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WD 2004/ 031755 PCT/ US2003/ 031718 FOLDED ARRAY CT
BAGGAGE SCANNER SUMVARY OF THE | NVENTI ON The
waledovoBEsti es of the prior art are substanti al PgT/US2003/031718
overcone by the CT scanner of the 5 present invention
whi ch includes a wide angle x-ray tube and nultiple
sets of detectors. One set of detectors is centered
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 sane tunnel size_as
convent i onal EQEBE&AR%&%@T&AQQ‘%GE@QWERSWM 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. Accor SUMMARYaOBtTHE INEPREIONOf t he
i nvention, detectors are positioned on only half of

t herhe ab@Gémies off 1 pridf £:@ b siBstirial 6Vdiesme BF PRTT Shnidief the
i nvention, a second set of detectors sensitive to a

fh 6! I 3 61
o S ARSI £ R 0BG On

set 0? rdgt%gt%{‘s 15 @é’ ec‘&g('i &p th%%{'ra% Q%@Xé Q/ﬁh dHaby xﬁ&%rag%ft iRnalsYS 'c§vermg outer

ma si ng e scan using t I pl e set

cds Rf SR TR gy P Bt %%a'@‘?”r;%féeerpg?s%ﬁﬁpg%ﬁwn&a%?reduced
| evel fromconventi naI systens. Due to

whill BRI U SR 87 COHEN TS ATRGE %r%pfaﬂ*g@er aspect of
di stances fromthe source to the detector alloms or

the ingeyiopoie sete I detgeinys haye dafferemiitches 1B ARieh iy MaiBIsHEL? C%‘fant inter-
the invention, a portion of a bag can be scanned

deteqriok pigle- eThusw@sowmﬁlqnwégorm@gmqnsbwnlgﬁealv drageling tygaother aspect
data fromthe nultiple scans is averaged to renove

of thedhsentiomiete2®rs &s pbditiorgd padutyt habiofithe datéctw ringl dwsording to another
reconstruction of heavy bags with a reduced flux x-ray

aspes 0o the invéntion, 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 from a single scan of a bag, using the multiple sets of detectors.
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 invention,
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
resulting reduction in noise allows a reconstruction of heavy bags with a reduced flux x-ray

source.
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WO 2004/ 031755 PCT/ US2003/ 031718 Accordi ng to anot her
aspect of the invention, the reduced size CT scanner
WO go040806Hor ated into an airline check-in deskpCns20€¥031718
scanner is positioned to allow the passenger to insert
the bag to be checked. Upon successful scanning and
analysis (or prior to scanning and analysis), the
baggage is tagged by airline personnel in the regular
manner and transferred to the existing 5 baggage
handl i ng system According to another aspect of the
invention, a plurality of CT  scanners are networked,
BRAERrdESERITPTeORsDest Of i ipreatipndhe redpepd size (1 spappey dgincorporated
sectional view of a conventional CT scanner. Fig. 2 is
into an gidirephedk-naleski. lhedET sca@er sepositioned bcglony g phsgengst to insert the
enbodi nent of the present 10 invention. Figs. 3A and )
bag BBeaheckpér Hpet tucvestl smaniaf aad grahysis(os pitreoscaonipgdhh gnalysis),
to an enbodi nent of the present invention. Fig. 4 is
the bRgSdl $StasRMEtHytiidihe bérkdtt! iatthORgalar Makikr anditaetergdns the existing
according to an enbodi nent of the present invention.
i @ingsy | MBth¥t Bpe@iof tredal@EibAra Sty of CT
bagg%gengdg%lelﬁgs}g% ng ‘Eés}gozdglg%{#ea\rﬁ%a?cc?gdi ng to an enb%di n%ynt
of e t invention. Fig. 6 is a front view of a
Scampleg?%ﬁgglr? o?%ﬁ%pdet ector of a CT scanner according to an

enbodi nent of t j j hQ: k& a Cross
sectional view %ﬁ@@?@%ﬁgﬁé@n%g%nﬁ%@%%al

energy.CT scanner _ 20 according t enbodi nent of

t hglgp?{é%%?ff’sﬁ se6nel gaw o Fﬁ?n‘@nﬁ%nagcgrssweﬁi agr am of

t he conponents of a CT scanner according to an.

erbig 2 degperspective view of a CT scanner according toan embodiment of the present

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.

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
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.
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of the present invention. 2 WO 2004/031755
PCT/ US2003/ 031718 Fig. 9 is a block diagram of
W@ psss conponent s of a CT scanner accor di ngP€DUS2003/031718
enbodi nent of the present invention. Fig. 10 is a
perspective view of an airline check-in desk according
to an enbodi nent of the present invention. 5 Fig. 11
is a block diagramof a networked CT scanner system
according to an enbodi ment of the present invention.
Fig. 12 represents the pitch between detector elenents
according to an enbodi nent of the invention. 13
i Fig Lisgdockedingramaif compiergomponis plmn @caa)@ero%ca?rﬁglgtte an
anot her enbodi rent of the 10 present invention. Fig.
embadinder® of dprmeent isvetdioa. from t he CT scanner of Fig. 13.
Fig. 15 is a cross sectional view of a CT scanner
ackigr 1l ing pespadiive vrw efdncdliline olieckiin tibsk acpordimgné an embodiment of
i nvention. DETAILED DESCRI PTION 15 A CT scanner of the
ﬂwpﬁggﬁ@mhnh&yentlon has a nore conpact size than
conventional scanners through the use of a wi de angle

X- Fl@)ﬂ PRU ISk hran Pk dadlofel et Qanddr kPdfem hBk Al Ran

sets of detector arrays at different di stances from

enmééﬁ%?ﬁOf@ydgg%%gﬁvmfkﬂ 2 illustrates an enbodi nent of

scan according to an enbodi nent of the

T BN DR RS e P By Spgimen o

1nva%ﬂ§fe t hrough. The tunnel 120

Fig. 13 is a cross sectional view of a CT scanner according to another embodiment of the
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

