X- RAY | NSPECTI ON W TH CONTEMPORANEQUS AND PROXI MAL
TRANSM SSI ON AND BACKSCATTER | MAG NG Thi s
application clains priority fromU. S. provisiona

pat ent application, ser. no. 60/822,162, August 11,
2006, entitled "X-Ray Inspection wth Contenporaneous
and Proximal Transm ssion and Backscatter |nmaging,"
attorney docket no. 1945/ A74, which is incorporated
herein by reference. Technical Field The
present invention relates to nethods and systens for

i nspecting objects by neans of penetrating radiation,
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probes. Backgroun I'nvention
X-ray transm ssion imagi ng systens have been used for
secThis typlicareh claims priodity frsppdd.Si proviajopbli pagint appdichtion, ser. no.

decades. Typically,.. medical transmssion x-ra
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_ recently, fan beans of x-rays have been used in
incerpajatpidicraim bywatpren¢enear segnent ed detector arrays to

create two di nensional inmages of objects which are

conveyed through the fan beam between the x-ray

source and the detectorTahngl Fidldis i s al so the

standard approach for exanjnin mal | hags or .package
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i mge, using a single end-point energy x-ray tube and
substageal braostemporapgouitieansmission apd pepjteprebsnt consi sts of

only one detector channel. | mmges based on

differential transm ssion or scatter as a function of

t he energy of inci aekgoand af theinweatforbe obt ai ned usi ng

an x-r source that alternates between t ndpoi. nt .

oneS GREd X (FasUSS IR AEIng YEemE RRYCr PR S<S for securit), medical,
andif e B LAIPYicSRMTESHBshyARERTE OTyFIEAIRY medieaNrakmaéfonNars
~ two detector channels per array el enent. One detector
imagaghaus|beprsolgfained psingcens bepms phiwrysand pglizing xa9x filmas the

deté&%n%?e%ﬂm %?@&%ntfy‘,"@n%ar% B?Q—r@sﬁﬁv& B &sBin conjunction with

linear segmented detector arrays to create two dimensional images of objects which are

conveyed through the fan beam, between the x-ray source and the detector array. This is
also the standard approach for examining small bags or packages for security applications,
such as at airports. The transmission image obtained may be a single-energy image, using
a single end-point energy x-ray tube and a detector array where each array element consists
of only one detector channel.

Images based on differential transmission or scatter as a function of the energy of
incident radiation may be obtained using an x-ray source that alternates between two end-
point energies, or, alternatively, by employing a dual-energy segmented detector array.
Such arrays have two detector channels per array element. One detector channel is

sensitive to the lower energy x-rays, while the second channel (which often also contains



an x-ray filter) preferentially detects the higher

energy x-rays. By taking the ratio of the two signals

fromthe | ow and hi gh energy channel s, dual -energy

transm ssion i mages can be obtained, which allow the

average effective atom c nunber Z of materials at each

| ocation in the imge to be determned. This allows

materials to be crudely separated into either [owZ

(organic), internediate-Z, or high-Z (nmetallic)
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samg, source | sed for both tr ssi on .and
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ave”
the same source is used for both transmission and backscatter images). Both of the

foregoing patents are incorporated herein by reference. Systems using both transmission
and backscatter imaging have either required identical source spectra for the two

modalities (in cases where a single source is used for both) or else have had to contend



with cross-tal k i ssues, due especially to the
scattered photons fromthe typically higher-energy or
hi gher-fl ux transm ssion fan beam i npi ngi ng on the
scatter detectors. Summary of the Invention In
accordance with preferred enbodi nents of the present
i nvention, methods and a system are provided for

i nspecting an object. The system has two sources of
penetrating radiation, the first emtting a fan beam

witBogbsb gk ss@@&naheeeﬁpéciallygo SheSseatidredipieai® fafm nengeplezaty Higher-
radi ati on. The system_ has a segnented array

encgt dtigherdlugiensraission fanebeamimpinaingon the é??é"ie’f get%fﬁors
penetrating radiation fromthe fan beamtransnmtted
t hrough the object as well as at |east one scatter

