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and nore particularly, radiation scanning of cargo
conveyances for contraband. Background of |nvention
[0002] Radiation is commonly used in the non-invasive

br' of caseRARMTIGN SCANNGGE 'réjf?ﬁ&%he GORNEYANCES
contraband. Cont r afinGEAROBHSANDNBHE UK s,

expl osi ve devices, as well as illegal drugs, for

exanple. As crimnals and terrorists have becone nore
creative in the way theiﬁekhﬂaﬂweobnnraband, t he need

for nore effective non- invasive inspection techniques
hd@0@tlown. Radiatiamecamnmiggl ofnepjetts, andt masamarbeularly, radiation
pl anes in carry-on bags and in |uggage has been a wel |

15cknowng,of cargm cogvey@ances fior contrabandubl i ci zed but al so
serious threat is the snuggling of contraband across
borders and by boat in large cargo containers. Only

2% 10% of the 17 m | IBsukdraudd sfnvantiehs brought to
the United States by boat are inspected. "Checkpoint

T¢0002]" . U. Radigtish adomehig (RRRIOIH thd@lhUATysitd inspection of
2002, p. 52. 20 [0003] One comon inspection systemis

s SRS AISIE i BNRCLade 4 1ISRELEF AU ien

120 bAoA dhBlarS BBk Fie Sl g lRes cag wel as

L IREE RS, Bt 5 o a5 v Secome more

transmtted through 25 the object is attenuated to

v &reativg it dpe aay theytaencesheanitabant, theeneeq éat momh effggdive non-
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invasive inspection techniques has grown. While the smuggling of
contraband onto planes in carry-on bags and in luggage has been a well- .
known, on-going concern, a less publicized but also serious threat is the
smuggling of contraband across borders and by boat in large cargo
containers. Only 2%-10% of the 17 million cargo containers brought to the
United States by boat are inspected. “Checkpoint Terror’, U.S. News and
World Report, February 11, 2002, p. 52.
[0003] One common inspection system is a line scanner, where an
object to be inspected, such as luggage, is passed between a stationary
source of radiation, such as X-ray radiation, and a stationary detector. The
radiation is collimated into a vertical fan beam or a pencil beam and the object

is moved horizontally through the beam. The radiation transmitted through

the object is attenuated to varying degrees by the contents of the object. The



attenuation of the radiation is a function of the

density of the materials through which the radiation
woeawpearses. The attenuated radi ation i s det eeCedsand/ 002525

radi ographi c i mages of the contents of the objects are

eper at f i nspection, The radi ographi c i nage .

" 1P on,of e ARG s 2 tynstion o) v cees epishpiTagtesls through
the contents. [0004] In a typical seaport environment,

a el dhe ﬁa@atl@n Rs&KR Pasaeshd hes atipiated aadiationtisidedested and
are lifted off fromthe ship by a crane. The

caadiggraphic imagese dfoties ecbritgntshef cthenebiette ard rgsierated for
If it is decided to inspect the container for

comgpetiond Then rapHRK irha¢@ Setdfls opBt ah a i
desi%nat ed 10 Ii’ér?;tacPi onI s?%. e[ OO%S] Typ?%l é%;,r S‘Qd vanying

‘5 | PPk U 1Y 8b5ERts, When used in a seaport or airport

environment are i1 npractical due to the size of the

c containers. . Standard cargo containers are ]
CJ000 Y S0 S ipial seaRgr o eRtyR Gerag Ship i degked in the
hi gh é%4 ters) and 6-9 feet wde (1.8-2.7 neters). _
'Sgae g%“ggo'&f@ﬂ"t%ﬁ e dftedyeifdromtiee gBipdox a ctame.aiTheacontainers
pl uralitly of pieces of luggage or other cargo to be
steRkei lowened hydtheotrame anteatreck. ndf itr isndecided sbziaspect the
(length, height, width) fromabout 35 x 21 x 21

| cohtaindrOfoB Zontr@baid xhen Fhe MRICK tkes Rhe ldnidiAL} t340d&signated
118 x 96 inches (6.1 x 3.0 x 2.4 neters) Sea cargo

10 caHpRCiien Sitear € typically about 40-50 feet |ong, 8
feet wwde and 8 feet high. (12.2-15.2 X 20 2.4 X 2.4

. L oys] i LEcts, h as, man
PR aﬁég%ﬁé—%@%%ﬁ%i%%&%rw@éﬁoﬁeg ,aalaz geaport or
A bRt S et EH S 9 e ontiners
"cargo conveyance" is used herein to enconpass cargo
c%ﬁﬁryiaﬁérc@rgq icRplainesgarsety pically 20 o0 feghlong) (6ahd 5.2 meters), 8

pal lets. 2 WD 2004/ 070421 PCT/ US2004/ 002525
feet high (2.4 meters) and 6-9 feet wide (1.8-2.7 meters). Air cargo

15 containers, which are used to contain a plurality of pieces of luggage or other
cargo to be stored in the body of an airplane, may range in size (Iength,
height, width) from about 35 x 21 x 21 inches (0.89 x 0.53 x 0.53 meters) up
to about 240 x 118 x 96 inches (6.1 x 3.0 x 2.4 meters) Sea cargo containers
are typically about 40-50 feet long, 8 feet wide and 8 feet high. (12.2-15.2 X

20 24 X 2.4 meters). Large collections of objects, such as many pieces of
luggage, may also be supported on a pallet. Pallets, which may have
supporting side wall, maybe of comparable sizes as cargo containers. The
term “cargo conveyance” is used herein to encompass cargo containers

(including sea cargo containers) and pallets.
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[ 0006] Fi xed inspection systens have been proposed for
i nspecting |arge containers. For exanple, U S. Patent

wolaoo#b7d430, 568 t o Yoshida discloses an X-ray SysiusSp004/002525

for the inspection of packages, including |arge
00 ner Rote BRPERIGh SYBLTR e B BigRBS 8 B Hepecting
8165 e ainerse, FoTSOSals. b Eabeaor S o430Ahg FaaVoshida

i nspection system where an X-ray source transpits a
disdlosesoan Y¥eaynsystanadionttheninspections oh paskegssr ingluging large
whi ch the containers to be inspected are noved. The
ehippid eontaiierd.e Angvreadyer mMeiesanstpackages loy container horizontally
incrementally. The 10 radiation transmtted through a

g%ﬂkééﬁ‘eﬂhei §<Fé§ﬁ 86LRS %@p‘h&@' BRda $BBSUNd SETRABCIOF array.
wo, perpend I

evi ce havi ng _ i cular arns, one ext endi ng
STRBEL DS PHEM oS3 3R5ET40 16 S 208ERe88h 196 inspecton
contai ner during ins ectioF%PghE foldeﬁ sensQr__enahl e

SiatessWBR] @n OUIGE TRES hCOPHAROY® RegM © radiation

ot herwi se be necessary in order to detect 15

eethss BogPviesas eangewhich Hig)isontainessttor be dasRegtpd@re moved.
[0007] It has al so been proposed to scan |arge

dovet gontzirserwitidy per tradvied eiheraygontimgpusly orsinenemertally. The
exanple, U S. Patent No. 5,638,420 to Arm stead

Fh&iekien Sparsnittea diksud eP eshimersisstetctetheyelyfslbed” sensor
radi ati on scanning system (a source and detector) is

(108 0 Pl RO Rt BN porcaly

of the contal ner

iy e obsc BaBel %ﬁ%&hlé"ogﬁeréﬁ%&gﬁ%ﬁg eigaftaly over the top
FREAE 42 °51 Ealls d
(B oBIAMATAAUTE FSPBGHRRA DIP DIER GPHSar SeABIes e system to

vehicle is driven past the object in order to scan
tHawecasialles heighttbanbyedd .otherwise beceecqssapoeardas to detect
i nspect sea 25 containers with such systens. 3

radiation transmitted through the entire container.

[0007] It has also been proposed to scan large containers with portable
X-ray imaging systems. For example, U.S. Patent No. 5,638,420 fo
Armistead discloses a straddle inspection system, whereby the radiation
scanning system (a source and detector) is fixed to a movable frame and the
frame is moved horizontally along the length of the container while the image
data is sequentially recorded. Also, U.S. Patent No. 5,692,028 to Geus et al.
discloses an X-ray inspection system including a source and a detector that
are mounted on a motor vehicle. The vehicle is driven past the object in order

to scan the contents of the object. It has been proposed to inspect sea

containers with such systems.
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port. While the Arm stead and Geus patents were

desi gned to _be portable in aorder to mnim t he

oR0RT ot ' opae svpemmiesn el ative e 1O T rEfstiantages. For
facility, 5 both of these systens are still |large and .
eexainples fihe dyatejes dRle i1 yalugblee spapeinitheusea port. While the
addition, all of these systens may be easily defeated
WAtrhistead laed" IGuge pataritai were' dasignashitenbe pantable in order to
exanpl e, once a container is unloaded fromthe ship

aRfhiRiAS 8tk UMbl Soskade hefphhyelly dedidaied itohecxiray facility,

station, contraband can be easily renoved before

 OHCE e, FRRGER°YE, SUE et SABITEIF 2 ROBERH one
CuhaRdF et 3R el ALHF A8 SRrbE Tl BE REARfog8 wir

need for inproved inspection systens for sea . .
ctb\q‘%arg@rc@ﬁgalngr”ﬁwgamnt-[ bovexamples gacg asePriaisgr is unloaded
proposed to nmount a radiation detector on a 15 crane )
sfretrethe $hipdara placeadoatthe rdaski for eteligryr tod ihea disipestion station,
materials within a cargo conveyance bei ng noved by '

t BéntedRe S¥At B8 edBilg hrestiGictbefarenipispedtidrect The above stated
contraband that is not radioactive or is shielded.

