WO 20041051311 PCT/ US20031038497 RADI ATI ON SCANNI NG UNI TS | NCLUDI NG A
MOVABLE PLATFORM Radi ati on scanning of objects to identify contraband and,
nore particularly, radiation scanning of objects supported and noved by a
platform v Bagégsiound of the Invention Radiation is ponmnswsdased in the
non-invasi ve inspection of objects such as |uggage, bags, briefcases and
the like, to identify hidden contraband at airports and public buildings.
The contraband may include hidden guns, knives, explosive devices and
illegal drugs, for exanple. One 10 common inspection systemis a line
scanner, wher e RABIATIONCSCANNING iUNITSINCHUDINGRAMONVMABEERLATRORMat i onary
source of radiation, such as X-ray radiation, and a stationary detector.
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radi ati on beans having two different energty distributions. Aratio of the
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energy systens en ter detection o ﬁl astic materials and Il egal

drugs, 30 f qrensithapine Radiadioiteaaniiaddbwuoh theabjegriaptieauateshtp vagying t hat al |
Items W thin gaarees by the contents of the luggage. The attenuation of the radiation is a
15 function of the density of the materials through which the radiation beam
passes. The atienuated radiation is detected and radiographic images of the
contents of the object are generated for inspection. The images show the
shape, size and varying densities of the contents.
To obtain additional information about the contents of the
20 luggage and other objects, detectors may be provided fo detect scatiered -
radiation, as described in U.S. Patent No. 5,642,394, for example. Systems
may combine detection of scattered radiation with the detection of transmitied
* radiation. ' |
Another technique to enhance the information that may be
25  derived about the composition of the contents of an object is to scan the
object with radiation beams having two different energy distributions. A ratio
of the attenuation detected at two energy levels is indicative of the atomic
numbers of the material through which the radiation beam passes. Dual
energy systems enable better detection of plastic materials and illegal drugs,
30  for example.
One disadvantage of radiographic imaging is that all items within
the object in the path of the radiation beam are superimposed on the image.



the object in the path of the radiati on beam are superinposed on the imge.
WO 2004/ 051311 PCT1US2003/ 035497 |If there are many itens in the object, it
may be difficult to distinguish anong them The identification of dangerous
itenms is theymabwoesianrpered. I n addition, the orientatirT/EReh3essage of the
items wthin the object could affect whether they can be identified on a
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wher e data processi r&gﬁ}ﬁechnl ques are used t sp eed the I nspectjon_rate. As
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opposi ng & damaging aofr&i @htife0pieBe vk fugghae mégp%qgo%%l‘ pragtiddl agijal cone
beam of radiation and the detector array 2-di mensi onal . The nodul e

rotates as a SSreEiNGiggagRiREIPPYS, for exarple.
In U.S. Patent No. 5,367,552 ("the ‘552 patent”), a source of X-

ray radiation is provided on one side of an inner surface of a rotating module
and a detector array is provided on the opposite side. Luggage is moved
20 through the module incrementally. The module rotates to scan the luggage at
a plurality of angles, at each incremental position. The inspection speed may
be increased by pre-screening with a line-scan. Then, only suspicious .
regions identified by the prescreening step are subjected to CT imaging.
{ U.S. Patent No. 6,078,642 (“the ‘642 patent) discloses a CT
25 scanning system for luggage where data processing techniques are used to
speed the inspection rate. As in the ‘5652 patent, an X-ray source and a
detector array are disposed on opposing sides of a rotating module. The
source may emit a pyramidal cone beam of radiation and the detector array
may be 2-dimensional. The module rotates as a piece of luggage is
30 continuously moved through the module, providing helical volumetric CT
scanning. CT scanning is said to be provided of the entire piece of luggage,
without requiring pre-scanning. The source may emit an X-ray beam of two
different energy distributions, as well.



30 continuously noved through the nodule, providing helical volunmetric CT
scanning. CT scanning is said to be provided of the entire piece of |uggage,
Wi t hout requiring pre-scanning. The source nmay enmit an X-ray beam of two
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News and é‘brl d Regort ,E}ebr uary 11, 2002, p. 52. Standard cargo containers
are typi ¢8I 1 JOBBINS ABEXPOIVE, oy (6'1 - 15.2 neters), 8 feet high (2.4
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bo Glored i nomeSupris Pihel: irfarmidn fag® aioh Fhoege B3¢ bedg & Wil of gh
wi dth) from piewh, fgoing boceth, ke spubilciBEd Xoul - ks seffods3thfdtelssihalp to
about 240 x 118 >1 96 inches g6. 1 x 3.0x.2.4 mat grsé. Large col | ecti ons of
obj ect s, sucﬁmﬁggf?&n?fp?%@ B¢ P‘Ef_@@%lg'%?rdﬁ'ﬁ‘y affl s §Y pRoaty B JR9&d S8 pal let.
25 Pall eys, vhitaiersRY O smdlPSobbRBnSHfdAalakGo coM¥ineRs BlougRMRARD! e si zes
as

United States by boat are inspected, for example. “Checkpoint terror”, U.S.
News and World Report, February 11, 2002, p. 52.
Standard cargo containers are typically 20 - 50 feet long (6.1 -
15.2 meters), 8 feet high (2.4 meters) and 6-9 feet wide (1.8 - 2.7 meters). Air
20  cargo containers, which are used to contain a plurality of pieces of luggage or
other cargo to be stored in the body of an airplane, may range in size (length,
height, width) from about 35 x 21 x 21 inches (0.89 x 0.53 x 0.53 mefers) up
to about 240 x 118 x 96 inches (6.1 x 3.0 x 2.4 meters). Large collections of
(.&.« objects, such as many pieces of luggage, may also be supported on a pallet.
25  Pallets, which may have supporting sidewalis, may be of comparable sizes as
cargo containers, at least when supporting objects. The term “cargo
conveyance” is used to refer to all types of cargo containers and comparably .
sized pallets (and other such platforms) supporting objects.
In contrast to the size ranges of carge containers, typical airport
30 scanning systems for carry-on bags have tunnel entrances up to about 0.40 x
0.60 meters. Scanning systems for checked luggage have tunnel entrances
that are only slightly larger. Since only bags that fit through the tunnei may be
inspected, such systems cannot be used to inspect cargo containers. The low
energies used in typical X-ray luggage and bag scanners, describhed above,
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cargo containers, at |east when supporting objects. The term "cargo
conveyance" is used to refer to all types of cargo contai ners and conparably
sized pallets (and other such platforms) supporting objects. In contrast to
the size ranges of cargo containers, typical airport 30 scanning systens

for carry-on have nnel ce 0 .40 x . 0. 60 neters.
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be used to i ne@dainersalgescomnmhaiiores saiditbat “ecesdilgly slow ddi3at/6 oha ajfile about 8
MeV col |'i mat ed int'cr)) a vertical fan beamto scan a truck carrying the cargo.

A first detecP%rrhoalil tay is aligned with the fan beamto detect radiation
transm tted through th8. PateakNo/5,S€T880Ididebsssta X-aay iappectiopmpparded t 0 det ect

,[ ﬁgi ation for %H%E (rjnasycl:% tugtreg (?o tlnhsrpgglgcr:]arbg %o}ltraH‘lCelr%, ttl-atl}euéersu)?-%ad %acﬁgt}é%doft hrough
about 8 MeV collimated into a vertical fan beam to scan a truck carrying the
cargo. A first detector array is aligned with the fan beam to detect radiation
transmitted through the truck. A second detector array is provided to detect
radiation forward scattered through the truck. The truck is moved through the
vertical fan beam. Data from both detectors is used to determine the average
atomic number of the attenuating material in the truck to identify the material
content in the truck. Images indicative of the material content are then
prepared. Data provided by the first detector array is also used to form
radiographs of the truck. While faster than a pencil beam, a fan beam may
still be too slow to efficiently scan large objects at a reasonable rate.

In U.S. Patent No. 5,638,420, large containers are inspected by a
system on a movable frame. A source of a fan beam, a cone beam or a
pencil beam of X-ray radiation, such as a linear accelerator with an
accelerating potential in the MV range, is mounted on one side of the frame,
A detector array is mounted on an opposing side of the frame. The frame
may be self-propelled and advances across the length of the container.

Radiographic images are generated for analysis by an operator.



vertical fan beam Data fromboth detectors is used to determ ne the average
atom ¢ nunber of the attenuating material in the truck to identify the
material content in the truck. Inages indicative of the material content
are then prepared. Data provided by the first detector array is also used
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arrays. The patent states that while the images are coarse, they enable the

shapes of certain items to be determined. In combination with the

determination of the mean atomic number of the materials in those items,

suspicious items may be eliminated or flagged for further inspection.

While three dimensional images based on radiographs are an

improvement over radiographs themselves, the high resolution, improved

image contrast and the ability to distinguish small differences in

characteristics of -items within an object that are provided by CT scanning

would be advantageous in the inspection of cargo containers. The CT

scanning units used in the airports for luggage and the like discussed above

are not readily scaleable to the large sizes required to scan cargo containers.

For example, to accommodate most cargo conveyances, the rotating modules

of the '552 patent or the ‘642 patent would need to be greatly enlarged. Such



atom ¢ nunber may be reconstructed fromthe data collected by both detector
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the beam of radiation and a detector positioned fo receive radiation after
interaction of the beam with the object. At least one of the radiation source,
the platform and the detector are movable in a first direction. Preferably, the
platiorm is movable in the first direction. More preferably, the first direction is
20 vertical. The radiation beam may be a horizontally diverging beam, such as a
fan beam, or a horizontally and vettically diverging beam, such as a cone
beam. in the preferred embodiment, the object is scanned as it is rotated and
C moved in the first direction. Volumetric CT images may be reconstructed of
the object whether the platform, the source and/or the detector are movable in
25  the first direction.

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

30 muli-energy source may be provided. |

In accordance with another embodiment of the invention, a

scanning unit for inspecting objects comprises a radiation source fo emit a

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



the beam of radiation and a detector positioned to receive radiation after

I nteraction of the beamwith the object. At |east one of the radiation
source, the platformand the detector are novable in a first direction.
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Convey?[] i 3 positbnkle id)alignrth_ééebidéifwitgbjn@@f thhe t@@&dnha;qhbtayérqnmtnﬁ ltlﬂfdl. s;:?nni ng
an Ir conveyor S rov e (0] conv 0 eC) ro e atrorm
af ?@ scanni F§V r.ogf%égcqubcweyg%p@g%e\ér@d%gp%\?{vgglcploleﬁéh%q tr{)"ne second
conveyor and thiREcdnveyst rnkeysiatioRRARg Bmblhghie eeticeMpiddhlignngn Bbpef orm A

processor may be programred to nove the platformto align the object with
t he second céHQW%d hyithe piatigapadth oneLfdhe seqaad anditaird 6oYeYdrSal i gn t he obj ect

with theqshird conveyqp adcobdihc@bivii tanbthdra8mbPedinRAS 7 dhb NPP&RIONO™S  for
exanple. The platformmay be rotatably positionable to align the object

with one of SRanniRd BAE fAroRsRSAING Hlieqts cobmripes a radiation source to emit a
vertical beam of radiation. A rotatable platform is provided to support an

object for inspection by the vertical beam. A conveyor on the platform moves

the object horizontally. A vertical detector is positioned to be aligned with the

20 vertical beam, fo receive radiation after interaction with the object. The

vertical beam may be a fan beam, for example. The platform may vertically

displaceable and the scanning unit may further comprise a second radiation

source to emit a second, horizontal beam of radiation and a second horizontal

C’: detector positioned to receive radiation from the interaction of the horizontal

25 beam with the object. The first source and the second source may be the
same.

In accordance with another embodiment of the invehtion, a

scanning unit for inspecting objects comprises a radiation source o emit a

pencil beam of radiation, a rotatable platform to support an object for

386 inspection by the beam of radiation and a detector positioned to receive

radiation after interaction with the object. At least one of the radiation source,

the detector and the platform are displaceable in a first direction. The

detector may be movable to receive radiation scattered by the object along a

predetermined direction. The detector may be supported on a rotatable ring
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I conveyor. The second conveyor may be at a different vertical |evel than
the third conveyor and the platform my be novable vertically to align an
obj ect supported by the platformwith one of the second and third

conveyor s.wé3ede/as@ecor dance wi t h anot her enbodi nent obctivszdomsenti on, a
scanning unit for inspecting objects conprises a radiation source to emt a

vertical beamof radiation. A rotatabl lajformis prqvided upport an
object for i Wétgé"@t?%gftb@%{%'ﬁﬁ t@qurﬁgﬁo ﬁkéﬂ?&%%?%@%?ﬁ%nqﬁﬁ@t% r1|‘o (F;r m noves
the obj ect hﬂ’fdyzl_@élta@lagféd A dstedti fdlord ey metiasts, forno&impianerhd eadiftiopl | gned

with the 20 vertical beam to receive radiation after interaction with the
obj ect. The SQEFEIRH b%éﬁpfﬁpf@%oﬁ%t'@@ﬁrﬁr gﬁmm%mfcg.mﬁ@!%! At f or m may
vertically displdaagatbibsdtiite BP&héﬁf%ﬂfFél%aHﬂbftX— raBIéFiBH%Qd%‘H&Bh&e a second
radi ation_source to emt a second, horizontal am of radiation and a
second ho?i zbetizontallyesdendng detactaroaligmed owitle de \secondiisauicentor raggivehe

i nteraction ; oLt 7 _ ] ] ; | ource and
t he second sg%drléct%ﬁn%%? L@&?h@n é@ﬂg?‘%ﬁ%wé%g%ér%ﬁr@@ t\ﬁ\ngioﬁj%ﬂg?#eé&ér?%odi ment of
t he i nvent i oprovideds CEensowgcalof thef pendil st thd dhe bperce ©f diosrhpiizedally radi ati on
source to emt, a. pencil beam.of radiation, a rotatable platformto support
an obj ect fo?n%dlpﬁg’ﬁg@tm%ng%et I%5eam of radiation and a detect or

posi tioned to receive in raedorebhemn witht anothat emdotintent\wat dcanhimgolieddr. At | east
one of the radiatjon source, .the detector and the atform are di spl aceabl e
"2t 28 CfbachgbHoR Sorrises ol su b ait § bSadt e farpar i on
scattered byrdtiableljigttirmab@0ppért alobfiRt fRirihdpretich be tid Béhm bR fadigioact or may
be gupported on a rotatab)e é‘ipg 7. V\D,ﬁgl?m 51311 PgT/l 820Q3/ 035497 with
an ‘axi s of r%‘f‘%?id@f}?q‘?’%"ﬂ_@? _ q geeie stimiyated ginissins W&ﬁéi%?bquém&et ect or
may be adapt gfinicPadiinh dF thef bt ith BYPEBEEC LAt leARTon@ iR RudialibR sbakeat i on
source nmay be a source of one of neutrons or ganma rays, for exanple. A

second radi affbHeRaide & fﬁo‘fﬁﬂq o et diseciianof The rag tipg deam ®AY #8d a
second, 95 hogigRRT Bddny eRiiRNAIbAY 244 b soérglcg{Hegélﬁ%Ié{‘feH :@an’li)igﬁon%eﬁ@g@esour ce to

receive radiation after interaction horizontal beamw th the object,
may al so be nhuclear resonance fluorescence. The detector may be positioned fo detect

nuclear resonance fluorescence emittad substantially perpendicular to the first

axis of the pencil beam. A second radiation source may be provided to emit a
horizontal beam of radiation and a second detector may be aligned with the

20 second radiation source to receive radiation afier interaction of the second
beam with the object. In that case, at least one of the second radiation
source, the platform and the second detector are movable in the first direction.

In accordance with another embodiment, a scanning unit for

C inspecting objects comprises a radiation source to emit a beam of radiation
25 and a platform to support an object for inspection by the beam of radiation.
The platform is movable in a non-horizontal direction to move an cobject
supported by the platform in a non-horizontal direction. A detector is
positioned 10 receive radiation after interaction of the beam with the object.

The radiation source is at least partially rotatable about an axis transverse to

30 the platform. In that way, the source is at least partially rotated about an
object supported by the platform. The source may be supported by a gantry

at least partially rotatable about the transverse axis. The detector may be
supported by the gantry and be at least partially rotated about the transverse

axis, as well. The non-horizontal direction may be vertical.
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provi ded. The source of the pencil beam and the source of the horizontally
extendi ng beam may be the sanme. In accordance with another enbodi nent, a
scanning unit for 10 inspecting objects conprises a radiation source to
emt a beaj@iwd@dhati on, a rotatable platformto supmonts:essossagrect for
I nspection by the beam of radiation C and a detector positioned to receive
stinul ated em ssions fromthe obj egﬁ du rto ’l%&eractlon of. the, beamw th

the object. At |east olll;i'ea%cfor #HKeer megh £ SERMIGUPEAIR ar e

novabl e in a jhégerting bbjeclsi cmpritas o agichbhomdRaRm seYcdBR difita RRACoE beam
emtted along a first axis and the stinulated em ssions may b nucl ear

resonance f| UgfigtierAng a ﬁ*.ﬁg‘)mﬁ%ét‘ﬁ?ﬂ%’g/ obiech & iﬂﬁB@Fg‘ii&“tW Qt'é@f" Ofmcl ear
resonance f| HBLRAGE PiRe aag&m& @g&@@&@awﬁld firsPRXIP 3R il Rbable a_id?@da i st

h
axis of the pencil beam second radiation source may be providéd to emt a
hori zont ald beageprad apiadi At stationayl detestardacpasiiionedde respiveaadietighadieni t h t he

20 second radjat.i [ Ve L adi-at 3 | won:of the
second beamqb\n%ﬁc(ﬂ??l??gﬁ:g%%ﬁ \&iﬁ?ﬁea j%%’se?ﬁ%ftﬁ Fﬁtggei&sﬁeégélgﬁ %%gﬁgo%ésgond

radi ati on saooacke thelsams ati$, ovhichamdy ahertiataxisl det ect or are novable in the
first direction. In acgordan 1 th a r I en a ning unit for
I nspecting objects co iagggrﬁgn%éyl t%@#ngroﬁﬁﬁ%ﬁ%&arﬁgq 'ﬂ? %’&gﬁﬂn&g‘? adi ation
25dand a pl a:]rﬁ@thmi tc? exaphing cmrnlt)e?m @f tanf objebmeampﬁéwlr@mtirﬁ@%éoeajmbf

radi ation.,, T atform. s novable in non- hor.i zong irectign.to nove an
ob eot | d0ppaiobtab B Rielhariy S 4hn SRk A TR ERON R &Rt ot oot or
i's positionedulce, dereling radigtion iimtBragliie withnther abjecPWithoz deftdreawd Wi th the
objeet. The radiatjon source is at |east partially rot ta‘galtte about an axis
trahsverse t "N AelegstAnephihe Wl?%aﬁev@?,at"%éog r ﬁ'l@ eqird8ta partial |y

rotated aboutfirgire@iire CEcHHMRP fria§hd¥oridiBteRl whifeOfB oiB& IS Beingaofad be
supported by a gantry at |east partially rotatable about the transverse

axi s. The deta®girapvedagr Ioiation andgnevamen} by, aliermnategdMithhecagpingidhe partial Iy
rotated alou ty _ =0 i - i iy ection
may b vart | Cotrs VBRI SaruleR (dbiedily, sl 3y e A Shauced Ko

anot her enmbodiageghon the selemiedh dgediatian. f Breferably, the first direction is a vertical

direction.
The object may be scanned with one or more radiation beams
having first and second energy distributions. Volumetric computed
20 tomography images may be reconstructed based on data collected from
scanning at the different energy distributions. The images may be fused.
The object may also be moved horizontally and scanned with a
vertical beam of radiation. Radiation resulting from the interaction of the
(: vertical beam with the object is detected with a vertical detector. The object
25 may be rotated between vertical scanning and volumetric computed -
tornographic images reconstructed based on the detected radiation, as well.
The object may be scanned with radiation to induce fission in
fissionable material in the object, if present. The fission byproducts are then
detected. The object may be scanned with a pencil beam of neutron or
30  gamma ray radiation o induce the radiation.
The object may be conveyed from the platform along one of a
plurality of exit paths based at least in part on one of a i'otational position and
a vertical position of the plafform.



i nspecting objects conprises a stationary radiation source to emt a beam of
radi ation and a platformto support an object for inspection by the beam of
radi ation. The platformis rotatable about a first axis and displ aceabl e
along a 5 skcaMbsaiS. A stationary detector is positimmagk2imossase ve
radiation after interaction of the beamw th the object. The first axis and

the second axis may be,the sane.axis, which a vertic axis, In
accordance with anot he%tlgwg%%(?ﬁ@?ﬁs'og?’ Y ?%ngcﬁ‘%l‘?rdﬁ?o%?"c RERFCBHC®x ani ni ng
contents of afapbéeetectsIpri ses rotating the object 10 about an axis of

rotation, scanning the object wth radiation froma radtiafaﬁi on saource,
detecting radiation i i REROF %emlw}{aqoﬁ@r@mb@etmwtt%n@t dfo@mighg  C .
moving at | eaghtdiie oPbntdbfec RbMplises i8ating dhalobfidt, SRHAARg 2R objfee: fitk ector in
Fotated dnd mdiadon aanineeusly ot ahipasbreront tmyolskonl afcihraobiEchpte scanni
rotate Jor WP eilfa scanni ng
of the 15 objegt .. SN _ od aphy i mges may be reconstructed
based on the Q&g‘%@gﬁé}é&gﬁ@f@ﬁ%ﬁm r@]ﬂgégg}&f’ the first directionis a
vertical direction. Theagiordarnce wilit dnether ambediméritha orethard ofrexeminiagli at i on

beans having fir n C [ ] St.p ] i ons. Vol tric c uted 20
t onogr aphy i qﬁ?&'&ﬁ%ﬁ@aﬁg%fegggggﬁﬁ%ﬁéaaq@ésté%%g’i?cgas(cﬁnﬁlﬁg ﬁ@%?@@% Wﬁﬂ\pscanni ng
at the diffenépiy redition aad setdcting ragistion Titerdctimg edth ey obiectf used. The obj ect
may al so he noved hori zont ald{gefmd SCﬁnneg vviéh a _vertical beam of

radi ation'” Radi ation resulti SATIPHEN ohthe REAWIBESof the vertical beam
with the object is detected with a vertical detector. The object 25 may be
rot ated between verti cBlg. sicsnaiside sied wiohwvahning winpditaedordimntrgoaphi ¢

my Do scanndtPRPLAT 467 JRvarionnauoany 2 JPBIcHe: Yol Placsaie, i al i n
the object, idlatioresaatlowdied gositishpn byproducts are then detected. The
ob] ect Y, be, seanned Wl i P RlE e e s e R Y i SR Y
pl at f or m4 ongting i96hewn M dfabdd positfonexi t pat hs based at least in part on
one of af otational poIs=iigt. I(icig a%gtgner example of a system for rotating and vertically
displacing the platiorm; _
Fig. 4a Is a top view of the interior of the scanning unit of the
embédiment of Fig. 1;
20 Fig. 4b is a top view of an object on the platform, where the
longest thickness of the object during rotation is shown aligned with the
radiation beam; .
(: Fig. 4¢ is a side view of a long object, such as a standard cargo
container, on the platform; '
25 Fig. 5 is a schematic illustration of a portion of a cone beam and
a detector array that may be used in the embodiment of Fig. 1;
Fig. 6 is a top view of the scanning unit of the embodiment of
Fig. 1, where the platform is alignhing an object with a second exit path;
Fig. 7 and Fig. 8 are side views of scanning units in accordance
30  with embodiments of the present invention, showing different arrangements of

the source and the conveying system;
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a vertical position of the platform 9 WO 2004/051311 PCTI US2003/ 035497
Stimul ated em ssions, such as nucl ear resonance fl uorescence, may be
detected. In accordance with another enbodi nent, a nethod of exam ning

contents GfpagqphAct conprises rotating the object, gocaagionmssfoe obj ect
with 5 radiation continuously for at |east part of the rotation of the

obj ect and detecting radiati o ILntera t| n t he obje | n, accor dance
with anot her enbodi mar‘{’g 8t FRS@V@W 8 Oﬁl%on BHtoérﬂélaﬁ‘PméﬁN’HbFect

conpri ses roy@tibdllink R tedMrreE verfiea R Bearirie; MRiresdtingid WorizSntaR)spaadi ation and
detecting radiation interacting with the object. 10 Brief Description of the

Dr awi ngs Fi gdeteciosfog V§|UdR9tWQ\T/f@ﬁglags‘ﬂélﬁ?ﬁfﬁan%wlﬁh anothecRPbrdigens one
embodi ment. of the |nveRi s 2BaiUhiiicGeprbaitafiifor ¥ Bbltiohi ¥ YsdinApgaceabl e

platformlnaloweredp3|t|on Fig. 'S e Vi scanfii ng unit
of Fig. 15 whei iscludingea sqwcplqitafrmml bga@mmlammam¢a§qublmdetednr, Fig. 3is

anot her exanpll 8?@%03%&5%%%'}&@5?#&9 and vertically displacing the

platform Fig ato I'nterior of the scanning unit of the
enbodi nment of Fig. 1; Faf 'F1 (03] msnhemaactrepresemmtmf ofra phitien tof camdttie pl at f or m

where the est thickness of th dur tation is own al i gned
with the raﬁ‘fa%mngnuﬁ' éﬂ]aquﬁpnﬁ% h@iﬁé eﬁ'fba%ﬂgqlﬁawtl‘:g%n&ﬂ 2{"‘[3 such as a
standard car gsurce M tetioveran wmjédnesupbatédalbm a otdfing/veflichlfy aispiitesblei C

iIIustraMon %& a portion of a cone beamand a detector array that may be
used in PR nent of Fig. 1; Fig. 6 is a top view of the scanning unit

of the enbodi ment of Fg.912 ks a‘M’t@ﬁ eﬂé\/mﬁbfplhét bejest bh ki grRtfoGn an \ej ect with
a .ond exit path;
: embodiment of Fig. 11; and
Fig. 13 is a side view of a portion of a scanning unit in
accordance with another embodiment of the invention, whereain the source
15 andfor the detector are movable vertically, and a rotatable platform may or
may not be movable vertically.

