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| NFORVATI ON ABOUT A TARGET OBJECT BETWEEN A PRESCANNER AND A CT SCANNER
Fi el d of wWuoeoslsaveEnti on 5 The present invention is directeddmusobeshiel d of
X-ray detection systenms. Background of the Invention There exists a need
for inproved systens and met hods of screeni ng baggage for expl osives,
weapons, and other contraband. Some existing systenms enploy X-ray 10
scanners, conputed tonography (CT) scanners, or other imaging devices to
detect conceahgergbi . FOR TR e - i ded
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X-ray based systens provide differing degrees of sophistication in terns
of their ability to anal yze baggage based on the X-ray data 15 obt ai ned.
Sone, for exanple, bal ance the speddeldfofthednbagipage screening with the
accuracy and reliability with which contraband is detected. Wiile the
prescannin functi ISt j ) and
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i nproved systens and net hods of screening baggage. 20 Summary of the

I nvention One enbodi ment of the iggventi ({]o-tﬁeﬂl i Mad to a method or
apparatus for analyzing an obj ea—llgéif—vﬁrt#m—déaﬁ—energy X-ray prescanner
perforns a, prescan of the object to determ ne prescan information about
the object. Then, dhers existaaieed fosimrpyas systoms @ methods ofiscaeeningReggagaéorpl ane
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of an article of baggage. Existing X-ray based systems provide differing degrees of
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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.

20

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,



WO 03/ 067770 PCT/ US03/ 03721 -2 perfornms a prescan of the object to

determ ne prescan infornmation. Then, a CT scanner performs a CT scan of
the obj ecwa@/detrer mi ne CT infornmation. A processor analyzes/usee/03CT
information and the prescan information to determne whether to update the
prescan information based on the CT infornmation. 5 Wile the description
and cl ai ns heyein recite use of a CT scamner, such termis intended to
cover any device that measures at |east density of an object scanned by the
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i nvention; HifotufagioBbassd an theddkinfhiraghicamm of an apparatus for transmtting
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accordlngéto one I'nvention; Figure 4 1s a flow diagram
i 11 ustrati ng el kocbvénmydeviostinthéasges stlastirniiorof ap ebiageprnaeddly e anner
device and a prescanner device according to one enbodi ment of the

i nventi on; 2@°¥fQure 5 is a diagramillustrating a grid for perforning CT
scans at intervals; Figure 6 is a diagramillustrating reference

coordinates for a scanned itemy.and Figure 7 {s a flow diagram
illustrating a method for obtmmmp%redi cting and
correcting metal artifacts. of the CIL. inage I 10: Loent  of
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CT scanner 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 aCT 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 human body, or sone other item penetrable by X-rays. Information

coll ected on the WD 03/067770 PCT/US03/03721 -3 object may be transmtted
fromthe woesoarmier to the CT scanner and/or fromthe CI pmaawseen3t2o t he
prescanner. One enbodi ment of the present invention, illustrated in Figure
1, is directed to a nethod and apparatus for transmtting information from
a prescanner device 1 to a 5 downstream £T scanner device 3. This can be
acconpl i shed in any of nunerous ways, and the present invention is not

limted to ag%ﬁ%%igyirl?gﬁlagsrmia C58h tl?eg)?{&fcxm% thd CPECRhIARGE: thch fheQPE

illustrative nt, Tnfornmati rom prescanner device 1 is
transm tted foannerps thepamscemnerdevi ce 1 to a processor 5 via a data link 7.
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based on t he andthepasas thvendwrisastilmited toarpagicalanere dfevihcway8. via a data |ink

9. Processor 5 may be 15 | ocated.external ,or int . r devi ce.
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communi cat i oReVibdKis tedshittas froatpeestannle detice amala procéssatisra s dgohimunhi Patei on
link via a processor, suc data.links. 7 and. 9. .both commini kons
links are notinkdqtidaay Pﬁ’%‘gatfﬁﬂ%%s%@ﬁﬂﬁﬁflé‘a? e ni“ltercllllg? E‘rg'rpaahy gb&’g?&

communi capi oNMink iaAkmhfBS inffsmdMeedanriniz ahpaadblyneadfopnassitiihg mbrinatiothe art,

may be inpl enented. Prescanner device 1 may be any of numerous multiple
energy X-ray spehas@a Litheppst lnl%xarrpl e, prescanner device 1 nay be a single or

nul ti-view dual epgiceiéof § By BOBEE iRGnforkdtidy tidesniite] fran theqireseanaegievice,
scanner device, or any other device, caﬁabl e of . rreg‘i@}rsj ntﬂx .effecti ve[hat om ¢
number char acngfrpasmitte procgssedypfogmption, e copfpfisigng ingFuchprs BSkH 9pe 25
appr eci at ed ﬁﬁ&ﬁ&s&:@ fbHatiBE WTNYcHnSCAes b O Wia ddaf linRat BdceMor 5 MaBB8, 758
(Krug), whic I's hereby incorporated by reference, teaches dual energy
X-ray i nddectlpestedsyternahr intgral 0T sRMEK I8ESP- be enpl oyed as the prescanner
devi ce according 4QnaNdeEhAdERa thafwitilRFigure 1 illustrates both a direct

