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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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means that the collimating plates of the detector array 18 &yg ngard t he
source 12. The controller 20 typically controls on/ off—-s?tég Q ‘ot i on

of the sourgce nd the detector array 18, based upon ] ions issued
by the CT g&s‘?éézgorrput er 22. The 5 CT system conputer g(gls[%ogéyégntrols

the data acquisition conponent 19. Once the x-ray signals are detected,
data acqui sition conponent 19 <converts the detected signals into digital
data supplied to the CT system conmputer 22. The CT system conputer 22 then
processes according to well-known techniques the digital data, stores the
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highly attenuating objects in reconstructed tomographic images, thus masking the

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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scatter have been devi sed. As used herein, "area detectors” generally refer
to 5 detectors having rows and col unms of pixels that a;_e

t oget her t readout by rows and col unms of the the
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prinary X- rag%,. 25 baiam P1 (as shown in Figure 2) with the object 14 within

t he i magi ng™ ‘0, may be a significant fraction of the detected x-ray
signal in the area detector 18, a nethod and apparatus for estimating and
reduci ng the scatterinsh@rnatranmgbgstuﬁeﬁﬂhg arkd detedtary, thtdﬁir@ dxebdckoect ed

contain a ni.ficant ano of sc omput ed tonp or CT)
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18 include
: Fractlons in Clinical Bedside Radiography,” Radiology 1992, 183:857-861. The siab

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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may al so include collimtor plates 32 as shown in Figure 3. A typical area
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BRIEF SUMMARY OF THE INVENTION

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



plurality of reduced absorption regions distributed thereon, said reduced
absorption regions being arranged to allow transm ssion of a YMapl2ed4d
per centage of x-rays therethrough than other portions of said first
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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.



PCT/ USOQO' 29711 Figure 4 shows an overview of an x-ray or conputed

t onogr aphy system of the present invention. Figure 5 sh geonetry
of an x-ray_or CT systemof the present invention, usin r et ector,
a col |imating &4 stop, and a secondary 5 detector el erRGFHUIPZGH, ay.
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
flowchart of a scatter correction nethod of the 10 present invention.
Figure 9 shows a san‘g_].e 2-di.mensi onal .phantom Figure 10 is a graph of
normal i zed, noi se-fr &BYE AaPOVHRBAVETKEYS i0f RB1 %72y i almpuEdi tomesreply f i r st

det ect or. Fiyguemeofilk preseft igvsafibn.0Of a normal i zed noisy total x-ray intensity
signal 15 nmeasured in a 1D first detector. Figure 12 is a graph of a
normal i zed noi sy pri Ry ﬁ_é‘a%c i nt ensi \E’}% Si pnal measured in a 1D second
detector of the presét j AVERTT SYECRiEGOPE™ ST AR *Fay s dnl’ systen 1diths scatter
estimat e i npredeet iherftionStsimeireaed Hete @O a&oBIMMGME bbark-stop, #ndSE dcbfdarpr Of i | €,
of thespr esgnt inyent 20 Figure 14 is a graph of a normalized noisy

i on.
primary esti rracfoéer?g’a?g{ﬂré”éfay'i na 1D first detector of the present invention.

Figure 15A shows a preferred enmbodi ment of the first detector 38,
i ncl udi ng regions of Frguduéeshoslssarsilei eiow70f raye pathbY 2064 sighis QA/ 35122

PCT/ USOO 29711 Ej ows an absorption profile of the preferred
enbodi ment rgé)]g) glltfz1 hlgpéri%P é‘? ‘%8‘32?0&‘1%51?@%@3{3?%&5# Prﬁgq"h’d‘é@“qoﬁgi ons of reduced
absorption 70. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention

is an apparatus and FiuresdAe3B, amd7/Crshow asollibtaen 40 5f e gprsbntdventi@n entire
detector and providing algorithmc correction of the scatter signal on a

view by-view basis feloueXRARUHES BH&alYor2D stARY Bt Glhod P T |

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 int 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.



