleboti largy 4l Bl disigctst With the same scanning

unit 10, one or more linear accelerators may be provided in a scanning unit to

. emit radiation beams with average energies greater than about 1 MV to scan

objects whose largest thickness is about 5 feet (about 1.5 meters) or greater,
and one or more X-ray tubes may also be provided to scan smaller objects.
For scanning smaller objects, such as luggage, X-ray tubes with emitting
radiation with peak energies of from about 90 KV to about 200 KV may be

used, for example. The sources may be selected by an operator of the
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206 and the horizontal spatial detector 208 behind the object 202, the platform
204 and the driving mechanism for the platform are shown in phantom. Both
detectors 206, 208 may be detector arrays. The vertical line detector 206
may comprise two detector arrays 206a, 206b extending from a center 208a
of the horizontal detector array 208. At the intersection point between the
detector arrays, the vertical line detector 206 can use data from the horizontal
spatial detector 208, if necessary. The vertical line detector 206 may be an
arc, as can the horizontal detector 208. Rollers 210 are shown on the
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25 two di nmensional, horizontal spatial detector 208
(for volunetric CT imaging based on a cone beam of
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Sagi%ﬁ ARl e §|§g5§cda§§8g§§eo [ 8 HhizbBital detector 208 in

ItHRNG 6th@aémbadwﬁem§; W&nb‘hﬁg tﬁ@pld@ﬁ)mﬂvémmw Wltﬂi@ut rotation.
identify on a volunetric CT inage. exanp

det onat or dRcANAieROARIAFIYRY Q/\n“ﬂ@§cﬁﬁwlﬂé t%w@rtlcabune yletector
ﬂﬁ” lt?ebivgrf&?n@d L4 g ? abobvev%hﬁ'tﬁéh thé g%fﬁ)‘?ﬁlrbdﬁa%ay be
e conduc only on suspi clrous | ects or

sru%iedlat@maloratm@m cs‘ucbbjaecdsrm degrés. ndhedlindascan may then
hori zontal. line scan could 15 Isotpz?g conduct ed based
3 rolt

JRPEPAdal SiNgetONEY B RBral 2BaPiatiE BiaYobe seReFiRd up fo
B R Siefore BRAMPREIGS rRYreOVTRE LlRcd ddth Tnay then be

vertic hout fotfation. Tn anot ternativ
Irenensiamied\nlmtb a weluretiic €31 inages Tt eciuoretrie @3 rma}getsederlved
gerfo d e %ﬁ;ﬁr tc)aiggab r\ﬁggﬁﬁﬁﬁ{ vgrglﬁ@LPri%%gﬁt ftgr %6 based
Qﬁgl’eﬁﬁmlﬂ'étfbd With 89an beam! ey RBvé enfaiedd imbyBecharacteristics
scanning and rotation of the platform may be repeat ed

dpan yolurgetrigdgh baages @erl\@daﬁi@nredat@ [deteeted byribe two dimensional

b Ay d

TRlrkoBl ek 2, HhShy e SRARTEASL Bt Bpo apsiatng
fotspaatomitia a:cbh@czie@m byt iriag m@eefdrerbesadxv‘wtag@mus tatkeconstruct
i ne detector 206, based
volumetric CT images based on data collected by both the horizontal and the
vertical detectors 208, 206.

Alternatively, a scanning unit in accordance with another
embodiment of the present invention may only include the vertical line
detector 206 for reconstruction of volumetric CT imaging without the

horizontal line detector 208. While use of such a system may be slower than
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on exam nation with a fan beam may have different
i mge characteristics 25 than volunetric CT inmages

waleowed1if r om dat a detected by the two di nensi POEIUS2003/038497

hori zontal detector 208, based on exam nation of a

Ry Rhe8a Bl 83 e fipecil aohaizoBid aBier 80 both vertial

lebplﬁ@éﬁ'ieﬁt end i 'r@l%ﬂ@ﬁ obmglaﬁarrﬁ@toa fRbuRCAISH Hé\ﬂebs)tekapenswe
t he horizontal and vertical detectors 208,

30 Alter natTh@I%ﬁCOEdsWﬁEn‘g?aJMtFlgn1amayr almcemu Bhbeam of

i ncfaﬁ% ng@ E‘aﬁt&ﬁ -hg)e ag‘r?{%aglrgq Iag%gnF PN483% 3" dhematic

rrepestHEntatidr 6a pbrtiodl @ﬂ@béé@l%hmﬂﬂclwmﬁﬂcﬁ &8ource 12a
horizontal |ine detector 208 ile use of such

¢ arheang heany| alqre withaihe spuree12dbat emits i radiation beam that
Pgér?lifﬁﬁ%t%%/ ﬂ%@%ggone? RANE HoNGy églltaﬁ véegrrjﬁ Cgrdlééws%eﬁgabove. A

ori zontal “scanner "and

oblatﬁd)lm S0rdupporets ramt ahjeon3®4. The detedtdol i pdsitibhed to receive
al so be Igss ex tBS ve. The secqnd source 12a in

'a?@ ggnsmitigd dhfouch the phiest 302 s Ais@issedabque. A detector
CI:‘Ud is@&@%rb\ﬂaé’d C idd B aTotdeale riHy 368, aTﬁ%h‘?ﬁQj’ggﬁ is wide
5 representation ortlono a scanni ng unit
|emugm fiog theiohjest imbecmoﬂé&htl‘&ndgla thpe ning | bybthenyertitaingovement

R .
dhéfptlﬁﬁﬁﬁ @bg\r‘&ateﬁs aBJ)@tt tOrBV3GRe UERERGE MtE B AdYiR%E! position to

304. The detector positioned to receive
rctﬂie%ttnaétatlonatmﬁnmtt@d qrmcattgredt e thebpleject 302, Tae platform may

G SA5PEIHSy o PEUE rARaSES U0 e i

whéehardsioe glisdussed 2®008) @Céndtﬁelbﬁjdm&mﬂng Riguhahisrhe
ring bythe vertical npvenen of the platform 302.

The r ot abl €f peafieradgadisiian é%tcab@ detedied sthresauee 12a may emit
Jgéfatloh vl b Tk élqgrgﬁl%gﬁ ?ﬁtrm{teg ﬁ Yf il e be detected.

etector 1nt™o a desired”position radi a

t'lfmmmeedlmr nmlaisar aeldayivelyeemit mmaﬁﬁm haﬁhg two or more
atformmaéjy rotateg and, npved vertically

aREbugR. ERETSIUREa OG- ohi Bicesredde, t%t bwectr%rmrgl#fgd and
SoBRUARE Sadiafu, ofe S MY Shiflled $HOY LB HIAH Blugh' 1o be
reansanitted theadigit ﬂ'@nlatmstntglcﬂmlesmmf tbembﬁcttm aisf the object is
e Bhlel, FRS Bl 30 bnite TRVERIIER alihtfe O Bre penci

I6esaen 301 &MIEBH &%, the Solr&es mgéesh MeOdshosite side bﬁtﬁéeébjé@tdes the
to detect both transmtted and scattered rad i ation,

é‘ﬁé'rQﬁ 12aotdelest Q’ﬁé§mﬂﬁﬁﬁ1r@l@i@mﬁd}$ delegtar 306 mwy be moved

By Belsired fé[t.‘éHQP &ﬁ@gﬁhtﬁ%bﬁég P& idd'804, other than

aietal_(gmneﬁiOﬁ/|1m1athéanémﬂe¢beam 0;0:]1 I@ﬂm%ltéct\/\btalﬂ(télﬁttered, side
%%gtcté}ed and/or forward scattered radiation. The ring 308 may support more
than one detector, so that radiation may be detected at a plurality of angles at
the same time.