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. 5,838,758 (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



invention. CT scanner device 3 nmay be any of numerous devices for
perform ng conputed 30 tonography or, nore generally, nmay be any device
capabl e owomsaswrbng density characteristics of an obj ectrCTArSsozmmer
device 1 and CT scanner device 3 nmay be WO 03/067770 PCT/US03/03721 -4
inpl enented as separate units, as shown in Figure 1, or as a single unit
having both prescanning and CT scanninggfunctionalities. The screening
systens descri bed herein nay be used in a variety of applications to
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when al |t hr g3 ABMeles: MickAessBieRdity2dnd atomic number. The relationship between
these values can be described by Equation 1:
Iy =To exp[-(W/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, p/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



25 are known. The scanning devices described herein can accurately

determ ne the thickness, density, and/or atom c nunber of an object, and
these parweeis®cs’7oay be used to determne whether an obj etT/uS3asnar get
object. In the enbodiment of Figure 1, prescanner device 1 performs an
initial scan of an item and CT scanner device 3 then nmay perform a
subsequent scan of one or nore areas 30 of interest within the item which
a][e gfeterm'ged b?sed on the initial scan. Prescanner device 1 may
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CT scanner delevice 33cas ohlyabos€iliss thatwe located incregignsselenstargst gbjedtsosay sl i ces
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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

25  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



Anot her embodi ment of the present invention, illustrated in Figure 2, is
directed to a method or apparatus for transmtting information fromcCT
scanner devl @@637bo prescanner device 1. According to thirCTevsvedsrent ,
information relating to a potential 25 target object scanned by CT scanner
device 3 is transmtted ("fedback”) to a processor to determ ne whether to
update information collected by prescanngr. device 1 relating to the
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information may be transmtted to a processor located in CT scanner device

3 or to a prot¥®soer in an external conputing system
Another embodiment of the present invention, illustrated in Figure 3, is directed

to transmitting information from prescanner device 1 to CT scanner device 3, referred to
20  as the “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 Inthe 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



Anot her embodi ment of the present invention, illustrated in Figure 3, is
directed to transmtting information from prescanner device 1 to CT
scanner dev @@edroreferred to 20 as the "feedforward nodeCr/esedioszom CT
scanner device 3 to prescanner device 1, referred to as the "feedbackwards
node. " This enbodi ment combines the enbodiments of Figures 1 and 2, above.
As di scussed previously, in the feedfor d node, information rel atl ng to
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rom prescanner device devi ¢ 3 [ upled to
25 CT scannerPreseaqnsr g é{pé?tﬁia‘ﬁ&p&vﬁg oﬁ%cufacgy q(fle%té‘% a? n%)gﬁ%ﬁ%r g(?rrgd
thferebytredu%lﬁ@1ﬁfhﬁnat1€f[c6ltbaﬁd1byIﬁ&scaﬁﬂe’rtdhﬁbe1n t he feedforvvard node,
information relating to e effectiv c JLnunber an f potenti al
target objects is P%Erf‘ﬂbé?a’tnbeﬁt? gﬂ%?’é@% %] ﬁi?g{/'i’rgscamfrflémﬁ 1gcaﬁner

dfeVIt ﬁe ?éT (O {ParRin@REISOT sls@u'w d%glcé 8 vi@kamdiknéy and)infonmtion fieas@T sdaeneraccur acy
0 e i mages, particuylar or t lices, th are i.n e "nit of
metal. 30n el’Yé’W%éHH&ER“%ﬁﬂgreS?fE‘F@qFch Yl&aﬁﬁttaﬁ%}ﬁtlg Pﬁtgé@ég? sca%ner
gevn ce 3 i sl)ltu?@rgsm% 1|§eegé éﬁ@te%ﬁ%gmggﬂﬁa}ﬂbe(lﬁf plethepted Q€S slﬂgledamphthdsm:h)
rescanner o enabl e the 7770, P /U 03/ 037 nner to
updat e and i nibplgpformpfionds kapsmdiedder hoghotdhg V&‘taost’r'?gi Wﬁ%ﬂ‘gr % mass

i nformation cgld gmt ?ﬂarfa)ﬁaﬁrlﬁlﬁqgwrbedﬁé’dtﬁﬁkslor ey ptakmlwgmmomﬂﬂeme Fi gure
3, information from prescanner device 1 is transmtted to CT scanner

device 3 via shghas # PFRESST, DRERPTIsrORgmEY ofeus i GRLEemalincessor o NI OFEE 3 s
transm tt?@' tf?né?ﬁ@%&@aeﬂsf @&uﬁ&edéwe@ 1Ban@ (Hedcanrel a&wb@ AB&ils'tuisbdleollz and

data |ink e separate data paths or npay be_jinp nt ed asasmgle

data path, suthhuglt ma%caimr devieeti 296 G scarnghderiqeeHe ¥"8Ftr% KPPHWARFE [ nks
via a si ngl € ?‘%fiislﬁ nec égs%r??l{at eacﬂ%te %nﬂalblﬂ&ltéfasaark@péi’@eé anit. |I'&hhék99r6%¥nﬂéﬁ dl rect

| i nks or may pass t rough” anot devi ce, such as a processqr. Data

processi ng mageveciand Gl @ﬁnr@xd@@%ﬂ m@f'@ﬁ:@‘@?@ﬁnteélasﬁﬁi)glﬁé‘%hwi@l?% ernal to
each of pr esc&ggc% d Xﬁcf@’{]scaﬂgﬂ GheB8GANRS&r device 3. As discussed above,

t hough prescann Ice scanner device 3 are_ il ustrated
separatel ¥5i n Fi guF 1gure:4 is i flowsliageam sreeingde pna eihodiagah iphichisfamatioed as a

separate unit, Rat Hgﬁﬁ’m R&f?‘ﬁcﬁﬁﬁ%%anng%wlﬁ@l th @ afirkr IGAMEH (HEREHErwhrdRY be

ina
i mpl ement ed as singl e uni avi ng bot prescanni ng and CT scanni ng
functionaliti esde, and from CT scanner dev1ce 3 to prescanner device 1 in the feedbackwards mode.