Description of Preferred Embodiments

Fig. 1 is a side view of a scanning unit 10 according to one
embodiment of the invention. In this embodiment, the scanning unit 10
20 comprises a source of radiation 12, such as X-ray radiation, to irradiate an
| object 13 being scanned, a detector 14 to detect radiation fransmitted through
the object 13 and a rotating/vertically displaceable platform 16 to support and
(_ position the object during scanning. The rotating/vertically displaceable
platform 16 is between the source 12 and the detector 14. The source 12,
25 along with suitable collimation, may emit a horizontal beam 17 of radiation
and the detector 14 may extend horizontai!y. The horizontally sxending
beam may be a cone beam, as shown in Fig. 1, or a fan beam, for example.
The object 13 may be a large object, such as a cargo conveyance {cargo
container and pallets, for example). The object 13 may also be a smaller

30  object, such as a piece of luggage or a carry-on bag, for example.
In this embodiment, the source 12 and the detector 14 are
preferably stationary. It is advantageous 'tc_; use a stationary source and a
stationary detector because the charactérisﬁcs of those devices may be
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Fig. 7 and Fig. 8 are side views of scanning units in accordance 30 with
enbodi nents of the present invention, showi ng different arrangenents of the
source and the conveying system 10 WO 2004/ 051311 PCT/ US2003/ 038497 Fig. 9
is a frontywybWefthizan object on top of a platform w pdreseeydssoal |ine
detector for vertical |line scanning intersecting a horizontal, spati al

detector for volunetrjc . magi ng, ,in accordance, wi.,th anpt her ,epbodi nment ;

B o 10 i s aoRTHERL ISy L GoRT oo 68 CoRURE ROG N MR AN S28 uni ¢
including a soyreRinglsoardeati/or detssor fWhislpefdrfsy, Ribngt reguiadl Batigleector, in
accordance with anaother enbodi nment; Fi % 11 is schematic representation of
a portion of SHHER Her and dhs delegtaint4 bp SaliongntafeempiashclaReR-alatiosalodi nent |

wherein an Xshiides SRUESRCIoR ABANRUSSEEOR SModiHERE UbSHibRY HRiow. _ -
rotating/vertically displaceable 10 platform Fi 12 is a top view of the

obj ect onBthe pl at f or e iFig.t hethe Gouienot? medtthefdefmcipr tiarcasupmorigd a3 is a
si de vi ew of ! o ' sUQi A ] ' a her
enbodi nment o?'%{"ﬁ(g 1(ig\j'r'?\(i/)@htllhtgtﬁ,ws‘f\/\ﬁer E%J%eﬁs%ﬁ%%cg%gmﬁ%&%%lé (r]g]tteect or are
movabl e ver t pletibiny 16 dnbcasseut withirbh eayityat 3. dihe caxity ©8 mayde indhbe geoundvabl e
vertically. | [ipLio f. Preferrec | Fig,, 1 i | vi ew of a
scanni ng uni ge?ggzgc)'@c?r%gﬁal%&gﬁésgmﬁﬁéwgﬁlgt %3’”’?%‘@%?8@&% this
enbodi ment, {ddés sieowmiimg mbed PdditioRD at grqamidsiesela. s du tite eafbodimiérntt bon 12,
such as X-ray radiation, to irradigte an qQbject 13 being scanned, ,a detector
T4 Lo deltbo, crianag syotm. schipsedonth eBtgtS it deo gt PSS iy hteot
rotating/veri3 mhéxpiaifoﬁmlm@@rmmakia})émemihalawomm@gé.t and position the
obj(‘;e:t during scanni nq_g The rotatin v%rtic%lg g]s ace t%!e q atform16 is
between the source 12 ﬁdplt"'ﬁ‘_ém?je e@%ﬁ_ r bgja fatePlaify, che pla PENa'Bnl§ wi t h
sui tabl e col qippekb8 by d'MécikdHidal deVies bZ Svitem Jve@mal Both edtateddhapleAformand t he
detector 14 may extend horizontally. The horizontally extendin
about a vertical axis “A” through' a center of the plate and 'moves the platform
15 16 veriically along the axis. The direction of rotation may be clockwise or
counter clockwise when moving vertically in both directions. The direction of
rotation may also be clockwise when moving vertically in one direction and
counter clockwise when moving vertically in the opposite direction. The
mechanical device or system 20 may be one in which the vertical travel of the
20 platform 18, and hence the vertical travel of the object 13 supporied by the
plate, is a function of the rotation of the plaiform 16, but that is not required.
The speed of movement of the platform 16 is preferably such that the object
, 13 is stationary with respect to the platform and the contents of the object are
C»' stationary with respect to the object as the object is moved. A suitable rate of
25 rotation and vertical movement of the platform 16 may be readily determined
by one of skill in the art of radiation and computed tomographic imaging,
taking into consideration the packing of the contents of the object 13. An
example of movement rates is given below. All or a portion of the platform 16,
and any other components of the scanning unit, may be made of material
30 transparent to X-ray or other radiation, if necessary. _
The mechanical device 18 may be a screw jack, for example,
.comprising a threaded post 22 supporting the platform 16, as shown in Fig. 1.
The threaded post is received within a threaded cavity of a motor box.

Rotation of the post by a motor (hot shown) causes rotation of the post. In a
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beam may be a cone beam as shown in Fig. 1, or a fan beam for exanple.

The object 13 nay be a | arge object, such as a cargo conveyance (cargo
container and pallets, for exanple). The object 13 nmay al so be a srmaller 30
obj ect, sugh28&y83Ri ece of |uggage or a carry-on bag, pCousswampioe. In this
enbodi nent, the source 12 and the detector 14 are preferably stationary. It

i s advant ageg:ﬁs to use iﬂa.t ?3}6% sour.ce and a,. station ete

because t he CRSICAETSY jagk LIAIgP qf Mg 8OTeW/N o0g gy raises 2'1';“0 311

PCT/ US2003/ 039d%dtationin the opposiictdrestiorbieivegs hepkefonad or as concerned about

t he weight and size o armvi@g sou&lcr:] aﬁyjor detector, While preferred, it
is not required that t SEIEtr IspHaavges douBle helicgh arqoye| Alry.

Exanpl es of RrQpcRéAheUNaEion cﬁ% Biﬁﬁh am dalll BERfIgAFSHpRESn ﬂte?iéﬁéél%ﬁ'oé

enbodi ments descri bed bel ow. 5 ig. 1, the source 12 and the detector 14

are suppoPt ed@ngt a rgsetmutmee\p@tfoon T@té’&clyﬁffﬁf t"lehémgﬁif%ctﬁ 19 end glowd above
ground |evel coﬂ_ﬁﬁleugtya%gcw%@@&é ?otéﬁ&?%%ﬁmé%tlﬂ' et &R | didecidh, ) cavity 18

may be in the groun side virew o e scanning unit 10 of
Fig. 1, V\herénnwnm'efhelmtform 16 is shovvn in a raised position, at ground

| evel 0. In this enboq_g he o‘% f%ﬁ%@ﬂ g %yggﬁqghfor;f%yzg%ﬂ g‘.ﬂ”érﬂt respect

to Fig. 4a, bel ow, m)ve g an axis
per pend| cul awettmaﬂytdlsplagtag tﬂ'dslqalanﬂoanf'tﬁ nr'hé mmhaberramf Flgt 3pdcmtpnse§ e platform
16 is SypPot tatesthe'

ﬁr P% a Imec an caa §¥ ce orms [er 1 at llaol

pl atform ab SYFraYiic, af pieliats, system 3¢ (51 Moy 8 PR ‘f‘?étcﬁll )5?8 &d noves
E) he pl at( f or mmidiorl 84 \fer totstigl theaplatfgnd. ha hexma:lradfheordpmmﬁatmnsystemcszat i on may
e etockw se or .counter clockw se noyi ver t

Gt T oms. © PREPESTLE erinr of Wi & HOBRES 3 PEusiEe BEy dne @ i ovi ng
vertically i theaaerméremblaempeeﬁlchmeﬂwarfd 8 Wwdrshaiben400DrigagYieidt i cal Iy in
the opposite_ direction. 1hanl cal device or s stem 530 may . be one in

whi ch the veld prexded F%@eti "?f’f‘o‘f ror e &PP%"r?ﬁdlleweaﬁ heerES AR alaNg: i cal
travel ofst hmﬂéyceetpeﬁzswneéﬁ&@tvay & puitpates, THeSpuaoﬁ %qé batheetect he

rotation of the pIatform I S_not. required eed_ of

novenent of {ha %bﬂa@m@eh@gbrseﬂrét sl 0. sM@He"t“ﬁﬁft ofthe Pdﬁﬁ?'b@ within

the housing 37 causses the sub-platform 48 to be raised and lowered. The
sub-platform 48 supports the motor 34, which |s eoupled to the platform 16 by
a second rod 52. Rotation of the second. rbd 52 by the motor 34 causes
20 rotation of the platform 16, while vertical movement of the piston 38 and sub-
platfiorm 48 causes corresponding vertlcal movement of the platform. By
controlling the rate of rotation of the mqtpr 34 and the rate of vertical
_ movement of the piston 36, the rotationali %jand vertical movements of the
C« | platform 16 may be synchronized, if desired.
25 Other electro-mechanical, -hydraulic and/or pneumatic driving
mechanisms may also be used.
Fig. 4a is a top view of the interior of the scanning unit 10 of the
. embodiment of Fig. 1. In this example, the platform 16 is circular and is larger
than the object 13. The platform 16 may be other shapes and sizes, as well.
30 A conveyor system may be provided to convey the object 13 to
and from the platform 16. The conveyor system comprises a first portion 62
comprising a first conveyor belt 64 that extends from the outside of the
scanning unit 10 to the platform 16. A second portion 66 comprises a second
conveyor belt 68 extending from the eiaﬁorm 16 to the exterior of the
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13 is stationary with respect to the platformand the contents of the object
are stationary with respect to the object as the object is noved. A
suitable rate of 25 rotation and vertical novenent of the platform 16 may be
readily determ ned by one of skill in the art of radiation and conputed
tonographic i maging, taking into consideration the packing of the contents

of the obifingldit 19) prﬁﬁtﬁh@bﬁeﬁf p@m\f@ﬂﬁ@bbfeattﬁasAtﬁlrslpmiant?@ldf\fheAll or a
portion of the platform %6 ot her co nen s of the scannl ng unit,
oy b naRR SRR BRY B3 5ra s FAMRIRING B ICTIR) 12O R EIRtPER Bt 1 on. i
necessar Yo ch@ynmgajabtcea frdlgn\/thé girstheltBind e r?@oﬁlIVQiUsitlaﬁ lhe Bﬂécﬁ?@@' e, -
corrprlsm ade st orting the as shown in I g.
1. The Pﬁ tg%ﬂgg"%é'g F}E F@E‘ép@ggg\ﬂ%’f "ﬁﬁ 1r£aR9| e S0 ot or  box.
Rot at i onbeik a&eﬁaost:a:’m;n@ iTRbA Ie(témtTI@QWﬁQeyﬂ'@J%ﬁemomyl eptiopklnt he post. In

a 12 W, 2 4/0513 1 PET/ U£%003/038497 basi c screw jack, rotation of the
screw in' eqf (RUEh HertioR; {4 LoMRKISIHg 2 (fBl £ENVEYRH PEBt 4R itdFOKE% he opposi t e

di rect i oBumIEsS objbetspdalaﬁg @ $2conb eeX@CHRM fioRt khet platidrmal 180 fvaitethar doubl e

hel i cal ﬁ_ﬁoove that, s Bhe direction of the pitch. A ball bearing
trapped fMFPEHIONN2S 9'@8‘!‘35693"5&@ 89Wnd a race on the platform 16 oscill ates
the platform lﬁwtjperém‘i mcamhe@umswtcsmeipldtﬂaah Tehehamhatobpit i s al ways in
t he sane. di recéj known 3is t her exanple of a

n th
Syt om 36 POPST, PRETEALRED [GRBEC: loniney Pt JEPRD foRsS,PALT BRHPR s The
mechani smampsFﬂogexéﬁnplenmtdrwscamnnn@OAbwdfaﬁubyﬂemg Ny wedcaswen.em 32 for
novi ng t he 34 for rota

tform16 vertlca{ a not or ng the platform

The hudr aul Mstest SRS bng SEMal e bauR AR snsried domieysr bl (4 it hi n o
chanber st @orlwysr B@t SZ malise pse:d tbnbcdlh \cbﬁk@ thé fmejeahwb@the paBorgn upper
chanber ?18 a? Clgla‘ﬁbﬁi'f theck| iﬁ 62 I!1 row ded.to and renoved
From ¢ he 160810 GPSY S PO el v RIS 42, 44
respect i vbjegts, Mhenspumngﬁoneﬁﬁmaquﬁmﬁ&teﬂ Sf@dARS i bells0 a sub-pl atf orm 48
throughaflrstr 3{150 I\/bv nt of thecp tonBﬁthln he housi ng 37
causes the sublpf Wr?ﬂ”ﬂ‘? MY Beyp SOHCE Y Nremes unghr@ma ton, for

example. The source 12 should generate X-ray radiation with high enough

energy to penetrate through th@thickness of the object 13 while the object is in

any rotational orientation on thrj-z platform 16. For example, for X-ray radiation to

penetrate through a rectangulajr cargo conveyance, such as a cargo container or

other rectangular object 13 wht?sje largest thickness “T” along the radiation beam

17 during rotation is greater thén about 5 feet (1.5 meters), average energies

over 1 MeV are preferably usecil.; In a rectangular object 13, the largest thickness

T is between opposing corners of the object, as shown in Fig. 4b.

To scan long objects, such as a standard cargo container 13a, which is about 20

feet long (about 6.1 meters) ;aer about 6-9 feet wide (1.8 — 2.7 meters), the

container may be placed in anj upright position on the platform 16, as shown in

Fig. 4c. The radiation beam would then intercept a diameter through the width

“N" of the object, which has mufcj less thickness than the length “L” of the object.
A radiation beam with average: énergy of about 6 MeV or more may be used to
scan such a standard cargo container oriented on the
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sub-pl atform 48 supports the notor 34, which is coupled to the platform 16
by a second rod 52. Rotation of the second rod 52 by the notor 34 causes 20
rotation of the platform 16, while vertical novenent of the piston 36 and
sub- platform 48 causes correspondi ng vertical novenent of the platform By
controlling the rate of rotation of the notor 34 and the rate of vertical -

novenment Opjaffétth P6 SAMmowA,intHE 40t Riid ABRY tﬁétdieg)@hélhgdin tAB\RBRIAG anaf the
platform 16 may be 1é\énchropl zed, if desired el ectro- mechanl cal,

hydraul i c ¥R87 8Pafﬁ‘ﬁ 1 FPRgNtsnRE thiicare RAYAIRES ot pRislisBat PRI g. 4a is
a top vi eV\pr@f:tldalﬂQolpMdér bﬂ)rsta?fdafd1©a@©aéﬁﬁtélﬂer§ﬁhtariLprﬂ@htt pésitiginbodiagent  of

Fig. 1. In this ex latform 16 is circul dis larger than the
obj ect 13. raﬁw@%uaftgg 'g?\i rr‘&f?/"!?é( BE Hise sﬁa%?"&??da"é'i’ smadler,\g¢100 30 A
conveyor syt eieryidRendpsmalieeshjdds. convey the object 13. to and fromthe

pl atform 16. The cony stem conprises a |rstd§ort|on 62 conprising a

first conveyor belt @S‘yrtaﬁa[? iglierargater tan fnut dUYRY inesdediia pegeldRi ng unit

10 to the mlrajgmh@b&j@ctﬁs&ﬁ@mdy@eurteqarﬁ@s@mhe&&&ccalesaﬁp@dch gogveyor belt
68 extendllir_lﬂ fraomthe g‘ﬁatform 16 to the exterior of the 13 scanning unit

10, provi dHABrAP &lnear paeeleratyr (t'ﬂ’éatf?ﬁf@e)@ﬂ“a!'gg A FoeeleEtsgr RteMiar( 8f t he

conveyi ng mgéma&m DRIVOSOMbEES G aife®IERfrbrdi Vidiah Middiedl diBtdms/dn®@nphibe pl atform
16, to convey._ t ect 13fromthef|rst belt and to proper|y position

t he obj ectAd% C'%ﬁ‘vtaﬁég‘ i 18t FEMPIE6. TRROUTSS May Remay7otheseiieshv Ey§et he obj ect

13 to the gatmbinaben®, $6b ?ﬁlfséé afé dNPUNPet SecoMAP @t &&mpldle GBAVRYHNY system
may optionally include a fourth portion 74 conprising a fourth conveyor

bel t 76 t oSREAY &yray SIPYHESi 'A% PEbyesd: 2 WebngHh %%@l?ﬁHo ¢ apeieratorsm t he

pl at f or m 18icrétesnst UhE NSStatrorts PRE t &x@fmplélS THE SKis adufddl el kR 8w aAn
operator may_ secure the obj ect 13 to.the platform 16 when the object is

properly pBSioisoiRRe shebnas &3[5@8160'[ highe em'tat AN mPH?%thcof?é’éat'OBel ts

and/ or  cl paanss. OHer Q¥@RBS f mBhb&HeréRicTadiBibBay ABLRBAL 4LwEl, Sk fslermaY be
used, as well. Instead of providing one or two exit paths and associ ated

conveyor b@Pargy X1 radigticn maynRe yised. besogieentd, may Q%é‘ﬂ X5 BioR. E¥nvey t he
obj ect 13 s@nidie platform

One or more collimators (not shown) may be provided between the X-ray
source 12 and the object 13 to collimate the X-ray beam from each source 12 into
a desired shape. The X-ray beam may be collimated into a horizontally diverging
beam, such as a cone beam or a fan beam, for example. Here, the term “cone
beam” refers to a two dimensional, diverging radiation beam, such as a radiation
beam that diverges horizontally and vertically. The cone beam need not be a
mathematical cone; it may be an arbitrarily shaped cone with a cross-section
having an outer edge with a rectangular, square, circular or elliptical shape, for
example. The radiation beam may. be a rectangular asymmetric cone beam, for
example. Fig. 5 shows a portion of rectangular cone beam 80 intercepting a
portion of a two dimensional detector array 15 (discussed further below). If a
circular cone beam is used, data collected from semi-circular portions of the
circular cone beam proximate the edge of the circle would be typically discarded.
The use of a rectangular cone beam instead of a circular cone beam avoids
exposure of the object 13 and its contents to this extra radiation that is typically not
be used in imaging.
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16 and to convey the object 13 fromthe platform 16. O her devices for
conveying objects, such as rotating rollers, nay be used instead of
conveying belts. The X-ray source 12 may be a source of brensstrahl ung

radi ation, @hes63431P! €. The source 12 shoul d gener at eprii@ozidsiAt i on with
hi gh enough energy to penetrate through the thickness of the object 13
while the object is in any rotatjonal orle@tatlon on .the platform 16. For

exanpl e, for X-ray radfigfé-dhedgm Jandenar ey g Hivergieg r @W%Pe%rgo

conveyance, smga%sgerﬁ@np%rﬁgﬁml Bffierfdion, GURRT ad af trmgomtally ARGihg 13 whose
| argest thickness "T" al on e radiation beam 17 during rot atlon IS

great er than BEEdien Degagpt PiNCE Wéﬁs@ea%wa@e“@ﬁ%r\@?@@e dvibe gargeV are

ey Seihondrd IR 801881,y o RS OLART L, | 1

bet ween opposing corners o scan | ong
obj ects, duc mcasnlagﬁlnamdsﬁardb&mn.gwmler& fahrteaﬂ@aerga&BcﬂneWhaﬁbMecﬁﬁd f eet

| ong (about 6 ter about f (. et er t he

contal ner may DENEPECBY RETGAREL weivenits it i e fudpBRon 13 as "shown
in Fig. 4c. fibiedimensien, s keewn woihechrt. hen i ntercept a diameter through the
width "N' of the obje ch | e t hi ckness fhan t | ength "L"
of the object. A radi gbégmpeﬁ&’ér?\q\m?% %@épﬁgj% d&%ﬁf %P&fb%qrﬁ]? @eWEY/ or nore
may be used tuge aaé@&t@laﬁ’ayassdomm@rr@ @plu@uﬂmrueeed&ﬁfm@dm@@ta@thntnne 14

platform 16 as shown i i,s,noted that dep gﬁdl ngiﬂon t he packing

and ot hel9 cHdgaet Wheéﬂhéggfﬁy 'iaﬁ@t@ﬁrﬁ ihihe fam cha cege fearbrpufRieetori ¢ ni ght

not be practifRl mhPcihpie dd oSBrRIRMS cﬁ%@&n‘iéﬁ%’kﬁdal‘&ét%cﬂoﬁnﬂﬂulé@rtbght
position. X-ray radl ation in the KeV range may be used to penetrate through

smaklér car gd’et%@ﬁi‘@yrféﬁ@tl%ﬁa@%fﬁlgﬁd§|'ﬂfﬁllgléfheoqm@€t1§ In FIQX5r%190W§G|0§t i on
greater than @B%&rs]ﬂb ﬁdél@@lﬂ?%&q%lé%eé@%l:@%ﬁowﬁ hAQEOR b 8odidbeet 13, the

X-ray source |near accel erator, such as a LI natron( Li near
Accel er at or (shpwneﬂch@m@thaﬂy asraaWInbsmeamdam dr, 48 aimpdpdttberdptector array r ange of

‘égo‘gt vzr INf;nO;mmfh% o@ééﬂ H@Qn@h&h@% ﬁ@bﬂéht&"’cﬁ tﬁé'sc%ﬁ:hg%ﬁ llﬁlqaée ufoﬁ' Che Alto,

Varian Linat rawopan)in FRGO fpmﬂmfdhistremrpuanieMoghmnépnaidetmtmmb@le Q her
hi g ener gy gé [ aNnRd" S BRirdRY o fowk® &% B51uMiRE o o Sefiehfs! 5081 841 ©

accel erators,
photosensitive elements, in a housing. The components of the modules,

which are known in the art, are not shown. The photosensitive elements may
20  be photodiodes, for example.

If a fan beam is used, a single row of one dimensional detectors

(comprising a single row of detection elements), may be used. Muliiple,

_ closely spaced, parallel fan beams may also be defined by one or more

C_, collimators. In that case, a row of one dimensionai deteciors may be provided
25 for each fan beam.

The spatial detector 14 or the destector modules 86 may
comprise amorphous Silicon (“aSi") detectors, for example. The detector
module 86 may he an aSi detector available from Varian, for example under
the trade name PaxScan™ 4030. The PaxScan™ 4030 detectors are each

30 40 cm X 30 cm. To improve contrast resolution, the detectors may be
coupled to signal processing circuiiry comprising a preamplifier stage with
dynamically controliable signal gain, as described in U.S. Patent No.
6,486,808 B1, which issued on November 26, 2002 from U.S. Application No.
09/878,727, filed on October 16, 2001, which is assigned to the assignee of
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di msn3|on as i s knovvn in the art e det

m crotrons and betatrons, for exanple. The X-ray source nmay al so be a
radi oi sot ope, such as Cobalt-60, which emts nearly nonoenergetic radiation

beans. Ot her sources of nonoenergetic radiation may be used as well. If
| ower ener radi ati on may be used, the source Ss8 X-ray
tube, for vgé{a@r%ﬁsqynme or nore collimtors (not shown @ provi ded

between the X-ray source 12 and the object 13 to colli mate the X-ray beam
from each souheeprEenntin/entionlesnd dd slcayperatd@tiebX- refigrebemnhereip. beTh®! | | nmat ed

intoahoriz 0 [..a eam for
exanpl e, vir & RGN TEit fshe 3baRHf by oplele it STRTES oBIPH oBi ver gi ng
radi ati Ioln beaag:ooumms&snra bgadnamemgcdﬂlgam tdnf]cttmdioaﬁy gesnbihaing zaujécmnt% and
vertically. The con need. not ,be a mat he G ne e an
arbitrarily s’?i’é%%d'e%ﬁﬁéia{ﬁ g'nemssa%é%fm%‘ﬁ“ ’Hg‘bﬁrfﬂ'l B QW“E’@gésvvl th a
rectangul &, ®SHRES] indl. SCPbﬁ'afnth §lo7baYbCRl cRARBR, whith is S3siditldeo e

radi ati on beam may be a rectangul ar asymmetric cone bea for exanple. Fig.