Imaging with a pencil beam may be more sensitive to items with
certain orientations within the object 304 or smaller items than volumetric CT
imaging, but it may be slower. The pencil beam may be used to examine

suspicious portions of the object 304 after CT imaging, or the entire object.
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to any desired rotational position around the object

the rin 4, other than, in a nnment

oEneishersnl Berpend Braban e e ACRBsICS phithe Setector 306,
ggg%&r 8¢ tR8Gofitiohal %tgﬁ.oﬁcai {rief §StcbRA] %awalsoTB@ VatiBd to be

may support nore an one defector, so
r edir@tsensitivajo bertaiat matartalat The @ingleadi hhye pﬁncdrlmam through the

"obiecE a2 ey, b5 teridh s el Tl PR o FEnPLATY p88m may be
Mmm td MedRi §é‘étte°r% @Uestﬁaﬂhbeétom@%ﬁubﬁﬁé dfoﬂh@"&Srﬁéﬁts the

I magi ng, but it Mmay | ower . penci | beam may
beudeedstrmtasmm the laétuzgastcucztw (sbﬁfrapm seattening))jtae ccontents
étaftert i magi ng, or the entire object. 33 WO
EEIed P98cT/ US2003/ 038497 The energy of the

penCI | beampgngiedtiohbe seveacsincé Sdllffél%n@ftyFé§ sfetafisisn may
306, as well as the rotati onal position O

dterechifferentlyawil q@ét%maéqualé, peVvidiRg @dgéwga{ infermayion that

fﬁ{a&f}gﬁ ?%i’éj? r{o@l}eé’g{yﬁgg may fe{{svélilﬁﬁ"néa &:tI Sd)zf%é_?ﬁ)urce 12a of

ether panaif bédre J0enioi Figbd 8mevsty ndieb® avsnureei of X-raydraclation. The
scatter@ng du ebto t he af@?mc str cture oI t he
cOPHIERt RY¥ P& AJONEFE F‘GHFQ'F% BF examplest A gqurce of neutrons

f
f%g&‘fﬁt%‘ir‘f‘er(tg%% bArAdigtior P Sé' iR'thE *Eﬁh%&?(?&?w%aﬁnerﬂ& of the

j ect menti oned above, since er ent
tpme_nbhveahbmdlscussmyhermm easawell differently with

t t | f t
Chat - 10 g b &g ik ehdteu s, Fatiton. i Eam g mv, for
t Bf@arﬂblee%feﬁ% told¥egaRMi# Payb? asAlell B8 neBRBhS, RRFThdGe fission
in 10 need not be a source of X-ray radiation,

Tie ﬂsg@mab@ matenaly Buch suvresiusn aedit plokeniumerfacilitating the

- B Faion, G0 W68 cnPtRiel RE Ul BRoBhi oblOgpelngs. The
passettr 306V fialyi 15 adbptats &edeteet fssion aypré&ddcts, lﬁxcﬁh@s neutrons
use of high energy X-ray radiation, above about 4

f EﬁSU”éBQaﬁ?mé’e'\Cé feacayigg %@WW@YS% AnEays r§§U|'“”9 from
e I

SRS i e A Esi iy b (TR SpRE'SRERED beams,

I devrell. | Whemmdﬂcmgmhdmachmtyerhomlrem il enay dxe hddzmtageous to

in.the o ect. 30 det ect or 06 may pe ada

JBINZ4 a8 56 6 iGUBeRd: Ly a8 O%96, Bhe penel bear, while
b 8ThRASHY Lo BAGBNBCRNRIE W th gama rays o

X-rays resulting from scanning with neutrons. Fission

may be induligd Mi ish aoshleemsh@weure@eatﬁlon el anpoition\pfe another

gg@%ﬁﬁ@@ 88@%’0@396{0\@0} anc W[?f\{ea'rnb’ther e”%é’ ment, particularly suited
for detecting stimulated emissions, such as nuclear resonance fluorescence
(“NRF"). Scattered radiation may be detected, as well. The scanning unit 400
comprises a radiation source 402, a rotating/vertically displaceable platform
406, as described above, and a detector 408, which may be a detector array,
above the platform 406. An object 410 is shown supported by the platform
406. The radiation source 402 may be a source of X-ray radiation, for
example. X-ray radiation having an average energy of from about 1 to about

20 MV or more may be used, dependent upon the species of interest. The
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representation of a portion of another scanni ng unit
400, ip a nce th anot her enbadi ne
aeterth 466 T BRE e Ao etesr ergaehs Alldipe seatiored radiation

e&&%&%ihé%@ra%ﬁoﬂ%'ﬁ@rraﬁﬁa‘%% ks tﬁét&f SECCTIE detector 408
("NRF").” Scattered radi ati on may be detec , as well.

Tared/QC ather dgtaotons may alssobe bekws the platfbam%'}ﬁ sbhe detector may
402, rotatlngévertlcaly dlrﬁB ac bIe Iatform

0..
os&a@rel B6%e O af P AP et e 5@ ati) ‘?H?Cts by

biﬁd@cﬂgt MRFGE cﬁééu%éed ADAFe tdé%lplrﬁUS?r Pt - Nd\”5 420 905 and
obj ect "410 is_shown supported by the platform

THeS rRateat Nen5.4306rM89, adichhase insoepasaigddey wfeoenpamrem

ver age onch G BFEBTORBLsBaRAY deR 4 Bendf H Pz far other

nehyager! begth) ofapdiation! TRerbddie A1EhhsarPbxisnb&sssd through a
The 34 WD 2004/ 051311 PCT/ US2003/ 038497 det ector 408

detatianal exis ‘é)f”. efuiher p@tferms406 aadaihe/ @megfcéi 9.ef el pencil beam

FENTENE a8 Dot ol 5 R B, Sdityd 37 LR any o

dﬁtae«zbnveym@ysmmsbdmebm t ditsovel, abf cHrmtlzﬂé}G ty@&)f conveying

TSt Eia AHLDP HIOUR s 1B res oBIRah DA cioNRE oM the platform

d#@@“%%dsddi‘c@%e?y Qété‘llﬁeér“aé&e%raf’cﬁft §U&h MR a \"_’_wf'a%%n%pgvallable
U.S. Patent No. 5,115,459, whi ch are incor por at ed

bﬁyome\fmamd@onesed aboecol | i mat or (not shown) defines

a pencil b 2. (or, ot her ed .bea of

ot a1 on. e Belsnatd MW &5 B8RS AN th Ripiform 406,

rm@vmﬁnme adugce Y02 emhtng! at peren Y¥amnand hg edirésionding
e pencil beam 10 may have any desired shape

StestangsllaraamatariAli2a istrraeiling the: eligeta04. ARpe widihtdféne pencil

c y fys gV t % of
HRREATE A METRiAhaE 272 8 ExaqlorAROL I s JPug; As the
40atfom 06 &nd 1thé lubjgdtadJProtatet@Bd Mbee @i mwrrme b@ctangular
l'inear accelerator, such as a Linatron(r) ava

tdigmeler e swears hredaR s ebieet4 1) gThQie”Q;th Li ’69f heigtector
01083 é)gdégchfko ﬁ?@fe?élﬂxpétafe%\%f s Q)‘ﬁg aSpY I%ﬂgfhhq_Z” of the

sour eam and~a corres
rcﬁatrmhgubfathedbmﬂef) nzidJEateldnhangeml ng the object 404