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
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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20 has an input end 121 and an output end 122. A
conveyor 123 extends fromthe input end 121 to the
wooipas17ehd 122 of the tunnel 120. For ease | ordi/N§2003/031718
baggage, the conveyor nmay extend beyond the ends of :
the tunnel 120. Additionally, other conveyors may be
positioned and used to 3 WO 2004/ 031755
PCT/ US2003/ 031718 transfer baggage to or fromthe
conveyor 123 in the CT scanner 100. Coverings (not
shown), such as lead |ined rubber or fabric, may be
pl aced within the tunnel 120 or at the input end 121
transaﬁd)asgﬁaﬁ (¢ orfiemabpconyeyos &% indbe I sggnneh il @f dFeMgringh@ohown),
scanner 100 has a x-ray area 130 towards its center.
suchs l¢ald|linsd rekbedor fabri, gay e ptaced withmythatuesel 130 onatythbimput end 121
| arger than the ends 121, 5 122 of the tunnel 130.
and Qdtp@rendtlR¥,ab provideex-129 Whieligngl 1Theo®D behnhet 100 haedlx-ody dea 130
single size to acconmodate the size of the x-ray area

towatdits dehds.. ASALRRSed B Fib! 2)%id at#) AeIP0hy Y8igMhan the ends 121,
di sposed within the x-ray area 130 of the housing

122 g‘fit@le nﬂlﬁgl @gr‘ ;Alién%)ﬁ%&l? Bhé H&ﬁsﬁ%ﬁ Oacoﬁfﬂ%%g‘me%ltd'flé%ﬁ &size to

and a gantry 2 The support

accoﬁ%ﬁ uthgs P}Qf g}g%?%?i(gase 211 and a _c:| rcul ar

ver |ca 212. The vertical support
tt o the base 211. Th nt 220
gai%@ F s %@ti o KL 1D TRAPLBRD P XEhcReq b0 of the
the vertical support 2 so that the t | 120 passes
housing Hiflg ﬁltlmam% SEE msﬁgiffsr?ewppwg sipyofire 10 (g a?y‘\%%g fgantry 220
230 is attached to the ring 221 to provide a w
(Fig 33y d'hg suppoyt shagiwredldringludesarhape 2l landa C@Fulﬁh@ap%mlcal support
120. Preferably, the x-ray source has a rounded shape
212. oRheayeriignb suppotirX] 3 deattaghadi th dre hase 3hlapkhetgantrh @2Ginckides a ring 221
surface of the gantry. In this manner, the size 15 of
whidhleraztably pttacdued bethe ecitica duspanc2 2 o i tlse tomiel m2@plastes through the
accommodat e the extensions of a rectangular x-ray
cent@aftigerind2A 1t e R@dyesoutch @30 dsndtiayhddas il ringr22e t6 picvidefa wide angle x-
det ector arrays 240, 241, 242, positioned on the ring

ray ‘t%%léh dgﬂlei the RnfiRGrdd iR iRkl DB TPRIerdt) the Xy RAE BBs £Rinded shape
ably

on an upper surface, similar in shape to the outer surface of the gantry. In this manner, the size

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
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
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absent fromthe gantry is a conputer. Conventional CT
scanners include a conputer on the gantry to process

wa@ a40a/081763n t he detectors and format the data fBPE€T/US2003/031718
transm ssion fromthe gantry to 20 a host conputer
whi ch operates the scanner. According to an enbodi nent
of the present invention, the CT scanner does not
i nclude a conputer on the gantry. Instead, data from
the detectors are streaned directly to the host
conputer. Elimnation of the conputer on the gantry 4
WO 2004/ 031755 PCT/ US2003/ 031718  permits a snaller

permifp $madler apd bghiergantrnsAgwith cerypptpral Slajcanmerss g gaatryg includes an
the gantry includes an edge contact (not shown) for

edgg ¢antast @ot shmyvm) dewgransiaingmewebandsgagiral Sgnals totike grabry apd data from
and data from the gantry while the gantry is

the gamtrgtwhily.th gantry s séatingh Of powse ithe praseahinyemtiomayayi indhdckecomputer
a conputer on the gantry to perform sone of the

on the GBS0 Perferin dhadedofdige proce3sify 6NddtDAin colventianil € TSscainers.
Fig. 4 illustrates the positioning of the x-ray source

23@@nd bRk @it RO T ﬂfétﬁfa?%&ce 2490 and2hd foldar@W detectors
the Ting 221. The ring 221 of the gantry 220 is

240%35@351{ Akl g%.gﬁ! T mﬁé@ﬂ Jf%he odrBPON Q&hnt smaller than for
%? Eﬁfa ng? 12 .%ccor 4

Scanners Wi thea simlaresize tun ng to
. ' of ..+ he. .or t ] Nnt,i .
confRuB Y HaPler i A5 FRE b 280 Asbieigadf s lEbtment ofhe
tunnel .is ,approximately 80.cmin dj er. .
presgi G uLiPBriaf B LEan ABFERT O SEPr el ] AHaborhep Jhipme is
10, woul d be approxi mately 210 centineters. Thus, wth
app@ﬁ%ﬂfﬁ%@?@ 0 PR o caietionabE R aepen with § 80 g iAmgter tunnel
size by approxi mately 40% The wi de angle x-ray source )
woubdbe ppprodmgicb2 \Greentiaetgun tThys, vathithe prepeg invepigon thedyl scanner is
beamintersects the entire area of the tunnel 120.
reduSith esizehley appraxymatelyrd@ee. DieOwide gngle wirale soueed 3OS Beathdian the gantry
for a conventional CT scanner, it can be positioned
2206 dsat thetxeray heam tintemaits thd betir€arca ol tiranmed 12heSipcectheRiray source
i nvention includes a folded detector array including
230thn®a hided bedR D0 thah SorQf col@dntiohdlGT afiner i dan b&pdsitibned closer to the

di fferent distances fromthe x-ray source 230. One set
tunnel. The CT scanner of the present invention includes a folded detector array including two
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

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
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of detectors 240 covers a central portion of the
gantry ring and is centered on the x-ray source at a
walc@uasrss equal to the source to center detectBPCT/US2003/031718
di stance. The other sets of detectors 241, 242 are
positioned to intersect the outer ranges of the x-ray
fan beam 250. According to an enbodi nent of the
i nvention, 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.
Al ternatively, the second set of detectors may start
of they maghnel and she gantry n Thereccprdisat 26 detodiens 841,142 iarerreeloser distance to the
detectors end, depending upon the size 5 WO
X-1a3 G0WE0 3307580 RETINEANBSHB2LUL8 of the machine and the
gantry. The second set of detectors 241, 242 are a
cl G thi ddterrreate@ldshieto the X-24y DatteCBePedh Haha R shdifer pltch than for
i nner detectors 240. Since the detectors are closer

convdiEioNal I scafék £ Rithdul Satrididihg TRM e RIS Phb®h cBlts AE&?ﬁ'ﬂ to an
for conventional CT scannérs w thout sacrificing %

emb'o@i‘ﬁ?én? ofthe BRALA e RN, The d%Fe}%fbrr gieﬂﬁn{s%réag A a?lﬂ?gg'tlgﬁ?e% so that each

of the present |nvent|on et ec r
< RE R s T e

g@%ﬁ%z et Cseea&cfe%‘f oq?ge%a 134547 T el feinetor ptch than

f 1% g tch tQ@ for the first set of detectors

or ?1 stE H etF‘ﬁ%fS& 1 3pedhs distepes is ghorteribe priebepUEbDeTtuNit area at

unit area at the second sets of detectors 241,

the S.mnq setstif gRigptorsAn, 343ris higher tham for deet first setieff detctnrs 2404 0The higher
The hi gher 10 photon count allows a reduced detector

photep cent wile o redyeasrdetectsir pigch Wehwit gaaificing thesigeal tahdise ratio.
Additionally, with the reduced pitch, a constant