detector for detect iSmpnmenef thaflnvegtiomdi at i on scattered

out of the scanning pencil beam by the object.
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preferential |y detect x-rays scattered out of th
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nent af t aspect t he.
for il L RS 5 Imab o e iy AT RGP e hich can be
dlsﬁhgartbtah@eﬁa)rt hat the si ze and shape of the inspected
object | ooks simlar in both imges. The contrl butl on
i n Imfartberanbodimeniy éhergamepted ﬁ@@%to't T X bydual-energy
t r f
detéégglﬁrga& Qrﬂithg 'o!n{)}n aggﬂ%&e ngr l%tcgﬁﬂlfl %@%ogtgat tﬁ%trefé?entlally
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Dot B B R E RS PR LR 5otk LR TpRiptem i such a
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when the scanning pencil beamillum nates the object.
| n Reedrstranmay mavieyfer adjustnprtof dhansardiestiosangrsizeipd the

traﬂsﬁl\{ o 4 sc [133 1@ eWn% s%ﬁ%Peea[l% Xhﬁg LOfit 1H8Yize and shape of the
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the effective atom c nunber of the inmaged obje
is not illuminating the object to determine the contribution due to cross talk and this

measured signal is subtracted from the scatter detector signal when the scanning pencil
beam illuminates the object.

In accordance with yet further embodiments of the invention, one or more scatter
detectors may preferentially detect scattered x-rays in one energy range and one or more

scatter detectors may preferentially detect x-rays in another energy range. Signals from the



Brief Description of the Draw ngs The foregoi ng
features of the invention will be nore readily
understood by reference to the followi ng detail ed
description taken with the acconmpanyi ng draw ngs:
Fig. | is a schematic illustration of a transm ssion
and scatter imaging inspection systemw th detector
collimating vanes, in accordance with enbodi nents of
t he present invention; Fig. 2 depicts the

twd StLsRREctorPMaP thebe Xombinedtd &ttadt dddgidnkEixfdimetidiategareding the
in a transm ssign and scatter inmaging inspection

eﬁé?@?éﬁﬁﬁﬁnwﬁé%ﬁﬂgﬁﬂéuﬁfq?M%ﬂmodinents of the present
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vane n et ector .screeni ng. tail ed scriptio )
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pr esgnt id ms@%h@d’lilm?tmtiod%f Hﬁh{i&gﬁigsi&ﬂﬁincsscaﬁaﬁmaéiﬂg inspection

overconing i ssyes of cross-ta et ween transm ssj on
sysigie) With detegtor CoRHBRAHRE KigsI R preopdangt, wilh ebORERRRTS ghe Present
inveX&dens al so provide for processing the inmages in

sof tware such that the aspect ratio of the

t r aRign? depiots thmidtenposkivoaf ae k-rayaitpagatingflexable barigsarit ed
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presdifd @ivehtigaad i on at different positions.
Enbodi nents of the invention are descri bed herei.n.in
Cer HE: o achapaicHusaton of AEAHRSFGmbogiment of g fgsmission and
scakteldﬁ{agh%qgsep%a%n LRRnt WRE BOINGRAD GRS IREdQEctéliBrehiR med
I nventl on extends to penetrating radi ati on of any
ki nd, including ganma rays, etc.

Detailed Description of Embodiments of the Invention

Embodiments of the present invention provide methods and systems for
overcoming issues of cross-talk between transmission and scatter imaging modalities.
These methods and systems also provide for processing the images in software such that
the aspect ratio of the transmission and backscatter images that are presented to an operator
are comparable, even though the imaging is performed by different sources, with the object
under inspection at different positions.

Embodiments of the invention are described herein in terms of x-ray radiation,
however, it is to be understood that the teachings and scope of the claimed invention
extends to penetrating radiation of any kind, including gamma rays, etc.