The wi dth Ci m 412 and ' e
A0 ar e exti SPER 408 GRS AB psHentHoNRET detesian aray, for
4Qampe. i aéte%fdr mekfaﬂbeaﬁegstrwﬁ tH@rédgfeaH the csrtjsct 410
rectangul ar 20 di aneter 412a sweeps through™he object
dootheTdantereofgthe object. of he tt@tel@toeéﬂarma%wtewbﬁrom the center of
]1‘#23 @e&rﬂ Fidt bér%lsathel seoauc'rce qﬁ)ﬂ UIindita eae byetﬂgtci]etecl:'tor section
408a, or away from the source, as indicated by the detector section 408b.
Preferably, the detector 408 extends a distance equal to the longest diameter
of the object as the object is rotated, as shown in the top view of the scanning
unit 400 of Fig. 12. If a plurality of detectors in a detector array is provided,
different detectors may be optimized to detect different types of NRF gamma
rays. NRF emission measurements can be made continuously from the
diameter interaction volume as it sweeps through the rotating and vertically

moving object 410. Since the detector to probe beam segment distance
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di ameter of the object 410 indicated in Fig. 12. The
detector 408 can be an epi-centric NRF detector array,

wo evo4/08p8anpl e. The det ector 408 extends at | eaBCT/ARTNG/ 038497

the edge of the object 410 25 to the center of the

The, det 08 t f t h t of
RETghs aBSiat] (68 I8l rindas coBsians: TR FeBFERAD By other
t@@te@@rgctf%rcﬁmu Gfay 4B anoitedVoY tHe @mlrn@e rAUSKSVN) of the
as i ndi cat ed by t he detector section 408b

PﬁiQﬂrwfw)WlMQﬂe detector 408 extends a di st ance equal

to the Iongl%s tt r ogimen J & 18 e lb et enerated
is rotated, ¢ St ﬂ@ §%Qn 8
3oxek adse @ﬂdl?lﬂlapéa andf thélrwlitd ﬁidytlbicr@‘as@%sembcdlﬁahae from
a detector arra rovided, different detectors may

b@eoﬁx'srﬁfz@aatm VYealethe Blatipanc#t fiygeases. NRihedvabe beam is
Sﬁm %‘r gmbl ﬂ%%SJ?&”éﬁa;?ea”s kéetﬁ%%edlm nsiona] slanting

COﬂ diraneter i nt eraction - vo uma

| segmempef ah:re@tag’rgmdsresa:retnathregd anthg eretonafduqtuonnaigoﬂmm may
0. Since the detectqr to probe beam segnent

aJi';‘?a Lsi istastio Ipigoarenint as pekngywso i gl 7 Slqc@Tﬁ]q]gwternal
C;%‘iﬂsaBF thd U6xdIQ TS IHRDWE WF%&Q‘F@EPEQ@MInJEEeﬂ?D ch\rg voxels

408 and ot her detectors, provi de
tcan e cashiaped. (byt cshmanhgo‘#oxdisa orssequentyalumansﬁbe spatial

IS an er,_enbo nts descrjbed herein e
BsbliPact B B neb PR b G Shtet o anding B phase or
nBiicH BE HRASBaRS, Fnﬁt@rodin?t soiral fre8dlutibh oy ¥ver @mpling and non-
rotation Y of the platform 406 increasés. If the probe

bingarisempliagt angul ar, for exanple, the voxel shape is

2 three, d pasind: shARL)ag G Bop iabid s Tiogs e NRF
t evnissibrsinal tieomadstiv calirdrical co@glinste&nTe NRFidesfséctions for
Since the internal 10 points of the voxels are known

i YRriausi W¢'c0$|ln@6%$tdan%tt@¢s thﬂw@om%rreé@nwféh@se papleb&an be
rﬁépﬁ@?% Y awgo g%ﬁé gHS@)&(fsl LPﬁRE‘”SThé P&ios of

reso of 't
rﬁﬁunﬂadncbs @fhmrmusg nubkei mmsbeodetepmtmahj iri thiee slimessions for

row n anﬁ% %'oggoeqstgdgfér?q%g? quenrs Qsﬁaé&é@i?rid%ﬁﬁdq 8!%_ments
' S ava| ' abl £ rnfertRM QfaM\fe '\Bﬁco@@i‘a@%‘ SNt ¥nfe iﬁ?él'sectlon of

in cylindrical coor | nat es. e NRF~cross-section
viaiei paneil heemewitb thé wbigct 440, thede nmysbe laeredundancy of epi-centric

SHBERH T8 o abSPRfe Rl &Rllof BB R ded BElow the

Oélatf@;wrktbﬁlce’p‘hl@f rétﬁmd@HEYW Pe ©BBIOR %‘tuﬁfze nRé epﬂ centric
three dinmensions for 20 el enents, chenical conpounds

Sletesioparnys nsmultiploranges @ radiatien e fdividual detector arrays may
have differently optimized detectors. This abundance of space for the

detection of NRF emission could be very important, since many NRF gamma
lines may be analyzed in order to assess various atomic abundances. A
database containing information on many NRF gamma lines and many
possible ratios of atomic abundance may be used to identify the contents of
the object 404. The analysis may be guided by artificial intelligence.
Volumetric CT scanning of the object 410 may also be
performed, as discussed above. For example, a second radiation source

402a may be provided to emit a horizontally diverging radiation beam, such as
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As mentioned above, for coverage of the entire
intersection of the pencil beamw th the object 410,

wo b@nestsay be a redundancy of epi-centric detBCL/OBBN3/038497

before and after the center of rotation and/ or above

o2 GaNE SR 61 Bt RSt s & 519 dé: aed cleciBRag above with

frespatt ol tﬂbeelﬁﬁaﬂﬁerﬁfof'ﬂ?' At A%atnlaﬂééféc%%ahéld%ﬁéﬁ wsay have
arrays may have differen optim zed detectors. This

s adeurie Sfapspavey fhe prcmdecbléw @btteairradiatmlrlré@ﬁa@bn@nmth the

b
o8l Snaryden TRcUde V5o ol \ikonte SausR A0 may be
ngvsl?ﬁtﬁfébetb efnit €ad pAsKorr 88 Ai Bdighnfaigiat bp bt IBRIY angle,

F ganma |ines and many 30 possible ratios of atomc
awithdespechdy the wpsogilt aMeﬁﬂZ,thMl@oﬁ@t@ﬁt® gfosst kk and