?ﬁi@@ﬁﬁé &bo Hake! él&\ﬁgihgﬁé‘ct[o@péﬁﬁe EART &W@iﬁ%@fﬁén Bl typically

I nvention, a radi I on scanni ng system

conpri.ses.a radi at | 0 - :
- QERERE B a5 oe HaRR. A R, ARHRGE, Yo cbitplete it
proxi mat e crane system f hat ves, obj ects, such as
P iegecten Cosrotai Haters siha nerRde hact pariilin siStems for
fromone location to another. Here, a "crane systent
maga bentainersypéacgeapert. 1ifts an object froma first
| ocation and | owers the object onto a second,
dLUO‘GS]ent | Hd®ds also BSeil proposett te ysownh arvadistiohaletector on a
obj ect through a space between the source and
crane system, to detect radiation emitted by radioactive materials within a
cargo conveyance being moved by the crane system. Such systems cannot

detect contraband that is not radioactive or is shielded.

Summary of the Invention

[0010] In one embodiment of the invention, a radiation scanning system
comprises a radiation source, such as source of X-ray radiation, and a
radiation detector that are proximate a crane system that moves objects, such
as cargo and sea containers and other cargo conveyances, from one location
to another. Here, a “crane system” may be any system that lifts an object
from a first location and lowers the object onto a second, different location.

The crane system moves the object through a space between the source and
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that the object may be scanned. The crane system may
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of cargo conveyances, off of and onto a ship at a

seaport,, for | e,.The source and/or_ detector may

pe gl 5o e Prabidd Al beatantsd mipeisons aysioa may move
the crane system 5 supported on the ground, for

ex@PIBES,; Strl apse cqiiakernend alerdtypea of cargmponveyhnops, off of
or near to. The term"near to" as used herein neans

angnd botea sbip ata seamirt, foeexaraple. i Ehecsquatkanelionésist® may be
an object. If not supported by the crane system the
SosuppRrRUdbYT tiP(Gaher semPop Magbbi WebRIB e’ @hhé Csystem,

defined by the crane system so that no additiona

S Pafifhdridt t di ati.on, scanni "

syst emrt%[dogﬁﬁ?erﬁotg ﬁg’ cIF:tgrn %%Pb %f gmseegéﬁﬁ]r mgﬁ’g%t& &g}[re means
bej l.oaded from. a i p, may be | qgwered through a
raéd‘llbg)tolwéﬁ’ §ga% Brft tt%'d%hlﬁ'? fgrm s'&%ﬁrcg) afd hegn gpans any
the detector, for exanple. Alternatively, objects
bgpﬁﬁt'qrbﬁﬁ\é’g'q@nﬂ"‘@ @anfiip capablenef passingian rahjeethdf not supported
seaport and raised through the radiation beam while
19¥engane sisignorthe sausts pnd/oheetpcitreamegpralsrablyt Within a profile
exam nation of |large cargo conveyances during the

| atefined @ theuotamedsysgemyisbhipiat nbestiditidrizd spaek ish8ken up by the
conveyances be taken to an isol ated exam ning

f&édlaitibh-scéﬁﬂihbis@@fémy, since in this enbodi nent the
radi ati on source and detector are preferably supported

b i thi ' f e ste no e .
SHRBLT LTnNE SBEEN EaSsgblf il AP Reh i EriniGg4ERhSm a ship
alr t aken by the crane system jtself. Brief
pobEF B b8 hhoddh fdSaRlEA Sed gmiled b The semmaanddetected
representation of a radiation scanning system
s%gyp et dRtepipr.afor example.s thdternativelys abjecis deiig oasled onto a ship
enbodi ment of the invention;

may be lifted from the seaport and raised through the radiation beam, while

being loaded onto a ship. The system enables the examination of large cargo
conveyances during the loading and unloading, without requiring that the
conveyances be taken to an isolated examining facility. Additionally, since in
this embodiment the radiation source and detector are preferably supported
by or within the profile of the crane system, no more space is taken up by the

system, than the space already taken up by the crane system, itself.

Brief Description of Drawings

[0012] Fig. 1a is a schematic representation of a radiation scanning
system supported by a crane system in accordance with one embodiment of
the invention;

[0013] Fig. 1b is a rear view of the radiation scanning system of Fig.1;



25 [0013] Fig. 1 bis a rear view of the radiation
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cargo conveyance being |lowered through a radiation

be itted_b .source, such_as a linear ]

ac@g'@in ator, Fd ft'ﬁea dRBoYieNe M @fcaryq. conveygnee) being. lowered
3 is a side view of an alternative source for use in

t Harowgheatiadiatienteam emitted by posste Bugh as adineaf moaglerator, in
view of the source of Fig. 3; [0017] Fig. 5 is side

vi the erhbodienesxbof E&y.df Fig. 3, in use in the radiation

scanni ng systemof Fig. 1; [0018] Fig. 6 is a top view

of [08167r 90 CRigY ey dNGeskRl Didw %Wr?%lte%%tiVBréﬁlﬁbeafgé yse in the
g. 3, [0016]

radi ati on beamemtted by the source of Fi

Fi ' tiqQl top view of a cargo conveyance
be‘%ﬂgz?%ﬁv\%@ggﬁé'hﬁough three radi ation beans emtted

by, e respectjive sources, in the e di rent  of

2Tg0IRF® (63BE" M 18 SR ot! S atthe SBtrosio ot for

enbodi ment of the invention, 15 wherein a radiation

sd@0dé] and Figebdesisie vew afiippaausee bf Fichd, i gaadn the radiation
proxi mte the crane system [0021] Fig. 9 is a top

vissanoing $ystemoddigetit of Fig. 9; and [0022] Fig. 10

is atop view of a seaport in accordance with an

erfpod8]rent dfigt fee is nveepi wew bﬂ@rd@%@tddﬂﬂe?aﬁce being lowered
radi at1 on scanning systemof 20 Fig. 8. Detailed

' ' 9 ' . 023] Fiq.
Detﬁfdud%%ﬁgﬁ E%@Lﬁg@%ﬁt O& Bt Eigl 90231 Fig

la 1s™a sc ttllﬁono a radiation

g fc[ﬂpﬂgfgr egglﬁ{f ﬂ%gﬁ%ﬁﬁ%ﬁ;ﬁ&g oF av%atrgo %%%vg{/rgr?gei Hglrr]ltg lowered
through three radiation beams emitted by three respective sources, in the
embodiment of Fig. 1;
[0020] Fig 8 is a side view of another embodiment of the invention,
wherein a radiation source and a detector are supported by the ground
proximate the crane system;
[0021] Fig. 9 is a top view of the embodiment of Fig. 9; and
[0022] Fig. 10 is a top view of a seaport in accordance with an

embodiment of the invention, incorporating the radiation scanning system of

Fig. 8.

Detailed Description of the Preferred Embodiments

[0023] Fig. 1a is a schematic representation of a radiation scanning
system 10 in accordance with one embodiment of the present invention. In
this embodiment, the system 10 comprises a crane system 12 supporting a

radiation source 14 and a radiation detector 16. The crane system 12 may be



thi s enbodi nent, the system 10 conprises a crane
system 12 supporting a 25 radi ation source 14 and a

woadi4arioan detector 16. The crane system 12 nmayCbais24/002525
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WO 2004/ 070421 PCT/ US2004/ 002525 a standard crane for
u i d | [ 0 conveyances 18, such as
- &, SEARR RBehd BRI SR B0 S BAARA Farao ShhusyaRceR; 18, such as

20 at _a,seaport 22, as is known in the art. In
a &Gy RlHRIB @Hdtn«’f@e% &¥epampigefromoa shim@0 @t aneeaport 22, as is

system_ 12 may be any device used to lift an object
f FORWEHE thewrt.i tmaseerdaneewithhthe resbiiEioventivry the etdres system
| ocation. [0024] The crane system 12 conpri ses

ofiiosiay ey enyi deviices used tollitsar? 8bjec? froft BRENbERMDNRaR® ¥Wer the
arm 28. A conveying system 30 is supported by the

b@bi@@bﬁlc?ﬁnoﬂaﬁ?ld“dé'%ﬁyi ng system 30, the details of
whi ch are not shown ut are known in the art, my

c j15€ a ri eader .bar 32 for 10

szg%‘lt]ng a ?g{eg%rgggns's@%ﬁ@? GNP RO Hegigﬁ[e%t(qctures 24,
T% carri ge Sg i s suspended froma chain_or netal

r §e3‘5°£°&6 19 EnPrYBAE é@r | ByGONYRYIgnBYsiem 3Pde syppeted by the
Tp)e conveyj ng_system 30 may |lift a cargo conveyance 18
vPROM AEN &8 r 1 Bg £oBYewing sybtem S0 they detdilsalflwhiclagre not shown

i ndi cated by arrow A, nove the cargo conveyance

hout zomtkalon frotlee dst, trnay veanmise 22carfiagb sH greadePYar 32 for
arrows 15 B, and | ower the cargo conveyance onto a

t seclirtfta ecdrgenéenvdyanseaiPbt othdrsshdén | ey i
by arrow C. %he crane system f2 rrayu eo(t)) e;['a?ghdé%)%ﬁgarge 32is

osas s 60484+ 9B TP Rl y, 2 ot

exanple. The carria

t [ em.30 to, the shi , to be secured .
tQ%§%®?W' E?%@b%ﬁ%?a%herﬁg?o Fﬂ%& ’fzj’? 6ceAlgojconveyance 18 via
rever sed to%éoap 20 cargo conveyances 18 onto the
shigpCalageode it Bf @ shippverdically, eag indieatedrby lmerow A, move the

radi ati on scanni ng system 10, show ng the source 14
seyperacsyepance bpdasialiinicdaards s sehpow 22nairgicated by arrows
B, and lower the cargo conveyance onto a truck 34, or onto the seaport, itself,
as indicated by arrow C. The crane system 12 may be operated by an
operator located in a control compartment 36, for example. The carriage 32 is
released and returned by the conveying system 30 to the ship 20, to be
secured to another cargo conveyance 18. The process is reversed to load
cargo conveyances 18 onto the ship 20.

