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The present invention relates generally to radiographic and
tomographic imaging, and, more particularly, to estimating and reducing scatter in
digital radiographic and tomographic imaging and to an improved digital X-ray

10 detector used for same.

A typical prior art. radiographic or computed tomography (CT)
imaging system 10 of the so-called third generation is shown in Figure 1. Imaging
systems of the type disclosed in Figure 1 are described in further detail in Principles
of Computerized Tomographic Imaging, by Avinash C. Kak & Malcolm Slaney,

15 IEEE Press, 1988. As shown in Figure 1, the imaging system 10 includes a source 12,
such as an x-ray source, fransmitting primary signals to an object 14, such as a
patient, positioned on a support 16, such as a table. Some of the primary signals pass
through the object 14 and the support 16, and are detected by detector array 18.
Detection of the primary signals by detector array 18 is controlled by data acquisition

20 component 19.

A characteristic of a third-generation CT imaging system is that the
source 12 and the detector array 18 containing collimating plates are focally aligned

with each other and are both controlled by a common controller 20 to move in tandem
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wi th each other while maintaining their established focal Iwzg . "Focal
alignnent neans that the collinmating plates of the det-eé?tgﬁ r D 18 poi nt .
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shape of the objects 14. Unlike with lower resolution linear detectors, it is impossible

to collimate appropriately each detector element in an area detector since the

dimension of individual detector elements can be an order of magnitude smaller than

20 their linear detector counterparts. As a result, it is necessary to devise methods or

schemes to either reduce scatter or correct for scatter.

An approach of the prior art in the field of radiography has been to use
a collimating grid positioned over the detector. Although this grid covers part of the
detector, it is continnously moved during the x-ray exposure interval so as not to

25 produce discernible artifacts.

Another approach offered in the prior art has been to estimate scatter in
regions of the imager that are not shadowed by the patient. A constant value of

scatter is then subtracted from all pixels in the image. Although this approach has
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t onographi c applications. In general, using area detectors for tonographic
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not ab@or batinbly addwe“siigharodeidestior reldds tos@BRowbf pikés digsRe@RrbEde the t he
patient 14. is nat l[ISEd for diagnostic purposes, a health concern for
radi ol ogi st HE®'x-ray scatter, resulting fromthe interaction of the
primary x-ray 25 beam Pl (as shown in Figure 2) with the object 14 within
t he i magi ng syst em 1, mosy-rbeinsaghiggpgstéme agig ireaddteandrs,ahe ke dbedcest ed x-ray
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Figure 2. The use of a beam-stop 28 is discussed in “Measurement of Scatter
Fractions in Clinical Bedside Radiography,” Radiology 1992, 183:857-861. The slab
of attenuating material (or beam-stop) 28 is usually made from an x-ray absorbing
20 material such as lead or tungsten and is used to reduce the residval x-ray intensity that
is not detected by the area detector 18 to a near zero value. Since a part of the x-ray
flux is not absorbed by the area detector 18, some of the dose applied to the patient 14

is not used for diagnostic purposes, a health concern for radiologists.

Since x-ray scatter, resulting from the interaction of the primary x-ray
25 beam P1 (as shown in Figure 2) with the object 14 within the imaging system 10, may
be a significant fraction of the detected x-ray signal in the area detector 18, a method
and apparatus for estimating and reducing the scatter signal would be useful. If x-ray
data collected contain a significant amount of scatter, computed tomography (or CT)
reconstructions of the object will contain noticeable artifacts that will limit their

30 utility for diagnostic purposes.
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signal measured with |inear detector arrays 18. A detector array 18
conprises cells 30. In general, for these types of detector afkayg0Q8 in a
third-generation CT inmaging nachine 10, each cell 30 of the detector array
18 includes individual detector elenents 18-n and nmay al so include
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The present invention provides an x-ray imaging system and method which
images an object by transmitting primary signals through the object.

According to a first aspect, the imaging system comprises a collimator placed
between a first x-ray detector and a second x-ray detector, said collimator being disposed
so as to reduce scatter components of total x-ray signals incident on said first x-ray
detector, said total x-ray signal comprising a primary signal and a scaftter signal
component such that x-rays incident on said second detector comprise collimated rays
representative of direct path x-ray signals passing from an x-ray source through said
object fo be imaged, through said first detector, and through said collimator; said x-ray
imaging system being adapted to generate a scatter correction signal from data obtained
from said first detector and said second detector for imaging data generated from said
first detector; said first x-ray detector further comprises a first detector scintillator, said
scintillator having a



first detector; said first x-ray detector further conprises a first
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DESCRI PTI ON OF THE DRA ure an ov rvi ew rt x-ray
or conputtetpl signelgpapsing thieughrige r@}@@@ﬁbsqrp@uwr@g@ns,mmh%yt@p@ﬁregienomttmg/ of

an x-ray Qattbr’ cSMpbRdhts YoRPpridsS Uettifs RE colimated signals passing through the
reduced absorption regions and reducing the scatter components based upon the
detected, collimated signals passing through the reduced absorption regions.
The present invention includes a scatier estimation and reduction software
program executed by a processor and implementing the above-mentioned method of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an overview of a prior art x-ray or computed tomography imaging
system.

Figure 2 shows system geometry of an x-ray or CT system using area detector
technology.

Figure 3 shows geomeitry of collimator plates positioned for a detector cell.



technol ogy. Figure 3 shows geonetry of collimtor plates positioned for a
detector cell. 5 WD 01/35122 -7 MAY 200 PCT/ USQQ 29711 Fhg Ws an
overvi ew of _an x-ray or conputed tonography system of™ %kﬂ'{ﬁ%

i nvention. P25 shows system geonetry of an x-ray or RERUSIYEEM of the
present invention, using an area detector, a collimting beamstop, and a
secondary 5 detector elenent or array. Figure 6 shows a side view of ray
paths of x-ray signals in a radiography or conputed tonography system of
the present invention. Figures 7A, 7B, and 7C show a collimator 40 of the
present invention. Figure 8 shows a flowhart of a scatter correction

net hod of the 10 prég@ﬁ"t 4 ShOWH AR ATV OF @ k- B ofiscoanmsdplomograghyrensi onal
phant om Fi gutem cfthd igetndhadafio@f normal i zed, noise-free x-ray intensity
signals measured in a 1 Dfirst detector. Figure 11 is a graph of a

normal i zed noi sy tot X- intensity signal 15 nmeasured in a 1D first
detector. Figure 12 i &% gr%ﬁﬁs 8-‘{3{‘3“%?% 2680 Aoe¥Wr dr T estsm of (thg
intensity megnainvedmeusig amarea Eeqas andil@etias bedmelop! M PERSENLy _

i nvent icon. (If%e%yorre]em S8 )graph of a noisy scatter estinmate in the 1D first
det ect or & STSTH At o a scatter profile, of the present invention.
20 Figure 14 is a graph of a normalized noisy primary estinmate neasured in
a 1D first detector &igurhé ghossemtsidenviewt bDray pahsired 154 sigams ia preferred

absor pt on SoEAE ARl lE Bl et pescbS! BorPlabreghey T T
Figures 7A, 7B, and 7C show a collimator 40 of the present invention.

Figure 8 shows a flowchart of a scatter correction method of the

10 present invention.
Figure 9 shows a sample 2-dimensional phantom.

Figure 10 is a graph of normalized, noise-free x-ray intensity signals
measured in a 1D first detector.

Figurg 11 is a graph of a normalized noisy total x-ray intensity signal
15 measured in a 1D first detector.

Figure 12 is a graph of a normalized noisy primary x-ray intensity

signal measured in a 1D second detector of the present invention.

Figure 13 is a graph of a noisy scatter estimate in the 1D first detector

and a smooth fit to a scatter profile, of the present invention.

20 Figure 14 is a graph of a normalized noisy primary estimate measured

in a 1D first detector of the present invention.

Figure 15A shows a preferred embodiment of the first detector 38,

inchuding regions of reduced absorption 70.



Fi gure 15B shows an absorption profile of the preferred enbodl rrent of t he
first detector 38, which includes regions of reduced abso
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firstl@et edipger prayidss iﬁéw@r@lami paftvesre tozasgmate a2 map of 4 $retigresigmabindst ect or)
and a CT syah @GO wing SR t: stimte and
correct for scateter on a Vi ew%i&%flz(\s/}v}c ﬁ@%gc#@eﬁgyﬁhﬁﬁr%%? d2‘1%”1?21produced by
the x-ray radiogr aphi[ or conputed tonography imagi ng system Figure 4 shows
an overvi ew of an x- FR{X-GY EaFRLEYEEM rafsRyinventiag iyrerally 1288 of the
present ln\fmrﬁr@h oIbérﬁlsma%ﬁmgﬁﬁnm{agﬁyspamﬁ}s%wﬂé irfbes of Aot B " X-ray
i magi ng syst el Xx-ray radio I magi hg system conmputed -7 7 NMAY
200'r WO O fpg@gbg the-tmegsg oindg §catter components; these scatter components are

15 greatly reduced or eliminated by the x-ray radiography or computed tomography
imaging system of the present invention over the images produced by prior art x-ray
radiography or computed tomography imaging systems. More particularly, the
present invention is an x-ray radiography or computed tomography imaging system
which includes a detector/collimator/detector assembly (as used herein,

20 “detector/collimator/detector assembly” refers to an apparatus in which a collimator is
disposed between a first detector and second detector such that radiation passing from
the source will pass progressively from the first detector, then the collimator, and
lastly to the second detector) and a CT system computer executing software which,
together, estimate and correct for scatter on a view-by-view basis for each image

25 produced by the x-ray radiography or computed tomography imaging system.