5 shows a por&ﬁsme%fOfrfB%tP&?ﬁﬁuﬁt dnvestiere 496 dif IBEPTPREAL BpTRIREETES IR on of a
two di mensi Orl?échgﬁﬁ%% i hiacatPersitd 4id, @@%h@\%%lﬂsy a circular

cone beamis us ata co ect romsem-circular portio of the
circul ar cone beam pr oWhilathe defectoddé muty have Qfﬁtmm@emﬂﬂhmuhé% Yigheal | y

di scarded. T, RS rc r cone
beam avoi ds 'Jég%osur gﬁa St ﬁe&%eé@ﬁe&ogﬁaqﬁwﬂcgé{e f (ﬁi ss e%%?
radi at i on@ haahgpld, yipé deleciprs atay Heyeefficienaes obgbng. 103/.50meamb4/zwa311
PCT/ US200310384 n ef rqi.ng radiation
beam _havi ng 3@?2”8? gﬁys(gﬁ;%rrgﬁer% H@bfﬁ% {fgﬁﬁﬁé OQOH%f%bFﬁ Ogﬁfgs di vergi ng
rad{ati on begmeighingcaboait d oputina} sfor emmple ther ienagel mag rmifetdn@so!at:@o of cont ai ner
per unit ti t ha ne beam enabl es .f gster 5 scanning
than a fan b 6@1‘% Ofeflﬁmf @ngﬁw%o‘fr@eﬁ.ﬂ ?@fﬁﬁ\‘ﬁal"@? tﬁ’”é%@@n‘&" 49§t mensi on,
t he di ver genahe téteutor y4ﬁWHav@qmmmn@oﬁatbduhe mmerws@ce inthe first
ctg ga spati al

det ect or . 5The det ect or '12"%9’9 ofa deep detector that may e use in the present

invention is described in U.S. Application No. 10/013,199, filed on

November 2, 2002, assigned to the assighee of the present invention and

incorporated by reference, herein. In addition, the detector may comprise a

high spatial density of detector elements. A density of about 60 pixels per
20  square centimeter is preferred for larger obiects such as cargo conveyances.

A PaxScan 4030™, modified as described in Application No. 10/013,199, may

have a density of about 670 pixels per square centimeter, which may be used

for smaller objects. Resulting CT and/or radiograph images will have very

(M

high resolution.

25 The longitudinal or axial width (vertical dimension in the
embodiment of Fig. 1) of the cone beam 80 at the detector array 15 may
approximately correspond to the width “W” of the detector array, as shown in
Fig. 5. The cone beam 80 may extend longitudinally (vertically in Fig. 1) over
an are 0 of from about 2 degrees to about 30 degrees, for example. The

30 lateral length (horizontal dimensions in the embodiment of Fig. 1) of the cone
beam 80 or a fan beam at the location of the object 13 may be slightly greater
than the width of the object. In that case, cone beam or fan beam
reconstruction algorithms may be used to reconstruct images, as is known in
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be a detector array 15 conprising a plurality of detector nodul es, as shown
in 10 Fig. 5. Wen the X-ray radiation is in the formof a cone beam the
detector array may conprise one or nore rows of two di nensional detector

nodul es t owPRhAR/Is1K-ray radiation transmtted throughdiigBhsed; 13.. In
Fig. 5 a portion of two rows 82, 84 of detector nodules 86 are shown. The

X-ray source 12, shown schematlcall as a point source in Fig. 5 1is ained
at the det ectlp agr rayarieversongigs f@bP@@m may e dsed.nas webnparisheenser t he

scanni ng uni tfanfgeérhere&ﬂ{strué%ﬂ] gbr’é}gﬁb% bé %e&?&erae glnbh 'b%é@&%ét% ngach

t wo- di nensi on det ect or rises a r ows
col ums of dewtiluminade theawidis, ofmmtuteobpnbi&%nsatsm@ownemm in a

o e oot obone Tred et BB bE fre ol BBad S0 KROHY bg?%fgzﬁ'éem hiYis!
fan Ibeam bs ?ﬂéﬁd:tor&lrmynw 1gay bavabbuiothe sdimeess imnaleraieémﬁh of the deieu:‘twl I Si ngda
sin e row o e tion se spaced,
ol el Cf an g ircona Beg D miy PRENd BeREOter e e Siart saodrds Mot hat

case, a row gggrRs tQ'dE%DﬁB@'&ébre‘é@t%?te%ﬁlpl@)ﬂebéndﬂﬁ?‘bh%é dn%énéléﬁs gech fan
beam The spatlal detector 14 or the detector conpri se

anor phous Si e sgpnminggint) 1¢and theoppeciedrobistisist e examingsh %ledietefﬁ@'dul e 86

may be an aS I e trade
e P o anFrHg (BF iy, 268 bARhSA 960 P SANIARY SRR ey ahe 11ad
To inprov@ cehapesconfigemition amshavreindéSe dpplicationyNurabercigdZar 3, dilest gnal
processi ng CI C r PIRA ' nam cal |y
con ol | abl e él%ﬂr%g?xgg&?? ésﬁ‘;li ggtrol %dg%{ %’l 0f§@1€%§?%%"%¥@@@@88 131,

h i ssuedinsarpdrgtediar rei@en@dﬁrémoﬁh@.c&teoﬁqnpanrasaﬂ Bomajde a 0igf, 388, 727,
fi | ed on Cct %ﬁ‘r 16, 2001, which is assigned to the assignee of 16 WO

/U

2004/ 051311 S2003/ 038497 the present invention and is incorporated by
reference herein. The Cdmmﬁomﬂﬁdt ﬂﬂﬁ@)mgybﬁsadmwppwﬁiaﬂ befwesmf thear e t hat

ggﬁg: ﬁ?né SO' E@Eﬁ@nc? ‘Ihe aae?ec‘i'or arfay 81% thloef( sca&greercriaradi% fion ¥r019nrre%(|:i%Ct fhe Qnically
detectors of the detector array.
Shielding 90 is provided around the scanning unit 10. A variety
of shielding configurations and materials may be used, as is known in the art.
For example, the shielding may comprise two concentric steel walls, with the
20 space between the walls filled with a radiation absorbing material, such as
sahd, for example. The shielding material may also comprise blocks of )
commercially available building materials, such as concrete blocks, which are
_ inexpensive and easy to move. The heighf of the shielding walls may be
C | more than twice the maximum height of the raised object 13, in the
25 embodiment of Fig. 1, for example. Concrete blocks or slabs may be
supporied by an | beam suppori frame extending over the top of the scanning
unit 10, as well. The shielding then essentially defines a shielded room
including the scanning unit 10. A beam dump 92 of sand or concrete, for
example, may be provided behind the detector 14 to reduce shielding
30 requirements, as shown in Figs. 1 and 4a. Deteciors may be provided in the
heam dump, as well. The source 12 and detector 14 may be provided below
ground, at level —~1, for example, which may decrease shielding requirements,
A shielded tunnel (not shown) may be provided around the source 12, the
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pi xels, referred to as "binning", as is knowmn in the art. "Pixel binning" is
5 discussed in U S. Patent No. 5,970,115, for exanple, which is assigned to
the assignee of the present invention and is incorporated by reference
herein. Eggmiglsesior nodul e 86 may be placed end to ®@hfus2@Sofi@wn in Fig.
5. While the detector 14 may have efficiencies of about 1% higher
resolution inmages nmay be obtained with higher detector efficiencies. For 10
exanpl e, the d@getc‘é@'t' , $herggnveying S&Ftﬁf"t’:—"i%Wb'ig'@siﬂﬁiﬂmfab@ﬂ"si@%@?d@ﬁé@t%r. 25% t 0
about 75% S SRIRI o8, Aol idr SHaRBPdanhin GRfgE or other small obj ects
(wei ghi ng about 1 poundf, Por xarg) e, the 1mage may have a resol ution of
fromabout 0.2 cmto aboate®c®rdfdetecisadiayradisiimhiraesolitetitbrough théve i mage,

t he detector | xel ' An
exanpl ¢ of aPhebp- dBE T 43P BRkRRAR oty hoS T Biork E3MpHbI on 1 <
descri bed5i n 94, Shigdkp pddoneatricis tido dattOO(XpEt bP e fdetemtoroty iMovianiges, & 2002,
assigned to the assjgnee of the_present. i tion and incorporated by

ref erence, hé’l‘sé’f"ﬁ"?'eq ﬂ"'ﬁ\?ﬂ%ﬂ%’n TBﬁéx’H' w@’{%ﬁﬁmgng&wp&m&m&%@*& pati al
density of deseethesAREMSH:thd dkasbt ¥4,0andbpidnll) dthéetsteBrREs, Hsgquar e
centineter is preferred for |arger ggdtec,s_ uch as, cargq conveyances. A
PaxScan 4030fEussashifunthar baloWe s Anangdtordioiigy sionvarting ndfdces; @nd1athedo, nmay -

have a densi ieclbnRDeUinpEriéhtdi 48! BroRffedS 8YAERUIRE! | TRECEompliteF b4y, be used
for smaller objects. Resulting CT and/or radiograph |ert§?es w || have very

hi gh resdPut iconnecied Ttaea |disRiay 98i that displaysi te (Geansirycied timeges.di Fssion in
th nbodi W= - 15
€ embodi n‘éﬂﬁmgﬂ{er%ﬂmg})st&fe tﬁgjme%ﬁy%ag?ﬁgﬁih E\%’tﬁi?é&%?%ﬂfng%ﬂ?y > may

apppoxi mately correspond to the _ detector array, as shown in
Fi 965 The #iandfvinenmf@matiay abeuieerch ebjget 1dlisvehias thecime cad date theri g. 1)

over an arc Q. of ] npl e. The
30 1 atoral | SHSPhWERSFRARA Snd TS of Mol PHe SERRARG unk I BAPTT' O (1S
cone beam 8inaludeaa fban chdascartner ljrot| shoan) don resfd thiednfoinination 88d magvidee sl i ghtly

econstr ot B1e SerRb g e PR EE, ThE phetBlorEF B SRRSO omn

17 enter the relevant information though a keyboard or the information can be

scanned or otherwise entered automatically. For example, a barcode may be

applied the object 13 before inspebtion containing such information. The

computer 94 is also connected to the X-ray source 12, fo the conveyor system

20 and to the dﬁving mechanism of the platform 16, through outputs 84b, to

control their operation ({the connections are not shown in Fig. 1 to simplify the
flustration). Multiple processors or computers may be used, as well.

_ During operation of the scanning unit 10 of the embodiment of

CJ Fig. 1, an object 13 to be inspected is placed on the first conveyor belt 64.

25 The first conveyor belt 64 and the third conveyor belt 72 (on the platform 18,

as shown in Fig. 3) convey the object 13 into position on the platform 16, at

ground level 0 (Fig. 1). An operator may then secure the object 13 to the

platform 16 by ropes or belts, for example. The X-ray source 12 is activated

to emit an X-ray beam col]iméted into a cone beam 80 of radiation focused on

30 the bottom poriion of the abject 13. A fan beam may be used, instead. The

platform 16 is activated to rotate and recess into the cavity 18 below the

platform 16. As the platform 16 rotates and recesses, the cone beam 80

sweeps the object 13 and its contents in a helical pattern. When the platform

16 reaches its lowest level —-10, as shown, for example, in Fig. 1, the scanning

19



I 1 WO 2004/ 051311 PCT/ US2003/ 035497 the art. A narrower cone or fan beam
may be used, as well. Partial cone or fan beamreconstruction algorithns
may be used for radiation beans that do not illumnate the width of the
entire obj &2008051H% i s al so known in the art. The | atBeTAFS2008/G3/497 of t he
cone beam 80 (or fan beam at the 5 detector array 15 rray be about the sane

as the later f st ext end
laterally ovgdr néﬁ@%}’@ 'g %‘f H%r Sﬁrﬂﬂ{ OE%rC{ gpégrees E@ngeqjdgg}résees for

exanpl e, ~ depdoditingingnta hetaté rieribe osmnefdirectien s:rrannnthag oppomtelﬂrractd)nt, he

ted obje b d t I b haped
i ke a seni’. APEUIES 21 GUgr i th JUENANETS RO} oo GBS ATRIAR | B as shown
in U S Applicpibnally beumdrformdd1202, 273, filed on July 24, 2002, assigned to

t he assignee of the present. invention nd ncor rate reference,
herein. TRe detector afrefp impieraentalion, the dis a“§§ be&rgqn tﬂ@o%l*‘ f R4 (-not

shown) may a'tﬁ@obﬁcpﬂg\én@%ehﬁﬁd&%ﬂdttﬁé deldet@t LalayrbRcatsifi et @ array 15
to bl ock scattere radi ati on_fromreaching the defectors of the detector

array. Shi el @bagt times the maxireemdpdius @f ih?eo@@%tnﬁr hegradisition beamAl X iraety  of
shi el di ng Cor&fohatﬂe%}ﬁ Q amgﬁr@rﬂ%ﬁfduﬁhrg GRY dACaltSEhf &but 2 @95\6\]1’:' gpthe art.
ng ffmy Conpr

For exanpl e, e shiel e two concentric stee with the
20 space bet \ntegreeShend\rprelferablyIamutﬂ\btilag@esaddetei comedizmor Y mgayrmtemd al, such
as sand,,.f or, The shi mater r cks of
comer ci a'IOI y Ia}erﬁ@wr ThEls %roﬁébﬁ'ﬁt er aabou!t gbcﬁﬁa gesescg(gg?g@ d31 g%q?él? whi ch
are | EeXpensusvee%ads eaqarere@redpvafheT@aﬁd;]m glt mag ﬂhEﬁ I5dh ingdvabdniin Bﬁbﬂl ;5may be
mor gt han tw ce the maxi mum hei ght t he arse 0 in.the

b mont - orERN Tt S BkiE 16 Rl Tk StaRacr Aimemg gt
supported by ngivedpeam SHPaFdctibh sy %&hmpra NgABYEr 30betd Qponf 1,080 scanni ng
unit 10, as well._ The shiel di n t hen esseﬂﬁr ally defines a shielded room

i ncl udi ng t h@Jeetiens PET aREN cqrg efe moiation A the patfgm 18 mavge aker fdtlel f or
exanpl e, 1gay r&@nBiOMticAefbr RRAIMPE. t he detector 14 to reduce shielding

The driving mechanism may move the p!atform 16 vertically a

sufficient distance to scan the entire height of the tallest object 13 that can be

inspected by the scanning unit 10, or the driving mechanism may be

controlled to raise a particular object being scanned the necessary distance.

20  Sensors (not shown) may be provided to identify the height of an object under

test and to monitor the rotational and vertical movement of the platform 16.

The scanning system 10 may be designed to inspect objects of any height by

suitably positioning the source 12 and the detector 14 and providing a driving

C mechanism that can move the object the necessary distance for complete
25 scanning.

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

30 mechanism in Fig. 3, or another such driving mechanism, the platform 16 may
be alternately rotated and raised while being scanned. For example, the
platform may be alternately rotated 360 degrees (or slightly mbre to obtain a
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30 requirenents, as shown in Figs. 1 and 4a. Detectors may be provided in
the beam dunp, as well. The source 12 and detector 14 may be provi ded bel ow
ground, at level -1, for exanple, which may decrease shiel ding requirenents.
A shi el dedwageptsiithot shown) may be provi ded around twﬂésé‘ﬂ’?/g@“&"@ the 18
WO 2004/ 051311 PCT/ US2003/ 038497 detector 14, the conveying systens and the

platform 16, ddmfieRtic soF'ahdrited bgc%hbn%gég%ﬂnfn%mlcr@ﬁléﬁi Cohrdpdy smal | er

scanni ng unlts 14 de ray radiation transmtted through
the object 18d VEricalimotion cfthwat@nw@dmybarsmchf@nmréwt.to one or nore

conputers 5 94, whi ch ﬁ?‘ﬁ@‘rgs%%%l jilﬁg b%@haratg%!%/zﬁgg\;vgﬁeddgta%%ﬁg& 14 into

I mges, as discussed fur e Co nore i nputs
94a to receiamourt evhdatbamgracanmth rdaa—ttm: aod v&m;:aia'rmhommfitbm platfgrotiBdas ‘

detectors,. a i s sed fur bel ow. -t 0-di ert| ng‘

devi ces and ﬁ%ﬂ% r W i%ﬁ%gﬁ'é‘?‘é)gﬁa ‘? |rﬁ%‘ﬂ"e§jsé¥ h'lilg 81T The
computer 94 i, h%r@@ﬂmb%gbﬂr andwanfcawccﬁﬁdmmb (@yhﬁmh@yeocsr’amat@q@ﬂstruct ed
i mges. The corrputer %4 may reconstr 351{3{;3 es in a database,

along with dhe daattanmy %gﬂr?rﬁrGY'ﬁﬁgltBHﬁ%H@mp%‘ﬁc 8, fe§9’&‘ﬁ~% the time
and dat et he Rinkiiic WSmRied EMogrfthy heCTOL rﬁﬁ%é%f tA@ ARk dBescanni ng

unit 10 may include a bar code scanner (not to read the information
and provide reeprstuction egesithen feb "?‘Pfé‘stfblﬁ?ﬂﬂ é’P'UQ’lﬁt”CI' aagererhased e t he

scanni ng 441 tscAfnRGWiR Y Qine'int 61 £4ANeah AR FBlYnIA widguoh a keyboard or the

I nformati on can scanned or otherw se entered automatically. For exanple,
a barcode nay be aple@ld:ai veluaisiriectT seamung mayihesfgsier tham eomvealionahg such

i nf gfmati on. él:‘h g@u tothé’ay@eﬁwqﬁcg%r{& %eﬁ'{é&éﬁm% 12, to

t he~eonveyor sy I VI ng rrec anismo rm 16,
through out pwoav@ﬁbnat eT ayetemsolwmwess \n@penattherso@tdeem:oﬁnlewr powear e not

shown in Fig. |i, | S
conput ers ma)? Ogmeu@éﬁ ,%é’sg V\}é%e{&ea ‘Jfl‘ltg?#ggdgg}eﬂrn B’l)l "é’ny”‘#"s‘%"ﬁi ﬁ'%ﬁéﬂ%% t 10 of
t he errbodlﬁrrerl’ncreése E«:a;nnin‘g fimas.odnadthed 8asd,osdueca aatﬂienirmhtasan:deaocmﬂs on the

first conveyoqr b t fir nye belt 64 and th ird
conveyor be|>/t may, Orﬁgytﬁeéi ﬁﬁt twplzft aﬁower %ower source is used, s xe‘ ng

requnrements may be reduced, also reducing costs and the size of the
scanning systern 10,
Reconstructed images may be analyzed by computer 94 and/or
20 visually by an operator of the system. [f desired, the object 13 may be
scanned again. When scanning is completed, the object 13 is conveyed from
the platform 16. If the object 13 passed inspection, the platform 16 may be
aligned with the first exit path along the second conveyor belt 68, as shown in
(«‘ Fig. 4a. The second and third conveyor belts 68, 72 are activated and the
25 object13is conveyed off of the platform 16 and out of the scanning unit 10.
if the object 13 did not pass inspection, it may be scanned again
on the platform 16. The rotational and vertical movement of the platform 16 is
resumed and the source 12 is turned on. The object 13 may be readily
scanned as many times as required. Subsequent tests can be conducted at
30 slower rotational and/or vertical movement speeds of the platform 16 or higher
dose rates of the X-ray beam 80, than in the initial scan, for the entire object
or just while scanning suspicious portiohs of the object. If the object 13 has
been removed from the platform 16 before it is determined that additional
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as shown in Fig. 3) convey the object 13 into position on the platform 16,
at ground level 0 (Fig. 1). An operator may then secure the object 13 to
the platform 16 by ropes or belts, for exanple. The X-ray source 12 is
activat ed M2 31hn X-ray beam col limated into a cofETREAWEBIGF radi ati on
focused on 30 the bottom portion of the object 13. A fan beam may be used,

I nstead. The t4 Qr | td t S ol he cavity
sczg'lngfti [ ﬁ@cjf%ér%sﬁghée\éﬁflg%{ﬁothfrﬁ é.%h@@ﬁf‘%eﬁ@%, §2! RhP b

18 bel ow t he orm e orm rotates and recesses, the cone

beam 80 sm@@fﬁﬂdéoéﬁ}lﬁbﬂﬁeﬂgie&htﬁfqtﬁedﬁﬂoém@-i n a helical pattern. Wen
the platform 16 reac ' | V. z h r le, in
Fig. 1, the scanning rﬁ.’%ﬁzg%ﬁ1ﬁ'hc?%’%§2§§§§log§28°}]'gc%r§é%g§am I s at
the top of thackidy eftobkdts Thdepinapéaedn 16o trhaintain sebigh( thoeughput mgiet o rot at e
in the s irection or in the apposite.diregtipn dependi on the

i ving mbonip i Y5 sCnnird bf A0 BCS eI, BBiek) My 65 BRI 6B f or med.
T e A e i
times the maﬁﬂQFﬁ% PéoFPuEeo&rqc‘ff’é} 8‘5j %Q?cﬂ?e'yl' ﬁ@e rfISEIi uEhesn Mseasiony ig?ﬂg cone
beam extendi%ﬁgm@qéﬁtg%hthfor@Be@regygdpf about 2 to about 30 degrees,
and preferably about 15 degrees. The cone beam 17 may extend 10 |l aterally

over an arc a of aboutthgsolligctabd pasdeddijpeed . to tigesegand exit paoby 45

degrees i§ pfcﬁﬁtﬁﬁgrﬁ@- plAtREmP it B pIidFP g Wi S tHECIGAFN | donGadd befli T ecti on.
for one mnute. The platform 16 nmay be rotated 2-4 tinmes duri'ng novenent in
one_di rect i off, asoshasmingthe fopayewtof St seanningbunit 10 06big. fr ofhecthirdmedper each
corfpl et e "ot hitoffolR Befil 251 AF Beelbihiel B BOnIdYthG DojckP 18 @fagst T uct i on,
f or "exanpl e. e driving nechani sm nmay nove the platform vertically a
suf ficient dihetpiatioemt 16 acbonto e foudh cenvayoghelt 6. t he tal | est object 13 that

o e et ol DY A SRR Mot 14, ol DMLY BB STk ™ 0o
di st ancel 20teBynsaniy sfared akingven) theefputib qonweyaldeblit 78 Bde meiufrned foethbei ght  of

an obj ect un&s&orm 16 for subsequent scanning at later time, by reversing the rotation of

the second and third conveyor belts. The fourth belt 76 could also lead to a

temporary storage area for storage of the object 13 until there is time for

rescanning. The fourth conveyor belt 76 may also lead to another scanning

20 station that may be more sensitive fo at least cettain types of contraband (but

possibly slower). The other scanning station may be part of the scanning unit

10 or part of another scanning unit. In the latter case, the fourth conveyor belt

78 may lead directly into the other scanning unit 10. The fourth conveyor belt

(:“ 76 may also lead to ancther room or station for manual inspection. The

25 system may be configured to include all these options. Selection of an option

may be determined by the computer 94 under program control, by the

operator, or both, based on analysis of the reconstructed images of the object

13.