By combining an x-ray transmission imaging system that uses a fan beam and a
segmented detector array, with a scatter imaging system that uses a scanning pencil beam,
a powerful imaging system is obtained that incorporates the best of both technologies. The
transmission image is a high-resolution image, where the image resolution is determined

by the size of the individual detector array elements. By using a dual-energy x-ray source,



By conbining an x-ray transm ssion imagi ng systemt hat
uses a fan beam and a segnented detector array, with a
scatter imagi ng systemthat uses a scanni ng penci
beam a powerful inmaging systemis obtained that
i ncorporates the best of both technol ogies. The
transm ssion inmage i s a high-resolution i nage, where
the i mage resolution is determ ned by the size of the
i ndi vi dual detector array elenents. By using a

or Adial-cRiEy Gdtedtorf &Yays thét@Bsmission Bnafi¢alan ane dipylagelicdTative

array, the transm ssion, i mage_can %Iso d%%gL t he
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CONYE¥RI 2y %roonr givalls Shraoh gt the dnspegtioniturnely scat t er
detectors 40 pl aced under the conveyor 23, or on the
wal I's or roof of the inspection tunnel. Cross-Talk
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t he backscatter x-ray pencil beam be energi ze
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e.tr 0 foe
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si on,suhs e

ealgRT B BEL A e%@%%@%ﬁé“%wﬁﬁ* 3B IS bR Rof he
al nost exclu3|vely one-way: that is, radiation is
scattered out of the transnjssion fan beaminto the
backscatter detectors. This tross-tal k manifests
itself as brighter, cloudy regions in the backscatter
image, or in its nore extrenme manifestation, as
vertical banding in the backscatter inmage.
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We have found that features incorporated into the

system hardware can reduce the effects of x-ray

"cross-tal k,"” such as collimtion vanes, careful

desi gn and pl acenent of the backscatter detectors, and

X-ray attenuating barriers between the transm ssion

i magi ng subsystem and the backscatter i nmaging

subsystem Exanpl es of collinmation vanes 50 are

shown in Fig. 1. The vanes are designed so that the
trarfshfdstbnOthn BeBNirto fHNbatksRhttdr detebR e SIhad dreds-dikirRatifsts itsalf as

limted to detecting backscatter that ori%inates,from
brighter, ¢lpudieregions inciba paskseattenBnageney in ity 814e BFlrenpgmanifestation, as

r 'gggé stem X-rays which are
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backscatter detector 40 shown in Fig. 1, is that such
subgysies anghiiepaghssefter dnpging sYPsYSi¥BY backscatter signal

com ng fromthe scanning pencil beam 35. Thus, a

single collimtor vane, parallel to the pencil beam

35, Exanpleeaf dodlimathom viahgpfi0 dreshasouintfag. 1deltheotapes are designed so
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im%ﬁ@’ﬁ%gyswﬁ? ate P SHIE $5HRE tRNEEHIAE KRGAGIR, ahdBRtISe do not
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corivabute &r g negative wey to the hackseattensigng0 A tyeblemenith argledwpllimator
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wollIQl$, reiivieGhe R4 EbARRECaE-dighatladnihg fioat the Bcdnh g geacit beam 35.
cl osed position. In this enbodi nent, the x-
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enterf thishietector t deigradirg the tikadity bbithe be¢Rscasisoihagebe such t hat
it cannot be pushed or pulled by the object 20 into
the plane that contains either the fan beamor the
pent fukiramdubéeuieaeed ‘@und-tilkabetswahXaag beany) asedind @sethod of
the effect of transm ssion beam X:rays q&%ered,into
reduriag HiscRevaiad oSt dR b deBteen the ERSMisIOR 2q Bokseiepimaging
st GRS kel i R A R (LR bR e @ eurin oy
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energes fromthe aperture, sweeping across the
i nspection tunnel as the chopper wheel rotates. During
the brief time interval when one aperture has just
left the illum nated region and just before the next
aperture has entered the i Il fimi nat ed region, the
pencil beamis essentially off. During this brief
"beamoff' tinme interval, the signal fromthe
backscatter detectors is due mainly to the cross-tal k
fromthe transm ssion fan beam which is always
energi zed. This signal is used to neasure the
i nstant aneous intensity of the transm ssion fan beam



I n ot her enbodi nents of the invention, cross talk

bet ween the transm ssion i magi ng subsystem and t he

backscatter imagi ng subsystens is mtigated by

conbi nations of collination vanes, shields and

preferred scatter detector orientations, as shown in

the system 100 in Fig. 3. An object 120 being

i nspected, such as a package or bag, is first conveyed

on a conveyor 123 through an X-ray fan beam 125. Note
perdcl®edf] WAVhAVE foUHANRMSNEIN ScrednaedidRe the)sieerbf@fankthissiod beam X-