[0025] Fig. 1b is a rear view of the radiation scanning system 10,
showing the source 14 supported on a crossbeam 38 (also shown in Fig. 1a)
connecting a pair of vertical supports 24a, 24b of vertical structure 24. The

detector 16, not shown in this view, is similarly supported on a cross beam

between vertical supports of vertical structure 26. The guide 40 and the ship



connecting a pair of vertical supports 24a, 24b of
vertical structure 24. The detector 16, not shown in

wohos/oroew, is simlarly supported on a cross Beams2i4/002525
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between vertical supports of vertical structure 26.

PCT/ %‘&?f @%gg'g%‘mg'é%mrsg" 'ng’s\oA?H%to Oﬁ’] 4 |2%15‘dt thesdetester 16 are

14 and the d t ect 16 are separated by a
agéjtgﬁebydﬁsst cignt QIS A& oaééfﬁlﬁeyﬁﬂwa]:@eo% ot lether such

object to be | owered between them Al so shown in
t tﬂ e‘%ﬁl f@v\b@ Jowaraghpetween dsembeAlnc2Showatinsthizpetavs i ke upper
boom arm 28. 5 [0026] The radiation source 14 and

deress-bearm@hinat bapsonie thd ksomyarnea®s exi st i ng
cross-beam or additional cross-beans and acconpanyi ng

sUOPRBY i N0 TheUgddidioriBYyulee SR %&ﬁgﬁgﬂ%{ ﬁtavqtse SURRgrted by

source and/or the detector, dependi

S U GO Terb e bgﬁﬁpeors y%cieﬁg(}{ba%t %Eod gél%%gggf angd o@ccompanying

dlstance et ween e sour
ndar d an sten112 may be readily
p?@#’ﬁ‘t’géé HF ey ?’ﬁeaiftﬁﬁ? toedippaihiia surge pasiar thegietector,
0027 Wil e the cargo conveyance 18 i s bei ng noved
bQ?RE dingiRn thepsive earmsfatm@tumw of ther exaner systerfiel 2 aad the desired

rai sed or |lowered), the source emts a radiation beam

adistance betivees thesoafce hed tia detestory Ry ANAMIS. Atgtgndard crane
detector 16 detects radiation transmtted through the

caysfenctveyere eakfly réfrofoTBMLAE tl’één SoGrREIA 594 ’t’i‘?é’éé‘l%%tor 16.

18 corrpl etely through the beam the entire conveyance
o scanndshe U0 EBladLshie kit 1d B oAl Shafdy gﬁ@een the
beaueB £ ahd o TRiRer fa' 1l %r"t‘aéé‘é r fowigfly, et tres emits a
BETCEeat 14 Bpterd Jagnel 48 riniosarguconieyamse 1. The
hori zontal direction. The term "cone beant refers to a
egtondBsiieiesats radiation transmitted through the cargo conveyance 18.
By moving the cargo conveyance 18 completely through the beam, the entire
conveyance may be scanned.
[0028] Preferably, the radiation beam 43 is a horizontally diverging
beam. More preferably, the radiation beam is a horizontally diverging fan
beam. A cone beam may be used, as well. Here, the term “fan beam” refers
to a diverging radiation beam having essentially only one dimension, such as
a horizontal direction. The term “cone beam” refers o a two dimensional
diverging radiation beam, such as a radiation beam that diverges horizontally
and vertically. The cone beam need not be a mathematical cone; it may be

an arbitrarily shaped cone with a cross-section having an outer edge with a

rectangular, square, circular or elliptical shape, for example. The radiation



di vergi ng radi ati on beam such as a radi ati on beam
that diverges horizontally and vertically. The cone

woeawmiered not be a mathematical cone; it may BeT/Uam04/002525
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arbitrarily shaped cone with a cross-section having an
OW&{me N ... square, circular or
elli pnt1i g%?, gha%e%@ﬁ@%a%%%w%% § z’tePHh of gggmple. The

2 1. PCT/ US2004/ 002525 heam nay be a
r(e]&%ﬁ%égﬁf@rd“é%@gl'ﬁge Farn ‘I%ofﬁ'é‘y definest by pagsrénorenellimators, as
har i zont al l'l¥ di ver gi ng beam 43 may be defined by one

or'S {BPWNdBIthe g oihe callimaios nkayobe integtated avith. thdseurce 14.
c&lglgigg]ator may be integrated with the source 14.

[ A guiAlegdifiecdbpeomprigingapgierdd Waklls 42 mBY B8 provi
provi ded 5 proxi mate the sourceniqia;r and the det ecyor 18rov1ded

t progihpatgutite ddifcs a8 98and CHY ed’dé}taﬁl:orllge?gcbélpi ?gfbeq' ;{He cargo

noved between the source 14 an

¢ i i is bei

| eonvaiaRe P8 B TR, Huind R80T Befledn 43 BRuMdideand the
40, I | of th 14 d det ect
T0etetBPRYC LG Cordf cadueabcend ks SuammediaiY boing Ibwered, as

bei 10 rgised, the guide 40 is below the |evel of

t Héﬂf%ﬁm@@ mentef fdgt g@ttbﬁ guide 40 ds abavel thetBvehyf the source 14
supported by horizontal beans 42a attached to the

c Pafledetectanor tf the sargoctomesyzdée 28,is fspanA¥amhife it is being
One pair of opposing tapered walls 42 are shown in

Frajsed, the guidedorid beiiw tiY |<vRPBFtHIs¥CESId éﬁ@géi’e%c?ﬁ& The

to the first pair, nmay be provided, if desire

[ g0Re] 40 heay Beis‘éxpﬁoﬁgdg g{ﬁ I%I‘iz%ﬁwtél B hé gﬁég%t@éhed to the crane’s

di vergi ng radiation scanni ng
C € i I d verti cal t hrough t he,
D oA ARG, 4T xeinpleac O, paUb pEPAOSIng tapered

t YR I ved harizontally through a vertically
d‘lx’glg 8?%6%21999{” ’?ﬁ%gsgﬁrr @esqq)%@a'ﬂ@f eppesing avallsetransverse to
%VP. ég.OSl] The detector 16 may be a detector array.
y&t Baif.gnay begrovided Jibdasivechave one | ong porti on
16a behind the cargo conveyance 18 and two
[0030] Fig. 2 is a top view of a horizontally diverging radiation beam 43

scanning a cargo conveyance 18 being lowered vertically through the beam.
In the prior art, in contrast, an object is typically moved horizontally through a
vertically diverging beam. The source 14 and detector 16 are shown.

[0031] The detector 16 may be a detector array. The detector array 16
may have one long portion 16a behind the cargo conveyance 18 and two
short portions 16b, 16¢ parallel to each other and perpendicular to the long
portion 16a. The short portions 16b, 16¢ face the side walls 18b, 18c of the
cargo conveyance 18. The short portions 16b, 16c detect radiation
transmitted through the sides 18b, 18¢ of the cargo conveyance 18. Providing

such short, parallel portions enables the detector array 16 to be more



short portions 16b, 16c parallel to each other and
perpendi cular to the long portion 16a. The short

weoaod4ioan1 16b, 16c face the side walls 18b, 18ecwofuskiea/n02525
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cargo conveyance 18. The short portions 16b, 16c¢c

de adi.ati_an ransm tted through, the sides 18b, )
18%&*3#’3%3*‘%‘%@&“&@%&59@# a'f%POﬁ' &‘fiw% aslgager long portion
short rallel portions enables the detector array 16

t o&{?ehW&raQ? P@w&?dz@o@@mvm@'hth@dﬁd@mdﬂamma through the cargo
co

act. Instead of the short parallel portions 18D,
18e0nvayarer)ds. | deydeiectaran detéctomagrapd Gomayilieduved, as well. It
capture all the radiation transmtted through the
cangy becmmiegiul, fdt.exahmlglet ector or detector array
16 may be curved, as well. It nmay be sem -circul ar,

f qoogzpnp! e.THe [rA838bn THe) réé‘dli4ahﬁa§fs‘ R :r%og{rcr],'(g hﬁg&? rAdiation,

source of X-ray radiation, suc

radi-atiQn, . I0 .exanine car copgveyances
hgs\‘;flcﬁga% ﬁ%ﬁssﬁ@% era'gi?aél_onl rarﬁﬂ‘aﬂ%g.e' 2) Ef‘@r £x@gpine  cargo
t han about f.eet \&ﬁ 5“\&gters%, by a radiation

s EAMNPYNERhaNg @ Width WodsemEig- atand hig. 23 greatenthan about 5
of Fig. _1, the X-ray source 14 preferably generates a

r af@%%i-% Aneieraebynay Bdiatiam gcanniealsyetesn gh) o eet@dahtamwith the
about 1 MeV. More preferably, the X-ray source 14

gembedieent of &dg.alj tre Keam stirbavidngrefdrabie yebic @reabeFadiation
t han about 6 MeV, for exanple. The X-ray source 14 may

bdbean #BeRIVInGaCHIAN éh@rfgjy"?'léﬁfératﬁaﬁ oot lar O8UL ) Mo $Eferably,

Accel erator ("Linatron(r aval |l a fromVaria

Mtk Sc@tay Y& i%h bEA 4Y ALY dn LB

exanmpl e’ 15 r(lérﬁélré(%@eﬁ.ggégg% ?@%{3@1 st,) ar c%gﬂﬁg@%o%n GUEteY greater

a I | ectrostati cel erators, .