It should be appreciated that, as discussed above, the feedforward and 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



15 Figure 4 is a flow diagram according to one enbodinent in which
information nmay be transmitted from prescanner device 1 to CT scanner
devi ce 3 wo @3hwe7f7eedf orward node, and from CT scanner dew@@UH3Na721
prescanner device 1 in the feedbackwards node. It should be appreciated
that, as di scussed above, the feedforward and feedbackwards nopdes need not
be |nplenented in the sanme screening systgmand that each may be 20
hanenentgd Lndefendently in a separate system The flow diagram of Figure
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d
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coupled to a Hfgﬁ%ﬁ‘é&% atoBRS RurhtRe (4. 06E 8IS Hbs &b thv Eiﬁ:rgfﬂxf@at}yraﬂﬁﬁorblﬁoﬁl t her
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any region 10strengiyayherens maprialy With & IV cHERsHveAiomiGEY ﬁrﬁﬁﬁaefgé?‘lcﬂaiteé? %) The
cal cul ated at LeRHALLIPEheRfy XM radiation more strongly. Thus, the effective atomic number of

each object may be determined by analyzing the attenuation of low and high energy X-

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  on the 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



hi gh energy and | ow energy beam pul ses for each pixel of the scanned item
are used to determne the effective atom c nunber of all objects. To
derive thwoefsfoectrove atom ¢ nunber of each object based @cTis®3/03721
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f N Kk il
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1. Machine Vision: Theory, Algorithms, Practicalities (Signal Processing and 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. Umbaugh;
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



One such procedure uses machine vision technol ogy for object
classification. Machine vision technology includes: (1) segmenting a group
of picturwoelsmeerds fromtheir background, (2) describi ngdinesosgsaup of
picture elenments by a set of features, and (3) 10 using the resulting
feature vector to classify the picture elenents. One software tool
avail abl e for such object classificationqps Image Process and Analysis
Sof'f(vvare ofLered by Data Translation, Inc. as SP0550. O her software
packages that .pr.oyi - f i L6l ude:
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Zr acti Cﬁ| Afpbmaﬁéttivsatngidﬁﬂhf%nmmassﬁl&trﬂwmw, by Scott E. Unmbaugh; 3.
gorithnms for | .Processi and fer Vision, AaRs R Parker;
and 4. Feature Exﬁlﬁaﬁﬁflﬁegﬁ?%ﬁg&wmrg& :%'él?lﬂbeﬁStgédg{an%}ééa"ﬁr ocgglsi ng, by Mark
l\l;/gioga?ngf f Ql ?@frdiﬁat@s@ﬂ;m te%\gitlﬁeabhgbjentt nmbvjbecgfnerawtdutcaﬁat'amlbe%pd dsi ve, has a
ctive atom.c nunber an mass._ val ue. Further .. f i cul ar
range of ato _nP%SS‘%EFn‘%%tIa Ryupjag Queraigr gy ’P‘F‘&‘{TﬁﬁP%Frﬁﬁ%tﬁgfnfor%glgn'\?%qr%}éfsi ;5“15,” be
characterigti gn 8ferdor fiygdtw abXe@y imageus deterininesobjevesfaflintérestendithieer bot h

atom ¢ nunber and .nmass val ues in determ.,ni ng whet her .a.target ject is
o osent I arepeEhoBRpn upogmIoat: Bhsrt BNt g A AR el e
obj ects of i nh@bMafidally oSMamally, bl BQ ibVeatidmi abi lonisedftokitlich eethofi eLarmlysiss

generated. The atom c nunber c¢haractefistics f. Tabl e A d
differentiate poteRifeh lo?aéﬁoﬁé?? Pyt PNt Pt %gﬁgﬁ’ﬁ%@ﬁé&ﬁgf’l&“g’gﬁg‘ﬁﬁ“} 0

S\B‘ 1(‘) g ; gg; 7(7) gi gg;tTT/ss%% Aéijﬂa% g&@% }f ioh@t‘f Blte?d}si lfr@p e@perafnﬁlgqat Locatigisefblivendrbhers. A
20l | oct | ofS of (ABHeESPR plaes B RFTHE U HAVIAG OB TR CAPUEEA hat
fall within aggani Bl BRERargdi@bjeeX 30T £ exploVRaPAd typically found near metal
objects (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



expl osi ve may conprise a collection of pixels having high effective atomc
nunber values that fall within a particular range. Thus, it is possible to
det er m newoms/067d0 nensi onal coordi nates (e.g., xl-x2, zl-zZZT/wsoBiosane 6) of
a potential target object based on effective atom c nunber and nass
information. Wiile the list of objects warranting further study and

t wo- di mensi onal coordi nates associated wfh each object may be generated
automatically, it is also possible that a human operator may nanually
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al gorlthm may be us t.0 aut mat i m ne an appropriate course of
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Figure 5, CT scanner device 3 performs scans at locations along a grid 61, such that
20  slices are imaged at predetermined intervals 63a-c along the length of the item. For
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 z3 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