Additiomelly, dgthetbt mducadglieh,caconitentrinient i stetanglddan bg hetidtainbe
fan beam 250. Fig. 12 illustrates the rel ationship

throbghowethe firhiseain 256t Fe 12 diustetes tHe@tiStion AR Ak IR BREQPEF detectors
sets of detectors 241, 242. The angl es between

240 ded ©16s&ohd 6&3 of @RS 24 C2AST RRE at¥idsRIR dRleb® (o) remains
bet ween detectors (81, 82) changes. To naintain g%e
consSARhAL HeSitch B&ween detectors (31, 82) changes. To maintain the same angle, the
equation 81/R1=82/R2 must be satisfied. Additionally, to maintain a minimum flux level, the
following equation, (52xw2)/R2% >(81xw1)/R1% where wl 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
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 § mm long and 1.8 mm wide.
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15 equation 81/ R1=82/ R2 nust be satisfied.
Additionally, to maintain a mninmumflux |evel, the
wo oiolo3i788) equat i on, (62xw2)/ R22 >(81xwl)/ R12, P@ivesmond31718
and w2 are the widths of the detectors, nust be
satisfied. Since the distance is reduced, both
equations can be satisfied, with consistent angles
and m nimal noise interference. These features all ow
for sinplified reconstruction software. Known
“equi -angul ar' fan beam reconstruction al gorithns can
be used 20 with m ninmal nodification. According to an
entboeh rend 6 dlustraie detevlonassembliasier depbfyingthe hsmphlyof thef CT
the first set of detectors 240 are approximtely 10 nm
scaringngf thegregen? inventiancand td ireprdet gulity controb nigipt 5 illoktratésea detector
second sets of detectors 241, 242 are 8 mmlong and
asseinty 300 hdvites a foudiDe 3004 £13deébihg B B33 &RB4 @&é&&&rra?hgﬁ.- The
5 and 6 illustrate detector assenblies for sinplifying
detectde asp 83Winyludés 4 fl8rafith TRREREs @bt §h|8@1np|51%§1%9% alogg the width of the

invention and to inprove quality control.

asseg{ﬁl))“ 560, A Eflur A 85526, d&é&%@fgﬁ%@ 36RO B R 1O M%l'gﬁ&i to the ring

, a processing board 320 and ef ector’array

' ity of
22 TR i ke TR TR AL, A e e

assenhl 00. As illustrat in Fig. 6, detector,
or B AP Hicketige s 338324t  doorect ongos el Givangasent detector
of hﬁ antry 220, The detector assemblies 300, 301, )
arraysq Kleglly, Tor puirpqsghefgecansirpetions ?Yéryofzﬁttf‘é&w theggray yyopldshegperpendicular
qL the detector array 330 is adjacent to a detector on
to apdequidigianfrogn thg X1y somreel dlevwevst, with flagdleteptapagspmbligs300 there are
. purposes of reconstruction, every detector in the
slighfverigtions in tcisengseanglerail distance agrossahelaseeroblyli dtcaortlinzrtomm
the x-ray source. However, with flat detector
embadigembof the i3OMtidnh e deteatorasi@mbslly iatthe cemten Efttheofist $e of detectors 240 is
i nci dence angl e and di stance across the assenbly.

arrafgedorith agented dafectopsib@eEntiRiig mRipehliculanéand p&itionfof the x-ray source.
detector assenbly at the center of the first set of

For gflétéang%itﬁfn% éii%%@toi‘ Bsse@bliGN R Guithihbst AcLEBE SEmESLie ?ér?éndicular to the x-
g perpendicular to the position o he

ray sbufc®Y AxQiist@ted in Fig. 6, the x-ray source direction 350, 351 is perpendicular to the
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.

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
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For the remaining detector assenblies, the outernost
detector elenent is perpendicular to the x- ray
weouroal7sAs illustrated in Fig. 6, the x-ray sPCF/TS2003/031718
direction 350, 351 is perpendicular to the 15 left
hand side of an assenbly on the left hand side of the
gantry. The right hand side of assenblies on the
ot her side of the gantry woul d be positioned
perpendicular to the direction of the x-ray source.
Such positioning allows the detector arrays to be
properly angled and nested, as illustrated in Fig. 6
lowergpayi qopisg shaplifies adioling (iietdsd endepawen dquiremente| Ehedacseasmin x-ray flux
different assenblies. 20 The CT scanner of the
alsope@grniess shieldingpagairstranshtihgto adttaper $anddighitdrysyistean
conventional scanners. The wi de beam wi dth provides
addidcodingy toharefbblisentiofttél bitek@ itventi@ ) teaTir SiagfeloPérates in a dual
The shorter source to detector distances, allow for

enelg9$f0dROPRY. 74d 2 YroEPiecHSHAl GRS oMl defeclof BIRBLAL 3D thPdval Wrey
2004/ 031755 PCT/ US2003/031718 | ower part costs,

opel%lﬁfﬁﬁ’.l irhd &‘E’ec?&_%llé.n%t frﬁwfd|@§ §fo)s% %ggyps%mﬁla{o? ﬂ#flélg gﬂ?m&v energy

The decrease in x-ray u requires

| ' ' n t to a che r (an .
phofileRe 8h0P3s 2L R iy B %8@5?%%’&%”633??@‘1'&‘ high energy
' ' tes i ua
phofBERE Pvet B et enclfovei S0 des MRaHAr el v dherey layers 331,
det ect.or el enent 330 for dual. ener 5 operation. The
332 A ERIHIE @R B AR R Of desmueTtioN, 1 Ky snesiEy dbiers At epproximaely S
| ayer 331, a |low energy photodiode |ayer 332, a
mmé@ﬂﬁ%xﬂ t]lealglgh enzgy layery iabsrAperreiggtely cliOrmmin| lprg. okhel different lengths create
334, and a high energy photodiode |ayer 335. The high
simidggy dhgylevelpyhsiweep ke lo33mddngh snetnyrlayein everheith thy geentargitielding from
| ayers 331, 332. According to an enbodi nent of the
the ¢appersnd additibied ldyers, dretby simplHyiep daanequginio0elecmings und subsequent
mm | ong and the high energy |ayers are approximtely
signdOprovessing gAltdmetivbif, faeluglninet e REANG NG @REBrnddd BinE Mn8n techniques

flux |l evels between the | ow and hi gh energy | ayers,
withey Silsiik khayt ffir @8 ingR PIRtSHi A 15yeP M the detectors.