(a). The active surface of the backscatter detectors
rayy a@ttergd inje thahackssatenderegtors-he poi nt 143 from which the

backscatter signal enmanates. This geonetry maxi m zes

the detection of the backscatter signal fromthe

backscatter beam 135, while mnim zing the detection

of cross talk fromthe transnm ssion beam This

geonetry also elimnates the need for collimtor vanes
Cré&o-tbireubeidiohand detector. Al other surfaces 175 of

t he backscatter detectors may be |ined w
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detector 140 from detecting scattered radi ation fraom
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apefurd Rl i%gémbg ?ﬁe&ﬁre@ﬁhﬁ& bLRXSrap &iéﬁrﬂearﬁ%%e@%és%m the aperture,

scattere oqt the transn1SS| n beam off The front
swée@mg agfoss e inspeotion wisne s et cboppar svhegootatesmDugiag itherkyief time

o R 3 o B 85 R e O e S
apdriTRgﬁas%%r@Btﬂbl [eeinitBd egddh, thepedtil beneRtesseatilibdstf. Doeng this
brlqe tbiegn oﬁl?]glrge;ggr\%{l the 51|g|r1alhffacyn$ thae b(zllclzsfcgt{e? Igletecto sels due mainly to
the cross-talk from the transmission fan beam, which is always energized. This signal is
used to measure the instantaneous intensity of the transmission fan beam flux scattered into
the scatter detectors for that scan line, which can then be subtracted from that scan line in
the backscatter image to remove the cross talk signal. This subtraction can be done either
in the data acquisition electronics, or later in processing before the image is displayed to
the operator. The subtraction can be performed using a processor with an associated
memory containing instructions that the processor executes to perform operations
including the aforementioned subtraction. As used herein, and in any appended claims, the
term “memory” shall include, without limitation, a solid state memory, a magnetic

medium, such as a hard disk, or any other device containing instructions that can be

executed by the processor.



obj ect, therefore, can appear to have a very different
shape and size in each of the two inmages. In order to
make this less confusing to the operator, the current

i nvention includes a software nmethod for adjusting the
aspect ratio of either (or both) the transm ssion or
backscatter inmages, so that they appear to have the
same size and shape when di splayed to the operator
Typically, the width of the object (along the

di r geéth&@enbdBRRvefARE BV ention] cross taliketvadenitite teanishidsion imaging
transm ssi on and backscatter inages. The hei ght of t?

subspgtern end febaektaaticn imrgingsubRwstems Batifigriedhpy eORRBYANE 8
colmghor?%ngg sheid 'amé Efe?é}h ed s@atw? gette&@r brr@l%ﬁms hQUENWEH in the

to correct known scal i ng factor can
syslmn a@tplm Rigl X cAroolgeafl2f hemg mwgecsed, suahrasarackdge onbagh first
e obj ect acl '
corfered ut RS 133 LR v iy PP TEEn Nt e lsdne
impYol &herdes RE tHerkgSternlog Fi@) ght of the object in each
I mge, and the inmges can be scal ed accordi ngly.

All of the heretofore descri bed enbodi nents of the
invention are intended to be nerely exenplary and

(2) NIABRANS sWiFhded kR BacRdditdRiteliotal4000ah belahled mvamahe Pbint
to those skilled in the art. For exanple, whi

143 fromswhich e baﬂﬁgqtt@g&ggalmaqe% ebhig Beareetry] rﬁ%tﬂh@ﬁ the detection
of &E%Q&s@&&l ﬁg(gffl ﬁtoer hle %XQ&E%%P bedth 155, WY Q%nﬂxfulzg]%%é &hection of

Fer exanp e wou
crosy&tleﬁm»m drettmnmmmglon rbleg«mo fais)teRaytry olgo emnmateswhﬂ rueled tﬁ@t h

e transm ssiop,fan,beam a he s e
colliigias y s on dbe 1P G f S J0L alh e R 1D Vckscdf
det¥@bishdyRdind ithackhid1giak hRgial secH Atienid edmirmbe suhy lxu-ﬂay

the scope of the present i nvention as defined in any

detggippnded clainms. What is clained is: 1.A systemfor

i nspecting an object, the system conpri sing: a.

a first radiation source that emts a fan beam of
(b)pesiagleatitiogl vaaelil 50 pxm:cts the activelfaceanf sheegmgit heiet acksopatterf detector

det ector ele r|n the,int ity of
froArGtEH g PRGBS isoF BB gRe o obj ect

by the first radiation source; |
(c) A lead shield 170 under the conveyer belt 123 near the transmission beam shields the

left hand backscatter detector 140 from detecting scattered radiation from the transmission

beam.