-11 the CT scanner device when no objects warranting further study have
been detected so that undetected objects (e.g., sheet explosives) nay be
screened Wwaro3/okmst ep 31, CT i mages are generated for the BATAWS03/03721
cross-sections identified in step 25, if any. To forma CT inmage of a
cross-section (i.e., slice) of anitem a finely 5 collinmted beam of

radi ation is passed through the itemin the.desired slice plane, and the
attenuation is nmeasured. The process is repeated and a set of projections
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Figure 5, a fitgst sljcgi 65 icfl}?i nmaged at z1 cm a second slice 67 is imged
22 cm= (zI + B§oveiondrgrihed b s ce 69 is immged at z3 cm= (zI + 2x)

cm Perform ng scansitaieitlined in step 33 thut iaghoeatidl edrget ebjsetriem thdretinfipbeat i al

target objects that.nay not .ha een jdentified as,25 warranting further
| Avost i oo e it bt Ras0R K R R e st amoSyei e M Do e o
evade identi fitggd dndRhdp¢ of ARtapress@tib R e WietPaliERRUS Step BRYIngaichlat, Bhd N

The CT scanner n.the ot her hand,

Ty { mage. . UGS IGHIAGR S P Rt AR OSHEER TERT L 4 & S hus. may
nmore readily de&fes the Aets hpetand porfn@Sinvedal aRifadt esradetivn sgebific i type ap@i Nt s on
the grid, dis % gpseeo tl?ebrggtgl’. The imrégt:ail gret'\ifa\./c\zéc go@re&:tri]cgl 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., Xi-X2, Y1-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,



30 objects warranting further study identified in step 25. For exanple, the
first and third slices in Figure 5 intersect objects 71la,b. If not all

obj ect s oWwa ostoeTE8t are accomodat ed WO 03/ 067770 PCT/ USOF@3TDI/0371212 by
the grid, additional slices nmay be taken. Further, the grid is preferably
positioned to avoid taking slices of netal objects, for the reasons

di scussed previously. In step 33, it is degerm ned whether any inmaged
object of interest is in the vicinity of a nmetal object. Additionally, it

may be det er mpeghyigkharl oftdi@rmalRIET Q;anﬁelﬂﬁe\ﬁ&l j"iCTheQﬁree -inkdkiBhA Shorlimatet kel y
to be di storted by netal artifacts, cause he netal object. For exanple,

al t hough a meti8f eaﬁbfaégﬁt opigctiage Eangmited (ded ‘Pﬁ"[\é)) to Brepagancsdpes | wrstspritler est, it

may be det er m&ghitd@lont b@e&l(fe@d&tk hqbee)ras@mhm@ml&mhdﬁt@&hef&l v e Ob] ect
of interest renders 1t _unlik at the netal %ect wll have a

si gni fi cant neli;mar/%wﬁft@evgn&ﬁt ﬁ%@ ﬁnﬁaémﬁewecoua flécthe gremoRt Bretarey e. g. |

If the meta ORRCA, dofisiflltS the SEMBhASHTorAbnlANE RGBS FhatRh il TABIE &SA) - IT 10 a
potential target Obj ect isinthe vicinity of a netal object, such that the

i mage of the dskyr@ixng whathar & ypdets apy ofhe indermationip Tbleah arti facts, a metal
artifact correcti oRjic3 pRREIMAETRice @%Lé&@t}é'lﬂe&eﬂ&%ﬁ@bﬂé ﬂgw ﬂﬂ@px‘@?&aﬂher

artifacts, according to one aspect (feedforward de) the i nvention
descri bed her e‘ieﬁlce prray inpt besabipetp disa¢rn diether @tléffﬂtlﬁgd objeat i lsaa q@@ﬁl@@mmm 2ar get

object is in Cﬂ?}l i ne %EB{),]E&S ﬁ}ectggnafr&;eﬁgp ﬁﬁénelﬁltaﬁed f?c;n?régglftlb@gr 51%? eét war d

fromthe pres I Ce IS use edict t nmet al
responsi bl ¥ f onay appearas asingletnicrgagtobjach I§the;pre@®nn¢rrdewa¢ canpofl Chfferemth@e a mass

Information a uﬁ{Tté/ Fb&ﬁg@ﬁag%gc@ﬂm&f de'té?nfnﬁ{ @ﬁds?@al{;é £ gigéc‘?ﬂﬁx fre used

to identify t pérforma ne arti rection
specific to tsteilpthcamds valhespd twd otrthere pkjecth corﬂmgm&halthre@r-dmfeamonaéor rection

algorithmis i ol W Lgure 7. In
Step 57, the SoRHRpaie RbaQRl LD oo 8o SRR LRI RO A
the densit y, dheraby @metct dnropecud ieffecive otoalic mmtredvalads@ad aaes vabtee pfTabdaA f Iﬁ

