WD 2004/ 031755 PCT/ US2003/ 031718 FOLDED ARRAY CT BAGGAGE SCANNER SUMVARY OF
THE | NVENTI ON The deficiencies of the prior art are substantially overcone
by the CT the 5 present invention which includes a w de angle
X-ray tubea’g’?égﬁ{ﬁlgsple sets of detectors. One set of d&EYBPEPLRentered
on the x-ray source with one or nore additional sets covering outer edges
of the wide angle x-ray beam The CT scanner of the present invention has a
reduced size while maintaining the sanme tunnel size as conventi onal
scanners. According to another aspect of the invention, the sets of
detectors have different pitches in order to maintain a constant inter 10
detector angle. Thus, reconstruction algorithnms can be sinplified. According

to another aspect of thepbmimw-ggmgﬁgﬁsmﬁned on only half
t he

of the detector ring. According to ano r aspect of the invention, a
second set of detectors sensitive to a different energy spectrum are
positioned on the other half of the detector ring. The CT scanner of the

present invention can provi dg'gwi;lgmgﬁmaﬁom a single scan of a
bag, using the nmultiple sets X g to anot her aspect of
the inventi on,ﬁ_{ée -_r%é%ssgu ce . operates at a reduced flux level from

conventional s cle ¢ Préor@siAse substantigllysrverqemechy the S seannsr of the
invention, the shorter distances fromthe source to the detector allows for
a | ess SpoviEesent inxentign whigltinelydesp wide angle tiivey tubs pad muliiple bets dfidetertiron, Ome
portion of a bag can be scanned multiple tinmes with the results being

aver aged. séhef ditdctord isasntieted omthé kpdyesonroevwith cheax eioke edifional SOV efing 66ter The
20 resulting reduction in noise allows a reconstruction of heavy bags with a

reduced f|ddsestofitie widbQinbS-ray¥BeAR 0 Fhe 8F HemmBi-df 1HSPRA GvehfiSn hAGARIG A izk O

anot her aspect of the invention, the reduced size CT scanner 1Is incorporated

into an ai Wﬂileﬂﬁaiﬁﬂﬁﬁﬁgl@ S%gé K{nga_l%?egg géﬁwzegﬂgrl&l) k&inRGS! Mcgé}gﬁlgttg aﬁdthé?\ﬂsé‘elagof

passenger to Insert g on succes scanni ng an

anal ysi s (tﬁé h{?/reﬁt?cfn, {h% s%ﬁ%? HietQ&OI% ']-Sv@ trili%}e}/e%i[ Ei)tdhes in order to maintain a constant inter-

10 detector angle. Thus, reconstruction algorithms can be simplified. According to another aspect
of the invention, detectors are positioned on only half of the detector ring, According to another
aspect of the invention, a second set of detectors sensitive to a different energy spectrum are
positioned on the other half of the detector ring. The CT scanner of the present invention can
provide dual energy analysis froxﬁ a single scan of a bag, using the multiple sets of detectors.

15 According to another aspect of the invention, the x-ray source operates at a reduced flux
level from conventional systems. Due to the compact size of the CT scanner of the inveﬁtion,
the shorter distances from the source to the detector allows for a less powerful x-ray. According
to another aspect of the invention, a portion of a bag can be scanned multiple times with the
results being averaged. The data from the multiple scans is averaged to remove noise. The

20  resulting reduction in noise allows a reconstruction of heavy bags with a reduced flux x-ray

source.



t he baggage is tagged by airline personnel in the regular manner and
transferred to the existing 5 baggage handling system According to another
aspect of the invention, a plurality of CT scanners are 5 | EF
DESCRI PTI KO PEESDRAWNGS Fig. 1 is a cross sectional P@?&W@ fﬁgnﬁB
conventional CT scanner. Fig. 2 is a perspective view of a CT scanner
according to an enbodi nent of the present 1o invention. Figs. 3A and 3B are
perspective views of a gantry system according to an enbodi nent of the
present invention. Fig. 4 is a cross sectional illustration of a CT scanner
gantry according to an enbodi nent of the present invention. 15 Fig. 5is a
perspective view of a detector array conponent of a CT scanner according to

an enbodi ment Qicch&%PO&)%ﬁSﬂﬁEr AP BF R Tnveitibh, the feBuctd s RATT Ydafiiéraé ineo@efawdon
of a detector of a scanner according to an enbodi nent of the presSent
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PCT/ US2003/ 031718 | Fi g. i s..a block diagramof conputer cgnpgnents of a CT
scanner a é‘bg‘tﬁgﬁ%" F(Sag%ﬁd ggﬁﬁhm W@f‘nﬂ%ﬁ‘é‘e@-ﬂ@s@ﬂmﬁ ﬁ%‘g‘ﬁﬁs red tp fhe existing

perspective view of an airline check-in desk according to an enbodi nent of
t he prdserhaggapedandling system. According to another aspect of the invention, a plurality of CT

scanners are networked
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross sectional view of a conventional CT scanner.
Fig. 2 is a perspective view of a CT scanner according to an embodiment of the present
10 invention.
Figs. 3A and 3B are perspective views of a gantry system according to an embodiment of
the present invention.,
Fig. 4 is a cross sectional illustration of a CT scanner gantry according to an embodiment
of the present invention.
15 Fig. 5 is a perspective view of a detector array component of a CT scanner according to
an embodiment of the present invention.
Fig. 6 is a front view of a portion of a detector of a CT scanner according to an
embodiment of the present invention.
Fig. 7 is a cross sectional view of a detector component of a dual energy CT scanner
20  according to an embodiment of the present invention.
Fig. 8 is a block diagram of the components of a CT scanner according to an embodiment

of the present invention.



5 Fig. 11 is a block diagram of a networked CT scanner system according to
an enbodi nent of the present invention. Fig. 12 represents the pitch

bet ween detector el enents according to an enbodi nent of the _invention. Fig.
13 is a cMBRWERHTDNal view of a CT scanner according tTCHRRREPIE bodi nent
of the to present invention. Fig. 14A-C represents data fromthe CT scanner
of Fig. 13. Fig. 15 is a cross sectional view of a CT scanner according to
anot her enbodi nent of the present invention. DETAILED DESCRI PTION 15 A CT
scanner of the present invention has a nore conpact size than conventi onal
scanners through the use of a wide angle x-ray source and a fol ded detector
array, including sets of detector arrays at different distances fromthe

x-ray source. Ei 0g:2 i1 te I f nnek. 100
according to aﬁigg%%%blgégﬁfagﬁm [ ifeC%%ngl&%ﬁd&éﬁtog n@r %@%&é‘ﬂ%& 0o

i ncl udes awgo({ﬂsi ng t.’lﬂ%o W th.a substantially circular tunnel 120, there

t hrough. FHEOUEITALIT RS presgnt Iyention.; nnut end 121 and an output end 122. A
conveyor 123 extends fromthe input end 121 to, the output end 122 of the
tunnel 120. Fofige3dsd a rasnerlivaodgyafan airline cheslrindssk arppraing tam enghodient ohe
ends of the tunnel 120. Additionally, other conveyors may be positioned and
used to 3thapreeouibe@tipss PCTI uS2003/ 031718 transfer baggage to or fromthe
conveyor 123 in the CT scanner 100. Coverings (not shown), such as |ead

| i ned subber oFig abis cblockeyiapempdfanetworkehCT stdmet sysreal ackaidigytoah t he i nput
end 121 and output end 122, to provide x-ray shielding. The CT scanner 100

has a X-r aghbadigenilelhe bW #Svehtign.center. As illustrated in Fig. 2, the
Xx-ray area 130 may be lTarger than the ends 121, 5 122 of the tunnel 130.

Alternatively, gid1§2 hoHeend tHelftchWdtvwkel YeleQoFBEmBhts docdhdifl o &t dfbddBinent of the

invention.
Fig. 13 is a cross sectional view of a CT scanner according to another embodiment of the
10  present invention.
Fig. 14A-C represents data from the CT scanner of Fig. 13.
Fig. 15 is a cross sectional view of a CT scanner according to another embodiment of the
present invention,
DETAILED DESCRIPTION
15 A CT scanner of the present invention has a more compact size than conventional
scanners through the use of a wide angle x-ray source and a folded detector array, including sets
of detector arrays at different distances from the x-ray source. Fig. 2 illustrates an embodiment
of a CT scanner 100 according to an embodiment of the present invention. The CT scanner 100
includes a housing 110 with a substantially circular tunnel 120, there through. The tunnel 120
20 has an input end 121 and an output end 122. A conveyor 123 extends from the input end 121 to
the output end 122 of the tunnel 120. For ease loading baggage, the conveyor may extend

beyond the ends of the tunnel 120, Additionally, other conveyors may be positioned and used to
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accommopdate the size of the x-ray area 130. Figs. 3A and 3B illustrate a
gantry system di sposed within the x-ray area 130 of the housing 110. The
gantry systemincludes a support structure 210 (Fig. 3A) 220
(Fig. 3B) WOHW4AIM¥drt structure 210 includes a base 211Pgﬂ Sg(m%?%]z{ﬁ/ar
shaped vertical support 10 212. The vertical support 212 is attached to the
base 211. The gantry 220 includes a ring 221 which is rotatably attached to
the vertical support 212 so that the tunnel 120 passes through the center
of the ring 221. An x-ray source 230 is attached to the ring 221 to provide
a wde angle x- ray beamover the entire area of the tunnel 120. Preferably,
the x-ray source has a rounded shape on an upper surface, simlar in shape

to the OUttﬁﬁsﬁrbﬁagé@é t0'or £ 188 Bédvéyor! 23R CRHRGker 10D c%b@rﬁlgﬁ totShowd)e
gantry can be reduced since it doeS not need to accommpdate the extensions

of a rect : : ik of
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Comut or . e T2 B P R e e e C SR RE e L et ey 5
The. gant 1 Jo o etlrgs AsdDUBIER i ik SRUBREFERES | hoak BaHHEs LaRBoPHPIgLe o an
enbodi gen&agf ﬁtglhggg{re}e!s{seontﬁgérgé.eni [ gtgah t hegrﬂcz'msclgagg%@ggdesf not 1i ncl ;;jrg a
conput er ohee 0. | tvelyd OHB1D; €0 st aplagiesize d
directly to the host conputer. Elimnation of the conputer on the gantry 4

