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| NFORVATI ON ABOUT A TARGE WWWEN A PRESCANNER AND_A CT SCANNER
Field of theVPid&H T%n 5 The ntion is directed FOTVRE PRI d of
X-ray detection systens. Backgrogn@*of the Invention There exists a need
for inproved systens and nethods of screening baggage for expl osives,
weapons, and ot her contraband. Sonme existingl systens enpl oy X-ray 10
scanners, conput ed tormgraphy (CT) scanners, or ot her |mag| ng devices to
detect conceal edMEHHOD AND} AP A T4 RANMIT TS N2 AR
by an X-ray scannerAT'
initial informatiom o ,
X-ray based systems provide d| fferl ng degrees of SOphI sti catl on in terns
of their ability to anal yze baggage b@_ﬁ_ﬂ @ Tl&Snr ay data 15 obt ai ned.
Sonme, for exanple, balance the speed screening with the
accuracy and reliabili ty W th contraband i s detected. Wiile the
prescanni ng functi on E‘?E&iﬁ%‘@ﬁ%ﬁ‘b\?é“%@f’ tP%f@M&Wed%%@PéWnﬁnd
reliability with which contraband is detected, there exists a need for

i nproved systens and nethods of screeni ng baggage .20 Summary of the

| nventi on One enbodi ment of the in L to a nethod or
apparatus for analyzing an object in which a dual energy X-ray prescanner
perfornms a prescan of Thdmeexiﬂb;’a m:etl ﬂirdmﬂmk'ai’syistalﬂs wdeﬁeﬂaﬂs bfl@‘cﬁu‘eﬂiﬁg bapRagiTaUt

t he object. Then, _ anner an_on at ne pl ane
of the object baseégjl_o%‘ﬁes ‘Heépfﬂse (fr"rjgr?ﬁﬁgl Seme ‘TXI’S g, gysteps e%@ﬁsﬁ)’lﬂyt he

obj ect i ncl udés atanners,compired tbtrmlgﬁplh)y(CGf) scﬂiﬁﬁ@é or ctthammﬁ@ﬁgadevﬁéstﬂofda@ét
correction of a Jecon trjéjcst dS ) CT scan na rforrredir’
using the prescan af SEan™ STRt B Blﬁ SEWEF é’ﬁet‘fS ﬁ e {hen

i nvention is diredtighhetfoms arfiptdscatniog” fapgmnad deserfine inikd mfn@dayim orothé tontdajse Ct
in which a pr escao@nx?gmcl%\hf lgzagg&%e%x{;&dg)?rayabage% systeerr'?seprr9\>{dé3 diﬁ’gr?nag%ggrgés of

sophistication in terms of their ability to analyze baggage based on the X-ray data

15  obtained. Some, for example, balance the speed of the baggage screening with the
accuracy and reliability with which contraband is detected. While the prescanning
function discussed above may increase the accuracy and reliability with which
contraband is detected, there exists a need for improved systems and methods of

screening baggage.

Summary of the Invention

One embodiment of the invention is directed to a method or apparatus for
analyzing an object in which a dual energy X-ray prescanner performs a prescan of the
object to determine prescan information about the object. Then, a CT scanner performs a

25  CT scan on at least one plane of the object based on the prescan information. If the CT
scan of the object includes or is in the vicinity of metal, then metal artifact correction of a
reconstructed image from the CT scan may be performed using the prescan and CT scan
information.

Another embodiment of the invention is directed to a method or apparatus for

30  analyzing an object in which a prescanner, which need not be a dual energy prescanner,
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PCT/ US03/ 03721 perform; a prescan of the object to determn ne Bileddlar200s

i nformation. a CT scanner perfornms a CT scan of the object to

det er mi ne CTWOH?/(‘J?W%I‘M on. A processor analyzes the CT infomeatisosnzand t he
prescan information to determ ne whether to update the prescan information
based on the CT information. 5 Wile the description and cl ains herein
recite use of a CT scanner, such termis -patended to cover any device that
nmeasures at | east density of an object scanned by the device. Brief
Description of penferhy apvesegs ofltfic bbj@t tordeterhhe probdandnfotiatigii. aTheaf a @NscapEar at us
for transmttin nf orpati on om RLesca r devi.ce to a CI scann

devi ce accor di n% #08 Sbeh é‘f‘?ﬂ(?&ihr‘?é’ﬁftegté? FREREy b9 Bytion. Fﬁ@r@ge@sogaqa@rz tgFock
di agram of an appaifainatiod &id the passi infrmatidnb detemiihORNhdilied 1 A4 the GRRORI

device to a pres er .devi c prding to one enbodi nent of the invention;
Figure 3is a b'IngOE'Pntm A’@fegrﬂngli’a@rc] &%Ptus for transmitting information

between 15 & CT Scmmwthdwbmﬂloﬁﬁﬁﬂcﬂaxmﬁﬁ&ﬁmﬁwﬂ’euﬁ&dﬂa@l“s’ﬂ@tﬁﬁf @idiGerinds One
enbodi nent of th invention: re 4is dj agr illustr tlnga
mothod Tor tr anSHe i EoYehPD; e Bem st n e deat A et B

prescanner devidwicaccordi ng to one enbodi nent of the invention-, 20 F| gure
5is adiagramillustrating a grid for performng CT scans at intervals;
Figure 6 is a diagramillustrating reference coordinates for a scanned
item and Figure 7 is a flow diBxipf®esdriptids bf thieiDigwihgsret hod for obtaining a
CT image and predicting and correcting netal artifacts of the CT inmage
accordi ng t 0 one eniioglirerkista blodk didgeni mﬂa«arappamtus RbtrdishitiidgddfobBeasion fipmi on  The
present inventi St or od in which a scanner X-ray
devi ce and a do e%?r?nggzriﬁ%?cettg ﬁgss prnggr(r:gg‘r'\lﬁ%? bl BRI ?neaen}btgflr‘gﬁptpcgﬁi? gemhew ce
scan an object. Th&igi¢ %dstabmgkMdm@edpamtbiﬁontrmsmn@mnﬁfmdmg@ag:ea a

manuf act ured pr 8%' E’&a&mer device to a prescanner device according to one embodiment of the invention;

Figure 3 is a block diagram of an apparatus for transmitting information between
15 a CT scanner device and a prescanner device according to one embodiment of the
invention;

Figure 4 is a flow diagram illustrating a method for transmitting information
between a CT scanner device and a prescanner device according to one embodiment of
the invention;

20 Figure 5 is a diagram illustrating a grid for performing CT scans at intervals;

Figure 6 is a diagram illustrating reference coordinates for a scanned item; and

Figure 7 is a flow diagram illustrating a method for obtaining a CT image and
predicting and correcting metal artifacts of the CT image according to one embodiment
of the invention.