Bl FheShcuC 8 SRRk ErCTle sBIEHSPPHAARA b Hobed wi
@@sww tHeshotgomealr hesamed; heS@LﬂICéSJGIBB @!ﬂldaMEEneE@ fhot be at the
exanp a second radi ation source 402a nm

psamedwglafo &Aah gouse 484t 4P25 naay, &gt fgdia ena@ﬁ the same or
b&fEH n"??%ﬁ?erél %@d%gqg%&ﬁlﬁ}& 5&?}%%%9&? éggﬁﬁgﬁ at®multiple

cone eamo eam as s
dersargesed above with respect to the enbodi nent of

Fig. 1. A tector 414, h h
o Suate sheletedth oo biiidhe daq seboud: wdclh saurdh 402, the

| RURRGL R4 hB alsPé®fia h&$zdrﬁalﬂ) §i0efisg Hédiéﬁ'on beam by
above. The second source 402a may be "5 positioned

emot/lngrﬁpnraanata oollimation mthpqsltgm tnthiad case, atmond detector

AP ErlBechsnd I el AR Bt e Bleg, SR A" 92 The

S&ﬂlrb@MOZPﬁmy be ke anitdneagy éé@rc@éayCaﬁ ﬁmybbesddr@@eféd with an

with pulses of the horizontal beam The sources

aanerage gneegdohabowicd MV forCT aadel hM\GFar. NBE&@‘[@@@% ©r about
4, ﬁIB
d& Ver ené rEhg Jt 1%6‘\%\/%& HﬁFaﬂi%tB{ ﬁ @ggf%es é‘%y em t

energ and

radi ation alimagési bah@d cmnﬂ*regN@.F ekasirzdidnobdf theowbjichd10 and
a second radi tlon .source_ 402 t he adi ati on, sour.ce

Abe atrscoC aminglign oihe atisctanqw pgiseparalalyanalyged. The
bﬁR'if‘ BMd @?anﬁwg@soméép% Becr@a'd!{g‘?ﬁ A Gitce fP\%Sbél‘r%bondmg

In that case seco et ector rray be used t
dieisiont cadrdinaéel ate knmgwras i s al so shown in Fig. 12. The
source 402 be .a.nulti-ene

W CT be . .
conduct ed WNRh SA0IBGRMGE heiigCEr MhdE ol seapnipg units
aa@bcl@ewhéfé"n NK ééfﬁﬁ’@ﬁﬁét@npla@én@hﬂlﬂf d@teMbrstén@Tsé!@@hon of

about 18 MW for detection, for exanple. |nmages
Wlmemmym&@kwnmtwmf t he object 410 and

As mentioned above with respect to the embodiment of Figs. 11-
12, the phase and pitch of the movement of the platform in the embodiments
above may be varied to improve resolution and reshape voxels.

While in the preferred embodiments described above the
platform rotates about and is translated along a vertical axis, the axis need not
be vertical. If the object is adequately secured to the platform, the platform
may be rotated about and transiated along a non-vertical axis, as well. In
addition, the axis of rotation and the axis along which the platform is

translated, need not be the same.

37



10

15

20

25

30

20 the volunetric CT exam nation of the object may be
separately anal yzed. The NRF and CT inages may al so

wheomesdil y fused, since the correspondi ng fUuBCDIS2003/038497

coordi nates are known. NRF radiation may be detected

in the oth sc ing uniits described here

appropri at glt ?%EFEH? nged IRt RS ghQY ?ch@@%%yalsf‘g another
28, Ct@@én%@at@ﬂﬁﬂ%etrﬂ:%ﬁm'é @%f tl’ﬂa bbj%cﬁr Fig. A3 is a side view of
nmenti oned above Wit h respec he enbodi nent of

Fa gortiomof azscanming biaiHUhin pmczrdame wite mbﬁeambﬂdlment of

fﬂs RNBhU Mt o PR h2, st Es S it "B pan this

rérabedifRaht SROPlatBRhS5BE kCidthedica Bpyet 4 WerticH) axsatZ a5 need
rotates about and is translated along a vertical axis,

trrfé bsidisplaeerblet alopg that waxisalor any pierodyiect Eitker a radiation
e rge?t@@é OZ gag %{effgctgf’ 508 hscf}aﬁétg;o ra{%ﬂg@@aﬁ%%&%g p@“ltggﬁéxample

. adrticallgs Ve Isoutde 588dhay emit biradition gam i aie dornand a cone

the axis along which the platformis__trans|ated, nee

rRam or @andgam. o7 expmpir 4l 08 PP?MCQD@W @Qédb@/@ﬁ%‘i@'ﬁoa may
T al

A SHapbic By BRMGRRS 50, I TeSpdaliel; ™ The BlarBifgibio, 512
abapcbe Verjcallyd displaced depwam\/vanfd cb)vmwardobyoﬂn“ws 514, 516,

SRBBR NN " GpProrite i s R S T lron YRSt latfarap 510, 512
SH@Q@&trﬁe@ﬁbrﬂ@éle‘éleo'ﬁ%edﬂénwé'l Shﬁiréﬁﬁ@ghﬂ‘?jﬂeurﬁéiﬁ: devices, as

p atform502 is rotatable about a vertical axis
bstappaeant taemepskilipd il thecarbl & Rigl, saa@ncwowebpoahws of the

lits 896 2pg thé Meie®al 8% B SRawARLRARBRE °f 1

exanpl e vext templuter B18, S@Hicke ré\p H@ytlﬁndonffputer controllmg
r adi atl on beamin the formof a cone beam or

prgratignef heasgAanningrHait S80r eaysweltighthe ﬂ@er@@p@af éme gois 514,
es 10 ?%?Hﬁcﬂ%}c} %%o@%éf Rhat BP%@ cgligr oﬁ;t)ﬁ/ebseource 506 and the

respectlve orns 5
vietéctonb0g ndays bbemeviedJ pmlcdllyamdthummmpkdz by both traydistmoved.

6,, respective rlate ts.514, 516 for
ﬁ%wwgwﬁ&r fnst pierss SRovAEE NoTisdlbh GHBELR SAUEH 506 or the
edREEOPHRBN HH 5&ih, r’ﬁéf'ftfeue'rét‘éte%ﬁ%beﬂﬁ‘é”ﬁ{)hforﬂswbﬁ%% fitaintain

is apparent to oné s he art
saligonment lafvbe nadidtionobearofwitihéhe ﬂatmﬁmnc@aseeafathd detector. If

AR R OB 1D LR BSREIR] oA SROREigalyy gvable, the

trhev&aaaRnNh2e B sYnSHBniz88scCcipat tHy Sélm%e%' and @ Btector 508
the units 514, 16. As nenti oned above, one or the

ey pligired incthegsare heoigoatalplane, as shown in Fig. 13. The motion of
the source 506 and detector 508 may be independent, as well. An algorithm

may control the movement of the source 506 and detector 508. The platform
502 may also be movable vertically, in conjunction with the vertical movement
of the source 506 and/or the detector 508, and its motion may be controlied
by an algorithm. The source 506, detector 508 and/or the platform 502 may
also be moved along a non-vertical axis.

Volumetric CT images may also be derived if the platform 502
only moves vertically, or in another non-horizontal direction, by moving the

source 506 and the detector 508 about the object 504 on the platform. In Fig.
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detector 508 may be noved vertically in this exanple,
or both may be noved. 20 If only one or the other is

worewalssivertically, either the source 506 or PEEUS2003/038497

10

15

detector 508, or both, may be rotated about a
B &R sRuEEh DG BRd: e detestet SRBpRmeten Shaun coupled to a
detaaber arhfy 5@% %\Dﬁ i’ gHéﬁt%n%% SRubié fﬂ@taﬂsﬁ RF WY s6le and

are verty nmovement may
stjnaccﬂﬂteniozqnarﬁally batcmhpie@dw aboubtite ambgﬁat I@%eﬂ'@et source 502

SHURT 1 BigBor B8 el kihaRatdp Wil P85t o RegaT 20 by the
agiircse4, 598, a8YwdE mh@e@@t@ewt'sowndyeblso pe s@étaﬁfaw hih that
may control the novenent of the source 506 and

ceasecttbe WUB57Ghsuppaitingthe (BiiQC’fﬂﬁyNwléineb@rmﬁ@bB@ted to the

SPthEBL Y Rettab botifep ¥a Knflly ol b o RYRRRAFEF e gantry
NB20 AfayEyo be copirolled |bgdh§@ompu@ér glgorithm The
source 506, detector 508 and/or the platform502 may

al's0 be mov@anabean ar fambeameeansiaGton AgetREs may &p used
't%%%%né‘@%!l Céﬁqﬂne cdérl" Yﬁ%g!s int A& &h Baﬂiéﬂt?% Fig™M3, as well.