WO 2004/ 03ecthdmedsty tHS200 3f 08178 arqadi3ffits a smaller and |ighter gantry. As
wi th conventional CT scanners, the gantry includes an edge contact (not
shown) for tramidsedAiand 3BAlEsraty WigmaR syaém Hisposidsyition tHea-@gatdayl 30ndtdat a
from the gantry while the gantry is rotating. O course, the present

I nventi on Haing NAJ, UAR @nf§ SPHER inchfds Eg%ﬂﬁ%ﬁ&nﬂﬂlgqgg?ﬁb SRR otitry! 220

processi ng of data as 1n tonventi onal scanners. . 4 illustrates the
osi ti oni ng; = !
Dal. 242 Guieyp) Thelub Suhie 256 he s  HRea®! it BB HETRRI otk

smal | l t %Q fl'% vertical support 212 is attached to the base 211. The gantry 220 includes a ring 221

which is rotatably attached to the vertical support 212 so that the tunnel 120 passes through the
center of the ring 221. An x-ray source 230 is attached to the ring 221 to provide a wide angle x-
ray beam over the entire area of the tunnel 120. Preferably, the x-ray source has a rounded shape
on an upper surface, similar in shape to the outer surface of the gantry. In this manner, the size
15  of'the gantry can be reduced since it does not need to accommodate the extensions of a
rectangular x-ray source. Furthermore, the gantry has a three sets of detector arrays240, 241,
242, positioned on the ring 221 within the projected beam of the x-ray source 230. Notably
absent from the gantry is a computer. Conventional CT scanners include a computer on the
gantry to process data from the detectors and format the data for transmission from the gantry to
20 a host computer which operates the scanner. According to an embodiment of the present
invention, the CT scanner does not include a computer on the gantry. Instead, data from the

detectors are streamed directly to the host computer. Elimination of the computer on the gantry



conventional CT scanners with a simlar size tunnel 120. According to an
enbodi nent of the present invention, the gantry has a di aneter of
approximately 130 cm when the tunnel is approxinately 80 cmin dianmeter. A
convent i om0 200T0esNner with a 80 cm di ameter tunnel to RfSUF8R0FH031TIS
approximately 210 centineters. Thus, with the present invention, the CT
scanner is reduced in size by approximately 40% The w de angle x-ray
source 230 is located on the gantry 220 so that the x-ray beamintersects
the entire area of the tunnel 120. Since the x-ray source 230 has a w der
beam 250 than for a conventional CT scanner, it can be positioned closer to
the tunnel. The CT scanner of the present invention includes a folded
detector array including two 15 or nore sets  of tectors 240, 241, 242 at

T Fr ont PRATSISA U procisbiRe SRR AY cameRTat T gmers e L FEhdooy
covers a central portion of the gantry ring and is centered on the x-ray
sour ce at edge epntpe bs}@mfortt@nsi%mmém@mnk sgnalietodhe gantyissd datedtonThe
ot her sets of detectors 241, 242 are positioned to intersect the outer
ranges of therganicy mdle thergabotryis @DEGing AOf ooutse) thet present imnvérdibinmeayt inclade & bemputer

I nvention, the second sets of detectors 241, 242 start at the point in the
beam 250 whdliegadfly tderformeion@Raifeied osesaiff of @ACHs hkenad@iondfCT fankdraig 221.

Al ternatively, the second set of detectors may start at any location in the

beam 2530 where 2 t | RRth '
2004/ 021755 PC$ %%%él('l)ﬂ(}g/%{g%%%@E%@ﬁ%g?@ﬂggﬂﬁﬁé@%ﬁﬂﬁ% e ga%?‘?l ‘fd #ﬁg cgtee}:é\@ﬁsd set

of detect %8 2%‘1124220%%%_58%?213.' ffén%ﬂe@éogfﬁgef%a'}n?rﬂ% is %h%ﬁﬁtéﬁ@%r&aﬁe@%?n% an

t he i nner “détectors nce are“closer He "X-ray source,
t hey can have a s er pitch than, for conventional,. Cl scanner.s w thout
Sy f i ci hgerhe DareBis il oAbl v SROACE: ARAS i S SBRIBRP LR o
the present invention, the detector elenents are_ sized and positioned so

t hat each Presgqt ipyentien, dhe gandryhas a digmetes of arproximatetn§ 3 Gbem, whendhe tumgelsis ux

| evel s. The cl oser distance between the x-ray source 230 and the second
sets of deppwokionatelp 48 cmdin Aiamaterws conyentidnel CHetanperowitlpa 86 mt diameterf tynnel he
first set of detectors 240. Since the distance is shorter, the photon count
per uriot awvcedd b approximately 210 centimeters. Thus, with the present invention, the CT scanner is
reduced in size by approximately 40%. The wide angle x-ray source 230 is located on the gantry
220 so that the x-ray beam infersects the entire area of the tunnel 120. Since the x-ray source
230 has a wider beam 250 than for a conventional CT scanner, it can be positioned closer to the
tunnel. The CT scanner of the present invention includes a folded detector array including two
15  or more sets of detectors 240, 241, 242 at different distances from the x-ray source 230. One set
of detectors 240 covers a central portion of the gantry ring and is centered on the x-ray source at
a distance equal to the source to center detector distance. The other sets of detectors 241, 242 are
positioned to intersect the outer ranges of the x-ray fan beam 250. According to an embodiment
of the invention, the second sets of detectors 241, 242 start at the point in the beam 250 where

20  the inner detectors 240 reach the edge of the ring 221. Alternatively, the second set of detectors

may start at any location in the beam 250 where the inner detectors end, depending upon the size



the second sets of detectors 241, 242 is higher than for the first set of
detectors 240. The hi gher to photon count allows a reduced detector pitch

wi t hout Sawq]iobﬁj)ﬁgsst he signal to noise ratio. Additi onaﬂéﬁ/msi%&g,&lﬁ e
itch, a t

reduced p constant inter-detector angle can be maintalne roughout
the fan beam 250. Fig. 12 illustrates the relationship between the first set
of detectors 240 and the second sets of detectors 241, 242. The angl es

bet ween detectors (a) remains constant while the pitch between detectors
(81, 82) changes. To maintain the sanme angle, the 15 equation SI/R =82/ R2
must be satisfied. Additionally, to maintain a mninumflux |evel, the
foll ow ng equation, (62xw2)/R22 ?(81xw )/ R12, where W and w2 are the w dths

of the debPekaiashinduad tl@%aﬁ@f.i Phe RPondHebsRdeiditors DAL, 202 Grd SclbRe disRiice RARA

equations can be satisfied, wth consistent angles and m ni mal noi se

interfer engganggl}f%szﬁfoﬁg#%gm 4QWidQbagi mplified reconstruction software.

Known " equl - eam reconstruction algorithnms can be used 20 with
m ni mal nodi ficati on. cording, to.an enbodi nent. of the inventio he

det ector " emenoinet Bie CRERH 4 fiob 8 BBy S lssdiet AP Pk 9 o
| ong and 2.2 nmm.w The detector .elenents of the second sets of detectors
241, 242 aF‘zh}“’gn‘ilfﬂiiﬁﬁj gﬁg“%ﬁ‘?ﬂ“l@%%ﬁ@?@%@&ﬂﬁ’ QPR SRUHETACROIHHE DA 718
Figs. 5 and 6 illustrate detector assenblies for sinplifying the assenbly of
the CT 8capmbedigent ofdhepresent inventiam theglgteston elementygreosizedand iposifionasforthat eaqh g
5 illustrates a detector assenbly 300:'having a housing 310, a processing
board 320 astebf detdetvmsdiassubatantiallyGidenticihpitchdat dlok devebs: Mg cBBEr distethagdetvern the

plurality of detectors (not shown) arranged along the width of the 5

assenbl y 3QQay fsuréd 230sdnd aliecsboontl fetsthf dBtectded 2411 D42 Ahsariynidkr 3@ector3Mifkh tRA2
are attached to the ring 221 of the gantry 220. The detector assenblies

300, 301, Jkndfift RRSF EdteriSd 230. Sih@!thé BRtaHEd B GhéHer, 1€ pRA6H cQBR peY urit e at

detector array 330 is adjacent to a detector on the end of an adjacent

det ect or - #id @ond SR likootbA2 USROS BRI A RARK AUCLE B et BNGE Y401 ROHRer 1

the array wou e perpendi cul af equi di stant from X-r'ay sofirce.