mﬂ(]:ér{}ﬁtalrbgHz%gMg?e?%& Péﬂ@,pkf'orﬁé?(}g’ﬁ?)é.sow ¢yl s beay linear

al so be wused, particularly for cargo conveyances and

o@ﬁ%‘?'eEﬁiP%c?@hha%iawélr@fr\ﬂn@ hingar | Asoelarator (@bioatroh®rf e etvailable

(1.5 neters). [0033] To detect a fan beam the

dépet tMarizar Mediddl 8wstehs, dnonePalo Alto, CA (“Varian™) for example.
Other types of X-ray sources may be used as well, such as electrostatic
accelerators, microtrons and betatrons, for example. X-ray tubes may also be
used, particularly for cargo conveyances and other objects having a width W
less than about 5 feet (1.5 meters).
[0033] To detect a fan beam, the detector array 16 may be a one
dimensional detector array comprising modules of detector elements, as is
known in the art. Each one dimensional detector module may comprise a
single row of a plurality of detector elements. The detector elements may
comprise a radiation sensitive detector, such as a scintillator, and a

photosensitive detector, such as a phototube or photodiode, as is known in

the art. A high density scintillator, such as a cadmium tungstate scintillator,

10



20 di nensi onal detector array conprising nodul es of
detector elenents, as is known in the art. Each one

wdizomngianal detector nodul e may conprise a SPagIUS2008/02525
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of a plurality of detector elenents. The detector

2oy Beusey THOSPhlIRRoAmEA KA £Ho80d EAELEFE e om, for

such as a scintillator, an

d : t ot.ube or photodi ode, as_is

o ameE: At e AR R Gte BORUBHAR s daiiabisuizom Saint
a cadmi um tungstate scintillator, 10 WO
28%‘39%?3?@?%/@@9@0 2gBA. gl BpeciszPhysics Hilger Crystals,

scintillator may have a density of 8 grams per cubic
citentol-Kefearaxampleppr Bptécivremoadidsunaving @itddton efficiencies of
a:ci ntillators are available from Saint Gobain

foen absyt BdYa0,abiduit 80% o Prefarad| it ' ot
Hil ger Crystals, Kent, UK for éxanple. pg@?@gfﬁ&the radiation

megetesmioithegadigtics bbam £3 fi ciencies of 5 from about
10% t o about 80% are preferably used, depending on the

VIR o MEGIE! By sbagkpialiSfian e matiise b defined

b fine b ne or nore collimtors. In that case,
aB}(g)\?‘veo& %‘ﬂée %Pﬁ@@?r@n an tgé? €23 ra rowrgy ope dimensidedl detectors
for each fan beam 10 [0035] The detector array is
eM1hs eravidec:ton el fam beapy. ocessor 46, such as a
Cﬁg}aﬁer, t%;}ough an anal og-to-digital converter 48.
T ocessbhe dletectecamay issibstricaly dalife8 ¥ BYrob
detector array 16 into inmges whi % rm@‘ be ji;rgp?sé%/dgaqG’ such
oas @ camptiier, Hogdh Siht #hA6q-dd-d 5244 OR: ile
one processor 4Lq6)ghand A/D%onvg‘:jr?lféznlras%é are %hg'm}/}mocessor 46
addbhsPNEL tRE QRS 1 erters,.and other .
signal processi ng%glf@gutﬁ)t @en(g?/tggg’\Frﬁr@)’i )E%H’iod@ai%s which may
e ri. 100 |f a cone beamis used, the

42 Ssmialed 0 8 hontBh 3R] b’ sffe Byt Appber dagatim. ¢ while one
gsérngnsi on detgf or nodules. A two di nensi onal

pessar 46 and convertor 48 are shown, additional processors, A/D

converters, and other signal processing circuits may be provided, as is known
in the art.
[0036] If a cone beam is used, the detector array may co'mprise one or

more rows of two dimensional detector modules. A two dimensfonal detectors
module may comprise a plurality of rows and columns of detector elements.

[0037] The horizontal length of a horizontally diverging beam 43 at the
face 18a of the cargo conveyance 18 may be slightly greater than the width of
the conveyance. The vertical height of a fan beam at the face 18a may be
from about 2 mm to about 10 mm, for example. If a cone beam is used, it

may have a vertical height of from about 200 mm to about 400 mm at the

face 18a, for example.



nodul e may conprise a plurality of rows and col ums of
detector elenents. 20 [0037] The horizontal |ength of

wea 2mroreant al | y di vergi ng beam 43 at the faceprd8aseio4/002525
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the cargo conveyance 18 may be slightly greater t han

t39"%’9;13%“a?f?wﬁheg%gnﬁr%iaﬂ%‘?wwlhea% a5, oA (ptwen the

t 10 f anp a cone beamis used, it
mﬂ?’u éiq%etg)r( aH@Vdﬁ’ttOd?lO@k seatierediradiationdfionpreaching the

about 400 mm at the 25 face 18a, for exanple.
- detector array 16. WO 2004/ 070421 PCT/ US2004/ 002525

[0038] Collimtors (not shown) nay al so be provided
b§0088)n t he SHibidart manthe pRVitRSESES Weeaéﬂ aY ehd duftdi ShfeIds 52,

scattered radiation fromreaching the detector array

163 K388 ovRkdl B&lﬁ@%h@edé’[ég?grdﬁjt@ a gﬁsdcn glefx%cg radiation.

curtain shields 52 5 53 nay provi

53 Fr0es; frd gfﬁa%é@&ﬁidf’aa@%%dff{o%ﬁi %%%@'e‘g st fiechida of the

h b k A
réﬁfpa%owﬁgi%&e@a iy DBVSHG 1 radiatiom i o4 dnaebecprovided

16 S rted by the crane system 12. The operator
a\df ﬁ% emtmﬂfib@ugm@didw the prateesystehe 12. The operator
operat or. Shielding, such as 10 additional |ead

ceotpiantsnente36 mayobdshipided teprotectithe cpedistor.0SHidiging, such as
crane system 12 as well, if desired. The hull 20a of

t beldiibhal Madayrtalay irf8y 0 e |d§§tc?r?“i|hé’fsu§’és lof éche crane

addition to the radiation stop 54 and/or at | east

ggv%%tﬁ' alg%n%%hﬁ’ﬁm ft(?gs %f%ang t@l"tr%?eks% a%ﬁ@g 39, Mgy, provide

et OB R TRl o et

CSF&aer ﬁa%gihs o% thleelae%td cuCrt%rngsaISS Cril ?Ar\n gébaﬁtééé%ﬁms embodiment
of the invention is that radiation is used in regions that are normally
unoccupied, decreasing shielding requirements as compared to at least
certain prior art systems.
[0040] The radiation scanning system 100 will generally be able to
examine cargo conveyances 18 as fast as they can be moved by the crane
system 12. For example, if the radiation source is a linear accelerator
generating a fan beam having a width of about 5-7 mm at the face 18a of the
cargo container 18 and emitting radiation beams at a rate of 300 pulses per
second, it would take about 2 seconds to scan a cargo conveyance 18 having
a height of about 2.5 meters, with a spatial resolution of about 5 mm.

[0041] A radiation beam 43 emitted along a longitudinal axis 14a

(shown in Fig. 2) of a typical radiation source 14 has its highest intensity along

12



[ 0040] The radiation scanning system 100 w ||
generally be able to exam ne cargo conveyances 18 as

wobasd4/0ae421 hey can be noved by the crane syst erCTAIS2068002525
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exanple, if the radi ati on so]chrcebi s a linear

ner.at i a fan eam avin of
20 25 e, MR 4 B 4oBRIY 1 Bar gocteo o ridls. axis 14a
18 and emtting radiation beans at a rate of 300 .
puingeeasggy It @g@ﬁafore Preferakle ek do gtie radisdicortan of too wide
scan a cargo conveyance 18 having a hei ght of about
2. & astangle. wFoh exaepie,i itlis refered dmatofheabagle Bf 8 beam not
[0041] A radiation beam 43 emtted along a

| osgiced BN abgeissS 1A4rderd ilGMmide ithe Ehﬂre ke 8fof a ong object,
typi cal radi atlon source 14 has its highest intensity

400,148 SRR, TSI B e 14

ses er fore ferable not to
am‘% f%4?*88? gﬁ? ﬁcﬁealﬂtﬁ?s'@oﬁ% 359980 eafgifare ebihe distance
rm is preferred that the angle of the beant
G 8 spyrgegideasd the fgcaetda.o Inithanexamplet ofeFig. 2, if the
entlre face 18a of a long object, 5 such as a sea
c oHargP reanveyantee ds narsaavcbatainerh bweimgr a lehgtts duiof e4llfeet (12.2
must be far fromthe face. Intensity al so drops by

t heetusjalongyfa tradiatioat bemn 4BesmerRl boer :‘a@ubﬁﬁlelé( #hthpout 25
the face 18a. In the exanple of .Fig. 2, if car go