I nformati on regarding patient size or pathol ogy is unnecessary; both of
these factors significantly affect the scatter signal 1_07 Mmcﬂ[ﬁ}ip) of
the x-ray i .ty inmpinging on an area detector of th p gi ng
system In%@ﬁgisztﬁect of the invention, the 10 i nmager prgﬁlgés %Egmare and
software to estinmate a 2D map of a scatter signal in an area detector,

al l owi ng software correction for the scattered signal in neasured data. The
X-ray imagi ng system of the present invention typically is an x-ray

radi ography or conputed tonography i magi ng system produci ng i rages of an
object. Typically, he.l L ncl . these scatter
conponents are 15 grf:algt eyﬁrﬁgﬁﬁ‘gégggr gw‘i%ﬁﬁﬁ%tﬁéeggg’?‘fqﬂggg?ﬂé@/‘xﬁgatography or
conput ed t ofthgfagidptecionddy whiphdydudenregions hfrepuced ebrorition gt i on over t he

| mages produced by prior art x-ray radiography or conputed tonography

| mgi g sy i EMISESERPTION 0 e nheNTRIgSENt invention is an x-ray

radi ogr aphy or conput ed tonography I nmagi ng system which includes a
detector/collimator/detector assenbly (as used herein, 20

"det ector/ col | i mat or TefeRre¥pbinvensien fin 2ppriatis gd msthed capatingtaussaiter whi ch a
col I'i mpt or sighal EWeP RASGHrDBEMRENR ProliingdRL& kAT &Jﬂcﬁ(ﬁpeﬁﬂ]edﬁtaﬁ&t or such
that radiatjon passing from the source will pass progressively fromthe
first detectesl onh¥RViHeview brinter srposerreimaiaby by imegingeystear of @ridet ect or)
and a CT sysbemater k@i fARkile\G pafblopfiCutMit&thry; toR06E ML raE8k! Mat e and
correct for scatter on a View by-view basis for each inmage 25 produced by
the x-ray rigaiftsarthpa{iecothe seattpisizne! fosworpensny of thegi-ray intpesityrimpingwer e 4 shows
an overvi eWnQh Al dérebRY ofthe GAIPh  ARBhe 2bIROL of the
present invention. Thr oaghgu?g?he%%%%%g @A&ak nat |ﬁ(}ﬁ6ﬁx§‘ tgmf é‘?ms "X-ray
i magi B sydmeager providep hirdvardiand pefptaye torraiginatg adsmemdf a Scotierpignetinart 7 MAY
200' 1 VIO 04c351e20PGTAHER0LRAAI dorl QEROHRHEKodiIRY e @0 " CT

i magi ng systent a?e’ useﬁggnter%#arﬁ:géa Ofll@]'%dnrg%?g%g?lgx?rﬁgﬁ}r%‘%%hg system 34
shown in Figure 4. In the x-ray imagi(g_g system 34 of the present invention
shown in Figure 4, Thacerayimasiag sysieayfithe presepkiavemtion {yriwsily éspontyng to the
X-ray i magIrmomz%ﬁbénﬂaﬁemmbgﬁpwihﬁgingrs§sté99mauéiﬂ%ﬁh&e£ 8f ohr ot
descriptions of those |like parts are ho repeat ed herel n. However, in
contrast t dYPIell%-theymages ginplyds yeattemeamperfentsh éhepg jseatter cpmponents 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,

» Ll

the terms “x-ray imaging system™, “x-ray radiography imaging system”, “computed
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shown in Figure 1, the x-ray inmaging system 34 of the pr tion
shown in Figure 4 includes a detector/colIlnator/deteckof ngé 36 of
the present_invention 10 instead of the detector array 18. Mbre & the CT
system comptt &3P3 of the x-ray immging system 34 of th@caﬂgg%ﬁ¥'|nventlon
shown in Figure 4 executes a scatter estimation and reduction software
program 25 of the present invention which is explained in further detai
herein bel ow. The scatter estimation and reduction software program 25 of
the present invention is stored in menmory 24. 15 Referring now to the x-ray

I magi ng system 3 I s,ent Lavent i.on gwn in Fi e 4 mary
X-ray si gnatPrsno%rlaéhyt ’P};‘ﬁglﬁ]sf’) d @'E,ugggqusyis%{rb aﬁeb]‘%gtmtgrﬁ{‘m’lgﬁabihﬁﬁ’ged 14,
and t hr oughrefeufuthe imapgapstehi3e khavy ia@Figuiedd.i s pl aced. The intensity of the
total x-ray signals passing through the object 14 and through support 16,

including both pri YheS d.eGat ured oY
detector/col li mat or/ det ec* %&%gﬁg Sgn%ﬁ ﬁtggf meg{;%]‘ée"br}rggétﬁ T Hentt on, and
scatter configwert Bk muteraedidrtie e para;rusrremndmgtoeﬁie arely rrmgn@systam