Figure 4 shows an overview of an x-ray or computed tomography
imaging systern 34 of the present invention. Throughout the following explanation,

the terms “x-ray imaging system™, “x-ray radiography imaging system”, “computed
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t onogr aphy inmegi ng systent, and "CT imaging systent are ﬁkﬁ
i nterchangeably to refer to the imaging system 34 ShOMHn? \6Jﬁgyﬁ I n
the x-ray i system 34 of the present invention shown _in ure 4,

li ke nunérgﬁggﬁég@r to like parts corresponding to the XPF59BWW§63ng system
5 10 of the prior art shown in Figure 1, and descriptions of those |ike
parts are not repeated herein. Fbmever, in contrast to the x-ray imging
system 10 of the prior art shown in Figure 1, the x-ray inmaging system 34
of the present invention shomn in Figure 4 includes a

detector/caql | i mat.or/ det ect ,ass 36 of resent invention 10

i nst ead of PREGRPe ’&aéﬂngéﬁ?’ g%¥‘3% Sys{eﬂ’e %I’“sﬁ ﬁtgﬁ]%ﬁ%ﬁ!ﬁ ®r 22 of
the x-ray mfmgjthgnrmgmgesmt&ﬂmkhdvhﬁnmmt i nvention shown in Figure 4
executes a scatter estimation and reduction software program 25 of the
present invention wh ol n n e ail _herein below The
scatter estinmation a%rgthr e%lﬂé’u oﬁmg gttei\}\]/a%ild“ﬂ el &énvcwl?%ghowrnesent

i nvention iSgwedy B iumenasnmtor 1@ dike ﬂﬁtsmsﬁesppndlgg nnﬂsebceray hnag)mgsyytemnagl ng
systemssd. ol b eE A ub B, P oBREY Gosall B Bl
t hrough supppeated brepn whi ch object 14 is pl aced. The intensity of the

t ot ial d_x-raybsi%nal S passing taéhrouggo t hg‘t}zbj ect 14 and through support 16,

i ncl udi ng o] pri ¥ S y

det ect or/com:bl i mat gr?g‘;)}ig'{rg@ fgtr%gseﬁl\g gém%ﬂ?%g?en}égegﬁl% l?:I‘\E/En ion, and
scatter comshowenn Figurecl,ube d-resh enaging sansem of ihatpeﬁerandvemadmsmhrrom

el i m nated of the

o esent. 1 b Ak Bt el i oAt aE i R oRhe BB iRt  on can
be addft ed inftend afgiee dutdctor arrapi 8.e Moraiver) el Bisystns cafpulet zzrmfghmg-raﬂst ens,

such as sys ﬁnﬁl Qy..a. variet f det ector,type ar ea,

| i near, hﬁgﬁgepﬁ%et ect or J%ese"‘ . engigpr{l ed He 1é(”luﬁe 41%%’“ Ot 5%“?2 is
focally aI mgtmehqu arhi tddectxodaoﬁwlamr pogtaln Bﬁtocﬁrthd@taeaitonvmsmvﬂhm #. As used
herein as d t ai bel o efers to the
orientati on mcffollfll e%f]fi?'grgmt Belgy o%%zfg’gtﬁﬁ Sg%‘%'f) ﬁ?ﬁ%ﬁt'% 01/ 35122
PCTI USOO 295?3ﬂtwa1(e\m¢gnmt25 nﬁqhe poseny inventidnes staded immemony 24f Xx-rays passi ng

al ong a direct (non-defl ected)

15 Referring now to the x-ray imaging system 34 of the present invention

shown in Figure 4, primary x-ray signals are transmitted by source 12 into object to
be imaged 14, and through support 16 on which object 14 is placed. The intensity of
the total x-ray signals passing through the object 14 and through support 16, including
both primary signals and scatter signals, is measured by detector/collimator/detector
20 assembly 36 of the present invention, and scatter components included therein are
estimated and reduced or eliminated by the scatter estimation and reduction program

25 of the present invention.

The x-ray imaging system 34 of the present invention can be adapted

for use with a variety of generations of CT imaging systems, such as systems that

25 employ a variety of detector types (e.g., area, linear, or discrete detectors) as
described  herein. The source 12 is focally aligned with the
detector/collimator/detector assembly 36. As used herein as described in more detail

below, “focally aligned” refers to the orientation of collimator plates to allow passage

-8-



path to the detector surface behind the collimator. Accorgi ngly, both of
the source 12 and the detector/collimtor/detector ass 9\3 é@ﬂ@lf

A
control l ed“gymsagﬁzcommn controller 20 to nove in tande?hw'gé& Sﬁfh ot her
. . Cﬁ

whil e mai ntalini'ng“their established 5 focal alignnent wi ot her.

Mai ntai ning the detector/collimtor/detector assenbly 36 in focal
alignnment with the source 12 is consistent with maintaining the focal

al i gnnent between the source 12 and the detector array 18 of the prior art:
and woul d be apparent to one of ordinary skill in the art. The controller
20 typi cal I

sitio rienta nd notion
of the sourcé %Erﬁﬁh&{x ﬁ% cé’@ &?i%ﬁ’ﬁaﬁa?%ﬁlp%gf g’l"cc;é%oé’rfjcweg , based
upon i nstr pethitotie demwedurfnpebﬂﬂnd}ﬁesgdhmem.cmcrmdxmly,mm d)ﬂlhcesmme 12t he CT
system conpyt | .S onmands tg the dat sition conponent
T ot ecord B¢ R BdlihRRNideds Sramly o iRl REHbE omEitan by
det ect or / c@bhtratiet 30 /tcdaiaecimﬂande&swﬂn‘ﬁhqh alfer afhile heaimbiamgnheir eseablishedn. 15 The
detector/c t or/ ete to 36.0f the pres i nvention
expl o hed" R TERBFAGTR: e SRE o UpBREa Shoc BT ReraipRoTRe e soart or
estimation as@nmwmlmdbcamah@m@@t avith e smﬁrcé he ipeamsieseht witly faintaiing theexpl ai ned
in further nn|n wth efer e to F| re8 Fi.gure shows t he
system georfg(iai gf‘%‘f"‘?&ﬁg éﬂir%eg{ ?}W ‘E) ctgefor Fg Mlth‘bpré 334 usi ng
t he detect ewdumaappﬁbmtbdﬂéﬁniraxﬁa@smﬁfoihy33.6 of the present invention. As
shown in Figure 5 the x-ray source 12 directs the primary radiation

I b e M E R e N
det ecll@r / cahdt mmtiboof detsewicol2 and the rdateptodtolivhatbtiéet@t@ s@stinblyn Y& basedn. The
et bt TR o B Rt 2! e Pheh e 3 " "
col i mat or céﬁnpanm?lalse-mi WDeineatorn Hhe datElab@.t:snﬁkfﬁi ﬁﬁﬁpmhcr&&%ndec&g.eond ]

det ect 4 Dri.s t an itc

el oot ed 1 dr PRisSRmels R RS R REE e BaD 1Y pe b ERruBhFBY ity r 54,

Al t er nat i veksembly s sfebopesentiatentibor conpri ses a multi-row detector, or
| i near detectors (having a single row of -9 WO 01/35122 -7 NAY 20R

15 The detector/collimator/detector assembly 36 of the present invention
is explained in further detail with reference to Figures 5-7, and the scatter estimation
and reduction program 25 of the present invention is explained in further detail

beginning with reference to Figure 8,

Figure 5 shows the system geometry of an x-ray radiography or CT

20 imaging system 34 using the detector/collimator/detector assembly 36 of the present
invention. As shown in Figure 5, the x-ray source 12 directs the primary radiation

signal toward object 14. Signals 5 (also referred to as primary radiation signal P1)
penetrate and exit object 14 and continue onto the detector/collimator/detector
assembly 36 of the present invention. The detector/collimator/detector assembly 36

25 of the present invention, which is focally aligned with the source 12, includes a first
detector 38, collimator 40 and a second detector 42. First detector 38 and second
detector 42 typically comprise area detectors of size (area) and pitch selected for the
particular imaging application planned for imager 34. Alternatively, the second

detector comprises a multi-row detector, or linear detectors (having a single row of

9.



PCTI t 7S00/ 29711 detector elenments), or a discrete detector, disposed behind
passages in collimtor 40. Collimator 40 is nanufacturggzmkg?(t $ngu|ar
pitch of it ﬁ? rtures corresponding to the particular o) t he

i magi ng sy§@8 ’@ﬂﬁ% that the apertures are focally aligdéd¥¥7he source
12 so as to allow x-rays to pass on a direct path to second 5 detector 42.
Al t hough first detector 38 conmmonly is constructed using an area detector
known in the art, a further enbodinent of first detector 38, which is

anot her aspect of the present invention, includes regions 70 of reduced

radi ation defectipn sensitivit typigally controlled by the anount of
radi ati on acgéscé"{r:oﬁgf(%"ﬁg}tsf r?éa&EP@F?@?T%E%@SP%%&?%P%P%EE%@F ellimator 49t her
detail wit hCollihatoedCn niaufatgtededthblaimaRr piadh of ik heh@rakbitespbifthids 70 are

i ncluded in,the .delt ect or 38‘¥fa described with reference to Figures 4-14,
PR H PhamagRg syster sugh; Yt e gperires argriecallyt ai | ed

and are focal P§Us

vi ew of t heligeainwith yhedoutcB € 2)s0ra8)o LIB ixays BYabCon 3Airédt gafiroRkERaNt

i nvent Lon. dA‘? %h%ﬁ/n in Figure 6, source 12 transmts x-ray 15 signals 5
(referfed t§CH ffie equations as P1) through object 14 and support 16 to
the detector/collimator/detector assenbly 36 of the present invention.

Parts of primary sigithbighStisPdét}etarr 88 Sominbalyeld, coh@hidtedOusiizahd @feaX- I Ay

si gnal comp ts { (represe tive catter rays are illustrated in Figure
6 by way ofd%%?{aﬁg?or“é lln?rie gﬁd‘rﬁi‘g}fﬂ IWI‘?P‘?’&‘FP firjt dgtegfor 3% ythichyis apgiheal s are
referred t aspeast bhéhequesahi patidRy BLind@Sre@ohy 76 0F ddusddr faliiafiéh abk&h 14 20 and
support 16. ' primary signal conponents 5 (P1)

and scatté F’Eé?vd)éfgfy%%ﬂﬁ% g‘ﬁ’?ﬁﬁ%‘f ll’/yn"(;‘lgglﬂ?)r‘llﬁ of Fadiatiop ghserbed by the detector),

det ecll®r / cak| éxphiret/ bttdve Gih Ofurthérs 8aHD I With36efBibndeN® BIRAENI5A rhlv.e?i:imn, and the
I gnal (prinmary

first dete 8 i s.disgposed to receive total x-ray si

signal 5 (gﬁ%"ﬁﬁl& TNt Z& A ‘Qﬂa‘fed?"(ﬂ%ief"j?t"rlsﬁraélde?&%%b‘fv refgrengestoadapt ed t o
measur e t otRigures-4-bd/ afd g0 Mcailnglighedivith helsB@cslgi. ector and provide el ectrical
25 signals corresponding to the conbined primary signal 5 (P1) and scatter

Combonent s havi ng a MR g8 Bt Boled BREBE £ st et shossvigmemBab | | 1y
(e.g., withyaemBdgf trprdke ineati;ut &5 shodanh Fegikd ©RoMRE T LbssnliRt:eQat e\O/I\o

