WD 2004/ 070421 PCT/ US2004/ 002525 RADI ATI ON SCANNI NG OF CARGO CONVEYANCES AT
SEAPORTS AND THE LIKE Field of Invention 5 [0001] Radi ati on scanni ng of
~objects, and nore particularly, radiation scanning of cargo conveyances for
cont r aband.w@asmkgreaeind of [ nvention [0002] Radiation i s poarmseekp2szied in the
non-invasi ve inspection of objects such as |uggage, bags, briefcases, and
the like to identify hidden 10 contraband. Contraband includes guns,

kni ves, expl osive devices, as well as illegal drugs, for exanple. As

crimnals and terrori ﬁfﬁ] r i ' : t hey conceal
cont raband, the need '@Qﬁ%‘g& gmr?&%%ism}ﬁﬁgﬁgﬁon t echni ques
has grown. While the snugglin 0 -rr léﬁanes I n carry-on bags

and in luggage has been a well 15 known, on-going concern, a |less publicized

but also serious threat is the s ' traband across borders and
by boat in large cargo contai ner?ﬁ%éﬁg&é’lﬁ& of the 17 mllion cargo

Terror. Ps. W& and iﬁ“ﬁ“&?‘éaﬁ",@t@é%ﬂﬂ%%?ﬁ %%@%9?”%@;@% ragfy *F)QSBS} "
on . r : . .

napect eq,  sushaning 9f Sl CnSydheeb A5 @B, <'at i onary” Source of

radi ati on, such as X-ray radiation, and a stationary detector. The

radiation is collimted into a vgrti'cal facg= beam or a pencil beam and the
object - is noved horizontally th Bﬁléqfof'ﬂg éﬁ n radi ation transmtted

through 25 thE8H1°C! | RaBlatBRUE" bty st FRIAEETALNE RofRRbATSS ©f
‘ objects such as luggage, bags, briefcases, and the like to identify hidden

10 | coniraband. Contraband includes guns, knives, explosive devices, as wel.l as
ilegal drugs, for example. As criminals and terrorisis have become. more
creative in the way* they conceal contraband, the need for more effective hon-
invasive inspection techniques has grown. While the smuggling of
contraband onto planes in carry-on bags and in luggage has been a well- .

15  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.

20 [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 info a vertical fan beam or a pencil beam and the object

is moved horizontally through the beam. The radiation transmitted through

25 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
t hrough  which the radiati on beam passes. The attenuated radiation is
detected and radiographic i mges of the contents of the objects are
generated for - Inspection. The radi ographic inmge reveals the shape, size,
and varying 5 densi'ties of the contents. [0004] .In a typical seaport
environnent, a cargo ship is docked in the seaport, and containers are
lifted off fromthe ship by a crane. The containers nay be |owered by the
crane onto a tr udcttenldtiontofitts: rddiaticeid & fonctivaps te ddnsity obthe anaterald through
contraband then the truck takes the container to a designated 10 inspection
site. [0005] Typivdath Kermyiatios peanimssay sTheraiteatad uxlidion ris defeetlepgamd or

ai rport environment, are inpractical due to the size of the cargo

contai ners. St arddiographicgimageat ai lee scoatents yodi el byjeds- 8@ fgeseratedindor
(6.1-15.2 neters), 8 feet high (2.4 meters) and 6-9 feet wde (1.8-2.7
meters). Air car dospestiaontThenediographiccimagecreyedld the sbope.asine,aapl vamingty of
pi eces of luggage or other cargo to be stored in the body of an airplane,
may range in $i zaleqbidegefihe corigit , wi dth) from about 35 x 21 x 21 inches
(0.89 x 0.53 x 0.53 neters) u to about 240 x 118 x 96 inches (6.1 x 3.0 X
2.4 neters). Sea [6@4o conna géicél segpert eppreunent, akawe ship Boddcked in twg, 8
feet wide and 8 feet highl1(12.2-15.2.X 20 2.4 X 2.4 neters). Large

col | ections of .olseapers andgontalnersereifted eff domohe shipdyaayeranemyhe reaipers
supported on a pallet. Pallets, which may have supporting side walls, may
be of conparabl e B3Yz68. lawered hyothesiang ﬁ@%s@ trpgle  1f drigndesided do dospeelyligce” i s
used herein to enconpass cargo containers (including sea cargo containers)

and pal | ets. 2 container for contraband then the truck takes the container to a designated
10_ ' insbection éit'e.

[0005]  Typical X-tay inspection systems, when .used in a seaport or

airport envifonment, are impractical due to the size of.. the cajrgo containers.

| S’fandard cargo containers are typically 20-_30 fget Iong\ (5.1-?15.'2 metérs), 8

* feet high (2_'.4 meters) and 6-0 feet widé (1827 r_;nieters).:? A cargo

15 containers, Whicﬁ'are_ used td contain a plurality of piec;ejs of 1%!9%699; Qr other

o - A [ N
cargo to be stored in the body of an airplane, may range in size (length,

helght, width) from about 36 x 21 x 21 Inches (0.89 x 0.53 x 0.53 meters) up
to about 240 % 118 x 96 inches (6.1 x 3.0 x 2.4 meters).' _Séea _c:arf.jo c:ohftafners
are ’cypicaﬁi,li?ﬁaboﬁt 40-50 feet long, 8 feet wide and Bfeet hijgh 5(1 22—152 X
20 24 X 24 meters) | Large éollec‘iions of objects, such as %na}y i:iéces of

: Lo N L
~ luggage, may also be supported on a pallet. Palleis, which may have
supporting side walls, may be of comparable sizes as cargo containers. The

. N R T
term “cargo conveyance” is used herein to encompass cargo containers

(including_:s:ea cargo containers) and pallets.



WO 2004/ 070421 PCT/ US2004/ 002525 [0006] Fi xed inspection systens have been
proposed for inspecting |arge containers. For exanple, U S. Patent No.
4,430,568 to Yoshida discloses an X-ray systemfor the inspection of
packages, i nebuading4barge shipping containers. A conveygicriieasohRgs package
or container horizontally 5 between the X-ray source supported on a floor

and a detecto ay. i m | ) at ent 4 ' .

di scl oses a f R@’ inspe@f‘%r{%é%%'?gnssﬁg? g'gé{ﬁ'\%efnayp Ousrgégfo%ﬁg%erbcnlhﬁg a
continuous beam of radiatio acy a % [ on | t.he,cont.ai ners
to be inspect g%r‘é"'ﬁ%‘%@: eeégﬁ'?’!ﬁ’n@?"qn&é{)ﬁ@é%\/g‘dﬂgﬁ%rtocgﬁﬂ“ﬁﬁousI y
or increnental ]y, The 10 radi ag[ion trﬁns,m'tte_d t hrough a contajner is
detected by adlElsaRPN ey osystarR, ok g ingRasticn PaRATKGIPT o NCHEInG. IATO8 uI ar
arms, one extending verticall along a side of the container and the other
ext endi ng hor BRigRING Gaptainess. theomgyor Frovgs dampaskage eruonignenigrizental. The
fol ded sensor enables the systemto have a smaller height than would

ot herwi se He hebvamparihe i Xray coures suppeded &% a diicit Aoth ardetentor t anday. hr ough
the entire container. [0007] It has al so been proposed to scan | arge

cont ai ners w Simibariy, AhBe Patemtabo) deifioiHi0s v Caie distloses aarpixed ihkiBctiBat ent
No. 5,638,420 to Arm stead discloses a straddle inspection system whereby

the radiati onsgéﬁéﬁmbmesmtﬁm 806126 eandith dee@ttindbls | sodnh X dralliationnovabl e
franme and the 20 frame is noved horizontally along the | ength of the

cont ai ner whi begrdsge, icﬁﬁ%or%r? Whide tHee BonBIneYs 1@ &R MSPectOl e rhbved, Pat ent
No. 5,692,028 to CGeus et ‘a). | scl oses an X-ray inspection systemi ncl udi ng

o ven ot ADSCkRAfer ) pe iRy RRLONES, ConhuTEAY o kehEncfe R 1
been propgged t fafdis REREmARA through a container is detected by a “folded” sensor
screen or device having two, perpendicular arms, one extending vertically
along a side of the cbntainer and the other exitending horizontally over the top
. of a container during inspection. The folded sensor enables the system to
have a smaller height than would otherwise be necessary in order to detect
15  radiation transmitted through the entire container.
[0007] It has also been proposed to scan targe containers with portable
X-ray imaging systems. For example, U.S. Patent No. 5,638,420 to
Armistead discloses a straddle inspection system, whereby the radiation
scanning system (a source and detector) is fixed to a movable frame and the
20 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

25 containers with such systems.



25 containers with such systens. 3 [0008] The systens descri bed above have
~several disadvantages. For exanple, the systens take up val uabl e space in
the sea port. Wile the Armstead and Geus patents were designed to be
portable in order to mnimze the anount of space permanently dedicated to
the X-ray facility, 5.both of these systems are still large and ‘establish a
| ar ge excl usion zone when inuse..ln addition, all of these systens nay be
~easily defeated within the "large container" envi ronnent . For exanpl e, once

a container is updopaed fmeryitbmssib@ibradbplanstt sivetdQisdaedntbgys. diri very
to the inspection station, contraband can be easily renoved before

i nspection. The akgugledearcsyshens 1dkesys valimblal shachan ehes Isew poiis p@Hile e Speeds.
The containers can be typically unloaded froma ship nore rapidly than the
scanner can conplaghigtdatisand iGeuss patehisowereTdesighed @0 B @baabhls Bt bider ao need
for inproved inspection systens for sea containers at a sea port. [0009] It
has al so been pr apsse the amouwtt of spadé Permanahdly estintieantoathe %-ray fatiitysyst em

to detect radiation enmtted by radioactive nmaterials within a :cargo
conveyance bebngbobvedihbye ishetemsaare still Jargm anduedtaldishte hrge andasion dehect
contraband that is not radioactive or is shielded. Sunmary of the Invention
[0010] In one enbbdnirense.ofn aduitiannaitof these spsteadinedy o esgligiefeatpdyititiem 20
conprises a radiation source, such as source of X-ray radiation, and a
radi ati on det ect the “hge cantging’ exvinpimenh Eoraexanples bece & lcahtaimey suntdsdedt s,
such as cargo and sea contai ners and ot her cargo conveyances, from one
| ocati on from the ship and placed on the dock for delivery to the inspection station,
contraband can be easily removed before inspection. The above eiescribed
10.' systems also have slow inspection speeds. The containers can be typically
unloaded from a ship more rapidly than the scanner can con%plete its
lnspectlon Therefore there is still a need for |mproved inspection systems for
sea contelners at a sea port.
[0009] It has also been proposed to mount a radiation detector on a
15  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 shieided.

Summary of the Invention
[0010] In one embodiment of the invention, a radiation scanning system
20 comprisesf a radietion source, such as source of X-ray.radie_tio'n, and a
radiation detector that are proximate a crane system that moves objec':ts such
as cargo and sea coniainers and other cargo conveyances from’ one jocation
to another Here a “crane system” may be any system that Irftsran object
from a fi rst locatron and Iowers the object onto a second dlfferent location.