el i m nat ed | O d t| gram 25 of t he

pr esen? i nv@ E|ttci}§ pﬁﬁ;ﬁ%%ﬂ?ﬁé g%hre X a%H ‘F“%Pgﬁ“ ‘?fntth s(=‘,=301pr R&RT A'ent i on can

be adapt ed rcpastedlrerindi th a vari ety of generatl ons of CT inmagi ng systens,
such as systens that 25 enploy a variety of detector types (e.g., area

linear, or discrete ﬁ%ﬁ‘e’&etr Oy Sobn r}éjﬁﬁ%ﬁ{}ng?ﬁaglgégg e 105U fo?a%% As used

focally aligned wth t det ec tor For - a5Send
herei n as dbgwniibEigurenl,ithe a-rejeimaging $yeleond4 of t!lcaxlrdsyntahi’@[ied'shave‘f Brs to the

orl o1t at | ol 0L IR o BPL A BB QTSRO ool A, 004, MO 01/ 35122

PCTI USCO 2 out 1 npiInging on X-Trays passing
al ong 1& di rlestcad(ofahﬁ dhedcloz@trayl 8. phrdoven thenET dﬁtmtmpmmaﬁehdm#aynd t he

col I'i mat or I f the Qur

det ect or/ copﬁgﬁgt gét%ge?%&e%f?@% Pag gnet Yen '35 Sfaglorv‘én énogfgrUB‘?I 1& eﬁe%yest%écags
control | er £26matgnmanderadnctioanabéimami pﬂogxaacES aif ite prdsédt einvaitioh avticings t he| r
est abl i shed fo aI ngent .with ach her .. Mi nt ng, the ..

det ect or / coT PIRHE dP/ %nb%cﬁlf hgggle Py 38*’? FEFUSE SFURE foé‘nﬁ’gjrfecﬁ‘f?% t he

source 12 isfieergpregran®s of hb preagntirvemionds éted inf imerabrya@4i gnment bet ween t he
source 12 and the detector array 18 of the prior art and would be apparent

Lo 0ngsof or dinary Skielilghob\6 1 L roy TGNl b A0 plobdh Slhfont 07 701 ©

on/of f states, position, Orient
shown in Figure 4, primary x-ray mgnals 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
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10 and notion of the source 12 and the detector/collimator/detector
assenbly 36, based upon instructions issued by the CT sysﬂ%mﬂﬂﬁhﬁgﬂér 22.
Mor eover , ystem conputer 22 al so i ssues comand at a
acquisitiohnggﬁéggent 19 to receive the neasurenents ofggﬁgﬁ@pgn?explained
herein bel ow) by detector/collimtor/detector assenbly 36 of the present

I nvention. 15 The detector/collimator/detector assenbly 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

. . e . Nt h [ beatnni .
Fgare o KrifiR bR o e ool Rlsvpebie oM ¢ P RRRGRE Dy "or o
20 i magi ng psihgd ¢ detecies surfact hehintbthe coliimaion| Acovadingly,dethesitths scagedabl y 36 of

t he present_inventjon. sh in Fiqure 5, the x- source 12 directs
Lhe pr i mar ™% Al Aeiesh o QhmRarifesich w-dR € R s gl oY aby HPedoner orred to
as pri mary costhliat 2Omo siogtiad taftieln wik eadhr @lied vehild neainthining| theif establisiied cont i nue
onto the detector/collinator/detectqr, . assenhly 36 of the present

i nventlglon. %ﬁ?g aglgf'@g?to?”ft of 4! ndlt'Gr / %?@%Wgngg%éiﬂﬁwﬂ ?‘gﬂ?%tgg *HE present

I nvention, asdembly 3Ginffoca laliygnnadnt 9tk dhevdolfee 1D és Somwisent with mainedinig@tea first
detector 3 LI imatpr. 40 and a segcond. detector 42. First.detector 38 and
second de&gc@F gﬂﬂgnﬁrﬁmi gﬁ}”&%ﬁ ‘ﬁ? S?:‘B?‘pr% ad the gg&‘iﬁ%‘t %@Vtzjltgsc’fdge pigartaniaa) and

pi tch sel ecicatl Beupphrest to pad éfl Rdthay skilfagindartappl i cation pl anned for inmager
34. Alternatively, the second detector conprises a nulti-row detector, or

| i near detectors (hawyin I ngl.e..row of -9 01/35122. -7 NAY..20R

PCTI t 7S00/ 29711 det eﬁ’%&“@?@%&%&ﬁ‘?& yrconrofs g&?@ﬁéﬁ&%@? yOealBs o behi nd
passades i nndaldtibmaf dre sélrce 10ahd theakerttodtoliimatordasdcns tasseatbl b6, lbagdde angul ar
pitch of its apertures.corresponding to th rticul ar geopetry of the