Fig. 8 illustrates the components of a CT scanner 100 according to an embodiment of the
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
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

8
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t he copper and additional |ayers, thereby sinplifying
data acquisition electronics and subsequent signa
w@e@eesssng. Alternatively, a dual energy scanPCHEDS1963/031718
performed using known techniques wth a pulsing x-ray
source and a single photodiode |layer in the detectors.
Fig. 8 illustrates the 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
the poveinfqriae @Etse%m@r- sA DE patesr supnln A2 ategeives thenA€opmver end converts it to
500 operates on the data to determ ne whether an
DC pawérdst poovediiang itlieeprocassiog hiementsjondhe grhtriyntAeseest motor drives 222,
present. O course, a single conputer could be used to
powpedfog il ACIpowef, ok Berhativety e DO pdvite, dpbra8€MBREveyor and rotate the
However, the use of two conputers prevents the

gant@X t £1d8ta Uik 203 B621e6E She WktRtor bRnBRELSthORosRb&RMIEIUTD. DC power
fromslow ng down the operation and data coll'ection of

and tRQataGhkSCAPRRHonedbf Bre HH??{/ tﬂ% §%ﬁ§’ntg?{r€ve1§é erﬁlgﬁéﬁtion. The

connect ed between the gan conpu

circéggoa{;ﬁ%%o S@Q&éﬁ&tﬁcﬁ%ﬁaﬁs ier% 1%& %@2 %B@ie? @g %%ttggtgrst 248 Etignieg gélysecond.
PCT/.US2003/ Q31718 t h I th A

o BT RER LR 2L s DT LSRR b, Bt e

slso el GAFERYITe St GRABPGPD i o 8BS OFHerAEPERoBy LR data s also

AC power, or alternatively by the DC power, operate

provided to Big\heyiiommEery ot at e the gantry. A data |ink 223
connects the detector assenblies to the host conputer
400he panpogets of therrgmphiterae dlusiratkd o gpdsThe lmsecbngmuter 400
the ring of the gantry to provide data during

inclydst atiotherbobid4 1 Ccardaudata dvgaisidon 326 420. The daetaeqtigtion card 420
assenbl i es 300 sanple the detectors 1440 tines per

inchedee dipdlts frohhthed@bging arré 1478, tHeadBTSHLE Bélt erddd&uab, dddghe gantry
data |ink 223 to the host conputer 400. Encoders are

encadls @2 USE dlsh Sholl@feS b Fie[MeprbABmbRbRIJafRayRARI 40498 Rfriel M the data
gantry and of the conveyor. This data’is also
and forwarding it to the motherboard 410. The motherboard 410 includes a processor 411, such
as a 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

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

other materials.
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provided to the host conputer. 10 The conponents of

the conputers are illustrated in Fig. 9. The host
w@oop8ss 400 i ncl udes a not herboard 410 and BCTHEBZ003/031718

acqui sition card 420. The data acquisition card 420

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 424 for retrieving the data and forwarding it to

t he not herboard 410. The not herboard 410 includes a

processor_ 411, such 15 as a Pentium processor from _

| nt e datp from ghe (Artanner haying afolded detpnter) astayicom be processed using

accel erator card 520 for processing the data. It also
conyeptiond sl eparintg andiredonstdgtion techrsqued) sugh asnhelicalcsbmiifigor start/stop

information fromthe data acquisition card and other
scamong Ullertost chinguttatispmgiamingdad cortetieneraG Eoaeadsieyofbelt, and

transferred to the detection al gorithm conputer 500.

readinig 6f debdcturd akORIMGCOItBOdRirkO¥RanAiE Sdherle! a8 liBlkct®fn 418ithm
| arge anobunts of data. The detection algorithm

il | Heds Ak [thddc3]

R SRS B IR B g e
; lL@sLyesS or other materials. 9 WO 2004/ 03175 _

‘mn§%§f%%%%g3/031718 The data fromthe CT scanner having

a f et ect.or ray can be processed using. .
cor TR A U CF S n A e BReB Gt oD it t be more casily
. hni gues, .such as helical scanning or start/stop
inccs AR S Ty aese Pond Fisureness Gaprug R RS Sl o fR 4 illustrates an
..the x-ra Qurce, conveyor belt, and reading of .
airligg pheck-dn éeng@B ARFORRPIA IS A hag erasisp ek pIding o 20 lsmbediment of the
The detection algorithm5 conputer, simlarly, is
pressRigBYeafpR dAS & yaseoiPa enlionalicheckan desitsathio alsgd7WPpdithe present
scanni ng scheme which is utilized. The smaller size
invegtion inglud¥s wwarheed-inoftatione 70, §2@ miithiarhecitel baggigk (i ingtarea 730
to be nore easily
between them. Multiple desks 700 could be positioned together in the airport lobby. The CT

Qo

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
as a standalone 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
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 -
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i ncorporated into the baggage handling process than

existing EIS systens. Fig. 10 illustrates an airline
w@eh@ak3i7es desk 700 i ncorporating a baggage scaP@iEDS2003/031718

according to an enbodi nent of the 10 present

invention. As in sone conventional check-in desks, the

desk 700 of the present invention includes two

check-in stations 710, 720 with a checked baggage

| oadi ng area 730 between them Miltiple desks 700

could be positioned together in the airport |obby. The

CT scanner 100 of the present invention is positioned
passgnggrh B e fyminal prsadAHgmatedy, 1rCT Acagaercdippresentiisgention may be
. checking in, places his or her baggage on the conveyor
incogporpigd inde g geld eerivisa dhavl-in desk, ilBr ay patbofaschacks trearetadfdhelobby or as

system The baggage is automatically scanned and
a frgerstapdggddoskor t he exi stence of explosives. If the

baggage passes, the check-in personnel can tag it in

t heAsadedlériteed \ubowy) (RICRE@AnNdr of W peskhit ihPentibf n2g®8 adRe standing,