C QBERYED st ePaboR w%éftlmsw Q@gdterlgg rf]n%kr}lé gﬁnlgz%eé;n 8% té‘@luminate

feet (12.2 neters) long, ara

es rrust abo
o4 i o6 e TSRS Y R, onc
entire face. eradlatlon eam
PR i 5aiCe amEiRaBne e arsuPcioray Dethalangsl ghe design
are factgors to be balanced in the design of the
r £HithR rahatineeaniing system 10. [0042] Fig. 3 shows an
alternative configuration for the radiation source 15
140042k enalfligs3 shews auralterhativeeconfijuraliers fir the radigtion source
cargo conveyance 18,
14 that enables the source to be much closer to the cargo conveyance 18,
and still illuminate the entire face 18a of a cargo conveyance with a more
uniform radiation beam than a beam emitted by the source 14 of Fig. 2. The
X-ray source 100 in Fig. 3, referred to as a “panoramic” radiation source, is
described in Application No. 10/199,781 filed on July 19, 2002, assigned tb
the assignee of the present invention and incorporated by reference, herein.
The panoramic source 100 comprises a linear accelerator body 102, which
may be a Varian Linatron®, as described above, or may have other
configurations known in the art. The linear accelerator body 102 has an open

output end 103. An electron beam 104, shown in phantom, is accelerated as

it follows a path through the linear accelerator body 102 along a longitudinal

13



and still illumnate the entire face 18a of a cargo
conveyance with a nore wuniformradiation beamthan a

woeeamwoem2it ed by the source 14 of Fig. 2. The P&ETMEY004/002525
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source 100 in Fig. 3, referred to as aI " panor am c"
1 SASb 1 FHOBHER: o siSEEy By bL RS, il o896 terody from

assi gnee of present invention and incorporated by

" IR S Snd A h A BaimpleoH ahaduBB d0se ralobeddes 8 kit tube,
a |linear accelerator body 102, which nmay be a Varian
Li'ptanaected tashelasdputbead a3/ of the limepr lemeelenatoerbody 102, in
configurations known in the art. The |inear

acoehmunicatiobadth 0@ dxtending deem thedupabtoudie 8. TAB drift tube
el ectron beam 104, shown in phantom is accelerated as

S0 TER e IV 4 553, B, o

P ' . Jhe electro
e BER 1087037 e 316 Seble, Mattlfl, 87 Hhs Wi A CRgsaor 102, to
end .103. A proximal e of .a . tube 106, referred to as

o iltae s BoRe ooy iher df 1ubs fe lomiiphir eresiewtonbody. The
the _|inpear accelerator body 102, in comunication

wiiiif tHhe 186 ansilingarfaceslerafer bpdy 16@tmpay berdetal for ekeiniple. The
tube 5 106 may have a dianeter of from about 6 to

algdiffttube amoh linkar asseleratar. bahemagbe dthin eatdifis ey wet.

the sane material as the linear accelerator 102, to

f §0043]t at e htargenmacsriap 08 oft A ehedal With URGH R
l'i near accel erafgor body. The drift tube 136 a%dI number and

| bneigh rM&IGR %ﬁ{t%%&fgy tl.ilr%%téﬁalﬁ[ Qﬁo{ﬁ%??%fg%?ﬁl;l\é@%@! S provided

The “drift Tube an I near” accel era

0 [ : Ld ., 10 43),, A t.arget  nmat ey al

B BRI o e B 38, P Kol S5l R suon e

[IE{'“? pc%i nt, [s%g‘h,as tungsten or another refractor)(1

ngsten,Sigeh,0f [fad. isspravidedipeqund theddeift tube 196, Bnd the target

tube 106. Shielding material 110, such as tungsten,

smateriay)y 10@ amd may xéond eyeareodistalt ertidn i dft theulreat Ofccelerator

and the target naterial 108 and may extend over a

dbedwl102yras wellof TheesHieldimy netegalet #0 Ghay be in the shape of a
sphere, for example, and the target material 108 may be at the center of
sphere, within the drift tube 106. The shielding material 110 may also have
other shapes. The drift tube 106, the target material 108 and the shielding
material are referred to as a “shielded target 111”.
[0044] A collimating slot 112 extends from the end of the drift tube 106,
through the shielding material 110, transverse to the longitudinal axis L1 of
the linear accelerator body 102. The slot 112 is shaped to collimate the X-ray
beam emitted by the target material into a desired shape, such as into a fan

beam or a cone beam, which is emitted from the shielded target in a direction

perpendicular to the axis L1 of the accelerator body 102. The slot 112 has a

14



15 body 102, as well. The shielding material 110 may
be in the shape of a sphere, for exanple, and the

woaogaro4amat eri al 108 may be at the center of BODAISEN04/002525
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within the drift tube 106. The shielding nmaterial 110

n§¥ a so .have ot her f] es The drift tube 106, the

t AFg ?”Q}H?éﬁ"a?ni@@ &hd Hihe? dnicecrasspecianak vigw gf the shielded

referred to as a "shielded target 111 ". 20 [0044] A

c dardetrdtlil rihraugit lind 2-4wrf Bigd$, howirihe seedndfangbiardiiiéhsion 62

tube 106, through the shielding material 110,

tr t 3 | | I

@”’F‘\"%? oy TR AbuE fflerBH® ot ol 1d"% 9oBERY angular
eamenmtted by the targ

|
fé'lPF‘%tP% ‘%ge@‘%% ﬁBaP%H e radighiom Sepm 43 a?'f' @npreferred use,

beam or a cone beam which is emtted fromthe
shhelsdutte 40Qd$ drientediso disat e BSt pagplendimehsionted Hdbfnes the
axis L1 of the accelerator body 102. The slot 112 has

a ve%av\ﬁe@gﬁﬁf O %af’ & bESeR4Ha00 %ﬁg %ecfnll(ﬁ %E%ﬁ%? L(‘Jlirﬂ[ansion 02

di nensi on IS a Cross-secti ona

<risfls the b8 %9?5} é%fi@Jitagﬁﬂ?ﬁgﬁ%' & & owhn Figles. diggussed below.

Rwﬁ rst an lar dinension 01 and the a second
@ @ ﬁlﬂﬁ? ron kram W4 renitiedhpy e lingar accelerator body

radi ation beam 43. In a preferred use, 5 the source
1002i slopgi the: angitodinahtaxisé.1f pa%eeaﬂigohgh thiendrifi tube 0106 and
defines the vertical height of the radiation beam 43

aimdpacis theenaidriahd08 aBrdhisetrahRing0Z-rag eidiagsn ieémitted from the
hori zontal angle of the beam as shown in Fig. 5,

ditsrgus pRsteRSl PU8 in b@%?&ct@h@ ?héqgg%ﬁoﬁﬁé}ﬂﬁ%g“inefﬁbt&%tlon of

by the linear accel erator al o

ft t
P, 8511 ARG B e B o
radi gti.on i romt.he et materj al 108|n
Lire Apvge odnoth Ee@ag a8kt dgeordn refietan cdaittedrn other
of the coll |_rmt| ng slot 112 is collimated into the
depeliansshYpeileaitfee dnensisd of thenradintion eamitted 18@pemdisular to the
shiel ding material 110 absorbs radiation emtted in
otllfection of the electron beam impacting the target material may be much less
than the intensity of the radiation emitted in the forward direction, by defining
the horizontal angle and the beam by the second angular dimension 02, the
radiation emitied across the entire radiation beam 43 has substantially the
same intensity. Since the second angular dimension 62 may be any desired
angle up to 180 degrees, the source 100 may be very close to the face 18a of
the cargo conveyance 18. The intensity drop due to distance is therefore
much less than in other configurations.
[0046] Fig. 5 shows the radiation source 100 with a shielded target 111

supported by the crane cross-beam 38, the detector 16 supported by a crane

cross-beam 27 and a cargo conveyance 18 supported by a carriage 32

15



directions. Wiile the intensity of the radiation
emtted perpendicular to the 15 direction of the
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much less than the intensity of the radiation emtted

[ rd directjon,,py-defining, the horizontal )
anr%fs @83{11%’6 }fﬂ;)éﬁl ﬁe'gﬁ?%jogﬁé‘geé%ﬁd e&?ﬁjﬁ‘i’%\rr Oﬁthﬁaﬁ@n@nss@@?m 12 is
the, radi atLI_ n emtted across the entire radiation

b AW, s gﬁb%qraﬁtmweyaﬂ% 18signkeingtranved pet@eerc éhe source
t he second angul ar di nension 02 nmay be any desired 20

andiCe apg the det®ctiygBées Theheadiatiorc solf® MO ke oviented with the
close to the face 18a of the cargo conveyance 18. The

i omgitidinal dixizpl tlof the adtslopitorbbdy D! p&ikal. T Clefi i
than in other configurations. [00%6] Fig. 5 shows lk\ﬁéasverncal

" il B, 108 bt dhuslifld gn,nt 81 8 ths 4t 112 mmay range

supported by the crane croSs-beam

s rted, b crane, 25 cross-beam 27 and a cargo
SR Rt JBRRT toABay! & earaasngLoaiiinea wertibal height of a
2004/ 070421 PCT/ US2004/ 002525 suspended from a net al
r §pBe panththe Eradi anmiantinérsion Hebegst eyl tarige froat about 5
shown. The cargo conveyance 18 i s being noved between

t legrsus toeabol@A5aishrebs, ﬁ?bﬁétﬁﬁre. |3'14he Egé%ﬁé‘gb@gf)%\?girnﬁnsion 62

source 100 is oriented with the ongi t udi na

tical . To defi .
V) B R 8RS hgRP Qi 3¢ malHe biZenpFoiedingt fa luminate the
P B 56 55 BB R bV et 1 rSarande ey e
h '%{n of a cone beam the first angul ar dinmension 01
e
de

SPESLS @ngere.fenexddole.5 degrees to about 45
rees, for exanple. The second angul ar di nensi on 02

47d any Higsi6 del aahop eiewdf ascamy dmewaﬂsmw%ebeing moved
required to illumnate the 10 entire width of the face

18a006h headitigobeamy £V RARLS b T@?aﬁﬁﬁérﬁid@dié}%n sdurce 100.
degrees or nore, for exanple. [0047] Fig. 6 1s a top

VIrPiLExapRY, 9 SOEYRY 8RGGIar Birk&hdign §3Y§ Lbout 135 degrees. The

source 100 may be about 8.5 feet (2.6 meters) from the face 18a of the cargo
conveyance 18. Since the axis L1 of the accelerator body 102 is parallel to
the face 18a of the cargo conveyance 18, the source 100 may be easier to
support on a cross beam of the crane system 12.