i magi ng sys"f’%?npng{ﬁ#mf'ﬁésf“tdhbé’ %ﬁgﬂjt ﬂ'gtgg' CQF@"?%B?Z'I ﬁ‘éore‘ﬁﬁef’d‘ﬂ%glﬂaﬁyf%mt he source
12 so as t @omphion2X alsaysudscopmgtdOin the data acdquigiddhcdniporaadido récetlet ect or 42.
Al t hough fiyst detector .38 Go nly.is cqnstructed usi n area detector
cnown It R TEtreTepliof Hepals mBaInkL he= Bibety &Y deiceiograimardeigion, | o

anot her aspeaiblydfe dfhke preeasinventiy.ent i on, includes regions 70 of reduced
radi ati on detection

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.



sensitivity (typically controlled by the amobunt of radiation absorbed by
the detector), 10 as explained below in further detail V_\A?hwﬂgmge to

Fi gures 15%@3@3158. Preferably, regions 70 are included'i ect or
38 as descr M4 h reference to Figures 4-14, and ar e RGGAEPYRPTH i gned
with the source 12. Figure 6 is a nore detailed view of the geonetry of the
X-ray imaging system 34 of the present invention. As shown in Figure 6,
source 12 transmits x-ray 15 signals 5 (referred to in the equations as Pl)
t hrough object 14 and support 16 to the detector/collimator/detector

assenbly 36,0f. th resent invention. Parts of primary signals 5 (P 1) are
scattered, ch: it ﬁ%"@%‘éﬁf’é? d§§9’iﬂ§3f}e§qc@ﬁéﬁw(?mhéﬂﬁ’§ss?g°€ P pRlBaer 48 ve
scatter rayGolhmator 40 issianafsesreidrvifhi t5esiubr Fuchvms Bfertulds UfrEpbAdy BN not
limtation; thgg.e] scatter %J gnal s.,are referred to in the equations herein
as SCl) af t'8F PATFYIRS ﬁ?j’“?f%jye £ 119 AMagne, Syptes, Sidr hatybe apprauresoprg| fogdliynal s
(incl udi ng abighetiwith Slieggdatce GOMBQH &H kBo x(ri) todhass oS & Alrb& pafll @NREorgOMPONENE S
7 (SC %)) '\tfgﬁ%o%%?vel to detector/collimtor/detector assenbly 36 of the

n 2.

presen and the first detector 38 is disposed to receive total
x-ray signal (primary signal 5 (Pl1) and scatter signal 7 (SCl)). First

detector 38 is adapAlttiogh fileadeteqort 88 @bmonyis doftAlctedNssife it aRR t he
det ect or angd, hro nal s correspondi ng.to the conbi ned

. ide electrical, 25 si ]
primary signal wBK'E‘B‘i') matﬁcd"]l c?zﬁ"’fﬂéﬁr e?@?ﬁ‘g@ﬁ%ﬁﬂf@“ﬁ“&g@ 38, which ig apefhgier e n
"adapt )ed t S‘Speandf tieprésekeinvedftien, holu@@NREIBENYS oh LB AdiaBdd HabMs (€. 0.
sensor) and_a.

.OGCESSI capabjli e.qg., wth a programmabl e conputer,
Appl i cat i oﬁ°‘§ﬂ§gvé‘?¥f%ﬁ’8‘°ﬁﬁ>?‘é‘aﬂff§ﬁ%b>d%&f&wrﬂ(‘m ion gpsothieg byithegetectr).per f or ni ng
a st gﬂ@d fLaGOd)dp_hihedl-Hégom%ﬁﬁélaaaiyd\wgyré@:@ﬁccﬁg? %1?§ﬂ]§ndpf§§mryb5i gRa|
5 and scattger,. sjgnal . e attenuate uring the detection process by the
first det eﬁ%fﬁa 25190 A Arer pclydnd 1p dhecdsiaclareiB P damribeMith pelersrce 20 | o
const r uct edvifurem-14dhirk GtaRPsigindl Heh MRlBikals. such as the same material as
a beamstop, and is focally aligned with the source 12. Collimator 40 of
Fpr6sentative aper (0T SR RGN BEOF Reaeioral i) tar e
pref er ent i aydtgm ak lobhietphesentrihventin. SAgftahwnGin Fiake 626uRa$3 @ansntithotgh t he
obj ect. 14, th ort. .16, .and the first detector 38 to pass through the
col I'i ?r%t or S}@EB‘%S ?ﬁgcl?e&eflﬁﬁr“g/thg ieﬁ?f’é’f’nssastéél‘hr ugh qhieck Lyand supnerk 16 fretheol | i mat or