Howev\e " V\'ip}ug!to;z lcglgnt %ﬁ},\% 5 IQerducE:ieSdsn%rtg?:{oir%?tcl?\%{hglﬁ%agrifﬁ:rir?g the signal to noise ratio.
Additionally, with the reduced pitch, a constant inter-detector angle can be maintained
throughout the fan beam 250. Fig. 12 illustrates the relationship between the first set of detectors
240 and the second sets of detectors 241, 242. The angles between detectors (o) remains
constant while the pitch between detectors (81, §2) changes. To maintain the same angle, the

15  equation 61/R1=62/R2 must be satisfied. Additionally, to maintain a minimum flux level, the
following equation, (52xw2)/R2? >(81xw1)/R1%, where w1 and w2 are the widths of the
detectors, must be satisfied. Since the distance is reduced, both equations can be satisfied, with
consistent angles and minimal noise interference. These features allow for simplified
reconstruction software. Known ‘equi-angular’ fan beam reconstruction algorithms can be used

20  with minimal modification. According to an embodiment of the invention, the detector elements

of the first set of detectors 240 are approximately 10 mm long and 2.2 mm wide. The detector

elements of the second sets of detectors 241, 242 are 8 mm long and 1.8 mm wide,



10 slight variations in incidence angle and di stance across the assenbly.
According to an enbodi nent of the invention, a detector assenbly at the
center of the first set of detectors 240 is arranged mnt€ et ect or
el enent beMR2BEPHEMi cul ar to the position of the x-ray %ﬂpﬁ@%l&ég& t he
remai ni ng detector assenblies, the outernost detector elenent is

perpendi cular to the x- ray source. As illustrated in Fig. 6, the x-ray
source direction 350, 351 is perpendicular to the 15 1eft hand side of an
assenbly on the left hand side of the gantry. The right hand side of
assenblies on the other side of the gantry woul d be positioned perpendicul ar
to the direction of the x-ray source. Such positioning allows the detector

arrays to be pr r
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addi tion to re di amet.er shorter our to d tector di
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PCT/ U82003/ 031718 | ower part costs, nplified cooli ng (qui eter) and power
r equi r emendetecttharrayct30dneladesra plurality Q‘f |d9§ectowl (vot shewn) arcanged slong theovidhraf the
again translating to a cheaper (and lighter) system According to an

enbodi nment assembhe3(i: esssitiustratedintHig 6, détbtorGhsengidien 800,304 2 ame nttacheditocthe ring
energy node. Fig. 7 is a cross sectional view of a detector element 330 for

dual ener gg25oPheeaikirP?20. TIR déeichst asSem®lied 0T 301102 dRSpositiofi¥d S BAH e detector
scintillator layer 331, a |low energy phot odi ode Iayer 332, a copper |ayer

333, a hig I
| ayer 335. Ia!rﬁgeéﬁh?g&gir?e@rd@el;{o?ggérgﬁ%ggdﬁ%%kg?gagﬁt er t gﬁ&t anzﬂﬁge% @?3%5”

I 331 i i
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shield lr(}g fs{lgthmaUOns in incidence angle and distance across the assembly. According to an

embodiment of the invention, a detector assembly at the center of the first set of detectors 240 is
arranged with a center detector element being perpendicular to the position of the x-ray source.
For the remaining detector assemblies, the outermost detector element is perpendicular to the x-
ray source. As illustrated in Fig. 6, the x-ray source direction 350, 351 is perpendicular to the

15  left hand side of an assembly on the left hand side of the gantry. The right hand side of
assemblies on the other side of the gantry would be positioned perpendicular to the direction of
the x-ray source. Such positioniné allows the detector arrays to be properly angled and nested,
as illustrated in Fig. 6 to minimize the distance between adjacent elements on different
assemblies.

20 The CT scanner of the present invention is smaller and less costly than conventional
scanners. The wide beam width provides additional benefits in addition to reduced diameter.

The shorter source to detector distances, allow for less powerful x-ray sources which translates to



the copper and additional |ayers, thereby sinplifying data acquisition
el ectroni cs and subsequent signal processing. Alternatively, a dual energy

scan can b r f usi ng known techniques wth a pulsj -r urce
and a si ng%e(pgﬁr?ﬂ%lg?sgde | ayer in the detectors. Fig. 8 il+€@fl§%§9g§31§ﬁe
conponents of a CT scanner 100 according to an enbodi nent of the 15 present
I nvention. The CT scanner 100 includes the gantry 221, and two conputers
400, 500. A host conputer 400 controls operation of the scanner and
retrieves data fromthe detectors. A detection algorithm conputer 500
operates on the data to determ ne whether an expl osive device or other
object of interest is present. O course, a single conputer could be used to

perform al |10wé?fga}t f&@sté,‘éﬁﬁﬁﬂﬁ%‘&%oﬁfﬁ%@ﬁﬁte@a:ﬁ?%ﬂeq 8" Thé ORrdss iéagg-fap‘gf}nm

conputers prevénts the extensive processing of the detection a

from sl ow I on. coll i 9] scanner .

Al so, cont rggf)g%e%gg%ﬁgﬁé%h%@%s@@ﬁrﬁg&%}ﬁ]%é{@@élréhﬁg St.g%'rry 221 and the
bover . pr ovi des ASFETEAH 48 BRPobseRkal e pstsst BeIs: the o pEiErer Bbaien e
scanner. A DC power supply 225 receives the AC power and converts it to DC
power for [BBREY medet Rig. pivreresy segtienabyigyiod adatection elgment 330 far dual ewsrgyot or
drives 222, powered by the AC power, or alternatively by the DC power,

oper at e 5t heperstiwe yhire detattar clement tnehidesymlow energy sciatifiator liye2¥3, e towendrgy t he
detector assenblies to the host conputer 400. DC power 5 and the data |ink
are positi pheddiote layer 33209 cOppel ger3d3t & Migh@nﬁfg?‘séiﬂﬂllﬁaxt Ry& B34 hdradiigh erefgy
The ~circuit boards 320 on the detector assenblies 300 sanple the detectors

1440 tines T j I, ik nk
pREIodREE RYEr 335T e Per g?gﬁl&f‘é?s 3340035 gl vRer thiXf ﬂe%\;vteﬁt@%?%kgrs 351

223 to the host conputer 400. s are "also used to determn
Cati | . _ _ . e
provi ded t 3tna palpl e i GpBARY e Biedf, BRINTHitiery icks R bty s
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10 similar flux levels between the low and high energy layers, even with the greater shielding from

the copper and additional layers, thereby simplifying data acquisition electronics and subsequent
signal processing. Alternatively, a dual energy scan can be performed using known techniques
with a pulsing x-ray source and a single photodiode layer in the detectors.
Fig. 8 illustrates the components of a CT scamner 100 according to an embodiment of the
15  present invention. The CT scanner 100 includes the gantry 221, and two computers 400, 500. A
| host computer 400 controls operation of the scanner and retrieves data from the detectors. A
detection algorithm computer 500 operates on the data to determine whether an explosive device
or other object of interest is present. Of course, a single computer could be used to perform all
of the functions for the CT scanner. However, the use of two computers prevents the extensive
20 processing of the detection algorithm from slowing down the operation and data collection of the
CT scanner. Also, control and data elements are connected between the gantry 221 and the

computers 400, 500. An AC power input 224, connected to ordinary 240 V AC power, provides



i ncludes inputs fromthe imaging array 423, the conveyor belt encoder 422,
and the gantry encoder. 421. It also includes a field progranmabl e gate
array card_42 r_retrieving the data and forwarding it er board
410. The nﬂ’%f’%‘g’ﬂ% 410 includes a processor 411, such 15612@228%{52% ?um
processor fromlntel, a |large RAM 412, and a back-projection accel erator
card 520 for processing the data. It also includes a Host/PCl bridge for
sending and receiving information fromthe data acquisition card and ot her
conputers. The data retrieved fromthe CT scanner is transferred to the

detection algorithm conputer 500. An ethernet connection allows quick
transfer of the |l arge anobunts of data. The det ecti on al gorithm conputer al so

i ncl udes at&opowhﬁm@@chéﬂa& FRDASRRE S R Sullpses eélﬁlgtoa{)@?&lgéf%a CorflRhElt TS Ne

the/ eX|zstence of expl osives or ot her h
array can roces ¥ Fong TYI SR ¢ GHES tion
array can B Frod frasierlh b iR ee 19% ﬁﬁ@?%{)% | AR abBPE dEE R

technlques oSye i cal sc scan The

comput ar 1 PORFEEPRMRAC 6 VED ff AGTIAED;; g DERE, oReE B 6o myspt andinste the
readi ng of detectors according to the de5|red scanni ng schenme. The detection
al gor i t hm BawiBhpddeta link 243 rauregts thesdetactoyessemblics o thebevi sempeter 400e DSt peniera
based upon the scanning scheme which is utilized. The smaller size of the
CT scan#der aod theldataginkseapositioned b dire &ihg ofthe iganttyotolprovide date detidgrotation. The

i ncorporated into the baggage handling process than existing EDS systens.
Fig. 10 il leiisiit bdaéds 320 onahé déte@orCRssiblies 30Esatnpl O thel deferfopO T A tiiEes pePRGGRD €
scanner according to an enbodi nent of the 10 present invention. As in sone

convent i ongthe GAGGthbR traieedad Hﬂé‘ug?i.h é<da?99nl3ﬁ2§r 138hPhESR %ﬁlhgutbthnQGdéré‘Er%Udes

two check-in stations 710, a checked baggage ding area 730

abby. The o? %Hc%ﬁﬁe?m%é'@?mﬂﬁﬁ’%é?gﬁ?f Bl B A B0 G Bor, Tnf e 8"

baggage | Oagclavugeda}o T h%gtoconﬁn o Senger,

'Q)