Since the platform 16 is rotatable, the original orientation of the

30 object 13 may be maintained, regardless of the path chosen. Here, for

example, the leading edge “B” of the object 13 is the same whether it is

conveyed along the first or second exit paths. [t is advantageous to maintain

the orientation of the object 13 during subsequent scanning on the platform 16

or by another scanning station, to facilitate comparison of images. If it is
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test and to nonitor the rotational and vertical novenent of the platform 16.
The scanning system 10 nay be designed to inspect objects of any hei ght by
suitably positioning the source 12 and the detector 14 and providing a
driving. meohandenstihat can nove the object the necessacyudiosi/asse for
conplete 25 scanning. The rotating and vertical notion of the platform 16
may be contipuous. Alternativel .1 he tion be i,ndexed. . For. exanpl e,
T arven byleTed e e the SReeunn GiiBe SRl it s ARIORRY imREd and

(r]I ai sed. |3(r)1 mommh b thratmesy deadigehsmperﬁommﬁiltw rb%itiﬁ ?mmamrm E‘S,darsiwan Ey t he
riving mechanismin Figq. . or _anat her, suc riying, mechani sm _the
platform 16 may be al f‘e‘f"’WBYQT Jhe QE%g&de&af?%gﬁoWéﬁqg@ BeFMee2tfned. For
exanpl e, the m@lepidiiran ﬂﬁev\}glamﬁi bAE A Sdourd)t Riteslos BRd ARBVERS §yterh! 1 ght |y
nore to obtain a 20 it 20041051311 PCTI US2003/ 038497 complete data set)

and rai se@ byegdgiodbetatgpysblerelcag e Rig. 1THB thesaaningunit 480 of \Fig-t4.cal

notion of th - , inse ' pect 13
nas been rai 2t BtanEB kS pBRRNG02T Ro b FRbn Al Sjeibiifarte
rotation andadeveliabave gmundrievs], such as aitleval i@ anits. Axplstfappdlb haslanhe sour ce

12 is turned d | t 1 th_t he

angul ar and \}@%5 3%%@02@% ﬁ%ﬁggséﬁ?gyemi%%é}??ggﬁ;'ﬁ%o@ﬁﬁrﬁgleeé%ﬁg&\mtt'{'eapl atform
16, are provilaest, initidl pesitiomp Anesbjéet 188ds sappbrten ore ttensppaercurface 108zt ri c
conput ed ,},0 " Claa es. nt i,on ve, . I tion

al gorit hﬂ'@ Pg’?i’fég%ﬁ‘é‘fﬂ@%. Wo?’fﬁ%ﬁ@ﬁ eiorpi%%gogg%gaa Bﬁlgﬁﬁ@f@%éﬁ ‘'ng with a
cone be?m or laisf amidretood dhat ttmlcmb]'ebtnw&lenw haveb-lelthe:ralheigmbuf’l‘ﬁemelati@g Ecanni ng
may be faster than cenventional , CI_scanning. ects may. therefqre be
scahned mor ehﬁ?ﬁeﬁﬁ f?%ﬁncqmpor@ﬂmgﬁﬁﬁ%rﬂﬁ{é%‘r B?S%tqrefltj??, "\ﬁx?wer‘ﬁeiq ar on the
source 12. Aplzpleeh 126uhAdy b motified e Fcemnobiste Wbistts 6f dthergihesscanning with a
| ower power source nay '

and/ or mai nt enance coépﬁﬁisﬁﬁﬂﬁggﬁ%g’g‘}%ﬁ%d&gﬁéﬁ ‘lé)%?gtb% @HS@&)@%’“@% °
source i g5uséfls viehi Blidaifhed with the source and the object 108 to receive radiation ’
transmitted through the object) are at a level at or above the height of the
object 108 when the platform 1086 is in its initial, lower position, such as at
level +16 units. The platform 106 is coupled to a mechanism 111, such as
any of the mechanisms discussed above, or other such mechanisms, to
20 cause rotation and vertical movement of the platfiorm. Here, the conveying
sysiem comprises rollers 112. A conveying beit may be used instead, as
discussed above. -
In operation, the object 108 is conveyed to the platform 106
( while the platform is in the initial position shown in Fig. 7. The platform is then
25 raised to an upper position where the uppef surface 106a is at about level
+15, for example, while being rotated, so that the entire object 108 may be
scanned by an X-ray beam emitted hy the source 110. The final position of
the upper surface 106a is such that the eniire height of the object 108 is
scanned, and therefore depends on the dimensions of the scanning radiation
30 beam and the distance from the object to the source 110. As above, the
radiation beam may be a cone beam or a fan beam. Also as discussed
above, the object 108 may be scanned while being lowered back to its initial
position at level +10, as well. When the scanning is completed, the object 108
is conveyed from the platform 106 to the exit portion 104 of the conveying

23



requi renents may be reduced, al so reducing costs and the size of the
scanni ng system 10. Reconstructed i nages nmay be anal yzed by conputer 94
and/or 20 visually by an operator of the system |f desired, the object 13

may be scyomely@gain. Wien scanning Is conpl et ed, thepobieeisnisior S conveyed
from the platform16. If the object 13 passed inspection, the platform 16

may be aligned with the first exit path along the second conveyor belt 68,
as shown in S¥FigM.2A0d eHe °§é€%rﬁ?aaﬂ‘88tq‘ﬂ'tr a5@onvs%rfﬁﬁe¢nyew§9 tefpe

activated anGohipfised raMaiLe12.1A édhvedinyDeRMnf be Abed MstoaditdsodiSeu8e@nd out of
the scanning unit 10. If the object 13 did not pass inspection, it may be

scanned agai @bo¥R t he platform 16. The rotational and vertical novenent of

the platform 16 is I egungfliRle! BF SRMcHBI LbobP S RBRAICAN112Ner Qhpect 13

may be readily scanned as nany tines as required. Subsequent tests can be
conduct ed5at cgovaylingweysterotimshamain phrntom above itheafirsheyit perionsiideafshef t he

platform 16 qr. hi r Se.r S - ray 80, i initial
scan, for th%ogﬁyﬁﬁ%%?@cgt I%\?eefj Tjﬁ' f\%\ﬂ?f“)’e&é@arﬁﬁ%@@%sapl %ﬁo&?ﬁ‘ﬁ%:& i ons of
t he object. ladditibealolekiecpath3frbas théescannigowaid fl8Gm tDeparidiig @wmmtbi® bef ore
It i1s determ ned that e];clﬁitional 2],t | L. VD i}004 05%311 PCT/ U52003/ 038497
scanning is ROUEYURER} ofthe scarring sYRlgM: i MaY S RAGIAGEELE ST ¢BCeF A ny he
rﬁversed tg_ lf@tﬂhrizgemhﬁ:;rg@i eﬁthelaommgbheysiémtt?megpﬂa.hiﬁb@elev@_cthanan@i 39 $f

t he same, Qbjec co reate a, back] og of objects,t e inspected. To
i nt i 10 hegHAR BOURBAD2r ancha opse: GRS HPBRI-PIHGR A2 B Cone

suspi ci ous okjgisn WBMd R ProvRiet lstbad bhtheSRA/RRA@xitpottidnat ty.altaadigpee fourth
conweyor belt 76, if provided, for tenporary  storage or to be directed to

another sitePpPBNi i Way alsts peveiasnan exk patisips suepisioys shiedts whils dne
therefore be el @yas axEarih 90k ridy EBXeS Un' G4 Gath! for dMckepaggngi t pat
by 10 rotating the platform 16 into a position aligned with the fourth
conveyor bel inspegliona Or Migshprveisar hin thip embedingant; the vertinal mgtiomiof e of Fig.
6. The thir dpﬁdﬁgm 106 enables sorting of the suspicious and acceptable objects. The
upper portion 114 need not be aligned with the first portion 102 of the
conveying system. In that case, the rotational orientation of the platform 106
would be aligned with the direction of the upper exit portion 114 when an .
object is to be conveyed along the upper portion.
20 in another configuration of a scanning unit 120 in accordance
with an embodiment of the invention shown in Fig. 8, entrance and exit
portions 122, 124 of the conveyor system are above ground level and a
source 126 is at about the same level as the enirance and exit portions. A
C platform 127 has a supporting surface 127a supporting an object 128. The
25 platform 127 has an Initial, upper position at the same level as the entrance
and exit portions 122, 124 and a lower position, shown in Fig. 8. As above,
the height of the source depends on the dimer;sioné of the scanning radiation
beam and the distance between the source and the object. In this example,
the entrance and exit portions 122, 124 are at level +10 units, the source is at
30 level +11 units, the object has a height of +5 units and the upper surface 127a
of the platform 127 is at level +5 when the platform is in the lower position. As
above, the object 128 may have other heights.
In operation, the upper surface 127a of the plaiform 127 is

initially in the upper position af level +10 uniis io receive an object 128 from
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fourth conveyor belts 72, 76 are then activated to convey the object 13 off
of the platform 16 and onto the fourth conveyor belt 76. A suspicious

obj ect 13, and ot her suspicious objects, my be 15 tenporarily stored al ong
on the foukidnwpiyayor belt 76 and returned to the pl gefrosianskRsdonr
subsequent scanning at later time, by reversing the rot ation of the second

and third convey belts faurth It could so lead tg, a tenporary
storage ar earﬁ!‘% &?‘6‘?%@%’*’8‘? q?ﬁeoﬁ'l'ﬁ 1é2t'§lm?‘f‘?é' 3 lower Rosytigp at

rescanni ng. Tigesl fr8UMitE, sheWaN Fig. B Whild Qemg}fo&lté‘d) td ersbdetha @Atifeesbjsganni ng 20
station that nay be npre sensitive to at |east ceh_%al n types of contraband

(but  possi bl'l);2 p atiptionheangetaitted Oy Abe pepree 42601 hedatismpli6 may bene
scanni ng uni topajdy £Hid 8 ﬂﬂérofb,é& mg%&%dsﬁm[ymawmrm is hﬁwtn'é@ 16 #d @;srpe?ase the

fourth conveyor be di rect Into the other scanni unit 10.
The fourt!® cc;msélyanraa)waﬁ T’n@ ¢Iﬁ9cta1%?omla¢am repayadtiros the plaiform §f2§taton for

manual | nSPeGiiio WenARie WS ATbOR94 SEH Sutiing Qybilh U Ak hose

options. Sele erm ne comnmput er ~94 under
program cont ritnxta,ttobgl of Hbe mmmemﬁs Otﬁrthbmylstenbeen'reiﬂ)rotheam?mat of thae

reconstructed, of the o 16 .i s rotatable,
the original P&?‘F@ﬂe@rﬁ“aﬂ’ ’%? W“ﬁﬁ'%%éﬁ E%g?rg%f)a%% Q&G% ngé&h%ﬁ]&h rn%%]es regardl ess
(i; t he Eat h cho\?ﬁn Helnethis wonfiguratiph, Sar;jt bmhaﬁ@ ]Icthg @ﬁ@&)naBlowér ekt obj eC':1
st sane e S __conve 0] t he sec exit paths.
5 acdBnt Doula 195 oo oanYAIE SYGP s, S i, ARy BB, e Sty
Subsequent S GpP memndmezmbﬁmbwoﬁvéﬁa sttém atrl@trél% iAeRsekadprl asi on, to
litate co r| son 0 e %é(h WO 2004/ 0513&_.:
US2003/ 03 F%iin?gei%?f 'ttQ?ét'Qf‘r F@M%‘?ﬁ"eoﬁs REXBPARLIr 13 in

s ubs equent i rmspﬁgus objev;@wue thBQIppﬁﬁémf B&Ebh Y128 8n@esdros 38 Gnt gt | on of
the platform 16, as well. A cavity in the ground need not be provided to

accommodat e  [PFRAIFRAHPATFING ingpestion; af WP%n@d’eﬂ'% As it the candigration ofFlg- conveyor
system 5!5”6?0I vafical fofibn foQHQObIét%fﬁ{ 126 Sy tidrBford -enbBle! SStiSE ¥R uni t -

100 of Fig.
suspxcrous and acceptable objects. Also as above, the lower portion 130
need not be aligned with the first port:on 122 of the conveying system and the
rotational orientation of the platform 126 may be aligned with the direction of
the lower portion when an object is to be conveyed along the lower pottion.

20 Additional information useful in identifying contraband may also
be obtained by selectively detecting transmitted energy in different energy
ranges. Filters (nbt shdwn) may be selectively provided in front of the

. ~ detector 14 (see Fig. 1) to improve the energy sensitivity of the detector for a
(: particular energy range. For example, the filters may be configured to block

25 radiation transmitted through the cargo below a certain threshold. An
example of a detector that is sensitive over a broad energy range and may be
used in the present invention is described in U.S. Application No. 10/013,199,
filed on November 2, 2002, assigned to the assignee of the present invention
and incorporated by reference, herein. Commercially available scintiflation

30 based detectors comprising photomultipliers, semiconductor based detectors
and gas ionization based detectors sensitive to particular energy rangés may
also be used. |

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

different materials, including contraband such as explosives, is dependent in
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for exanple, entrance and exit portions 102, 104 of a conveyor system are at
a | evel above ground |l evel, such as at level +10 units. A platform 106 has
an upper surface 106a that is also at level +10 units when the platformis
ina lower, initial position. An object 108 is supported on the upper
surface 108t 10 dhe taneray af e nX-106 radigtionn Additioaap liformatienossedel INL08 has a

hei ght of jHantifing TontrabarndSmip ErebRoMsd babbliRd MY s%ﬁhml]\ $dBYedaie ot her

hei ghts. The relative 1|ocations of the conponenfs of the s stem and/ or the
novenent ofvith fwo o5 magredtifigrepisensigy 9@“!%’8?'1‘% Qe of Becnmrpadisibylionsct s of

ot her si zefaylbe dr@mtreaﬁba@éragabner@ywwmﬁ tHeL BrirA 8 :ﬁte%rusﬁbpfhe(m%y shown in
15 this view but ali ed with the source and_t he object 108 to receive

radi ati on Tadialiqawith € ehiegugr-armrion scatarnga e éltheci gneygy digiribgionshove t he
hei ght of Ha@ haRB ;ﬂsgreéaﬁay\/mhe& fwemgetér@@bsl%wﬁu icBusd Prdgiédsivaly | over

position, such as at |[|eve units. The platform 106 is coupl ed to a
nmechani sm TPIe paifpredygtionand Iggs @‘I’fﬁptﬂ%’cﬁ?ﬁﬁ?@ﬂs di scussed above, or other such

mechani sms, to 2Q=&eéetaﬁmre0m5h@5aammg\4argt9+ s@}éa%@rﬁ digmetdrgrediat form

Here, the conveyi ng system conpri ses rollers convey |n belt may be

used i nst eH@n abeut yfeed ebadt hp Artersntvwe sy B'ﬁt”bW@SdBﬂéEF P![qus conveyed

to the plapf @(Erﬁ}/Jdéﬁrce‘éﬁ%liheaéo@%rﬂh@tﬁ&éﬁﬂalssof'4‘Mt\/hﬁ1d 70 WMalorEo@ivtdrRn shown i n
Fig. 7. The R/| formis then 25 raised to an%ﬁper position where the upper

surface 108&MVsorhighgiofpr examele. Atpeak gnewgiesRfiMeYand S MeVnlherstay ed, so

that the epididtion il BrdotantRabies Cﬁﬁ@%%aﬁélnr@n Haif iodeRn Rillidnjyed by the
source 110. The final position of th %ﬂ’ﬁ per surface 106a is such that the

entire hei §p@ ﬁwalkf@ﬂ%péasuﬁ'osx Y iateractiey, AhRerk prareies ot 18 MMnefls on the

di mensi ons 19iehhér ﬁ.@ﬁé\mnﬁ&erp%dl srolidtion Gs mﬁb@”@&ﬁ]ﬁor@'s%tﬁ#ﬁg thk&ym t he
object to the source 110. As above, the radiation beam nay be a cone beam

or a fan bB@A? aaMed as discussed above, the object 108 nay be scanned while

bei ng | over ed bﬁsksﬁaauért&]ééisté@h aé)%bhgémxfﬁéy hﬁ)\é@'ha”vﬂr@ aé’e%l r{fg Wen the
scanning is conp 108 " 'is conveyed fromthe platform 106 to

the exit peﬁ?fﬁnf@{S Qbab%# ZP%ch%Q/KHngF sgarv@ezm@wbewsq to 9@1?@32)@03/ 038497
ray radiation having peak energies of 200 KeV and 90 KeV, respectively. The

higher peak energy induces more Compton scattering while the lower peak
energy induces more radiation by the photoelectric effect, as is known in the art.

Different X-ray sources emitting X-ray radiation with different peak
energies may be used. Corresponding detectors aligned with each source may
be provided, as well. In Fig.1, for example, a second source 12a is shown in
phantom. A second detector 14a is also shown in phantom aligned with source
12a and object 13. The first and second sources 12,12a and the first and second
detectors 14, 14a may be stacked, as shown in Fig.1. The radiation may be
emitted by each source 12, 12a in alternating pulses, to reduce interfetrence due
to scatter. One or more pairs of sources and detectors may also be diametrically
arranged around the platform 16. A source/detector pair may be arranged along
a diameter perpendicular to, to the diameter defined by the source 12 and
detector 15 in Fig.1, to reduce cross talk and interference. For example,
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system . and out of the scanning unit 100. Here, the conveying system
conprises rollers 112. A conveying belt may be used instead, as di scussed
above. An alternative or additional upper exit portion 114 of the 5
conveying systemis shown in phantom above the first exit portion 104 of the
conveyi ng 8ySEUR strce/deterton pair mayt bepgawsled, alerg gnaisdel B fist @1chat i ve or

addi ti onal s@hl @alBydrr Bdnst 58 é@aﬁ'ﬁé Qﬂidhﬁ@hél é&ﬂce/&ae@teﬂlplaq P8y thee
envi ronnment of the scanning sy be advant ageous or necessary for

the exit perstiangddigh ﬁﬁo%ﬁ?h%*é%ﬂ@rth%}%‘{eéﬁf t“l? B@ngorabﬁsg@?ersq t@bthe han the 10

entrance p détthﬁaleg coht?eyelaaéloﬁg':\m bélﬁeTH@WtfoﬂﬁWG' @8y bbZratditbe conveyi ng
system woul d_be provided instead th wer exit portion 104. The upper

portion 118uffigientdeisit %P%C%weaﬂwéw.the E%Hrﬁe&’r Biovidgd p'ir‘ﬁtie’éii@c BIVERSs whil e the

first, | ovwgddiforal dBRIctdrOiighet WY ShVeoRse, 2 sthgld dBRichor I dfbitect s passi ng
|nspect|on or vice-a-versa. In this_enbodiment, the vertical notion of the

15 pl atf or AT UishBs Mmeyed g F"ﬂﬂj‘”&ﬁntl’”ﬁ@aﬁﬁb‘fec?%iﬁe and accept abl e obj ects.

The upper portion 1i4e RaHomRsolRes MANBE MédriadcBRrdtbrsSandit ttan 102 of the
conveying system_In that case, the rotational orientation of the platform

106 woul diBes gmitineerdiation &t klifesentdeak sRetgies: FBe @FPEPNaLaoHTG88 M Yon 114 when

an obj ect gk ifcfudeCorfeotv @R st diitio Zﬁééerlrp@ﬁ:fmﬁP@réde%T thé GoliftedMedyher
configuratjon_of a scanning unit 0 in accordance th an enbodi nent of

t he i nvent P&rCASRD. i Whigh £migs eéﬁ?'?‘@ﬂ%é“%!?ﬂ?"@%‘ef'c rﬁS@f‘%n%t fpiple1 24 of the

conveyor Sy¥sdrgyneveR. ?ﬁ@‘é@c@ﬁ%ﬁbé fzéﬁhaﬁaléofbe é@éﬂr@@oﬂ&%thé’ tg;ﬁe gpout the
sane | evel as the entrance and exi tacﬁortlons platform 127 has a

suppor t i ngragiatipRc 8UaD 28 R{UHOH + PiGe MiifeBlebies 8. raﬁ?@"'?ﬁ“%{ MMPIEm 127 has an

initial, U@iﬁ@fen@;@ﬁﬁtﬁ IcBRaiftm4tBRals A8 6feé/@i|‘fe|%ﬁtf 8 o?'ﬁéd:@tﬂﬁ\eto A@mixi t portions
122, 124 and a | ower position, shown in Fig above, the height of the

sour ce dept§dabight t1ﬁe“HiynﬁFPé’ld@n§d6'f'°’iﬁ4|e‘“§°é'§ﬁ?'ﬁﬂwdh?tamaé{t PBnuseidai and t he

di stance bREMFGRg tHEcSRaHLS Bf AB@bjdde object. In this exanple, the entrance
and exit portlons 122, 124 are at |level +10 units, the source is at 30 |evel

+11 units, the obj echlteraativelneihgheowee + B (Ant Deasaraiie efpSelectielt ace 127a
of the pl aélfﬂﬁtrl‘r@ ¥Zay iradiation @Y @lo op MbreNditi&enPeAd G rdithibutions! DRehower

posi tion. accelerators that can emit X-ray radiation at two or more different energy
distributions are described in U.S Patent No. 4,400,650, for example, which are
assigned to the assignee of the present invention and are incorporated by
reference, herein. If it is desired to use more than two energy diétributions, the
platform 16 may be raised and lowered multiple times. The object 13 may also
be illuminated by multiple energies from a single source 12 by selectively
moving an energy selective filter between the source and the object.

One energy distribution may be emitted while the platform is
moving in one vertical direction and the other energy distribution may be
emitted while the platform is moving in the opposne vertical direction. A pause
may be provided in the motion of thej‘ platfcirrh 16 before changing vertical
direction, while the energy is being chf‘:anged:. ‘While concerns over induced
radioactivity might limit the upper rang;a of the highest peak energy used to
about 20 MeV, it may still be desirable to use higher energies in small
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above, the object 128 may have ot her heights. In operation, the upper
surface 127a of the platform 127 is initially in the upper position at

| evel +10 units to receive an object 128 from 24 WD 2004/ 051311

PCT/ US2003%8364 871311t he entrance portion 122. The pl at frerrrosi@3zosssomoved to a
| ower position at level +5 units, shown in Fig. 8 while being rotated, to

expose the entir.e, object 28 10 r.adi ati.on beam em.tt y .the source 126.
The il at 1 or nEZdREgBRIOn  EPnpindr e iR PR b dts e oA Pust he

pl atfo(r]I rr:c i s eE?\MV,F?ﬁig?Gr éﬂim'g]upmrbeiijsedlsda seamtheastispieldus r&@en.ogj ect 128 may bfe
renove romthe platfor 6 at vel +10, a]Jong the, secon ortion 124 o
t he conveying system Aﬁ'l‘?@"éﬁl’é’?iqﬁé‘ac‘%‘?rﬁdﬁw Glse é? Fgﬂ\ﬂg%rﬁ%@new% 56P%t he

syst em and/ ofpchiishs"BNRAE NtheOplatibitn 18! & bektl esttdray rhgiatdsli fibadichiar
acconmodat e ot her objects of other sizes. | n this configuration

an
al ternati®e &atighng englesimabhve arepter sansithity te sartaindyras eleatesalbe\d ng syst em
IS shown in thlﬁtcfé'f@cﬁft]er@ﬁs( ta%é che'nﬁr?ﬂded Hﬁﬁ%ﬁagfig rgnQ%ﬁFrbBﬂdlﬁ%ﬁ‘neﬁébj e

conveying system at e hi's exanple,”as requi “deSired. The
| oner exit passhownigFigai0 deselectivelndetsct radialian seatteredispiac partisulebj ect s

while the uppe Ie%&is&%@%&%@lo&?‘l may serve as an exit path for objects
passi ng i nspéecti’on, oOr vice-a-versa. As in the configuration of Fig. 15 7,

vertical motion of thdspienhiicned 2B6/eydlye detactdroofeFigndbimaysms ti spatiaf t he
suspicio and acc aple.ohjects.. Al a ve. . the l.awer,.portiqgn 130
need not "be %%P%ﬂ%ﬁ%‘ﬁe%gjﬁ fﬁcﬁqt'oB&f%S@%%r%qgn ﬁ’g %%@elﬁoﬁgeg tem and
Ej he rotati ?aaérg-y)lﬁlimmbhonAMmhﬂﬂ.@Iyplamténnggy k@ﬁsiﬂm/db%c&iri 'gtbemagﬂ' Beh the .
irection of the. loyer, portio ep _an lect iis to be_con ed al ong the
oker port | oproviage Rahie e spaal el 5 S oy oteptaTa hF IRy f s AL r aband
(rjra%/f al so b%.OWh@bé@ﬂ}cbrénégyl%@hkfﬁ% &etdebﬁtmh nmytueaalaaieh*ltcﬁdar@p.elmwed n ded |
ifferent energy . ranges. Filters _(not_shown) nay he selectiyely provided in
front of thet%eJ@P@HPBr W(‘%é‘éﬂﬂﬁ’ é‘gmlf’f laoc‘?rff-{)lbﬁﬁ%" '3‘?\% d@?@&ﬂy)@% St ivity of
the det epd or cdriris® onaP@ fnbfd!fciis SMROIIMEAIERal dritfgyesaiERIVe, ddiidiofsi rf ers may
be configured to block 25 radiation transmtted through the cargo bel ow a

certain threBpdem ofgetegionmoduless Thesecend detepipnil4b ayhasraspoesivi iy a broad
energy rangemangigh&y eRBrgy X-ray radiation transmitted through the object 13 and

through the first detector 14. Preferably, the first detector 14 has an efficiency
up to about 50%, sc that a sufficient amount of X-ray energy will pass through

20 the first detector to be detected by the second detector. The first detector 14
may have higher efficiencies and still allow sufficient X-ray energy to pass
through, as well.

Instead of providing a separate energy sensitive detector array
C. 14b, two dimensional energy sensitive detectors in the form of detector

25 modules, for example, may also be provided among the two dimensional
detectors of the first detector ari'ay 15. Filters may be provided between the
detectors 14, 14b to remove radiation below a certain threshold, to improve
the sensitivity of the energy sensitive detector array to higher energies, if
desired.

30 The detectors of the second detector array 14b may each
comprise scintillators coupled to a photomultiplier tube, for example, as is
known in the art. X-ray photons impinging upon the scintillator cause the
emission of light photons with energies proportional to the energy of the
detected X-ray photons. The light photons are detected by the photomultiplier
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used in the present invention is described in U S. Application No.
10/ 013,199, filed on Novenber 2, 2002, assigned to the assignee of the
present invention and incorporated by reference, herein. Conmercially

avai |l abl e s fwhidshgli on 30 based detectors conprising pbousiwsdssbi ers,
sem conduct or based detectors and gas ionization based detectors sensitive

to particul ar  ener ra S ma al's e used. i kno in the art, the
o brnet o bbaibe cafiE s BbartBra iR Shay die fetsPed ok phelont
contraband spelseaBeighplAeRiyéers (‘PHAHRRENBE Nised Mo aHahpar theOdath PorBNBEgy of the

X-ray radiation. Additjonal informatjon useful in identifyjng contraband
may t her ef or 8NGI%o SBRSIER Heteciosy siﬁ%n?‘ﬂ@tm@m BRYede 83 cefjuph ipdideor nore

di fferent engrgiilathStdricRdbipfls. One of the energy distributions may be one
with an average energy 1n which the primary interaction of the X-ray :

radiationBwi th the objlsagesdmanheprpasehbesad ony dateeoliscisdrat eaeh ppak

di stribution yrsaél?% o] SS| | ghe S w | |
cause progre%ﬁ@] y rrée)t&pg\%'fraa g?héﬁu)éﬁvo%%arqgweggg&&%t%f'gihﬁs%%{é%%?i ng. For
exanpl e, wherespeaiiienengrgly atigfgbutist, &t sacghhemishgf thadobjest ¢3. Jlatatpmintst han

about 5 feet . r | [ i rovi ded
by X-ray soupéﬁge%wr?‘# gc‘&r}r‘g‘f@r %@ ﬁ?g‘to%{ %ﬂg{gg%’s%‘fsﬁé %%%E?L%%R%Be 6 W and
18dM/ or hi gblﬁedsbgCommm_ :seatteﬁngpwbgghwde@mnbbnﬁmmduﬁ]bh’gﬂ,oﬁ he X_—lriay
radi ati on.w r edom nant C t scatter,ing.. Pair production w
Ly bota", g PRERETIE ShbtraBEtiRe VRS Fats RIS el oM acBhBal Dnor o e
of 1? MeVv o[ th;lﬁgh@veﬁrgi@b@ﬁﬂlfbie usa_é;ee q.?apefilr pmﬂumri,?mim ig mbm:dh | nt &Nt 0;\(

scC ering es ace_as . JFar small er opjects,. such as  |luggage, X-ray
o T g 25 o Bl B8 e et By VA B AsBtP D 18 qblscie,

exanpl e, may shsartefdsdahnee WtikRiation havingatbr! than the \éneyydiskibaneigi es of
200 KeV and 90 KeV, respectivel hi gher peak energy induces nore

ely. The . ,
Conpt on scat F‘éﬁ“?n@f vhe | eqrmatipgnebiafiedi at ey fnergyy be ccoriaiated ( igithe i on by

the phot 98! effdrvatieh [dbEdined Bt e KIRAN Hdwdae, MetaddiidnbP irfféimaliohayay our ces
emtting X-ray radiation with different peak energies nmay be used.