MTOVES Ve t her non- orlzon

- diuktiple gpurdas, mwlhp@ dbmctareunuﬂtuﬂ@%mgletsha genheit beam, and

508 about. t he object 504 on the tform Fig. .38,
VORBooETT RSN, PeAaS00s ApSaoTIEY s UERY 1 dusidegigdiments,
agdwklie detector 508 are al so shown coupled to a

rotatable gantry 520 (shown in phanton) to enable

r ot at i on of Onheskillegk inetharart withsecgrize thatmiher ehangasy may be

IRaPBofhE ABpevl s cBsRae e Bt AR Pl o thp spir
tAed Sedpie ¥f dlnbdntiore \Aﬂnérmst@efﬁnbﬂ bybth@, claitsklow. The

detector 508 may al so be stationary. In that case,
the unit 576 supporting the detector would not be
connected to the gantry 520. Rotatable gantries are
known in the art. Mvenent of the gantry 520 may al so
be controlled by the conputer 518. Cone beam or fan
beam reconstruction algorithnms nmay be used 10 to
reconstruct volunetric CT imges in the enbodi nents of
Fig. 13, as well. Miltiple sources, nmultiple
detectors, multiple energies, a pencil beam and NRF
exam nation, as discussed above, may be used in these
enmbodi nents, as well. One skilled in the art wll
recogni ze that other changes may be 15 nade to the
enbodi ments descri bed herein w thout departing from
the spirit and scope of the invention, which is
defined by the clains, below 39
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WD 2004/ 051311 PCT/ US2003/ 038497 What is clained is:
1. A scanning unit for inspecting objects, conprising:

wa200daseti on source to enmit a beam of radi ati oPCT/ES2003/038497

rotatable platformto support an object for inspection
t%(h E I5 be m of radiation; and a detector positioned
9@ @e?@'én‘? B ati on after interaction of the beam

with the object; wherein at | east one of the radiation

sourceq, theA%thiﬁlﬁgfﬁnﬁffér inBBectiie} 8bjeefs, 'cémrﬂi’%ﬁ@' eina
first direction he scanni ng unit o cla|m1

wher ei n t hea sadiatien seurge doenka @sarrxofrr@yilatm, ation.

The scannin e t .

2 et oot or '3 APPRPIEPETTIE PR 4ok Bt if*%ﬁ%ft'bﬁ by the
Wmidﬁrémgn@tetaﬁﬁ or is alli gned 15 with the source

5. The scanning unit of claim1, further conprijsi

neans, for @ deleatempesiirnadotn fﬂyeweeraa@ttqrbaﬁ@r 'ﬁthﬁé’ﬂOn of the
v&w V\ﬁ{hrtﬁ%tdrﬁ t- 6. The scanning unit of claims5,
erernt ans

synchronously rotates and noves the

pl atform 20h&reimbkleasibome ofthenadiationcdairce, the \phetformmand the
é_g%flrst direction is,  substantially vertical, the
BHCRG WRVablednaiet dirRieNsi ng: a screw j ack coupl ed

to the pl atfs ghni ?Rﬁﬁteoftﬁé’irrPHaWh%ﬁf@hem@ soide st A%ource of

pl atform substantialfTy vertically. 8. The scanni ng
ukiray oddialiei.m 7, wherein rotation of the screWJack
25 causes r.@%atlon oft platformin a

ot ationa € sEaMR0 dotioE. A BhePed Rk fhtgetor is a detector

vgtdy.cal ly upward and vertically downward. 9. The

scanning unit of claiml, wherein the first direction

is subst anTh%mcgnmegturutalof daim Jeavharaty the detagtemisr aligned
“ng){e% armtor coupled to the platformto rotate

t a and 30 a pneunmatic or hydraulic device

coupl es] to Tﬂi@ goaahingr omitcofc alisim 1y efutthealcompridiventmedns. for
t he pI atform 40 WD 2004/051311 PCT/ USZOOB/ 038497 10.
TREatNEANA Meving thedrlatigra i the firgh difRGtioBonpri sing a

ProCeS5E0r  The scanning unit of ciaim 5, wherein the means synchronously
rotates and moves the platform.

7. The scanning unit of claim 1, wherein the first direction is
substantially vertical, the scanning unit further comprising:

a screw jack coupled to the platform to rotate the platform and
move the platform substantially vertically.

8. The scanning unit of claim 7, wherein rotation of the screw jack
causes rotation of the platform in a single rotational direction as the platform is
moved vertically upward and vertically downward. »

9. The scanning unit of claim 1, wherein the first direction is
substantially vertical, the scanning unit further comprising:

a motor coupled to the platform to rotate the platform; and
a pneumatic or hydraulic device coupled to the platform to cause

vertical movement of the platform.
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coupled to the detector to reconstruct inmages from
data received fromthe detector. 11. The scanning

waore/osfzicl aim 1, further conprising a first cPOV@FDN3/038497

5 to convey the object to the platformfor scanning.
12. The.scanping unit of. claim11 rein the first
conveyip' i s?ﬂﬁa%?rﬂn@%fmgo?ﬁ@?irﬂ& t ?@6] RUPPERIRY 3 Msasessor

tESUMEALUHOINS aéfetfort6afRbASUASIMARE FEAN LR réiite®from the
claim 11, further conprising a second conveyor to

cdefeetort he object fromthe platformafter scanning. 10

14. The,scanping unit of. claim1, erein the platform

i s abO\%' anﬁlﬂgﬁgﬁpﬂ@giwltgwjo‘aﬂ@"_ﬁof _ rﬁp&@%@%ﬂ&ﬁgﬁgﬁ@nveym
ofo ddifvel!tht iobjdbt itd tHehlatfbrd for sbandfiid.on- 15. The

scanning unit of claim1l, wherein the beamis a cone ]
beam 2. a The seeamngl Sniteof Tlgmstinmhegeinnthe difstceenvayor is

1 [ he . ' e nd the.detector
RIS Bt BohyiSias R Se P98 Tt Rtoty BREF b Sho.

two di3ensTheascateires wpitsof tlaimTha, SaagAsE R@mptisind®fa second
claim1, further conprising a second radiation source

t@PIAYEr i FaRye therphira Mfom the plgiferm afies scanring.
radi atygn S?H%%%aﬁﬁ]ggsurﬂt 5@9@%'?%@&%“1 n?é’g%orﬁl is above an

first energy distr tron an he second radiati on
soperirg em gound teadcedmodale anovemeng ol the cplatfomnengthe first
di.strijbution different than the first energy

8%t i on. 18. The cargo scanning unit of claim 1,

f urt heys conppré Schanifig IPRBIbIaint 3, %@FQE t@@ heah }ée% gone beam

detector: wherein the first detector I etween t
sefcairh Beawct or and the radiati on source. 19. The

; it. of claim.l8, furth i si
orocesr of Bespratinfynifh i 1 whielh the DB . Sorlg beam
O ahor detetior dUMSIRES0H dalBcieRi AHeaP IcRaipHBIRS o Blurality of two

reconstruct volunetric conputed tonography inages
pdiensinnal g@etectorscei ved fromthe first detector;

ool e TR RS SE BP B8 oy ESBef68, 45 decone
REdiddepQstiirod &t emit a radiation beam;

wherein the first radiation source emits a radiation beam having
a first energy distribution and the second radiation source emits a radiation
beam having a second energy distribution different than the first energy
distribution.