25 The crane system moves the object through a space between the source and



to another. Here, a "crane systenf may be any systemthat |ifts! an object
froma first location and | owers the object onto a second, different

| ocation. 25 The crane system noves the object through a space between the
source and wéh M@eaRed/ 070421 PCT/ US2004/ 002525 the det ectruszea/002528 t he
obj ect may be scanned. The crane system may nove objects, such as sea

cont ai ners and, ot her 0, con eyances ff of and onto a ship at
a seaport, forth @&ﬁtﬁy&?’ﬁ@%ﬁj&@gcﬁﬁﬁy sgapned: o h‘?rﬁ?”ﬁesysgemﬂlﬁyt@a"%y t he
crane systemor nmay be near to the crane system 5 su’p ported on the ground
for exanpl e. T‘N@!ei‘fér fiichaS seaweataings angoibar tyRemphrIren veyansesy of6f The
term"near to" as used herein neans any |ocation to which the crane is
capabl e of pasanhgniera siip & a.seaporidior skypplet ddne spuresand/ondetesiarneay be he
source and/or detector are preferably within a profile defined by the crane

system so thasupporieddbyitheakbraeacysiem takeayupe byearhéo thé ceaieasysiem,
scanni ng system [0011] In the context of a seaport, an object being

unl oaded fr®m gupdoried oMthd Yrowm; rfed ekhimplegh Taer enatproximzesinhérei inkads by t he
source and detected by the detector, for exanple. Alternatively, objects :

bei ng | oaded ogfgy o?eteahbf orMRa®, | THG Q8 "AGA e 56 ARRH narth TemRdahyr ough
the radi ati on beam while 15 being | oaded onto a ship. The system enabl es

the exan natlor}z]s()@{[or{&mﬁ.cﬁ%et raf R EHABRESS Hhicirifal B8 c@awﬁs%[qﬁorte

unl oadi ng, requiring at th conve aken to an 1sol ated

e R i 55RO i o
(he o1 ane ov=t Sl OB B e BB Rl e ) 4"
10 radiation scanning system.
[0011] In the context of a seaport, an object being unloaded from a ship
may be lowered through é radiation beam emitted by the source and detected
by the detector, for example. Alternatively, objects being loaded onto a ship
may be lifted from the seaport and raised through the radiation beam, while
15  being loaded onto a ship. The system enables the exam.ination of large cargb
conveyances during the loading and unloading, without requiring that the
conveyances be taken to an isolated examining facility. Additionally, since in
this embodiment thé radiation source and detector are preferably supported
by or within the profile of the crane system, no more space is taken up by the

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

Brief Description of Drawings
[0c012] Fig. 1a is a schematic representation of a radiation scanning
system supported by a crane system in accordance with one embodiment of
the invention,

25 [0013] Fig. 1b is a rear view of the radiation scanning system of Fig.1;



Brief Description of Draw ngs [0012] Fig. la is a schematic representati on .

of a radiation scanning system supported by a crane systemin accordance
wi th one enbodi nent of the invention; 25 [0013] Fig. 1b is a rear view of
the radi ati on scanning systemof Fig.1; 5 [0014] Fig. 2 is atop viewof a
cargo conveyance being lowered through a radiation beamemtted by a
-source, such as a linear accelerator, in the enbodinent of Fig. 1; [0015]
Fig. 3is a side view of an alternative source for use in the 5 enbodinent
of Fig. 1; [0016jo0F4y. 4 Fi. & i3 antopviiew off at dwrgs awneeyante Fieng Bwdr€D17]
Fig. 5is side view of the source of Fig. 3, in use in the radiation
scanni ng syst em throughea retijatipo 0&&h eriited By & soarce cquctiize\a lofeanacmiagaio; dmveyance
being I owered 10 through a radiation beamenmtted by the source of Fig. 3;
[0019] Fig. 7 i sthe guebradireéntiobpigviiiew of a cargo conveyance being | owered
through three radi ati on beans emtted by three respective sources, in the
enbodi nent of Fi [§015F [ 00F®} 3Fisga &ides viewsofdan \altematve anochdpr eaddditment of
the invention, 15 wherein a radiation source and a detector are supported
by the groundd pemoRodierest oftiég.dr ane system [0021] Fig. 9 is a top view of
the enmbodi nent of Fig. 8; and [0022] Fig. 10 is a top view of a seaport in
accordance with He16enbodFigerttis affranhdew ol thetsoarce af frigeBpor ati ng the radi ati on
scanni ng system of :
- [0017] Fig. 5 is side view of the source of Fig. 3, in use in the radiation
_ scanning-sysiem of Fig. 1;
[0018] | Fig. 6 is a top view of a cargo conveyance being lowered
10 through a radiation beam emitted by the source of Fig. 3;
[001-9] ' Fig. 7 is a partial top view of a cargo conveyé_ince being lowered
. through threé 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,
15 wherein a r;adfation source and a detector are supported by the ground
proxlmatei the crane system;
[0021] " Fig. 9is a fop view of the embodiment of Fig. 8; and
[0022] - Fig. 10 is a fop view of a seaport in accordance with an
embodiment of the invention, incorporating the radiation scanning system of

20 Fig. 8.
. Detailed Descripﬂon of the Preferred Embodiments
[0023] = Fig. 1a is a schematic representation of a radiation scanning
| system 10 in accordance with oﬁe embodiment of the present invention. In

this embodiment, the system 10 comprises a crane system 12 supporting a

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



20 Fig. 8. Detailed Description of the Preferred Enbodi ments [0023] Fig. la
is a schematic representation of a radiation scanning system 10 in
accordance with one enbodi mrent of the present invention. In this

enbodi nent,. the system 10 conprises a crane system 12 supporting a 25

radi ati on source 14 and a radiation detector 16. The crane system 12 may be
6 a standard crane for unl oading and | oadi ng cargo conveyances 18, such as
sea containers and pallets, for exanple, froma ship 20 at a seaport 22, as
is known in theaaatandardtcmedmrdammﬂtng arh:i iohdinpr emrgntconveyentasots, subleasr ane
system 12 may be any device used to lift an object fromone |ocation and

| ower the ' 5 obj eea comainesmmtdnelletsofoaiekanple] DOR4] shih 80 et arseapybE2mslie

conpri ses opposing vertical structures 24, 26 supporting a boomarm28. A
conveyi ng syst emk8ovh i iba@orlo @dedrdandeevittbiberpresamt P@entite theowemsy systersy st em
30, the details of which are not shown but are known in the art, may -
conprise a carri dgena bepredadee baed B2Iff an ohieciskonrdnadocetioaragd lo,\mnﬁeyance 18
or other such object. The carriage 32 is suspended froma chain or netal
rope 34 driveh apbﬁﬁ@mﬁh@ygleﬁﬁt@nmt or (not shown). The conveying system
30 may lift a cargo conveyance 18 via the carri age 32 off of a ship
‘vertically, as i i2dht ed B”yrearamyﬁtemrméomw@esmpgsneeﬁm@@tatreeturﬂsrattzont ally
towards the seaport 22, as indicated by arrows 15 B, and lower the cargo
conveyance onto ZBtSUORMIRG 2 hAOTH A 28he Seausying, sysiteseBP is supportaditydbed by
arrow C. The crane system 12 may be operated:by an operator |ocated in a
control conpart mBREM3IEM Q%rT@(ﬁﬁt’f{Pé‘ng Fheemail; thgydetais pfgwhieh peeaed ghawe

returned by the conveying system 30 to the ship 20, to be
but are known in the ar, may comprise a carriage or spreader bar 32 for

10  securing a cargo conveyance 18 or other such object. The carriage 32 is
| suspended from a chaln or metal rope 34 drrven around pulleys by a motor
o (not shown) The conveymg system 30 may lift a cargo conveyance 18 via
the_carrrage 32 off of a ship vertically, asjrndrcated by arrow A, move the
| cargo conveyance ncrizontalty towards the I.sfeaport 22, a_.s indicated by arrows
15  B,-and lower the cargo conveyance onio a trt.rck 35, or onto the seaport, itself,
'as indicated by arrowC The crane system 12 may be operated by an
| operator Iocated rn a control compartment 36 for example The carriage 32 is
released and returned by the conveying system 30 to the ship 20, o he
secured fo. another cargo conveyance 18.:" The process is reversed to load

20 cargo conveyances 18 onto the ship 20, “
.[0:025] Fig. 1b is a rear view of the radiation scanning system 10,
sh_owing _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
detectcr 316':,% not shown in this view, is similarly supported on a cross beam

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



secured to anot her cargo conveyance 18. The process is reversed to |load 20
cargo conveyances 18 onto the ship 20. [0025] Fig. 1b is a rear view of the
radi ati on scanni ng system 10, show ng the source 14 supported on a
crossbeam %@OQ&LIB.RM?IhO\Aﬂ in Fig. la) connecting a pair pgii/osengoeats supports
24a, 24b of vertical structure 24. The detector 16, not shown in this view,
Is simlarly orted on Ccraoss, beam 25 _bet ween vertical s orts of
vertical sttudtlig 980 nohsPglingn e ARy T SRS 1M B splpri S e
PCTI US2004/ 002525 .20 ,are al.sp not .sho in this view The source 14 and the
detector 16 aﬁépa@é%gPé{t%aU%vea?ﬂfﬁW%m%ﬁta B?rgpa%@eyﬁ‘?ceﬁ%é’ir SESHBy ance
18 or other such object to be | owered between them Al so shown in this view
is an upper @bist tadionpred Retyaeh dherd. « Ao innthis . view [is are Ppiere
radi ati on source 14 and detector 16 may be supported by an existing
cross- beam or GieRfrbean 29 thatsippods ke hoemaas anying supporting structure
may be added to support the source and/or the detector, depending on the
si ze and s®rudod2e] of t Mhecadiatiossstuma 14 and datéeiod 48 imayl bedsusiparted Hyet ween
t he source and the detector, for exanple. A standard crane 10 system 12 may
be readily retgrofdxisting ichedsdsiearh her sagditienal 4 caze-datnsdedit t aécohfpanylng027]
Wi |l e the cargo conveyance 18 is being noved between the source 14 and the
detector 16 (%u?ESﬁinP%‘tﬁu@ﬂlr@héy)M@bﬁééd td BEpsRtIeSsRiftd Bndlor tidisteben, beam
43 onto a face a of the cargo conveyance 18. The detector 16 detects
radiation tra ] J V) he

'b%:c §b§gﬁ§ &rﬁfh%%l&yfapﬁ s‘ﬁ%ﬁﬂ? %g‘ﬂ%@&ﬁa%ﬁﬁﬁem k> &a RV4Edred

cargo conveyan onplete roug eam € entire conveyance may
be scanned. distance between the source and the detector, for example. A standard crane

10 system 12 may be readily refrofit to include the source 14 and the detecior 16.
[0027] While the cargo conveyance 18 is being moved between the
source 14 and the detector 16 (either raised or lowered), the source emits a
radiation beam 43 onto a face 18a of the cargo conveyance 18. The
detector 16 detects radiation transmitied through the cargo conveyance 18.

15 By moving the cargo conveyance 18 completely through the beam, the entire
conveyance may be scanned.

[o028] 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

20 to a diverging radiation beém having essentially only one dimension, such as
a horizontal direction. The term “cone beam” refers to a two dimensional

“diverging radiation beam, such as a radiation bearﬁ 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

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



.[0028] Preferably, the radiation beam 43 is a horizontally diverging beam
More preferably, the radiation beamis a horizontally diverging fan beam A
cone beam may be used, as well. Here, the term"fan beanm refers 20 to a

di verging radi ati on beam having essentially only one dinensi.on, such as a
hori zontal direction. The term "cone beant refers to a two di nensi onal

di verging radi ati on beam such as a radi ati on beamthat diverges
horizontally and vertically. The cone ‘beam need not be a mathematical cone;
it may be an arbedmanay yoesbapetingulae asjhineicCcearss bean} fomekanpieg Je out er
edge wth a 25 rectangul ar, square, circular or elliptical shape, for

exanpl e. The radhaizootaily sivbming neayn H& meayrbectefingdibypnasymoed callonatorzeapeam
for exanple. The horizontally diverging beam 43 nmay be defined by one or
nmor e col | i mat or sis kaswniirsthereotv hiercotlimatermpay Béhietegodied willh e staycebbt. i nt egr at ed
with the source 14. [0029] A guide 40 conprising tapered walls 42 may be
provi ded 5 proxi[@28] t he doguide 40 camprising teerdt wrlisl @2t mdyebp provided t he
cargo conveyance 18 as it is being noved between the source 14 and the
detector 16. 3f phogimade gibecorrey dhcandldhe sedecdoniéd tashelp gudddhagedrgmer ed,
as in the enbodinent of Fig. la, the guide 40 is above the |l evel of the
source 14 and dectreeyzmcelt@ asf itt lsebeaggmouetﬂtvlaa}aaee ihe saurezhhnad whele it
is being 10 raised, the guide 40 is below the 1evel of the source 14 and
det ector 16. Thedetgcipdeﬁ 41 thengarge cenysyanaects isyscamredzsit sl beinganwenPaast t ached
to the crane's porting structures 24, 26, for exanple. One pair of
opposi ng tapered"f“lt embodiment ef IFaotm fhEanFﬁ%fm issabome dheclsvel gidhe safrcphosi ng
wal |'s, transverse to ":the first pair, may be provided, if desired. 15 [0030]
Fig. 2is a top enctedeteptoamorlf Hohcalgpycagvexange g isaereRnes whije divisabeing