(()Jlg_ggpzz( A%ig%ls SCtlr'efénhe% t<|3 Iinkt )e eEz?artiogse gsflgjlr) rtnhrgl(‘l:]gh oabjeScE %} gr?d ;ul];}r)]gri Ilg ?d th-e10
detector/collimator/detector assembly 36 of the present invention. Parts of primary
signals 5 (P1) are scattered, forming scatter x-ray signal compenents 7 (representative
scatter rays are illustrated in Figure 6 by way of illustration and not limitation; these
scatter signals are referred to in the equations herein as SC1) after striking object 14

20 and support 16. The total signals (including primary signal components 5 (P1} and
scatter signal components 7 (SC1)) then travel to detector/collimator/detector
assembly 36 of the present invention, and the first detector 38 is disposed to receive
total x-ray signal (primary signal 5 (P1) and scatter signal 7 (SC1)). First detector 38
is adapted to measure total x-ray signal incident on the detector and provide electrical

25 signals corresponding to the combined primary signal 5 (P1) and scatter components
7 (SCI1). As used herein “adapted to” and the like refer to components having a
structure (e.g. sensor) and a processing capability (e.g., with a programmable
computer, Application Specific Integrated Circuit (ASIC), or the like) for performing
a stated function.
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7 MAY 2004 PCTIUS00129711 Primary signal 5 and scatter signal 7 are
attenuated during the detection process by the first det e% m?S ﬁgz t hen
travel to collimator 40. Collimator 40 is constructed fro ' 2

absorbi ng TEY &P such as the sane material as a beamPSTBISIVAHA i s
focally aligned with the source 12. Collimator 40 of the present 5

I nvention includes holes (or apertures) 44 (a few representative apertures
being illustrated in Figure 6) which preferentially allow the primary
signal 5 that has passed through t he object 14, the support 16, and the
first detector 38 to,pass t.hr h t he colllmator 40. The primary signal 5
that has passed thr otiffi*¥h¥ |“|’Fﬁt§fﬁ‘“‘2¥03'ﬁ%al T eFerettenpated dwing B61 | i nat ed,

primary si gierttidn pradees Byolhk |fﬁmue@ctoma AR tNenSikBRG calliditdr B8N chflinfigdrect ed by
t he second 4Set ect is referred to as a detected, collimted signal

6. The col I} dﬁf?%&“ﬁ?i?‘@gl 13fliafioppabsprbiematerial gych ap dhensgme’ paietidl @sar |y the

hol es 44, deem-sfopcaid ¥ faéalllgmﬁgné& With Eﬂé%oﬁﬁéé‘ 18 Cofliifod 4Rbf Bt | MaLI Ng
pl at esg and .t he.hol e | ow radi ati on passing along a

a oriented to al
di rect” pat AT¥PUMH é‘i?ﬁi’d& h.‘l?%S 18" PRPIUFRSE 48na Suc EREESedtet anertues bmau ation
that is scanﬁsemeain(z«:igﬁ&@;wihfp&a&‘eﬂlaﬂy%ﬁ&& 1Rt 1‘%9%\:&5 :ﬁﬂﬂ%@% % -
or e

typically i on.the material of collimtor Is a
col | i mat or “gjé“gqb'g‘gl jeshEl thesrpaPa L&) ndobaifisg detsetor B8 &q parettiongy thes, i s
t wo- di nensiceMigdator (42D) T]@d’lgnm&yfsq)%iﬁl I_c,y[hﬁIHag Z)QQecY"'tﬂr&xgth BHifSor 4d 1 MOT eover

the collimator 40 reduces scat nts 7, resurti ng from ol 1i si ons
made by pr FHETSH 183§ A SPMmAfed prirary SBB?IéCtThELq?OlllQ@@ommHIB sigazld i thest det ect or

38, f1OM paseiB@by HeQvdhddbRcePlI, 'aﬂ@ﬁsof%feﬂgd {Pas20adiBaS ESORGHE S"a{qt or 42.

Therefore, collimator 40 significantly reduces scattet compon
al | owi ng méadiif epHimeting platgeoithe eellizpatel #hand mere prctidulagly abd pdesciyire h the

col | i mat or f&@uﬁaﬂ%{@asﬁmﬁe E(ﬂl‘i&uﬁlhsottnfi O BEmithg &193 £t bé Hagssh A 1s

expl ained in detail with reference toc gure nd 7C.
Posi t i oned °FiFifeditoAlleradiatignppssing along » direat onth4Aon sourdec] Secupihgdebect or 25

42. The segQifd dsb&ast @i ‘ﬁ%dlﬁﬁﬁf R %gt?egé(gjédeﬁgﬁecﬁﬁoﬁr eﬁlrg te tig‘{"f‘vm y one

alternatlvel 132pl uralit near arrays
or moke di §‘€H‘%€t )d&@"dlyolmplrmeemth@ mateﬂalec’%exﬂamdodé@ em;rl' mrabdtﬁbmeamar es the

X d s , bel ow. Fi
(732\ ;gﬁt gn 8&!7%9?} g@v pgﬁﬁ?x?éﬁhﬁeﬁﬁ@l)} !ﬂ:hmfd%é E]%{ dqu:{ ? 3% r(ﬁ I{iﬂne.g% 1%1 nd) ! g:J(rjgs

vi ew, respé&ddiapg IlilfocdiY-%irmetéWbdhmntcedﬂ d\drbrhowatthﬁ coflﬁmataﬂm refiudee
scatter components 7, resulting from collisions made by primary signals with the
object 14, support 16, and first detector 38, from passing through the collimator 40 to

20 the second detector 42. Therefore, collimator 40 significantly reduces scatter
components 7, allowing measurement of the primary signals 5 focally-aligned with
the collimator 40 and passing through the holes 44. The collimator 40 is explained in
further detail with reference to Figures 7A, 7B, and 7C.

Positioned immediately behind the collimator 40 is the second detector
25 42. The second detector 42 preferably comprises an area detector or alternatively a
plurality of linear detector arrays, or alternatively one or more discrete detector
elements. The second detector 42 measures the collimated signal 6, as explained in

further detail herein below.

Figures 7A, 7B, and 7C show a front view, a top view, and a (right
30 hand) side view, respectively, of one embodiment of collimator 40, and, more
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-11 -7 MAY 2004 WO 01/35122 PCTIUSOQ 29711 particularly, show a g@l | i mat or
plate with focally aligned holes. Collimtor 40 i ncl ud-e 2 ll‘focally
al i gned W 3, &7 source 12 and provides collimtion of gapsor bed,
undet ect ed pr?&r?%a% beam5 in the first detector 38 passi ngﬂ?%r ough the

hol e apertures. To reduce the scatter conponent signals 7, collimtor 40
preferably 5 conprises a solid piece of attenuating materi al of the sane or
greater height and w dth dinmensions as the first detector 38 and incl udes
a sufficient nunber of holes (also referréd to as slits or apertures) 44
to sanpl e GRACARAYALRNW attﬁ)‘lﬂ @af@@ﬁh%@al %Péd ﬁ&@éte(folﬁrh% ho 7. Scatter
signal 7 has, in general quency spa aracteristrcs (that IS,
the scat t eringludes helgpét fﬂwllmtgwdﬂnglﬂf uraytsounge Ah andwoddesdolsnation o evar y
dramati cal Iy g Bf:ygh dPdectk t t yariat i from poi nt
to point). B p'mh ¢ ‘ﬁg‘?‘g‘é ebrelwgtélqt: tgé %gsé?%ﬁgm b’!;(gass'mﬁlt m‘ﬁ%’o@’? of hol es
44 suffice hptyrapemgp;s dhlesllm tbstsqattat ¢apmponént tstpmals FatelEmasr gha:keféi-abigross t he
first deteghy gr=}VA h of haoles refers nunber
sufflc?ent Egﬁegaa?%c' rtag‘m?c-egs(gn uﬁ@éé djaa{aém?%h Hractef't Ei%r er’n%ht aE@tter and
can be det efrnﬁtimbmnsﬁqms anWSEdet@atre?@ am inchpdes |acmfﬁc3f5t nma’sarrcﬁrm!bts or

predi ct ed ernativel tor. 4

conpri ses 3%?(?9 8’{%8&5’9%’ a%gm re%% té\lsach Ig f"P(%%Pr?Ke |t‘?‘|° Hﬁéenﬁf’ re 3,

posi t i oned (ZPh scatiet h@naloﬁte Beattenvsigdaln® risk ons)genmwbvatfelqyelhgempaﬁhlt he first
ot ector SS9 ool PERRAR Y557 St Pese R0ER "N O
second0 det eetyodramticall9 ﬂ%m pexarppent Witk ﬂargmttqt-m@@yarhyiomﬁomfpmaap! e and
Wt ol es PaiD; PR B FerdeS T e Grabh sl i RRERA subt Bi g
provi des heppeprae witinfatian béthgecarpsighalr7adcias tefighdetatdrAsray 3B Yrhgr eat er
scatter red , he ratio bein fi as t th . of the holes
44 di vi ded g’% oy ‘Wg{i XY “H%’#"é‘%‘ gff“tnht‘t‘t’t’éa‘wpr‘tsmﬁ&c damte (o 25
appropri at ehgracrterchﬂcthe scatlet afnad:aﬁrben@dtmcg,nairsemepchBWe@anl @hsiricgduct i on"
as us%i hergl n refters tcg ‘fg é %5{ he. scatil gngone t of radiation

i nci deht on ATLYRT'S Yratetat bassd of Myqustemeling o Alepatielys calimptsr 4Pess of the
total si gnabmpases cﬁthﬁiafoﬁbla}és@%sﬁﬁllar k@ 8®seddhoviien iRt Burs BIpatitionBEthnd t he
col I'i mat or R!ne%toge élr() two du%esnsé%g?) gtate?}? l?e%:r}xgl tfl(e fi rsk/ de?&:go?%tfioand in front of

the second detector 42. This embodiment of the present invention provides

collimation for detector elements in the second detector 42.

20 For example, collimator 40, by way of example and not limitation,
provides 20 cm x 20 cm in height and width dimensions, with holes distributed in an
equidistant 50 x 50 matrix. Such sizing provides holes 44 with a large aspect ratio
(high ratios imply greater scatter reduction, with the ratio being defined as the depth
of the holes 44 divided by the diameter of the holes 44 in the collimator 40), to

25 appropriately reduce scattered primary signals 7. “Appropriate reduction” as used
herein refers to reducing the scatter component of radiation incident on second
detector so that scatter constitutes 10% or less of the total signal, and desirably 5% or

less of the total signal.