Cor r espondi n§filka eatigicallasiggiieantwilmpoe semirass mayderiproved, as well.

. Separate images may be reconstructed based on the scans at
each energy level. The images may be compared visually or by the computer
94. The data points in all or some of the voxels of the 6b}ect at each energy
20 may also be compared or processed 10 derive information indicative of the
material content of the portion of the object corresponding to that voxel.

Different algorithms may be more sensitive to different physical characteristics

of the material content of the voxels. For example, one data point for a voxel

C may be added fo or subiracted from another data point for that voxel.
25 Altemnatively, or in addition, a ratio of two data points at each voxel may be
computed. The ratio is a value dependent on the average Z and average Z*
of the material in the voxel. Other linear and polynomial combinations of the
data points may also be used. The resuiting values may be compared by the

computer 94 to a database corresponding ratios with materials to identify the
30 material in the voxel. U.S. Patent No. 4,149,081, for example, discusses the
analysis and viewing of data sets derived from different energy levels, in a

manner generally applicable here. U.S. Patent No. 4,194,081 is assigned to

the assignee of the present invention and is incorporated by reference herein.
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be provided, as well. In Fig.1l, for exanple, a second source 12a is shown in
- phantom A second detector 14a is also shown in phantom aligned with source
12a and object 13. The first and second sources 12,12a and the first and
second detectors 14, 14a may be stacked, as shown in Fig.1l. The radiation
may be emtted by each source 12, 12a in al ternating pul ses, to reduce
interfetrence due to ST tdata @iﬁsoﬁornmcm prakelsam‘ agsaudepsndamnd alettket or s

| so be dj anet g
Cour cel det st $ea of ey els el Fafgee it UE ubidler Hhe T AN AP Lo, 1o

the dianeter ghetdriaeehdiybé h@eféphlfi@@nﬁ@l r&nt@@bﬁ@t(@»fpldﬁvégwnEa;lgarlma&é:nal educe
cross tal k and |nterference For exanp second source/ det ect or

pair may be piilged @IUQﬁgf%ﬁxampie}ofH‘?\ﬁ%V% ?@td%ﬂ‘?ﬂy of dbe At ighwadobe bel t s
64, 68. The %%HFCI# %@kflemﬁﬂlgﬂr?ﬁte% ggaiﬁgéémydep&tieeoﬂtﬁdﬁ'&ﬁg n@hg*ﬂ@”ough

above the | eve t he eyor
conveyed al or@leﬂ&eom&Iqi@rac'f%tplsabff’fbencdrﬁra’migndbe"rhal(shedigeon adergdf/ friay ent

hei ght to be nned, by all th ces v dlng .
addi ti onal e'?érg? of sd%'yqeéﬂ'é%l eq,%s? PR ur'!‘{e g‘é'l"ﬂoqu%ﬁg c“zt[')"("ilp Ar et ect or
array coul d gedimgvaxh i NTloe f\»lallwrmrthev%e;nb tveeadd \Zea\galageeiQ) Iih@madmdﬁs onal
sources may he, linear cel erat or s and/ or, t ubes tti ra atlon -at
di fferent pedﬂdpe‘??é.}d&inés‘% &ﬁed%laﬁi{vt |"6"T’r}ﬂrl‘g éblﬁ'?[‘g% Wa;‘)Ub\éﬁrg?‘% ﬁéf?g

nmore radi oi SQ’h@rﬁlﬁﬁwedFQbo@(%\tﬁbﬁ,mélﬁ@rr@f;céih@)rﬁbluéﬁ@ﬁs hythe haluesbabl -6, vvhi ch

emts essential l}ﬁ rmnogner tic radiat | on at nultiple energy levels. The
second sour c&'SEBY: Fhyely FpSEEoRNIB ec@ of another type of radiation, such

as neutrons. Since diffeefage¥RRsived ol it b@&bd@kén'e?)ﬂéét@tlvedjétéﬁbﬁm|y
with certain rraterlals use of a different type of ation to exam ne the

obj ect 13 may'4pr oWhitR RN Tapteriak GianiRNto KTenmationayhaxe Jvsf tasolution.

i denti fyi ng_tdGr&pRhamMoSveimehiR @W.%bes NekioENHohY abts cdlleiedWY R firdt My be
capabl e of selectively emttin -ray radiation at two or nore different

energy di st ridstaGtemad, WhW@aﬁaVeag@BIréﬁfa'UB‘P% "t”ﬁétbecfé‘ﬁeérri’@xekbb’a‘@xﬁbm'ﬁ't i on at
two or more Ghd frﬁégégl d&r\%rdgfvomdia%é frbRHine Q2 oA BefREST 1ALt JiBiddrSinffee Nt No.
4, 400, 650, for exanple, are
with high spatlal resolutlon that also indicates the material content of the ‘
voxel. The position, size and shape of suspicious material, as well as the -
identity of the material, may then be analyzed visually or by the computer 94.
The computer 94 may implement software programs that
automatically analyze the images or the image data to identify suspicious
. objects or materials, as is known in the art. Software may also be used to
| enhance the displayed image to facilitate visual analysis by an operator. For
example, edge enhancement programs may be used, color may be added to
identify certain types of materials and surface rendering may be provided, to

make cbjects more recognizable, as is known in the art.

To scan both large and small objects with the same scanning unit 10,
one or more linear accelerators may be provided in a scanning unit to emit
radiation beams with average energies greater than about 1 MeV to scan
objects whose largest thickness is about 5 feet (about 1.5 meters) or greater,
and one or more X-ray tubes may also be provided to scan smaller objects. For
scanning smaller objects, such as luggage, X-ray tubes with emitting radiation
with peak energies of from about 90 KeV to about 200 KeV may be used, for

example. The sources may be selected by an operator of the
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assigned to the assignee of the present invention and are incorporated-by
reference, herein. If it is desired to use nore than two energy _ .
di stributions, the platform 16 nay be raised and | owered nultiple tines.
The object 13 may also be illumnated by nultiple energies froma single

source 12 by el eGLIVElY v TRYLDY (ANLAPAEOY SELECLIY Brckideliap hgkuren the

source and tﬁ'¥58‘b”j e energy d I but1on y be emtted while the
platformis tmosizagf ihe afeetibe sygam ey estomsticallydelase ther sV Cener gy
distribution my be emtted while the platformis noving in the opposite
vertical direction. A psiras ofreyy dlengrwith diegonsirudtisgneti vhaasss, tlamsingr at f or m

16 before ch ' rtic i ' hi e ' ' .changed.
Wi e concer R TaEPHF tcte bf ShiTacpR itk SRR A S B S0 oG

t he hi ghest peakcomeugyimmsmed dfdamixaoytiaridd dMeMe dlijectadB. sFewbr bmjettishs abl e to
use hi gher energies in. small 127 WO 209.4/0 311 P /l{SZOOS/ (?38497 area

i nt errogat i off'e ERIUIELARAN & GTr regOBLYFION, fOT SIS ) 'BMINRE IFHGSFPe a | ower

energy, a hi g8insBledYhd¥RY PeabRePOe Sl 30NRoRBEGNS: IcdUh sé?ﬂﬂa%ﬁ b
plurality of detectors may also be provided in a plurality of |ocations

around the pPAEfdSORTe 6 rostige: o LXawala: drABINPRERRNPEHCopAPRY Harefpre ke
scatter'ng apesiRYCTAUEoiiBRAGH. TRBMCSHIiOY of Ihé BhbGd YRSt K as

materials. A single detector may al so be provi on a rotafing ring
surroundi ng gRedobfe€l, buisisstwhar i thapi gonvantippals épdiepiapdey dek@dithaf adi at i on

he. det ect or 'S0 Eractl BloorB: SreSfncl® HERECPIS, 3 oS IFRSieRaR] OV
ra(di ation tr tawsinet tassbgrapyugiay theecasijustad ar aatengerhbjeent? gy adiystarn blit i on.
S ot e, PP IR L AR Sl 3B 3PPVl R0 1 (e
ener gy sensi platferdeifeatdincibatentaly meviagdee pltiormaertivplly. Wednmay Heerrizdi at i on
more 1 ous of CQUS ke saReanER fsbRiu o et B e . SR B oy o
det ect or nodabekher Tgeseatatidn dET ex tsomeldthemayalhsis mepplom soréudied ob ke hi gher
energy X-r ays&sapqti:igasi ?ggigig %QSa”Piottﬁ(?rdséa%?n“ggﬂnﬁ %? a%?j-t%:é. ﬁanau%(f] inspection
may also be performed on suspicious regions. |t may also be desirable to
conduct CT, another analysis or hand inspection of an entire object that
" shows suspicious regions. '
Conventional planar fransmission radiography may alsc be
performed along with or instead of volumetric CT imaging, by providing a
vertical line detector, as shown in Fig. 9. Fig. 9 is a front view of an object
(‘ 202 on iop of a platform 204, with a vertical line detector 206 iniersecting a
- two dimensional, horizonial spatial detector 208 (for volumetric CT imaging
based on a cone beam of radiation). The portions of the verlical line detector
206 and the horizontal spatial detector 208 behind the object 202, the platform
204 and the driving mechanism for the plaiform are shown in phantom. Both
~ detectors 2086, 208 may be detector arrays. The vertical line detector 206
may comprise two delector arrays 206a, 206b extending from a center 208a
of the horizontal detector array 208. At the intersection point between the
detector arrays, the verlical line detector 206 can use data from the horizontal
spatial detector 208, if necessary. The vertical line defector 206 may be an

arc, as can the horizontal detector 208. Rollers 210 are shown on the
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through the first detector 14. Preferably, the first detector 14 has an
efficiency up to about 50% so that a sufficient anmount of X-ray energy
wi |l pass through 20 the first detector to be detected by the second

det ect or. Weeobdssdindet ector 14 nmay have hi gher effi ceencinesmadrstill

allow sufficient X-ray energy to pass through, as well. Instead of

providing a s rat ner etec arra C.14h, t

di mensi onal %@?’Hﬂ @é erf' Se‘fnéét#?@gq?‘:’rﬁlz?'ﬁt@ﬁ}f'oﬁrﬁ%weﬁ'@gé)c?ﬁo(fou@ge nodul es,
for exanpl e, usey, salwel. be pr OVI ded anong the two di nensional detectors of the
first detector array . be provi ded hetwee h efectors 14,
14b to renove radiatio B@W&J’!ﬁ?é‘ E$¥%4 et #7380 15 PR nggﬁ(??ﬁf 86% d)th'@% .
sensitivity agfiidiea 9BRicEYfab Daa is\Boviel i Gt oftheddburés thcg fsﬁbwﬁraﬁltms es, if
desired. 30 The detectors of the second detector array 14b may each

conpri se Bci WEWM atlBpsralieigpltd (Pb belthraaobe sed | @rmplﬂ%ethef‘éme@xa%l e, as is
known in the éﬁiont l B¥mPIRRILPRFoUdthE PeBfh, umnvérh@amﬁé%t ceHVp ;ﬁgyse the

em ssi on of |ght otons wth energl es proportional to tie energy of the
det ected X- r egmpties ar@l@nsera@'ayp §ideephdighenerpy caaversios dleigctomgements,

phot omul | bl sieZ8 oo 20 6P h RN RO 2o ibGmglhgssgout put 1

proportlonal e“energ ec ong. TPBG| §8 I ght
Anal ysis (" Pb”él“tk:ahmye tseammngj may takel plaes telrtberdbefaré ooraftehevolusnairig\CEensi ti ve

d Th | f
ol o 1% | Heagiiid b Veieal e pAy SHELK Mmoo 30 Instiined oo
energy. Sé\QadmoaltdStzd?mwbo?a \rmm?dmrcdb'l’ F]magb f Fon‘emn;plel, ;gjatfnaligx:hndt -
t ener ISLriputi on or eac O X, ecC a polnts
horCved v onPComiRAEEL MRER AR, Her oS Fede Genitiale S #uF! s63s i on' s ho
tleg f tecr:]ts OI Gmffitélﬂlnécsﬁfahehamgpthﬁulyibel cordepledde onrsuspreioat abjecthignber Z of
e materi a

scanni ng at ‘Pﬁ'sgﬁ%'t?"gé?lg’% 6%’@?96\7\: Rleis \é@t%g@?aoﬁo b%"?glamgg‘{fé\fg?‘?ﬂﬁﬁ m chis
dependants 0nalsgbazsonaactwbhs@so@gﬁémem@édwthégwortzantaaawea@r gegirees. \Wen

the object i t?ns or other embodiments by moving the platform vertically without rotation.
In another alternative, a line scan with the vertical line detector
206 may be performed as described above, and then the platform 204 may be
rotated a small amount, such as onhe degree. The line scan may then
20 repeated. Line scanning and rotation of the platform may be repeated up to
180 degrees, for example, or more. The collecied data may then be
reconstructed info a volumetiic CT image. The volumetric CT images derived
_ from data collected by the one dimensional vertical line detector 206, based
(-«_ on examination with a fan beam, may have different image characteristics
25 than volumetric CT images derived from data detecied by the two dimensional
horizontal detector 208, based on examination of a rotating and transiating
object with a cone beam. [t may therefore be advantageous to reconstruct
‘volumetric CT images based on data collected by both the horizontal and the

vertical detectors 208, 206. "

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

horizontal line detector 208. While use of such a system may be slower than
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separately scanned with radiation having nore than two energy distributions,
sone of the information obtained at one energy is correlated to the 15

i nformati on obtained at the other. However, the additional informtion may
still be stwedemipnsisdll y significant. | mage contrast naypoguszps/msed, as wel | .
Separate i mages may be reconstructed based on the scans at each energy

| evel . The i | |y, O t ._,The data
points in al @g?ﬁ%tga}%vogfmgﬁm%ﬁﬁ%% b f%h%L g%ag Eg%n%g(%ﬂetﬁ)@ &%’4}%‘ may al so
be conpared disglacerestedd rolatior ofitbeipidiforme2G4oit could iatsxt hay lsefexpbvesiverat er i al
content of the portionT f the qc/)(%] ect qgrr.ezpongi ng t.;aj t hat., voxel . | f f er ent
al gorithms may be nor e 98 RECPNY SOPECE,1fe dP g hHYEY &§0 &t 2. PEaMs¥fi cs  of
the material regiationtthall id beltimateel into Rorpepsiitdat. OFig, ddt B ROksHeridtlc a voxel
C may be added to or _sub‘;ract_ed from anot her data pgint for that voxel. 25
Al ter nat i Pel yeprgsentgtion af a pattion of a-caRniRY UpS08 NGdiRg ueh asoukeH 2doxel may

be conput ed-an‘d@ﬁéﬁéiii Kedn®, aﬂoﬁ%«:ﬂﬁ RS BEIREE D thA drfifs 3YSdiafth Beafidnatver age 22

of the material in the voxel. her |inear and polynom al conbi nations of

the data poiihcelim@edine apeongsbepmTékor asfanthesy. a8 dissusaed akoveonPar ed by
the conputer _ OR%lL i | ' to

dent 1yt he Pitfonayadh SRS 2R dbfick 3pR° TR O HobliolfBh B fetefis ©
exanpl e, di scedistion tramsmitied ttyrouigh thelohipel3(2g as disttssedsalvaved ef idetattdr om

di fferentengngy o] |2 i : S. Patent
No. 4. 161005208 Ys sBYBuaed, hopBfiRd Bh HERAAGE igdeR, AN J68 frwtle®, 0% <

i ncor por at ed enpugle fartha objeekbioehan movad thitbagiel hearimp by tlse Yenticalanbvernerdl ar e

o oC, e e Al R 262 Kb b el ABITRRBAR R A B, oo
(expl osi ves, thriplatferm 362 eotatdls abmud] toInh@gethe dietegtor iftora dasing wsitidrideever, the
const Y o ¢ R B o Skl el St o e 51
t he cont ngbamd. rotdted eimangeved vadiosliyt shroih tHsaHsy 308 y0ehe s tex Rkoipgve appear
i ke an i nnocueo S Jmat edrié al on - radi o F]a h. Tr,e, val ue of the ratio (average
Z/ aver age z2yM cﬁ‘@WéVl?r : %Sefrﬂﬁ%\i?eﬁa@ﬂ& 8‘?3‘{‘%'? YEYSPESNaYE R  ng it harder to
subvert the system Asif scattered radiation is to be detected, the source 12a may emit
radiation having a lower energy than if iransmitied radiation is fo be detected.
The source 12a may also selectively emit radiation having two or more
20 energies, as discussed above. If it is desired to detect both transmitted and
scattered radiation, one of those energies should be high enough to be
transmitted through the largest thickness of the object 304 as the object is
. being rotated. The detector 306 may be moved into alignment with the pencil
C beam 301 emitted by the source 12a, on the opposite side of the object as the
25 source 12a, io detect transmitted radiation. The detector 306 may be moved
to any desired rotational position around the object by the ring 304, other than
in alignment with the pencil beam 301, to detect back scattered, side-
scattered and/or forward scattered radiation. The ring 308 may support more
than one detector, so that radiation may be detected at a plurality of angles at
30 the same time.
Imaging with a pencil beam may be more sensitive to items with
certain orientations within the object 304 or smaller items than volumetric CT
imaging, but it may be slower. The pencil beam may be used to examine
suspicious portions of the object 304 after CT imaging, or the entire object.
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menti oned above, other mathematical conbinations of the values may be
useful, as well, as is known in the art. The inages derived fromthe second,
energy sensitive detector . 14b, while providing naterial content

i nformati on, have | ow resolution. Corresponding volunetric CT inages

e L OThABRSPHL ! o ddif ahi/ch tne HfkBeteALticbior e Ideidtan sod) of

resol ution, used,” vox voxel, the i mages derived from data
fromthe seggnekldataht aotatidghal posifivrelofl tag detestps, Mayt #ispighvaiird talbe

resolution that alsg indicates fhe nmaterial The
posi tion, s%eéﬁﬁs'gﬁ%%éc ald %F@?Igu?%&%gﬁcgﬂ?‘% s?n\(%/{élbfeggsthmjém t|hgent ity of
the mater gib%emﬂ_ﬁoiz hesy Be vamiakly zedvall. s Takl enengy bl tHehperwinpednermayd beThe

conput er y inplenent software programs .that  aut ticall nal yze the
i mges or th@ried@@‘l@wﬁasqaﬁeﬂﬂérﬂq@f& s plasip FEUCyge @25@8 &Pn ’é?’ﬁhsl s,.-as is

known in the, By sROkMACENETARL SRt {@fiiclon S6RRITE) bhmelbsibaned | mage

to facilital a ysi's by an operator. Fo exanpl e, edge enhancenent
progranms nmayf the alfect,30dol or may be added to identify certain types of :

mat eri als and surface,rend t'ri]ci)x{]s%ie%%\ig,e.?ﬁllrcgvéjiﬁ@%nt tt?rﬁeéT%lferaBEJtrgﬁr;ﬁa re

recogni zable, as is KRBWHE art 0 Scan bot h"Targe an obj ects
with the sajesetailierghiyniith trtainanatesialsypraviding additianaldhformatios thaty be

provided in a scanning unit.to it radiafjon_ b ' ner gi es
gr eat er thaﬁ“%%?sﬁuﬁévg?%t'f&'ggﬁwewéeﬁ 0&#&%&%@@@&%}@%&%3@ ‘lﬁts_about 5
feet (about gy Bert B8N 301 GG I needndt bo@ suure®oLEXtay agdistibres Tiey al so be
provided to scan smaller objects. For scapni n%ns%aldéer Oﬁ%j efctes tron ch as

| uggage, X- FYICEUNRESMAY R 2RPYIGERY NSYPRE: Ioh QNP f aRVERYJIEL DY from
about 90 KeYnhiRr dagsHtysdOof@MisRy: Rey Wsetked iarthe etammimbodinentool thes may be
sel ected by an o?eratc_)r of the 30 siystem ased on the size of the objects.

| f sensors aresept bwealen discyrsed iers RRVSHze of the object,. the system may

automatically select the sources. Instead of or along with reconstructing CT
i mages, | aninar tGifoypaphyhighengreyoXgay dadiatiet sabavet #raub et MeM et of the

present i NVORIMIME refePreti8s ANgarhmalraydTBE8MeI0ds héffdnal mBY dtRive AsibAth obj ect 13.
Fewer projections e . ) o

fissionable material, such as uranium and plutonium, facilitating the

identification of nuclear material or devices hidden in the object 304. The

detector 306 may be adapted to detect fission byproducts, such as neutrons

resulting from pencil beam scanning with gamma rays or X-rays resulting from

scanning with neutrons. Fission may be induced with other shaped beams, as

well.  When inducing radioactivity, however, it may be advantageous to

minimize the size of the beam, such as by use of a pencil beam, while

maintaining total intensity to improve sensitivity.