25
Detailed Description

The present invention relates to a system or method in which a prescanner X-ray
device and a downstream (of the prescanner) computed tomography (CT) device scan an
object. The object may be located within a piece of baggage, a manufactured product,

30  the human body, or some other item penetrable by X-rays. Information collected on the



30 the hunan body, or sone other item penetrable by X-rays. Information
collected on the 31 JUL 2M WD 03/067770 PCT/ US03/ 03721 -3 objgectiuediifbe
transnmitted fromthe prescanner to the CT scanner and/or fromthe CT
scanner to t WO Bedhnner. ne enbodi ment of the present i nPERtUSOHI3721
illustrated in Figure 1, is directed to a nethod and apparatus for
transmtting information froma prescanner device | to a 5 downstream CT
scanner device 3. This can be acconplished3i-n any of nunerous ways, and
the present invention is not limted to any particul ar one of such ways. In
accordance Wwi t hojee nial bu&hrrsa:ﬁtte\déroanb@pﬁemmter to thd OT s@hied And/srdronpthe ©Tanner
device | is transn‘it? E rescanner device | to a processor 5 via a
data |ink 7. Daf@™{HRe 9res°§?| any other data |ink described herein, is not
limted to any parti@ndenibotiypat affthelfdesentrikveatich, ﬂ’mytralm in Riglhrerte Bidedctetstong any
sui tabl e neans fo smitti i nf onnat i.on i nk
Processor 5 naymﬁ{hffagré APPfatF ﬁ("?g?%}l 0 nfgrina téorh dpr Srcgrrlﬁef eé"cﬁggé%anner
devi ce, andstr amersictanh OF spmoere!ssl%B i Tifiocande acomplshedinaon bf mimesouy rvalys,wi t h

i nstructions base n f.or mat i on pner device 3 |
via a data |ink® @Fth?’PrSEeél ’é’&g}‘“gn }?ﬁlyﬁg%ﬁe%go POELE Iar3 e@ﬂ%cﬁ%?' internal to CT
scanner device. It s]ncaudoddahee w;ﬂpmreoilmtretdvetehﬂbdlmntl mfoﬁngwmérom prbdcumer ates
both a direct atlon nk tallnk 1 i ect
comuni cation | fclﬁ‘ﬂ gns"ﬁﬁtegc 33 Fscané’ﬁr %Véf'e dap Brofessolé ’v'f‘ 7”3%3%
conmmuni cat i ons hhmk,sanam@ otixdr date djulk dcﬁchbedlheremslsmbt lnmte'dtnmwaaattmmiaﬂwpﬂ(qf or any
ot her conmuni,cat.ion Jink t.ha be enV|s ed b in the
art, may b eqlbnpﬁ‘ %ﬁ%ﬁf%eﬁngltse@grﬁﬁde using any sit Efg mean%for tga%srgf@tfng ﬁﬁf‘ﬁ%#xa%%n

mul t i pl e ener gy suthraayn Bereinetdmk. For exarrpl e, prescanner device 1 may be a
single or multi-vie ener gy
CT scanner devi ce, %rgge%gor%?ﬁé&y%fg\??%eﬁ%ggghﬁgran%mlrif%?s‘%ﬁ:ﬁh I%m?l?eqldgdw

at om ¢ nunber clamdmmsmmt@tprmssodl infmettiyng ot § contrel sighgirwithi indimetéony basethpwthe wi | |
be 25 appreci at rh | t

5,838, 758 (Kr ug%Q’cvér;Qcmﬁ&oh]'g&lt ﬁ ere yﬁ%‘ﬁ‘g%%gggﬁg“ tfh#%?e?gg%:sg&s clhes dual
ener gy X-raysi nigretet externglys intersa! ta@Y scaniervibNiesh nay be enpl oyed as t he

prescanner device acf %o%'lcpl% aE)BregiQteg {E‘RP\%iEEBfﬁéuré) { ilﬁlgﬁa’ces ithYl%rinxje&n '

communication link, such as data link 11, and an indirect communication link via a

processor, such as data links 7 and 9, both communications links are not required. One
such communication link, or any other communication link that may be envisioned by
20  one skilled in the art, may be implemented.

Prescanner device 1 may be any of numerous multiple energy X-ray devices. For
example, prescanner device 1 may be a single or multi-view dual energy line scanning
X-ray device, a dual energy CT scanner device, or any other device capable of measuring
effective atomic number characteristics of an object, the significance of which will be |

25  appreciated from the forthcoming discussion. U.S. Patent No. 5,838,75 8 (Krug), which
is hereby incorporated by reference, teaches dual energy X-ray inspection systems, any
of which may be employed as the prescanner device according to an embodiment of the
invention.

CT scanner device 3 may be any of numerous devices for performing computed

30  tomography or, more generally, may be any device capable of measuring density

characteristics of an object. Prescanner device 1 and CT scanner device 3 may be



CT scanner device 3 may be any of nunerous devices for perform ng conputed
30 tonography or, nore generally, may be any device capable of greqasur 20§
density characteristics of an obj ect. Prescanner device | and CT scanner
devi ce 3 maywee3®6m7gUL 20M WD 03/ 067770 PCT/ US03/ 03721 - 4-parmshgesent ed as
Separate units, as shown in Figure 1, or as a single unit having both 0
prescanni ng and CT scanning functionalities. The screening systens

descri bed herein may be used in a variety .af. applications to recognize and
detect target objects of interest. Target objects may include, but are not