[0048] Instead of trying to cover the full length of the face 18a of the
cargo conveyance 18 with a single, horizontally diverging radiation beam, as
shown in Figs. 2 and 6, multiple radiation beams may be to scan the entire
face, with each beam scanning a portion of the face. In Fig. 7, multiple
radiation sources 202, 204, 206 are provided, each emitting a respective
radiation beam 202a, 204a, 206a illuminating a portion of the face 18a of the

cargo conveyance 18. Each beam 202a, 204a, 206a preferably illuminates

16



through a radi ati on beam 113 emtted by a panoram c
radi ati on source 100. 1In this exanple, the second

wanguloas42di nensi on 02 i s about 135 degrees. Thec1a/S2004/002525
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source 100 may be about 8.5 feet (2.6 neters) fromthe

ae 8a_of the carga 18. Since the
ity ate, bR B, GENS §55% J85ar s BreTetsod et sach beam
face 18a of the cargo conveyance 18, the source 100
ighly cverlep am adiggepbbeanh ta enste cosmelef cavesage afidhe face
system 12. [0048] Instead of trying to cover the full
| etiéa.hEath sbardeseraitd &charizontedly ddergingadtationdyeam@véB an angle
with a single, horizontally diverging radiation beam

asof §HEWIN10 Helgrdss tc? adbdt 80 Gé@rbb@' ﬁ)rfésearﬁélbonlzaéﬁ%urce 202,

may be to scan the entire face, w th each
|
o, 256 B B & JB5at HoreRifion, b shauPiea bé@"%ﬁ the Varian
a ect r adi on beam 202a, 204a, 206a
rﬂhﬁifﬂ%’? ASREER: EDRVET 1 e oROTE8S, G1oN nlUpdhatay ghe face
conveyance 18. Each beam 202a, 204a, 206a preferably

19T tARe @Sy, 10y alemaieh OAlbernatipg samriog Hyoeagpsource 202, 204,
slightly nore than one-third of the face 18a. It is

préiGisrpefarredt. Bach sbewme 202,124, 2p6anay kitprrmtelgdjcase fdr one or
beam to ensure conplete coverage of the face 18a.

Ece Iplgralityc ef uildes within iaz dataldcquiitiosr diimdbw asti abb@n1 ms, for
beam over an angle of about 10 degrees to about 30

degip@ste. [ WhiR*HFBE Sourdsd) 299U%R, % eﬁuﬁﬂé ’thf\%e6 b&8s 202a,

be a |'inear accelerator, for exanple

VD 2o BB PR RS oS3 o fHrovieo
A0 SRR B o SO P 00 00,

be on for one or a plurality of pulses within a data
acinittertoven isvlessothant wauldube Teawired #ra sihgéex aapice. 14, such as a
Wil e three sources 202, 204, 206 emtting three bearrs
2Gidgle linednac@démtan @eehign 2),mas usedf theesntire W66 cdRdeyance
beans may be provi ded.
face 18 is exposed to a more uniform higher intensity radiation. In addition,
the sources 202, 204, 206 may be closer to the face 18a, decreasing the
intensity loss due to distance.
[0050] Instead of supporting the radiation source 14 and/or the detector
16 on the crane system 12, the source and the detector may be supported by
the seaport 22, as shown in Fig. 8. The source 14 and/or detector 16 may be
mounted on one or more supports 62, 64, respectively. The supports 62, 64
may be mobile. They may be movable along rails 65a, 65b on the seaport 22,
for example, as shown in the top view of Fig. 9. The crane system 12 may be

movable along rails 67a, 67b on the seaport 22, as well. Supporting the

source 14 and/or the detector 16 by mobile supports 62, 64, facilitates the

17



[0049] Since the angl e each radiati on beam 202a, 204a,
206a is emtted over is |ess than would be required

woRom/singl e source 14, such as a single |ineaCT/US2004/002525

10

15

20

25

accelerator (see Fig. 2), was used, the entire cargo
conveiéance 15 face 18.is ﬁ{(posed to a nore unifor

hi YFEP 8Nk RIRSiseyPaSIANAG 8 ey ool ¢iasid therdriealgl Betpgardiess
202, 204, 206 may be closer to the face 18a,

de@lr Bispizg ehthe cranensystom d2s Hige & alsdi shewis dhe [s005¢ 14 and
Instead of supporting the radiation source 14 and/or

t heetdetoecttom a IFeferrddhpositiam evithirs beprofie, Ptdfetheatrane system 12,
and the detector may be supported by 20 the seaport

22gefifedshp \Wottkd lined 665 68TAR ?r?éi(léﬁicéﬂst@u”é’cﬁf%!zs ﬂ%mtﬁfzaa, 26b,

16 may be nounted on one or nore supports 62,

re [ ol 4 e . T

oot Bt elBitnal Shace RARS catEup By 4plkuRe SRE ey Flowever,
for exanple, a own i,n the tqQp vi f Fig. 9. Th

or s S, GRSt 18 idgnedR ahyreeatian biali wHg the crane
on the seaport 22, as well. Supporting the 25 source
148Y&iRIN0H2 AR MR ataarga 6oRYeYastsel 18.s ipp exemph, if the boom arm
facilitates the 17 WO 2004/070421 PCT/ US2004/ 002525

se2&ifs pindigbleabset pasitidabakisgthe carge cmveyandsl 18mday be moved
detector 16, regardless of the size of the crane

sytaireughla lodatign dltsitie of Hpefild 1P cTahé efankdsyaiém 12.
detector 16 in a preferred position within a profile P

gg[obbf?] cr aneTﬁi%?érﬁ?béi%ent%?fthé‘? dhfio Z%ﬁé’cg%% i’anfi'%gjg%gﬁcient use

and the vertical structures 24a,
SQ [t I ' 0 n t he sour.ce
2l AapaltEh' SHRE ISR 2okphBOTs HBy 8elsot BP EW of the
may be in.any | ocation through which the crane system
| SeakRrigze %%@%3&3& ® %!‘B?W'Fdlltocgﬁﬁn%‘l gespectiyg edocking
boom arm 28 is pivotable about a vertical axis, the
catgionsoal dyempeapars 22ay Twe srane dystama (dh 78 arecpesitioned at the
outside of the profile P of the crane system 12. 10
[ (iiekjngTstadionsh doliurdodd @i [bhe dargendormeyanedd ¢sotasidwe in this
efficient use
view) off of or onto the ships 70, 72, respectively. More docking stations may
be provided, with a crane dedicated to each station. The source 14 and the
detector 16 are shown movably supported on rails 78a, 78b, at the first
docking station, to scan cargo conveyances being unloaded from or being
loaded onto the ship 70. After completion of the unloading and loading of the
ship 70, the source 14 and the detector 16 may be moved to the second
docking station, to scan cargo conveyances being unloaded from or loaded
onto the ship 72. Scanning may be coordinated among two or more stations
so that the source 14 and detector 16 are at one station to scan cargo

conveyances being unloaded from or loaded onto a ship, another ship is

docking or preparing to be unloaded or loaded at the other station. One or a

18



of a radiation scanning systemin a seaport. Fig. 10
is atop viewof the seaport 22. Two ships 70, 72 are

wehowv7dncked at respective docking stations 8ETIS2004/002525

10

15

seaport 22. Two crane systens 74, 76 are positioned at

t ing stations, to unlogd or |oad_cargo i
e PRI prtiag Suste e s DiesShy o CBRRDY usecol gxamine
the ships 70, 72, respectively. Mre docking stations
n&FIP EORYRYANSES, being Wnlpagedrer laaded ditosel or do eatiple ships at the
station. The source 14 and the detector 16 are shown
mHeappit, atippwet edstprthaminhauntBig, a t8diatiah sdamning system on each
docki ng station, to scan cargo conveyances bei ng

uniarsleyYsterom T6 Meleghel Safes RNLAJt R 8Bidetor016 Aht &nveying
conpl etion of the unloading and | oading of the 20 ship