10 The components of the computers are illustrated in Fig. 9. The host computer 400
includes a motherboard 410 and a data acquisition card 420. The data acquisition card 420
includes inputs from the imaging array 423, the conveyor belt encoder 422, and the gantry
encoder. 421. It also includes a field programmable gate array card 424 for retrieving the data
and forwarding it to the motherboard 410. The motherboard 410 includes a processor 411, such

15  asa Pentium processor from Intel, a large RAM 412, and a back-projection accelerator card 520
for processing the data. It also includes a Host/PCI bridge for sending and receiving information
from the data acquisition card and other computers. The data retrieved from the CT scanner is
transferred to the detection algorithm computer 500. An ethernet connection allows quick
transfer of the large amounts of data. The detection algorithm computer also includes a

20  motherboard 510 for proper processing of the data to determine the existence of explosives or

other materials.



upon checking in, places his or her baggage on the conveyor at the baggage

| oading area 730 or 15 as a standal one system The baggage is automatically
scanned an for the existence of explosives e
passes, g"‘?%@?@?jﬁ 5qper sonnel can tag it in the ordi naryi’@ﬂggﬁggﬂgﬁ
forward |t to the baggage handling system Wth the check-in desk of this
enbodi nent of the present invention, very little additional | obby space is
needed for scanni ng baggage, and no nodifications to the baggage handl i ng
systemare required. As an option, the bag can be 20 processed as usual,
with the bag tag placed by the ticket agent prior to scanning. Once checked-
in, the bag is scanned and injected into the baggage handling system |If

desired for '”Dﬁ%%@taﬂ%%?ﬂf%@ﬁh%hnér'hﬁ%@'ﬂdé&'&&&%r a{iﬁg caf Be BfocERSPL
t he baggage nmakeup area away fromthe 0" WD 2004/ 031755 PCT/ US2003/ 1718

passengers r

pr esent Invdgﬁ\{#glﬁn&%gf E)I ﬂnn%@%?ﬁeor %ﬁ%ﬂgﬁ exg{lé{se’l %hglég;rrﬁlgcgpc ec g OH?%U

ei ther as part.. of heck-in, area of t ree stan i osk.
Ao descr boggy dhe S Errbickiniapeapinto St fe iy ferebyponiobeeth dnd ec
standing, 5 standalone unit with a TSA operator available for review ng

i mages and rsafingfdelrgtoshaceprding to thedesired scapping sehem- t1de dstsetien algorb®@i ment  of
the present invention, the host conputers of a plurality of CT scanners 700
are net vor lc@mpu‘@géuméarm & rirogramaedito tricenstiws) thg Kd data based upbrClie scapping echemeay

i ncl ude any conbi nation of free standing units, self check-in units and

i nt egr at ed widtleshitilimeddesk units. Most bags can be automatically cl eared by
anal ysis of the scan data. 1o However, sone may require further review by an

operator. Rat herTHeRAAIEAR EhOOEsanEr fﬁtth%@@ébm AveMI allows it S b HRile ¥dsiIP
carry-on baggage, a threat control room 760 with a pl urallty of operators

i s connect qgcog?orgtlgg uﬁ@iﬁ@ﬁ{é a% el hafdiB "J.pmé%%ﬁ’ﬁn f@%g ﬁéﬁ@nﬁg' Al h¥ratds

pLOj ection an reconst ion ('S transt an op&rator Int
exi ot or cung SR g 7o “Eﬁ‘grg‘i‘?% 2 ftlege v El eg?&%r%%% AR b

10 present invention. As in some conventional check-in desks, the desk 700 of the present

invention includes two check-in stations 710, 720 with a checked baggage loading area 730
between them. Multiple desks 700 could be positioned together in the airport lobby. The CT
scanner 100 of the present invention is positioned at the baggage loading area 730. A passenger,
upon checking in, places his or her baggage on the conveyor at the baggage loading area 730 or

15  as astandalone system. The baggage is automatically scanned and processed for the existence of
explosives. If the baggage passes, the check-in personnel can tag it in the ordinary manner and
forward it to the baggage handling system. With the check-in desk of this embodiment of the
present invention, very little additional lobby space is needed for scanning baggage, and no
modifications to the baggage handling system are required. As an option, the bag can be

20  processed as usual, with the bag tag placed by the ticket agent prior to scanning. Once checked-
in, the bag is scanned and injected into the baggage handling system. If desired for improved

operational flow, any suspect bag can be resolved in the baggage makeup area away from the

10 -



15 operator, the bag is passed to the baggage handling systemin the

ordi nary manner. However, if the threat cannot be cleared, the bag woul d be
passed to tors for a manual hand search. The ncl ude
addi ti onal %gé%@gﬁ'g such as network server conputers 75g€h p?ﬁﬁ?§¥g£77l
network control stations 772, and renote resolution conputers 773. The snal
si ze of the baggage scanning systemalso allows it to be placed in other 20
| ocations for distributed handling of checked baggage. For exanple, a
scanner could be placed for curb-side check-in or at rental car return
areas for sinplified processing. Additionally, hotels or other |ocations
coul d provide check-in baggage service by providing a scanner and a secure

11 WO 2004/&35%ﬁ§e5s R 1RRREBARR LA iSmanivdy, By CT S@RGbIIRIARER idRfirsmAPsd d

have their |uggage automatically pr ocessed by the hotel " and securely

transferredy 09?&5'@& ﬁﬂlé(S RStk s 15:@ Qt[xlechlétlé‘ iﬁgég,et%ﬁle% ﬁé’ epMﬁMecl@ﬁP%géﬁf tf¢ 1(9)'5 @?L@y

duri ng check It1ona scanner cou perm-t to

be pl aced i sed to pick up baggage from various |ocati ons for
transport tagﬁ%hséangln%‘g Free standing units can be 5 provided at various

| ocations in the a or either self-checkin or assisted check-in of
passengers. éﬁ’srf{ﬁ?rﬁ’@b{’ ’%F(gﬁ%ﬁ’é‘?”g etﬂﬁ%"'e'bti"é’é%‘fmlw ﬁ‘g"ﬁsﬁwl‘lge used
at security checkp0| nts for scanni ng_of carry-on baggage. Each_ scanner,

i ndependentstasdalppsunibwith pdi$A eperater available for reyieving jmages gnd n@drawmqtentlnhy be
operated as a stand alone unit or may be networked for conmon review by TSA
oper at ors. th@atsi decdr8ingltd emdthexrteasbodinpdnh ef the pteselit imventiod, thdleospcasmriérs of a

i nvention which provides additional reductions in the size and cost. In the
t hird enmbodiluelity,of OTescailnes< 200 @e néhdritvdsogittet tddfoem adtigde€ EDSS T8 hetwddled GH3,
844, 845 |l ocated on half of the detector ring 811. As in the first two

embodi ment Sscar’tﬂéﬁ H8 Bekhias %ﬁ&n@fxat%fcff ¢e6 Sandths hARC 88 EHeeRi BfiioantddNte H ce
330 and at different anglées. Using half a detéctof ring |s sutficient fo

Creat 19 2 Gl AAIRLAHE IS ikt dnde bl hnadOfty ReaBORP BB (Al B! o

a detector ting IS natnenma y equrval e

10 However, some may require further review by an operator. Rather than have an operator at each
scanner, as is used with carry-on baggage, a threat control room 760 with a plurality of operators
is connected to the network. If a bag cannot be cleared automatically, the projection and/or
reconstruction data is transfetred to an operator in the threat control room 760. The operator can
then determine whether a threat exists or can be cleared. If the possible threat is cleared by the

15  operator, the bag is passed to the baggage handling system in the ordinary manner. However, if
the threat cannot be cleared, the bag would be passed to other operators for a manual hand
search. The network may include additional equipment, such as network server computers 750,
printers 771, network control stations 772, and remote resolution computers 773.

The small size of the baggage scanning system also allows it to be placed in other

20 locations for distributed handling of checked baggage. For example, a scanner could be placed

for curb-side check-in or at rental car return areas for simplified processing. Additionally, hotels

or other locations could provide check-in baggage service by providing a scanner and a secure

11
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180 degrees plus fan beam which is required for reconstruction. Figs.