Behind the collimator plate 40 in assembly 36, second x-ray detector
30 42 is positioned to measure the remaining intensity of x-ray flux of primary signal 5,
-12-



30 42 is positioned to nmeasure the remaining intensity of x-ray qux of
primary si gnal 5, -12 -7 MAY200~ WO 01/ 35122 PCTI USOO/Z??M]A ?

resi dual tter collimated signal 6. As used herej i\ pd
"above, " equ(mzz and the like are used as relative ter#gmfjs éscri bing
positions as illustrated in the drawi ngs. However, since the apertures in
the collimtor significantly reduce the scatter signal 7, the conponent of
this elenent of signal 6 is small enough that 5 signal 6 can be deened to
be representative of the pri mary signal 5 detected in the first detector.

The si gnal asur ene n fram the.second .detectors
42 are ess anglr'fsl sca ttt'eér : §% co@'@%ﬁf%gr{a;]g g‘&luf’edrpﬁfeg}’ E‘T%Mf le es 44
signifi can'tHejow ’éekubﬁe fike arzamtd mrelat:gmﬁhns?for désedlitingl pbsitiomb asnlmmdtecﬁ ar e then
used to t§3td' mat e he

e et ot B bR, THiSreS T, Bt BE bRl DA Y e ot e
array 38 C?xﬁ:[s%t&ﬂﬂighﬂg?,tlm ctdﬂgalcmgﬂ_mﬁlﬂ?; klemaiiti c;rmggaliﬁﬁs{mnﬁl#gmagh fhat The e
t ri S a I N ne s et.ec I SI na

et b taingd B8 serebdhudil of s Shimptty HEHLY adf B i 1 3' 9

det er m nedfilyddatsitgrg t he nmeasurenents of signal 6 and esti ITB.tI ng t he signal
15 strength of the primary signal 5 in the first detector based on the

X-ray absorption in he second det nd t.he attenuat f ignal 5 by
the first detector. IF% e He meégur?merﬁ reéneaﬁctd it %‘t' ({s@mm hfe P 8?Frsant ed by
t he scatt edetesgdrs ndt lancn eaﬂnhaﬂlgdmtterd‘reepsm@r g célﬁmafortslhs pr e}mmst44 nventi on,

s explain et ai eferen r ner al in the
or esent -1 noEHrBiS P dht el S8F 75 orBest Bl gl 5 Beb R e ac
IE‘I{ SCOJIJ}O, ?r gstlgmt;etlmtﬁd phmawhgxgammbmpg?ehhé rﬁ&tsilx)mmleshe?ﬁrst Idste@on ﬁr&my si gnal

, denote rmned as out]i,ned above rom primary
ol s seat Poug sahal BrTeR Ao ootk SEIeD BTV 48 A RponSBR P e [n t he
first detesingle RBationdf Wisedgindi6ei The Esdmarcasiithe ghimaryl 9gmt Sdnshie find the |ike

f t t f first d d, det ect t hat, f | [ i d
Wt the DR s e § A ge RO i HEp e B aotrpen by o oo

| ocati ons isodetk@iniiiedi bie dishey ihetmtastiegvmt of Gipnhl 6Sdnd dsiimaliy Jheadighal he
pri X-ray si | on the se ctor for rays that passed along a
G 1 act? pat Frened di iy Sizma S iidns St Briecor e P s helPBEBI o of ze. of
about 5 or tH¥REnE Getadtér and the attenuation of signal 5 by the first detector. The method of

the present invention, implemented by the scatter estimation and reduction program

25 of the present invention, is explained in detail with reference to Figures 8-14.

Generally in the present invention, the estimates of 2D scatter signal 7

20 denoted as E{SC1}, are generated by subtracting the estimates of the primary signal
P1, demoted E{P1} (determined as outiined above), from the total primary plus

scatter signal (P1+SCI) measured at corresponding locations in the first detector 38.

As used herein, “corresponding locations™ and the like refer to portions of first and

second detectors that are focally aligned with the apertures in collimator 40 (thereby

25 providing appropriate locations to determine the total signal (on first detector) and the
primary x-ray signal on the second detector for rays that passed along a direct path
through the same spatial area (which area may be of a size of about 5 or more square

pixels). Thus, E{SC1} = P1 + SCI - E{P1}, at corresponding locations in the first
detector 38. The 2D scatter signal (SC1) estimates, E{SC1}, are referred to as a

30 sampled 2D map of scatter. The sampled 2D map of scatter is then filtered using
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pi xel s). Thus, E{SCl} = P1 + SCI - E{PlI}, at correspondi ng | ocat [m‘n in the
first detector 38. The 2D scatter signal (SCl) estlmate_s ]2 l&r

referred t 0 sanpled 2D map of scatter. The sanpl
scatter is%‘ﬁ@@g}% tered using -13 -7MAY200 WO 02135122$g %%129711
techni ques known in the art to generate a spatially snooth scatter function
by applying the a priori know edge that the scatter signal SC 1 should be
spatially snooth or, in other words, contain |owfrequency signal
conponents. Alternatively, a polynom al surface is generated and the
squar ed- er rG heteait Be S akt gl t the.data are
mnimzed to ggﬁerate t he tcon%tl ﬁu%eﬁg&?ngnsé%a% scat?gcgﬂeﬁ'f&'ﬁnb sfrate a
si npl e exarApplyingf thg @m@t’lhlﬂwéﬁtdgerthaﬁuhctscmr ¢itealoBEl sh@l )oeuspatinglyt he | east
squar ed- er rsg; hai Giie d S timte the
scatter in %eéget ect o?vof/‘t\ne{l%haﬁl(r:lgys}fe gaﬁggﬁ%t% Gne Pﬁéﬁlta\g/\%elf% k is the
constant t m%@omi shrizogdel gensstadnandghe squamdtmr bétwebre the satttee estingatesss t he
detectqr ar Ga% as e = E (E
{sa }QB K) e{nﬂ#he ﬂt]tQttferlaﬁtasd n 7§J {o%ngr%tﬁﬁ}e 3 utoﬁs iﬁmq ht‘l&%ge act to K
yields k= E (E{SA})/ 10 as expected In other words t he best estimate k
is just the average &P ilusatest simplecyample of 3 sinsths scatterefunctipne(denvtadown
par amet o1 S SO0 TRE (FORRIISGAGMANARNANS AAM:A, 88 WHIRbE: SARL £ Can be
readily ascertain usi ng ‘one severa npar abl e squar ed-
t echni ques deHOolE ﬂtﬂcﬁctﬂmﬁslea $Rideteetgr Wﬂhtattenm valBg, Isuﬁit?k—abmhnig kuh@e' snoot hed"
(that is, ggl gy]-[pgtg SadidrliRae t ”grea{ d signal
| ocation |n0tﬂ ' ?rtés&tn '%gt"g%?%%ﬁée%t%ﬁg%g gttésrgg Setﬁg ?tgcg |gl%$of t he
si gnallOrreaslhesmaxed-eaacfunctemel&tmdeﬁreﬂesrent of the fi rst detector 38 is
significantly reduced. The net benefits of the nethod of the present
i nvention are |rrproved t.i Q- ontrast detectability in
reconstructed CT |mge§§'§?§f‘§‘&|‘%§’ ?ﬁwc i'mages. The foregoi ng nethod of the
present invention is now explained in 25 detail. -14

: Minimizing this equation with respect to k yields

k=%, (E{SCI})/ 10

as expected. In other words, the best estimate k is just the average of the estimates of
15 the scatter.

The unknown parameters in more complicated equations used to
estimate scatter can be readily ascertained using one of several comparable squared-
error techniques known to those skilled in the art. By subtracting the “smoothed”
(that is, a low-pass filtered) scatter estimate from each measured signal location in the

20 first detector array 38, the scatter fraction of the signal measured in each detector
element of the first detector 38 is significantly reduced. The net benefits of the
method of the present invention are improved resolution and low-contrast

detectability in reconstructed CT images or radiographic images.

The foregoing method of the present invention is now explained in
25 detail.



7 MAY 2004 WO 01/35122 PCTIUSOQO 29711 Figure 8 is a flow,}'nm m&rthe
scatter estimation and correction nethod of the present+ |

i npl enent eqvcp mgﬁg scatter estinmation and correction 9%;@5305571 f t he

pr esent |nven As shown in Figure 8, x-ray intensity I"'S§"col I ect ed
48 by the data 5 acquisition conponent 19 fromthe first detector 38 and
the second detector 42 of the x-ray imagi ng system 34 of the present

i nvention. The strength of the primary signal inpinging on the second
detector (P2) 42 is then estimated 50 fromthe neasurements acquired from

t he second detector, S4 i b tion of.the x-ra naI in the
second detector 42 a‘f:l%?%eé gsgér urcxél‘l‘s}?ﬂg 021%%) %‘1%8% tﬁ%f)%rangl(f%n Bsi gnal 6
estimat e i gnetijdd d@lﬂnrmnéeveﬁ{imz}impmﬂeﬂmp séaser dsamaticledrdroniTedidn t hen

using this S|gnal 5is estimated 52 as E{P1 } for the
first det e@?&%ﬁ?ﬂg?oﬂﬁ? gs%nérl} e’%tf)ondl ng aperture |ocations 44 at which the

prinmary signal P2 is nmeasured; the signal 5 estimate is denoted as E{Pl }.
E{P1} is estinmated b#sskiwnginddgirentt esaydhtcodity data immolectcd 48 igntak data t he

seconds det %e&.ﬁgmé n%:}oé%rﬁrig ﬁtot}ﬁh %?é?ﬁ &t&fbsOJ tngkh éor{d%éte@{or% h|§,' gnal 5

by the first detector romt eeswraeo primary signal 5, (E {P
1) ), the <cayimaging gysEm 3481flth¢ presehemveadivi. nﬁheﬂreﬁglhfocﬁnhetmmldry sighaldet ect or

St o B O TRARANGI G b REoFRE sty 56 Rl PRt ents

estimate o _ enote Basead sCatter
si gnal est iamwdE{OSCﬂle}setfomd deesqoea:bnsrcknagehetahsaphmcaf1herx5ra5141gnalhe act ual

h h
Funct ton. 1 52epdEERPIZRAENERRP ARt e TRR: AR EPh e iBlur ed i n

the fi@st ddmtecbascﬁ{PzB at each respective cell location to conpensate for
the scatter conponent SCI in the detected signal in the fi rst det ect or 38.

25 That is, the scat(t)g{] %Q?Béﬁéeé%)ne&’fth%n%&&ﬁﬁaﬁ i Enr&g)r} + SC)

are reduced based on t ect e
cor r espondisiggal 5 deteefinate] 52 @s di{P3} doraths firsy detecBE 38 at L eorrzspmﬂing 004

aperture locations 44 at which the primary signal P2 is measured; the signal 5
estimate is denoted as E{P1}. E{P1} is estimated by using estimates of the primary

15 signal in the second detector (E{P2}) and the absorption of the x-ray primary signal 5
by the first detector 38.