Slimted to, conggalied a@mpﬁﬁﬁe&m&@ g shomwirﬁaﬂeweoxch@wsmg@ v8it h@lloveapons)
inside a container (e.g baggage), defects (e g., cracks, air bubbles, or

i npurities) in BresseEriBSANGCscAMRgpstionalfties.q  commerci al products), and

areas of interest (epg screEﬂiﬁ@sfy&eﬂE d&hh&a h@ﬁﬁﬁﬁ@belu@&dlydwmw srppeatidecat ed
near bone, netal, or another high-density mte’f)aﬁgeaggleqtq m whj ch a tlfacts

may result) wit Kl EcagRiEe gxybq;tectﬁﬁqggt °bﬂﬁm-§ of Feaeiti ‘B%'“F\%%LW Rt he

used, for 10sexgmpbeio, tdhc@RidldbRaS (esglcéxpmlvaaévﬁnaﬁ b&thdﬂ%&{foﬁgtmbideragzoﬂhlﬁﬁt s,
and hospltal s, and ot her sett

l. di
i ndustries. Cer{%§bageaseh defests d.Stz‘%'r Géac EW%}‘ avqefib‘}1%‘g"t‘§ d‘ir‘g%g@%‘gg“a&lige I ggn

be determ ned (@%%ﬁﬁﬁdr&ﬂ'pkdﬂu&@sm 20dhs bhiﬂteﬁd@ﬁ(@l’gptdnﬁiﬂs &fothér frﬁg&eﬂ’ adivdingon by
t he object. The

sorption of X- radj at i a_ nat |tem|s
proportional toMmapeEs Peyrereaphons. mef ‘irB’“% ”Pr&‘ﬁ(}‘a %ﬁ’ %?imfﬁ‘“a é‘ﬁ’&ﬁ&gﬁ? on t he
energy of the Xuf:@YesiRObittin $8 badid This tifedhieRtibr@bscrivdd Réreifimap de asEBifor S:

t hi ckness, density, and atom c nunber The_ rel ationship bet t hese
val ues can B8 d&5¥RledysHIPSENGA AT POk, manufactpringplants, E“ﬁﬁﬁ’)’%ay\sﬁf‘;} othhere, 1,,

i's the intensityesf stlme&avea,\eomaféto@duaaﬂnﬁﬁic@mnd@amss ng through a materi al

lo is the 20|nten5|t the X-r radi ati on before pas t hrqugh a
material, P/p is theC Chéfaf”éﬂﬂ‘éiﬁ Péﬁr Rbiscisdisgheed agﬂﬁp%nggg% ﬁed by

mul tiplying the pidtientafi@Hs baed bidthe Iﬁ&io@p’tioﬁ lof Kytay iaﬂﬁtldﬂiy&hé Q’o_]ect tTl&htbsdr]dlobe

appreci ated that sjince X-ray absor by. a mat erl dent on the
t hi ckness, densiofyraadiatpen %m?\tﬁ‘ﬁﬁé'? a‘b‘Fe’%/ﬁ(?rq?ﬁ?t'«g?all qthc %‘“ﬁrdg?{ln 8h and

attenuati on y¥BY aRenuatisi andGLdebéidenton dietepergy ofile W?lﬁyﬂraﬂiahoﬂ andale: ohovenet er s of
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these values can be described by Equation 1:
Ly = Io exp[-(1/p)x] (D

where, I, is the intensity of the X-ray radiation after passing through a material, Io is the
20 intensity of the X-ray radiation before passing through a material, w/p is the mass

attenuation coefficient; and x is obtained by multiplying the thickness of the material by

its density. It should be appreciated that since X-ray absorption by a material is

dependent on the thickness, density, and atomic number of the material, absorption and

attenuation may be most accurately determined when all three parameters of a material
25  are known. The scanning devices described herein can accurately determine the

thickness, density, and/or atomic number of an object, and these parameters may be used

to determine whether an object is a target object.

In the embodiment of Figure 1, prescanner device 1 performs an initial scan of an

item, and CT scanner device 3 then may perform a subsequent scan of one or more areas

30 of interest within the item, which are determined based on the initial scan. Prescanner

device 1 may “feedforward” information relating to possible target object areas



t hi ckness, dersity, and/or atom c nunber of an object, and these paraneters
may be used to determ ne whether an object is a target obje b Jup

enbodi ment of Figure 1, pr escanner device 1 performs an initial "'scan of an
item and CT "% K& device 3 1) then may perform a subsequeél/usewsTaf one
or nore areas 30 of interest within the item which are determ ned based
on the initial scan. Prescanner device | may "feedforward" information
relating to possible target object areas 3-3-JUL 2006 WD 03/067770

PCT/ US03/ 03721 -5 determned during the initial prescan to the CT scanner
device 3 so thatdeféfmmedidm\ingthejieitiiab;ﬁesaarstoalm@bﬂdamethmce3$bitlmESTtsdmﬁerare
located in regi o&wcvx/gere t od reduces the

nunber of slices necasEary” ! %Of)e S(?ltcgis'i(itﬁat 3‘5{)& %laﬁeg ’I&Fglgnss‘ggﬁﬁtéwge PHEERPng t he

nunber of sli cesexisaken through netal, to detect a target object and

i ncreases the accura .ects are d scanner
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consum ng scans

enpl oyi ng pr esca{r)lﬁeér %@ghﬁ%gn. Rthgglﬁ & (ﬂm@%f&l? Lsgg%“r%n% ‘J%@"r“%? %éecﬁéﬁ%ant 0 one
enbodi ment of thWhﬂ@thEstmhnlquﬂwetmfulom;demfsmg birget olegewitlobihe ctaaned g, Emhr

t wo- di nensi onal -'p~a

scan) pr escarﬁ:@l é’glgcgh:lsﬁ?@%ﬁo'[n&advg&@ ﬁliquet% I ng%@aﬁgdﬁ\fgﬁﬁ%h fgheﬁg_t er of
slices, and therwhsuningiseensage telqmrﬁdamsuleme farged preais misseda By crnlazlobdngl ondt of
reducing the sc I . di rd o
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of the -present |nventlﬁgdrld]ﬂl&rﬁytftéguga%ﬁggca}l% %Etrhg@;%%n%ercﬁ%?lec’te & E[% a met hod
or apparat us f orforwashefrinfermation fiere preseanesn dwmnh ot Tscamergdevided ngeingrenss

the accuracy of the CT scan images. For example, as will be described in greater detail