10 raised, the gwde 40 |s below the level of the source 14 and detector 16. The
: gurde 40 may be supported by horizontal beams 42a attached to the crane's
: 'supporting .s;tructures 24, 26, for example. One pair of opposmg tapered
walls'4é are ‘sden in Fig 1a. A second p'a'ir; of opposing.‘walls_, fransverse {o
the fi rst panr may be prov;ded if desired. |
15 [0030] ; Flg 2is a top view of a horizontally dwerglng radiation beam 43
scannlng a cargo conveyance 18 being lowered vertrcal!y through the beam.
In the prlor art dlscussed above, in contrast an object is typically moved
honzontally through a vertlcally dwergang beam The source 14 and detector
16 are shown
20 [0031] -~ The detector 18 may be a detector array. The detector array 16
may.hav,e one long portion 16a behind - the ‘cargo conveyance 18 and two
short portions;. 16b, 16c parallel to each other and perpendicular to the long
portion 51i6a 't'he short portions 16b, 16c¢ face the side .\rvalls 18b 18c of the
cargo . conveyance 18.  The short portlons 16b, 160 detect radiation

25 transmltted through the sides 18b, 18¢ of the cargo conveyance 18. Providing



scanning a cargo conveyance 18 being |lowered vertically through the beam
In.the prior art discussed above, in contrast, an object is typically noved
horizontally through a vertically diverging beam The source 14 and detector
16 are shown. 20 [0031] The detector 16 may be a detector array. The
detector array 16 may have one |ong portion 16a behind the cargo conveyance
18 and two short portions, 16b, 16c parallel to each other and

perpendi cular to the long portion 16a. The short portions 16b, 16c face the
'side walls 18b, 18c of the cargo conveyance 18. The short portions 16b, 16¢
det ect r agiichthootypa&lld partisns dobiids thh detegdr atae 16tcdesnditB8b, 18c of the cargo
‘conveyance 18. Providing 9 such short, parallel portions enables the
detector array 16 to be nore 9a conpact. Instead of the short parallel
portions 18b, 18c, a longer long portion 16a may be provided to capture all
the radiation transmtted through the cargo conveyance 18. The detector or
detector array 16 may be curved, as well. It may be sem-circular, for
exanple. 5 [0032] The radiation source 14 nay be a source of X-ray

radi ati on, such as Brensstrahlung radi ation, for exanple. To exam ne cargo
conveyances having a width "W (see Fig. la and Fig. 2) greater than about 5
feet (1.5 nmeters) by a radiation scanning system 10 in accordance with the
enbodi ment of Fig. 1, the X ray source 14 preferably generates a radiation
10 beam 43 having a peak energy greater than about | MV Mre preferably,
the X-ray source 14 generates a radi ati on beam 43 having a peak energy
greater than about 6 MV, for exanple. The X-ray source 14 may be a |inear
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accel erator, such as a Linatron(r) Linear Accelerator -(;'Linatron(r)"),
avai lable from Varian Medical Systens, Inc., Palo Alto, CA ("Varian") for
exanple. 15 Qther types of X-ray sources may be used as well, such as

el ectrostatic accelerators, mcrotrons and betatrons, for exanple. X-ray
tubes may al so be used, particularly for cargo conveyances and ot her
objects having a width W less than about 5 feet (1.5 neters). [0033] To
detect a fan beam the detector array 16 may be a one 20 di nensi onal
detector array caeoppasti fgsteaxtiof tbs sbért paraka portioat d Blentde, adengeslongmoriioni n t he
art. Each one di nensional detector nodule may conprise a single row of a
plurality of detdétaoraydiceprovitigd taltaptute bl tteordieliemtatsnitiad throughghe sarga

radi ati on sensitive detector, such as a scintillator, and a photosensitive
det ector, such asoavgyantsi&ibéhedetehior otfieeieior arsayi 16 ape duveglsas ellatit . A
hi gh density scintillator, such as a cadmumtungstate scintillator, 10 may
be used. The sci mayhessasi-draylahivexamdensi ty of 8 grams per cubic cm for
exanpl e. Appropriate cadm umtungstate scintillators are available from

Sai nt Gobai n3Cr ye@3 s, Sdlhenrad@tipd sowcs. ¥ mayobsgesauree Physiaysrapiatioer
Crystals, Kent, U K for exanple. Detector nodul es having detection
efficiencies of Bughors dBemsstdvunes ragistien. st axempleef efabeyamisedcargependi ng
on the radiation spectrumof the radiation beam 43. 0034{ Mul tiple,

cl osel y spaced, [SapvReteshayingenyisithay” @pe bidhda gediFie@) gmptesiarpabavbpe
collimators. In that case, a row of one di mensional detectors may be

provi ded for eachedtdhSpugiers) iy 3 oaigtonTesanciag system # imgcsasdance with Bal | y
coupled to a processor 46, such as_a conputer, through an anal og-to-digital

converter 48. Th@rrrppg@%egg@f Figs 1, the X ray solrce 14 preferably generates a radiation
10  beam 43 having a peak energy greater than about 1 MeV. More preferably,
the X-ray source 14 generates a radiation beam 43 having a peak energy
greater than about 6 MeV, for example. The X-ray soufce 14 may be a linear
accelerétor, such as a Linatron® Linear Acéelc;fator j({“I;_inatroh@"), available
from Varian Medical Systems, Inc., Palo Alio, CA ("_\_'/értian"). for example,
16  Other types of X-ray sou_fces may be used as well,:._jsthf:hgas electrostatic
accelerators, microtrons aﬁd betatrons, for example. X—gayi_tubes may also be
used, particulérly for cargo conveyances and other objécits hav_ing a width W

less thén about 5 feet (1.5 mé.ters). |
[0033]. To detect a fan beam, the detector arréy 16 may be a one
20 dimensional detector array comprising modules of 'deiéctor'élemen’cs, as is
known iﬁ the art. Each one dimensicnal 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 scinjillatbr, and a

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

25 the art. A high density scintillator, such as a cadmium tungstate scintillator,
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reconstructs the data output by the detector array 16 into i nages whi ch may
be di spl ayed on a nonitor 50 on site or at another |ocation. Wile one
processor 46 and Al D convertor 48 are shown, additional processors, AID 15
converters, and other signal processing circuits may be provided, as is
known in the art. [0036] If a cone beamis used, the detector array may
conprise one or nore rows of two dinensional detector nodules. A two

di mensi onal detector nodule may conprise a plurality of rows and col ums of
det ect or el enent siay 26 UseQ.3The Fditillhtor magieed aldensjtyof &fgramb eer auoit erh) fpr

di verging beam 43 at the face 18a of the cargo conveyance 18 may be
slightly great erexdmme.t Aeprapdath cadmiurhisngsiatesgititaorsEine avalablededm Beinght of a
fan beam at the face 18a may be fromabout 2 mmto about 10 nm for

exanpl e. |f a cofieb@ieinysislsusSelon.i @hionehS.Aaard Spectra-PbydicshBliigantCrgstalsr om
about 200 nmto about 400 mm at the 25 face 18a, for exanple. 11 (0038]

- Col I i mat ors ( not Ketfollf. feagxamge bd giecon medulbehadon detestion bffisienciendf t he
"detector array 16 to block scattered radiation fromreaching the detector
array 16. (0039]r@niabpdi 1o trgbave8p¥eve tesficrally needislgpendinglor thetratiatiarhi el ds
52, 5 53 may be provided behind the detector 16 to capture scattered

radi ation. Curtateslre® githeedie§osbeamdded radi ati on from crossing the deck
20b of the ship 20, where there nmay be workers. A radiation stop 54 may be
- provided behi nd%0B4] det eMubliple slosely ppraied eiprplel fanebeammmay plso dmdefinedrhe
operator conpartnent 36 may be shielded to protect the operator. Shielding,
such as 10 addi t PYpRg of @ate eqlinpaipiss in thef cases @ oW ¢rangi drmandenal Hetesioses of

t he crane o
' may be provided for each fan beam.

10 [0035] T_he detector array is electrically coupled to a processor 48, such
as a computer, through an analog-to-digital converter 48. The processor 46
reconstructs the data output by the detector array 16 into images which may
be displaS/éd on‘a monitor 50 on site or at another location. While one
processbf 46 ahd A/D convértor 48 are shown, additional processors, A/D

15 convertefr?s.,‘ ahd other signal processing circuits may be provided, as is known
in the art.

[0036] - If a cone beam is used, the detector array may comprise one or
more rows of two dimensional detector modules. A two dimensional detector
modulé may comprise a plurality of rows and columns of detector elements.

20 [0037] | The horizontal length of a horizontally diverging beam 43 at the
face 1_8a 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

25 face 18a, for example.
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system 12 as well, if desired. The hull 20a of the ship 20 may provide
shieldi,ng instead of or in addition to the radiation stop 54 and/or at |east
part of the lengths of the |lead curtains 52, 53. An advantage of this
enbodi nent of the invention is that radiation is used in regions that are
normal | y 15 unoccupi-ed, decreasing shielding requirenents as conpared to at

| east certain prior art systens. [-0040] The radi ati on scanni ng system 100
will generally be able to exam ne cargo conveyances 18 as fast as they can
be noved by the dP@3#d systalimators Fot swwnplmgy iefsot be pradderd ibetwesouthee is a
| i near accel erator 20 generating a fan beam having a width of about 5-7 mm
at the face 18a cbjechand therdgtectararayriérto bRck aeptiened tadiagon famaepdhindbbans at a
rate of 300 pul ses per second, it would take about 2 seconds to scan a
cargo conveyance deeckuariay 16a hei ght of about 2.5 meters, with a spatial
resolution of about 5 mm [0041] A radiation beam 43 emtted al ong a

| ongi t udi nal axi 403 25 Shieldine may i provided a8 ngedsthi leead qusi@inaahialds 8dur ce 14
has its highest intensity alon 12 WO 2004/ 070421 PCT/ US2004/ 002525 the
axi s. The i nt énsiSBymay desprosiged ibghing thedetasiire! & fopapiwiesseakiprpd]agiation.
increases. It is therefore preferable not to emt a radiation beam of too

wi de of an angl &urily 5% pEavents, seatteres adistien fexn toReRsinghiBieadrAk&06f oft e beam
not exceed 30 de%rees. In order to illumnate the entire face 18a of a |ong
obj ect, 5 such a$hik Leyresnternery ki verkarsnah reaiptinssser RévBpPePe Praylledour ce
14 nmust be far fromthe face. Intensity also drops by the square of the

di stance betweerehiRg b8 fdetertors16 Ryuppeided By dha giane sysiane T@x atpe opemiarF g. 2,

if the <cargo conveyance isS a sea contajner having a |l ength of 40 feet
(12.2 g com%artment 36 may%e sh?eléed to protect the%perator. gShieléing. such as

10 | a_dditio:n;al lead curtains, may also be provided on the sides of the crane
| system'1 2 as well, if desired. The hull 20a of the ship 20 may provide
shiefding: instead of or in addition to the radiation stop 54 and/or at least part
of the'léngths of the lead curtains 52, 53. An advantage of this embodiment
of the 5irwention is that radiation is used in regions that are normally
15'_ u_:noccu‘pied, decreasing shielding requirements as compared to at least
| t_:’értain- =pvrior art systems.