(d) collimators 180 in front of the transmission detectors prevent radiation scattered out of
the transmission beam off the front face of the transmission detectors 130 from reaching

the backscatter detectors 140.

Aspect Ratio Correction
Because the transmission image and the backscatter image are acquired through

two different methods, the images, in general, will have a different aspect ratio. The same



c. a second radiation source that emts a scanning
pencil beam of penetrating radiation; d. at

| east one scatter detector for detecting penetrating
radi ati on scattered out of the scanning pencil beam by
t he object; and e. a processor, a nenory, and a
di spl ay, the nenory containing instructions that cause
the processor: to subtract a background signal froma
nmeasured signal fromthe scatter detector, the

objb@Cthercfieltaf hﬁiﬂﬁf to' RS Hves d?ﬁfekhl%h&ﬁ@értdesﬁzedﬁteﬁmtdﬂthe two
when the scannin Een0|l beamis not illum nating

imagg§-eldrorderie maky t e o fugingdp ,tlgcquaat%g@lwgam%wp@? fcludes
a sGitei8 et c]‘ﬁ)ﬂq‘oxt é&hﬁ?gnaﬂs&%}l g;ﬂﬁ) 4 'eﬁﬁérq& 8418 thOthRetis&Sbn or

nmeasur e catt a neasured transm ssion
backscgtttaﬂ infagesyse thet they rppenet lave the semedize and shape whee displayed to

se.in i ect.i e obj e
the oger(SlFo&1 alcal&hg} gﬂf’# é ﬁfﬁ)kpg«{t??cl lag élte%(l) th guorrpggﬁ\?eglgl%e? Qill be
smﬁlﬁ’t Int Boftgthe hanémigsibe ama laallsdatier lﬁﬁgaﬂ d‘ hé adglatdf e shjedt ce
tting the scanning pencil ? @ & m%
(peppgaiilgtlllabﬁ) the, dirgction of Conveyance) will often be ditferent in the two images,
however. In order to correct for this, a known scaling factor can be applied to one of the
images to ensure the height of the object is the same in each image. Alternatively, a

software algorithm can be employed which determines the height of the

object in each image, and the images can be scaled accordingly.

All of the heretofore described embodiments of the invention are intended to be
merely exemplary and numerous variations and modifications will be apparent to those
skilled in the art. For example, while backscatter imaging is described above, in other
embodiments of the invention, other types of scatter imaging may be employed. Another
example would be a system containing only one X-Ray source, in which both the
transmission fan beam and the scanning pencil beam are extracted from the same source.
All such variations and modifications are intended to be within the scope of the present

invention as defined in any appended claims.



3. A systemaccording to claim1, wherein the at | east
one scatter detector includes neans for collimating
penetrating radiation such that penetrating radiation
fromthe scanning pencil beamis preferentially
detected. 4. A systemaccording to claim1, wherein the
at | east one scatter detector includes a substantially
pl anar face, the planar face sensitive to incident
radi ation, the planar face characterized by a nornma
WhaPistchgmb@ e and wherein the nornal to the face is
oriented substantially towards a point of incidence of
the scanning pencil beamw th the object. 5. A system

~acco dingh F&R ifsdnad | m &Afrishge surface of
: thquggtter é@%ggﬁg%népﬁgﬁﬁrﬁggkthe plgﬁgr face is
shi ®ladast radiatiedsmecedhateotiis arfambease nEpangtrating rediatien:i on

fromthe fan,beam A st accordi ng t. .Aj .
Fur bR ARG et BRI HER P iRl fghnerraing
radR€ismandnitibé tirbudhahs bbjen &y skafifseraditgibredudce;such that a

nmeasured signal fromthe scatter detect?g due.to the
f anc-Besrandgadiatioisoyree that emits a scanning pencil beam of penetrating

radiation;
d. at least one scatter detector for detecting penetrating radiation scattered out of the
scanning pencil beam by the object; and
e. a processor, a memory, and a display, the memory containing instructions that
cause the processor:
to subtract a background signal from a measured signal from the scatter detector,
the background signal measured by the scatter detector when the scanning pencil
beam is not illuminating the object, thereby forming a corrected measured scatter
signal, and
to display on the display the corrected measured scatter signal and a measured
transmission signal from the segmented array of detector elements for use in

inspecting the object.