-:»

below, for those slices that are in the vicinity of metal, the fedforward information can be
20  used to perform metal artifact correction, thereby increasing the accuracy of any
reconstructed image from the CT scan and ability to detect target objects.
Another embodiment of the present invention, illustrated in Figure 2, is directed
to a method or apparatus for transmitting information from CT scanner device 3 to

prescanner device 1. According to this embodiment, information relating to a potential

|38
w

target object scanned by CT scanner device 3 is transmitted (“fedback”) to a processor to
determine whether to update information collected by prescanner device 1 relating to the
potential target object. For example, information collected by the prescanner device,
relating to the effective atomic number and mass of a potential target object, may be
inaccurate for areas of the scan where the potential target object overlaps with another
30 object or objects. A CT scan of a region including the potential target object, by
obtaining density information through scans of slices in different orientations, can

distinguish the potential target object from background objects, and thereby determine



prescanner device 1. According to this enbodiment, information relating to
a potential 25 target object scanned by CT scanner device 3 is transmtted
("fedbacle') to a7processor to determ ne whether to update i n8dr i i2

col | ected byWPré8¢’dfther device | relating to the potential PCEUSO03GY] ect .
For exanple, information collected by the prescanner device, relating to
the effective atom c nunber and nass of a potential target object, may be

i naccurate for areas of the scan where theguwotential target object overl aps
wi th anot her 30 object or objects. A CT scan of a region including the
potential tar gethehicBS bouddiries@Pinditddkdd Bbje@N ik YedbAdkahfoBh 4tion istahslp2@ by StgeaNS  Of
slices in different orientations, can  distjnguish the ot?ntl | target

obj ect from bacRgFEENd° gﬁf‘é‘ﬂ'ﬂ%‘?’hegﬁﬂtotqﬁg?t%w ‘H@Pé(F epgeuAcy opip ‘%@‘6@“‘"3\0

03/ 067770 PCT/ URQ3/ ifeéidde atdnic hikgbdp afingss) dallbdielblyi escarinedt deeict ar get  obj ect .
This fedback information..is anagﬁ %d l:r)%/ ége. g]r't.oc&_ssorztg1 det er m.ne whet her
to update and i npr oveCPRENGRoH? @3 Grent REhe v EitioR (Fighre 2 e grocesspris et j ve
atngm'dc nurrbe][s ahMata&&ﬁémm&ﬂammﬁr wicenmammﬁaﬁdeﬁbm:mcmﬁleﬁmmbggsto oneI
enbodi ment of the invention (Figure 2), the .pr ssor is. 5 located interna
to prescanner d&gRsEHtt ,tog??d’récﬁfsgtrlﬁﬁqu “?BBWE%&C@?AP#%W%&%W%& éarisgutted
transmtted to GhgyRfasasss wiys, 4l 6Re3ae invdatindendt limlibetoiany partidtiarone 0By be

transmtted in any of pumerous. s,. apd t resent i,nvention i.s not

[ ced o any s B o et Ry Ot Bt S RS Br BRI ¢ om
CT scanner devi gemTEnie devied Biiatptazessof 3 dad4d lislc BinrRescesters may protes the
processor 5 via.,data link 11. Processor SdM%r?pro(ftess Ith 10 in(Lormati on
transmitt ed Pr oAfiermation FaRsmitted foppChscanney dyyich f ARq ranfmatt Hie HRosesse

informati on to pifeseHoner prekestineedeticy | ®iaa ddatlmk|18 nKitddativaly] infonabtionahay, be
information may be transm.tied directly from CT scanner devic .
prescanner devi &8P ?cgé}?g%‘éﬁ%fnl rfﬁa“fgd%vﬁﬁgﬁc’rﬂfﬁﬁm%&gﬁfﬁHéaracgaﬁggﬁfiqﬁ’ent of
the invention, tAveordingos amtlieoembadinenCdt themnention, thkeimformatBnifiomOT sdanaensni t t ed
to prescanner deyi.ce

1, i i 15 | d
external to predURRdE “82%%“5%’%%&%&6%5%@?%9 ?{@n?tlit}?e’f?@&}}%ﬁ?sin%%s(ﬁ}c{ﬁ%stgé progess6i 2 ©

transmtted 150 I6cafed@gemabo prescahe device ICTFos exanipdy, imfe@miatian Baycle ttagsmitted to
processor in an extern cto({nggﬂj ngEf:rs 311 eg1 fAnot hcer elnbgg_',tnr%nltc ofutl he
present inventi GPPOFFPLEFFE B i 5K g%?’@e or fod REPFERE W™ SFEME SRBIIYS i ng

informati on fronygemscanner device 1 to CT scanner device 3, referred to

20 as the "feedtorwayd fBCGoafith il PréelnSSRRAST SN FighR s HREADNS!

to transmitting information from prescanner device 1 to CT scanner device 3, referred to

20  asthe “feedforward mode”, and from CT scanner device 3 to prescanner device 1,
referred to as the “feedbackwards mode.” This embodiment combines the embodiments
of Figures 1 and 2, above. As discussed previously, in the feedforward mode,
information relating to a two-dimensional location of a potential target object is
transferred from prescanner device 1 to CT scanner device 3 (or a processor coupled to

25  CT scanner 3) to determine locations for CT slices to be performed, thereby reducing the
CT scan time. Further in the feedforward mode, information relating to the effective
atomic number and mass of potential target objects is transferred from prescanner device
1 to CT scanner device 3 (or a processor coupled to CT scanner 3) to increase the
accuracy of the CT images, particularly for those slices that are in the vicinity of metal.