Fegi onar ot nglt TieTaR eyR A RsE R ks IRPR; BhpRESE kY PErbE Ry ange of
t wo- di mensi onahayiecgme mtérestﬁg 9d>r—e§x2mplla iR &n briigned maﬁ@demmnﬂtmatseaseﬂhattwo
delimt a region V\{ue e t

ange. | Fur  her g B Peg iR e PP R e i Bk tnlntn iy RS ca
val ues the range corresponding 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.



associated wth each pixel. Each confidence |evel represents a probability
that the density or area data corresponding to that pixel is correct. In
step 39, wammb®r70 Tabl e B) is generated containing the deriTvyso3msea, and
three- 30 di nmensi onal coordinates for each target object, and a confidence
| evel for each characteristic of each target object. Table B may be stored
electronically by a nenory (not shown) cqupled to a processor and may,
along with or separate fromthe processor, WO 03/067770 PCT/US03/03721 -

13 be either inter nalstepr7exdeeisivalis thadeGhs@IGAREH fHRNiENn FabilHR and B as to
t hr ee- di nensi onal coar di nates f.or each tar et object are transmtted ("fed

back") to presUHAFREPIgE¢PWSe f gefions (agispyssed ApqverRgssible pefiogs Mclyde etyrning
(feedback nodethe Biggh@@tolt %@ﬁdn@é}, sehithifig kH%fHéé%’@E bjbﬁaﬁcdr SBall AR iR bbb SMade
e

used to augnment Tabl proces cou d to the menory that stores 5
Table A consi<RpEoH @m@d‘ﬁﬁa‘tsﬁ foree ?Fé%eutbwngﬂﬁ@aw@f itheriodehlesdn determiag| e A

in determqing apriphiek at:ﬁbnum@aéa%h@aﬁénm tafrgeeobjeét%@agbx@tﬁmlrﬁla TR0iGerme Si NCe
prescanner device 1 I mages the itemfrom on?a/ one VI ew, t he prescanner
¢

devi ce may notefstivaatemicaumber densityysad pspciaipd condidence ?eé@lsé%’ cael; a3 welhassi ngl e
object or a phbtatknky &Ehe?&e%ﬁﬁl%arg@%bﬁ@da%@?& ﬂr&&ht?g%le ﬁ&e%‘?fﬁrée@@@@& from

a particular perspective 1 ear _as a single nerged object t he
: ekt t%

prescanner deviedRetdlaRatd oaithe ia o elikelihpod jis d?tpltﬂyn@f ) rldeapfﬁd*@n@b}sect s,
t det
it may determpg.R: MRS, YR elbd 1@@er§@ﬂ &6k atlﬂéi(r)grhrgr?@&gl 1 r$|a or bxHh dl%}?leat o

val ues of two or noreé objects conbined. The three-
i nf ormati ol preyobabdify m@t ara@hl@t Brvéngre gieen affeativestamit hsmbert deasiey, @b?l@csss and

t her eby Co”e%as%ra[nﬂ Hrﬁ&%ljxéég%a?éc Qct%ﬂtﬂﬁagb\égéﬂgéc‘s?nt@ng%e{rﬁﬁﬁg}r’]lg ues Of

Table A If 15t Ss o an o ges
of interest orthaﬁwv@?%eﬂ%ﬂargeh@l&ecb@rwmabsotmmémtm that thre abjeshiplisnot  f an

06 DAl panos HRLESHLACK ORI 6 ABREM: Tk U oY ARMABNILRIAL: QOG!S the

mass val ue wi | : roneous y fa
correspondi ng de@crsbedab@@tmaymltematlve\lml@rpetﬂnenetdm ahermgedpobioect s ar e

ditferent] wed and heL b iRARESNAS, SELERT RERCRPIALRRY T kgt B V1 0™

obj ects may no 20 |0 e mass val Bl ow a
m ni mum nass awsdlcmlmtmd cwrd:dlmg potabartifzats of thed Bl ik, eodststedsrof sihivh, dshe

information f eiﬂﬁ&l%‘t(edf Eo?x@sp %9 Itoe stgp ?é’ descr?beg-r bove I Esahedtion IwC1’c'Iaﬁ Pagure P ike
Figure 4, the flow diagram of Figure 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



for nmore accurate determnations of the effective atom c nunber and mass of
each object, as listed in Table A by the prescanner device. Hence,

superi or d@®akion by the 25 prescanner device and a | owerpdTaie/osi2ar m r at e
may be achi eved by feeding back information fromthe CT scanner device to
t he prescanner device. It should be appreciated that nultiple

f eedf orwar d/ f eedbackwar ds | oops are possi-blse, whereby information
generated by the prescanner device 1 and CT scanner device 3 is alternately

transmtted be&a@@pmﬁfmg t e e€fedtive eomid funseput tHe ﬁ@taﬁpH{eQﬁlhﬁédqglaﬁé"@ntélﬂe
i nformation fro 0.Tabl e ﬁen%eed no({f) be transmtted to t prescanner
Plaly s 408

devi ce. Rat herOn Y e ipgeesqty s nQ§ confain gher Qbyeehpf iptsrRsiLAr @Ftilpals

i pl ement an al gor i THerise 6f ddal élfergnye\feﬁélﬁ thetprdsBanBYdeRRe ma By 1?%6%515@:@0 by the
prescanner, to_ au Tabl e ﬁlg on the Table_B inform
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al gorithm may Hfe bSRetal Md MRS Hfdatibot T'hfbi%rﬂtds&{‘tlefetehﬁﬁe EH@QIBEIG{%ESE& to
determine 5 an appropriate action. For each potential target object