handl i ng system Wth the check-in desk of this

tan@ABAClnTERN th QTTSA6perRbLHR1MbIA Y BtidvARg i ' i i
’ addi ti onal Iobby&§gace I S needed forggﬁgﬁﬁfﬁﬁ&%gﬁﬁgﬁg?wn“”

thref89 ARQordfHRdb hGRLH At dinfent gﬁ%lg gﬁcgégg ﬁ%\%ﬁt@%lé i&g%no§ty Shipiers of a

are requi red. As an option,

plu@ﬁtg%?%ﬁes%alﬁferyﬁ}@ré {ﬁ%\/%lr'kegl Qoeggglggéﬁgn %hg%%g%lsgl ﬁgee ?eﬁ\gorked CT

ket age prior U0 scann
bag is .scanned and.i njected intp the ba handl i ng.
scarradh FFRORSE StbindloR ok Bre YRtng i tent S ogricT yls ah jptegrated

uspect hag.can be resolved in _the baggage nakeup area
Che‘giaﬂf%%? Ghist haost Bagasan Gp aytamatiestly plepyed Sy Gy e ofthg scan data.

passengers in the termnal area. Alternatively, the CT
Hovegvst, seifie gray praigs o revigw by an eperatayy Rasherithandraye amopaator at each
into a self service check-in desk, either as part of a
scargpk ek isiusechwith cartry-phdaggabh y threatawntral opmd 68 tvathd plgrality of operators
ki osk. As described above, the CT scanner of the
is cppmestedito thewwembilorf mhyg bennat Berderat anchatgallp thé proftatienand/or
unit with a TSA operator available for review ng
reconstBgeisn damd iawshsfest i aipepeedl ialthe 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
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
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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threats. According to another enbodi ment of the
present invention, the host conputers of a plurality
woRi@dswsanners 700 are networ ked together to POF/ISA03/031718
single EDS. The networked CT scanners may include any
conbi nation of free standing units, self check-in
units and integrated check-in desk units. Mst bags
can be automatically cleared by anal ysis of the scan
data. 10 However, sone may require further review by
an operator. Rather than have an operator at each
scanner, as is used wth carry-on baggage, a threat
area fopaeanoed paaspee dOueatstcauld haye thgir luggags audpraatzaeBy grocpssed by the hotel
connected to the network. If a bag cannot be cleared )
and sacirelyatansfatred o thi eirprojvidatut the nged ?om furthes progsssingerr idelay during
data is transferred to an operator in the threat
checle-fit Additior0ly) (he Gize Shthe oEmneat conldoganmittitte he glriced ini aneehicle used to
whet her a threat exists or can be cleared. If the

pick B $addALE bRl Rdbud Rctloagre cﬂrata%oohhs tHeniPBR! Fc@lstantiihg uBRYcan be
i's passed to the baggage handling systemin the

provfca]E&J g{\?agi)éu%{ﬁgfns im\é’%}fﬁc‘ért fdrleithdrREIEIRE &M 0:CRARRY cRRK-in of

ear ed, ag woul d” be passed to other operators

passefan%éﬁs a A%gféﬁgcagﬁagﬁg ﬁ?a%ﬂérc& 'the%@se@?%%{ﬁn deGkd gt%ecurity

tion , such n server conputers
750 rinters 771, network gcontrol st.ation {2 .
checlghiie & kTR s L sTporaies. S5 sfing® iopPpd dss 8Hdgn in the
. baggage scanning systemalso allo it to be placed in
cirpogy s o DR T, R D PSSR OFE, b MOt A CRlagried for
baggage. For exanple, a scanner could be placed for
compgn vigvibY ERAPSTAPTHr at rental car return areas for
sinplified processing. Additionally, hotels or other .
| oEigt 1 bilkiseased ahothen vinbledimpetcf therprpssgyiayentioawhieheprpyides additional

provi ding a scanner and a secure 11 WD 2004/031755
redudohs US2BRBEABA ¢d8 Irethe thiflemted amme dhd & geamer ¥A0dws sultiple
coul d have their |uggage automatically processed by
detedth® 300t &I, 848)844 Baun&latedtondiaklof theeldtector tihg 8&1.r Aoirt the first two
wi t hout the need for further processing or delay

emb&tfdeRts, thé A8 otshre ABfdrER AR Antes 1A 1156 ZRaydouicB830 and at different
scanner could permt it to be placed in a vehicle used

anglés‘? Using half a detector ring is sufficient for creating a CT reconstruction with a full 360
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

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

required.
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pi ck up baggage from various |ocations for transport
to the airport. Free standing units can be 5 provided
w@ronasi7elis t ocations in the airport for eithePCT/US2003/031718
sel f-checkin or assisted check-in of passengers.
Al'ternatively, a CT scanner of the present invention
may be used at security checkpoints for scanni ng of
carry-on baggage. Each scanner, independent of its
| ocation in the airport or away fromthe airport, nay
be operated as a stand al one unit or may be networked
for comon review by TSA operators. 10 Fig. 13
i | Tnwsder 4 o8 tmeshrthemtedresenitingmtipn smay opetaterwith reduced flux levels
i nvention which provides additional reductions in the
frombaeentionh] Csdcanders. tThehet desigd of mbayl systems, fot brgg@R, enseffrardesigns
810 has nultiple detectors 841, 842, 843, 844, 845
the fluR €@ b&ehoRdBh fRpdne@ite tHiehegeibR SLOGS the baps8 The mAgority of the bags require
first two enbodinents, the detectors are at different
signiﬁbaqtftlgqgs@ Fluk! Wd‘eﬁ?niﬁg FRYySIOMIt6 Brodifd Mndforbnig itef %f*‘?&fcentile bags,
angl és. Using half a detector ring is sufficient for
~T . , . .
oo AT REEAREALEY O By S in o e e v
mat. tical ly.equival e .l ecti
ond RYFEan it Tt B A iR SR 08 FAACIRE. 1iller o
reconstruction. Figs. 14A-14C jllustrate CT .
handjec{ig Feavidh Bt Aivo o 0re sk Py RRStopbdn i baRs e g pigpprams are
using a full detector ring.. Fig. 14B ill.ustr.ates. .
averasedonBe FAYBFBAALIC TREZEh AB TGRS l?eiwsﬁa el pish fpes or regions
ring. The data fromFig. 14B can be used to conplete i
of a bagfarg likelp torequireideieniia gsxi Thakagshiseeets srappeg twige@r more, averaging
Using only half a detector ring, as in 20 this
the seerinddetnafimaw dafialvatksthetrebtaimedgh the firstsotatign,shich will reduce the noise in
substantially reduced because fewer detectors are
the re@@stiriceell inibge W 200144 6 BILRESIRCH5162 008 ca8dythss 4 3rdor ddrtime for
to cut the cost further, the present invention may
thos® P e ctkghdM bdp slieskustaeryfHeawilyt €lutedred bdgso Mhe prevan iriventidn €duces the