40 is detector/collimator/detector assembly 36 of the present invention. Parts of primary

signals 5 (P1) are scattered, forming scatter x-ray signal components 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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referred to as a collimted, primary signal 5. The colli mated primry
signal 5 is then 10 detect ed by the second detector 42, ?M vagﬁh red to
as a detected, collimated signal 6. The collimting pI at’e A lf

col Ii mat or YOM354 nore particularly the hol es 44, are PSEAISINRIH| gned
with the source 12 so that the collimating plates and the holes 44 are
oriented to allow radi ati on passing along a direct path fromsource 12 to

i mpi nge on second detector 42. Radiation that is scattered (deflected from
a direct path from 15 source 12) typi cally inpinge on the material of

col limator 40 and i s, absor hed. g col |l imator_40, positioned i nmediately
behind the first detBWpsyY 808l adoscaitsresignabnkare @teyuatdddyring the

focal | y-al I@meﬁbn/prbd‘bsi beths Mt@eteét&' 3g\iHdaRstaavel B oMfatdr 48B! @LlAGdreduces
scatter conpanent r.esul b g‘%‘ fromcol lisions made by primary signals

with the objREES Cté% GppJrdiaten absarping materiglesuch mp thespmerpgeiad a8 8i ng

t hrough t heveamlstop/midois f4&I1Y Qlighkdt Wih 8RGBRC 48! {GlIRhad240 JPGE %Féaéxﬁ
reduces scatter corrponents 7 al'l ow ng

col linpator .40 significant
measur &ment® Vc?f‘u?"g@ !ﬂ’dle {?¥§P’gﬁﬁ?r§“§) Abc@) fey- Epregenietivai ansrtueh deingl | | nat or

40 and passihigated ioEighre o) &/hit lppFeddtialiy Ao Ble! ' ed in
further detail \Aﬂlrt h rggtfe?ence pfege Fi Egau-ryreso eﬂrmwglgj ggtﬁaﬁgéoéa?ggﬁed

i mredi at el B the obicet Lhiths suppert 160andsthe rﬁé‘a’ts!e@catnﬁ 38i¢a passchrougibthd2. The
second det eeligfatof 2A0P" Bheprivhey &@HPBHE&%@%&E@% %E WiiHard! doofgnat i vel y a

plurality of | i pear detectaor arrays, or alternati one or nore discrete
detector  &fft s appllimeted pprimare signti G ’ﬂazcn@a@wﬂemmm sign$ll5 intiteed si gnal

6, as1expl ak@aed by thelsvédnl etcelet 9, |an@?sf£feﬁe@?d &Vyx g?)ldr &ﬁldl%éted z\%naland 7c

show a front view, a_top view, and a (right
respect i velfy, hBFOIBWé“%é‘S*P picthe cqjhmer@r 4. 5nd morfzmmcmhdy throlrodes 4414dre- 7 MAY

2004 WO Okl 2T WHRGRL SRfdelionay bt BlfitanlitePuriPhd h@gﬁtfy f o] AL € With

focal ly aligned holes. Collimator 40 inc al i gned
with x-ray °5eriste ailgvvarﬂ@atmwsaeg alerg h idireqt ipath fofm smce Untebispirige di

undet ect ed s&bhﬁéﬁct&e@in iaﬂl'ﬁmt)rhﬂzaf bs" S%Lttéiig& @1% x{ted?’ ﬁoBngﬁ %9 pa@nl 1?(? h the

hol e apertures. To reduce the scatter tor 40
pr ef ekabl yS‘!}“%eo}ﬁer@éfﬂ1Yaznwged)ﬂﬁhemte@IBI afmﬂmuabn %amhtsabmabed)ﬂ‘hb he same or

greater he'c&hfnat%?ﬁ{) p\%lqsﬁ'édth%?ﬁf gnﬁe tfl@ﬁ 5I (jtletesc{orqgtlg'l?\;/c())-r n?éﬁ g’? ulr ggl) ugis

a sufficient numb hol es erre 0 as sl
to sanple Q:R)r@ér“’r &Fébyaltmedwtbt@ seBrvsi13n More2E)thsedlitator 40 @ﬂﬁdes? Scat t er