Fig. 11 is a schematic representation of a portion of another scanning
unit 400 in accordance with another embodiment, particularly suited for
detecting stimulated emissions, such as nuclear resonance flucrescence
(“NRF"). Scattered radiation may be detected, as well. The scanning unit 400
comprises a radiation source 402, a rotating/vertically displaceable platform
406, as described above, and a detector 408, which may be a detector array,
above the platform 406. An object 410 is shown supported by the platform 4086.
The radiation source 402 may be a source of X-ray radiation, for example. X-
ray radiation having an average energy of from about 1 to about 20 MeV or

more may be used, dependent upon the species of interest. The
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are required than in CT reconstruction. For exanple, |amnar pl anes:can be

reconstructed based on about 20 to about 30 projections, each separat ed by
one degree of rotation, for exanple. Lam nar reconstruction nay tWherefore he
faster than CT reconstruction. The resolution of the inages nmay not be as

good as CTde@&or'll%SQfetté(ﬁé tﬁ@ﬁﬂnﬁ@%ﬁeé?ﬁlbgﬁﬁé ah @ OEHRPOS radicdiBhN@sed by
reconstruction agOI’It are known in the art. In one |rrp|erTentat|0n

| ani nar toﬁ%ﬂﬁﬁmtlmﬁf Hbe dediatien athotneapbigsk i MBeotfiBeler #ABKINUOL PYEEM of

the presenpeiJay @abéeaaraw the pIPAtﬁa%%o@f TR t8Chat Balty tHeQdRbE B8 t he
platforml1 | ncrement al novi n atformvertically. CT may then be

conduct ed By Etrh,efoﬁyig@@ﬁieonT@@%@@If@g@” Pé@gléﬁfé byt InfHeing PYR¥c 1S discusseddmy. I n
anot her '”md?g%@ta%t.w"s teRf NBOBB 20005 an@ ALY PhfeniRb. B8 18ABBUGHRH 08 the

suspi ci ous region by another scanning unit of any type. Manual |nspection
may al so béncpgrdrateddy referenpepiarebus reg| ons. It may al so be desirable to

conduct CT, another analysi r I.n ctlon of .an entjre, obj,ect that
shows suspi ci ous regg ym@ﬁ&@ﬂ{]a]g ) ggéﬁ% tl?%ﬂ%] esaéﬁ‘éiﬂz @ﬂi%g?aphy may
al so be p%hépécﬂ%@aﬁﬂ)Qﬂgfama&lbnOFT‘hél%te@ﬁﬁﬂrQ’fi he@l sumaawsi paﬁrng rRoug.a by
providing a vertical |ine detector s a front

vi ew of an'eigfiersl aus "2" ghtheopagerm, 4]95&'{"?‘{;?'?1% 9@@“ ﬁﬂph%E\e \P@gF‘i gﬁﬁml i ne

det ect or 208y RARS 88 HESEPshdpd) s@bﬁ%%@%&;uléﬂ%@@wcuwgﬁ iy sfet ect or
208 (for volunetric CT imagin based on a cone beam of ra |at|on) The

portions ofh& HeEnyeYipg c%)f51¢mﬁeg'éévﬁ9ﬂoﬁb0%6 canehQtRer ke LneeNveylsit i al
det ect or 292 t@tﬁrﬂlmg{ tbeep@bid%etmm%ve tthe o‘l}{l‘éﬁf&fﬂmo %9& fadm thd @rflidnti Ng

gichanl sm f atformare shown in antom Both detectors 206, 208
y be det é@ﬁorﬂwmyge i%@b%@rmﬂ@élacpﬁlﬁ@fﬁﬁtsﬁéhcﬁs @watr@a@ @:\(ﬂﬁ'ﬁb €se two

det ect or al;rg,ﬁyw@%%%ﬁ%,,s&gﬁ gtending froma center 208a of the hori zont al

detector array e Intersection point between the detector arrays,
the verti caI | i ne deftigeti@ris2@aopaviewse et abiecbrl Phen g ipaiteral 40&pat i al

det ect or ey -4 B‘E‘eé]ggfnb' calyehi ey deheshgr o 29:%&%\6“%03” arc,

as can the orlntz:]on al detector Rol I'ers 210 ‘are shown on't “31 WO
2004/ 05131 tedt@TBHOBL BB 3487 intercepting the object 404. The widih of the pencil

beam 412 and the diameier 412a are exaggerated in this view. As the
platform 406 and the object 404 rotate and move vertically, the rectangular
diameier 412a sweeps through the object 410. The length "L1" of ihe oerecror
408 (see Fig. 11) is preferably at least as long as the length "L2’-’ of the
diameter of the object 410 indicated in Fig. 12.
The detector 408 can be an epi-centric NRF delector array, for
. example. The detector 408 extends at least from the edge of the object 410
(-' to the center of the object. The detecior 408 may extend from the center of
the object 410 towards the source 402, as indicated by the detector section
408a, or away from the source, as indicated by the detecior section 408bh. |
Preferably, the detector 408 extends a distance equal to the longest diameter
of the object as the object is rotated, as shown in the fop view of the scanning
unit 400 of Fig. 12. I a plurality of detectors in & detector array is provided,
different deteclors may be optimized to detect different types of NRF gamma
rays. NRF emission measuremenis can be made continuously from the
diameter interaction volume as it sweeps through the rotating and vertically

moving object 410. Since the detector to probe beam segment distance
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pl atform 204 to nove 'the object 202 horizontally. A conveying belt could be
used, as well. To conduct a vertical line scan, a collinmator (not shown)
that defines a vertical fan beamis noved in front of the source (not shown

in this Sy¥ieMsiziNe rollers 210 (or belt) may be useggwB¥sdNE Obj ect
202 horizontally, conpletely through the beam The vertical |ine detector

206 may conprise a dense array,of "deep", high_energy conversion detector
el enents, eFRIBRING Gorgiay tiei forIsihg (reraing cestants dingtdeiertpidftand aliefescri bed

above.  Vert gegltord, e pP6ANEH, NGaf e hitkfitdd fF eicklipy (pet %h@wgf ofifleer
volunetric CT 10 scanning. A vertical |ine scan nay enable identification of

items that n8§anfing nf4QG&ult to identify on a volumetric CT inmage. For
exanpl e, a detonator gngs RGPS BhHGH; ﬁ%sdég?;}‘lb&? heRdid, t@&?‘éhﬁétedb
ca ronal 1y be

identifiable on a line scan. A vertl I ne scan nay op
conduct edb onvgxalsmay bei asidiyushapief] ent sheir sizs nspyi iocrease pethe diskancé frobj ects. |t

5} gnal o det oEo BB dignY: o feSFiBflofitdg ndsBses TEmECHIGHE fepmy o ©"
enbodi ment s tectangulang forhexaphpid, f thenvesed tshape liy antiireeudimeasiphaloglanting anot her

alternative, aline scan wth the vertical _]line detector . 206 nay be
‘perforned asSTRIBYN ¢ regiBRHa, Hey FFafjheTde'f’F%'?sf“”fbg‘ ﬂ%?"ﬁ'g" Bt ated a

smal | amounéI takeUBis @ﬁoﬁ}mﬁ iﬁﬁﬂéi&ﬁ)upﬂ,'f‘& Isi nﬁagﬁﬁaﬂtl‘fmﬁrta hSiAce thea ﬂn@ﬁlgo bed. Line
scanni ng, an rot at n o { he atform . repeat e {o egrees,

for exan’_pq e, p?if‘tsn?frt‘g‘? veels e Ed“dﬁ/ﬂé rf?éﬁcf’ﬂ'g’ﬂﬂ%%s’ tHgé’b?PialerRﬁe into a
vol unetric Cdari HBORshdRa], v By GBﬁ'iFﬁﬁnﬁoké@Qﬁﬁ s@%%ér%%ﬂi schh®nhdadpatigo! | ect ed

by .t-he one dinmensional vertical [ine detector 2 based on exam nation
Wi 61 a fan besalutign el e e-glaredroxelsi may be Jrinet by changiag thesphaseok ol unetri c

CT inages degjioneds fio08BaHa! Ansteling spatiBy redsBRbN Dy ESIRA aftPhoRONt 2

detector 208, based on exam nation of a rotating and translating object
with a cons lnegrsamplingay t heref ore be advantageous to reconstruct

vertical Getect or o 208 SOt SEBLEMAREhGH ik, WP RR MR, T ance
W t h anot heremissiobdihayele mafdetim eylinddealiwoordinaias. dhe INRF oleby-seeiitingder t he
verti ca_l i NSarious nuclel of interest, and thus the concentrations of those nuclsl, can be
mapped in the object 410 by Pulse Height Analysis (PHA). The ratios of
abundances of various nuclei can be determined in three dimensions for
20 elements, chemical compounds or compositions of compounds and elements.
As mentioned above, for coverage of the entire intersection of
the pencil beam with the object 410, there may be a redundancy of epi-centric
. detectors, before and after the center of rotation and/or above and below the
C platform 406. This redundancy can be used to optimize the epi-centric
25 detecior arrays for multiple ranges of radiation. Individual detector arrays may
have differently optimized detectors. This abundance of space for the
detection of NRF emission could be very important, since many NRF gamma
lines may be analyzed in order to assess various atomic abundances. A
database containing information on many NRF gamma lines and many
30 possible ratios of atomic abundance may be used to identify the contents of
the object 404. The analysis may be guided by artificial intelligence.
Volumetric CT scanning of the object 410 may also be
performed, as discussed above. For example, a second radiation source

402a may be provided to emit a horizontally diverging radiation beam, such as
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detector 206 for reconstruction of volunetric CT inmaging wthout the
hori zontal |ine detector 208. Wile use of such a system may be sl ower than---

32 WD 2004/051311 PCT/ US2003/ 038497 conducting volunetric CT imaging with a_ -

hori zontal scanner and both vertical displacenent and rotation of the
platform 204, it could also be | ess expensive. The second source 12a in Fig.
| may al sogewht Hedneamzofan bexthhads simovirhat Figs 12adrid disteskddnaioove wiinci | beam

Fig. 10 i h ti 5. tati f ti . i it 300
el udi ng SoBRCA0SDE SRR RO H0p Lty SPeL A REb g Poish Y BB ce 12 ¢ hat
enits a ragiafbRfeb8nmet Py bbprealibd MRiRekdt theizlios JRRrAGMY Wih ahea fan

beam as di'scussed above. . pl'atf orm 302 supports an object 304. The
det ect or 1dbjiest, passiis i daeddiserssed epliave. r athatSesANd r sARE 1088 WBYobYh t he

bj 302 i L. above.. . i « provi-ded,
oo At B BB Bugf et AT OB, ' Gher RO iRl |
obj ect to Withnegpdctt o ahghpéind! beam 892t he aveid i deibctoovaosntiatkCaod t he

| at f 302..Th t abl j 308 r ot at bgut th is, A that th
Pl at T or m S0ETRBEELVG B o PROGEDTHE PibES G mPh el ol el s ¢ on to

det ect radh@bebr tHeisiHohtf Beai. SRS ddtirest 492 bhe 40RhariedIt beTitahe! at f orm
may 15 be rotated and npved vertical%c%/ t hr ough the,ring 308 %@Cone of the
driving neamatheiot dEselsEsicadfde0t mALERLE radiiPr A M FaMR fani sm | f

scattered gadichk iderbiss! An@DridebeBbRdsolrBEs HUY efitl ARliamA eNMhiulti@di at i on
having a | ower energy than if transmtted radiation is to be detected. The
source l12aemergiesl so selectively emt radiation having two or nore 20

energi es, as discussed above. 1f it is.desired t et ect th transmtted
e Shent t o od ISR Bf BibvlTiLa secbin B ke 20t T ol RO | o be
transm tt ag2trhapLgb dnftealrarigasiiv fivekmgaadation beamlyyedividgsbppsodriate obj ect is
being rotated. .The detector 306 may be noved i,nto alignment with the pencil
beam 301 ARG BPo e g b heb £oegp ARES S HEERch 4 Badanon Kbl cct - as

t he 25 souetgrt fdasadiatiofeseistalda sinsm intRig. tAdTied source RO rdat be bonuiBO6 nmay be
noved to _an

Ot her t hafhelay SR ShrBhtah v er Bl o At S0 g8, 2ebatd bablscar fer ed.
side-  for CT and 10  MeV for NRF detection, or about 6  MeV for CT and about
18 MeV for NRF detection, for example.
| Images based on the NRF examination of the object 410 and
the volumedtric CT examination of the object may be separaiely analyzed. The
NRF and CT images may also be readily fused, since the corresponding
fusion coordinates are known. ' '
NRF radiation may be detected in the other scanning units
described herein by appropriate placement of detectors and selection of
- scanning energy, as is known in the art.
As mentioned above with respect to the embodiment of Figs. 11-
12, the phase and pitch of the movement of the platform in the embodiments
above may be varied to improve resolution and reshape voxels. '
While in. the preferred embodiments described above the
platform rotates about and is translated along a vertical axis, the axis need not
be vertical. If the object is adequately secured to the platform, the platform
may be rotated about and translated along a non-vertical axis, as well. In
_ addition, the axis of rotation and the axis along which the platform is

translated, need not be the same.
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scattered and/or forward scattered radiation. The ring 308 may support nore
than one detector, so that radiation may be detected at a plurality of
angles at 30 the same tine. |nmaging with a pencil beam may be nore

sensitive L@ Johfd¥ps M th certain orientations within tp@rr@%ﬁo@ﬁdsséwf or

smal ler itens than voI unetric CT imaging, but it may be s The penci |

beam may be used to exam ne suspicious portions of the object 304 after CT
i magi ng, or the entirelhpaerm rnegdmed %Ef{yﬁ‘b’@wﬁm‘@“iﬂe@fo@fm%@@ﬁi@ﬁd/ or the

characteri st 'aﬁi% féf é:ﬁ?atﬁ%ﬁﬁﬁélﬁc @qfimagé§ of'Blel otfSet! PRy, 8GRI ieRF! L1 on of

t he detector, aso be vari ed bé nore sénsitive to certaln materi al s.
The angl e of at ﬁtalsosaalngtumfo@%lrt aecordasjcecwitrgenotivay embodianerddf as wel | .

The_ener gy ofy et%epﬁgﬁfemaﬁgﬁnn@aﬁW%bzeg@%n&v JSR2GET P gflye Lo the

atonic structure con nuc 2t FUCTUTE D7 "t hé tice
st r uct ur e5( defnbodiotentntheqaatfarm 5@3 isofotatablecabm mt wertica! akise’Z0hueake®04. As

ment i oned abqy S e di ent pes di.ation | nte .

differently W)fﬁe %?ﬁﬁ bﬁf’ﬁta o§$ ﬁ dtﬁﬁrdﬁf'f"onéth?rn?(ﬁaﬁﬁ’&'f”an t hat

of ?ﬁe“iiLEFﬁ’“fﬁe'?‘biwﬁgﬁ‘m‘ﬁ“ﬂ“fwﬁ oo N g6 o .y By Tad ati on.

o]

The source YOHC ?e@ -g‘éeéo%ﬁr @Pyﬁgﬁtt?éﬂé'aﬁ?’bge 'Pr%‘%% ofCPBe of

neutrons angégh datahah e Forddxahniié. afl‘h@@oﬁz%kéd%éh’éﬁﬁle'd@téc&ﬁ“wshﬁ _I_%e o of
us

enbodi ments of the present invention discussed herein,

hi gh eneil@y RerSWP‘P'&%ﬁ &Y Riatformso 10, bl trespaokively £ othe @B@gﬁﬁ?ﬂ%m%%?red to a
gamm- rayssu@% yWBd | véBicAl§U b [é%ed”ﬁb’wzhlﬁdﬁﬁﬁ G6RRNVAR bP uhitsS $1anadlee

rial as uranluman utonlurg:'famlltatlng t he |dent|f|cat|on of
| ear nat erqsaectmelydeﬁp@@ﬁﬂﬁtedw@w 11318 Topevingsthe. platimsdet®d &'ds 306 nmay

be adapt ed tf?:cfa%erﬁécﬁdnﬁ%"l UleSRhaHARIC, @H%lué%nﬂfﬁf{e{; cfe‘%ﬁ}élst 599 from

penci| beam scanning w t ﬁamra rays or X-rays res Fom. scanni ng with
neutrons. Fi isspparendjo beeis &lad@uthﬁlarh e Figr 1 W@ﬂd,ﬂ@&ﬁ%pownsvﬁlfhe When

| nduct N8 ackaReL b bkt HAIESlor 508 ofFhdi FdfRRigcous to i nim ze the

eam suc use a penC| eam ‘while
A computer 518, which may be the computer conirolling

operation of the scanning unit 500, may control the operation of the units 514,
516. As mentioned above, one or the other of the source 506 and the
detector 508 may be moved vertically in this example, or both may be moved.
20 if only one or the other is movable vertically, either the source 506 or the
detector 508, or both, may be rotated about a horizontal axis fo maintain
alignment of the radiation beam with the dstection plane of the detector. If
. both the source 506 and the detector 508 are vertically movable, the
C movement may be synchronized so that the source 506 and the detector 508
25 stay aligned in the same horizontal plane, as shown in Fig. 13. The motion of
the source 506 and detector 508 may be independent, as well. An algorithm
may conirol the movement of the source 506 and detecior 508. The platiorm
502 may also be movable vertically, in conjunction with the vertical movement
of the source 506 and/or the detector 508, and its motion may be controlied
30 by an algorithm. The source 508, detector 508 and/or the platform 502 may
also be moved along a non-vertical axis.
Volumetric CT images may also be detived if the platform 502
only moves vertically, or in another non-horizontal direction, by moving the
source 506 and the detector 508 about the object 504 on the plaitform. In Fig.
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mai ntaining total intensity to inprove sensitivity. Fig. 11 is a schematic
representation of a portion of another scanning unit 400 in accordance with
anot her enbodi nent, particularly suited for detecting stinulated em ssions,

such as nugleeabygseapnance fluorescence ("NRF"). Scatt@rgdso@zaby on may be
detected, as well. The scanning unit 400 conprises a radiation source 402,

a rotati ng/v rticall aceabl e Ia fo 406, as descri bed, above, and a
det ect or 408 Syt 1o ﬁﬁﬁ? %&3 r!fg é@é argndse shewn,poyR ?‘?ﬁ iP486. An
obj ect 410 I%téfybw%(mamzd ol ik baambﬁrt)ft@reﬁhﬂiaaotatﬁh@f thdctiréBngour ce 402

may be a source of radi ation, for exanp radi ation_having an

aver age ener e g¢t eP?%rﬁaébéﬂi'MtorlcquP gl abouy m\Pt?i?Ct 5% eThﬁ)POH@Q@%
dependent UP@RGioPtheMRELES 508 rda?{b%ﬁﬁé&ablér (Mtn 3dsyslet %erggﬂﬂﬁsgé%gqﬁé the

stinul ated em ssi ons and ?or scaftered radi ati on caused nteraction

of the rafi atnitth Sttt H16.ras well.ecthe delecigetiodtvay A® b@@taﬁmn@wem thaéiét ect or s
may al so be Y of an
are, for exagg%é)%%‘@dgégém n rﬁﬁgg?gr}%t (%I'Eﬁl% 'Ir@ b@%ﬁﬁﬁ@ ﬁgcussed in
nore detail gantty SZO PEnmabIalganﬁt,eém Rﬁtﬁwmmlthe :-St HaVemean thé gty 459,

whi ch are [ collimator (not shown)
defines a peﬁgﬁ ﬁiggretg)cﬁleatqggﬁ fgasﬂ)éarr) of radiation. The beam 412
has an axis passing trcmegtlsean orfztna!beamaécmtrectlo\f algérithine nidyelbé ased 406 and

t he objecgt 410. The ncj | heam.. mm hav Si re such .as

rect anguﬁé %Eﬁfﬁp "E’IUI"E%'% R?%eﬁf'" Xﬁ’é’ ?IQFEngt?n?SdY%'cussed
above, or anMdlt e bydeesf nﬂmpl@)dbt%@to@yﬁmmme Bﬁefrgb% B paticilesbdng, amye the

Obj ct 404 to ia,_nd from.t he pl.atform C 406. The soa]r]@i?qna be a |inear

| er at or , N cexagingtiqn, @gtql%qws,sgd 5baye. JnP. beusg SRIPMRRAMEESed above.
F| g. 12 is aa§%||w ew of the object 410 on the platform 406, show ng the

source 402 emtting a pencil beam and a correspondi ng rectangular dianeter
412a intercepting the cg’!ﬁ gidledyputhearbwill recagrire il Qi GhengeeBRYAE® and the

di amet er 1412=Rb 0 W atioAihents 'Ee%{?r?b%dvheﬁ'ﬁin \ﬁﬁhéuﬁ%lepﬂhlﬁbffﬂfn‘i”tﬁé)@plﬁf‘d the -
obj ect 404 rotate and nove vertica he rectangu
and scope of the invention, which i IS defined by the clalms below.

M
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di anmeter 412a sweeps through the object 410. The length "Li" of the detector
408 (see Fig. 11) is preferably at |least as long as the length "L2" of the
di aneter of the object 410 indicated in Fig. 12. The detector 408 can be an
epi-centric NRF detector array, for. exanple. The detector 408 extends at

| east fromthe edge of the object 410 to the center of the object. The
detector 408 nmay extend fromthe center of the object 410 towards the _
source %is gaiin@ iiscat ed by the detector section 408a, or away fromthe
source, as indicated by the detector section 408b. Preferably, the detector
408 extends a dis ance.eq@ﬂ% to th§ | ongest di ameter of. the object as the
object is rotated® SSEMRVHL foh TERREIPE SAIED BPVETACRY CURRTSN% g  unit 400 of
Fig. 12. If a plurality of detectors in _a detector array is, provided,
different detect of gatigRprpErdion spweriioEiabean ofpepstitiogradishiotds of NRF gamma
rays. NRF em ssion neasurenents can be made continuously fromthe dianeter
i nteraction vol unereigable plagieap gdamedd ghprotieand setatei apgreorednyeranes dld y - novi ng
obj ect 410. Since the detector to probe beam segnent distance 35 WO

2004/ 05 pBtforPEAViLS2 SN obBgsarace tesappvst thocgamnveydnee faduspectpnrierthe bem
constant. The detector 408 and other detectors, if provided, may be nounted
to the oeéirddiatign,(thopladtianwbgingfotithisic aswmaRuittantinily vedich] akis stiistamtialigd ot her
enbodi ments descri bed herein, the generated 5 voxels may be oddly shaped

and the?erpgﬁcg@lmymmbﬁ@gﬁgg.ﬁfgchﬁmdi stance from the axis of rotation Y of
the platform 406 increases. If the probe beamis rectangular, for exanple,

the voxel shape I gs@ibiieaethibEshidne t,osr%&mei r%ati&ﬁ%ﬁﬁﬁtt&fth&uéﬁ%%&%' ar

screw thread. The reconstruction algorithmnmay take this distortion’into
account . as is known in the art. Since the internal 10 points of the voxels
are known 1A cylindrical coordinates, the display voxels can be reshaped.

B compart 19, Yo oo A B S SBRI IF: ABSpAGLY S0 Bkt oL e
i mprovi rr]o agoelagijtﬁé plgggr%]l;%%(ii on by over sanpling and non- |inear | sanpl i ng.
the source and the detector are positioned to allow the cargo conveyance
supported by the platform to pass therebetween, during operation;
the unit further comprising:

at least one processor configured to reconstruct helical computed tomographic

images of at least a portion of the cargo conveyance, during operation.

2. The scanning unit of claim 1, wherein the source is a source of X-ray radiation.
3. The scanning unit of claim 1, wherein the detector is a detector array.

4. The scanning unit of claim 1, wherein the detector is aligned with the source.

5. The scanning unit of claim 1, further comprising means for rotating the platform

and moving the platform along the substantially vertical axis.
6. The scanning unit of claim 5, wherein the means synchronously rotates and

moves the platform.
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15 If sufficient brensstrahlung flux is available, a map of the NRF

em ssion may be nmade in cylindrical coordinates. The NRF cross-sections for
various nuclei of interest, and thus the concentrations of those nuclei, can
be mapped in the object 410 by Pul se Height Analysis (PHA). The ratios of
abundances of various nuclei can be determned in three dinensions for 20

el enents, chem cal conpounds or conpositions of conpounds and el enents. As
nmenti oned abgve, - i h [ iniersectiaon the nGgi | beam
wth the obj dot 41B° sERERE R oPhabLe BRHh S ERRERH BaRiand M PERT oy o
before and after tpﬁgﬁenter of rotation and/or above and bel ow the -

pl at f or M AHE ™ HHTY EHEAREY'"€an be used to optimize the epi-centric 25
detector arrays for multiple ranges of radiation. ‘Individyal detector arrays
may have differ eAFFHVIRRK conpleditaibe alfars o ket ik eBd rove Biegdetiosi t he
detection of NRF em ssion could be very inportant, since many NRF ganmma

| i nes malpngéhepyhstontiadlyi verédeadiexist o assess various atoni ¢ abundances. A

dat abase containing information on many NRF gama |ines and many 30 possible
rati os of at@m ¢ Fbescianiog unipf deinugevheron ratainmi df\the sveeve ok emtses wiatioh o

obj ect 404. The analysis may be guided by artificial intelligence.

Vol uret mhplGloracianrsingle wiatiohsl dilepitut as4Hplatytmals awvbé upeiddandwerticalyy di scussed
above. For exanple, a second radiation source 402a may be provided to emt

a hori z@gtvalvhd Abnsah@butBtahasivaderiedal Hgam such as 36 a cone beamor a fan
beam as shown in Fig. 12 and di scussed above with respect to the

enbodi ment  of Fi gThé-scgﬁltlnggﬁft%kclgﬁﬁ ?%Rﬁer%éﬂlgri%é:Ch may have an arcuate

shape, may be provide etect radiation interacting with the object, as

is also discussed Ve, S 4 o] positioned to emt
the radiation beaﬁﬁgﬁﬂé°wﬁ§§F’@%gpg?ﬁgyfgﬁﬁ%gé?§g§§n5%8|e, with respect to
the pencil beam 412 totavo'd dqte tor cr S5 %ﬁlklﬁnd interfeuePce due to
scatter. Pencil bBEATYSRALGE hydraulirdrvice counied o PeRatioR? frrausi veli@l of t he

hori zontal beam_ The sources 402 and ,402a need .not be at the sane height.
Each sodemenof theoplatioralang the substagtiplonvestical weS-sane or  different energies,

and one or both sources may enmit radiation at nmultiple
10.  The scanning unit of claim 1, further comprising a first conveyor to convey the

cargo conveyance to the platform for scanning.

11.  The scanning unit of claim 10, wherein the first conveyor is capable of conveying
the cargo conveyance away from the platform after scanning.

12.  The scanning unit of claim 10, further comprising a second conveyor to convey
the cargo conveyance from the platform after scanning,

13.  The scanning unit of claim 1, wherein the platform is above an opening in ground
to accommodate movement of the platform along the substantially vertical éxis, at least partially
within the opening.