30 In the feedback mode, density information collected by CT scanner device 3 is

transmitted to prescanner 1 (or a processor coupled to prescanner 1) to enable the



referred to as the "feedback-wards nmode." This embodi nent conbines the
enbodi nent s of Figures | and 2, above. As discussed previ ous%yJuandwe
feedforvvard Jnformatlon rel at| ng to a two-di nmensional 1 ocation of a
potenti al, 3/"(% ct is transferred from prescanner deviP&d/yso3/37gT
scanner deV| ce 3 (or a processor coupled to 25 CT scanner 3) to determ ne
| ocations for CT slices to be perforned, thereby reducing the CT scan
time. Further in the feedforward node, infogmation relating to the
effective atom c nunber and mass of potential target objects is
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separately in Fidpvice1aBd Cil"tscanﬁerlde\hcermmeysmmplehhﬁﬂed eacdinddeudithavippbothed as a
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Rat her .. pr er ce.l
i mpl ement ed as aprgﬁcﬁ'ﬂ'{"gpﬁ?ﬁliﬁasﬁ%i“ﬁ&%\é ‘F‘?%uﬁ' escanni ng and CT scanni ng
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in which informtio an dfr escan r dev
scanner devi ce 3’na3nglettﬁa%¥%t§§ M‘ re% nner V'.ce, FHoM '°e§é‘h{r%‘8?“8fé’w ?fgrB to
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that, as di Scussﬁgho%PdOD eapprteggteci %gtdgs%%gsgd %?)ge, eer%? \e{\r%r dg feedbackwards
modes need not be implemented in the same screening system and that each may be
20  implemented independently in a separate system. The flow diagram of Figure 4 shows
both information (i.e., data) flow (in phantom lines) and process flow (in solid lines).
Beginning with step 20, an item (e.g., an article of baggage) to be screened is
loaded into a machine of the invention. In step 21, the item is scanned and analyzed
using the prescanner device 1. The prescanner device 1 may be a line scanner, such as
25  one of the VIS series offered by PerkinElmer Detection Systems, the assignee herein.
The item is initially loaded into the prescanner device 1 for scanning. For example, a
human operator may place the item on a conveyor which, with the aid of a motion
controller, moves the item through prescanner device 1. In one embodiment, prescanner
device 1 has at least two X-ray sources for generating X-ray beams and may have one or
30 more X-ray detectors for receiving X-ray beams. The X-ray image resulting from the
scan consists of a two-dimensional array of pixels representing a view of the three-

dimensional item from one angle. A processor, either internal or external to prescanner
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effective atom c unber of ea ase gloqf%né”%'t 'éaﬁtf%‘il?tgjﬂ,rmf%e
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T o oo by BRSSO S LA A Bl e
ef fective atom ceapluptjest mag bejdetermined|by pnalysingrthe sttennation pfjlpwingd high eweggyaX+ on
mor e 20  rays by each pixel. To determine the effective atomic number for a particular object, all
pixels within the object are compared to pixels surrounding the object and a histogram is
created, where the mode (peak of the histogram) represents the effective atomic number.
In addition to effective atomic number information, Table A may also contain
mass information for each object. The mass for each pixel may also be determined based
25 onthe X-ray attenuation of both the high and low energy X-rays. The relationship
between X-ray attenuation and material mass (i.e., thickness) is logarithmic; X-ray
radiation decreases logarithmically as the material thickness increases. Thus, mass may
be estimated by analyzing the attenuation of X-rays of all energies by materials within an
item. To determine the mass for a particular object, mass values for all pixels within an
30  object are added.
In an embodiment, Table A also contains confidence values for the effective

atomic number and mass values for each object. Confidence values for the effective
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vi si on technol ogihatsevidsgimilar tegluos algerishm idevelopmeatinelude: \Ghetkppint@lasHEreneyy

i ncl udes: (1) segar;s&fah&gomﬁwmquﬁemw By W&adﬁl‘if@ﬂ}%hﬁ hnd the
background, (2) deScribing that group §)I cture el ements a set

features, an 5(35’0\’1@@“&!@11@36@%0%@9%5 PfinV Ifof Sentp Mécifbﬁrmmtlm mém@bet he
picture el enent 5hm@1ﬁo§l@f§%@t‘é@f0§9@i{n tl%ve%bﬁlﬁlgxly%om&e 5&&5@59meﬁﬁned There are
classification is Image Process and ysi's Software offered by Data
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tools for al gori{hmRme WaHE Theory) AligbriimsChiactdaRtidd (( SighY PleedBiRXand its
Applications Series), by E. R. Davies;

20 2. Computer Vision and Image Processing: A Practical Approach Using CVIPTools
(BK/CD-ROM), by Scott E. Unbaugh;
3. Algorithms for Image Processing and Computer Vision, by James R. Parker; and
4. Feature Extraction in Computer Vision and Image Processing, by Mark Nixon and
Alberto Aguado.

25 A target object, such as an explosive, has a typical effective atomic number and
mass value. Further, for a particular range of atomic number values, a particular range of
mass values will be characteristic of a target object. Thus, it is useful to consider both
atomic number and mass values in determining whether a target object is present.

In a step 25, a list of objects warranting further study (i.e., objects of interest),

30 including the locations for the objects, is generated. The atomic number characteristics
of Table A can be used to differentiate potential target objects from the background,

since different objects will generally have different effective atomic numbers. A



Corporation of Natick, MA Framework@by DVT of Wodcliff Lake, NJ, and the
15 Powervision(V famly of products of RVSI of Canton, MA. Thegjnygnbiggn
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Al gorit hms, Practicalities (Signal Processing and its Applications
Series), by EE R Davies; 20 2. Conputer Vigi-on and | mage Processing: A
Practical Approach Using CVIPTools (BK/CD-ROM, by Scott E. Urbaugh; 3.
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ob_]ects (e.g., wires, batteries). Metal, due in part to its high density, may cause artifacts
in an image in the region surrounding the metal. Thus, if a potential target object is
located near metal, it is preferable to choose a slice that includes the target object, but

20 that is not in the vicinity of the metal. However, if a slice near metal is chosen,
according to one aspect of the invention, a metal artifact correction is performed to
correct for the image artifacts, as will be described in step 35.