14A-14C illustrate CT reconstruction. Fig. 14A illustrates reconstruction
using a full detector ring. Fig. 14B illustrates reconstruction of the sane
data fromWaI2p043Eect or ring. The data from Fig. 14B cEFTHBAMPOIY
conplete a full reconstruction as illustrated in Fig. 14C. Using only half a

detector ring, as in 20 this enbodinent, allows the imging cost to be
substantially reduced because fewer detectors are required. 12 WO

2004/ 031755 PCTI US2003/ 031718 In order to cut the cost further, the present
invention may operate with reduced flux levels fromconventional CT
scanners. In the design of x-ray systens for baggage, one often designs the

fl b h h ' 5% of the Db Th [,Qri f

Lhe bags.+ H 1} SoenbRRERFRE oyt uld A Rl eyl AR ore R s et
ide fl f I he, 90t h | ile Db h ; f 1l J

C1 i 11 carfbseriuel alsterraboriba ot WIiRe: de 150 b uhet PETFePIRG el BB el <

and required shielding, which substantially reduces size and cost of the
devi ce. | nchseltir Additionatly the size oftha sramnenreyld permi itte bewplased immyehigle used to
perfornmed on the bags and the sinograns are averaged. The raw data can be
anal yzed, pisk dp baggageftoleladens lbcatibes Eorrtansporitio dhe dipgs. dreer stayidinpsunitstambdag
are likely to require the extra flux. The bag slice gets scanned tw ce or
nore, ayerggyided kovatioas Deaivid irsthe aﬁﬁort ot effRéraseMichéckin o asibledichedt-inf t he
first rotation, which will reduce the noise in the reconstructed i nmage and

mmcs a hygheherk! Mteﬁféfﬁ%ﬁ?}a @E%ca‘hﬁé‘r i pesentlinPEftiod ma} Be GdellBt deiirityt NOSE |

t housandt h" bag sl i ces of very heavily cluttered bags. The present ifavention

reduces th I S Vi qi i . ion
o the » excisshRSis Y solERELr S N BAESE pph RE, o0l BE St P7
unusual bags are scanned_.several tines t btain,15 useful data wth r ect
Lo eavi |y AE10H & a8 TAFLIE AlrRPHHBH DX QPSR 3tpnd ZLomk it or B e mEoRkEERE ng
to anot her enbodi nent. of the present invention, the CT scanner of the
present i PRAGASR BaYicyuby BEAPPEMHSr dual energy CT scans with a single pass

of the baggage through the
10 Fig. 13 illustrates another embodiment of the present invention which provides additional

reductions in the size and cost. In the third embodiment, the CT scanner 810 has multiple
detectors 841, 842, 843, 844, 845 located on half of the detector ring 811. As in the first two
embodiments, the detectors are at different distances from the x-ray source 330 and at different
angles. Using half a detector ring is sufficient for creating a CT reconstruction with a full 360

15 degrees of data. The half of a detector ring is mathematically equivalent to collecting data for
180 degrees plus fan beam, which is required for reconstruction. Figs. 14A-14C illustrate CT
reconstruction. Fig. 14A illustrates reconstruction using a full detector ring. Fig. 14B illustrates
reconstruction of the same data from half a detector ring. The data from Fig. 14B can be used to
complete a full reconstruction as illustrated in Fig. 14C. Using only half a detector ring, as in

20  this embodiment, allows the imaging cost to be substantially reduced because fewer detectors are

required.

12



scanner. Fig. 15 illustrates a CT scanner 910 according to this enbodi nent
of the invention The CT scanner 910 includes a w de-angle x-ray source 930
and two se% Fﬁ gctors 940, 950. 20 Each of the sets ofcEesnes®iasd40,
950 i ncl udes a plurality of detector elenents 941, 942, 943, 944, 945, 951,
952, 953, 954, 955. The detector elenents for each set are each positioned
on one half of the detector ring 911, as in the third enbodi nent. The two
sets of detectors 940, 950 are 13 WD 2004/031755 PCT/ US2003/031718
sensitive to different energy spectruns. Using the CT scanner of this

enbodi ment, two CT slices, of different energies, can be obtained froma
single rotation of the detector ring. This will allow for a dual energy
anal ysi s of theif@rdéntagaisthe Cost figrétier,2hs presnt Miventibmahayessray with redege fux Wvell
back-to-back detectors. The dual energy CT is very useful to reduce the

fal se al ar Roff cdndénttenMACH sddnerd. hInSthe dei S Of R IsyRbINE fdrbagihgd] 6rikVHen designs
environnent. Although Fig. 15 illustrates fivé "detector arrays for each set

of detecto

et ect or s SR B0 HiREh S heffaRinPhe %&*ﬂ%‘%e“ﬁ%ﬁé F’fﬁ%"m AR b require |
positioned 0 n half o e. dete tor pr anvention has
been descrr°“lﬁ§’(§'%9ﬁ%yl1l Lﬁ‘eéy st %PXSE?W é%ﬁ @5"3‘850 Eﬁrcgr}tﬂ%g

has substantlal use in that_ field. Hovve the re ced ze of the f Ided
array Ccf igsiggificantlyeedpgeds he e Reallo Tedistign i the oisg

ot her appli catlons for which CT scanners are used. For exarrpl e, It my be
used for candjsquiredshiglding.avhink pehstantiallyoedunes sizn padicoshof the dgeee. t Irnddr 10 s
typically necessary for cargo and pallette inspection, and conventional CT
scanner s ahendiothedspaerdiags) ltwo o otord stageare patfiern€l cndhebaps aodl thersinggranssare

i nvention has a 15 significantly snaller size, even with a large tunnel. The
present i nuedrhgedn TiBYavaliste chebe aedyzed, asiidised beldws ateririgheapliith badsiod Regzions
Furthernore, the present invention has been described as including an x-ray

source.  Copyend hehikblyYe reGTTmé QEEEh NuRATBe BEEHic% geR¥%cabd Bfite bPore2 ghedd it
and appropriate detectors

10 the second set of raw data with that obtained in the first rotation, which will reduce the noise in

the reconstructed image and mimics a higher flux system. One can do this a 3rd or 4th time for
those 1 thousandth bag slices of very heavily cluttered bags. The present invention reduces the
need for manual bag searches by providing a practical solution to the “exceptional” or “shield”
bag problem. Heavy or “shield” objects in unusual bags are scanned several times to obtain

15 useful data with respect to heavily cluttered areas, without the need for a manual search.

According to another embodiment of the present invention, the CT scanner of the present

invention can be used for dual energy CT scans with a single pass of the baggage through the
scammer. Fig. 15 illustrates a CT scanner 910 according to this embodiment of the invention.
The CT scanner 910 includes a wide-angle x-ray source 930 and two sets of detectors 940, 950.

20  Each of the sets of detectors 940, 950 includes a plurality of detector elements 941, 942, 943,
944, 945, 951, 952, 953, 954, 955. The detector elements for each set are each positioned on one

half of the detector ring 911, as in the third embodiment. The two sets of detectors 940, 950 are

13



x-rays. O course, other radiation sources, such as gammua radi ation, could
al so be used in 20 connection with the present invention. Wth a different

radi ati on %E@EIB%%&Q detectors and/or scintillator nat eﬁé%sm%ﬂ.,ﬁeedv\;)o

be changed priate to neasure the proper radiation spectrum 14
2004/ 031755 PCT/ US2003/031718 Having descri bed at | east one enbodi nent of .
the invention, nodifications, adaptations and i nprovenents will be readily
apparent to those of ordinary skill in the art. Such nodification, changes
and adaptations are considered part of the invention. 15 CLAIMS I|I. ACT
scanner for scanning of an object conprising: a tunnel ; a conveyor for

novi ng the object through the tunnel; a gantry rotatable around the tunnel ;

an x-ray  s&iftiv8 iPMiifeRat %E%}_fébeétﬂ[md?r@é{ﬁ I8 € Tedtadinei 3Y tHE@HbdBmBRNNcTtar to
the tunnel ; a first plurality of detectors on the gantry positioned a

first distag r =1.aY, : . . | HETBRL
on' the gantegessarfireit Sndrplelcal B finod Mins wBEEARGIH U B bidcidlvide” BEC BUP
t he second _di st.ance js |ess than.th Lrst distance. . The CT scanner of
cl'ai m 1 WAL Aol SerebinielyRR Be et s D RO o g kst Goed:
I's positioned within the x-ray _beam adjacent to one of the detectqors |n the
second pl uM4 il'{a&jk'B’f'b%TiStdé@Pf@F% .Thg duadgnergy @6 I5¥eBF usstul ¢ Eedneq ti!‘f’ ﬁ?er?i?"m of the
conprising a third plurality of detectors on the gantry positioned the
second #i smapline.fThigis vy desizable nauraiport gnvirgpmegt AgtbwgérFlg»fl Sdllagirates five
wherein: one of the detectors in the first plurality of detectors is
posi t i oned dwiktthbr arrayh doneaclaset b detecoljs sy muntber afidetepfor aiteychpte be vsed. Each sehef
second plurality of detectors ; and another one of the detectors in the
first plurakteétyrs 940, 950, corresopnding to an energy level of the x-ray source, is positioned on one
half of the detector ring 911.
The present invention has been described with respect to inspection of checked baggage,
10 since it has substantial uses in that field. However, the reduced size of the folded array CT
scanner according to the present invention can be used in many other applications for which CT
scanners are used. For example, it may be used for cargo or pallette inspection or screening, A
larger tunnel is typically necessary for cargo and pallette inspection, and conventional CT
scanners are correspondingly much larger. The CT scanner of the present invention has a
15  significantly smaller size, even with a large tunnel. The present invention may also be used in
medical CT scanning applications.
Furthermore, the present invention has been described as including an x-ray source.
Conventionally, CT scanners have used x-ray sources for radiation and appropriate detectors for
x-rays. Of course, other radiation sources, such as gamma radiation, could also be used in
20  connection with the present invention. With a different radiation source, the detectors and/or

scintillator material would need to be changed as appropriate to measure the proper radiation

spectrum.
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of detectors is positioned within the x- ray beam adj acent to one of the
detectors in the third plurality of detectors. 5. The CT scanner of claim
4, wherein; the x y beamintersects an entire <cross s

t unnel ; aanwgﬂ?ﬁilﬁgﬁ second, and third pluralities of gﬁtﬂe gﬁagosg?@
positioned on the gantry so that the entire x-ray beamintersects at | east
one detector. 6. The CT scanner of claim11, wherein a distance between

adj acent detectors in the first plurality of detectors is different than a
di stance between adj acent detectors in the second plurality of detectors.