[bovtw]; The radiation scanning system 100 will generally be able to
examine cargo conveyances 18 as fast as they can be moved by the crane
s;ystem: 12. For example, if the radiation source is a linear accelerator
20 :g:enera'ting a fan beam having a width of about 5-7 mm at_;the face 18a of the
'cargo éontainer 18 and emitting radiation beams at a ra_a{é of 300 pulses per
§ 'fs;econd, it would take about 2 seconds to scan a cargo cc?ﬁveyance 18 having

5 fa 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

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

12



nmeters) long, a radiation beam43 emtted over an angle X of about 25 10
degrees nust be about 43 feet (13.1 neters) fromthe face 18a tb illum nate
the entire face. The angle X of the radiation beam 43 and the distance

bet ween t hewpOussPoaNd the face 18a are factors to be batcumosadosionzsehie desi gn
of the radiation scanning system 10. [0042] Fig. 3 shows an alternative
configuration for the radiation_source 15 14 that enables the soyrce to be
much cl oser to{"lené‘x@ar ggh%dﬁt%?%c‘ﬁ“ﬁ%,rap% ’%‘S[Iqﬁ? ?rpgﬁg ARy &g @XgAtRr e
face 18a of a cargo conveyance with_a nore, ,uniformradiati on beamthan a
beam emitted bifcieasesot tecthersfgre prefprable npido epit g yadigtien begmoof igopyvige 3,
referred to as a "panoram c" radi ation source, is described in Application
No. 10/ 199, 7810f aneanghe. Jkor exampieodyis profermkthatdheoangle ofstbiegheam diott he
present invention and incorporated by reference, herein. The panoramc
source 100 conpxiéeses3tdegneear Imouddrde dlumindte diye edtre fabé dBa aiayiohg objevhr i an
Linatron(r), as described above, or nay have other configurations known in

the art. The | siebs acsed ebpiainerpailly alf@rdwabeam, dpavevesuthpusouptsl 14 Odust An
el ectron beam 104, shown in phantom is accelerated as 25 it follows a path

through the |i peaar aenelte 3566. DatbhshPZlsy AREpA bl ANEI Sdiftirdadf thi3di¥ance
2004/ 070421 PCT/ US2004/ 002525 axis L1 of the body. The el ectr.on beam 104

exits the accehghpipr thRoshurbs o aﬁaﬂ%@%@%&nqnhﬂé-eﬁmﬁﬂm . 8ng iR 2

t]thbeh10|6_, referre Ito as a drift tube, 1s connected to_the out put end 103
from the open SibBuEReyandRa¥ fiee EiuaRBPTRInECL' Rgl 1o A0 ca BEaTD
about 6 10 abollerd) Mo, & raBSABR! Seagd 4, ghitdd ovPen' BRaiTK BF abBG: 55™

material as th
10  degrees must be about 43 feet (13.1 meters) from the face 18a to illuminate

the entire face. The angle X of the radiation beam 43 and the distance
between the source and the face 18a are faclors to be balanced in the design
of the radiation scanning systefn 10.
[0042] Fig. 3 shows an alternative configuration for the radiation source
15 14 that enables the source to be much closer to the cargo con;«/eyance 18,
and still iluminate 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 fo
20 the assignee of the preseht invention and incorporated by reference, herein.
The panoramic source 100 co'mprises 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 eleciron beam 104, shown in phantom, is accelerated as

25 it follows a path through the linear accelerator body 102 along a longitudinal
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facilitate the connection of the drift tube to the |linear accel erator body.
The drift tube 106 and |inear accel erator body 102 may be netal for
exanple. The drift tube and |inear accel erator body may be other materials,
as well. 10 o1t arget material 108 of a netal withperisghvmbssi c
nunber and a high nelting point, such as tungsten or another refractory

metal, is provide the distal end of the I f1 pube 106., Shiel din

Tt or al *150, " 8l et o eBBfieS bebrCal eidts BigoSecalereter Bkl K a1
tube 106, and the target terial 108 gnd may extend over a distal portion
of the || near TecRHBRYS 185 BURipXOE enad! sorbe e SRTEN do 45 HANLIYR 110
may be in the shape of a sphere, for example, and the target material 108
may be at the Eepemiecisd te e outpuiiand A08 i theilinear @seelecor Prdy st i ng
material 110 nmay al so have other shapes. The drift tube 106, the target

mat eri al 108 agemrriwsiasitioewithnand sxteadingl fram dhe epen rasdputenss ahe shiftdubed
target 111". 20 [0044] A collimting slot 112 extends fromthe end of the

drift tube 806706 nfayhaMe & kilansdteetiirog abmuebitalabbD]0 mrapky exampley The
| ongi tudi nal axis L1 of the linear accelerator body 102. The slot 112 is

shaped to col | gfifattebd NOEXmag\be BRABEER Hiatstd\ast the lirisay edcoahirgtor 2102i R0 a
desired shape, such as into a fan beamor a cone beam which is emtted

from the shi el gegitdtargicohAediot sk @it #PeRBABNHLSE betalbRidodX $hé! Of
the accel erator body 102. The slot 112 has a 14 WD 2004/ 070421

CT/ US2004/ 002 | . e ol
View of the. oeipey10d SR BEARRErRRAS Moz g bemptal R SARRICFhe 01

view of the. s tar get ug OW Nng a

TR R L S T L
43. In a PI§ f eido%c‘;'] US€. A target material 108 of a metal with a high atomic number and
a high melting point, such as tungsten or another refractory metal, is provided
at the distal end of the drift tube 106. Shielding materiali 110, such as
tungsten, steel or Iéad, is provided around the drift tube 106, and the target
material 108 and may extend over a distal portion of the linear accelerator

15 body 102, as well. The shielding material 110 may 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 1.06, the target material 108 and the shielding
material are referred to as a “shielded target 111",

20 | [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

25 perpendicular to the axis L1 of the accelerator body 102. The slot 112 has a
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5 the source 100 is oriented so that the first angul ar dinension 01 defines
the wvertical height of the radiation beam 43 and the second angul ar

di mrension 02 defines the horizontal angle of the beam as shown in Fig. 5,
di scussed bglo20e4070483945] The el ectron beam 104 emitted byciis2oddioozsas

accel erator body 102 along the |l ongi tudinal axis L1 passes through t he

drift tube 106 acts t terial 108. Br trahl

radiation is el ?‘F gﬁ"ﬂ%‘f‘%"" gjr g& felf @ Péﬂsslwﬁ??ﬁﬁa‘f'?wcﬁ%qge %%éed The
radi ation emtted in the direction of the collimating slot 112 is

col I'i mat ed i ntigrashd 1ddbrough eapd Aido.chishowing a seconthangdar dimersion G2 e

shielding material 110 absorbs radiation enitted in other directions. Wile

the intensity af tHehalotadiTdd dirsteanduizd dpssmxordicdubad the theeddnddiahgalar on of
the el ectron beaminpacting the target material may be much less than the

intensity of t t resty f |n

the hori élont al mﬁ‘ﬁg?@hzénzdat ﬁﬁ%gierbfﬁcgésré@é gﬁg’i‘) ‘gj‘r: clp ﬁé)ré’?églﬁﬁo g
radi ation ed acro thee ire I at 3 has s nti Iythe
came i ntend 1 yeSeEeE A1 e&e*sn@ {'ﬂaﬁﬁhed L BR0 Sineiaor I7 dentsdre L 2
angle up to 18 0 degrees, the source 100 may be very close to the face 18a of
the cargo conv‘é}"&éé’lem’lt of e rasliatips be,armﬂapanddbets@cm%aag@lar flignansianeddr e

much less than in other configurations. [0046] Fig. 5 shows the radiation
source 100 wi tdefmeshhehddzbrtalggefe dfithe beapp astshdwinyin Hige & distassadbalelweam 38,
the detector 16 supported by a crane 25 cross-beam 27 and a cargo

conveyance 18 [Oapprted The sleetonimam 384 chittad hyethdelthelar Gitcsleratorbodppe 34.
The renai nder of the crane system12 is not shown. The cargo conveyance 18

i's being rmvedmeewtﬁé%r@nuamel akid0L RiphskEs tHRUGRTAE difft tike 108dhmd | on
source 100 is oriented with
10  impacts the material 108. Bremsstrahlung X-ray radiation is emitted from the
target material 108 in all directions. The radiation emitted in the direction of
the collimating slot 112 is collimated into the desired shape and er.hitted from
the device 100. The shielding material 110 absorbs radiation emitted in other
directions. While the intensity of the radiation emitted perpendicular to the
15 direction 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 anguilar dimension 62, the
radiation emitted across the entire radiation beam 43 has substantially the
same intensity. Since the second angular dimension 62 may be any desired
20 angle up io 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 coniigurations.
[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

25 cross-beam 27 and a cargo conveyance 18 supported by a carriage 32
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longitudinal axis L1 of the accelerator body 102, vertical. To define a
vertical 5 height of a fan beam the first angul ar di mension 01 of the slot
112 may range fromless than 1 degree to about 5 degrees. To define a
vertical height of a cone beam the first angul ar di mension 01 beam nmay
range from about 5  degrees to about 45 degrees, for exanple. The second
angul ar di nension 02 nmay be any desired angle, such as any .angle r.equired
toillumnate the entire 10 width of the face 18a of the cargo conveyance
18. The angl e maysubperdied friegnaestabrope®de, THeorenei@iep lof thd BQAL |sydteg. 1Hisi S a
~top view of a cargo conveyance 18 being noved through a radiation beam 113
emtted by a panawhshowvnadihatdaogo sonveganckO(B is beind hMoved hatpded, thehusecond
angul ar di nension 02 is about 135 degrees. The 15 source 100 may be about
8.5 feet (2.6 netl@isand thendeleetof ale T8a rafliatidre soancgo100c Enwdyraad avith8theSi nce
the axis LI of the accelerator body 102 is parallel to the face 18a of the
cargo conveyance ld@gitutihel adtt ef the@Genslyraboe bedyi162, tenticas upp definea varticaloss
beam of the crane system 12. [0048] Instead of trying to cover the full

| engt h of the & adeighBaf afart bemm, 2ite {ral gryyutzo dirersitned 116 the: Blot &1 3magrange .

hori zontal ly diverging radi ati on beam as shown in Figs. 2 and 6, nmultiple
radi ati on beans rfayn 8s tiarst dbgrebeao @bbitrededraes, Taidetineeacartizepimigianai ng a
portion of the face. In Fig. 7, multiple radiation sources 202, 204, 206
are provided, eachnerbetin, nige Airst empeiak idintensicadd abean meam A2 rom2ihbat 5206a
illumnating a portion of the face 18a of the 25 cargo conveyance 18. Each

beam 202a, 204a, fRQRRsh6 abestasldsgtddsUith Badngsle. The WetotdHoliEP diddension 02
PCT/ US2004/ 002525 slightly nore than one-third of the face 18a. It is

preferred that eagdy lﬁ@aﬁﬁgdesired angle, such as any angle required to illuminate the entire

10  width of thé face 18a of the céi‘go conveyance 18. The éng!e may be 30
degreesrdr more, for examﬁle. '
[0047] Fig. 6 is a tép view of a cargo conveyance 18 being moved
through a radiation beam :1-"13 emitted by a panoramic radiation source 100.
In this example, the second:"gngular dimension 62 is about 135 degrees. The

156 source 100 may bef about 85 feet (2.6 meters) from the face 18a of the cargo
convey'ancel 18, Since the f:a_xis L1 of th_:e accelerator body 102 is parailel to
the face 1 8a of the'cargo ﬁédnveyance 1:8, the source 100 may be easier fo
support on_.é croséjbeam of the crane system 12. |
[0048] ' lnsteéd of trying to cover the full length of the face 18a of the

20 cargo conveyance 18 with a single, horizontally diverging radiation beam, as
shown in Fi_gs_. 2 and 6, mulﬁple radiation beams may be to scan the entire
face, with;f_aach beam scanning a portion of the face. In Fig. 7, multiple
radiation s;c;ur_c_es 202, 204, 206 are provided, each emitting a respective
radiation _beam 202a, 204a, 206a illuminating a portion of the face 18a of the