signal 7 hgSyed Ebrﬂ?oﬂ@ﬁt?lT re!smﬁné M ChiYiond madéa |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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characteristics (that is, the scatter is a smoothly varyin funﬁ gﬂn and
hence does not 10 vary dramatically frompoint to poi nt- ?\Ih B
step-like V@i ns frompoint to point). Due to this stic of
scatter, a srralﬁb%h%urrber of holes 44 suffice for approprlgﬁéI es?“matlon of
the scatter signal 7 across the first detector array 38. The "small"
nunber of -holes refers to a nunber sufficient to obtain representative data
to characterize the scatter, and can be determ ned, for exanple, based on
enpirical 15 measurenents or predicted based on Nyquist sanpling.

Al ternati V%Jaﬁlcuﬁﬁbl kﬁw Qrco‘i‘lﬂnat&o {e' f? ! ?ﬂ&%‘nﬁf hglleéat %oll% at%ll gbl ar to
those shown in th ﬁgure , pos tione I mensi ons)

i nredi at el ynghedes h@llefi fokllysaligoiest wigh ma)@@urcaﬂmtlamd'prbwdﬂ:stcoﬁhnat:bhef thecond
detector 42Z.,.:kBiveq EiHaedioFR [& I ggol I'imation
for det ectopae errentsgt?n tﬁﬁm%/c%% "t%g?g‘“ gto‘tzé)é) slgmg tﬂ"ﬁlﬁ col I'i mat or
40, by way hefe apgEngs. el caredugedhe kéatter eomronent smn@lmi’dedhm@tocmbpr@&ahjm i n hei ght
and W gth dj QS in.an eguidi t 50 x. 50
matri x. Suc hﬁgﬁs}% ng§0p]rd %&% &OZLtE ua%g.iﬁ AI&){AL%F BaEFameB %fs 3%1?1- I?eé%% ! ang( hi gh

rati os i nplwidigrdimensions @a theefirst dafectriri 38randvindlindes iaesuff‘a:hanoninaberg)fdmfasned as the

depth of t@g{i&%&aé ésﬁhe/b,da mg Bﬂﬁ%d'a

col | i mat or [

=

s 44. in the
R e bi e e R rsetflal o 7.
" Appr opr i at(ZDY echttet !smnal_ as Bwﬁr s}gaalei? rhas,efre generd, tod Feiqbgney hpatiatat t er
conet1 tut ehaigetity AR SRR s BRGNS 10T P dlon PPA BRI SB6GIo | ess of
the td®al yeagndbmaBaHly M bmnttml boinek il lapgeastep-Hike vmaasmﬂbxhypo%ﬁ tosecond
x-ray dete 03|t|ondto meas rethe in ensity of
x-ray fl UX%E?‘E)prI?'%atrozthls GAaftemstic o T fortin 2y Al O mbGE P D9 6 b ST %00500/ 29711
and any r esppj'upxhats esiimmbn of thasscaet hnlgﬂﬂt’/‘eai:r@s gihaﬁrsﬁdeta%sorla&eﬁ 3Bermkn,
as relative terns for

"behind, "

descri bi ng %@@?‘ﬁ“&%’s&‘ %ﬁ“’? SrE@Esqgﬁé’Hmb?rﬁ“&Wéean @ﬂtﬂﬁé‘*pr%)’&dms‘f’nce t he
apertures Icharhdlﬁ'lzecﬂxéIsmf)l’anﬁlcgﬂll:fel dedtiningd) ﬁﬁl}eﬁc@mplfchaas%ﬁaint&ﬁ iitgnal 7, the
conpopgent of this elene 6 1S s ou h hat 5 S|%nal 6 can

be deeted {8 HEP Sr%rs%%{"é{’f‘; %?e “‘Btrﬁaﬁlﬁ frYerafuvs Yelé?@ﬁ’?@ﬂ Pn the

first det ecbmpmseﬂ'belhﬁiag:ﬂ@latdgsa%ﬁiilﬁﬁfwth%sd)sfho@ﬁhﬁ Heeti@de 31 gitdlonbd fihom t he
second

either one or two dimensions) immediately behind the first detector 38, and 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-



detectors 42 are essentially scatter-free since the coIIimator sI'its or

hol es 44 significantly reduce the scatter signal 7. Thes |gnal 6
are then ugsed to. 10 estinate the 2D primary signal conp é"P 97q]x[sasured in
T

the first Q&t%B@%4t 38 at various sanpl e | ocati ons across det ect or
array 38 corresponding to the sanple |ocations of the signal 6. The
estimate of the primary signal 5 in the first detector fromthe signal 6
nmeasurenents is denoted as E{P1 } . This estinmate, E{ P 1}, is

determ ned by using the rreasurerrents of si gnal 6 and estimting the signal
15 strength f t he tor ha%ed ,on the