7. The CT scanner of claim1l1l, wherein an angle between beans fromthe x- ray
source to adjacent detectors in the first plurality of detectors is the sane

as an angle 16H9€ih§ﬂ@d%n9&ﬁ£fﬂeﬁsf&i8énﬁl%dﬁnéxﬂ)éfﬁﬁlﬁﬁwﬁeﬁnéﬂ sl AsRiBhs, A8ARAIRES I N
the second plurality of detectors. The CT scanner of claim1, further

COMpri Si Ngggy rBw%n{Hn&%‘ll'ﬁe)ie&lfxlygaﬂﬁélrﬁﬁtt%%lﬁsé’l?félﬁﬁl 1;)4,@9?6 \'%ﬁéhed a third

di stance fromthe Xx-ray source scanner alm erein: the

b f f th |1 h
e enti r ooPiEeaaE b B! 1pfluof mf oo aRas of %slﬁverégﬁotnﬁnnind third

pluralities of detectors are positioned on the gantry so that the detectors
intersect the entire x-ray beam 10. The CT scanner of claim9, wherein the
Xx-ray beamintersects one-half of the cross section of the tunnel. 11. The
CT scanner of claiml1, further conprising at |east one conmputer for
receiving data fromthe detectors and reconstructing at an i nage of at | east
a portion of the object. 12. The CT scanner of claim 11, further conprising
a data link between the
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detectors on the gantry and the at |east one conputer not positioned on the
gantry. 13. The CT scanner of claim 12, wherein the data |link provides a
constant stream of detector data fromthe detectors to the at |east one
conputer. 14. The CT scanner of claim1l, wherein each detector in the first
and second plurality of detectors includes: a first photodi ode | ayer
responsive to x-ray energy at a first energy level, the first photodi ode

| ayer having a first x-ray reception area; and a second photodi ode | ayer
responsive to x-ray energy at a secoqs gy |l evel higher than the first
energy |l evel, positioned behind the f'#gﬁ& hot odi ode | ayer relative to the
X-ray source, and having a second x-ray reception area |arger than the

first x- ti i il | h
irst x-ray receqption @r&énnddfor Jc{& 11;%0?%@& c&&gﬁ%ﬂé.h@éﬁ?ﬂhel‘,"@%rﬁ‘g%@ac

det ect or further_lncludes a shie bet Irst a second
phot odi ode tbapeyigg thEdbi®! thiftugh@ie worelegantdy rothmblnatdndwhenend ; Bn xshy x- r ay

reception area and secon X-T. receptijon areas.are.sjzed sp that the x-ray
flux |evel 'SP OPﬂE gappg?orﬂ)ﬁ%‘f@ﬁg Bﬁé'r%ébeélfn_ peéﬁ?ﬁ?@%ﬁ%{hﬁﬁmﬁi abgré% | ayer are
subst ant i alﬂlwaﬁ?uhete&zrs_oﬁ tHE ST D oRItIORRISSHirdOdiSSdea Nt MER 1a9 isbtce;anPhaur al i ty
of CT scanners for scanning a bag each of the CI scanners conprising: a

tunnel a coReRfRIUrAdy officterigrsiondhaggnay wositiprsdgtseeand disteeqdiom thegamy ry
rotatabl e apupd g itWEng tarte AR HE PR dlfificgant Ty for providing an
x-ray beam perpendicular to the tunnel; a Tirst plurality of detectors on
the gantry positioned a first distance from the x-ray source; and

2. The CT scanner of claim 1, wherein one of the detectors in the first

plurality of detectors is positioned within the x-ray beam adjacent to one of the detectors

in the second plurality of detectors.

3. The CT scanner of claim 1 further comprising a third plurality of detectors

on the gantry positioned the second distance from the x-ray source.

4. The CT scanner of claim 3, wherein: one of the detectors in the first
plurality of detectors is positioned within the x-ray beam adjacent to one of the detectors
in the second plurality of detectors ; and another one of the detectors in the first plurality
of detectors is positioned within the x- ray beam adjacent to one of the detectors in the

third plurality of detectors.

5. The CT scanner of claim 4, wherein: the x-ray beam intersects an entire
cross section of the tunnel; and the first, second, and third pluralities of detectors are

positioned on the gantry so that the entire x-ray beam intersects at least one detector.

6. The CT scanner of claim 1, wherein a distance between adjacent detectors
in the first plurality of detectors is different than a distance between adjacent detectors in

the second plurality of detectors.

7. The CT scanner of claim 1, wherein an angle between beams from the x-

ray source to adjacent detectors in the first plurality of detectors is the same as an angle
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a second plurality of detectors on the gantry positioned a second di stance
fromthe x-ray source, wherein the second distance is |less than the first
distance; a third plurality of detectors on the gantry positioned the second
distance fromthe x-ray source; and a conputer for processing data fromthe
CT scanner and for reconstructing an image of |east a portion of the bag;
wherein: one of the detectors in the first plurality of detectors is
positioned wthin the x-ray beam adj acent to one of the detectors in the
second plurality of detectors another one of the detectors in the first
plurality oftyeandeays fomdhe xuay squerede adipeant Actegiers in thgyeqsad Pluditiobnt to one
of the deteghQffsin the third plurality of detectors; the x-ray beam
intersects an entire cross section of the tunnel; and the first, second,
and third pluralities of detectors are positioned on the gantry so that the
entire x-ray bedin i nthesECican@dr of elaii 1 oghdlebeptising a tHifd luralipast one
operator re iem/sta&%on for displaﬁgn a reconstructed i nmage; and a network
A higes

for transfef59HYS O e EAMLY PeRtigd iptange fepm the xafiay SPMCET scanner to the
at | east one operator review station for display. 18. The baggage processing

system of claimgl7, WiRK& Dabhe of .0 B cann

I ncl udes neans for det ecqtall+ nS '5580?'3}3’??’2‘5’*‘%‘%?':‘2?9ir?ﬂéea‘b‘g‘g‘t%égsaa%@b’ﬁk%
of a cross section of the tunnel! less than the entire cross section of the tunnel; and the
first, second, and third pluralities of detectors are positioned on the gantry so that the

detectors intersect the entire x-ray beam.

10.  The CT scanner of claim 9, wherein the x-ray beam intersects one-half of

the cross section of the tunnel,

11.  The CT scanner of claim 1, further comprising at least one computer for
receiving data from the detectors and reconstructing at an image of at least a portion of

the object.

12.  The CT scanner of claim 11, further comprising a data link between the

detectors on the gantry and the at least one computer not positioned on the gantry.

13.  The CT scanner of claim 12, wherein the data link provides a constant

stream of detector data from the detectors to the at least one computer.

14. The CT scanner of claim 1, wherein each detector in the first and second
plurality of detectors includes: a first photodiode layer responsive to x-ray energy at a
first energy level, the first photodiode layer having a first x-ray reception area; and a
second photodiode layer responsive to x-ray energy at a second energy level higher than
the first energy level, positioned behind the first photodiode layer relative to the x-ray

source, and having a second x-ray reception area larger than the first x-ray reception area.