18.  The cargo scanning unit of claim 1, further comprising a second,
energy sensitive, detector:

wherein the first detector is between the second detector and
the radiation source.

19.  The cargo scanning unit of claim 18, further comprising a
processor electrically coupled to the first and second detectors, the processor
being programmed to:

reconstruct volumetric computed tomography images based on
data received from the first detector;
reconstruct energy based images based on data received from

the second detector array; and
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fuse the images based on data fromthe first detector
wWith the i mages based on the data received fromthe

wa@ewasnsiddet ect or. 20. The cargo scanni ng unit BET/TEBN03038497

1, wherein the radiation source is operational to be

sel ectively, swi.tched between em fti a adiatiqn bea

5 having a ff‘F?é%‘e NEREY %Sﬁr?%ﬁﬁt‘%ﬁ%&hah%%@oﬁ’%%%ﬁ With the
heRgebdHsRE ch hedils re@sIPsditof Her ddtehtiabtadtbf.er ent

than the first energy distribution. 21. The scanni ng

uni t cd0.cl alhe caromagasning unibef clainat!, avheseinitba radiation source

t Lal .y verti nt r det e .

3 SrepalorBiigp 1€ shls ey s BRAERE SBuRT o aftin boam
s ifigdtl gnegyyt dstiibutioneahd oa. radédionTheast daNINgda second
unit of claim1l, wherein: the first djirection is
Anssev Aistapytiondifferesd than Ke fisheneromdigriBetian.onar y

ith kAl Lcal di tion;
and 125 1 e fodrting HRRIGEBEAR fMvter F1 | FLCrer are
movabl e i n thbdirstditestiantis alibstantialtyi veticalj r ecti on. 23.
The scanning unit of Iaig 1, wherein; the beamis a

hori zont al | e seUEGRIRRG thee @ﬁec%@rets _'%@%&n@_r ext ends
hori zont al 't}ﬁe_p?&fogﬁ isTrH8v§(9§ri‘r'ri"trg?séﬁgténﬁglly‘i}e"f‘!iéﬁl%‘?’rec%ion.

further conprising: a secon adl at1 on source to em
a ver taZzal |'hestcanmmgygnbefoiaimanaviersiacti cal |y

" | . it :
Cht or act Lortiprresdef e Sungab@ab N B eam wi th t he
obj ect. 25 {Ra. pldthsindradtatiorary With Rispeteionthéd substdrtiglly vertical

conprising: a second radiation source to emt a pencil
segetion; ardli ation; and a second detector to receive

radi ation t j r ' [ ' ,

t he obj ect ?étajgéﬁ%aﬁ%@?@% %ﬁH?({]eggﬁtﬁit?@ﬁé‘f%c}tgf%ﬁéﬂr%\}a%le in the
wiidstintialieedighbdirestions positioned to detect

stinmul ated em ssions. 27. The scanning unit of claim

26, wher-ei nthe searBiag g of claémch Whek@i enitted al ong a
first axisiya42aW20R8HOoHAN o iehtiMaAhin Qe 9 7
the detector extends horizontally.
24,  The scanning unit of claim 23, further comprising:
a second radiation source to emit a vertically extending beam;
and
a vertically extending detector to receive radiation after
interaction of the vertically extending beam with the object.
25.  The scanning unit of claim 1, further comprising:
a second radiation source to emit a pencil beam of radiation;
and
a second detector to receive radiation after interaction of the
pencil beam with the object.
26. The scanning unit of claim 1, wherein the detector is positioned
to detect stimulated emissions.
27.  The scanning unit of claim 26, wherein:
the beam is a pencil beam emitted along a first axis;
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the stimul ated em ssions are nucl ear resonance
fluorescence; and the detector is positioned to

wdaedagosi3mucl ear resonance fl uorescence enitt ePiCT/US2003/038497
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substantially perpendicular to axis of the pencil
beam 5 28. A's anri n& unjt. for insgecti ng obj ectﬁ,
conpri si ng: tNeaSimyiated pMissianseate, NHFPAr & Cgf liuorescence;
rgdgation; a novable platformto support an object for

i nspection by the beam of radiation; a detector

posi tioned the rdelectar riadipasitiomesf ttor deteot avuclear widdonance

B bRSCBRTBneR BB R Bead GBS S By BLES] beam
convey2ghe Akiceghiry @it fd?%@e%&iﬁgrdq@‘té,%mm@i ng;

and 15 a third conveyor to convey the object fromthe
pl at f or m af @ &adialiensaurag toversit & beam obrgaistiontay be

sel ectively_d] of t eco onyeyor,.

and the thi ?ghé‘g%@g%%ﬁggﬁ% %W'{bﬁ%aﬁoék?]g&of?rdps g(dion by the
pbedmafiradial®n; The scanning unit of claim 28, further
conprising a processor 20 programred to nove the . )
pl at f or m t 0@ H&tgeof osHignest tayraaeiven eadiation @ftet dieegadion with

[ bj ect passes inspection and to align the
oﬁ}eé%t?eév)\%th the third conveyor if the object has not

passed i nspacfitsbnco®eyorhto scoveynthainohjecl tol tienp@ftform for
wherei.n: the platformis rotatably positionable to
affYW%e object with one 25 of the second conveyor

and the thigdceRY LRVeySlio E&wm@r@tﬂgcwﬁq dmta QLA after

30, wherein the second conveyor

cecaruyng; amde at a sane vertical level. 32. The

scanning unjt, of claim 2 wherein: the con

conveyor i sé fﬂ"?g %qr}v]eé(%ﬁ? QP&VF?”C@P p@gg‘s?rpﬁhghg rplatform after
t §¢drhingd0 conveyor; and the platformis novable

vertically to align an object supported by the

pl at f or m wi WRetsiie aF obirctsweynbe Aadeetiveld direatedytr one of the

gg’?cgﬂaﬁ]o%%ggﬁrb %@% 'rt‘rﬂéo%hlr;a;%ﬂr}/%g{]} é%ﬁcf ﬁétﬂp& boSBBR ok fd Siatform.
29 The scanning unit of claim 28, further comprising a processor
programmed to move the platform to align the object with the second
conveyor if the object passes inspection and to align the object with the third
conveyor if the object has not passed inspection. '
30. The scanning unit of claim 28, wherein:
the platform is rotatably positionable to align the object with one
of the second conveyor and the third conveyor.
31.  The scanning unit of claim 30, wherein the second conveyor and
the third conveyor are at a same vertical level.
32.  The scanning unit of claim 28, wherein:
the second conveyor is at a different vertical level than the third
conveyor; and
the platform is movable vertically to align an object supported by
the platform with one of the second and third conveyors.
33. The scanning unit of claim 28, further comprising a fourth

conveyor on the platform.
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wo oogmst3tn verti cal beam of radi ati on; a rot at pBOT/ES2003/038497
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platformto support an object for inspection by the