R al 5. 0.n
X-ray abso?’b res’dugf?: el % "‘aae“fde%%‘%?ﬁ aﬁ&ufel?é’eref’}e % P on "0’ Si gnal 5 by
the first ‘dEi(B\CT ad the ke mtdseﬂjasaﬁlativm:rmfas édsst:nlbmg/gmuann as 1l}mptlrambnt ed by
the scatter estimati ori1 red uct | on q % @; se | nventi on,
i s expl ai n&d"¥ H"aéi’é‘% N °“""” - P8 SﬁB“’ ff%bew gngar Szlg“‘ R éﬁ ¥ in the
present i nmerstatmﬂmgh:h@’,ﬁmtctoﬁmioﬂmm’f tlﬁDelsmamttcﬁ‘rm@nlg@w small éuglethat ed as
E{ SC1}, are erated, b tracting the_.estimtes, of si gnal
Bl dirot cHERE Bieas DEASPRh e BB T AE TR Siehd SARee Bt or Cmar y

pl us scat figt daecgpral (Pl +SCl) rreasured at correspondl ng Iocatlons in the
first detector 38. As used herein, "corresponding |locations" and the |ike
refer to portions of f| t . and SES0 nd de Tl gel g th re.fo al i gned
with the apertures i n c% al T8 asumﬂfip ere Q%SSlﬁ?alaé oﬁl ﬁf’f %er%opc?ll ate

| ocati ons ﬁclecnicm; ef2maree esslammlgt wlattm-fgaeakmr(eorﬂlef mslkmat;betsﬁatst or )ho&rsd44 he

primary x-r.a naI econd tect or t ha ass aI ong a
di rect patﬂ 1{'1% Mgrﬁdlfcﬁe&’ %%[nge iﬁég df‘ sﬁgnéfga ?ngf’gbué a size of
about1(b or estinfaee the LEY @nmpm(agm) cofﬁbommt E{rfédshred 11P1hel-ﬁSCIdetectE{ P2 at at

di ng | ocat th t ect The 2D ter signal
(Sc1) et tfes Splecibfarills %5t b gt BEGE b 38 Ara 9bs Ml “scat ter.

The sanpl eshnHl: fepicl of aled §igial i6S Tﬂwéktlﬁlhietcﬁ'rtﬂdpﬁﬁhﬂgslglmﬂ.s in TMARO0 WO
02135122 SO 2 711 techni ques 0 rt,.to ener a spatially
snoot h scagT “eﬁ? OTf m&%gﬁeg’i"ﬂt@’ %‘“ﬁ Eg)l’ll kﬂBW EL@I}’the

iscat ]E er si g;n@dterﬁﬁlea lghomdmg e meaitnemehty of&ﬁ@ﬂt b 04, estu:i\amtgﬁerel s@radfs contain
oW quen anen ativ ol ynom al. surface is
gener étF%' ﬁ‘h‘gqﬁ Sgng O{mbt@f &'Eéﬂet?% e'%"’\é%iit?‘b‘lhg 5%3( ASPEIOB M the fit

to t he dat &leaé@nauabmr@d tHeQtigMRAGLADLsifALS 69 tHeifitdtdupctdD THB heftodscat ter. To
Illustrate _a sinple exanpl e of a snmooth scatter functlg _ér(lzlenoted SCl')
usi ng the MERFCUGRELER.dFplsmepted by thy seatiergrilimation nddeduction RIgFA™ne wi shes

to 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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estimate the scatter in a |ID detector with a constant val ue ez G?g_ Kk
where k is the constant to be determ ned. Assum ng esti f Q

scatter ac detector array, 10 the squared error o S is
defi ned as%&rsg&‘i( E;, {SA } Bk)' for i = .10 M ni mmﬁ’gg{% 'S equatlon
with respect to k yields Kk=E, (E {SC})/ 10 as expected. In other words,

the best estimate k is just the average of the estimtes of 15 the
scatter. The unknown paraneters in nore conplicated equations used to
estimate scatter can be readily ascertai ned usi ng one of several conparable

squared- erggy ufu?{sﬁﬂb\%'%? tﬁé‘%‘é’% ekl S él#/egne tsk'zﬁte?rfﬁnctlgx bSrUbt racting