From the estimate of the primary signal 5, (E{P1}), the scatter signal

SCl is then estimated 54 for the first detector 38 at locations corresponding to
aperture 44 in collimator 40; the estimate of 7 is denoted as E{SC1}. Then, based

20 upon the scatter signal estimate E{SC1} for respective aperture locations 44, the
actual scatter signal 7 is approximated 56 by a smooth function SC1. The smooth
function SC1 is then subtracted 58 from the total signal P1+SC1 measured in the first
detector 38 at each respective cell location to compensate for the scatter component

SC1 in the detected signal in the first detector 38.

25 That is, the scatter components (SC1) of the total signals (P1 + SC1)
are reduced based on the detected, collimated signals P2 and the corresponding,

detected, total signals P1 + SCI.
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WO 01/35122 PCTJUS00129711 If the system 34 is a CT imagi ng device, imaging
data is then reconstructed 60 fromthe signal P1+SCl- SCl ﬁf ?hgﬂl‘g t hese
data were neasured by the first detector 38 and using teZh % te own in
the art. ThWQWdEhstruction process involves normalizi REWERSVEAIA Wit h
respect to the output intensity of the x-ray 5 source 12 neasured at each

| ocation in the detector 38, taking the natural |ogarithmof the data,
scaling or filtering the data (or both), depending on the geonetry of the

i mgi ng system 34, and back-projecting the processed data onto the
reconstruction grid. This process is known as filtered back-projection and
is known to those skilf [t system tMeisar(CT fmaging desise.0imagingo date sig othen

respect i vel ¥codsBu@es Bo @onBe f, ie | st of steps
48 - 58 in further detail Fmggﬁéjlelﬂ1 qu%% 21@?3‘?%\ gbée\/\dg&d‘i(,%%%éeﬁgﬁgq (2D)
phant om 62 ®f ths firpfrdsgactoni3end jusine techpiquestknown iByhewery Ghis @scangitustiemd not
limtation L t for a
center sect|Ighﬁségﬁ’?ﬁefg&o?ah?%&%qma%mr§p%%tgrﬁ?gndu %g?nzgﬁg%ﬁéfﬁgggn ous obj ect
Wi th a’li ne¥rrestl2 araatreda ee@blp¢at@n@nﬂmed¢te@ox138emﬂung tﬂ'dmnmimwlt}mofl on 64,
representi I8 t tom has a
5-cm di anenl?gtrdggngégh :aﬁgileitfhxg]tenugd?lﬁ%r?xc e?e%)l CI lﬁélaﬂleg—rvn%? Fi gure 10
i s a one- diFeaidwEFm(34ppnd hegkrimbicoting the peogessed éattslongo the oécohsgructién

noi se-free ir st cfor 38.

The 20 1 espir] b Tarane Fogats kb Aok aRLim 1t Mun E M SR 7.
smoot h scatidéie ast.gnal SC1, and a nornalized total signal P1+SC1 det ect ed
by first detector 38 are shown wth respect to the distance in cm from
the cqgpter of the ZDWt 2 u

correspondi to 48 in Fi ggjgaeb%}%ﬁoéﬁ ﬁgserctai!t':éé)g%%g& ct)fﬁde89 %%?f:_rgl Frfed t ot al

si gnal sﬂ.?gé]él'isffﬁ‘eteﬁ@QﬁSFe§§4Qje§?e@tfwhe?s86tﬁlhcl udes the primary signal 25 Pl
and the scatter signal SO which, when renoved, |eads to signal P2 neasured
in the second det ecirglrd®shhgn shﬁsze%éﬁﬂh@a%ioﬁﬂ (%)ﬁﬂ&ﬁtoméif@ffayth#é@am Pl with
the first etecto& §8|s aI%boprlatelyrmee - -- MAY 200k WO

01/ 35122 PCHREEER ohiegt T MY Gz eamplet érkdsp@tthtaﬁqntélse gawerih 2Dh Fi gur es

10 - 14 repstefomi 62 is 20 cm. in diameter. Except for a center section 64 thereof, the sample

15 2D phantom is a homogeneous object with a linear attenuation coefficient of 0.1 cm'.
The center section 64, representing the region of inhomogeneity in the sample 2D

phantom, has a 5-cm. diameter and a linear attenuation coefficient of 0.2 cm™.

Figure 10 is a one-dimensional (1D}, normalized x-ray intensity profile

of noise-free signals 5, SC1, and PI+SC1 detected by the first detector 38. The

20 respective intensities of an ideal normalized primary signal 5, a smooth scatter signal
SC1, and a normalized total signal P1+SC1 detected by first detector 38 are shown

with respect to the distance in cm. from the center of the 2D phantom image 62 of

Figure 9. Figure 10, corresponding to 48 in Figure 8, demonstrates that the
normalized total signal measured in the first detector 38 includes the primary signal

25 P1 and the scatter signal SClwhich, when removed, leads to signal P2 measured in
the second detector 42 when the attenuation of the primary beam Pl with the first

detector 38 is appropriately modeled.
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the signal profiles froma parallel beam x-ray source thaz 1re{ J#able
for detection by detector/collinator/detector assenbly= %#& ﬁgHL esent
invention,“gﬂﬂﬂggi the absolute x-ray intensity val ues ﬁg £ for

det ecti on. rst detector 38 will 5 absorb sone of theé energy of these
signals, and, ideally, the second detector 42 will absorb the remaining
portion of the energy so that the dose to the patient is not wasted. Al so,
in all of Figures 10-14, the horizontal axis shows the distance in cm
fromthe center of the 2D phantom 62 in Figure 9. For exanple t he

5" Shown at hor | zont Wl 1AG RIEHShouh 1€ £FERKTHO Pl BesBl®N 07, >
The att enudhd signabprofitesxdranayg pRbligidwsmnngray hpumgthat arhevahhgb fof dethmon

' nhormgene'bgydege%g)p/fcolﬂgg{& {Qﬁ 55@&1&)1?“566 %gthle Qt ny loaqorarllcF ggtt l posi tion

+2.5 cm gure ISSITTYEI‘ICWIth
respect t o abspdute aw?lntp@gslmgxes Iawaulag}a fot slcm:ermerTheAﬁrsa déuactbuhéS vélanpl e, the

ot oo B S L ARNrs) 8P Biscstorglh B efi e @ell LRI 1 0, 1 0

hori zont al "regi ons rea 550" Em ess cm since
t he 2D pharabmb dwes:rmﬁnngemmnml of b@/emadgyt be gat Heudds .to Eilegpit&nﬂ.is not

correspondln 8 of t he rmal.i ze noi s non

noi se-free), a%]tt SO % %{E %‘érﬁi tﬁ%ﬁ = %S[f?gﬁdth? glataf’?‘?/]t“ﬁé“ first

det ect or 38‘ronmthenmtd|umreszn)phanﬂﬂ1ﬁgmlgzréa Fmﬂa’xamﬁ]@pﬂhdhm@uhﬁorﬁc&'aﬂf Fi gure
8, shows the ngy mal i z 0l S ry.si red in the second

det ect or 42['113}’1 Hassﬂigﬁﬁrﬁggq’ th XﬁQ ?g'e tg'BaG é%%éﬂﬁ’a ‘138“‘%{;5"’5’5’2" 54 and 56
of Fi yire 8,0 chanshe plets imBigase R tBie mﬁuaﬂaﬁ ef&{:Sﬁy}Pllpmsi]h@thfrwgat det ect or
38, and a 0 i,t 5Cl to the ter profile in aone dinensio The

noi sy scat t%ér dt@%tmﬁt iphigepageneity q4°d’§‘f’5tf’ﬂ‘e B ‘%egdﬁglfoé‘e’t?t:}énf%qn0| sy
scatter pripgEtivh $2.9R8. afSL2 FREE sfacd BE ph aﬁtﬁxﬁrmtlh%%@é S¥s dylradui® wgmal Pl +
SCL. -17 - 7 MAY 2004 WO O 135122 PCTIUSOO 29711 Fi gure 14, correspondl ng

to 58 of FirgNF@ 18 thes Rl Passing dmreth #F $eIteTz eds apfurtheirxaplgnglie Healand t he

si gnal Pl Q@H@d’lﬁ&@ﬁ‘llﬁﬁy%%ﬁlrﬁcﬁ]'m@ré he SR altdhubled irf Be hBRzondL Adigs - SCI
fromthe total neasured noi sy sighal P1+SCl. Another aspect of the present

i nvent? on, St thand 00 qm.agd 1gss thaai-49.0 cm. since the 2D phantom does not extend
beyond these bounds.

Figure 11, corresponding to 48 of Figure 8, shows the normalized,
noisy (non noise-free), total x-ray intensity signal P1+SC1 measured in the first

detector 38 in one dimension.

20 Figure 12, corresponding to 48 of Figure 8, shows the normalized

noisy primary signal P2 measured in the second detector 42 in one dimension.

Figure 13, corresponding to 50, 52, 54 and 56 of Figure 8, shows the
noisy scatter estimate E{SC1} in the first detector 38, and a smooth fit SC] to the
scatter profile in one dimension. The noisy scatter estimate E{SC1} is obtained by

25 subtracting the noisy scatter primary signal estimate E{P1} from the noisy total signal
PI +SCl.
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5 conprising regions of reduced absorption, is now di scussed with reference
to Figures 15A and 15B. As is well-known in the art, a.r.e?a'tﬂ

commonl y include scintillation material which absorbs incident rays and
converts tWORATYy in the absorbed rays into optical sFPgHEFW27
corresponding to the energy of the absorbed rays. 10 In a typical prior art
detector, typically about 40-45% of the energy in incident rays is

absorbed by the scintillation material of the detector. If a nedical X-ray
i magi ng systemis optimzed for a particular application, the quantum

detection efficiency.. referrj e nt age. of i dent Xx-rays
absorbed by the sci 'é‘f@i‘%dﬁ‘mﬁﬁ’f’ ‘Fgﬁ"f%d’ﬁ g"‘ééﬁ F&{efﬂd}?“ﬂ%ltzé ial 15
incl uded i ﬂa@eﬁgzﬁwuaadd&sslg@bh)y gaherhte@ By seﬁ%mn@&%snwadx fidpathty is 100%
whi ch ensures etoa edell é‘igedtothe patient is used for

di agnost i c5G8HE rom dri@ HP‘EYﬁ%“ Lt¥d- dose exposure for the
patient. |ncreasi ng the QDE of the scintillation material is acconplished,
for exanple, by incraashegspdie df hhelppsas iaberiibs, wﬁi?,;hntsid lfiedt i derectont eri al .