al gori thm may BeHstdler the effective atonic nunber, densi ty, and

associ at ed confi dengeginb&¥slos e GRaceas el ' he
potential target obj egtgrand th 3 lpl%gm ﬁ%eq gé[i? alt%dqﬁ Ste%z%t%gfig&g?eﬁzdtbg% ;

to metal. Basednglnsinegiam ﬁpmlnﬁthie @rforrraitlplil k‘fmut mrﬁrﬂculfy stest feomrahh engl¢shmth an:
identified objgedmhon forh di@eh 19[31 £Cdwn bl |1 kelihood is derived froma

hi stogram representing, for oxa the 10 probability that an object
having a given eff dastep & 1.1 table 6Tablﬁr®e$ gengeatedlithap conthing beaesisrdenimgsimiseaarl
proximty to bj

probability F%Eﬁ]érc ﬁe%bhgEu"’;h%[:'tsega]’[ﬁgEerreet obli ec%éqgrs 5%21 %ﬁ%g%f%lcgt% qgto
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Figure 4. Li kgbeaﬁl hguteging and Mttd':r! efifectsl basgd amthethdﬁe gmd @p@ ofthewstabtjonsible
Information (i fof the agi%c%g, d]étler?n\/\llnécf in step 47. The sinogram of the image of the metal and

20  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 a 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



phantom | ines) and process flow (in solid lines). 20 In step 43, a CT inage
is generated. Uncorrected CT inmages may contain netal artifacts when a
scan i s paO@roeedowi thin a certain proximty to netal, whirdr/vsag/osesult in
i naccur aci es. For exanple, beam hardening artifacts cause inaccuracies in
the estimation of attenuation coefficients for pixels associated with
x-rays that traverse highly attenuating-sg¢ructures. Streaky shadows or
star patterns of streaks nmay result near 25 high density objects in regions
of pixels wherifitegded@slimidingy The invbitRRUALhRE only & dBBhEOBY the Id1RBWg cBEAL L er
artifacts may result fromthe dispersion of X-ray photons by the atons
within the it CAPIeRtS he'siPse noise in the CT image. In step 45, the inmage
is clipped so that wheiddmged gontains only the netal that accounts for the
artifacts of the image. The region to be clipped is identified by 30
considering the effective atom c nunber information of Table A Each pixel
inthe imge of the netal will have an effective atom c nunber that falls
within a range WO 03/067770 PCT/ US03/ 03721 - 15 corresponding to the
effective atom c nunber of the netal. The clipped image contains only the
i mage of the netal, and does not contain the object of interest or
artifacts. The use of dual energy levels in the prescanner device nmakes it
possible to determne the characteristics of the nmetal in the inage. In
step 47, the type of netal and 5 thickness of the nmetal in the inage are
identified based on the information in Table A In particular, the
effective atom c nunber information of Table Ais used to identify the

type of netal and the mass infornmation of Table Ais used to determ ne the
t hi ckness of the nmetal. A sinogramof the clipped inmage is generated in
step 49. As discussed above, a 10 single sinogramcontains the information
about a particular slice fromall angles, with the information from each
angle inits own row. In step 51, a table (Table C) is generated that
cont ai ns beam hardeni ng, noise, and scatter correction paraneters. 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 netal responsible for the artifacts.



In step 53, artifacts are introduced into the sinogramof the clipped inmage
using the table (Table C) generated in step 51. In particular, the

si nogr am w® @oerupt ed usi ng beam hardeni ng and scatter effcactr®sbsmed on

t he shape and type of the netal responsible for the artifacts, determ ned
in step 47. The sinogram of the inmage of the netal and 20 artifacts is
reconstructed in step 55. In step 57, theigeconstructed artifact inage
generated in step 55 is subtracted fromthe sumof the original CT inage
generated in step 43 and the clipped i ngparvigenerated in step 45. The
result of the inage subtraction is a netal artifact corrected inage 59.
The inmage will result in a nore accurate determ nation as to whether the 25

obj ect of interest It epmemedts adalyAKOR otk Eshiprisidd: an enbodi nent, the
artifact imge may al so used %3 a map for. determ_ ni ng Whet her the CT
val ues read in the FFEJ@IngRe ohiechPsibga mpliplefgergs Keoray Bevics@visierning nbodi nent s

of the inventiigforiitichahditdtive bBEfRUEe atdMRiduibat dhafseARs bIRE BYEHEMS Wil |
readily occur to those skilled in the art. Such 30 nodifications and

i nprovenents are i FPRHIERS 1803 affas pf interaseofdhy ohbiqet with 2 sersprtedipmography

i nvention. AccqiikBeHel updi@e (i36:880bM0 description is by way of exanple
only, and is not WO 03/867770 PCT/ US03/ 03721 -16 intended as limting. The

invention is limted only as defined by the followi ng clainms and

equi val ents theret o, T¥aletiod o@bl@in{r?ﬂlﬂh%}: cé)(\:l}@rgig %Zs?rﬁﬁmgﬁ}'é/lh%%ﬂﬁét%ﬂgé -17

CLAIMS 1. A method for analyzing an o rising:. prescanning the
obj ect usilflg Pragestor prupledie thgpoxputag togwograpby devictet er mi ne 5 i nf or mati on

i ndi cative of effective atom ¢ nunber characteristics of the object; and
conducting scans of areas of interest of the object with a conputed

t omogr aphy devi ce 3pbdbednethod of elaim 2.fiutharaempnising2. The met hod of claim 1

further conprising LEaRAGHE & hbfPardiBe: doRtAHIBEEQD N YR Bformation.