25 cargo t:onVeyahce 18. Each beam 202a, 204a, 206a preferably illuminates
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slightly overlap an adj acent beam to ensure conplete coverage of the face
18a. Each source emts a horizontally diverging radiati on beam over an angl e
of about 10 degrees to about 30 degrees, for exanple. Each source 202, 5
204, 206 nmeyobgsdrddrpear accel erator, for exanple, such msgdasoadarshan

Li natron(r) di scussed above. The sources may illum nate the face

simul taneously, or alternately. Alterpating, scanning each source 202,

204, 206 is polighdlyreere f\éaerpf?ofbffé@?z*g%,fa%lﬁa-zdhl%v?%/l’ﬁfgm?ét%ﬂcv hearen for
one or a plurality of pulses within a data acquisition w ndow of about |

nms, for 10 exadighdly omeriae anhadiaceiiihessy tpognsupe gompisie &everageftthedaceeans
202a, 204a, 206a are shown, nore or fewer sources and beans nay be

provi ded. [ 00%84. Back eource ennityl @ hedasmtallydiiverping rediationb2am odtan agha i s
emtted over is less than would be required if a single source 14, such as a
single |inear eakbduir t) degfeeseaoFalput 30 degeesstot, exahplentkach saurge 202,
conveyance 15 face 18 is exposed to a nore uni form higher intensity

radiation. §n 2g4li Pp®Mmay the &5 MheaeaceidEratatDfor 208mPpRY fRhckeswe Variame face
18a, decreasing the intensity |oss due to distance. [0050] Instead of

supporting the jhaghab! MsctRbéd Cabdvend/ Phe t S6ure8s SRy illdfinaf LR Ghéde

system 12, the source and the detector may be supported by 20 the seaport

- Ll s e A

Sams, s SRRNE A St

i(;ur ce 14 anglﬂr’pil"%g’dg @HZS(‘?F Wwihip, a rﬁ%%"%’h{ﬂ%‘r i"é"%‘f Oéf%‘ﬁ'gcf % 2PEs the
10 example. While three sources 202, 204, 206 emitting three beams 2023,

204a, 206a are shown, more or fewer sources and beams may be provided.
[0049] Since the angle each radiation beam 202a, 204a, 206a is
emitted over is less than would be required if a single source 14, such as a
single linear accelerator (éee Fig. 2), was used, the entire cargo conveyance
156 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 sysiem 12, the source and the detector may be supported by
20 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

25 source 14 and/or the detector 16 by mobile supports 62, 64, facilitates the
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WO 2004/ 070421 PCTNS2004/ 002525 setup and precise positioning of the source
14 and the detector 16, regardless of the size of the crane system 12. Fig.
9 al so shows the source 14 and detector 16 in a preferred position within a

profile P ofobkbangiane system 12, defined by dotted |i nes/booshtsand t he
vertical structures 24a, 24b, 26a, 26b, 5 so that additional space is not
taken up by the_ source and detect.or. wever, the source, 14 and detector 16
may be in any ?%E&PP@:PF?W?%B@?}EWPQHffh%esqsﬁr%é“ a&é&% PStar 19, FraAkdless ar go
conveyance 18. ﬁ.‘r? example, if the boomarm 28 is pivotable about a
vertical axis,© 3iZ8 §8 B Rrage syeeql 13ayFige Onalse Fhows Begruice Jdaandn
outside of the profile P of the crane system 12. 10 [0051] Thi s enbodi nent
of the inventi9%¢eeioniBes a prajewedrpsilipRithing profiled’ chthetiane systamildy
systemin a seaport. Fig. 10 is a top view of the seaport 22. Two ships 70,
72 are shown ddefined kyt dodexpiioss 66 Ghard tip vertiesl sinchokstMa, 2ébp2fa, 28D, Two
crane systens 74, 76 are positioned at the docking stations, to unload or

| oad car go &onseftmt additionak spacousnottakdn ap by thé evdrcefdndadetectonntiowever, shi ps
70, 72, respectively. Mre docking stations may be provided, with a crane

dedi cated to egehsobiéd ﬂ@@.ndﬂéeecﬁwecmag«ﬁeaﬁ@nyh&atiaﬁtt%hgh viHictrh@ drasen
novabl y supported on rails 78a, 78b, at the first docking station, to scan

car go. conveyangfeofNgar AP o Qin0by iRk, FBRERETBRL  thoBodh snl0.

After conpleticon o e unl oadi ng~an oadi ng of t Ip 7 e source

L3, a0 e et 6 ARLIEHLAN TRHIERS U SO B0RT Rhglitfions Scon
TRy e 0oL S ARSI bl 0 18 e
fromor | Ofadj ed[O%?:Elf a Shllrﬁé e%%%d?n%ntsor}i tﬁeiirswention enables a more efficient use
of a radiation scanning system in a seaport. Fig. 10 is a top view of the
seaport 22. Two. ships 70, 72 are shown docked at respective docking
stations of the seaport 22. Two crane systems 74, 76 are positioned at the
docking stations, fo unload or load cargo conveyances (not shown in this
15  view) off of or onto the ships 70, 72, respectively. Mors docking stations may
be provided, with é crane dedicated to each station. The soufce 14 and the
detector 16 are shown movably supported on rails 78a, 78b, at the first
docking station, o scan cargo conveyances being unloaded from or being
loaded onto the ship 70. After completion of the unloading and loading of the
20 ship 70, the source 14 and the detector 16 may be moved io the second
docking station, o 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

25  docking or preparing to be unloaded or loaded at the other station. One or a
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25 docking or preparing to be unloaded or | oaded at the other station. One
or a 18 WD 2004/070421 PCT/ US2004/ 002525 few radi ation scanning systens
may t hereby be efficiently used to exam ne cargo conveyances bei ng unl oaded

or | oaded fy@R@b7dser Mul tiple ships at the seaport, at pcaywszoodoeds2s than
mounting a radi ati on scanni ng systemon each crane system To nove the

source 14 andft he g%%_ector 16, a conve iy\r}ﬁqe 5 S%St %ln?ﬂvy be%ﬁﬂovi ded al ong
the rails 78ae%dpylatigp @?Hﬂﬁges.ysf% ayiieredy; he eiyods §XAHB®e, the
cargo conveyance 18 is scanned while being | owered or rajsed, .the
conveyance nayaEI%ePHeYapaRHBaNgWNadegarisadasl amne oAgrttiRle shipapbite ar r ow
Bin Fig. 1la, for exanple) by the conveying system30. In that case, the
radi ati on soursgapad, ahlpwercashttbandrourdingea madiatien soppung systeyn oneeaghane
system 1.2, or by supports 62, 64, so that they are aligned along an axis
per pendi cul ar crang sgsteor.i Zlon tradvediheesdurcs 1df andihé aletedtot HE, @acgveymgveyance
18. The source 14 may then emt a vertically diverging beam [0053] One of

ordi nary skil Isystem hayard providedratoreothie z6ils T8d, 76bafogesample. 15 be made to the
enbodi nents descri bed herein without departing fromthe spirit and scope of

the inventionfogégich i svedle metheb¥mbbdineh® BBoved@h8ward® cbn@dydinge 18 isA

radi ati on scanni ng system for scanning objects, conprising: a crane system

e o A ORI LR ek GBS DS st 211 1
while being moved horizontally (along arrow B in Fig. 1a, for example) by the
conveying system 30. In that case, the radiation source 14 and the detector

10 16 may be supported by the crane sysiem 12, or by supports 62, 64, so that
they are aligned along an axis perpendicular to the horizontal direction of
motion of the cargo conveyance 18. The source 14 may then emit a vertically

. diverging beam.
[0053] One of ordinary skill in the art will recognize that changes may

15 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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a radiation detector proximte the crane system pos+tioned-to—receive — —
radi ation interacting with an object between the source and the detector,
10 wherein the source and detector are positioned such that the object may
be noved -between the source and the detector by the crane system 2. The
radi ati on scanning systemof claim-1, wherein the object i's novable
vertically by the crane system through a space between the source 15 and
the detector. 3. The radiation scanning systemof claim:11, -wherein the
source is adaptddiaim: enit a horizontally diverging beam towards the
detector. 4. The radiation scanning systemof claim3, wherein the source is
adapted to emt a fan beam 20 5. The radi ation scanning systemin claiml1,
wherein the radiation source is a source of X-ray radiation. 20 6. The

radi ati on scanning systemof claim5, wherein the radiation source is

capabl e of enitting alradi‘afadsion&sFANNGSYEEMIopEANERbIREtD CompPrisingast  about
| MeV. 7. The radiation scanning systemof claim6, wherein the radiation 5
source i s capabl e of enittd HEN&ASYSIRM @ Move Be qhiert U g figst jncationeieet gy of at

| east about 6 MeV. 8. The radiation scanning systemin claim5, wherein the
X-ray source9d s S§MHRGEIORccel erator. 9. The radiati on scanning system of

claim1l, wherein the detector, . .
. aradiation source proximate the crane system; and

- aradiation detector proximate the crane system, positioned to
receive radiétion‘interacting with an object between the source and the
detector;_' |

10 : wherein the source and detecfor are positioned such that the
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

15 and the detector.

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

adapted to emit a horizontally diverging beam towards the detecior.

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

adapted o emit a fan beam.

20 5. The radiation scanning system In claim 1, wherein the radiation

source Is a source of X-ray radiation.
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10 and the source are aligned. 10. The radiation scanning systemof claim1,
wherein at | east one of the source and the detector are supported by the '
ground. 11. The radi ati on scanni ng system of claim 10, wherein the source
and the detector are within a profile defined by the crane system 15 12.
The radi ati on scanni ng system of claim 10, wherein the ground is a seaport.
13. The radiation scanning systemof claim1, further conprising a guide in
a space proximate the source and the detector, to guide the novenent of the
obj ect between the soérce awdratimtion etamningrsyst2th di4lairite whadiirathe sadistianni ng
systemof claim1l; wherein the source conprises: a vertically oriented
accel erat or body dvavderig capatilsofadmiding ;a radidtior2ieaWCha0igla p@aidriergy of at
PCT/ US2004/ 002525 a shielded target at the distal end of the accel erator
body, to enmt a leassdiaboutdhMbéam t owards the detector. 15. The radiation
scanning system claim11, conprising: a plurality of sources proximate the
crane system each source _5 capable of emtting a radiation beam upon a
portion of an object BetweE HElOR seanpBgAVEerE drimde wherein e ragiatianadi at i on
scanning systemof claim1, wherein the source and the detector are
separated by & sUFOMIEiieREPapleelaTuding @ radialiprabasey having PedlppRasguplc. 10 17.
The radi ati on scanning systemof claim1, wherein the crane -

least about’6 MeV.

8. The radiation scanning system in claim 5, wherein the X-ray

source is a linear accelerator.

9. The radiation scanning system of claim 1, wherein the detector

10 and the sour.cé_ are e_iligned.

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

6f the source and the detector are suppotted by the ground.

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

and the detector are within a profile defined by the crang system,

15 - 12, | The ra'diation 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.

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

a vertically oriented accelerator body having a distal end; and

21



system conprises: at |east one vertical support; at |east one horizontal
support supported by the vertical support; a conveying systemcoupled to
the horizontal support, to lift an 15 object froma first |ocation, nove

the obj ect \38&&)&%%@1'3’ and | ower the object to a secorwTrgh2bdsmos04
| ocation. 18. The radiation scanning systemof claim1, further conprising:

at | east one rail; whereij t S t.he .squr a h etector are
movably 20 supported off %]H‘g‘d?g gétl%q%@(s 18l end; %ﬁ%@ﬁﬁ?rﬁ& gﬂ?gyetf?] f or
scanni ng obj ects, conpri.sin cra sy emto nove an object froma first
| ocation to a @@@dﬂa‘ap%gg%ﬁ‘)w?#etmd% §Slt ati on source supported by the
crane system and a radiation detector supported by the crane system
positioned to recejve radl atjon interacti h the object between the
source and the detktt orthegagialipasranTieg %%’lg'@edéﬂﬂ T feMR g?‘@ﬂt or are
positioned such that an object may be noved vertically between the source
and the detector by thealdﬂaﬂé/%fﬁ@y@ﬁsdlﬁ%'ﬁ@t%ﬁmrﬁﬁg system, vash sadicat i on
scanni ng system of claim 19, wherein the source conprises: 10 a vertically
ori ented adcel ecapably oﬂwﬂiﬁim tartiationrbeam upor Bgortiamof an object between the

source and the detector,

16.  The radiation scanning system of claim 1, wherein the source
and the detector are separated by a sufficient distance to scan a sea cargo

conveyance.