However, as the.convers tor (.0 of the tillation 20 materi al
of 1 o ov o EPBRIUE TP G PR EGorig0 i Db <BF A  Eotories 3 BB of 't he
detect ed sigwahd i3B.t he second detector is reduced, nmaking estimation and
reduction of the scatter signal nore difficult. In another aspect of the

present invention, a sel ect nunber, of regio 70 are includ in the
I ret detector 98 i AT CFEme N A i e e FEicRy FRFERE BFRDE' [ e
scintill at sautilkebe madrial svhidit atis0fboindiinn gayshandagpeesst the artggynit theds of the
pr esent ti.on de crlb d. herein abo h reference.to Figures 4-14,
eatter si Biaret A e ol siatals oo RRiite i bEetgly pF B abi@e S 4 nal <1 gal
measurienenimsa typivel fplo- anfdetelier, tadeiip dbae tedswrof4i anebyfih iikidegehgcisor 38
shoul d i deal | 00% ..hence, MAY 2QQ4 WD 01/ 35122

PCTI USOQ! 23%?%%5?’#?@?%‘8%@%%“ gf’?@ﬁ%‘%ﬁ*ﬁ’ﬁ not be wasted. Once the

scatter signal has been estimated and subtracted fromthe original
nmeasurenments, the siIgrtahsedhtalaéﬁﬂnagdniagingh@stemco':sndptirdietcé(foxoa paytodutaal |y are

e 0 RS ARGk A0Sl 30BF, ISR T peRRIITEN S,
of reducedimiient kirdyat ahsorbecl foly cthe rsciytillafdr marebihad the doiagBatiantmitedtls t hat
0CCUr1d M included in detectors is desirably at least 90% - 95%, and ideally is 100%, which
ensures that the total dose delivered to the patient is used for diagnostic imaging,
thereby minimizing wasted dose exposure for the patient. Increasing the QDE of the
scintillation material is accomplished, for example, by increasing the thickness of the
scintillation material. However, as the conversion factor {or QDE) of the scintillation
20 material of improved detectors approaches 100%, the signal-to-noise ratio of the
detected signal in the second detector is reduced, making estimation and reduction of

the scatter signal more difficult.

In another aspect of the present invention, a selected number of regions

70 are included in the first detector 38 in which the quantum detection efficiency of

25 the scintillation material is not 100%. Using the apparatus and methods of the present
invention described herein above with reference to Figures 4-14, scatter signals could

be estimated and subtracted from the original signal measurements. The QDE of the

second detector 42 and first detector 38 should ideally be 100%; hence, the dose
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bot h radi ographs and tonographs because of |ower signal-tqg-noise_.ratio in
nmeasurenents at these locations 70. Since scatter is a l‘“(‘)&/ MA}ﬂ'ugﬂéﬁr
signal, it _js_ _sufficient for the original 2D detector array 3 have
onlgy a coaﬂ?e"’ﬁ?léﬁerrent of the |ow QDE regions (or si tegfw);' d 2r‘ﬁl?he
scintillation material to adequately sanple the 10 scatter signal in the 2D
detector array 38. "Coarse placenent” refers to having a nunber of regions
70 to obtain a representative sanple given the spatial |ow frequency
variation of the scatter signal. Figure 15A shows an enbodi nent of the

first detec i j ch the 0 he.scintil.lating material, of
detector 3 eggeﬁg(gté’ctﬁ%ém ifﬁto‘%h %h?%t%{] dﬁcg geg é}feﬁﬁllgﬁ%élg"g'?egﬂ i© tﬂgﬁ%df reduced
absor pt i on an@,subtragfedriadyh yhepdriphead measmementy) ey sipaitd measuredtiv pheadcbyd r ef er r: ng
to an unifo LstriRQution of regions 70 t.o provi.de sanpli at intervals
that provi eeggé’%ra%lﬁalr:@t &%) 856 e eﬁ?pa{?‘feoﬁ’eoflg? dO-BIE% 9 ﬁi”ltg??vpf’ma’uency
scatter simeahrements takeg fionsthe Heteadticlemans ar the 2Dndetéior B3t Pdregiond he

' ci ntj r oxi mat el %‘gthe,reducti on

mat eri al form.ng,the.. l.lati ds 5

n sci Rt |18 SRR csgyiton sehirienty: | Thie 2 el JeRER (it Bat PSRIF S (s used
for illustrimth wedipgapias @esd ofehvprapidh ebeahigeor ot i16Werp @ipaal-0noist haatisCimnt i | | ati ng
material in_the detectar 3ﬁ) IS gul ted bﬁ r.egli ons_70. Signals, both
primary and™@EHEPERS 3L§“§§q 53103??3 ghPPEFBRE 0 1B frermengy, Sgnabelt dbt or 38
are then (mﬁrdiemfcedzdbﬁgﬁﬂi Q]Dmafﬁ%a &ay @bmhvmﬂ% gwqar%]d FlhdeyhcEdfthd S tlhe
rimry signa 0 pass,_ thro e .colljmator, 40. e primary signals

!to hat pgss %ﬂ\”o@% "fdgu Sr(B’Q?'B’ﬁ)s%gB‘ '&‘F S'E‘Hiélllaé'@“f“i’art"srta] Hb%@&%?‘ygama%dhwﬁi ch are
col |'i mat ed daytier REzngioIn! the@DOdetdtbradrRy it eat@ekebadehent” SeRAN We1w@Ct or 42 and

used by the x-ray i magi ng_system 34 of the present invention _ as described
herei n” aboV&mhet i9f rf@*g?seﬁge%t@twgéhrrag%&mﬂ\:e s3RIS (giYRR: Breafmatitleifice t he

scatter. Sifmqae,{c@ghmﬁmz,@t@lgweps@m_r oxi mately 50% of the energy of signals
i ncident thereon, signals passing through regions 70 are relatively easier

I T M I R U TN R
PCT/ USOQ 29FbE ofahe sdistillalifly matdriahopbaedidis3s pprebRhéddl 00%, 0 %indh dike ener gy
oF 1G53 STl R e LR BRSO o b & RIg! el ol ator
nmodul ati on (efpidali réfbiyisp @8lan RAISST His@buBén bheegiche I70tth lpkAldeNGnipihght al .
intervals that provide an accurate representation of the spatially low frequency scatter
signal). In regions of reduce absorption 70, the QDE of the material performing the
scintillation is approximately 50% (the reduction in scintillator efficacy is application
20 dependent; this figure is used for illustrative purposes only). The absorption power of
the scintillating material in the detector 38 is modulated by regions 70. Signals, both
primary and scatter, passing through regions 70 of the first detector 38 are then
collimated by collimator 40, which preferentially permits the primary signals to pass
through the collimator 40. The primary signals that pass through the regions 70 of the
25 first detector 38 and which are collimated by the collimator 40 are detected by the
second detector 42 and used by the x-ray imaging system 34 of the present invention
as described herein above with reference to Figures 4-14, to estimate and reduce the
scatter. Since regions 70 absorb approximately 50% of the energy of signals incident
thereon, signals passing through regions 70 are relatively easier to estimate, and are of

30 greater integrity, than signals passing through the rest of the scintillating material of
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5 Figure 15B shows an absorption profile of the preferred enbodi nent of
the first detector 38 with reduced absorption regions Z0] HAI@OWEQI ons 70
of the detector 38, the scintillating material included_jn t I ﬁ tector 38
absorbs aBB¥3fately 50 % of the energy included in t hECYEAME dent
thereto. Peaks 74 correspond to the absorption profile of the regions 70.
In contrast, nearly 100% of the 10 energy included in the rays incident to
detector 38 is absorbed by the scintillating material of detector 38 at

ot her locations of detector 38 where regions 70 are not |ocated. Peaks 72

correspond .t o t hgse other regions.. The nmany, features and advantages of the
i nvent i on ?tgc"t%fpggrvgﬁ‘fh &’SBWF ‘?rﬁgra&@’t' Qﬁ?%ﬁ"r}s"ﬁ%ﬁ%)’caf SR ,m‘flﬂﬂg, it is

i nt ended byhetdon. appghdedo cbaiime 4 phyeRuemoddihtichSofSthe lscihahatlng aaatexid

advant ages. of the inventjon whi fall wthi he true spir.it d scope of
e T nvant iteded pRger 4 ae Sou e someciisteniol dbs PivieC Pt eflew |

readi | y ocedifitilfating hateialskilled in the art, it is not desired to limt the
invention to the exact construction and operation illustrated and

described, and accorgdingl.y,all suitabl.e modifigatio Lval ents may
o resbrted 1o, Tal ITEGOUPPAnRvy L aisBotn GRS oF PP dl Pmfilindd P2 DY,
May 2004 ChoAthhSirst detectin 3% with yreduded)absgrpsiys teginn G0. iAtaly regican 70bf et by

transmtti -rays,  said .j i ng, _systemc rising.a, colLlimtqr placed
bet ween a H%Fé?r %r a&l}edéct“étglag’? a’ﬂ%e'égll é@?ﬁ'ﬁg s rtii/ SR éb g%&%&

col | i mat or apgbxXighatdiys PO LAl &8 eddrgy dndlaidtdde tiRcAl$ arcideanterne nPeake74t ot al
Xx-ray signals incjdent on said fir X-r.a etector, said al..x-ray

5 onal conpPResPiG! ' TP GoTuitalslot e et A Ieforh AL BB REHE sten ¢ ha
X-rayso i n@h&gflﬁr}cﬁiﬂpﬁﬁﬂ &e&@?&ﬁﬂﬂid@ﬁttﬁ@e_&bmﬁ ?apg bBSb_rMH#yi e tseiatilaing
representative. irect_path x- ray signals sin rom X-ray source

t hr ough sai“lf%‘lﬂf@%getf%orbﬁso Aerherglocs! Pﬁagﬁﬁg‘&?‘g f’“th'gtreE’@P%?@&F‘f 1%nd t hr ough
sai d col | i nahRE, P&k U2 YorfsayoridiB Giobgothrsé@ensbei ng adapted to generate a
scatter correction signal fromdata obtained fromsaid first detector and

said second detect f or iwi ng ‘gaf#% ‘Igener ahtéed frt%m sai d Iei {grtg detector;
said first x-ray detcCtBPrPHITa APCaNEPPET Y A P PLOn 88t P05 S8 nti 11 ator
sai d sci ntld desdiled spegificatipnoand] thog lid it yntaided byl tteagpatisd clhimow0 cegialins
di str'?uted hgr eon, sai.d  reduced .absorptio i.ons .bei ng arranged to
2 T owlt r anSHTCERBIS apd Jegmisgre ! feroaArah gl WOUT T ERamgn t han
ot her portiscspe d@fthe divéntidn StFGBES GinRE naMmkrbs modifitations and changes will

readily occur to those skilled in the art, it is not desired to limit the invention to the

exact construction and operation illustrated and described, and accordingly all

suitable modifications and equivalents may be resorted to, falling within the scope of