15. The CT scanner of claim 14, wherein each detector further includes a

shielding layer between the first and second photodiode layers.
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reconstructed i mage, and wherein a reconstructed inmage is transferred to the
at | east one operator review station upon detection of a potential threat.
19. The baggage processing systemof claim 18, wherein at |east one of the
plurality of CT scanners is |located at an airline check-in desk. 20. The
baggage processing systemof claim 18, wherein at |east one of the
plurality of CT scanners is |ocated at an airport security check-point. 21.
The baggage processing systemof claim 18, wherein at |east one of the
plurality of CT scanners_is |located at_ an ai rPort curb-sjde check-in _ area.
22. The baggage 18r ocdbs Clgeagnsy ahglaim 1S, sibgrerslirshkrspyeticsepsion peegand serendf t he

plurality af . ﬁ@(ﬂﬂﬁ'@é &S sib QLD Jﬁg 1 x iaayI fﬂ&%&e‘i’@f m%qfrstwﬁggbsd?dg!ﬁ]%jo eport to

whi ch bags ar transporte baggage check-1 npri sing:
a first chemblscqmnéphchtodmdefkayerpmessémgemailytequdheck in for aflight and to
check Dbaggage; a second check- in station for passengers to check-in for a

flight and to {|7etcb1k bag%edlgr and a CT scanner positioned between the
first check-in s Pﬁeés‘é‘%é% ?incgtﬁ%f%ngn station, the CT scanner
conprising: a tunnel conv r for Vi n ct_through the tunnel;
a gantry rotatable arad’t}f{ﬁm%’ﬂg&?ﬁ?ﬁ‘i‘&?r? Anc V‘ﬁji‘ L?lfi@b"f&ﬁe{:ﬁe gantry for
provi ding an X- rsgahnb@@bmpHsinpendi cul ar to the tunnel

a tunnel

a conveyor for moving the object through the

tunnel; a gantry rotatable around the tunnel;

an x-ray source on the gantry for providing an x-ray beam perpendicular
to the tunnel;
a first plurality of detectors on the gantry positioned a first distance from

the x-ray source; and
a second plurality of detectors on the gantry positioned a second distance

from the x-ray source, wherein the second distance is less than the first

distance;

a third plurality of detectors on the gantry positioned the second distance
from the x-ray source; and
a computer for processing data from the CT scanner and for reconstructing an
image of least a portion of the bag;
wherein:
one of the detectors in the first plurality of detectors is positioned
within the x-ray beam adjacent to one of the detectors in the second
plurality of detectors
another one of the detectors in the first plurality of detectors is
positioned within the x-ray beam adjacent to one of the detectors in

the third plurality of detectors;
the x-ray beam intersects an entire cross section of the tunnel; and

the first, second, and third pluralities of detectors are positioned on the
gantry

so that the entire x-ray beam intersects at least one detector;
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a first plurality of detectors on the gantry positioned a first distance
fromthe x-ray source; a second plurality of detectors on the gantry
positioned a second distance fromthe x-ray source, wherein the second
distance is less than the first distance; a third plurality of detectors on
the gantry positioned the second distance fromthe x-ray source: and
wherein: one of the detectors in the first plurality of detectors is
positioned within the x-ray beam adj acent to one of the detectors in the
second plurality of detectors 24. The baggage check-in system of claim 23,

wherein the CT scanner includes: a tuqnel.gosjtioned bet%ﬁen the first
check-in stati oft 4 ORhRPLULLIRYIRhHAten far displaying g.reconstructedhiags 309t hr ough

the tunnel to npM&wdAd®r frimferand 4 feebnsklidlad Biagh 8nfdt leakt ABET R8GRAM thheck-in
stations to a second side of the first and second check-in stations; and

wherein the bag#age check-in systemfurther conprises a baggage handling
systemfor renoving bags fromthe second side of the first and second
check-i n stlaast onsoffesator reyiexpssation foodisplani rcraft. 25. The baggage check-in
system of claim 23, wherein the CT scanner includes a conputer for
detecting a pot dBti alTht bigage procasinggyqdem of clhin hQwitee:imtHaagmipatet feeaclhaggage

handl i ng syste 20 26. . A baggage processing system conprisjng; a plurality
of CT scan F@r&Bﬁca&E%{ﬁmCH’&%%ﬁ%l&,fg@g%W‘%aPﬁt«S“f@f thygatipapag L%SS%P‘?"Si ng: a

tunnel ; reconstructed image, and wherein a reconstructed image is transferred to the at least one

operator review station upon detection of a potential threat.

19.  The baggage processing system of claim 18, wherein at least one of the

plurality of CT scanners is located at an airline check-in desk.

20.  The baggage processing system of claim [8, wherein at least one of the

plurality of CT scanners is located at an airport security check-point.

21.  The baggage processing system of claim 18, wherein at least one of the

plurality of CT scanners is located at an airport curb-side check-in area.

22.  The baggage processing system of claim 18, wherein at least one of the
plurality of CT scanners is located at a location other than an airport to which bags are to

be transported.

23. A baggage check-in system comprising:
a first check-in station for passengers to check-in for a flight and to check
baggage;
a second check-in station for passengers to check-in for a flight and to

check baggage;
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a conveyor for noving the object through the tunnel; a gantry rotatable
around the tunnel; an x-ray source on the gantry for providing an x-ray beam
perpendicular to the tunnel; a first plurality of detectors on the gantry
positioned a first distance fromthe x-ray source; a second plurality of
detectors on the gantry positioned a second distance from the x ray source,
wherein the second distance is less than the first distance; and a conputer
for processing data fromthe CT scanner and for reconstructing an inmge of

| east a portion of the bag; wherein an angl e between beans fromthe x-ray
source to amgdacent detectors in the first plurality of detectors is the
sanme as an ang et ween beanap fron1tg§¥é}ray source . to adjgcent detectors

| e
in the second rﬂglfé‘faf”ﬂ%f%’fmo gioesh e el station aphte 888Rd r evi ew st ati on

for displaying @le‘glgﬁquq)h%g@q"gcgg,g.;@;c(,%?ﬂsigg;netv\or k for transferring a
reconstructed image fromat |east one scanner to the at |east one

operator review station for display. 27. The baggage processing system of
claim 26, wherein theadwmsliter in each of the CT scanners includes neans
for detecting a potential threat in a bag based upon reconstructed image,
and wherein a reconst rasoneelyor ferguovisg theanbgdcb threughitbe t he at | east one

operator review stat it e’pd?@an g&&%%&;%’hr nd%@%ﬁ@lt.ial threat. 28. The
baggage processing sys exr_r}ag cl ai ry?gr%rgvi%nglagg{gr%ygggmof t he

a solrc& ofl Hz gan
perpendicular to the tunnel
a first plurality of detectors on the gantry positioned a first distance
from the x-ray source;
a second plurality of detectors on the gantry positioned a second
distance from
the x-ray source, wherein the second distance is less than the first
distance; a third plurality of detectors on the gantry positioned the
second distance from
the x-ray source: and wherein:
one of the detectors in the first plurality of detectors is positioned within
the x-ray beam adjacent to one of the detectors in the second

plurality of detectors-

24.  The baggage check-in system of claim 23, wherein the CT scanner
includes: a tunnel positioned between the first check-in station and the second check-in
station; and a conveyor through the tunnel to move bags from a first side of the first and
second check-in stations to a second side of the first and second check-in stations; and
wherein the baggage check-in system further comprises a baggage handling system for
removing bags from the second side of the first and second check-in stations for transport

to an aircraft.

25.  The baggage check-in system of claim 23, wherein the CT scanner
includes a computer for detecting a potential threat in a bag prior to moving a bag to the

baggage handling system.
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plurality of CT scanners is |located at an airline check-in desk. 21 29. The
baggage processing system of claim 27, wherein at |east one of the
plurality of CT scanners is |located at an airport security check-point. 30.
The baggage processing systemof claim?27, wherein at | east one of the
plurality of CT scanners is |ocated at an airport curb-side check-in area.
31. The baggage processing systemof claim27, wherein at | east one of the
plurality of CT scanners is |located at a |ocation other than an airport to

whi ch bags are to be transported. 32. A baggage check-in system conprising:
a first check-i #Ost at PRFBABHPIORESIg SYUsmE cOyPEHREK-in for a flight and to

check baggage; AnaRERNE CHaGkndrdfc @R a1AE HBF SEMIL Sschiherdieck-in for a
flight and to check bBaggage; a CT scanner positioned between the first

check-in station awhprisisgseiond; check in station, the CT scanner conpri sing:

a tunnel; a conveyor for ving the obj through the tunnel; a gantry
r ot at abl e around t%"é’“ﬁ’f}ﬁ’ﬁg‘ﬁ';m(g ng({ﬁpg@eé@ﬁ%oggh hﬁ the gantry for providing an

X-ray beam per pendugndl;ar ganfty réth@ble drdi@l thetufinel;st plural ity of detectors on
the gantry positioned a first distance fromthe x- ray source; and a second

plurality of deteciolayQBurcden GrRYahtty ﬂﬁ%&&dicﬁﬂ%% RrHEeRRfpdpdidante fromthe
X-ray source, wherein the second distance is Tess than the first distance;
wherein an angle bet'REEUMERTs from t he X-ray source to adjacent detectors
inthe first plurality of detectors is the same as an angl e between beans

fromthe a first plurality of detectors on the gantry positioned a first distance

from the x-ray source;

a second plurality of detectors on the gantry positioned a second distance from
the x

ray source, wherein the second distance is less than the first distance; and
a computer for processing data from the CT scanner and for reconstructing an
image

of least a portion of the bag;

wherein an angle between beams from the x-ray source to adjacent detectors
in the first plurality of detectors is the same as an angle between beams
from the x-ray source to adjacent detectors in the second plurality of

detectors;

at least one operator review station for displaying a reconstructed image; and

a network for transferring a reconstructed image from at least one CT scanner to the at
least one operator review station for display.

27. The baggage processing system of claim 26, wherein the computer in each
of the CT scanners includes means for detecting a potential threat in a bag based upon
reconstructed image, and

wherein a reconstructed image is transferred to the at least one operator review
station upon detection of a potential threat.