scanners. In the design of x-ray systens for baggage,
needBEmafl Ba@%hﬁl@.@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
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
scanner. 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.
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
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the flux to be enough to penetrate the heaviest 5% of
the bags. The mpjority of the bags require
wae@niosizeant |y | ess flux. By designing the sysPEnMUSm03/031718
provide flux for only the 90th percentile bags, 5 the
amount of flux is significantly reduced. The reduced
flux allows reduction in the noise |evels and
required shielding, which substantially reduces size
and cost of the device. In order to handle the
heavi er bags, two or nore scans are perforned on the
hags and the sinograns are averaged. The raw data can
Sen%féveaﬁ%éilfiezr@ér engrgy dpestums e Hsing thsnCT seandern afithis mmbodimeht, two CT
bags or regions of a bag are likely to require the
slicesy oF diffetenkeneties, bagbeibitaiaedyfedrs asigienethtivniof the deteamr fing. This will
averaging 10 the second set of raw data with that
allowifbaa ded ehergy hmalfsis aftthe GTdinbges, OnbIEai Iy dbtaif @6 CRerEPET images
noise in the reconstructed inage and m nm cs a higher

with ba¢k-tsbatiedstetdte. THOG@APehdidySCR idVdly 9§eﬁﬁ‘ltt5 rédug@thte @lse alarm of the
those | thousandth bag slices of very heavil

mac‘l?ﬁﬂét TEis @sdve@ﬁg&iraﬂ_lg €n B ﬁ?p??tt enly Xﬁﬂéﬂt 0 Jﬁ&lgglﬁc}%g ltSrE?ustra]tes five

need for nmenual bag sea y prOV| rac

SR B %@ﬁefs' : or?b;éaf)fsée.wnc%m gty ch o
oSO RS PP LA S s oo
rch. According to anot her enbodi nent

half{??ﬂ{erfj@ eﬁpé&é‘ﬁ??' nvention, the CT scanner of t he
pr ent invention can be used for dual energy CT
PGsen tnvestipyhas heam desgribadwithhregppstte mme@fa@woftd‘tecked baggage,
scanner 15 illustrates a CT scanner 910
sincg #dgp éllﬂlﬁ@mtl% user 15 thatibieldi davrever, thetrediicad eime phthe falhed EFy CT
scanner 910 includes a w de-angle x-ray source 930 and
scanpgacsetdingdb thiepressnbingeBivd ca®bOused 2 miay bthef apiplieati@s for which CT
of detectors 940, 950 includes a plurality of detector

scanbbs meised OB dy, ex@ddle, B4idhy beQddd 09 d&rgo PPalleBd Zhsp&@Pidn oPR4sening. A
955. The detector elenents for each set are each

larggrasndel BregicAlly 1oessaryd@bd caBlo dnldPafl@teanifattidd, 38d &hbental CT

in the third enbodi ment. The two sets of detectors

scanféd we%'i@re@ﬁ&ldﬁ%l})@ua‘plgfgeg 3T E&Eﬁ&@%@l@e%@%ﬁ? hSention has a

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
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.

14



sensitive to different energy spectruns. Using the CT
scanner of this enbodinment, two CT slices, of
waledok@sni energi es, can be obtained from a siPgl/@S2003/031718
rotation of the detector ring. This will allow for a
dual energy analysis of the CT imges. One can al so
obtai n dual energy CT imges wth back-to-back
detectors. The dual energy CT is very useful to reduce
the false alarmof the 5 machine. This is very
desirable in an airport environment. Although Fig 15
illustrates five detector arrays for each set_of
delladngdescribasiat faastinwe epbodiseateighe hvention, megifisatioseyflaptations
Each set of detectors 940, 950, corresopnding to an
and iepesgnehtewell befreadliiy apparen tosthosec, ordigary skill in dhecatt. o¥ucbne
hal f of the detector ring 911. The present invention
modifi@stidig eangdesaidi Adestatidnk arer @sgidatd part bfithp @otenton. of
checked baggage, 10 since it has substantial uses in
that field. However, the reduced size of the fol ded
array CT scanner according to the present invention
can be used in many other applications for which CT
scanners are used. For exanple, it may be used for
cargo or pallette inspection or screening. A |arger
tunnel is typically necessary for cargo and pallette
i nspection, and conventional CI scanners are
correspondingly nuch larger. The CT scanner of the
present invention has a 15 significantly smaller size,
even with a large tunnel. The present invention may
al so be used in nmedical CT scanning applications.
Furthernore, the present invention has been descri bed
as including an x-ray source. Conventionally, CT
scanners have used x-ray sources for radiation and
appropriate detectors for x-rays. O course, other
radi ati on sources, such as gamm radiation, could al so
be used in 20 connection with the present invention.
Wth a different radiation source, the detectors
and/or scintillator material would need to be changed
as appropriate to neasure the proper radiation
spectrum
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14 WD 2004/ 031755 PCT/ US2003/031718 Havi ng descri bed
at | east one enbodi nent of the invention,

wOoR@HNBIUat | ons, adaptations and inprovenents BT/US1963/031718
readily apparent to those of ordinary skill in the
art. Such nodification, changes and adaptations are
consi dered part of the invention. 15 WO 2004/031755
PCT/ US2003/ 031718 CLAIMS 1. A CT scanner for scanning
of an object conprising: a tunnel; 5 a conveyor for
novi ng the object through the tunnel; a gantry
rotatable around the tunnel; an x-ray source on the
gantry for providing an x- C&BAINSam perpendi cul ar to
the tunnel; a first plurality of detectors on the
gantry positioned a first distance fromthe x-ray
source; and 10 a second plurality of detectors on the
garntry po€Tistanedfoascaaniapadf ah shjesieemptising:t he x-ray
source, wherein the second distance is | ess than the
fiastm;st ance. 2. The CT scanner of claim1, wherein
one of the detectors in the first plurality of

deta@ehdydr fop mRARlg hOBGEet Mo iDink Ry, F @y beam adj acent
to one of the detectors in the second 15 plurality of

det, sgapper of claim1 further
con§$%§¥ﬁgm§ﬂ%%?ﬁggﬁ$ura%pty of detectors on the

ggu%%léraQ ggﬁrct:el gnnt%g ggrﬁlgy F B%Q?diﬁ’é z?r} )?—pa%febegrrn%rgr;}eggicﬁ(lﬁ[ t%ythe 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.