20 the invention as claimed.
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wherein the collimator collinmates the primary signals passing through the
reduced absorption regions, and the second detector is disposkblay@0det ect
the collimated, primary signals passing through the reduced absorption
regions. 2. The x-ray imaging systemas in claiml1, wherein the x-ray

I magi ng Sgphmisi S adapted to generate a snooth scatter function based upon
the scatter correction signal. 3. The x-ray imaging systemas in claimil,
wherein the co‘ﬁ!‘ﬁt’@ﬂdfﬂa@lﬁ‘ﬁpwsé@é dor imAdingran i abipdh e Bin tEanemittiag xIrags, xsaidy

i magi Ny Sitfdgfiy Std Bhiphhd -a WhRhSioP PB@ﬁ&%EMd@ﬁté)?rétWa YRteci ea@d Te

focal | y- allgned wi th an x-ray source o | magi ng” system
X-ray i megfeRgd s¥rEde Metactdsr diity cotimatali mbﬁli’lg\mﬁﬁp'éﬁﬂﬁi §a| ﬂSftOr stUGet ecatter

conpri SeSc@ﬁpdn%ﬁﬁst ofOfofal C!@ﬁa?%c_ﬂfalé"%&&eﬁt 3| Gt Bt &dr )?]ndretb%tcﬂr O41B 18

detectors and |inear deteCtors -ray imgihg system accorgl ng to
claim1, %8 SomprigiedsepBmandeigealt and %éﬁ@iﬁqrwaépomeamntoﬁ@crdﬂrtaéectreys

nodul e Seh@i@élﬁcbnf ddsddafd Qi%%é&)r%f)nﬁﬁ@@c&%%ﬁ (?ﬁy% reblle@@ﬁtétlved&tcﬁr‘ét: ath xand

di screte detector el enents. X-ray | magin stem
accor di ngay Signels passingfree an ﬁ'fﬁhéowﬁe é'nyUQ\Ihgaidg)bWétOebﬁ ingasiedr 1 hagaid- r ay

radi ogra
e 20 ST RN TR s 04 AP SR LR

9. An x- r@8PerHa G %?@ﬁgy@qr@ﬁ'%ﬁlsnalg‘rqs@ datg edainedriiorsaid &rpbéetactbemn@ewuh
first detagbAd deRetoRfer FRAGAY 9%%hgfateosi%rﬁ saﬂcﬁrét'd'gﬁ-;tcﬁfr be' ng

focal ly-aligned with an x-ray source of e X-ray qﬂg system said
col Ii mator col $Aiddirstngravtdatestor fyrther germpisiigs &i ﬁ@tt ?@@htﬁéhﬂgﬂﬂtorsaﬁa@ﬂ t ot al

x-ray si oittiRatof ARG SA "HurBlity 'S dedlicd R hbSbrBRéH $%@&§;l‘d thiuFM - dafy

source and scatter x-ray conponents generated ection of sélected
ones of g&AdCaskahsgmfion f?@?"%ﬁ’%]‘ﬁ&ﬁ@'a*ﬁgﬁéitto dleyyitiagamission oha gseaternercentage

scatter estiapd ifersthidtgh HEMGHNGG p@ﬁmgéﬁsﬁawh%c@ys&mﬂl@%esSor of the
X- ray |mag| ng system sald scatter estimation and reducl ng Erogram

recei vi ng dat avheeinrtae pefiaateg celimates thepanary ignalspassingdbrosah e keglueed i r st
det ect or ARdrfioh fediohd, @R MIERGnd ldRtdchR i€ QkboJBRE UekicHR! DIRRI L PHRBRPY

sai d second detector, and reduci r:jg t he scatter
signals passing through the reduced absorption regions.

2. The x-ray imaging system as in claim 1, wherein the x-ray imaging system is
adapted to generate a smooth scatter function based upon the scatter correction signal.

3. The x-ray imaging system as in claim 1, wherein the collimator comprises a
collimating beam-stop.

4, The x-ray imaging system as in claim 1, wherein the collimator includes holes

focally-aligned with an x-ray source of the x-ray imaging system.

5. The x-ray imaging system according to claim 1, wherein said first detector
comprises at least one detector module selected from the group of area detectors and
linear detectors.

6. The x-ray imaging system according to claim 1, wherein the second detector
comprises at least one detector module selected from the group of area detectors, linear

detectors, and discrete detector elements.
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conponents in the total signals collected by said first detector using the
collimated signals collected by said second detector; said fifMayde@ector
further conprising a first detector scintillator, said scintillator having
a plurality of reduced absorption regions distributed thereon, said reduced

absorption regy Mré%ﬁhﬁ%m@r ?ﬁaﬁﬁgcé&dlﬁé kMRt @W@réﬁ'tﬁ’é‘x—?&y @na%fr@%ﬁfem

percent age of Xx-rays eref hrou t han ot her portions of “sai

det ect or @Qm9ﬂ§P§PH¥GFYTWWRQWthﬁyﬁénbolIlnator collimates the primary
signal s passing through the reduced absorption regions, the second
detector is disposed to detect the collimted, prinmary signals passing

through the rHEIREERY IHBgHE SYSiEM Aecerding to elaim 1. rhegein e xraimegingsysiem

reduces t&gnprial hRbmpuRANSNeSashPlydidis. total signals detected by said first
detect or based upon the rel atlons)fn p, in respective regions in said first

and second detectors corresponding to apertures in said collinmator,

bet ween tde deigehSdinfRing S8R c8ingRahs 1 N said second detector and the
detected total x- r%ﬁ;ns%? gsi%ln sal9 flg?st detector. 10. The x-ray imaging

syst em accor di %@09’6'381%%9959@\%?‘@% g Histcdetestant 8Rd @oReRaNgedetegior, sai
col I'i mat 'é&ﬂm’é&%éﬁ?’ﬂacaﬂﬂ-&hgﬁ@@ WitH &Y xdr leﬁ}%Sbﬁﬁfh%rﬂ-l(aaagqmaglnﬁgs)fsfén?ls%dﬂ 9,

wherein the coll i'ncludes holes Tocally-ali an x-ray source
of the x-$iinatoraepligatingsiotahx-r2y sianals paswing 1fzerethrféagia saif toiehgriay sigralem

accor di Ngdntpriglng Hhr%arf”ﬂ%)?'sfbr%@ %aée.ﬁétfrd#ﬁttﬁgtmay SOUMRE | SRP seéttérefﬁé one
detector nodul e selected fromthe gro of area detectors and |near

det ect or scorqp@nen’ﬁ@ewefaé%ﬂ Pwﬂgﬂqﬁgowﬁﬁ@lﬁﬂ&e @hegioh gaidorrinaly irray sighalseinat t he
second def®fgelupof @Rbjee8andt | east one detector nodul e selected fromthe
group of area detectors, |inear detectors, and discrete detector elenents.
14. The x-ray 3 fegiehgst iYaiop AN de sl chB g | PRYIed bitfepreresseh of the kyay

i magi Ng SR sYNERT | §ﬁ§ QBaﬁéTrékftlrﬁé’tﬂinogin%deﬁr?gt Effogrim  rHeBivifg" Wbta
|rrag|ng systemaccord to.claim9, erein the x-ray ma&’gcng system

conpr i sesCOHCERMINGL e Al reigep %%P@@te%bmeld f‘m Jelodyr PRAGRIRLCOEERSPRIAINGTRg ng

an obj ectioaRg NFRted sRBals @Neded By SAseBorld BBRGIOY ARty rsEHdcl?ﬁr theSscnatl S
toward the object; a detector/caollinmator/detector assenb osed wth
r espect t@MRYsENts ,zréwestgt@}%gnals collected by said first detector using the collima ed signals

collected by said second detector;

said first detector further comprising a first detector scintillator, said scintillator
having a plurality of reduced absorption regions distributed thereon, said reduced
absorption regions being arranged to allow fransmission of a greater percentage of x-rays
therethrough than other portions of said first detector scintillator; wherein the collimator
colimates the primary signals passing through the reduced absorption regions, the
second detector is disposed to detect the collimated, primary-signals passing through the
reduced absorption regions, and the x-ray imaging system reduces the scatter
components of the fotal signals detected by said first detector based upon the
relationship, in respective regions in said first and second detectors corresponding to
apertures in said collimator, between the detected collimated signals in said second
detector and the detected total x-ray signal in said first detector.

10. The x-ray imaging system according to claim 9, wherein the collimator comprises
a collimating beam stop.

11. The x-ray imaging system according to claim 9, wherein the collimator includes
holes focally-aligned with an x-ray source of the x-ray imaging system.
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to receive x-rays passing fromthe x-ray source through the object to be

i maged, said detector/collimator/detector assenbly being focal MayalDgned
with the x-ray source, said detector/collimator/detector assenbly
conprising: a first detector detecting the primary signals passing through
the object and scatter conponents produced when the primary signals strike
the object, said first detector further conprising a first detector
scintillaldr, Be@ a-reyimepingasystennadcaerdingptoy clgim S whereinegaid eirsageteciori on

regions déo?ﬁﬁr's@&%?‘i’eésb%ﬁ@%@tec&ﬁ'rﬁodlﬁéj'éélggteatfﬁf?ﬁ Rid %ugeig'a%'e? dBRLR%s and

arranged to allow transm ssion of a greater percentage of X-rays

t her et hr oingAr delgefotst her portions of said first detector sci nt| |lator; a
col l'imator placed opposite fromthe object with respect to the first
detector and collimating the primary signals passing through holes in the
col | i mat of3. anbheaxday Jnagin@syetety giicating spplon t% wheseintthe serenst deteciect or