15 4. The method of claim 3, wherein performing a metal artifact correction

includes performing a beam hardening correction.

5. The method of claim 3, wherein performing a metal artifact correction
includes performing a scatter correction.
20
6. The method of claim 1, further comprising:

using the information to determine density characteristics of the object.

7. The method of claim 1, further comprising:

25 using the information to determine a plane of the object to be scanned.

8. A method for analyzing an object comprising:
prescanning the item using a multiple energy X-ray device to determine prescan
information;
30 transmitting the prescan information to a processor coupled to a computed

tomography device;



10 processor coupled to the conmputed tonography device. 3. The nethod of
claim?2, further conprising: performng a netal artifact correction based
on the i nvarosasion. 15 4. The nethod of claim 3, wherein pefwsosiosia net al
artifact correction includes perform ng a beam hardening correction. 5.
The nethod of claim3, wherein performng a netal artifact correction

i ncludes performng a scatter correction.-13Q 6. The nethod of claim1,
further conprising: using the information to determ ne density

characteristics of geffermipeebmputdd toklograpBy st08lof pladeairMelobidctbdsE®on the
conprising: 25 usi ng the .information to determ ne a plane of the object to

be scanned. 8PTCKARTHPGWIPEA ha y2i ng an obj ect conprising: prescanni ng

the itemusing a myetofhifg @Rt Yrtiack 8otredBdt Gifthé Sorbith &I tBhmBE apHy SR £PFhsed
i nformation; 30 transm thég ng t he tﬁr escan information to a processor coupled

to a conputed % BFBESEBHYIoHRAOR & theplarmintsesecty an pearinclading 9BTea1 2 metag object.
perform ng & conput ed tonography scan of a plane of the object based on the
prescan information; and performng a netal artifact correction on the
conput ed t onogr aphy’- sidsmasheded clajgp 3¢ weergip e pagressar isdoraterl grithinf the pempiteshe
intersects an RiRgrapMelditieng or near a netal object. 5 9. The nethod of
claim8, wherein the processor is |located within the conputed tonography
device. 10. An apparatus for analyzing an object conprising: 10 a multiple

energy prescanner tipata i 8s6R9forhRayv AR £CIbiech <f@mput ed tonogr aphy
device that scans only arpgas of 1~i nt%rlgi%t g?ectﬁ%rggj&gct based on

i nf or mat i ol det er miafaeitiplg eperay prescgarat that prescans the object; and
a computed tomography device that scans only areas of interest of the object -

based on information determined in the prescan .

11. The apparatus of claim 10, wherein the multiple energy prescanner has a

15 high energy X-ray source and a low energy X-ray source.

12. The apparatus of claim 10, further comprising a conveyor for transporting the

item from the multiple energy prescanner to the computed tomography device.

20 13. The apparatus of claim 10, wherein the computed tomography device is a

multiple energy computed tomography device.

14. An apparatus for analyzing an object comprising:
a multiple energy prescanner; and
25 a computed tomography device;
wherein information indicative of at least one metal artifact is transmitted from

the multiple energy prescanner to the computed tomography device.

15. A method for analyzing an object comprising;:
30 prescanning the object to determine first information about the object;
performing a computed tomography scan of the item to determine second

information about the object; and



11. The apparatus of claim 10, wherein the nmultiple energy prescanner has a
15 high energy X-ray source and a | ow energy X-ray source. 12. The

appar at uswaxo3mlezizon 10, further conprising a conveyor for trcams§pensizng t he
itemfromthe nultiple energy prescanner to the conputed tonography device.
20 13. The apparatus of claim 10, wherein the conputed tonography device is
a nultiple energy conputed tonography devupce. 14. An apparatus for

anal yzing an object conprising: a nultiple energy prescanner; and 25 a

conput ed t onmogr aphynslgxihg thie s¥ddad ifetmatibidfoiRictBite WhSEAL uy@atOfhe #st! €ast one

metal artifact, s transmtted from the nultiple energy prescanner to the
conput ed tonndP%ﬁH?“@evice. 15. A rmethod for anal yzi ng an obj ect

conprising: 30 prescanning the object to determne first information about

the object; perfornming a conputed tonpgraphy scan of the itemto determ ne
second informati OHGaQBEFleﬁ‘HQOgﬂﬁ@bﬁ,Wléﬁﬁﬂ“%%?%mmp@@m%@¢@3721 -19

anal yzi ng tshe peefofiflg k¥ compicl &dePaplt@nm ne whether to update the first
information. 16. The nethod of claim15 wherein the prescanning is

performed before 5 performing the conputed tonography scan. 17. The nethod
of claim 15 wherein7t hge fiefhdll of OAIRT MRERREN E}Fclfﬁ;t%?fmtn?atﬁ'ﬁ?é\\l?{ceé thnparsEgt 1on

about the object. 10 18. The nethod of claim 17 wherein the secon

i nformation rdnRrBaionabeiks ebject.i nf or mati on about at |east one plane of the
object. 19. The nethod of claim 15 wherein the prescan information rel ates
to an effective atom c nunber of the object. 15 20. A nethod for anal yzing
contents of0 an it erBcdhpmietion gl deimsl Tophergin thsseaoni inforntation tedatesus dergitan  X- r ay

device to det gl Rfidni bt at RER 'E)H@f)l.h&rbf the object.