10 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
15  object from a first location, move the object horizontally and lower the object

o 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

20 supported on the rail.

19. A radiation scanning system for scanning objects comprising,
a crane system to move an object from a first location fo a

~ second location;
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beam the accel erator body having a distal end; and a shielded target at the
distal end of: the accelerator body, to emt a radiation beamtowards the
detector. 21. The radiation scanning systemof claim19, wherein the
shielded 15 target conprises: a tube extending fromthe accel erator body to
receive an electron beam accel erated by the accel erator body; and a target
material in the tube, to generate radiation upon inpact by the electron
beam and 20 shielding material around the target, wherein the shielding

material col l'i mates the gemnsfigtivedourdisapparted byithe arahekiystemt ahd y di ver gi ng
beam 22. The radiation scanning systemof claim19, wherein the crane
system conprises: at | east radiatioreddtectad supippped by the?3radéd syslei, pasitioraie

hori zontal support supported by the vertical support; a conveying system
coupl ed to the hior fezeint abdistigmpintdracting WitHf theasbjexdhjbebtednr b soufder sitd thecat i on
and |l ower the object to a second, different location. 23. The radiation
scanni ng system détectbgi m 21, wherein the 5 conveying system can convey the
obj ect along a horizontal axis. 24. The radiation scanning systemof claim
19, conprising: a plurali whemwmin thespuores asd fhrodétectobsretpoeitionetheuchytsatem each
source being adapted to emit a radiation beam upon a portion of the object.
25. The radi at i oobjsgtanay hg nsoved emrticéllychaiveer2the shecseamd dectietsclar bethe

crane system during scanning.

20. The radiation scanning system of claim 19, wherein the source
cbrhprifs'es:
10 - o 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;ktnhe accelerator body, o

emit a ;;r?diation beam towards the detector.

21 The radiation scanning system of claim 19, wherein the shielded
15 tai'get épmprises:
o a tube extending from the accelerator body to receive an
electron beam accelerated by the accelerator body; and
| g a target material in the tube, to generate radiation upon impact
by the 'él‘ectron beam; and
20 : shielding material around the target, wherein the shielding

mé_terial 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;
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10 is adapted to emt a horizontally diverging radiation beam 26. The

radi ati on scanni ng systemof claim 19, wherein the source is adapted to
emt a horizontally diverging radi‘ati on beam 27. A radiation scanning
system conprising: noving neans for lifting an object fromone |ocation and
15 lowering the object to a second |ocation géhiating means for -generating
radi ation for irradiating an object; and detecting neans for detecting
radiation interacting with the object; 20 wherein the noving nmeans noves

the object between the gepRES{orMthdMRaMEl ABHort BEoIiRel By HMOvIBEN SuppdP; A
met hod of exam ning contents of an object, conprising: noving an object

along a first vertical axiggondyiM@Ps¢if/Ripide 1o felhdReRRf G072 % JifaMi ng the

obj ect along a second vertical axis different than the first vertical axis,
through a hori zogbgkl forfliavRétdbdation amd RivePihe toedSecofle! @fdreRdodaidhat i on
interacting wwth the object. 29. The nethod of claim28, conprising: 5
lifting the object froma first location along the first vertical axis; and
| owering the object a?dbng Theeadieimmstameing sysidm ax clsim Rhrwhayéinttee radi ati on
beam to a second |ocation. 30. The nethod of claim 29, wherein the object
is a cargo 5 conveying system can convey the object along a horizontal axis.

24.  The radiation scanning system of claim 19, comprising:
‘a pluralitj} of sources supported by the crane system, each

saurce being adapted to emit a radiation beam upon a portion of the object.

25. The radiation scanning system of claim 24, wherein each source

10 is adapted to emit a horizontally diverging radiation beam.

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

is adapted té emit a horizontally diverging radiation beam,

27. A radiation scanning system, comprising:
mo_Vihg means for lifting an object from one location and
15  lowering the;;_objeicfito a secor;d location
éenefating mea;ns for generating radiation for irradiating an
object; and |
'defecting means for detecting radiation interacting with the
object;
20 wherein the moving means moves the object between the

generating m_earjs and the detecting means.

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

| moving an object along a first vertical axis;
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10 conveyance, the first location is on a ship and the second |location is on
a seaport, the nethod conprising: lifting the cargo conveyance fromthe
ship; and lowering the object through a radiation beamonto the seaport.

31. The metf@db7edt@i m 28, conprising: 15 lifting the oprasboioessa fir st
| ocation along the first vertical axis, through the radiation beam and
| onering the object along the secgq?gpq vertical axis, to the _seco | ocati on.

32. The nethod of cl ai mMRVINg:he @F@%F%ﬂdl‘éer@c%é‘ﬁﬁcﬁ‘%eﬁ 9B§Qﬁlce t he
first location is-on a seaport and the second |ocation is on a_  ship, the
met hod conpr i dirsigrertical exiggthroiohta hgazanialvediversing iegdiation &esBB@drt , t hr ough
the radiation beam and | owering the cargo conveyance onto the ship. 25
|1 WD 2004/ 070421 PCT/ US2tating nadation ipradting with teooljeéctcl ai m 28, conpri si ng
noving the object through a fan beamof radiation. 34. The nmethod of claim
28, conprising noving the object through a cone beam of radiation. 5 35.
The nethod of ci ai 2028, Thenmethetl of claise 2Bgcomprigibgiect by a crane system 36.
The net hod of claim 28, further conpri sing:

5 lifting the object from a first location along the first vertical axis;

and
lowering the object along the second vertical axis, through the

radiation beam, to a second location.

30. The method of claim 29, wherein the object is a cargo
10  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:
15 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
20  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.
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noving at | east one of a source of the horizontally diverging beamand a
detector to detect radiation interacting with the object, intoa 10
position for operation. 37. A nethod of exam ning contents of an object,
conprisi Ngwo B@Yofd2an object by a crane system from a feicrais2doee@sison to a
second | ocation, through a radiation beam and detecting radiation from an
interaction of the gbject with th 15 cadi ati.an beam 38. The nethod of
claim37, conprisimy: Ii rﬁﬁphPH@?Sl@j"B vBWPﬂ%"QW@%%%?&ﬁW&HQQaﬂ rst

| ocat i on; on}eri ng the object by the crane system to a second |ocation;
and 20 scanni Sntbﬁg”b?ﬁrégtat'ﬂﬂi le lowering the object. 39. The nethod in
claim37, conprising: lifting the object froma ship; and |owering the
object onto a seapqgrt. _26 WD 2004/070421 PCT/ US2004/ 002525  40. The net hod
of claim37, conpri¥ng:Themethag of plaIN KBecoMBIjsing gnevinghegbied thropghm a
first location; scanning the object while |[ifting the object; and | owering
t he obj ect by @dme haasmef egiatiom to a second location. 5 41. The nethod of
claim40, conprising: lifting the object froma seaport; and |owering the
obj ect onto a ship. , o
35. The method of claim 28, comprising moving the object by a

crane system.

36. The method of claim 28, further comprising:
moving at least one of a source of the horizontally diverging
beam and a detector to detect radiation interacting with the object, into a

10  position for operation.

37. A method of examining contents of an object, comprising:
moving an object by a crane systern from a first location to a
second location, through a radiation beam; and
detecting radiation from an interaction of the object witvh the

15 radiation beam.

38. The method of claim 37, comprising:
lifting the objecf by the crane system, from a first location;
lowering the object by the crane system, {0 a second location;
and

20 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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42. The nethod of claim 37, further conprising: noving the object

hori zontal | y between noving the object from 10 the first |ocation and

novi ng the object fromthe second |l ocation. 43. The method of claim42,
conpri si Ng:wHssabnNe obj ect horizontally through the mradiwticanolseam 44,
The nethod of claim 37, further conprising: noving at | east one of a source

of the radiation be a a 5 detector to detect radiation into position
with respect to the‘ﬁz:nr aﬁ%%??&‘@ﬁlo(%ﬁg.*mﬁ?ecwpﬂﬁﬂgbf clai m 44, conprising:
noving at | east one of a_source, of Lhe radi ati on beamand a detector to
detect radiation into pd&ingthe opischby theywane systens fomadirstjesadion: al ong a
respective rail. 20 46. A seaport conprising: a plurality of docking
stations; a plurality ofscenaing tksebie ,hibdtfhng:t’rmg«;tsa@%m bei ng positioned
at a respective docking station; 27 WO 2004/070421 PCTP[r520041002525 at
| east one rail through dawérinfpthieiobjectbytthearana syattinatto@senonddegationd a
radi ati on detector positioned detect radiation emtted by the source and
interacting with an object under exam nation; 5 wherein at |east one of the
source and & he det ekt or Teanethedldf glaim4éipoomprdsing: the rail, to nove from one
docking station to another. 47. The seaport of claim46, wherein:

litting the object from a seaport; and

lowering the object onto a ship.

42.  The method of claim 37, further comprising:
moving the object horizontally between moving the object from

10 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

15 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 fo detect radiation into position with respect to the crane system,

along a respective rail.

20 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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the source is adapted to generate a diverging radiation beamto irradiate
the object. 48. The seaport of claim47, wherein: the source is adapted to
generate a horizontally diverging radiation beamto irradiate the object.
49. The seaport of claim 46, further conprising: at |east one support
novably supported on the at |east one rail, to support the source and the
detector. 50. ‘The seaport of claim49, comprising: a first support novably
supported oRO2MOEE2Y east one rail to support the souPEEUSHPIZE2Eecond
support novabl'y supported on the at |east one rail to support the detector.
51. The seaport of clai a}b@st ochenpi thebutdy esth dotiifg stafBnparal lel rails, at

| east one to support the first support and at |east one to support the
second support. 28 52, Fhadisempduicetng! ai m 46, wherein the at |east one
rail extends through respective profiles. of each crane system 53. A nethod

of operating-a seaport, aGagBfior dBictod QRitBAed detdct radibidh Bhiid k docki ng
station at a seaport; noving a first gﬁéect bet ween ?ﬁﬁe&f ?b‘g’%ﬂsh}f Eﬁeand t he

seaport by a fsb[ﬁear@iﬁﬁ?acﬁhgwJnidﬁéct%&é?é}&nﬁﬁéﬂbhon? scanning the first
obj ect by an X-ray syst em posi tioned at the first bcki ng station; :
5 ' Wherein at least one of the source and the detector are movably

supported on the rail,-;tﬁ move from one dbeking station to another.