Wi th resp ;#s@s Tah%astc(ﬂ{eé éééf?ﬁﬁt@f m%BE'le%%Fe%Fetd'chQPttﬁ@grBh %FE%a%&é@&d% RS N9

t hr ough t oles In | mat or cont I"er to an

control | |¢ﬁje‘itﬁ!’é and digcreta detectarrrlempets. det ect or / col | | mat or / det ect or assenbl y
so that the x-ray source and the detector/collimtor/detector assenbly
move in tandemw th each other and maintain focal alignment with each

ot her; 231% walhewrry inagingsysiequrseartiog (e elaigd Rcnberebupe aday inading system

det ect Or/&ﬂﬁﬂrlsg@‘éﬁ&[rgﬁFanég?éa%}ﬁﬁsé@f%y and acquiring data of the respective

intensities of the signa by the first detector and the second
detector; a systemconputer coupled to and controlling the controller, the

x-ray soufge, Ath.rdyifabRbdyserl] béé&rﬁﬂa éucmgeﬂﬁereﬁﬁhg x AP InedYi rrfg)é’g%@rﬁr

executing a scatter "estimation and n program estl matl ng "and
reduci ng e¥arises alCﬁﬁlPHE@domﬁgltalﬁéyw-’gﬁal s detected by the first detector
based upon the corresponding primary signals detected by the second
detector; menory coupled to the system conputer and storing the scatter
estimati oTﬁ and\N KEIEIA0HNE SYSt6Ht Anpaiaaan Lbiscs GrdwompPEsnglyi ng an i mage based

upon the si gnadsy-f8f Kft@d trBsrhfigl grinsdry siﬂﬁéi@cthﬁéroatm)%[)jekpe scatter is
renoved therefrom by the scatter "estimation and reducti on rogr am
a detecfor/collimator/detector assembly disposed with respect to the x-ray source

o receive x-rays passing from the x-ray source through the object to be imaged, said
detector/collimator/detector assembly being focally-aligned with the x-ray source, said
detector/collimator/detector assembly comprising:

a first detector detecting the primary signals passing through the object and
scatter components produced when the primary signals sfrike the object, said first
detector further comprising a first detector scintillator, said scintillator having a plurality of
reduced absorption regions distributed thereon, said reduced absorption regions being
arranged to allow transmission of a greater percentage of x-rays therethrough than other
portions of said first detector scintillator;

a collimator placed opposite from the object with respect to the first detector and
collimating the primary signals passing through holes in the collimator, and

a second detector placed opposite from the first detector with respect to the
collimator and detecting the-primary signals passing through the holes in the collimator;

a controller coupled to and controling the x-ray source and the
detector/collimator/detector assembly so that the x-ray source and the
detector/collimator/detector assembly move in tandem with each other and maintain focal
alignment with each other;
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wherein the collimator collinmates the primary signals passing through the
reduced absorption regions in said first detector scintill atof Mayi2804econd
detector detects the collinmated, primary signals passing through the

regi ons of reduced absorption, and the x- ray imgi ng systemreduces the

scatter conpongghey éﬂ:ﬁh%ﬁibﬁ%ll%oﬁélﬁ cbil dﬁ!é& tdjtﬁE %fé&for}ééﬁﬁlgt cfd@ﬁe@totr 'ag? A SfCt ed,

collimated signals and the correspon nal s detecte
det ect or . aqd7acqnf@9>5iaﬁ%9f thﬁ@pﬁgtf@y@tfeEW%ﬁc@fd eIpigpals detactadryitbe fitgh deteciort he

col |'i mat 0Ofnd herREbREetdcte@! | i mating beam stop. 18. The x-ray imaging system
according to claim 16, whérein the collimator conprises collimator plates.

19. The x-ray ®R¥jPMFOTIPYieEKoxpledite PR confraingithe centrafipr the Xrrayeeugs, Bndrat or
i ncl udes thwaeasaéqqmldnycomdoaeﬁtdsam SPstém oot c?@iér%%'élﬁiﬁg%fscﬁﬁé’r &stifrAYion Hﬁ%' ng

system 20. The x-ray inmaging system accor to c whereln
scatter e@dusan mﬁgramtir@aueﬁn@) redveBgssatter dndlydaddn dhasignale detesiedtbydhe

function fias theh'i%? rba%@@ u%%ﬁtthﬁrcorr‘é@m‘}?gngﬁmﬁﬁf 5igRA1E Htsc &l bl NRe PEdCBRG Y

signals detected by the second detector he“x-ray | magi hg system
accor di ngdat8ctelai m 20, wherein the scatter 24 7 May 2004 estination and

reduction progs aBridatRBlchs tiClsicth coRPRENSHY StofifPetdisus &iiRlation ﬁﬁ& ected

by the first detector based upon’'the snooth scatter function. 22. The x-ray
i magi ng shepevetinredamy ABdt o cl ai m 16, wherein the first detector is one of

a linear detecjqys élwﬁlafnﬁé Qﬁ?rﬁﬁé@bas&eupgﬁ%é “simdls! H@t@bt@? lﬁyﬁ{eeﬂ?'st

according to claim erein the second detector s one o I'1t near

det ect or %ﬁ{actarna%@retae FeplRrtisremoved theeefram by therggatiag esjmeaton aﬁ‘ééf?wcﬁ@fl to
clai m 16, pregefei n the x-ray imging systemconprises an x-ray radiography
system 25. The x- I‘aﬁ?l magi ng s stem according to claim 16, wherein the

x-ray i magi ng Wasrsind @elhwﬁt%ég imateshe PERA NI pasping thraveh thesredncet hod

of correciisaehtionateg®nsiin id ¥rdtadetbsBYBAtIRYGT AR IsBcAHY eeteétorradétédtsggﬁés
are detect ?d by a detector/col|imtor/detector assenbly, said netho

conpri si riPieFdi RHgtaTy ionae Hessing HhyoughyiAa Iregions.eldogues absormiign.cangkiae x-

conpri si n@yamagihgeysesmi rghades tﬁ@%@é’cﬁé‘?'&bm@ﬂﬁ’erﬁs 36REAMYSthe firdt deRIRPMBEg Sai d
collimating bel ng provided by a
upon the detected, collimated signals and the corresponding signals detected by the first

detector.

17. The x-ray imaging system according to claim 16, wherein the collimator
comprises a collimating beam-stop.

18. The x-ray imaging system according to claim 16, wherein the collimator

comprises collimator plates.

19. The x-ray imaging system according to claim 16, wherein the collimator includes
holes focally-aligned with an x-ray source of the x-ray imaging system.

20.  The x-ray imaging system according to claim 16, wherein the scatter estimation
and reduction program constructs a smooth scatter function based upon the scatter
components estimated using the primary signals detected by the second detector.

21. The x-ray imaging system according to claim 20, wherein the scatter
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collimator placed between a first detector and a second detector; and
reduci ng scatter conponents of the total x-ray signals detectedMay 2004
first detector based on the detected, collimted signals and the
correspondi ng, detected, total signals wherein said first detector

conpri sesSegintftioRtddd AldREtiorS ﬁrogra%ﬁ' bl Bl &%ﬁbﬁao@pormmg fobt hePkighaguced
absorption regions distributed thereon, said reduced absorption rgglons
bei ng ar r &¢igelad by thg irsideteciers hased vnpndhe smgpibacatterjundiont age of x-rays

t her et hrough than other portions of said first detector scintillator, the
step of collimating the total signals conprises collimting the total

si gnal s pd&si n§he Kraigracingesystag @saordingde cigim df. waereisribe fiesh detentor 9s epe of

reduci ng &h«?lin%%%%t%&of;gﬁ@gﬁ'%@asd&&mfi ses detecting the collimted signals
passi ng through the reduced absorption regions and reducing the scatter

conponent s based upon the detected, collimated signals passing through the

reduced apsor PTAOR ALY sydfem & om@@c&laﬁ.ﬁm wgggsg& @gﬁe%ﬁa dBreciypgE el n

the scatter conponents are reduce by:”™ 25 7 ecting x-ray

i nt ensi t yormefa Ineghtistarigr and an agdrleded@nd detectors, estimating the
collimated primary signals detected by the second detector at aperture

| ocations_of the collimtor, estimating the primary signals detected by the
first det®t or TR XAgy iMagiagt systaned accarding i taedlaion 1Br whenejn Hiegididys imaging

esti mat i ng ki cobBlideR arsi-Bah&iohehydedehn the total signals detected by
the fi rstgydet ect gr atath%}gpelﬁ?urgeyl%g%tlons, approxi mating the scatter

signals for the total signals detected by the first detector wusing a

smooth scag t ermy&%wmagaadsygtém r a6ddriflg B SIAAP 96 NwhRERH Ble kYAF irh néerom

the total signals detected by the first “detector to reduce the scatter
conponent $YSgie FRIHPIisesa CoppRUteRINYrVYSYERRY to clai m 27, further
conprising reconstructing the inage data fromthe total signals having the
scatter conponents thereof renoved. 29. The method according to clai m 26,
wherei n t#e x-pagethefhel sryresiiag seatieipan yay inaging sysjemn daivﬂg'rgwﬁ@y ggralem
are detected by a detector/collimator/detector assembly, said method comprising:
collimating total x-ray signals, said total x-ray signal comprising a primary signal
component and a scatter signal component, said collimating being provided by a
collimator placed between a first detector and a second detector; and
reducing scatter components of the total x-ray signals detected by the first
detector based on the detected, collimated signais and the corresponding, detected, total
signals
wherein said first detector comprises a scintillator, said scintillator having a
plurality of reduced absorption regions distributed thereon, said reduced absorption
regions being arranged to allow fransmission of a greater percentage of x-rays
therethrough than other portions of said first detector scintillator, the step of collimating
the total signals comprises collimating the total signals passing through the reduced
absorption regions, and the step of reducing the scatter components comprises detecting
the collimated signals passing through the reduced absorption regions and reducing the
scatter components based upon the detected, collimated signals passing through the

reduced absorption regions.

27. The method according fo claim 26, wherein the scatter components are reduced
by:
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30. The nethod according to claim26, wherein the x-ray inmaging system
conprises a conputed tonography system 26 AF 7 MAY 2004 (12)7 May 2004

| NTERNATI ONAL APPLI CATI ON PUBLI SHED UNDER THE PATENT COOPERATI ON TREATY
( PCT) us Us

collecting x-ray intensity data from said first and second detectors,

estimating the collimated primary signals detected by the second detector at
aperture locations of the collimator,

estimating the primary signals detected by the first detector using the estimated,
collimated, primary signals,

estimating the scatter signals included in the total signals detected by the first
detector at the aperture locations,

approximating the scatter signals for the total signals detected by the first detector
using a smooth scatter function, and

subtracting the smooth scatter function from the total signals detected by the first
detector to reduce the scatter components thereof.

28. The method according to claim 27, further comprising reconstructing the image
data from the total signals having the scatter components thereof removed.

29.  The method according to claim 26, wherein the x-ray imaging system comprises
an x-ray radiography system.

30. The method according to claim 26, wherein the x-ray imaging system comprises a
computed tomaography system.
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including a primary signal component and a scatter signal compenent. Coe of the detectors detects the total signals, the collimator
collimates the primary signals of the total signals focally aligned with the collimator and traveling through the one of the detectors,
another of the detectors detects the collimated, primary signals. The x-ray imaging system reduces the scatter components of the
total signals detected by the one of the detectors based on the detected, collimated signals and the corresponding, detected, total
signals. In amother aspect, a detector includes regions (70} of reduced absorption.
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