19. The method of claim 15 wherein the prescan information relates to an
effective atomic number of the object.
15
20. 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;
performing a computed tomography scan of a plane intersecting the target object
20  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.

25 21. The method of claim 20 wherein the act of transmitting includes transmitting

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

22. An apparatus for analyzing an object, the apparatus comprising:
an X-ray device that prescans the object; and

30 a computed tomography device that scans selected areas of the object;
wherein information indicative of density characteristics of the object are

transmitted from the computed tomography device to the X-ray device.



indicative of a location of a target object; perform ng a conputed

t onography scan of a plane intersecting the target object 20 to determ ne
second i nfvaroseksiom i ndi cative of density characteristics @fCwisesnzmget
object; and transmtting the second information to a processor to

determ ne whether to nodify the first information. 25 21. The nethod of
claim 20 wherein the act of transmtting-.i2pcl udes transmtting the second
information to a processor within the X-ray device. 22. An apparatus for
anal yzing an object, the apparatus conprising: an X-ray device that
prescans the object; d 30 ac uted tompgraphy device that scans

sel ected areas of tzﬁeafgﬁja@?f‘f&}tus ng‘f”ég?r WW%?WEB?‘W@WH‘? inglufesa pypcesdRsi ty
characteristics of the object are transmtted fromthe conputed tonography
device to the X-ray der ice. WO 03/067770 PCT/US03/ 03721 -20 23. The
apparatus of cl ai m222 IhGARRAEANS L RIInK 22, ayherriny the &-Tay dpvisrkesa highsaery orray 24.

The appar atus @firceladd MoencVyet-fiyolide X-ray device has a high energy X-ray
5 source and a |l ow energy X-ray source. 25. The apparatus of claim 22,

further conprising a conveyor for transporting the item between the X-ray

device and the conpyt qglch TNkl 8 I ffher &&né@ingﬁ{?ﬁ%ﬁf&&%&gﬁinggﬁi (ran q

22, wherein the conputed om)gqt aphy device is mu ‘e energ 0
t onogr aphy devifekbetween the, X4ay,agvigegad thecompuied tomegraphy ddjjiesct conpri sing: an
X-ray device to determne first information about the object; 15 a conputed

t onogr aphy device to scan a plane of the object based on the first
informati ol to det @0nmThe apneradse! iclaing 2Aattietsin the nemputest tomegephy ddvire ismal yzes

the first and geeERAntB) CoRELOBMmb Lne whether to update the first
i nformation basedﬂonntrg;é secorﬁ ]Enngrg ct%l(]%%l 20 28. A nethod conpri sing:

prescanning an itemusing a nultiple energy X-ray device to determne first
27. An apparatus for analyzing an object comprising:

an X-ray device to determine first information about the object;
15 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.

20 28. 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;
performing a computed tomography scan on a plane of the item using the
25  computed tomography device based on the first information to determine second
information; and

transmitting the second information to the multiple energy X-ray device.

29. The method of claim 28 wherein performing includes performiné a computed

30  tomography scan using a multiple energy computed tomography device.



information; transmitting the first information to a conputed tonography
device; performng a conputed tonography scan on a plane of the item using
the 25 cwomstoed’7b onogr aphy devi ce based on the first i nf @amsosns2o
determ ne second information; and transmtting the second information to
the nultiple energy X-ray device. 29. The nethod of claim 28 wherein
perform ng includes perform ng a conputed2130 tonography scan using a

mul ti pl e energy conputed tonography device. WD 03/067770 PCT/ US03/ 03721
-21 30. The net hod 30f Tat glethod 8f clﬁmﬁlﬂebdﬁekfrﬁ%gﬂqftﬁﬂgqge EREinfdrigtiod hor mati on
to a conputed tonp Eegrsghg %‘w ce includes transmtting information

i ndi cative of EfPd aphy S vcs iplYdss tepgmitiingdriornation inshicatiyeof, effsptives 31.
The met hod of #fdmichudBer MaREBHSAicE hes Lt i ng the second information to the
multiple energy X-ray device includes transmtting information indicative
of density characteristics of the item 32. An apparatus that anal yzes
contents ofs an obj 83t TREMRHH0LS bf'@aimLy, a:hé%inttfaﬂérﬁx %ﬁ&ééc&drlﬂ%n% %'{n%gthtehat
prescans the object to deternine first informat a conput ed tonography
devi ce, coupl éHu ltiple epgrexXrray depdss indudes framsnyising mf@mlaaols odisatirofdensitgast one
pl ane of the Qph@skriRsetkhefehhe first information to determ ne second
information; and 15 a processor that anal yzes the first and second
information to determ ne whether to wupdate the first information based on

the second i nformaighORy apparatus that analyzes contents of an object comprising:

10 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

15 a processor that analyzes the first and second information to determine whether to

update the first information based on the second information.