2. A system according to claim 1, wherein the first radiation source emitting the fan
beam and the second radiation source emitting the scanning pencil beam are the same

radiation source.

3. A system according to claim 1, wherein the at least one scatter detector includes
means for collimating penetrating radiation such that penetrating radiation from the

scanning pencil beam is preferentially detected.

4. A system according to claim 1, wherein the at least one scatter detector includes a

substantially planar face, the planar face sensitive to incident radiation, the planar face

10 °



7. A systemaccording to claim®6, wherein the barrier
is a curtain disposed substantially parallel to the
fan beam 8. A systemaccording to claim®6, wherein
the barrier is a swi nging shield disposed
substantially parallel to the fan beam 9. A system
according to claim®6, wherein the barrier is a shield
di sposed substantially perpendicular to the fan beam
10. A systemaccording to claiml, wherein the menory

chdrabtériRE bly AGlowH SIS0 tHeSThdciidi vihitseih ehearumel e faconesiemed
to athst the aspect ratio and size of tge nmeasur ed

substaaHali touiapts aqogiaf insigneeef thesaaring ge et g opiset
signal such that the size and shape of the object
appear simlar in a display of the neasured

5. t r aAsYyBteBI astnonﬂlrgrtablamné wheraingdit lﬂ@stay\e(sﬂrf@wt@f élmscetctﬁrélétector

o BRI PIREFSE o AN ke BB bR BRR % i e

ﬁﬂ&k@ﬂpnts includes a first set of elenents t hat measure
radiation in a first energy range and a second set of
el enents that neasure radiation in a second energy

6. ' anﬁ%gstem oxém%%ét:féml ACH e 1ﬂ91u3ﬂg%|lﬁkr'f@r%ﬂspoé’éﬁ%ﬁi/e@n the fan
Urt I ncl UdeS Instructions to cause the

beapm aubths ot leasi ode st dv@eomr@uéf thetca ingesuradoigngl fromishe sagtter
ort on t he obj ect using neasurenents

t | t
da%pgwﬁgﬁgtﬁ$§g e%%#”g?ueﬁenents and measurenments from

t he second set of elenents, and to display on the
di splay an image of the a Iea t . one portion of t

7. obj AcYSERARFAYINgR clafm ScWheraing %h?reemmf@ftalafdlscpﬂ%e

sub‘%ﬁl hblﬂn ralje?“oﬁe%ﬁge%m according to claim1, wherein
e seg nted array of detector elenents |ncludes a

colllnatgrfto reduce fan beam penetrating radiation
tt .f . . . .
8. ?ﬁgf‘asgﬁtl% aﬁ:rc§) ﬁlg]ggg gﬁl{r@ %E\ge%rgl [15 B‘Xm&f Is %es(ﬁr?éu% shi&l %sposed

substantially parallel to the fan beam.

9. A system according to claim 6, wherein the barrier is a shield disposed

substantially perpendicular to the fan beam.

10. A system according to claim 1, wherein the memory further includes instructions to
cause the processor to adjust the aspect ratio and size of the measured transmission signal
and the corrected measured scatter signal such that the size and shape of the object appear
similar in a display of the measured transmission signal and in a display of the corrected

measured scatter signal.