verti C?#n bggm of radi attcf on; 5 ﬁ\ coH.ve or_on the

pl at f o' t o FGGENPAMBPEIISPRENNG BRISHS. POMPTFNIE | cal

det ector al 4 gaqdtion 5burlcBo \ephit SRR ®ani 6F raafdione
radiation after interaction wth the object. 35. The

scanni ng und trotsitableaplaifeun torsuppiont aneobjeett for dnspereation by the
IS fan_ beam .10 36. The scanning unit of claim 34,
M%ﬁ%?’ﬁ’%%sgr%'%%‘%% is vertically displaceable, the
scanni ng ung tohvéydin HeMAatfGHNE mdveaRe dbjdcdAoAkdally;

source to emt a second, horizontal beam o% _
radi ati on; arkericaledetrataioalianest withdthee yedicap bsiam.ofefeceive

to & [ r.adi at.i ; : he interaction of the
h%rd@@ﬁt%ﬁeerﬁ@gmog th'mg{go%ljglggﬁ 37. The scanning unit

of cl ag®n 36Thavgeaming unft dfidlalin 34 Wkereimnthe Veaticaldsamd is a fan
source are the sane. 38. The scanning unit of claim
3eeaMherein the first radiation beamis a fan beam

and t hgs sec bt h 240 : ] :
and a fan glggt?ggﬁr'\HIﬂngAgg@g}rm%ﬁgQﬁ]nél?t&m?tg‘réo@ﬁgggﬁﬁ ‘AS”'Ca"y
othisplaceablepths scarming anit ddthericompiinge to enmt a

penci | beam of radiation; a rotatable platformto

P bport an 3ePeeRd rafiafion sBufdu Bt eyl Hiskontal beam of
I adiiion®8ndand 25 a detector positioned to receive

radiation after interaction with th_er[etéj ect; wherein
at | east onesetomdhborizeitat detectasnoséioneddodeceive sadiation from

5 eSS DR b, 2
det ect®7. | STH®\6@hhging3thit Of ElRHAI 36 Wisshent tHRNfist @blikieednd the
by the object along a predeterm ned direction. 41.

. TPRCOSE50MreRy atmihe f8Mel ai m 40, wherein the detector is

oD A8 OTog PR DA o Mot WA AL A e i
ch #anmbaam ahe tied setdred cediatidrobebm Bda efla domedsdarmtand a fan
fg)éc,asl%'on bypr oduct s.
39. A scanning unit for inspecting objects, comprising:
a radiation source to emit a pencil beam of radiation;
a rotatable platform to support an object for inspection by the
beam of radiation; and
a detector positioned to receive radiation after interaction with
the object;
wherein at least one of the radiation source, the detector and the
platform is displaceable in a first direction.
40. The scanning unit of claim 39, wherein the detector is movable
to receive radiation scattered by the object along a predetermined direction.
41.  The scanning unit of claim 40, wherein the detector is supported
on a rotatable ring with an axis of rotation transverse to the platform.
42.  The scanning unit of claim 39, wherein the detector is adapted

to detect fission byproducts.
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scanning unit of claim39, further conprising: a
second,radi agi on source ,of horizontal, beam of X-ray .

5 radi %%’1 on?hgrﬁ?aﬁn@@c‘ﬂ%l?f ﬂa\"ﬂ ﬁlgmf"ﬁ]qrﬁ'”etgﬁerﬁalawﬁn source Is a
Ug4igeb Of el sMtiliohs ntNamayage. to ecel ve radiation
after interaction of the horizohtal beamwth the

obj ect 4445. Thiaescanaingiuni afrdlainod9,dudher damprikiagei n t he
source of the pencil 10. beam and t.he source ?f t he

hori zont al | § 359 i RgiaeRmsarErs (1t §ai?19.”22@t.a pbeam of X-ray
SERIMtdN g t for inspecting objects, conprising: a
stationary radiation source to emt a beam of

radi ation; & gee@mdr kotizorialypoexteadingbjdetectonraligned with the

HeRREE ot hestyes Mg uRer ibSeBbb G trtfafrdiadhfim witn the
16bjetong a second axis; and a stationary detector

positioned to receive radiation after interaction of .
the bed® wi TheSeanpipgestit olglainyi, yeharaimipeuspurcefof the pencil
c i

DA AR UL of B, ooy Bl boan P HG e

47, whéBei nAtdrenamgeuniiios inspeating ebjactsyicomprisingt9. A

met hod of exam ning coptents of an obte%t, conprisj ng:
rotating the SE| {ons$pufce do gmit @ PgaMpAt fadiation;
scanning th ' i di @t f hat,

source; 25 ge@éﬁ%éwrsygipg?i %ﬁ q%r%ﬁ%%éﬁmﬁpﬁwmb beam of
otgidéationyi the platfotracbeing rodatdbleoaboyt a firstasxis omed alisplaceable
th'e og ect, the r ao(lzlsati on source and the detector in

a2 PPPs ?%‘?drnéjc?)f'%_rﬁn 0. The nethod of claim 49,

conpri si ng acapfliondry heetebiopChodfibhed & Feledld Nadidien after
obj ect and noving the object in the first direction.
sinteragiéomet edbesm withi theabjedonpri si ng al ternati ng

2T 78 W P B8R e e Pl e

second axis are the same axis.

48. The scanning unit of claim 47, wherein the same axis is a
vertical axis.
49. A method of examining contents of an object, comprising:
rotating the object about an axis of rotation;
scanning the object with radiation from a radiation source;
detecting radiation interacting with the object with a detector;
and
moving at least one of the object, the radiation source and the
detector in a first direction.
50. The method of claim 49, comprising scanning the object while
rotating the object and moving the object in the first direction.
51.  The method of claim 49, comprising alternating rotating, moving
and scanning of the object.
52. The method of claim 50, further comprising reconstructing
volumetric computed tomography images based on the detected radiation.
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detected radi ati on. 45 WO 2004/051311
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conpri sing scanning the object with one of a cone beam

and a £gn b mof radi ation 4. The method of aim, .
49, COE‘SH oTiE et 85 dei 48] cemPHising scanigg %e object with
réﬁé@ﬁ"a%nébéaﬁn ahldea fﬁhtManf ré?dhéhdiﬂ 54, conprising

scanni ng the object with a radiation beam having a
first Bfergyhei memwmﬂaiamaﬂa s@aprising schanislg] thetohjectwith X-

a [ n beam having a second energy distribution
dﬁﬁ%‘@%‘ﬁhom the first energy distribution. 56. The

net hod5gf  cTaMnethodcOMBlaing 549 co&ribri@mge%amﬂng Ak @bjéb‘ﬁ with a
transmttedthroughthe object wwth a first, ~spatial

deadialicn baamahavine eelist ageigrdiistribution eadssaanning the obJect with

tQr h j (& S r t

U e SRl oS50 en P MeBIEh Lt fom the
tem@yaﬁhtylbuﬂages from 15 the radiation detected by

the first detector; reconstructing, imges fromthe

radi at PBn dg-h@dp%tﬁogfftcf?émﬁ(%’ﬂ‘prwgector and fusing

The Tirat o BRITRCIOR I ROyTHiSgf hEorie MR a fist

c$mtm|¢l@1edbleamsay; the first direction is a verti cal

direction, t hod,. conprisin vin | east
of the obj eg?{sec%nsg ra\déffgpé‘t |r@HS§g[EﬁnCEéhéﬁ’@% &@%@tersemnd
| Bnérgyeydnsirle, BbfeRedri on. 58. The nethod of clai m 49,

further conprising: ~noving the object horizontally;
25 scanni ngredeastibpting weluretiicveemputad bemaagrsiphy images from

 ELPeletRn FPcHBIER PRI W h “The obj ect i th

a vertical rjopetrottindPnagdiefromtthe¢adibtich dcf@di8d by the second
further conprising: rotating the object in between

vestertod] addanni ng; and 30 reconstructing vol unetric
conputed to e

Comt 9, (OERINF PR 8 HE ] e o
the first and second detectors.