If, after step 25, there are no objects warranting further study, a decision may be

made as to an appropriate course of action, based on the prescan information (Figure 4,

25  step 27). For example, an operator of an X-ray system in an airport may decide to return
the baggage to the passenger, search the baggage by hand, or call the bomb squad.
Alternatively, an algorithm may be used to automatically determine an appropriate
course of action, If, in step 29, there are objects warranting further study, the item (e.g.,
baggage) is transferred to the CT scanner device, for example via the conveyor. If there

30 are no objects warranting further study, the item may or may not be transferred to the CT

scanner device. According to one aspect of the invention, the item may be transferred to
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example, an article of baggage may be imaged every distance x along its length. In
Figure 5, a first slice 65 is imaged at z; cm, a second slice 67 is imaged z; cm = (z; + x)
cm, and a third slice 69 is imaged at z; cm = (z; + 2x) cm. Performing scans according to
a grid pattern ensures that potential target objects that may not have been identified as

25  warranting further investigation in step 25 are imaged. For example, sheet explosives
may evade identification by the prescanner device because they are thin in profile and
minimally attenuate X-rays. The CT scanner, on the other hand, may image a number of
planes transecting the sheet explosive, and thus may more readily detect the sheet
explosive. Preferably, the imaging points on the grid, discussed above, coincide with the

30  objects warranting further study identified in step 25. For example, the first and third

slices in Figure 5 intersect objects 71a,b. If not all objects of interest are accommodated
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st ud |dent| ied i 25. .For examml. irst an r sljces. i
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Fo . tvord t ok ma st olidfis pet e T b vou e fergel o B0 R BB e
previously. 115 steyal 3Bject] informatitatfet frweed frah elidyeéscanyr devizg isaltp @fbﬁlco{he
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det er mi ned whet hé&¥P taﬂésqaﬁ%éfem%?l rfﬁ‘i’gnsbhg? %’EF‘IEBF al %’t‘gaﬁ{sé‘? ggﬁaié ?h P‘i‘rﬁ%}q‘?}' tlhf) be
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al t hough a met al ncI I’OXI f |nter it
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of interest rendshapeiofthe metal The metal artifact correction algorithm is described in detail below in

20  connection with Figure 7.

In step 37, the scanned CT images are analyzed. According to one embodiment,
the density, area, and three-dimensional coordinates are determined for each target
object, for example using image processing algorithms (e.g., region growing). The area
of each target object is specified by a range of two-dimensional (e.g., X=Xz, Yi1-y2 in

25  Figure 6) coordinates that delimit a region where the density of each pixel falls within a
certain range. Further, a confidence level is determined for the density and area values
associated with each pixel. Each confidence level represents a probability that the
density or area data corresponding to that pixel is correct.

In step 39, a table (Table B) is generated containing the density, area, and three-

30  dimensional coordinates for each target object, and a confidence level for each
characteristic of each target object. Table B may be stored electronically by a memory

(not shown) coupled to a processor and may, along with or separate from the processor,



unlikely that 'the metal object will have a significant negative effect on
the i mage of the obj ect of interest (e.g., if the netal obj ect I S %ﬁg
smal | er than_the object of interest). If 10 a potential target 1) Uc s in
the vicini tywc?f":’é{’(’#é? al object, such that the inmage of the "66{@@%“31_7%1 _
likely to be distorted by netal artifacts, a netal artifact correction is
performed on the slice containing the rretal artifacts, according to one
aspect (feedforward node) of the inventiorm ]éésgrl bed her ei nh If it If f
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the range correspondmg to a target object. When the two merged objects are

differentiated and their masses are determined separately, the individual objects may no
20  longer be of interest if the mass value falls below a minimum mass associated with
potential target objects.

In sum, the information fedback from Table B by the CT scanner device allows
for more accurate determinations of the effective atomic number and mass of each
object, as listed in Table A, by the prescanner device. Hence, superior detection by the

25  prescanner device and a lower false alarm rate may be achieved by feeding back
information from the CT scanner device to the prescanner device. It should be
appreciated that multiple feedforward/feedbackwards loops are possible, whereby
information generated by the prescanner device 1 and CT scanner device 3 is alternately
transmitted between the two devices. It should be appreciated that the information from

30  Table B need not be transmitted to the prescanner device. Rather, the CT scanner device
or an external computer may implement an algorithm, similar to that which may be

implemented by the prescanner, to augment Table A based on the Table B information.



B may be used to augnent Table A The processor, coupled to the rrermry that
stores 5 Table A considers the fedback information and the | tzpmg
Table Ain determ ning whether to update any of the |nforrrat|on |n | e

A. Since pre¥@AaHA€7evice | images the itemfromonly one VCENSIYI3E!1
prescanner device may not be able to discern whether an identified object
Is a single object or a plurality of objects, as objects that overlap when
i mmged froma particular perspective 10 may l4ppear as a single ner ged
object. If the prescanner device cannot differentiate a plurality of

over| appi ng obj ects, [nstepdy, & decision inmade bassslonibg informhaionam Tdleset andMa toi s
actually the nas
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fal se al arm rat e thRYheIBiBGHE BY¥&E o yctt,%cthragsohﬁ&tﬁdwati&%mIoejectfxt/elitbwe CT
scanner device to the prescanner evice. It shoul grem ated that

mul tipl e feedfor RiEdobisst BRRHA beiaprresisind t‘éﬁtényp‘?féﬁ‘-’l %Foéﬂat $i8iBYs or pefioss mat i on

generated by the d@é&iﬁ@@meémgwtee@n&elﬁwp&fsnﬁﬁad}ra%md@w:&&oﬁ is alternately
transmtted between the two devices, It should be appreciated that the

i nformati on fPom 30 TAIEUE HUNSBHS Antlowdiegamraapstheddar ehiriringa frldmageandr

devi ce. Rather, tﬂ?&hc@ﬁg%ﬂ@&ﬂ%&n@@ﬂdﬂ@mf&'ﬁs cﬁfﬂte@(lt ﬁfa%@ho@%k‘%@ﬁhleﬁﬁs
i npl ement an al garithm simlar to whi ¢ enment ed

prescanner, to adB?FEﬁth"FﬁBFS@°W %é@éé* S‘F’fctﬁh’é a‘?%l”éc%“"?"h‘f”éﬂ”ﬁﬁﬂ%‘w 4, 331%1/6 J UL
2006 WO 03/ 06777 Fidtied 4, ORI &idgrdm of Etfure 7 shows both information (i.e., data) flow (in

phantom lines) and process flow (in solid lines).