" Qystdh® b€ Brofd e dichind FAREF 85, 74, oY d O

thé sec I ng station, SCan c¢argo conveyances

bej unl oa L or_loaded .,onto the ship 72. i
STofeRic! oodBIe b emirahTEninab e e e’ Gnevence 18 is
so that  the ggﬁrc 14 and detector 16 are at one

st5eneed whileging iowered Snaispdn thescanseygnes Ineaialgorheasanned
or | oaded onto a ship, another ship is 25 docking or

pMdlgrheing taovsd beatizendaly @ongadew Rtintig. ta,Her example) by the
station. One or a 18 WD 2004/070421 PCT/ US2004/ 002525

f eanveylngtsystens Sdnnimthas yasemhenmayidtionr sdurcdel4 and the detector
efficiently used to exam ne cargo conveyances being

urBaRef beosupEHRAbY HREcRind Sydttint 12| & BYsABpéits B2€64, so that

5
seaport, at lower cost, than hounting a ragPatl on

SHHVER ARG THERAERE et ORIl TR THEOHR girection of
[ DRt Gl 5o Briveliints (£t Be afitne T4 eGSR a vertically

conveyance 18 is scanned while being | owered or
r §IVeEdNIh®@Monveyance may al so be scanned while
bei ng noved horizontally (along arrow B in Fig. 1 a,
f 0033]anpl ePOniwy of bedinanyrsidly imthes gttveith r@bognize tthat changes may
case, the radiation source 14 and the detector
be made to the embodiments described herein without departing from the

spirit and scope of the invention, which is defined by the claims, below.
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10 16 may be supported by the crane system 12, or by
supports 62, 64, so that they are aligned al ong an

weaxis/qgenpendi cul ar to the horizontal directi ORCDMUS2004/002525

notion of the cargo conveyance 18. The source 14 may

tth emt a vertically diverging beam [0053] One of
ord?ﬂ@?y skill in the art will recognize that changes

may 15 be nade to the enbodi nents descri bed herein

W t hout departing fromthe spirit and scope of the

i nventibn, whiadatien geantied e ycaming sustes) fassicanningdbjects,
WO 2004/ 070421 PCT/ US2004/002525 | claim 1. A

r agfinaplisimg:scanni ng to scanni ng system for scanni ng
objects, conprising: a crane systemto nove an object

froma firsta éreeatdyeierh @ove &¢6BREt frofPA fifstlodation to a
radi ati on source proxi mate the crane system and a

ras(gcghh%bdaqi%hector proxi mate the crane system
positioned to’ receive radiation interacting with an
obj ect between e source and the,k  detector, 10
wherei n the %@S’f'%@“a%%@%@é%%w?%ﬂ@ JgBeSYsiase anttn
that an object nmay be noved between the source and
the det ect o 8fiation datggtor pspdinats the crape systarat pesitioned to
scanni ng systemof claim1, wherein the object is
noeedle radiation mteracting with an ahjectpstwean thiersougte and the
space between the source 15 and the detector. 3. The
r alditettogn scanni ng system of claim 1, wherein the
source is adapted to emt a horizontally diverging

10 beam t owar dgyHdgindAk&eiuPée and detector are positioned such that an

15

20

object may be moved between the source and the detector by the crane

system.

2. The radiation scanning system of claim 1, wherein the object is

movable vertically by the crane system, through a space between the source

and the detector.

3. The radiation scanning system of claim 1, wherein the source is

adapted to emit a horizontally diverging beam towards the detector.

4. The radiation scanning system of claim 3, wherein the source is

adapted to emit a fan beam.

5. The radiation scanning system in claim 1, wherein the radiation

source is a source of X-ray radiation.

20



4. The radiation scanning systemof claim3, wherein
the source is adapted to emit a fan beam 20 5. The

woadi4aroan scanni ng systemin claim1, wherei nPCIAIS2004/002525

10

15

20

radi ation source is a source of X-ray radiation. 20
WD 20044070421 PCT/ US2004/ 002525 6. The radiati.o L
scanni né‘ sysféﬂ%at&?rbg?ﬁ@?mg\ﬁgggphoﬂ Haim édWQtef%ﬂ?he radiation

source i.s capable of emtting a radiation beam having

a Re &hearpble of gmitting ssiadidion beanviaving, a paak energy of at
radi ati on scanni ng systemof claim®6, wherein the

r d@pat akwut 5Ms¥urce i s capable of emtting a radiation
beam of at |east about 6 MeV. 8. The radiation

scanning systemin claimb5, wherein the X-ray source

is a linhear Teseddiatidroscarthing Bgstearofdlaian 6SwABRIIMEhe radiation
systemof claiml1l, wherein the detector and the

S04y UFEe A Ealld B?Qmitﬂiﬁg EadiERn R bt IeBSEAORS MeV.
systemof claim1l, whefein at |east one © e source
and the detector are supported by the ground. 11. The

radi atign sc ] laLm:10, . re h

sour ce 8J'and e*d&)g?@f%cfdﬂé}%eg %ﬁhﬁ'ﬁfl%ﬁ@% \ﬁég@ﬁﬁ ﬁpe)é-ray
by . the cranpe syste 2. The radiati on scanni ng system
of°% r%«?magpe@%échﬁ{agqqe ground 15 is a seaport. 13.

The radi ati on scanning systemof claim1, further

conpri sing gui de in a space proxi mate the source

and t he’-det edioradiatipngrai@ingaystamefaiaim i wherein thjedetector
bet ween the source and the detector. 14. The radi ation
sc@hihegosyer arg aligngdai m 1, wherein the source 20

conpri ses:

10.  The radiation scanning system of claim 1, wherein at least one

of the source and the detector are supported by the ground.

11.  The radiation scanning system of claim 10, wherein the source

and the detector are within a profile defined by the crane system.

12. The radiation scanning system of claim 10, wherein the ground

is a seaport.

13.  The radiation scanning system of claim 1, further comprising a
guide in a space proximate the source and the detector, to guide the

movement of the object between the source and the detector.

14.  The radiation scanning system of claim 1, wherein the source

comprises:

a vertically oriented accelerator body having a distal end; and

21



a vertically oriented accel erator body having a distal
end; and 21 WO 2004/070421 PCT/ US2004/ 002525 a

weho@ldedit arget at the distal end of the acceberase4/002525

10

15

20

body, to emt a radiation beamtowards the detector.

comr i ng: SopebiS RGP e & Fhaicecterior par to

system each sourc 5 capable of emtting a radiation
beeém?@d'aﬁ' lopiaany V@rdégﬁ%gﬁﬁﬁm%etv\een the source
and the detector. 16. The radi ati on scanni ng system of
claim1l, wherein the source and the detector are
separat B byThe mdiation seanningssysiem, claimcheomprising:ar go
conveyance. 10 17. The radi ati on scanni ng system of

claim1, wher piunalithef sounces psyxitnate tnpraneas/stath, é@@ssource
one vertical support; at |east one horizontal support

S pableedk dimitlinte a tadiatioR bed HPRSSH & ptogtlclﬁf’?it" §g ir?Bﬂalcg Yeh#dBn the

coupl ed to the horizontal support,

okjogide éﬁ?mé‘d&gfe  location, nmove the object

horizontally an ower the object to a second,
different location. 18. The radiation scanning system

of claiqm 1, r . conprising; ., at Jleast, one rail;

wher ei r?rgat Ifgés'{alag%@%oﬁ}%ﬂ@gs%ﬁt% of RIPhL \Mlg?rgg}hesource
are vapl 20 supported on the rail. 19. A radiation

s @ﬁ%‘?ﬁﬁﬁ&b‘?&%@%ﬁﬁ %é)&%raf@ﬁﬂ%@ syfiiciant slistangs e sean a gea cargo
crane systemto nove an object froma first location

t €ORVE¥H®ad | ocati on;

17.  The radiation scanning system of claim 1, wherein the crane
system comprises:
at least one vertical support;
at least one horizontal support supported by the vertical support;
a conveying system coupled to the horizontal support, to lift an
object from a first location, move the object horizontally and lower the object

to a second, different location.

18.  The radiation scanning system of claim 1, further comprising:

at least one rail;

wherein at least one of the source and the detector are movably

. supported on the rail.

19. A radiation scanning system for scanning objects comprising,

a crane system to move an object from a first location to a

second location;

22



22 WD 2004/ 070421 PCT/ US2004/ 002525 a radiation

source supported by the crane system and a radiation
wdet@areni supported by the crane system positPOn@S2008002525

receive radiation interacting with an object between

the source a : Rt in the source and
t he det ectorgg?égg%%gﬁ ng Qﬁgﬁ% e4ang syglem @5@
be nmoved verti c tween the source and the

det ect or by #H&d! @%Br@t‘%?gf EHPRRIteth Hystbanerieng. system.Thesitioned
radi ati on scanni ng systemof claim19, wherein the
sd@r E@eeiven reriptiers : lnt@ﬂaCélngethhcarl Iojojeﬂtlbmvvedn the source and the
accel erator body to accelerate an electron beam the
acdgtbeloat or body having a distal end; and a shiel ded .
target at the distal end of the accelerator body, to

emt a radi %h@l‘él@ﬁ%‘%élﬂ‘é@ra?ﬁ t?w@?dé%%%t%?%ﬁé Poéﬂiw%@%uch that an

radi ati on scanni ng systemo alm

S t ube ext endj

Rt bR SHEANAEReh b S B N BihptEdor by the

ac ted t he accel erator body; and a target
C?%'!J?g? Step aﬁ%nq G6PS generat e radi ati on upon

i mpact by the el ectron beam and 20 shi el ding

materlg dthetarget wherein the shielding

mat er i #0- coI 'wag@m%usé@nrcmlam 9, Whereinathe source

hori zontal Iy diverging beam 22. The radiation

S&anrlﬁgssystem of claim 19, wherein the crane system
conprises: at |east one vertical support;

10 a vertically oriented accelerator body to accelerate an electron

beam, the accelerator body having a distal end; and

a shielded target at the distal end of the accelerator body, to

emit a radiation beam towards the detector.

21.  The radiation scanning system of claim 19, wherein the shielded

15  target comprises:

20

a tube extending from the accelerator body to receive an

electron beam accelerated by the accelerator body; and

a target material in the tube, to generate radiation upon impact

by the electron beam; and

shielding material around the target, wherein the shielding

material collimates the generated radiation into a horizontally diverging beam.