57.  The method of claim 49, wherein the first direction is a vertical
direction, the method comprising moving at least one of the object, the
radiation source and the detector in a vertical direction.

58.  The method of claim 49, further comprising:

moving the object horizontally;

scanning the object with a vertical beam of radiation; and

detecting radiation from the interaction of the vertical beam with
the object with a vertical detector.

59.  The method of claim 58, further comprising:

rotating the object in between vertical scanning; and
reconstructing volumetric computed tomographic images based
on the detected radiation.

60. The method of claim 49, comprising:

scanning the object with radiation to induce fission in fissionable
material in the object, if present; and
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scanning the object wth radiation to induce fission
in fissionable material in the object, if present;
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fission byproducts. 61. The nethod of claim 60,

conprising scanni ng. the object wwth a pencil beam of
neutron or 88%?&”9&?3%05&?@(?%%"362. ~The nethod of

claim @9, fynbhAbtRNBr ERIMBE QWD |smq Sbehring _tobjw':ect with a

fromthe platformalong one of a plurality of” exi
paeneil bagmdbfateutreasar gammarraysadiatioe. of a rot ati onal

posi ti and.a verti,cal positi of the .platform. 6 .
The rePhod SheaeihHid ohab: ERngr bl somuling the object
strofihat SidtfofAiaksigPose bF 8'PlliraRtydT S@tpatiftbaddte atRiaBPH part on
of claim63, conprising detecting nuclear 10

r 086 maadetationel pegtior and aiverticalhgsition efiibe Phgtiarm. 65.

Th d |aj 9 i . .
ob et O | anenseBpacet T 8RRh; 35 nevEATRb J8plekEpg stmulated
vendissiehs flofreiblel sbjectand scanni ng the obj ect while the

object is being noved in a second 15 vertical .
di rect Pdn, dpBosnethadneof i lgim ¢i63ectcopprisgy  defecting nuclear

EoTeTo} i i G i:ng t he obj ect

\?E%tl cé’?%yfﬁ‘lo?%éyeﬁieﬁé@%%h?foﬁﬁn%?ﬁtg contents of an

obj ect f5conphesnethod of alaim 49, ddmepridipgct; scanni ng t he
object with radi.atipn cantinugu uring at. |l east a. .
20 port 1 on SPaRHA0 BEAGH Bt S et Bipo ASled in a first
doteiehl Migedtdm: aghlon interacting with the object. 68. A

nmet hod of exam ning contents of an object, conprising:

rotating théecamjiagithe objaohwhiletthe objgatds beinghmavedijn a second

radiatj en: .and_ 25 .detecting radiation interacting

W??Iﬁ%%L 'r%%?’é‘cf??éﬂge &esft&raﬂ_&'ir%(g'oﬁni t for inspecting

obj ect §6. COMpeirAéthed of zldiBtdRtdoPiprioml AR VIrY 1@ dbjéct vertically.
beam of radiation; a rotatable platformto support an

obj ect 6 or ArBpthed Jrexamining casdants of apaiegti ePMPESIAY:

30 a detect Wi oned..to receive stinulated
em ssi ons f?‘%(amﬁr?ﬁigﬁé Q'E}thdt due to interaction of the

beam wi t h t bearmingthe object with radiation continuously during at least a
portion of the rotation of the object; and
detecting radiation interacting with the object.
68. A method of examining contents of an object, comprising:
rotating the object;
scanning the object with X-ray radiation; and
detecting radiation interacting with the object.
69. A scanning unit for inspecting objects, comprising:
a radiation source to emit a beam of radiation;
a rotatable platform to support an object for inspection by the
beam of radiation; and
a detector positioned to receive stimulated emissions from the
object due to interaction of the beam with the object;
wherein at least one of the radiation source and the platform are
movable in a first direction.

70.  The scanning unit of claim 69, wherein:
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wherein at | east one of the radi ati on source and the
platformare novable in a first direction. 70. The

wae@anssgl unit of claim69, wherein: 47 WO 200d1/05S%81/(38497
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PCT/ US2003/ 038497 the radiation beamis a pencil beam
emtted al orﬂgéa first axis; the m ssi_ons

] st nul _
are nucl earNP4ediFiAR e@mﬁ%@@ﬁ'&é?émﬁﬁﬁ%ﬂ@?‘a@@ adirgiaxis;
| s positiongd étﬁnl‘i‘lﬁgﬁoﬂenﬂgﬁbﬁér rECRRIEAC Fesomance fluorescence;

fluorescence emtted substantially perpendicular to
aamd of the pencil beam 71. The scanning unit of
claim 70, further, conprising.

. o . uni
source to enft FPEEOpndS b@ggdt@%eaggggtqeg%&l a@fgg%{ resonance
SfStBEcélRieeshttedaubs i lialy PRrpdijiiensPiRtaxia of tHd Qéhcilfbeam.

source to 10 receive radiation after interaction o
t he setbnd Demacanning und obigjaier 70,fueher goraprisisgst one

of Lhe. eCRebath IBNGRUL o yPhELEHALENN 8 ctaton

72nd A scanning unit for inspecting objects,

conprising: a radiation sgurce to emt a beam of

radi ation; asegopd setestar @ligaeed ywith the sesprd radigtion source to
| RBRR! LBBN diaf iMEAIRiBh of 1AdsBtAMMNbe bRl fid G5BL,
bei'ng novable Tn a non-horizontal direction to nove’an

obj ect suppshémreih biylebiseopé af tiee secondaranidatidnosowroat the platform

direction; and a detector sitjoned to receive

4t e SHrontintSrRt r brvahia thadrshsliBaighc h e

obj ects5 20 il ot [kl ' .abl e
at | ea7s%' paﬂéi%gﬁ?@gé@@uf?amasﬁbggﬁggﬁ }régﬁf\?gfnspggilfa&t he

pl at f orm 7a&radiorsseunciertg amit & befane bhiadigtion; wher ei n
t he non-hori z al .direction is.vertical. 74, ,Ih

scanni ng und tp?%%o El Sc? rﬁuPEPrtf%rPtO??é?&cft8Frﬂ?§%qc anabygg?ﬁ Ib&am of
afadizton, @RS plaffefrhi iy MicVabla i & nahthbrizoheal Airestion & move an
gantry supporting the radiation source such that the

rekjeat supposiedrayethesplaiforne ise nearharigonial direstiemiandabout

the gantry SUBIEROSOORICHAEIL Rocs BGR Ater, HREFeRHAh of the
d@é@mt\mfh ih® gijedteast partially rotatable about the

axis. 48 wherein the radiation source is rotatable at least partially about
an axis transverse to the platform.

73. The scanning unit of claim 72, wherein the non-horizontal
direction is vertical.

74. The scanning unit of claim 72, further comprising a gantry at
least partially rotatable about the axis, the gantry supporting the radiation
source such that the radiation source is at least partially rotatable about the
axis.

75.  The scanning unit of claim 74, wherein the gantry supports the

detector such that the detector is at least partially rotatable about the axis.
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