20 In step 43, a CT image is generated. Uncorrected CT images may contain metal
artifacts when a scan is performed within a certain proximity to metal, which may result
in inaccuracies. For example, beam hardening artifacts cause inaccuracies in the
estimation of attenuation coefficients for pixels associated with x-rays that traverse
highly attenuating structures. Streaky shadows or star patterns of streaks may result near

25  high density objects in regions of pixels where essentially no attenuation information
exists. Scatter artifacts may result from the dispersion of X-ray photons by the atoms
within the item, and may cause noise in the CT image.

In step 45, the image is clipped éo that the image contains only the metal that
accounts for the artifacts of the image. The region to be clipped is identified by

30  considering the effective atomic number information of Table A. Each pixel in the

image of the metal will have an effective atomic number that falls within a range



In step 27, a'decision is made based on the information in Tables A and B
as to an appropriate course of action. As discussed above, posssLbJ éi ons
i ncl ude retuwg‘;}%( .Hpe baggage to the passenger, searching the ﬁé%a by
hand, or cal i ng the bomb squad. An algorithm may be used F&TEPAYHEE ze
the information of the two tables to determne 5 an appropriate action. For
each potential target object, the algorithm ggay consider the effective

e

atom ¢ nunber, density, and associated confidence | evels for each, as well

as the thickness_ of th tenti.al. target object and the proximty of the
potential target objac &ng g"ﬁ%?@#“’@é@ﬂ‘ﬂ nblﬁgérﬁgthie ﬁ’fe&l-nﬂleicgnpedamagewemin@od
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appreci ated that lamprtioflat, te effoctiveratomit mhetesin®fativh cd ThOASs usd@HGidnigdnabove

may al ternatively, 2. hunan rafor. 15 Figure 7 illustrates
by flow di agram atyﬁ(g?fﬁlg{!]; 1? %ﬁgg{% gz;S'l ]ﬁﬁoﬁﬁaq%na‘g?%%és ‘ﬁﬁ%to dﬁﬁc’g't‘ip"ctthi? Hickagsg of
correcting netal themeehcts of the CT inmage, nost steps of which, as

illustrated, correspond.; 35. descri bed above in conpection with
Figure 4. Like Figur erA ﬂ%o%{%gﬁp%%pa?d;&ﬁﬁﬁsﬁneﬁtﬁdpétel?’g%h%ﬁ/\%‘s%ﬁﬁ%abovesa

i nformation (10 e.singlkatinograni eutarisithe ipfoandtdmabout B Baicudd Al TRHEAFankle® Wifhithe

solid lines). 20 CT. 1. e is generated. Uncorrected CT inages
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noise in the CT igpgs [ e i.s clipped so.that the inmage
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artifacts is reconstructed in step 55.
In step 57, the reconstructed artifact image generated in step 55 is subtracted

from the sum of the original CT image generated in step 43 and the clipped image

generated in step 45. The result of the image subtraction is a metal artifact corrected
image 59. The image will result in 2 more accurate determination as to whether the
25  object of interest represents a target object.
In an embodiment, the artifact image may also used as a map for determining
whether the CT values read in the image are accurate.
Having described several embodiments of the invention in detail, various
modifications and improvements will readily occur to those skilled in the art. Such
30  modifications and improvements are intended to be within the spirit and scope of the

invention. Accordingly, the foregoing description is by way of example only, and is not



WO 03/ 067770 PCT/ US03/03721 15 <corresponding to the effective atomc
number of the netal. The clipped i mage contains W only the iggogyofygghe
nmetal, and does not contain the object of interest or artifacts. The use of
dual energy WO/BI08777%h t he prescanner device nmakes it possi bIPETIES03/EREr Mi ne
the characteristics of the netal in the image. In step 47, the type of
nmetal and 5 thickness of the netal in the image are identified based on
the information in Table A In particular, -tlhe effective atonic nunber
information of Table A is used to identify the type of netal and the mass
i nformation of TaHPledas mijiggqThegnyration ilimited prly phdefinpdlssthofollowing chistal . A
si nogram of the ahipfif¢chidntRBGetbS generated in step 49. As di scussed above,
a 10 single sinogramcontains the information about a particular slice
fromall angles, w thhEIsclagpedrisiati on from each angle in its own row In
step 5 1, a table (Table C) is generated that contains bearn hardeni ng,

noi se, and scatter correction paranmeters. The correction paraneters are
determ ned according to algorithnms well-known in the art for conpensating
for beam hardeni ng, noise, and 15 scatter, based on the type and thickness
of nmetal responsible for the artifacts. In step 53, artifacts are

i ntroduced into the sinogramof the clipped image using the table (Table
C) generated in step 5 1. In particular, the sinogram is corrupted using
beam hardeni ng and scatter effects based on the shape and type of the netal
responsible for the artifacts, determined in step 47. The sinogram of the
image of the netal and 20 artifacts is reconstructed in step 55. In step
57, the reconstructed artifact inage generated in step 55 is subtracted
fromthe sumof the original CT inmage generated in step 43 and the clipped
image generated in step 45. The result of the inmage subtraction is a netal
artifact corrected image 59. The image will result in a nore accurate
determ nation as to whether the 25 object of interest represents a target
object. In an enbodinment, the artifact inmage nay al so used as a map for
determning whether the CT values read in the inmage are accurate. Having
descri bed several enbodinents of the invention in detail, various

nodi fications and i nprovenents will readily occur to those skilled in the
art. Such




30 nodifications and i nprovenents are intended to be within the spirit and
scope of the invention. Accordingly, the foregoing descriptiongiysjly zgg?y of
exanple only, and is not 3 1 JUL 2006 WO 03/067770 PCT/1JS03/ 03721 - 16
intended as limting. The invention is liomjyed only as defined by the
following clains and equivalents thereto. Wat is clained is: 3 1 JUL 2006
17 CLAIM5 1. A nethod for anal yzi ng an object conprising: prescanning the
object to determne first information a% object; 5 performng a
conput ed t onography scan of the itemto ne second information about
t he object; and anal yzing the second information to determ ne whether to
update the first igformahi@gg. 10, 2, The_ method of claim| wherein the
prescanning i s perfdrred® proanalyzing an pbirgt CHBPLESRGS Ut ed t onogr aphy scan.