22.  The radiation scanning system of claim 19, wherein the crane

system comprises:

at least one vertical support;

23



23 WD 2004/ 070421 PCT/ US2004/ 002525 at |east one
hori zontal support supported by the vertical support;

wea 0weri ng system coupl ed to the horizontal BapLSRE04/002525

10

15

20

to lift an object froma first |location and | ower the

object to a second I rent | ocation. . The .

r aJdi ation chitﬁ%%gdrge&ﬁ@nﬁ] SUPRP S?'P,poﬁﬁéié(i thevgeiagl support;
conveyi ng system can convey the object along a _
hori zont al ZkIFeNveMng Fialerh gpupledriostbentnringntsl ssuepods to lift an
claim19, conprising: a plurality of sources supported
byphje fionaadirstlocation ead lowentheambjeatitog setaptedifiecent location.
emt a radiati on beam upon a portion of the object.

25. The radi ation scanning system of claim 24, wherein

each s@ ce THe islistibrpsaatining systémeoffddinz2ntahéiein the
di verging radi ati on beam 26. The radi ati on scanni ng

, i , ik ' d
SYehesyiag sybainTcal conbey tdlobiBet 818G &ho z%n‘?Qac%f At 0

emt a horizontally diverging ra ion beam
radi ati on scanni ng system conprising: noving nmeans

for 1ify ng i [ S

| over i g h BRI S ER RS AR R 1% cohTprsing
means for generating.radiation; and, detecting neans

for detecti %g&}"gacht%af SPHIPRR 398%‘?'?‘?‘@ bw%ﬂ%cfeﬁ@ Syg“g?@c?’?“:h
wherei n the noving neans noves the object between the
26056??3?%{99 Raptathlo emit & lrdiatieondiaam giperaneortien of the object.
met hod of exam ning contents of an object, conprising:

moving_an object along a first vertical axis; 24 WO
2004/ 026421 TheTadRtignscanrpssystem of claim 24, wherein each source

is adapted to emit a horizontally diverging radiation beam.

26.  The radiation scanning system of claim 19, wherein the source

is adapted to emit a horizontally diverging radiation beam.

27.  Aradiation scanning system, comprising:

moving means for lifting an object from one location and
lowering the object to a second location

generating means for generating radiation; and

detecting means for detecting radiation interacting with the
object;

wherein the moving means moves the object between the

generating means and the detecting means.

28. A method of examining contents of an object, comprising:

moving an object along a first vertical axis;

24



novi ng the object along a second vertical axis
different than the first vertical axis, through a

woaoi4nageal | y di verging radi ati on beam and deCeas2eg002525

10

15

20

radi ation interacting with the object. 29. The nethod

of claim 28, r.sing: lifting the object fro

first |ocat |'6‘F? nEJhﬁ Otb%?t iong a peFend yertiga| axis déffﬁient than the
| oner i t he ob ect anng the second vertical axis,

thftré{J '?ﬂeﬂX'&‘ra’t foudhchherzantaliydiverging ratiatonbeam; a80.

The nethod of claim 29, wherein the object is a cargo

10 conveyanaistettireg fadiation! intexbciiny withahe abjiet.p and the
second |l ocation is on a seaport, the nethod
conprising: lifting the cargo conveyance fromthe

ship; a8 | omes iethddef GBine B, EGMmPHGIAGa radi ation beam
onto the seaport 31. The nethod of cI ai m 28,

conpri si ng: ékﬁet(?lf]gcttfp(ﬁn n%? oc%f|8ma?or{dr1{hgbfgﬁt yertical axis;

Iocat| on al ong I'rst vertical axrs
tion beam and |owering the object along the
second vertical axis, to the second |I|ocation. 32. The
met hod of claim.31 erein the object is a cargo
conveyance, 'PYering Fhﬁ OPJ%E@“PBE the 3§ﬁ0%\d yedisal @Xlﬁntbr Qttgé’l the
second location is on a ship, the nmethod conprising:
| iredialign brans 4p goseconddgeation. f r om t he seaport, through
the radi ati on beam and | owering the cargo conveyance
onto the ship. 25 WD 2004/070421 PCT/ US2004/ 002525
30.  The method of claim 29, wherein the object is a cargo

conveyance, the first location is on a ship and the second location is on a
seaport, the method comprising:
lifting the cargo conveyance from the ship; and

lowering the object through a radiation beam onto the seaport.

31.  The method of claim 28, comprising:

lifting the object from a first location along the first vertical axis,

through the radiation beam; and

lowering the object along the second vertical axis, to the second

location.

32.  The method of claim 31, wherein the object is a cargo

conveyance, the first location is on a seaport and the second location is on a

ship, the method comprising:

lifting the cargo conveyance from the seaport, through the

radiation beam; and
lowering the cargo conveyance onto the ship.

25



33. The nethod of claim 28, conprising noving the
object through a fan beam of radiation. 34. The

worbtdmdos«i cl aim 28, conprising noving the obj ect/us2004/002525

10

15

20

through a cone beamof radiation. 5 35. The nethod of

claim?2 conpri Si vin he object by a crane
system §33*6 gﬁ% %Bﬁgg’?da"gliﬁ HP%J,”SFIQ( fgxing the object through a
coppr.ising. noving at | east one of a source of the
hotdNRRAMOf yadiali@n.gi ng beam and a detector to detect
radi ation interacting with the object, into a 10
position for operation. 37. A nethod of exam ning
cont ent&t.of He oigtbed of claim28s camprisinvimogingrthekjbfedt through a
by a crane systemfroma first location to a second
| ooarie lowamtdiradigkion. radi ati on beam and detecti ng
radi ation froman interaction of the object with the
15 radi ati on beam 38. The nethod of claim 37,
conpri s3ma: Thd H b eat :
39: Thé hidlBod BEciakh 28t cgﬂhtp Qﬁmggrjhggflggtgéiom@ct by a

froma first location; |owering %
cr to a second location; and 20 scanni ng
tﬁgaggﬁgg%ﬂﬁkile | onering the object. 39. The nethod
in claim37, conprising: lifting the object froma
shi p; lgwerin he objegt.opto a seaport. 26 WO
2004) 07121 e Ml oash 8. e eRuinHaBA of ol ai m
37, conprising:,
moving at least one of a source of the horizontally diverging

beam and a detector to detect radiation interacting with the object, into a

position for operation.
37. A method of examining contents of an object, comprising:
moving an object by a crane system from a first location to a
second location, through a radiation beam; and
detecting radiation from an interaction of the object with the
radiation beam.
38.  The method of claim 37, comprising:
lifting the object by the crane system, from a first location:;
lowering the object by the crane system, to a second location:
and

scanning the object while lowering the object.

39.  The method in claim 37, comprising:
lifting the object from a ship; and

lowering the object onto a seaport.
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lifting the object by the crane system froma first
| ocation; scanning the object while lifting the

wobhpmaro42and | owering the object by the crane BgTUSB04/002525

10

15

20

to a second location. 5 41. The nethod of clai m40,

conmprisjhng: Lifti h bj ect froma seaport; and

| ower i n‘b&t heﬂa%f%egﬁoéﬁfslgﬁhﬁi’ FOMPPISINERe net hod of
claim 37, further conprising: noving the object

hori zont al | yifieq fkepbigstPnthe eranelsystamsiroma fiGt tdeation;
first location and noving the object fromthe second

| ocati on. 43scafmingriehatyjecifwisiledlifting The objept;isidng:
novi ng the object horizontally through the radiation

beam 44. Tibwefnyheg obfect bt é?a}nef SYSHER! 1 ABBESSA MEation.

novi ng at | east one of a source of tHe radiation beam
and a 15 detector to detect radiation into position

withr QﬁpeCtTﬁé’n{é?ﬁo&Bﬁagin?élﬁt ?%gﬁgi{‘gme met hod of

clai m 44, conprising: noving a one of a source

of the radi gii e a _detector to detect

radi ation i ﬂ{ﬂ&r@ggel &5‘8%[}\%’%?? tanpo t he crane

system alqng a respective rail. 20 46. A seaport

conpri si ng: q%‘%ﬁf'UQSW$PPJeG¥ o9k Phig- st at i ons; a

plurality of crane systens, each crane system bei ng

positioned at a respective docking station; 27 WO

2004/ 074421 Thermetasbal dairs 38, fusther sagprising:r ai |

t hrough each docking station; a radiation source; and
moving the object horizontally between moving the object from

the first location and moving the object from the second location.

43.  The method of claim 42, comprising:

moving the object horizontally through the radiation beam.

44.  The method of claim 37, further comprising:
moving at least one of a source of the radiation beam and a

detector to detect radiation into position with respect to the crane system.

45.  The method of claim 44, comprising:
moving at least one of a source of the radiation beam and a

detector to detect radiation into position with respect to the crane system,

along a respective rail.

46. A seaport comprising:
a plurality of docking stations;

a plurality of crane systems, each crane system being

positioned at a respective docking station;
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a radiation detector positioned detect radiation

emtted by the source and interacting with an object
wandero7eranm nation; 5 , wherein at | east one oPCThS2004/002525

source and the detector are novably supported on the

rail, to rmvet leas rgnoenr%|IqﬁFolﬂgﬂgeactha(§oc?ﬂng s‘ca%mot her.

a radiation source; and
a radiation detector positioned detect radiation emitted by the
source and interacting with an object under examination:;
5 ‘wherein at least one of the source and the detector are movably

supported on the rail, to move from one docking station to another.
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