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

16



20 4. The CT scanner of claim 3, wherein: one of the
detectors in the first plurality of detectors is
w@oeomksdosed within the x-ray beam adjacent toPONESmD3/031718

the detectors in the second plurality of detectors;
and 16 WO 2004/ 031755 PCT/ US2003/ 031718 anot her 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 third plurality of detectors. 5.
The CT scanner of claim4, wherein: 5 the x-ray beam
intersects an entire cross section of the tunnel; and
t hanoftier eng ofghe detektora falthe Hirstlysklity F detpeters éf pasétioned within the x-
are positioned on the gantry so that the entire x-ray

ray begamdjacdne te@etof tiadt ddteass inothe thielt dahbiy. of @etedioms. CT
scanner of claim1, wherein a distance between
adj acent detectors in the 10 first plurality of
detectors is different than a di stance between

adj_ acenthed@r%hﬁér%flcﬁlﬁmewﬁ%ﬁnd plurality of
det ectors The CT scanner of claim1, wherein an

b
dg?lect ors | nﬂlfcﬁge%gﬁdr ferna &b s¥ctlodb h}eﬂﬁ&@ 4@ adj acent

st p urality o tectors is the

{% gzssf sgc%@r gr&cﬁ tmrg gel%rg“lnc%es 1? d&g&!t)‘r% aIe Sp%g}tloggd % {hé?é??t?' so that the

of deﬁectors e CT ,scanner of claim1, further
entirg SpY %@teésef’ﬁlaﬂfaﬁloﬁﬂagﬁe% ‘of detectors on the

gantry positioned a third distance fromthe x-ray
source. 20 9. The CT scanner of claim38, wherein: t he
X-ray beamintersects an portion of a cross section
t hé t unfled CT sepsmerrnislaimd , whetieinea digtpppeceureniadisost dﬁ‘ﬁ%t‘)fs in the
tunnel ; and
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 between

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

8. The CT scanner of claim 1, further comprising a third plurality of detectors on the

gantry positioned a third distance from the x-ray source.

9. The CT scanner of claim 8, wherein:
the x-ray beam intersects an portion of a cross section of the tunnel less than the entire

cross section of the tunnel; and

17



17 WO 2004/ 031755 PCT/ US2003/ 031718 the first, second,
and third pluralities of detectors are positioned on
WO b@4gaTssy so that the detectors intersect tPET/E8R1005/631718
x-ray beam 10. The CT scanner of claim9, wherein the
X-ray beamintersects one-half of the 5 cross section
of the tunnel. 11. The CT scanner of claim1, further
conprising at | east one conmputer for receiving data
fromthe detectors and reconstructing at an i nmage of
at least a portion of the object. 10 12. The CT
scahner of claim 11, further conprising a data link
bettie B serondeand dhist plurabiies efdetpsiors yre apsitioted aatthd gangy so that the
one conputer not positioned on the gantry. 13. The CT
detestogsingarseot the batirmxdray bedwer ei n t he data |ink provides a
constant stream of detector data fromthe detectors
to the at | east one conputer. 15 14. The CT scanner of
claim1l1l, wherein each detector in the first and second

pl uoal i thhe OIf scal@ee 6f E1hisn O, Gharslg e :Bralyibesh iRBRLATLRAIT of the

| ayer responsive to x-ray energy at a first energy

crods@¥&ion of IR thddept  phot odi ode | ayer having a first
X-ray reception area; and 20 a second phot odi ode | ayer

responsive to x-ray energy at a second energy | evel
hi gher than the first energy |evel, positioned behind

A T T A A —
I he fi - [ ti .18 WD
dataﬁ%ﬁ%&%@r%@/r o S%lg‘;%@rg% ﬁ_rrsl?r?aegg olf gt ea?s{ S %ortion 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.
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15. The CT scanner of claim 14, wherein each detector

further includes a shielding |ayer between the first
wara4msrend phot odi ode |ayers. 5 16. The CT scRemes200$/031718

claim15, wherein first x-ray reception area and

second x-ray reception areas are sized so that the

x-ray flux levels for the first photodi ode | ayer and

second photodi ode | ayer are substantially equal. 17.

A CT scanner for scanning of an object conprising: 10

a tunnel; 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
perpendi cul ar to the tunnel, wherein the x-ray beam

i N, udeBhedl T baaasdr of whaine rl\é,r\glgerémeedlsdetebﬁ)rafurfcher grtcludes a shielding
plurality of detectors responsive to a first one of

layertRBvedh the@st arddvecaaghetodlody lyérs. posi tioned on the

gantry to intersect a first portion of the x-ray beam
and a second plurality of detectors responsive to a
second one of the at |least two energy |evels

P of'éi L ' oﬂﬁcb"f) chaﬁ]ﬂ& FaREh Y5t VQ?éréﬁa ?fritg&tay @ec%ﬁ&&{‘ge@@rfdtée%hd X-13y

-ray ean1separat romthe first portion.

recepéwaragﬁa?w RSO S  D SE RRghB AL gand s

first dlstance fromthe x-ray

ctors po |t|o ed a
Phot%‘ﬁa‘?ecléyer&%s“?ﬁa% ¥&8W031755 PCT/ US2003/ 031718 a

second subset of detectors positioned a second
di stance fromthe x-ray source, wherein

17. A CT scanner for scamning of an object 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,
wherein the x-ray beam includes at least two energy levels;

a first plurality of detectors responsive to a first one of the at least two energy levels
positioned on the gantry to intersect a first portion of the x-ray beam; and

a second plurality of detectors responsive to a second one of the at least two energy levels
positioned on the gantry to intersect a second portion of the x-ray beam separate from the first

portion.