3. The nethod of cl @kdidnnifiemhebobjetts dbde i I £.Q. mass

i nformati on_about t%e obj ect. 15” 4. Theﬁﬁn@ﬁtﬁggqgﬁ‘gﬁg?ﬁhrgbgh%grﬁg%ﬁ’the
second i nfoPmation Perfemese esomprisH tgmograhyrsean pHihe dlomud determimaseconde pl ane

of the object. iéf -y @ gTels} 8{)- &I gﬁd’n | wherein the prescan information
g oaErate Pl

relates to an m ¢ nunber of the object. 6. A nethod for

anal yzi ng contents ahalgzing tlensecaniinfosiagorawtdetedinine Wittt a0pdag thB&rdtt em
using an X-ray.device to determne first information indicative of a

| ocation of a ﬂggﬁg?tlo&j ect; 25 perforning a conputed tonography scan of a
pl ane intersecting the target object to determ ne second information

indicative of density characteristics of the target object; and
10 2. The method of claim 1 wherein the prescanning is performed before

performing the computed tomography scan.

3. The method of claim 1 wherein the first information relates to mass
information about the object.
15
| 4. The method of claim 3 wherein the second information relates to density

information about at least one plane of the object.

5. The method of claim 1 wherein the prescan information relates to an

20  effective atomic number of the object.

6. A method for analyzing contents of an item comprising acts of:
prescanning the item using an X-ray device to determine first information
indicative of a location of a target object;

25 performing a computed tomography scan of a plane intersecting the target
object to determine second information indicative of density characteristics of the
target object; and

transmitting the second information to a processor to determine whether to
modify the first information.

30

7. The method of claim 6 wherein the act of transmitting includes transmitting

the second information to a processor within the X-ray device.

« naraitneen WFT



transmitting the second information to a processor to determnine whether to
nodify the first information. 30 7. The nethod of claim®6 Vmereéfaﬁllﬂ%ﬁt
of transmtting includes transmtting the second information t

processor within the X-ray device. . . & -Wften CA-WT JUL 2006 8. An
apparatus for analyzing an object, the appd?at us conprising: an X-ray

devi ce that prescans the object; and a conputed tonography device that
scans sel ected areas of the object; 5 wherein information indicative of
density characteristics of the object are transmtted fromthe conputed

t onogr aphy device tg the,X. 1.6&- 9. The aratus of claima8, wherein
the X-ray device incl udea §¥%¥Sof§gésmsagfz.lng i%oqﬁt’%ggép%&%%%w&gcl aim 8,

wherein the X-ray devidceyhdeyica thit gpresesieti@yobfectyaa source and a | ow energy
im@8, further conprising a conveyor

X-ray source. 11. Theosﬁg%rdgt us of cq&& i
for transporting tHE amQeanhy fryicr thahscans\seleeted atas bitthe ohject; ed
tomography devi ce.  neidin iskonaBRHALISC OF ablehl Mhflact L Eh 1l N SOTPYT €

t onmography device is a_ multiple energy comput onogra 13. An
apparat us for AWRBSYedfoanthsspmputed tomagraphygtevize t@the X-tBydedRyi ce t 0 -

determ ne first informati on about the object; a conputed tonography device
to scan a plane of the object based on the first information to determ ne

second i nformati on; Sartieapparatwe sbalnint favhesia e say Bevidd ih@lhdérhdprﬁé‘e%?d}d
information to determine whether to update the first informati'on based on

the second information. 25 14. A nethod conprising: prescanning an item

using a mulloi pl e eng0gThXappyatdey IHAml O Ae frst information;
transmtting the first i nf}?)lrﬁynati on to é@%ﬁ%ﬁﬂégeﬁn‘iﬁg%%&ﬁ@ag@%es{g@%
perforning a cHHRHES 26 B0QWSpergy Xcray sowrca pl ane of the item using the

11. The apparatus of claim 8, further comprising a conveyor for transporting
the item between the X-ray device and the computed tomography device.
15
12. The apparatus of claim 8, wherein the computed tomography device is a

multiple energy computed tomography device.

13. An apparatus for analyzing an object comprising:
20 an X-ray device to determine first information about the object;
a computed tomography device to scan a plane of the object based on the first
information to determine second information; and
a processor that analyzes the first and second information to determine

whether to update the first information based on the second information.
25

14. A method comprising:

prescanning an item using a multiple energy X-ray device to determine first
information;
transmitting the first information to a computed tomography device;
30 performing a computed tomography scan on a plane of the item using the

computed tomography device based on the first information to determine second

information; and

AMFNDED SHEET




conput.ed t onogr aphy devi ce based on the first information to determ ne
second information; and AMFNDED SKET 3 1 JUL 2006 _19 transnitit ilblg 206e
second information to the nmultiple energy X-ray device. 15. The net hod of
claim 14 wherein performng includes performng a conputed tonography scan
using a nmultiple energy conputed tonogr ané device. 5 16. The nethod of
claim14, wherein transmtting the first information to a conputed

t onmogr aphy device includes transmtting information indicative of effective
atom c nunber chargcteristigs of the item 10 17. The method of claim 14,
wherein transmtti WW&“%@E@H@W%@HQWQS‘HOF@ mykiplegnergyplsandrsiogy X-r ay
device includes transmtting information indicative of density
characteristics of the item 18. An apparatus that anal yzes contents of an
obj ect conprising: 15 Bermgthodplclameldyhoteingprfdeving éndlides perfesmtags t he

D pri sing: 185 e el gy ; fassings |
Coupl ed {0t heligs Gibhreghd e Ay o ARk B AR S REER S S e oo

the obj ect 5based on the first information to determne second information;
and 20 a processor th ana| yzg'fiC the first and second information to
determine whet her k%aﬂ}?da%téoq laimy 14, Whetedn Wensmiting dkeefirsbinfarmetierstoond

information. ddnigiked tothography device includes transmitting information indicative of effective

atomic number characteristics of the item.

10 17. The method of claim 14, wherein transmitting the second information to
the multiple energy X-ray device includes transmitting information indicative of

density characteristics of the item.

18. An apparatus that analyzes contents of an object comprising;

15 a multiple energy X-ray device that prescans the object to determine first
information;

a computed tomography device, coupled to the X-ray device, that performs a
scan on at least one plane of the object based on the first information to determine
second information; and

20 a processor that analyzes the first and second information to determine

whether to update the first information based on the second information.
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