~47.  The seaport of claim 48, wherein:
the source is adapted to generate a d_iverging radiation beam to
irradiate the object.
48. The seaport of claim 47, wherein:
the source is adapted to generate a horizontally diverging radiation
beam to irradiate the object.
49.  The seaport of claim 48, further comprising:
at least one support movably supported on the at least one rail, to
support the source and thé detector. |
50. The seaport of claim 49, comprising:
a first support movably supported on the at least one rail to support
the source; and
a second support movably supported on the at least one rail to
support the detector.
51.  The seaport of claim 50, comprising:
at least two parallel rails, at least one to support the first support and

at least one to support the second support.
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docking a second ship at a second docking station at the seaport; noving

-the X-ray systemfromthe first docking station to the second docking

station; noving a second object between the second ship and the seaport by

a second crane at the second docking station; and scanning the second object
by the X-ray system positioned at the second docking station. 54. The

met hod of claim53, conprising: noving the X-ray systemfromthe first
docking station to the second docking station, along a rail. 55. The nethod

of clai'm 53, goMRr k6L 0G.SAARIH e SuldrER n@M) IGRIPE Rlsalmeby respect ive

di vergi ng ‘ation bea od o clarm fTpr 1'Si ng: novi ng

the firsf object vetlcall%§ r}‘?flrst rane; 29 scannlngtheflrst
obj ect by'ray WF%Stpeﬁ Y& PERf Pt//e%‘f EECRYSIEBi ati on  beam whil e noving the
first object; noving the second object vertically by the second crane; and

scanni ng the 8&condl niethetofiopesating-asganoiti cNPE$iNg: di ver ging radiation
beam whi | e noving the second object. 57. The method of claim56, conprising:
movi ng the first obpekdhg befiraeship at bifirst ddokingkstatioh la¢ asemportt at the first
docking station; and noving the second object between a second truck at the
seaport at moving a first object between the first ship and the seaport by a first
crane at the first docking station;
scanning the first object by an X-ray system positioned at the first
docking statioh;
docking a second ship at a second docking station at the seaport;
moving the X-ray system from the first docking station to the second
docking station;
moving a second object between the second ship and the seaport by
a second crane at the second docking station; and
scanning the second object by the X-ray system positioned at the
second docking station.
54, The method of claim 53, comprising:
moving the X-ray system from the first docking station {o the second
docking station, along a rail.
55.  The method of claim 53, comprising:
scanning the first and second objects by respective diverging
radiation beams.

56. The method of claim 55, comprising:

moving the first object vertically by the first crane;

29



t he second docking station. 58. The method of clains 53 or 54, wherein the
X-ray systemconprises at |east one source of X-ray radiation and at | east
one detector, the nethod conprising: scanning the first object while the
first object is between the source and the detector at the first docking
station; and scanning the second object while the second object is between

the source and thgcHifHiRg e fidt objeRt B @dMHet KAEntalIySditéigiiy raflatich radi ation

scanni ng system for scanni ng objects conprising: a crane systemto nove an

obj ect fBﬁé‘ﬁ'l pt‘,iierﬁ.] vln@cl‘ﬂbifﬁ‘é‘t %@?@ﬁ;second | ocation, the object having a
eig

verti cal and a“hori zon ength greater than the vertical height; a

radi ati on source proxi e the crane syste cqopfiqured to emt, a

hori zontal Iy di verﬁ\q‘{ﬁ‘%&i %ﬁqof)‘ﬁ @é%%"ﬁ&*\‘ﬁaﬂg bé{qaﬁ fi°g Céa'?ea@é‘dof t he obj ect
at least as long as the horizontal |ength of the object to irradiate the
obj ect; and 30 a r8eAMING hejseeicbebise'dRy Aseeond borzamally diessindposi ti oned
to receive radiation interacting wth the object when the object is between
t he sour radliationdbedre whitcetbeing thheseeond bhiectour ce and detector are positi oned
such that the object is novable vertically between the source and the

detector by tHp crFRE nsthbasf cldh®. 561 enmigdiy:i on scanning system of claim
59, wherein the source is adapted to emt a fan beam 61. The radiation

;_Cfggi Pg disgtsit gg‘_ i “nﬂvﬁid*fh%%rs%ﬁé@ﬂ BotvaBn'PHsBHLOR at B ESEHIBafthdHiice Of
docking station; and

moving the second object between a second truck at the seaport at
the second docking station.

'58.  The method of claims 53 or 54, wherein the X-ray system comprises
at least one source of X-ray radiation and at least one detector, the method
comprising:

scanning the first object while the first 6bject is between the source
and the detector at the first docking station; and

scanning the second object while the second object is between the
source and the detector at the second docking station.

59. A radiation scanning system for scanning objects comprising:

a crane system to move an object from a first Iocation to a second
location, the object having a vertical height and a horizontal |eﬁgth greater than the
vertical height;

a radiation source proximate the crane system, configured to emit a

horizontally diverging radiation beam having a width at a face of the object at least

as long as the horizontal length of the object to irradiate the object; and
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62. The radi ation scanning systemof claim61l, wherein the radiation source
is adapted to emt a radiation beam having a peak energy of at |east about

1 MeV. 63. The radi ati on scanni ng system of claim62, wherein the radiation
source is adapted to emt a radiation beam having a peak energy of at |east

about 6 MeV. 64. The radiation scanning systemin claim®6l, wherein the

X-ray source is & fddigfén AERRAGH pibRimaté the thihe fbitdth Egsigeﬁ@@wg system of

claimb59, wherein: the at least one of the source or t etector is
support el%cglvéerﬁﬁ,a)fionxntteﬁ'&ﬂir%r\ﬂfﬂpfine g@g%ﬁﬂgﬁ Ble ?%jew% l?ét@i%%ngp{é %ﬁm‘c 66. The
radi ati on scanning system of clarm 59, erein S s GuTCe and - the et ect or
are within rq[file_ defined by the crane system 31 67. The radiation
scanni nga%‘{/&leg‘i’ﬁ §FO% ai m 59, further conprising a guide in a space

proxi mate the source and the detector, to guide the novenent of the object
bet ween the sour ceVhe@in e seureeend degectorpee pogitianedsuele thatithe objest em of
claimb59, wherein the source and the detector are separated by a distance
t o scan ia mealiavgdicatiybetvesarethetSourdbanddie detentorsinathe crgneysystem.of claim
59, further .conprising: at least one rail; wherein at | east one of the

source or thegglet eTh@®FadiaforilBy@HiNg $§4teRPHT AFin® B! WhRefeh lthe €8urcé igadi ati on
scanning system for scanning cargo conveyances, the system conprising:
adapted to emit a fan beam.
61.  The radiation scanning system in claim 59, wherein the radiation
source is a source of X-ray radiation. |
62. The radiation scanning system of claim 61, wherein the radiation
source is adapted to emit a radiation beam having a peak energy of at least about
1 MeV.
63. The radiation scanning system of claim 62, wherein the radiation
source is adapted to emit a radiation beam having a peak energy of at least about
6 MeV.
64. The radiation scanning system in claim 61, wherein the X-ray source
is a linear accelerator.
65. The radiation scanning system of claim 59, wherein:
the at least one of the source or the detector is supported directly by
the ground, independent of the crane system.

66. The radiation scanning system of claim 59, wherein the source and

the detector are within a profile defined by the crane system.
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a crane systemto nove a cargo conveyance froma first location to a second
| ocati on, the cargo conveyance having a horizontal |ength of at |east 20
feet; a radiation source supported by the crane system and a radiation
detector supported by the crane system positioned to receive radiation
interacting with the cargo conveyance when the cargo conveyance i s between

the source angft heTﬁ’@?f;diéﬁ’éri s&‘éﬁgg%%gstehhéfaﬂfﬂﬁ 59, Wgﬁr{&?gﬂﬂsﬁé’r are

positioned such that the cargo yance IS nove et ween t he

source a : . ' ing:. and th

ad ati agh I adBeCE Bhaoh o SEAEE YRRt 28 SR H BBk ot on
beam havjng.,a wi,dth at .a face of e rqo conveyance at |east as long 32
as the hté‘rei%?ﬁv%et‘f"éﬁﬁtﬂw ﬁ?u'ioﬁea%g}?"@d&g%&%yance to irradiate the cargo
conveyance. 71. A radiation scanning system conprising: noving neans for
lifting a car®® cohbeyadiation seaning sysiem pbelaind9, woeein the shercezangb
conveyance to a second |ocation, the cargo conveyance having a hori zontal

| engt h gtheadedectbhare sepamtedhby aldistghte to achrabisea @egecahiveyanoeans for
generating a horizontally diverging radiation beamhaving a wdth at a face

of the objectggt |PRstTadibtibPBEamiing B9stehPbf @8k 8D, fupthah RoRfprisify; car go.
conveyance; and detecting neans for detecting radiation interacting with the

cargo conveyance, ot aast one rail:

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

supported on the rail.
70.  Aradiation scanning system for scanning cargo conveyances, the

system comprising:

a crane system to move a cargo conveyance from a first location to a
second location, the cargo conveyance having a horizontal length of at least 20
feet:

a radiation source supported by the crane system; and

a radiation detector supported by the crane system, positioned to
receive radiation interacting with the cargo conveyance when the cargo
conveyance is between the source and the detector;

wherein:

the source and the detector are positioned such that the cargo
conveyance is moved vertically between the source and the detector by the crane
system during scanning; and

the radiation source is configured to emit a horizontally diverging

radiation beam having a width at a face of the cargo conveyance at least as long
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wherein the novi ng means noves the cargo conveyance vertically between the
generating neans and the detecting neans. 72. The radi ation scanning system
of claim 71, wherein: the generating neans generates a horizontally
diverging radiation beamto irradiate the object while the noving neans
noves the object vertically. 73. A nethod of exam ning contents of an

obj ect, LOMMRIASTIZdat \ fRCd o ' axis, the object
having a hori zont aﬁlﬂggg%ﬁ%gbr gg{g?r:é% hagagc%/lted; !{r{aﬁ%t&ﬁ@%'&%ﬁo novi ng t he ‘

obj ect cond vertical axis different than the first vertical axis,
throughaéé)qﬂ'g}(%}%%t ally diverging radiati on beam having a width at a face of

t he obj ect atﬂr east a a}.ong as .the horizontal.|length; and detecting
radi ati on i nteracti ﬁ%da' 1P, SCARNIRG SYREM COMPIIFNG. et hod of cl ai m 73,

conprising: 33 lifting the object froma first |ocation along the first
vertical axis; andﬂovlﬂﬁéﬁﬁﬂ@S%Qfélﬁmﬂ 268704 epnyeynBce Hopnane doaatioalanski s,
through the radiation beam to a second location. 75. The nmethod of claim
74, wherlewsring ¢hebargnt corsreganee fwacecury douation, theecdrgo Tonvegarideoimaviisg on a
ship and the second |location is on a seaport, the nethod conprising:

lifting 4 hérifcﬂ’ftﬂﬂeﬁ?lhvgéﬁ&ﬁ&héﬁ@mérﬁ@alfh@i it; and | owering the object through
a radi ati on beamonto the seaport. 76. e nethod of claim 73, conprising:

Lfiing the ob] oot hdreraing feahs 8 GhinGS HorShtalfididiging™!
radiation beam having a width at a face of the object at least as long as the
horizontal length of the cargo conveyance; and

detecting meéns for detecting radiation interacting with the cargo
conveyance;
wherein the moving means moves the cargo conveyance vertically
between the generating means and the detecting means.
72. The radiation scanning system of claim 71, wherein:;
the generating means generates a horizontally diverging radiation
beam to irradiate the object while the moving means moves the object vertically.
73. A method of examihing contents of an ohject, comprising:
moving an object along a first vertical axis, the object having a
horizontal length greater than a vertical height;
moving the dbject along a second vertical axis different than the first
vertical axis, through a horizontally d.iVerging radiation beam having a width at a
face of the object at least as long as the horizontal length; and

detecting radiation interacting with the object.

74.  The method of claim 73, comprising:
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| owering the object along the second vertical axis, to the second |ocation.
77. The nmethod of claim 76, wherein the object is a cargo conveyance, the
first location is on a seaport and the second location is on a ship, the
met hod conprising: lifting the cargo conveyance fromthe seaport, through
the radiation beam and |owering the cargo conveyance onto the ship. 78.

The method of cl ai FRidg thé 8 tﬁbﬁga ARsticthtioRSaIokg B firsPUeMiBR| Axi§2dng beam of
radi ation. 79. The nmethod of claim 73, further corrpr|5| ng: 34 noving at

| east one of a Soulo%rg@tthg%baﬁt a@ﬁeﬁl 'ééc‘a éﬁagﬁamr%gh?l?%ret ector to

detect radiation inter bec oa ositi
oper at i Ondgeﬁo The met hod of m 79, corrprl SI ng noving at | east one of the

sour ce of? @noké?aée’tt(?ra Fﬁ?‘?ﬁ% b?l?l on for operation, along a rail. 81. A

met hod of exam ning contents of a _car conveyance, conprising novi ng a
cargo conveyafiée h'gb? method 6f clagnt 74, wgr@ﬁgmﬁhefobsﬁct|I~°ea§argcaﬁ@wemceeet by a
crane systemfroma first location to a second |ocation; noving the cargo
conveyanihe firkr loogtioraishan azbip ahd yhelseeomngl logatioraii e tacseapestntﬁeamietlg)ch wi dt h

at a face of the cargo conveyance at |east as wide as the horizontal |ength
of the cgsreiprisingveyance while noving the cargo conveyance at |east part of
the way fromthe first |ocation to the second | ocation; and

lifting the cargo conveyance from the ship; and
lowering the object through a radiation beam onto the seaport.
.76.  The method of claim 73, comprising:
lifting the objrect 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.