18.  The CT scanner of claim 17, wherein the first plurality of detectors includes:

a first subset of detectors positioned a first distance from the x-ray source; and
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t he second distance is less than the first distance.
19. The CT scanner of claim 18, wherein the second
w@benabi7’sy of detectors includes: 5 a third sedpes200$/031718

detectors positioned a third distance fromthe x-ray
source; and a fourth subset of detectors positioned a
fourth distance fromthe x-ray source, wherein the
fourth distance is less than the third distance. 20.
The CT scanner of claim 17, wherein the first
plurality of detectors further 10 includes: a third
subset of detectors positioned a third distance from .
t heseRonchgubsehof detectpidiogifipngdifeseopnsd Cﬂﬁa?ﬁegtoé‘h@@ X112y pIge, Wherein
than the second distance. 21. A baggage processing

the seqpsil distanoertsrlpssithay tha rshdistaneeal i ty of CT scanners for
scanni ng a bag, each of the CT scanners including a
conmput er for processing data fromthe CT scanner and
for reconstructing an inmage of least a portion of the
bam. atThe@tscaner cfRbiatisr whavinahe scaid plaralityr of detectors includes:
di spl aying a reconstructed i nage; and a network for

{1 ARSd8hbdcR Bf @etd@G9 P§§'ﬁéiﬁt1 Qdhikd@igRnds Roth &e -RFSbuosand
CT scanner to the at 20 |east one operator review

E@;‘{j&g&g@%& gﬁ_@e?ég"%sé Egs@tlc}{)@d %Q&ﬁ%}@éé{l&% from the x-ray source, wherein

The baggage processing system

f .claim21, ' . uter in each of the CT
ﬂwf@%g%ééﬁg¥?1%éS%@%é%%Q%%QEFgga%etecting a potenti al

threat in a bag based upon reconstructed inage, and

wherein a reconstructed image is transferred to the at

| east one aqperat or view statjo .
20.  The CT scanner o{ c?aim l\%’, Wi ere{n tﬂe first plurality of detectors further

includes:

a third subset of detectors positioned a third distance from the x-ray source, wherein the

third distance is less than the second distance.

21. A baggage processing system comprising:

a plurality of CT scanners for scanning a bag, each of the CT scanners including a
computer for processing data from the CT scanner and for reconstructing an image of least a
portion of the bag;

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.

20



5 upon detection of a potential threat. 23. The
baggage processing system of claim 22, wherein at
wo e@s3one of the plurality of CT scanners i sP¢DUS1003/031718

at an airline check-in desk. 10 24. The baggage
processi ng system of claim 22, wherein at | east one of
the plurality of CT scanners is |located at an airport
security check-point. 25. The baggage processing
system of claim 22, wherein at | east one of the
plurality of CT scanners is |located at an airport
curb-side check-in area. 15 26. The baggage processing
sy2%-em Bife bezaage 1Rocessik@system efclaimakl, Whaigingthe peraputer in each of the
plurality of CT scanners is located at a | ocation

CT sodriners indladesameaas fopdetecting apvitettiabtgst brabagdakes upon reconstructed
transported. 27. A baggage check-in system

imageodfdr i sing: 20 a first check-in station for passengers
to check-in for a flight and to check baggage; a

S eGAGEInCI R eIt ictsd Aldel s thaisfePa8 $SME &t Radt Oné BiRGHof 1RvIedf station
a flight and to check baggage; and 21 WO 2004/ 031755

5 upo &Q&ﬁﬁﬁg?§é&§&i&§nmg CT scanner positioned between the

I rst check-1n station and the second check-in
station. 28. The baggage check-in system of claim 27,
wherein the CT scanner includes: 5 a tunnel positioned

be en..the first check-in stati.o nd the second .
o T Bacbodspro G bR LR 1A Pt S i e pluratiy
to nove .bags froma first side of the first and second

of C serpppersis lofafed gl aiing checkdmdeski de of the first and
second check-in stations; and

10 24.  The baggage processing system of claim 22, wherein at least one of the plurality

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

25.  The baggage processing system of claim 22, wherein at least one of the plurality

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

15
26.  The baggage processing system of claim 22, 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.
27. A baggage check-in system comprising:
20 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
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wherei n the baggage check-in system further conprises

a baggage handling systemfor renoving bags fromthe
wg@e@ansli7si de of the first and second check-i n BCHUSIN3031718

for transport to an 10 aircraft. 29. The baggage

check-in systemof claim27, wherein the CT scanner

includes a conputer for detecting a potential threat

in a bag prior to noving a bag to the baggage handling

system 15 30. A nethod for processing checked bags at

an airport conprising the steps of. at a plurality of

| ocations in the airport performng the st

scafnispypappsitioned bewessthe dett chepkan staligr andy fﬁ@ swa% ghegk-in
~a portion of each bag; detecting a potential threat

statidased upon reconstructed i mages; 20 distributing bags

to airplanes if a potential threat is not detected;

and transferring the at |east one inage to a review

| ocation if a potential threat is detected; and 22 WO

2098}/ 03tieHng et/ cisslOR 3 Seh 6T 8laird 07 { Wikeréif hetOT keair inelndes:

perform ng t e steps o di spl aying the transferred at

| e§ﬁﬁm&%sﬂﬂﬁ&ﬁaeﬁv@&n&ﬁé’ﬁﬁ%l@ék—%ﬂst% e se%énd cHe€k-in station; and
met hod for processing checked bags of claim3

fug E(%]’R; SR Pﬂh@gur{n o%@\%‘c‘oa g’ff“r&fn a fatkt stl&eofrtﬁé’ﬁl%%nd second
oh per

| oC rn1ng e steps-of: receiving in

chec{g-lw %tg{?(glggn 8géc§én%t sidg Rgﬁ’)le rﬁatt%ﬁ ecoralld cll;gcﬁ artl stg{lorﬂoanda

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.

29.  The baggage check-in system of claim 27, 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.

30. A method for processing checked bags at an airport comprising the steps of:
at a plurality of locations in the airport performing the steps of:
scanning bags and reconstructing at least one image of a portion of each bag;
detecting a potential threat based upon reconstructed images;
distributing bags to airplanes if a potential threat is not detected; and
transferring the at least one image to a review location if a potential threat is

detected; and
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di spl ayed i mage; and transmtting the indication to

the | ocation which provided the image; and 10 at the
w@bewnabi7’ey of |ocations perform ng the steps oOPCT/US2003/031718

receiving the indication fromthe review | ocation;

di stributing a bag to an airplane based upon an

i ndication of not a threat; and preventing

di stribution of the bag to an airplane upon indication

of a threat. 23

at the review location, performing the steps of:

displaying the transferred at least one image for review by an operator.

31.  The method for processing checked bags of claim 30, further comprising the steps

5 of
at the review location performing the steps of:
receiving in indication from the operator of a threat or not a threat based upon the
displayed image; and
transmitting the indication to the location which provided the image; and
10 at the plurality of locations performing the steps of:

receiving the indication from the review location;
distributing a bag to an airplane based upon an indication of not a threat; and

preventing distribution of the bag to an airplane upon indication of a threat.
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