28. The baggage processing system of claim 27, wherein at least one of the
plurality of CT scanners is located at an airline check-in desk.
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X-ray source to adjacent detectors in the second plurality of detectors. 33.
The baggage check-in systemof claim32, wherein the CT scanner includes: a
tunnel positioned between the first check-in station and the second check-in
station; and a conveyor through the tunnel to nove bags froma first side
of the first and second check-in stations to a second side of the first and
second check-in stations; and 22 wherein the baggage check-in system
further conprises a baggage handling systemfor renoving bags fromthe
second side of the fjirstf and second check-_in stations for tranﬁport to an

aircraft. 34. The baaba REBEERLIRCTSHING SYYmPbtlaim 41, whsrein fieaserne 9fdle CT
scanner i nPlaEY of §Tsgapatsds located atanaippi geurippeherk-Palt.t hreat in a bag prior
to nmoving a bag to the baggage handling system 35. A baggage processing
system conpri siHy: aTpé bageage proodssiGT spstenmnbelginf 3F, vderaimatrigasbonraef theach of

t he CT scamphealgy of Cifprammiengs logated atenl girpart corbvegeochetioin areai ng t he obj ect
through the tunnel; a gantry rotatable around the tunnel; an x-ray source
on the gantry f3Ir pr Qué Bagp@geprodessiay seaib PEAREIT ivididta atliBast Bie: oftthinel ; a
first plurghirhity of CIataftANiS |RRed BEa B3RohYbtIRE HahiaRAfPordtd Whith bidssképce from
the X-ray p3@uh&§Bited.

32. A baggage check-in system comprising:
a first check-in station for passengers to check-in for a flight and to check baggage;

a second check-in station for passengers to check-in for a flight and to check baggage;

a CT scanner positioned between the first check-in station and the second check-

in station, the CT scanner comprising:
a tunnel;

a conveyor for moving the object through the tunnel;
a gantry rotatable around the tunnel;
an x-ray source on the gantry for providing an x-ray beam perpendicular to
the tunnel;
a first plurality of detectors on the gantry positioned a first distance from the x-

ray source; and

a second plurality of detectors on the gantry positioned a second distance from the

x-ray source, wherein the second distance is less than the first distance;
wherein an angle between beams from the x-ray source to adjacent detectors in

the first plurality of detectors is the same as an angle between beams from the

x-ray source to adjacent detectors in the second plurality of detectors.

33.  The baggage check-in system of claim 32, wherein the CT scanner
includes:
a tunnel positioned between the first check-in station and the second check-in station;
and
a conveyor through the tunnel to move bags from a first side of the first and

second check-in stations to a second side of the first and second check-in stations;

and
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a second plurality of detectors on the gantry positioned a second di stance
from the x ray source, wherein the second distance is less than the first
di stance; and a conputer for processing data fromthe CT scanner and for
reconstructing an inage of |east a portion of the bag; wherein each
detector in the first and second plurality of detectors includes: a first
phot odi ode | ayer responsive to x-ray energy at a first energy level, the
first photodi ode | ayer having a first x-ray reception area; and a second
phot odi ode | ayer, responsive to x-ray energy at a second energy. |evel higher
than the first ‘é‘?‘Fé?‘@y‘%F Rpgpasepdlierk-ith setep SHIther eqreprises &t baggadn Handliae | ayer

relative to the Xst@¥ P HRingdBids RAMI e s@coﬁggfagt%fpfe fraYandGeERld BBcIRT ea

| arger than the frrst x-ray reception area; east one operator review
station for displiagtangnsfor tramspeit taat &draifirage; and a network for transferring
a reconstructed imge fromat |east one CI scanner to the at |east one
operator review station for display. 36. The baggage processing system of

For det ecting avpot e PRFER Fleskn 3 e abF ES S sGHT F Cdotsatea Feper mage,
per at or T o e BTGRL el TR T MOV RPS bR L FESiRE,
baggage pr deedmignysteyst em of clai m 36, wherein at |east one of the
plurality of CT35'§car}\ngggséa;gesprhge%g%g%iys%letm gglmle)arilsrirllgj: ne check-in desk.
a plurality of CT scanners for scanning a bag, each of the CT scanners

comprising: a tunnel;

a conveyor for moving the object through the

tunnel;

a gantry rotatable around the tunnel;

an x-ray source on the gantry for providing an x-ray beam perpendicular to the

tunnel;

a first plurality of detectors on the gantry positioned a first distance from the

X-ray source;
a second plurality of detectors on the gantry positioned a second distance from

the x

ray source, wherein the second distance is less than the first distance; and
a computer for processing data from the CT scanner and for reconstructing an
image

of least a portion of the bag;
wherein each detector in the first and second plurality of detectors includes:

a first photodiode layer responsive to x-ray energy at a first energy
level, the first photodiode layer having a first x-ray reception area;
and

a second photodiode layer responsive to x-ray energy at a second energy
level higher than the first energy level, positioned behind the first
photodiode layer relative to the x-ray source, and having a second x-

ray reception area larger than the first x-ray reception area;
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38. The baggage processing system of claim 36, wherein at | east one of the
plurality of CT scanners is |ocated at an airport security check-point. 39.
The baggage processing system of claim 36, wherein at | east one of the
plurality of CT scanners is |located at an airport curb-side check-in area.
40. The baggage processing system of claim 36, wherein at |east one of the
plurality of CT scanners is |ocated at a |location other than an airport to
whi ch bags are to be transported. 41. A baggage check-in system conpri sing:
a first check-in station for passengers to check-in for a flight and to
check baggage;atéeaéte%me@%é?‘ﬂ?%s@g?ﬂ o5 Aisplgying adecongigpcded iaghedl-in for a

flight and to Workqm%hi?wreé‘oﬂué%ﬁﬁ%é_f%&tﬂéﬁf‘&ﬂa oetukeg hhe first
check-in station and the secon check-in station, the CT scanner

conpri si ngthezt {aasMsE operatop FRvispotation fopdisplay t he obj ect through the tunnel;

24 a gantry rotgf abhﬂeaa%ag@gsotagssﬁlg@gﬁém of faifi SUIROUH B Bplaebah 1y for
providing an x-ray beamperpendi cular to the tunnel; a fir tg(f)fura ity of
det ect ors ehtheikd spammers/inplodes heans doralefeicting a potentishtheedt irombagleassd upasy sour ce;
and a seco r.alii 0 etectors on the gantry positioned a second

di st ance f?%r%%#ﬁ%hi@%{%fygggur ce, wherein the second distance is |less than

the first di st awweein a reconstructed image is transferred to the at least one operator review

station upon detection of a potential threat.
37.  The baggage processing system of claim 36, wherein at least one of the

plurality of CT scanners is located at an airline check-in desk.

38.  The baggage processing system of claim 36, wherein at least one of the

plurality of CT scanners is located at an airport security check-point.

39.  The baggage processing system of claim 36, wherein at least one of the

plurality of CT scanners is located at an airport curb-side check-in area.

40. The baggage processing system of claim 36, wherein at least one of the
plurality of CT scanners is located at a location other than an airport to which bags are

to be transported.

41, A baggage check-in system comprising:
a first check-in station for passengers to check-in for a flight and to check
baggage;
a second check-in station for passengers to check-in for a flight and to check
baggage;

and
a CT scanner positioned between the first check-in station and the second
check-in station, the CT scanner comprising:

a tunnel;

a conveyor for moving the object through the tunnel;
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and wherein each detector in the first and second plurality of detectors
includes: a first photodi ode | ayer responsive to x-ray energy at a first
energy level, the first photodi ode | ayer having a first x-ray reception
area; and a second photodi ode | ayer responsive to x-ray energy at a second
energy |l evel higher than the first energy |evel, positioned behind the

first photodiode |ayer relative to the x-ray source, and having a second
X-ray reception area |larger than the first x-ray reception area. 42. The
baggage check-in systemof claim4l, wherein the CI scanner includes: a
tunnel positioned bEAEartatahls apqundihetyaeal i n station and the second check-in
station; and a conveyor through the tunnel to nove bags froma first side
of the first and aecuydowkeoktliergagtrafdirprsvidiog an seaomamspaipendicutane thier st and
second check-in sttatnebns; and wherein the baggage check-in system further
conprises a baggage handling systemfor renoving bags fromthe second side

of the first and geRapiliraiigekdéttctosbathOnnitrl fosiliGrrasAREtdiftdh@Tron thekaf t . 43.
The baggage check-i pySyatcemqf claim42,~wherein the CT scanner includes a

t f det eqt. - i i i i b t
P b tane hanar Erbtsd BRI i8R oithe bhiud pBAHORI Fectft dRMARGI P29 (0

the x-ray source, wherein the second distance is less than the first distance;
and

wherein each detector in the first and second plurality of detectors includes:

a first photodiode layer responsive to x-ray energy at a first energy
level, the first photodiode layer having a first x-ray reception area;
and

a second photodiode layer responsive to x-ray energy at a second
energy level higher than the first energy level, positioned behind the
first photodiode layer relative to the x-ray source, and having a
second x-ray reception area larger than the first x-ray reception

arca.

42.  The baggage check-in system of claim 41, wherein the CT scanner

includes:

a tunnel positioned between the first check-in station and the second check-in station;
and
a conveyor through the tunnel to move bags from a first side of the first and
second check-in stations to a second side of the first and second check-in stations;
and
wherein the baggage check-in system further comprises a baggage handling
system for removing bags from the second side of the first and second check-in
stations for transport to an aircraft.
43, The baggage check-in system of claim 42, wherein the CT scanner
includes a computer for detecting a potential threat in a bag prior to moving a bag to

the baggage handling system.
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