11. The system according to claim 1, wherein the segmented array of detector elements
includes a first set of elements that measure radiation in a first energy range and a second

set of elements that measure radiation in a second energy range.
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14. A system for inspecting an object, the system
conpri si ng: a. a first radiation source that
emts a fan beam of penetrating radiation; b. a
segnented array of detector elenments for neasuring the
intensity of penetrating radiation transmtted through
the object fromthe first radiation source, the array
i ncluding a collimator to i ntercept radiation
scattered by the array ; c. a second radiation

12.S0UNCE stehdicc&inkSo lafif ANWRGeiR ﬁfécrhémb@&m‘tﬁér includes mstructlons
penetrati ng radi ation; . at | east one scatt

to epaisethe processer @eie&fwrﬁ:gthmﬁﬁ@tlwaﬂ@ﬁgc rypbaaf ghleat gne %?rea" of
the o%;eic?tlsﬁ%ﬁei?s%?ég@ ?sgfr ({ﬁﬁ @l?é ﬂirspﬁ%@ﬁ é?é’mérh?aﬂpﬂpgé‘s'ﬁrelﬂ&% from the

et'ec ng neans
sedondl egtof ptetnlegts; adi taldisphiysmahd disdaly 4ir iomage o€ tifecat ldastzome gadion of

ces a. meno and a dj spl t he nmenor
theég’ﬂﬁ%\ﬁ}ﬂ“ﬁ@g § ﬁ§ffFﬂb“cel q{g%f‘ﬂg’?’erc%ﬂéeeg ?rﬁéh'pr 0Cessor yt 0
subtract a background signal froma neasured signal
fromthe scatter detector, the background si gnal
13.readupsmpgcerringde steiral Wh?fé'é‘ttb‘? Se\gﬁ@ﬁtefir?érag @gefﬁsctor elements

inc Lﬁ)‘gk Q%blﬂ AR RRubStall Bbarh | rrea@%r tib ScfkRFom the

orm ng a correct scatter Si gna
se@mxtddmrmy o kietyctors antl maﬂdeslpbraghetstmtec detegiot.ed measur ed
scatter signal and a neasured
14. A system for inspecting an object, the system comprising:

a. a first radiation source that emits a fan beam of penetrating radiation;

b. a segmented array of detector elements for measuring the intensity of penetrating
radiation transmitted through the object from the first radiation source, the array including
a collimator to intercept radiation scattered by the array ;

c. a second radiation source that emits a scanning pencil beam of penetrating
radiation;

d. at least one scatter detector for detecting penetrating radiation scattered out of the
scanning pencil beam by the object, the scatter detector further including means for
intercepting radiation scattered from the fan beam and

e. a processor, a memory and a display, the memory containing instructions that
cause the processor:

to subtract a background signal from a measured signal from the scatter detector,

the background signal measured by the scatter detector when the second radiation

source is not illuminating the object, thereby forming a corrected measured scatter
signal, and

to display on the display the corrected measured scatter signal and a measured

transmission signal from the segmented array of detector elements for use in

inspecting the object.
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transm ssion signal fromthe segnented array of
detector elenents for use in inspecting the object.

15. A system according to claim 14, wherein the first
radi ati on source emtting the fan beam and the second
radi ati on source emtting the scanning pencil beam are
the sane radi ation source.: 16. A system according to
claim14, wherein the segnented array of detector

el ements includes a first set of elenents that neasure

15.1 adipgyisRth addoridd tosdlaiRNel, gierenpe fiesh dadiatiDaGomde s@itting the fan
el enents that measure radjation in a sechd ener

beamygngethaprgonherdeation sAUCHEIHEIRE the seanaingiRsRe brag are the same

radiag%wﬁgghpns that cause the processor: to
adjust the aspect ratio and size of the nmeasured

transm ssion signal and the corrected neasured scatter
signal such that the.size and.shape of  th '
16 3 ppaa B R i o 4 PR BBty g W Bctor clomens
includad s fikst Sdt 0Nelemgnid lthad Atkasute fadihitidoplimy figst ehdrgy campe end skcond

nmeasured scatter signal  and to deternjne the
set of elementy thahmsasure FGHBIER e sespnd eneegy BREe %{W Frndpe megory

fur®Bi ﬁe&déﬁhagmﬁsma%mﬁey&@sme first set of

el ements and neasurenents Tromthe second set of
el erendjsst tabpect ratio andesizgi of pheapeasnredtengtnispionyigasl and the

oSSR R Db 5 8808 g st
in a display of the measured transmission signal and in a display of the corrected measured
scatter signal and

to determine the effective atomic number of at least one portion of the object using
measurements from the first set of elements and measurements from the second set of
elements, and

to display on the display an image of the at least one portion of the object showing

the effective atomic number of the portion.

13 °