14. The scanning unit of claim 1, wherein the beam is a cone beam or a fan beam.

15.  The scanning unit of claim 1, wherein the beam is a cone beam and the detector

comprises a detector array comprising a plurality of two dimensional detectors.
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energies. Instead of providing a second radiati on source 402a, the radiation
source 402 may also emt a horizontally diverging radiati on beam by novi ng
appropriate collimation into position. In that case, a, second detector 416
may be used to detect the radiation, as is also shown in Fig. 12. The
source 402 may be a multi- energy source. CT nmay be conducted with an
average ener gy of about 4 MeV for CT and 10 MeV for NRF detection, or about
6 ' MeV for and t|o es.. based
on the NRF exgnlng??%%&nP%%ﬁ mﬁﬁgmﬁﬁag H?H éPndr rggméﬁmnggplﬁ%tlon
of the obj be separately analyzed. The NRF and CT i nages may al so be
readllyaﬁhﬁ W%%ﬁbe the corresponding fusion coordinates are known. NRF
radi ati on may be %@Fectgy in the other scanning units described herein by
appropriate pl aceMEftely é@?é%?%F@SQWHeE@ﬂ%ﬁf%%%mﬁﬁemgéﬁﬁﬁgﬁéh%ﬁ6@6¥ as is
known in the art. As nentioned above with respect to the enbodi nent of Figs.
11- 12, diswdbysiensgad Hscegsind ¢adigion seurcremée mdiasfontbrem hiwing esasand en¢rgy

embodi ments  above may be varied to inprove resolution and reshape voxels.
Whi | e i niisttilhvetiop diffezent dithnahd bt eremgysdisteibutidgnbed above the platformrotates
about and is translated along a vertical axis, the axis need not be
vertical. |f 17he Oh¢eehning vailefqclainell yfugkatoegritiag b Recopt adnbeyrendifve, pl at f or m
may be rotated about and translated along a non-vertical axis, as well. In
addi ti onjetebddg axis of rotation and the axis along which the platformis
transl ated, need not be the same. 37 WD 2004/051311 PCTI US20031038497 The

pl at f or m need not whEre B § d¥1%£tbf ﬁ%‘eivb’eef? 'Ehe%le&ﬂﬁ RRelhghd 8% rsiiathdh sORREr at e

ahhes §
volunetric CT images of the object is a side view of a portion of

a scanning unit 5 %B%nﬁ‘ﬁg%ﬂ%?&ﬁm\{“l Qggrggnﬁﬁggg;o@s%aa cuibdi bER T O

wherein a pl ports an 0O
platfor % al%zsecoslldrdg%eggog%e atqga% })neaprgceers:;[olr %elng %Jr%her coznﬁg?lye;[d tQ eed
reconstruct energy based images based on data received from the second detector;
and
fuse the images based on data from the first detector with the images based on the
data received from the second detector.
19.  The scanning unit of claim 1, wherein the radiation source is operational to be
selectively switched between emitting a radiation beam having a ﬁrst.energy distributionand a
radiation beam having a second energy distribution different than the first energy distribution.
20.  The scanning unit of claim 1, wherein;
the first direction is substantially vertical;
the source and the detector are stationary; and
the platform is movable in the substantially vertical direction.
21.  The scanning unit of claim 1, wherein:

the beam is a horizontally extending beam; and
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not be displaceable along that axis or any other axis. Either a radiation
source 506 or a detector 508, or both, are displaceable, in this exanple
vertically. The source 506 may enit a radiation beamin the formof a cone
beam or a fan beam for exanple. The source 506 and the detector 508 may 10
be supported by platforns 510, 512, respectively. The platfornms 510, 512
may be vertically displaced upward and downward by units 514, 516, C
respectively. Appﬁ%%k#%o ex@ﬁ&ﬁué%gm:ﬁ 6 for noving the platfornms 510, 512,
i ncl ude nechani cal’;” €l'ec ronechanlca?,'hydraulic and pneumati c devices, as

i s apparent ong,skilled in e art..ln Fig. .13, second, |ower positions
of the 15 sgg'rce%%%caﬁwagflﬂléOhfg{i%étlﬁ%}%c‘é‘ﬁg@%m in phantom A conputer
518, which may be the conputer controlling  qperation of the scanning unit
500, may control ﬁﬁ@oaééﬂﬂ&tﬁoaﬁowefq@llhﬁw%r&%&ﬁmém.b%; #&ht i oned above,
one or the other of the source 506 and the detector 508 may be noved
vertically in thi8Vvesigahl extendingsistastonig repelverepdiagion afien integastion efide or t he
other is novable vertically, either the source 506 or the detector 508, or
bot h, nweyrtiselly ottetdon ebouvitlathhobjezont al axis to maintain alignnment of the
radi ati on beamw th the detection plane of the detector. If both the source
506 and the dgtecThe sdabiing it veElhing &) fugthereumbtieing:t he novenment may be
synchroni zed so that the source 506 and the detector 508 25 stay aligned in

the same hori zont gkeddhd@RRliatRe sGMOWD dnfit Fbéhcilbdam b eadiiohOsdof the source

506 and detector 508 may be independent, as well. An algorithm may control
the movenment of tBe.3RYHEREPS rBd 88t fiep BReradt R o?'tl?é%e%i%ea’?@%it al so
be novabl e vertlcal?y, in conjunction wth the verti cal venment of the

source %8? and/or the detector 508, and its notion nay be controlled 30 by
an al gori Rin The source 506, detector 508 and/or the platform 502 may al so

T the pl at{ 0fm 5680 <BnyE iYLl LT ekt RPN BST | contal

di rection, B¥ nmovi ng the source 506 and the detector 508 about the object
504 on tHEUBkSeEssANS] i Fig. 38 WD 2004/051311 PCT/ 1TS2003/ 038497

25.  The scanning unit of claim 24, further comprising:
a second source of radiation to emit a pencil beam emitted along a first axis;
wherein:
the stimulated emissions are nuclear resonance fluorescence; and
the detector is positioned to detect nuclear resonance fluorescence emitted
substantially perpendicular to the first axis of the pencil beam.
26. A scanning unit for inspecting objects, comprising:
at least one source of penetrating radiation to emit a beam of radiation to scan an
object;
a platform to support an object during scanning by the beam of radiation, the

platform being rotatable about an axis and movable along the axis;

43



13, the source 506 and the detector 508 are al so shown coupled to a
rotatable gantry 520 (shown in phantom) to enable rotation of the source and
the detector partially or conpletely about the object 504. The source 502
and/ or the detector 508 may be novable with respect to the gantry 520 by the
5 units 514, 516, as well. The detector 508 may al so be stationary. In that
case, the unit 576 supporting the detector would not be connected to the
-gantry 520. Rotatahle. gantri ar.e k in th rt . Moyenent o he gantry
520 may al so be c%ﬁ??&ﬁ?%%m%ﬁﬁ@ﬁ%gggﬁgﬁg%?wﬁf%&“ nﬁgbﬁgéaggynpgﬁtﬁ%am
reconstert[on algorithns may be used 10 to reconstruct volunetric CT

i mages i°R®the enbodiments of Fig. 13, as well. Miltiple sources, multiple
detectors, multiple energies, a pencil beam anpd NRF exam nation, as

di scussed above, fEPt BRVGERTO CANe) dasohishh 'ﬁ@ﬁf@m fyscaing; one skilled in
the art will recognize that other changes may be 15 nmade to the enbodi nents
descri bed herei n @ptcRbd conysperrte comyey therabigse fropithe platfeum alercpamnts, thee
invention, which is defined by the clains, below C 39 it Wat is clained
is: 1. Aecvodponivegenbeing dt edirstrvepizethenght;cadgo conveyances, conprising: a
stationary radiation source to emt a beam of penetrating radiation; a
rotatabl e pl atf or attadiaphed/or o Snpeotht object Foh deglafmargdier Sanyiay ahesirdt he

pl at f orm having a supporting surface to support the cargo conveyance for

i nspect b@{vel[z)ar Bolly aaBondfverRel i dh Biffekdhe tHah Md MR RiaNBeikiat at abl e about a
substantially vertical axis substantially perpendicular to the supporting

surface;, and a St%&%ﬁlgfh% rgFg%tiQEO Stek 1O BBl Oy dRe itH%?lgé‘&it@Bﬁé)&the

transmtted through t conveyance; wherein the tformis novabl e

e
o 9, O8RS Bl VBT LSOl oL BB AP LR o
height and the second height.
27.  The scanning unit of claim 26, further comprising a processor configured to cause
movement of the platform between the first height and second height to align the object with the
second conveyor if the object passes inspection and to align the object with the third conveyor if
the object has not passed inspection.
28.  The scanning unit of claim 26, further comprising:
a fourth conveyor to selectively convey the object from the platform after
scanning and return the object to the platform for rescanning;
wherein the platform is rotatably positionable to selectively align the object with
one of the second conveyor and the fourth conveyor.
29.  The scanning unit of claim 28, wherein the second conveyor and the fourth
conveyor are at the first vertical height.

30.  The scanning unit of claim 26, further comprising a fourth conveyor on the

platform to move the object during scanning.
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supported by the platformto pass therebetween, during operation; the unit
further conprising: at |east one processor configured to reconstruct helical
conput ed tonographic inages of at |east a portion of the cargo conveyance,
during operation. 2. The scanning unit of claim11, wherein the source is a
source of X-ray radiation. 3. The scanning unit of claim1, wherein the
detector is a detector array. 4. The scanning unit of claim1, wherein the
detector is ign i {g ] : Lhg unit of claim1l,

3L BB PO g Sy SRR

further conprising nean and noving the platform

al ong the substani.i.al verti.cal axis..6. .The scannin nit of claimb,
wherein the rreansgts}gaﬁ%:%}eorﬁ%lﬁé?rﬁ/sorug Cat %gué%%e ?"rﬁ%&’/‘g% v?rﬁlgal CA Faﬁ;ﬁatllfﬁ’ 7. The
scanning unit of claiml, rein the first direction is substantially
verticar, "t he scARRITE IR Gbi & ceisHRIP HpPoR BAbisH RACRPEDEBIEE o ¢ he
platformto rotate the platformand nove the platform along the

subst antetéipalypegaof radigtionyj s 8. The scanning unit of claim 7, wherein
rotation of the screw jack causes rotation of the platformin a single
rotational direct#emvgsortinghpplatiemt immeverthey ebjed parizental haduwisgtscamainigyby the
downward al ong the substantially vertical axis. 9. The scanning unit of

cl ai m 1yertioaltbhan; adnpri sing: a notor coupled to the platformto rotate the
platform and a pneumatic or hydraulic device coupled to the platformto
cause vertical npvatieniderttot biggnpl atithahdvedicuh ednh@o Saebivt aatliativnlaftever t i cal
axis. 10. The scanning unit of claim1, further conprising a first conveyor
t o conveyehfifon Wit e obRBveyance to the platformfor scanning. 11. The
scanning unit of claim 10, wherein the first conveyor is capable of
conveying t ca _ aff . r anni ng. 12.
The scanningggnitT%?“%ﬁgygyﬁg?ﬁ?ﬁﬁgﬁéﬁmggﬁ%@?g?ﬁgaggégg%%k é@%@éyor to
convey the 4r gopconyeviance Efﬁﬂ]tﬂﬁ Iggtorn1after scanni ng. 13. The
scanni ng uni t~'of clarm ,gﬂﬂéreln ep alformis above an opening in ground

n f th | form al on h ntiall verti |
Lo, accommodal & Moy e TR R ts Yy AGRkMLAL QAP the substantially vertica

at least one of the at least one sources is configurable to emit a second, horizontal
beam of radiation; and

the scanning unit further comprises a second horizontal detector positioned to
receive radiation from the interaction of the horizontal beam with the object; and

the scanning unit further comprises:

a processor coupled to the second detector, the procéssor being configured to
reconstruct computed tomographic images based, at least in part, on radiation received by the

second detector.

34.  The scanning unit of claim 33, wherein the first source and the second source are
the same.
35.  The scanning unit of claim 33, wherein the first radiation beam is a fan beam and

the second radiation beam is one of a cone beam and a fan beam.
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wi thin the opening. 14. The scanning unit of claim1, wherein the beamis a
cone beamor a fan beam 15. The scanning unit of claim1, wherein the beam
is a cone beam and the detector conprises a detector array conprising a
plurality of two dinmensional detectors. 41 16. The scanning unit of claim1,
further conprising a second radiation source to emt a radiation beam
wherein the first radiation source emts a radiation beam having a first
energy distgjibuti,qn ar ] Lati ce enmts a radiation beam
havi ng a sec%%d e%%ﬁﬁ@aﬂﬂﬁgﬁPfgéﬁggﬁégﬁ%ﬁ%ﬁﬁ%Pﬁgﬁ'n the first. energy
distribution. 17. Th canning unit .of clgiml1, .further conprising a second,
ener gy sensitive,aEB@F@E&%PFmaﬂ%&EPHPTH%wﬁPFgP08 P8y i s between the
second detector and the radjation source., 8.. The ;scanni ng unit of claim
17, further corrprwt%blapg%%%é%wp%qt 8 PRIpL AP ipsnestign Bthe bgam pEragdiagiond
detector, the at |east one processor being further configured to:

reconst Akt energy based i mages based on data received fromthe second
detector; and fuse the inages based on data fromthe first detector with

t he i mages based adetedier podiioacd waoedoiedadintion dffve ierectiva wigh the bbject; 19. The
scanning unit of claim1l, wherein the radiation source is operational to be
sel ectively sw t chielelnet wveen em tting a radi ati on beam having a first energy
distribution and a radiation beam having a second energy distribution

di fferent than thg idst Sl SRS @Miablb® Sduirdlithe @Btecto? fad thE BlateAR N NGtdanyt of
claim1l1, wherein: the first direction is substantially vertical; the source

and thedgg%ﬁﬁbgr are stationary; and the platformis novable in the
subst ant i y vértical direction. 21. The scanning unit of claimil,

wherein: the beagkkégﬁﬂg{“#ﬁq&%%kk&mﬁéﬁﬁﬂding beam and 42 the detector

ext ends hori zont e scanni it of claim21, further conprising:

a second radiation source of a horizontal beam of X-ray radiation; and
a second, horizontally extending detector aligned with the second source to
receive radiation after interaction of the horizontal beam with the object.
37.  The scanning unit of claim 36, wherein the first detector is movable to receive
radiation scattered by the object along a predetermined direction.
38.  The scanning unit of claim 37, wherein the first detector is supported on a
rotatable ring with an axis of rotation transverse to the platform. |
39. The scanning unit of claim 36, wherein the first detector is adapted to detect
fission byproducts.
40,  The scanning unit of claim 39, wherein the first radiation source is a source of one
of neutrons and gamma rays.
41.  The scanning unit of claim 36, wherein the first source of the pencil beam and the
second source of the horizontally extending beam are the same,

42. A scanning unit for inspecting objects, comprising:
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a second radiation source to emt a vertically extending beam and a
vertically extending detector to receive radiation after interaction of the
vertically extending beamw th the object. 23. The scanning unit of claiml,
further conprising: a second radiation source to emt a pencil beam of

radi ation; and a second detector to receive radiation after interaction of
the pencil beamw th the object. 24. The scanning unit of claim1l, wherein
the detector is positioned.to detect stinmulated em ssions. 25.. T canni ng
ani ¢ of ol ai m 24 R oREFabies PR SO SRR R P aaf dpshied "o t
pencil b anuﬁgi%hgd along a.first axis; wherein: the stinulated em ssions
are nuct@areesYHEEh cRYEY FSEDEAEY, and the detector is positioned to detect
nucl ear resonance fluorescence em tted  substantially perpendicular to the
first axis of the RhFEMIosaRIert ebisst Wi inspeckign Gxithe peams ofdpdistiqmiieobj ect s,
conprising: at |east one source of penetrating radiation to emt a beam of
radi at i Battarm bedngrotatablotijoutan axds pidaispdrcashloaloug herxisawherbingthe pthiform ds

scanni ng by the beam of radiation, the platformbeing rotatable about an
axi s angbnfipwrat keesimhbimgotdie ratate and 8displaded alsting mandieégect or positioned to
receive radiation after interaction with the object; a first conveyor to
convey the obj ects sttiching detediol podiidred (S RAcINE Riatian AREGARrREBY 8§1BE bén CONvVey
the object fromthe platformafter scanning, the second conveyor being at a
first venhieabjddehadt; and a third conveyor to convey the object fromthe
platformafter” scanning, the third conveyor being at a second vertical

hei ght different .t § | : i o rel rmis
configured to selaedgﬁéséeﬂnso%%u?&%? Fﬁﬁéée%g‘ilseszzb? (g%tr%dr%m%fl%!ta eﬁabgl gﬂéﬁg&gonveyor
and theeﬁ;tepggfkﬁst%ﬁug%gm‘[ﬂeqxe Wg&%ﬂé?gﬁgﬁlg%s%}a%&[ iy aaflirgtncgretcﬁgn )c(n"@ the%%ts\%g B the

first €l he Seco
cause emission of a radiation beam having the second energy distribution while the platform is
being displaced in a second, different direction along the axis.
43,  The scanning unit of claim 42, wherein the axis is a vertical axis.
44, A method of examining contents of a cargo conveyance, comprising:
rotating the cargo conveyance about a substantially vertical axis of rotation;
moving the cargo conveyance along the substantially vertical axis of rotation,
while rotating the cargo conveyance;
scanning the cargo conveyance with penetrating radiation from a stationary
radiation source while rotating the platform and moving the cargo conveyahce;
detecting radiation transmitted through the cargo conveyance by a stationary
detector; and
reconstructing at least one helical computed tomographic image based, at least in

part, on the detected radiation.
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27. The scanning unit of claim26, further conprising a processor configured
to cause novenent of the platformbetween the first height and second

hei ght to align the object with the second conveyor if the object passes

i nspection and to align the object with the third conveyor if the object
has not passed inspection. 28. The scanning unit of claim 26, further
conprising: a fourth conveyor to selectively convey the object fromthe

pl atform after anni refurn the object to the platformfor

rescanni ng: “Wher e ‘??{E&Eﬂ?ﬂcﬁ?@r%f’%m?r&% %%‘f‘%}“%%‘ficﬁg(?ﬁgmeé’a’fcﬁ i oedivel y
align the OE%$Ct mﬁfh one .of . the second conveyor and the fourth conveyor.
29. Thé ©eanmmgndmian bsemOf AASE: wherein the second conveyor and the
fourth conveyor are at the first vertjcal height. 30. The scanning unit of
cl ai m 26, fdft hedhesegradgtslyin 4 orpmmisigcayig thacarge copyrsnce withtotaove t he
obj ect during scanning. 44 31. A scanning unit for inspecting objects,
conpr i ghdigtionat | east one radi ation source configurable to emt a verti cal
beam of radiation; a platformrotatable about a vertical axis to support an
obj ect for i4dspedhtarthnd dfemim4s, cormpdisiieganifg thedadbicofiveyanonitieyor on t he
platformto nove the object horizontally during scanning by the vertical

beam  ghdlatorRain HalngGeteCdnefgy AidtGNAbNn \Whd Feahhifg VRS dak Gddonb@aite WRh hecei ve
radiation after interaction with the object. %2. The scanning unit of claim

31, m%ﬁﬁbﬁbﬁ%@mﬁﬁfnig%%c@ﬂ%ﬂg? dBtrfitioR @AfBrent Fdm thb $irS GRS Hlﬁtr}bmiBn.Of claim

31, wherein: the platformis vertically displaceable; and at | east one of

t he at Ieasquneaﬁ?ﬂ%ﬁ%ﬁdfﬂamnﬁ g‘lt%@ﬁgrl .to emt a second, horizontal beam

of radiation; an scanni ng uni fur ier conpri ses a second horizontal
hor  zont al _beam APeR el BFLERs I iR bR eh e e P L R ses: o
pr ocessd%{ecﬁ)?;upl ed to the second detector, the processor being configured to
detecting radiation transmitted through the cargo conveyance with a second,
energy sensitive, detector;
reconstructing volumetric computed tomography images from the radiation
detected by the first detector;
reconstructing images from the radiation detected by the second detector; and
fusing corresponding images from the radiation detected from the first and second
detectors.
49, The method of claim 44, wherein the first direction is a vertical direction, the
method comprising moving the cargo conveyance in a vertical direction.
50.  The method of claim 44, further comprising:
moving the cargo conveyance horizontally;

scanning the cargo conveyance with a vertical beam of radiation; and
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reconstruct conputed tonographic i mages based, at least in part, on

radi ati on received by the second detector. 34. The scanning unit of claim
33, wherein the first source and the second source are the sane. 35. The
scanning unit of claim 33, wherein the first radiation beamis a fan beam
and the second radiation beamis one of a cone beam and a fan beam 45 36.
A scanning unit for inspecting objects, conprising: a first radiation source

to emt a pencil beamof .radiatiqop;.a rotataple platformto.support an
object for inspedf |e§t|’1"gor§71d]taﬁ n%8%%%?1%?%‘%055’?@13;Vegifﬁldbegmd‘@ lbﬂ’?c?g‘pgﬁosi ti oned
to receive radiation aftg% interaction with the object; wherein: at |east
one of FOA¥YALeH Wil & ¥erdiGa| et he detector and the platformis vertically

di spl aceabl e; the_scanning unit further conprising: a second radiation
source of a Mori Asmathadeivlabm 44, ¢OmMPTisH®: at i on; and a second, horizontally
extendi ng detector aligned with the second source to receive radiation

af ter interacti oscashingtibe payge euvednchwithradiationttp éndobg Besion ipfissivhables canni ng
unit of claim36, wherein the first detector is novable to receive

r adi at imatesad an thercegolwpntdyenabjfeodset} anlg a predeterm ned direction. 38. The
scanning unit of claim37, wherein the first detector is supported on a
rotatabl e ring wdeleciiy fesich Wpradattat i on transverse to the platform 39. The
scanning unit of claim36, wherein the first detector is adapted to detect

fission byprpducte nftthod TR 1a56 3N NédMhridHgtscatiniyl Bé Hargacowa%@;e Rvith¥epehbil St
radi ation source is a source of one of neutrons and gamma rays. 41. The

ts(r:lgnnisg%gﬁgjftggﬁoggdr%@nﬁga%%%h{]af Ihe first source of the pencil beam and
y extendi ng beam are the sane. 42. A
scanning u ni5t3' f OrThie: ?T%G%)eo%tgf%gdilg%,eﬁlhﬁer & 1rsfn§i0819\}eyindg%e cargo conveyance
from the platform along one of a plurality of exit paths based at least in part on one of a
rotational position and a vertical position of the platform.
54.  The method of claim 44, comprising detecting stimulated emissions from the
cargo conveyance.
55.  The method of claim 54, comprising detecting nuclear resonance fluorescence
radiation from the cargo conveyance.
56.  The method of claim 44, comprising:
scanning the cargo conveyance while the cargo conveyance is being moved in a
first vertical direction; and
scanning the cargo conveyance while the cargo conveyance is being moved in a
second vertical direction, opposite the first direction.
| 57.  The method of claim 44, comprising moving the cargo conveyance vertically.

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

rotating the object about an axis of rotation;
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at | east one stationary radiation source to emit beans of radiation at at

| east first and second, different, energy distributions; a platformto
support an object for inspection by the beans of radiation, the platform
bei ng rotatabl e about an axis and di spl aceabl e al ong the axis, wherein, the
platformis configured to sinultaneously rotate and be displaced during
scanning; a stationary detector positioned to receive radiation after
interaction of the llz)neatg33 Wéét%ltnhearﬁ%?cr{df ndxia 1|rort)g.es,sor configured to
cause eni ssion of B EdF SPFEH BESAKETHY PHEN PY P B”ner gy distribution
while the platformis being displaced in a first. direction_along the axis
and to cause ent@YNEg 3Hiea arpgat?cgltq fe %%“ﬁ%\ﬁ‘"i@t“fwvg’&,ﬁoﬁfat%ﬁ gy
distribuytion while the platformis being displaced in a second, different
di rect iBHIRHOHG the axis. 43. The scanning unit of claim 42, wherein the
axis is a vertical axis. 44. A method of exam ning contents of a cargo
conveyance, conpdptefting radigdematithgylitshencegyr digribivndptarasbngiyith theobseshdyant i al | y
vertical axis of rotation; noving the cargo conveyance al ong the

subst arspatédl dgtesterst i cal axis of rotation, while rotating the cargo
conveyance; scanning the cargo conveyance with penetrating radiation froma
stationary radi 8dn@hg0ase pufidreoNitd 6tjédd evithiradiplic Havtp Sedorineny t he
cargo conveyance; detecting radiation transmtted through the cargo
conveyang@gmind stationary detector; and reconstructing at |east one

hel i cal conputed tonographic i mage based, at least in part, on the detected
radi ation. 47 45 gqgrp; : f I [+5) i : o]
conveyance with gﬁt-eg&o %Qfg%hn&e% t%i%%@n%’&agyﬁg%%%w%? é‘?g%]{g{l ?6}%%%,%?’%?'%

met hod of cl ai,m. 44.. nprising scanning the cargo conveyance with X-ray

radi at iaglr?.ngrﬁg.det?%t’rfa%?hod of claim 46, conprising scanning the cargo
conveyance wth a radiation, beam havj first ener di.stribution, and
scanni ng the car @Wﬁﬂﬁ\g&%‘ﬁﬁt@“vﬁafﬁ‘le 2 ‘?eg‘?f?eéiltr %ﬁt‘(ﬂ‘e‘é{ﬁk’ﬁ ‘Hign 8%@85%5‘1‘?8denergy
distribution different fromthe first energy distribution. 48. The net hod of
cl ai m 4lrtecied mstigtionng:

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

rotating the object about an axis;

moving the object along the axis in a first direction;

scanning the object with X-ray radiation at a first energy distribution while the
object is being moved along the axis in the first direction;

moving the object along the axis in a second direction opposite to the first
direction;

scanning the object with X-ray radiation having a second energy distribution
different from the first energy distribution while the object is being moved along the axis in the
second direction; and

detecting radiation interacting with the object.

60. A scanning unit for inspecting objects, comprising:
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detecting radiation transmtted through the cargo conveyance with a first,
spatial detector; detecting radiation transmtted through the cargo
conveyance with a second, energy sensitive, detector; reconstructing

vol unetric conputed tonography inages fromthe radiation detected by the
first detector; reconstructing inmages fromthe radiati on detected by the
second detector; and fusing corresponding inmages fromthe radiation

detected fromt heal %’H{aa{) %%estg%gﬁeael?eg?%E%Tg{’fsfadlt%?gfﬁmf"’ﬁg'ftﬁ%ga? .Sof cl ai m 44,

wherein the first direction 1s rrec 0d conpri sing
noving the cargo con ance. in a vertical. di.rection. ,50, The t hod of claim
44, further corrpralré)lta\rﬁég?fe&ﬁﬁ g S[“ﬂ%miﬁ} ée"gé‘?{\}%ﬁysm"é‘ BYJhe beat Qﬁa AU anni ng
t he car%%pi:o veiéance Wi E’gé@ vertical beam of radiation; and 48 detecting
radi at i oM PRIBSIREPLAPPHANGKIS MK vertical beamwith the cargo
conveyance with a vertical detector. 51. The nmethod of claim 44, conprising:
scanni ng t he car godaesirepahguedprdposiioned fogeceiys stimplated ¢missipemirom the
fissionable material in the cargo conveyance, if present; and detecting

fi ssi onolygglsaltantiglly Bperitialante roakipbf the pénvilPeamediedo irgenactionoTiing egmt he
cargo conveyance with a pencil beam of neutron or gamma ray radiation. 53.