77.  The method of claim 76, 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 convéyance onto the ship.

78. The method of claim 73, comprising moving the object through a fan

beam of radiation.

79. The method of claim 73, further comprising:
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detecting radiation froman interaction of the cargo conveyance with the
radi ati on beam 82. The nethod in claim81, conprising: lifting the cargo
conveyance froma ship; and |owering the cargo conveyance onto a seaport.
83. The nethod of claim81, conprising: lifting the cargo conveyance from a
seaport; and |owering the cargo conveyance onto a ship. 84. The nethod of

claim8l, furthernRAY &leBSt one3of ARBLAG dftBe RFZENGAN YRERGRE Hedinh spntal |y
bet ween noving the cargo conveyance fromthe first |ocation and noving the

cargo CQRittddr-e &é%e&h%dia%ﬁ?ﬂféré&ﬁ@\iv@ﬁ 6q§5bje?5ﬂ‘?nt6“% PS%HBF: fén ai m 81,

further conprising: noving at |east “one a source o e radi ati on beam or
a det ecgﬁr a&i$ detect radiation into position with respect to the crane
system Z2UMe nethod of cl ai m 81, conprising: noving at | east one of a
source of the_radiation bea r a detector to detect radiation into
position wit#0r esﬂ;gﬁtm?tbog C&@n@,wmmﬂn%movwwﬁ@ﬁwew ®rai m 86,

conprising: noving at | east one of the source or the detector into position,
al ong souraelar ts defeaterdinta 4 positioarfal operafion ealofigra radanni ng obj ect s,
conprising: a crane systemto nove an object froma first location to a
second | ocaBion; A method of examining contents of a cargo conveyance, comprising:
moving a cargo conveyance having a horizontal length of at least
about 20 feet by a crane system from a first location to a second location;
moving the cargo conveyance through a horizontally diverging |
radiation beam having a width at‘a face of the cargo conveyance at least as wide |
as the horizontal length of the cargo conveyance while moving the cargo
conveyance at least part of the way from the first location to the second location;
and
detecting radiation from an interaction of the cargo conveyance with
the radiation beam.
82. The method in claim 81, comprising:
lifting the cargo conveyance from a ship; and
lowering the cargo conveyance onto a seaport.
83. The method of claim 81, comprising:
lifting the cargo conveyance from a seaport; and

lowering the cargo conveyance onto a ship.

84. The method of claim 81, further comprising:
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a radiation source proximte the crane system and a radiation detector
proxi mate the crane system wherein: the crane system noves the object
bet ween the radiation source and the radiation detector, during scanning;
and the source conprises: a vertically oriented accel erator body having a
distal end; a target at the distal end of the accelerator body; and 36

shi el di ng ar ound %&i?ﬂﬂ@&argb%n%@&hﬁg ngiﬂﬂ'ftéw Pétvwiech '?'E’Vintbﬁgé%ra Qugh,

configured to emt a dliverging radiation beamtransverse to vertically

0r | et ed Gl ih 1R Aot 1R Id BB 66! Ao BanydPs iRl T on Syt em of

cl ai m 88, rern e slot 1S configure efine a ally diverging
radi ati on_be go. The radi ati on scanni ng system of claim89, wherein: the
obj ect iSEC‘éng‘:@ OBonveyance having a horizontal length greater than a
vertical height; the source conprises a vertically oriented |inear

accel erator 88onf ilfermeathas! efetlaimndd, fugheacemprisingat 1 east 1 MeV: and the
slot is configured to define the horizontally diverging radiation beamwth
a width at a facenovindnet Easfone ohasoamnce obthel reditioabesind er asddtéetor to

hori zontal |ength of the cargo conveyance. 91. The radi ati on scanni ng system

P, ", S5 ST MG geBRL, FApEYRIOS BRSO L LR e
the horizontgk  The method of claim 81, comprising:
moving at least one of a source of the radiation beam or a detector to
detect radiation into position with respect to the crane system.
87. The method of claim 86, comprising:
moving at Iéast one of the source or the detector into position, along
a rail.
88.  Aradiation scanning system for scanning objects, comprising:
a crane system to move an object from a first location to a second
focation;
a radiation source proximate the crane system; and
a radiation detector proximate the crane system;
wherein:
the crane system moves the object between the radiation source and
the radiation detector, during scanning; and
the source comprises:

a vertically oriented accelerator body having a distal end;

a target at the distal end of the accelerator body; and
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| ength is at | east about 40 feet. 93. The radiation scanning system of claim
90, wherein the slot is configured to define a horizontally diverging

radi ati on beam di vergi ng over an angle of at |east 30 degrees. 94. The

radi ati on scanni ng system of claim 88, wherein the detector conprises: a
first detecting section facing the source; and second and third detecting

sections transver sghitRidd'8rduntithe 8¢t dhe shieldif§ defiRiig @dicdt i on scanni ng
system of claim94, wherein: the first detecting section is straight; and

t he Sec%@r@tﬂfbl@ﬁi‘, Eggﬁ&EAr‘érﬁgg@nifﬁ%‘i&é?ﬁﬁg%ﬂia‘ﬁ%hm’e% ) frah@lerk8 tb e 1 1 St

detecting sectl lat1on sc I ng systemfor scanni hg objects,
conpri si ng.. cran temt.0 e.an object froma first location to a
second Y%ggq?llyoqﬂergeéé%:%lﬂ%tﬂr Hg'%ﬁéCtPB’Pr%&?iqﬂ?gtof'he crane system and a
plurality of radiation sources proxjmte the crane system at |east sone of
the radi ati onr8%our te radiatien avsigmeef ¢laimad whereirtha lehisseantiosredtupon a
respective portion of an object noved between the source and the detector by
the cr atefinreya hiorizontally divedging eadintiorbeame obj ect; wherein the detector is
positioned to detect radiation interacting with the object. 97. The system
of claim96, gdhereThe radigtiobsesining sasteftcbbelgivh 80, ebafgihner having a

| ongi tudi nal face;

the object is a cargo conveyance having a horizontal length greater

than a vertical height;
- the source comprises a vertically oriented linear accelerator

configured to generate radiation of at least 1 MeV; and

the slot is configured to define the horizqntally diverging radiation
beam with a width at a face of the cargo conveyance at least as wide as the
horizontal length of the cargo conveyance.

91.  The radiation scanning system of claim 90, wherein the cargo
conveyance has a horizontal length of at [east about 20 feet.

92. The radiation scanning system of claim 91, wherein the horizontal
length is at least about 40 feet.

93. The radiation scanning system of claim 90, wherein the slot is
configured to define a horizontally diverging radiation beam diverging over an
angle of at least 30 degrees. |

94.  The radiation scanning system of claim 88, wherein the detector
comprises:

a first detecting section facing the source; and

second and third detecting sections transverse to the first section.
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the crane systemis adapted to nove the container vertically, between the
source and the detector, through the radiation beans; and the plurality of
sources are positioned such that the entire |ongitudinal face of the
container is irradiated while the container is noved vertically between the
plurality of sources and the detector. 98. The radiation scanning system of

claim 97, wherel nTHRdftionSstnn stemidiRIdirtoflwIgsreRPur ces are configured
to emt respective horizontally diverging radiation beans; and 38 the

respective porti Ofrfﬁe F]Fs't %&P{%h%céct@ﬁr% }Eﬁ‘l" b}ﬁt %‘ﬁ%l” ap. 99. The radiation

scanni ng systemo aim erern ectangul ar container is a cargo

havi ng a_h f at least about 20 f
et hod of cl ai m géhe areref Andiar € AHieYRe sEtyalcare B BahdkIar B the S engt h of

at | east about 40 feet. 101 A radi ati on scanni ng system for scanning

obj ect s, detRFHALISACHEN. a crane system supported by ground to nove an obj ect
froma first |ocation to a second |ocation; a radiation source proximte
the crane sy$Bem A radciatian scarmigsysiem foe soanrming obhjadie cimprting:a radi ati on
detector proximte the crane system and at |east one rail, supported on the
ground proxi nate therapedyetens Y6 bfille aebjethfromad fu&a@ﬁﬁat@neto@fsé&wdsource or

the detector are novably supported by

location;

a radiation detector proximate the crane system; and

a plurality of radiation sources proximafe the crane system, at least
some of the radiation sources being adapted to emit a radiation beam only upon a
respective portion of an object moved between the source and the detector by the
crane system, to irradiate the entire object;

wherein the detector is positioned to detect radiation interacting with
the object. |

97. The system of claim 96, wherein:

the object is a rectangular container having a longitudinal face;

the crane system is adapted to move the container vertically, ,
between the source and the detector, through the radiation beams; and [

the plurality of sources are positioned such that the entire
longitudinal face of the container is irradiated while the container is moved

vertically between the plurality of sources and the detector.

98. The radiation scanning system of claim 97, wherein:

the at least some of the radiation sources are configured to emit 3

respective horizontally diverging radiation beams; and
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the rail such that the object nay be noved between the source and the
detector by the crane system 102. A radiation scanning system for scanning
objects, conprising: a crane systemconprising: a boomarmlying in a

pl ane, to nove an object between a first [|ocation and a second |ocation; 39
forward vertical supports to support the boomarm the forward vertical

supports being Conﬂ;ﬁﬁe%éebﬁvélpohi%@fofm@oﬁjlebﬁﬁaﬁiéﬂ%béﬂé(}b.extendi ng along a
first axis substantially perpendicular to the plane; and rearward verti cal

supports to SQ?POVﬁ'h%W&diQﬂBﬁ‘s@éﬁhigpggg%@g%%ﬂg rg:?ﬁfnwgﬁe@h Jﬁé@ﬁ&é@@uﬂ?i ng

connected by at | east one secon ond axis
subst ant i al.l erpendi cular to the plane; .a radiation. sgurce supported by
one or 1 FaMAnE i BEAE bhivexanst s Rando A ety P A RS ERt R o ppor ¢ o
by another of the first or second crossbeans; wherein: the boomarm
ext ends £8f9Rfd of the forward vertical support, to access the first
| ocation; the second |ocation is between the forward vertical supports and
the rearward10@rt Thaimsthpdaficlgimasit wherelnothe carge coneayarice s @ct
vertically, between the radiation source and the radiation detector, during
scanni nghodfbntal length of at least about 40 feet. :
-101. A radiation scanning system for scanning objects, comprising:
a crane system supported by ground to move an object from a first
location to a second location;
a radiation source proximate the crane system, to emit a radiation
beam foward the object;
a radiation detector proximate the crane system; and
at least one rail, supported on the ground proximate the crane
system;
wherein:
at least one of the source or the detector are movably supported by
the rail such that the object may be moved between the source and the detector by
the crane system.
102. A radiation scanning system for scanning objects, comprising:
a crane system comprising:

a boom arm lying in a plane, to move an object between a first

location and a second location;
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forward vertical supports to support the boom arm, the forward
vertical supports being connected by at least one first crossbeam extending along
a first axis substantially perpendicular to the plane; and

rearward vertical supports to support the boom arm, the rearward
vertical supports being connected by at least one second crossbeam extending
along a second axis substantially perpendicular to the plane;

a radiation source supported by one of the first or second
crossheams; and

a radiation detector supported by another of the first or second
crossbeams;

wherein:

the boom arm extends forward of the forward vertical support, to
access the first location;

the second location is between the forward vertical supports and the
rearward vertical supports; and

the boom arm moves the object vertically, between the radiation

source and the radiation detector, during scanning.
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