The met with tlefobfdegi m 44, further conprising conveying the cargo conveyance
fromthe platformalong one of a plurality of exit paths based at |least in

part on one of a wheéiaht RBalonpesiht riatRAdo@cy,ehd daetorRadithd Lifam ik he
platform 54. The nethod of claim44, conprising detecting stinulated

em ssi opgviflOMANL dir&RoQf BRAXRYaNce. 55. The nethod of claim 54, conprising
detecting nucl ear resonance fluorescence radiation fromthe cargo

conveyance. 60 Thfic SRLERY ulk ofLiFnb e furtiR Wb SGAG

a second radiation source to emit a second beam of radiation; and
a second detector aligned with the second radiatioh source to receive radiation
after interaction of the second beam with the object;
wherein at least one of the second radiation source, the platform and the second
detector is movable in the first direction.
62. The scanning unit of claim 16, wherein the first energy distribution has a peak in
the MeV range and the second energy distribution has a peak in the KeV range.
63.  The scanning unit of claim 1, further comprjsing:
at least one second radiation source to emit a beam of radiation;
wherein:
the stationary radiation source is a source of X-ray radiation; and
the second radiation source is a source of a type of radiation different than X-ray

radiation.
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scanni ng the cargo conveyance while the cargo conveyance is being noved in a
first vertical direction; and scanning the cargo conveyance while the cargo
conveyance is being noved in a second vertical direction, opposite the
first direction. 57. The method of claim44, conprising noving the cargo
conveyance vertically. 58. A nmethod of exam ning contents of an object,
conprising: rotating the object about an axis of rotation; 49 noving the

obj ect along,a ditection ofitgelaxgﬁ qg rotation; scanning at |east a
portion of tHe ogﬁgéﬁmﬁfﬁﬁm}g Fatt o WaVT g a first energy distribution
detecting radiation at the first energy distribution [ntsracting with the
obj ect, by a spiisRiFtiQrEnis confreuredin SWHOY AAA§OLLLY RS AT on of the obj ect
with radiation having a second energy distribution; detecting radiation at
the second ener gihecioutceiapd thesistoctor arcseniigediorssan HeBHFABLYAY: an ener gy
detector; and conbining a function of the first detected radiation with a
function of 66he dJbeorminingemsef eldim 261 veherein theggnetyatima tracbationfcoapaingst-ray
contents of an object, conprising: rotating the object about an axis;
nmovi ng rhdietimbj ect along the axis in a first direction; scanning the object
with X-ray radiation at a first energy distribution while the object is

bei ng noved ¢8| onght B&mamigSinitdf thAtn B3 ellerélhy ecti on; novi ng the obj ect al ong
the axis in a second direction opposite to the first direction; scanning

the object w th ¥y dedicrlah® heh@¥dnaQicR R RISk ERACAY adlsbr i bution
different fromthe first energy distribution while the object is being noved

o o, 1 2 g W BGSRRLLShi ) e tlpdBpct np el on it ecti g
a processor coupled to the first detector, the processor being configured to
reconstruct computed tomographic images based, at least in part, on radiation detected by the
first detector.
68.  The method of claim 82, wherein the scanning parameter comprises rotation
speed, the method comprising:
scanning at least a portion of the object while rotating the object at a first speed;
and
scanning at least a portion of the object while rotating the object at a second speed
different than the first speed.
69.  The method of claim 82, wherein the scanning parameter comprises movement
speed along the axis, the method further comprising:
scanning at least a portion of the object while moving the object along the axis at
a first speed; and

scanning at least a portion of the object while moving the object along the axis at

a second speed different than the first speed.
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50 a radiation source to emt a pencil beamof radiation, along a first
axis; a rotatable platformto support an object for inspection by the beam
of radiation, the platform being rotatable about an axis; and a detector
configured and positioned to receive stinulated em ssions fromthe object
substantially perpendicular to an axis of the pencil beam due to
interaction of the beam wth the object; wherein at |east one of the

radi ati on souf ce, .t he detectar d,the platformis novabl e alon

Girection of Mo MetBeed SR € Sukiti e RepSioF refoopehR £ fogd R, te
conprisingﬁ %Hagcond radi ation source to emt a second beam of radiation;
and a sEEBRE EEVBPIH}E gned with the second radiati on source to receive
radiation after interaction of the second beamw th the object; wherein at

| east one of the ssauungatleast aperéian ebie ebieckaha fisstdpsotels: ardl t he second
detector is novable in the first direction. 62. The scanning unit of claim
16, wherein the ficpentingatdeagya porsion pHilie iobjectraie secopddirsed mte differemharthege and

t he second energy distribution has a peak in the KeV range. 63. The scanni ng
uni t of firsk deserdte. furt her conprising: at | east one second radiation source to
emt a beam of radiation; wherein: the stationary radiation source is a

source of X-7Ry rHméthenof dilth 39 EurfiREitbrisat: at i on source is a source of a
type of radiation different than X-ray radiation.- 51 64. The scanning unit

of claim 26, wherghiadeb®sIPtRitrR thR b5t ARy BE obRctSHBRRVinAth6 858&; and
conveyance; and the source and the détector are configured to scan a cargo

conveyance. 65. g, SEANMN:IiH Cbmpi: c‘f%; Jg#‘ﬁ;ﬁ iMASL A aBed DEICRE h
radi ati on conpri ses -ray‘c’r relle(:ﬁlatllngn? ZA elcslcaﬁnsl r?‘ge Onﬁf opﬁéﬁ})mﬂ%&
wher ei etk hed fidr§t detector and the second detector intersect to forma
Cr 0SS. etecied radiation. . .
72.  The scanning unit of claim 61, further comprising:
a processor coupled to the second detector, the processor being configured to

generate computed tomographic images based, at least in part, on radiation received by the

second detector.

73. A method of examining contents of an object, comprising:
scanning an object with a radiation beam; |
detecting radiation transmitted through the object with a first, spatial detector;
detecting radiation transmitted through the object and the first detector with a
second, energy sensitive, detector behind the first detector;
reconstructing first volumetric computed tomographic images from radiation
detected by the first detector;
reconstructing second volumetric computed tomographic images from radiation

detected by the second detector; and
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67. The scanning unit of claim 31, further conprising: a processor coupled
to the first detector, the processor being configured to reconstruct

conput ed t onographi ¢ i mages based, at least in part, on radiation detected
by the first detector. 68. The nethod of claim 82, wherein the scanning
parameter conprises rotation speed, the nethod conprising: scanning at

| east a portion of the object while rotating the object at a first speed;
and scanni ng at IesastC %_e?oortd} o (S)tfanﬁkslecogg)jinqctesmhi l e rotating the object at a
second speed di fﬁfél}gerﬁ RN TEneS T S spee%g. '69. The nethod of claim 82,
wherein the scanning paraneter conprises novenent speed along the axis, the
nmet hod further conprising: scanning at |east a portion of the object while
novi ng the qobject along the axis at, a first speed; and scanning at |east a
portion of tfle obpeSaniifg it {95 {nsagrting abisels <OMPESHEY the axis at  a second
speed different than the first speed. 52 70. The nethod of claim 82, wherein
t he scanni ng par afstepdigiinasopse$o evd ¢ radiaton bewm hammghdistreneteh glistitowioni si ng:
scanning at |east a portion of the object at a first dose rate; and scanning
at | east a porti esewhdrixbatainj seutce &t erait 8 embiaithndosea haaine adeddndreaagy t han t he
first dose rate. 71. The method of claim59, further conprising:

si mul t ahigabgion ditsdraitithg thb Grsobpeegy distgibatsti;ng t he obj ect and noving the
object; and reconstructing helical conputed tonographic inages based, at
least in part, oRrbfRbleqRitREM A3 sappdiing shtfacd REBUPFANM MediPbt Of claim
61, further conprising: a processor coupled to the second detector, the

Pr ocesspneB&in tﬁé’BéainQb’fdn%Qia{iQn, t@@]%&h@b : -%Ea%‘ije z]ib%ﬁp%{ %ﬁ?éxﬁasﬂaﬁ'@a@ based,

at least 'in part, on radiation received t secon tector. 73. A

met hod of Rl oM SPBbEMESuPlcePihdOP) €Ct, comprising:

a detector positioned to receive radiation after interaction of the beam with the

object; and
at least one processor configured to:
reconstruct first helical computed tomographic images of at least a portion of the
object based, at least in part, on radiation detected at the first energy distribution, during
operation; and
reconstruct second helical computed tomographic images of at least a portion of -
the object based, at least in part, on radiation detected at the second energy distribution;
wherein at least one of the first and second radiation sources, the platform or the
detector is movable in a direction along a direction of the axis during rotation of the platform.
75.  The scanning unit of claim 74, wherein the processor is further configured to:
fuse corresponding first and second reconstructed images. |
76. A method of examining contents of an object, comprising:

rotating the object about an axis;
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scanning an object with a radiation beam detecting radiation transmtted
through the object with a first, spatial detector; detecting radiation
transmtted through the object and the first detector with a second, energy
sensitive, detector behind the first detector; reconstructing first

vol unetric conputed tonographic images fromradiation detected by the first
detector; reconstructing second volunetric conputed tonographic inmages from
radi ati on detected .second C . Aan 3_fusjng correspondi ng
first and secondSﬁﬁ%ﬁ%%LQsﬁgﬁﬂﬁgE%%ﬁ%ﬁ%ﬁﬁ%. EQ%J ?%é%ﬁ%?lﬁa %%?%é?gf

conpri si ng: first radi.ation source to emt a radiation beamhaving a first
energyﬁﬁwggfﬁgﬂFWSﬁW lgﬂ@HEﬁnd radi ati on source to emt a radiation beam
having a second energy distribution different than the first energy
distribution; a Peamafigiheckiectvrityanadistion bean Somdls ¢tileast Qigrrpdiadon WUESGpport an
object for inspection by the beam of radiation, the platform being

r ot at aplagingigeeondrenengy listtilnsion qiffeaent jronpibe Hesh dnergy distribgtiole supporti ng
surface; and a detector positioned to receive radiation after interaction of
the beam wi t h t heleteoljgmtiatiamuhteasctingagth tbnebjprt byesktactoronf i gured t o:
reconstruct first helical conputed tonographic images of at |east a portion
of the object bas®ithg Atledse@ttofithe ghject, thoa 1¢aatibratradinticiedontded tidtdetdatrf i r St
energy distribution, during operation; and reconstruct second heli cal

conput egodgaR®aiidBiotatioNBgEife Btatidl tHeadfdct;an@or tion of  the object based, at
| east in part, on radiation detected at the second energy distribution;

wherein at | east (aRguflcihhs: (bhs She AMLaRLERILATAHb AL IRAIEES, alibsy Bl atf orm

or the detector is novable in a direction along a rection of the axis

dur 19 0% B Rk DR BlALL Bt S BRSHRERANEO Uni 1 of cl ai m 74, wherein

t he pracessor i's turther con use corresponding first and second
reconstructed i nages xam ni

conprising: rotd OH'E}“{% as @b]fn%si nglbeg{ﬁ?l 8’??0%%)121? irﬁggnetb%géd? affeath 1%?4’ 8
the detected radiation at the second energy distribution.
77.  The method of claim 75, further comprising:
fusing corresponding first and second reconstructed images.
78. A method of examining contents of an object, comprising:
rotating the object about an axis of rotation;
moving at least one of the object, a radiation source or a detector along the axis of
rotation, while rotating the object;
scanning the object with radiation from the radiation source to induce fission in
fissionable material in the object, if present, while rotating the object and moving at least one of

the object, the radiation source or the detector; and

detecting fission byproducts.

79. A scanning unit for inspecting objects, comprising:
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54 scanning the object with a radiation beamfromthe at |east one radiation
source having a first energy distribution; scanning the object with a

radi ati on beam fromthe at |east one radi ati on source having a second
energy distribution different fromthe first energy distribution; detecting
radi ation interacting wwth the object by a detector; noving at |east one of
the object, the at | east one radiation source or the detector along the
axi s of rotation, V\(/ﬂ%l.e rotatin .tfhg obj.ect ;. and reconstructing at |east one
hel i cal conput ed %% té‘?llasg?ﬁfcét?ﬁ’gﬁé‘ goofradigtionsast in part, on the detected
radiation at the first energy distributign; and reconstructing at |east one
hel i cal tonmpgr apRiretat atfa@dpvinga uppRsting firfsss to support ppabjgddRict ed

radi ation at the second energy distribution. 77. The nmethod of claim 75,

f ur t heringnsaginm b thg begny of rgiation.tesplatielimbeing rosatabdeebosit comdissubstantilyict ed
images. 78. A nethod of exami ning contents of an object, conprising:

r ot at i nprehdicolaf wahe aippottingrsudxies of rotation; noving at | east one of the
object, a radiation source or a detector along the axis of rotation, while
rotating the obj edirst, asanndengtivhédetadoprect Wi th radi ati on fromthe radiation
source to induce fission in fissionable material in the object, if present,

while rotating theeaidetetecRPPoditicddo Rcik&RlatioN 86 intetdBoP BT BE bearh Rth
radi ati on source or the detector; and detecting fission byproducts. 79. A

scanni nge Hﬁ]]b% 1fhr9 ge(:f:o% B&E&tbﬁ&i%&%& thé AP Pét@ét&%nd_tﬁéraﬁiaﬁ@ﬁ b@hiognpource to

emt a bea lation; ar tabl e platformhaving a supporting surface

to support an Objaﬁ@a tfo% rdcgs%gleé:%hgﬂlm Yot he beam of radiation, the platform
being rotatable a out CARPEXTE SUDSPARN rally perpendicular to the supporting

surface; a first, ener ensitive detector:; second.detectqr positioned to
receive radiati oﬁecéfpft&&y?ﬂ?aeg?%et '?{réhheglf’a %@PB@?FHIW%V?P 1§ RPEs 51 8L fhe second
det ect or bei ng between the first detector and the radiation, source;  and
portion of the object, during operation, based, at least in part, on the detected radiation from the
first, energy sensitive detector;
reconstruct at least one second helical computed tomographic image of at least a
the portion of the object, during operation, based, at least in part, on the detected radiation from
the second detector; and
fuse at least certain of the first and second images;
wherein at least one of the radiation source, the platform or the detector is
movable in a direction along a direction of the axis during rotation of the platform.
80. A scanning unit for inspecting objects, comprising:
a radiation source to emit a beam of radiation, the radiation source being
operational to be selectively switched between emitting a radjation beam having a first energy

distribution and a radiation beam having a second energy distribution different than the first

energy distribution;
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at | east one processor configured to: reconstruct at |east one first helical
conput ed tonographic i mage of at least a portion of the object, during
operation, based, at least in part, on the detected radiation fromthe
first, energy sensitive detector; reconstruct at |east one second helical
conput ed tonographic image of at least a the portion of the object, during
operation, based, at least in part, on the detected radiation from the
second det ector; S I t C [« i ond i nmages;
wherei n at Ieastagﬁgu%gnﬁﬁgﬁpggsa fﬁﬁﬁéﬁhﬁ%éﬁﬁ%gg)%?é@%%@§58§%@he det ect or
is novable.i directjon. alo irection of the axis durjng rotation of
the ot arimsri byane hEEE hhARiagoR Ik Mednr frinRring: Sy Lendbsbidiafhg: o
radi ati on sgurce to emt a be%n1of radi ati on, the radi ati on source being
oper at i RSFRERCICElapie he FUPPIUAGISYTIESR t ched between enitting a radiation beam
having a first energy distribution and a radiation beam having a second
energy di stri but iaslstegtor peyibened it eseiyp sadiqtion efterdnisragiion pEthe bpun Wah;thee a
rot at abl e pl atform having a supporting surface to support an object for

i nspectabgeet;lapdt he beam of radiation, the platform being rotatable about an
axis substantially perpendicular to the supporting surface; a detector
positioned to reaeleys onagtoatdsoncoafibared toteeddauctanleat odnbaclibtonptéd t he
object; and at |east one processor configured to reconstruct at |east one

hel i caltomepiaphie dnaderiBE, aPldist id pRY6n BasRectedtradi@@st i n part, on the detected
radi ation; erein at |east one of the radiation source, the platformor the

detector is movallcgih i 1BaslbheSrithORdAHOR oo iHeGtitiRM Rfihd Meciflis during
rotation of the platform 81. The mnetho claim 44, wherein the cargo

d of
convey apaepNAR o Fk SR oy £ALEliof Bl Bxis Wil o o RO t her

conprising: orien g argo conveyance t ength is aligned
i e verg ool o 2 SR e AT RSB TR BB o
the fi r\r%{[dth?)t(ﬂesn;lethod further comprising:

orienting the cargo conveyance so that the length is aligned with the vertical axis.

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

rotating an object about a first axis;

moving the object along the first axis;

conducting a first radiation scan of the object with penetrating radiation;

changing a scanning parameter;

conducting a second radiation scan of the object with penetrating radiation after
changing the scanning parameter;

detecting radiation interacting with the object; and

reconstructing at least one computed tomographic image based on the detected

radiation prior to changing the scanning parameter; and
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conducting a first radiation scan of the object with penetrating radiation;
changi ng a scanni ng paraneter; conducting a second radiation scan of the
object with penetrating radiation after changing the scanning paraneter;
detecting radiation interacting with the object; and reconstructing at | east
one conput ed tonographi c i mage based on the detected radiation prior to
changi ng the scanni ng paraneter and 57 reconstructing at | east one conputed

t omogr aphi ¢ i mage ba on the detected .radiation, aft hangi h
scanni ng par anet ef*® Ct’I‘ng téeaﬁﬁ?ﬂe g t%?o%?péﬁl?ﬁ“lage&ﬂ%eﬁé’ﬂlﬁg? ﬁ%‘;‘c&%@?go
conveyan%F IS gF | east qggut 1.8 nmeters wide. 84. The scanning unit of

cl ai m ggdighos e chapging £ ﬁcﬂ??é‘?%/p%%‘?tﬁre is adapted to emit radiation having
an energy distribution with a peak in the MeV range. 85. The scannln uni t
of claim1, ®herellhe %%@165%%9€¢Ialgr h-ayhegeindie; carge: cosyRyanes is aplesss apit 1.

el enent s; and energy sensitive detector elenments. 86. The nethod of claim
58, furmh@ﬁ5®mhpr|5|ng anal yzi ng the conbi ned function to derive
information related to at | east sonme of the contents of the object. 87. A
scanni ng uni 84f or Thespacihg ngit ob¢leint 83, whiseeinthie istatiomgpy s@irogis adaptedidieatii on
source to emt a beamof neutrons; a rotatable platformadapted to support
and r ot aid2atin habing@h cndrbe digteiblution Mtha\pbﬁlgln&he Mepnengd. ng surface to support

‘the object for inspection by the beam of radiation, the platform being

rotatabl e about an axis substantially perpendlcular to the supporting
surface; a detector positioned to receive radiation transm tted through the

object; ac 5YeY e ecqﬂmgqmmfagiﬁy%ﬁ to}arrzggon ke %f,zgla{ll -

scanni ng, an east one processor I gure tor ruct

conputegﬁ%& Fﬂ gpdegg ?g%ﬁgwgﬁdFﬁ%§&e ]ROFtIOH of the object, during

operati & F8dFAt on source, the platformor the

detector e Vel A S Bl ong, 8k Lori o oL L, s o
conpris Idglgve 1n?0rmatxon related to at least some of the contents of the object.
87. A scanning unit for inspecting objects, the unit comprising:

a radiation source to emit a beam of neutrons;

a rotatable platform adapted to s@pport and rotate an object, the platform having a
supporting surface to support the object for inspie_cti_on by the beam of radiation, the platform
being rotatable about an axis substantially perpehdi;:uiéair to the supporting surface;

a detector positioned to receive raéldiatiof;) transmitted through the object;

a conveyor adapted to convey thei objécté to the platform for scanning; and

at least one processor conﬁgured:to r_ec‘céinstruct helical computed tomographic
images of at least a portion of the object, during%opera.téion;

wherein at least one of the radiation souétce, the platform or the detector is

movable in a direction along a direction of the a?cis during rotation of the platform.

88. A scanning unit for inspecting objects, (E:'omprising:
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at | east one source of penetrating radiation to emt a beamof radiation to
scan an object; a platformto support an object during scanning by the beam
of radiation, the platform being novable along an axis; at |east one
detector positioned to receive radiation after interaction with the object;
a first conveyor to convey the object to the platformfor scanning; a second
conveyor to convey the object fromthe platformafter scanning, the second

conveyor bei ng at t"f’eagt:(f Rl b ;é:e%letrglﬁ{ qg&iaticﬁintg eﬁli{a{:ﬂ)g SGEYST tots ancan 1V €Y
the object fromthe p attorm arter sc nni ng, the ir conveyor being at a
second vertical height different than the first vertical height; wherein the
platforﬂmf%’configured to selectively direct the object to one of the

second conveyor and the third conveyor, by noving the platformal ong the
axis, between t heaﬁ?ﬁf@‘fn TOrFEPRY AnRRIC A By GRicamef radialiondhy ng uni t
for inspecting _objects, conprising: at |east one radiation source to emt
beams oPlatferan baingmouable alpag ap@dsisecond, different, energy distributions; a
platformto support an object for inspection by the beans of radiation, the
pl at f or m bei ng noat ddabieong|detegton positiinsd taredevewdmtiop afi¢rntinteraetion with deei ve

radi ation after interaction of the beamwth the object; and a processor
conf i guolgectf o cause em ssion of a radiation beamfromthe at |east one

radi ati on source having the first energy distribution while the platformis
moved in a first Hrstédn@efdradicaven thelobfectrsithe pagorDfo? 8¢mAingM ssi on of a

radi ation beamfromthe at | east one radiation source having the second

ener gy distributipRcy (!o?w%}}?ﬁ tPE RV ELIHEob Rt RN the flaforRARY Seanflinkf @E ent
direction along the axis. 90. The nethod of claim 78, conprising scanning

the carga eonvey %gmg%#ggﬁﬁgﬁﬁgﬁhw- egpyof neutron or gamma ray radiation.

91. The scanning unit ereln: the source is supported at a

tirst level; and a third conveyor to convey the object from the platform after scanning, the third

conveyor being at a second vertical height different than the first vertical height;

wherein the platform is configured to selectively direct the object to one of the
second conveyor and the third conveyor by moving the platform along the axis, between the first
height and the second height.

89. A scanning unit for inspecting objects, comprising:

at least one radiation source to emit beams of radiation at first and second,
different, energy distributions;

a platform fo support an object for inspection by the beams of radiation, the
platform being movable along an axis;

a detectér positioned to receive radiation after interaction of the beam with the
object; and |

a processor configured to cause emission of a radiation beam from the at least one

radiation source having the first energy distribution while the platform is moved in a first
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the detector is supported at a second level. 92. The scanning unit of claim
91, wherein the first level and the second |level are the sane. 93. The
scanning unit of claim91, wherein the cavity is defined, at least in part,
by ground. 94. The nethod of claim85, conprising analyzing the conbi ned
function by: reconstructing at |east one inage based, at least in part, on
the conbi ned function; and analyzing the at |east one inmage. 95. The nethod

Of 15131 B8 fon SR SORANELLNGL 0E. Lo oM ALLOR AERN WAL L Gifigh 201 g

and/ or noving t exam ni ng contents ar go

i X R R TR X T A

substan,iaLI% vertical axis of rotation, while rotating the cargo
conveyafiegtiopalorg 5 5y t he cargo conveyance with radiation from a
stationary radiatjon source while rotating the cargo conveyance and novi ng
the cargo cotfyeyalticancthed efcalaing 8 semensingscaping thiccatea conYayarts witlea pecdo
conveyance by a stationary detector; reconstructing at |east one helical
conput ebeampefngraphorcgammegylsadaihn. at | east in part, on the detected
radi ati on scanni ng the cargo conveyance with radiation to induce fission in
fissi onabl e 9Imat eflieakcarining et eflujlamt 1, wherepr. esent ; and detecting fission
byproducts. 61
the source is supported at a first level; and
the detector is supported at a second [evel.
92.  The scanning unit of claim 91, wherein the first level and the second level are the
same.
93.  The scanning unit of ¢laim 91, wherein the cavity is defined, at least in part, by
ground.
94,  The method of claim 85, comprising analyzing the combined function by:
reconstructing at least one image based, at least in part, on the combined function;
and
analyzing the at least one image.
95.  The method of claim 82, comprising:
conducting the first radiation scan while rotating and/or moving the object.
96. A method of examining contents of a cargo conveyance comprising:
rotating the cargo conveyance about a substantially vertical axis of rotation;

moving the cargo conveyance along the substantially vertical axis of rotation,

while rotating the cargo conveyance;
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scanning the cargo conveyance with radiation from a stationary radiation source
while rotating the cargo conveyance and moving the cargo conveyance;

detecting radiation transmitted through the cargo conveyance by a stationary
detector;

reconstructing at least one helical computed tomographic image based, at least in
part, on the detected radiation

scanning the cargo conveyance with radiation to induce fission in fissionable
material in the obj ect; if present; and

detecting fission byproducts.
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