t he "snoot he | ow pass scat estimate from each
measur ed siapnkving beat iptiarii lmOMMgQOhaﬁlthstscmt egndr S@ rShquIGSJe fphgrallycat t er

fraction of H;Otaﬂ] (ﬁ" A% er %ﬁ% %ﬂ& l@wﬁ?e%%r%?%%ﬁél% ?x!leﬁ{ge r}}lte atn%tﬂﬁef T st

det ect or 38 I's significantly re Ben: % hod of
t he pr esentpolynpayei isurfacarie genepataland the sgiatediepror hetwebrothe soatter astimates

det ect ab"'arnmegmrtgﬁfaraﬁfa afhiinidd o'fR ae%coaﬂlu%%ﬁpma o iBggsS. The

f oregor ng net ho the [ nv on I'S NOW ex ed 1n 25 detail.
-14 7 MAY 2004 WO 01/ 35122 PCTI USOQO' 29711 Figure 8 is a flowhart 46 of the
scatter estimation ahd iBustrpiect siople examhlodf@f smdeth ﬁnaésreﬁmctm\,(qutadn

i npl ement edgcly (g ﬁ&@&%@\{xﬂf@té@&&m 61 Lofiad: 964 LAL wih § o g0t the

present invention. , X-ray intensit ata s col | ected
48 by the oeétlezateshﬂm@q%ﬁrsntlﬂErdets‘:eﬁtvabntcon@m vane, t:heS<£1=rthcketkestﬂwr 38 and

the second &l; Lk iPhe é{%%rﬂlﬁr}eh hﬁssﬁm[ %%st'itﬁ?t@ Sﬂhﬁs%ﬁﬁeq‘ rﬂ:r%é& tﬂé dét@c%?rparr% ent

i nventi on. e streng ‘econd
det ectlér (Ftagsqmzredsnbhﬁmctemallmﬂd'dleﬂasfromthe rreasur enents acquired from
t he second detector, considering the absor ption of the x-ray signal in the

second detector 42 at _t e f .the collimator 40; the signal 6
estimate is 10 denofeﬁg%@gﬂ) %ﬂ %{'159} has been determ ned, then
using this signal, the primary S|gnal 5is estimated 52 as E{P1 } for the
first detector 38 at Mihienizing thissgoatibinwgth respect to k yields

k=3, (E{SC1})/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.



aperture |ocations 44 at which the prinmary signal P2 is he
signal 5 estimte is denoted as E{Pl }. E{P1} is esti m{ig‘iwmiﬁ

esti mat es g‘;q‘;lpglégri mary 15 signal in the second detect ogg_éig%fﬁ.) and the
or :

absorption 0 Xx-ray primary signal 5 by the first d From
the estimate of the primary signal 5 (E {P 1) ), the scatter signal Sc!
is then estimated 54 for the first detector 38 at |ocations correspondi ng
to aperture 44 in collimtor 40; the estimate of 7 is denoted as E {SCl }
Then, based 20 upon the scatter signal estinmate E{SCl } for respective

éperture | ocati ons #ﬁ‘g“‘tﬂh@lst E‘Cﬂ%%harfﬁ@totf%e nlalest] alf)l{s)?%@ rox%%%t ed 56 by a

snoot h function .. unetion 1 &° Prom t he
total si gnahetiRihd@ic presgsiinegition itmplemented by meled:aaext etim3Bommdndeanbctioaspect i ve

cell locati n the scatter conmponent SCI in the detected
signal in tpg%rél}qrzgtgpg'g gegt%n?mvggtonZS That is, the scatter conponents (SCl)

of the total signals (P1 + SCl) are re_duced based on the detected,
col | i mat ed signal s P2sakivix indFiguse Bexpryridiengity dathes ecliestbd 480tyathe sleignal s P | +

SC 1. 515 ednid¥tith dond 34 is a CT
i magi ng de\?lmim, I mag| ngeg\g)?a I'S %ﬁ?stﬁ recons%‘r ucegéa‘i'%’o‘f r%té)?nx?%gmsel gnal
P1+SCl1- SCI *-Ta% im#mngydystemeXieofdb presest ioventias.uThalstregthtaf ghef prinsary dighact or 38
and usi ng i i on [QCessS

vol ves A pAping 0T AN deldchoP 2L e ol Sy BES S5 I APorpBRERES or ¢ ne
X-ray 5 soupméredzrmﬁswcmdakteemchohmmgm absorptien d:étheoct—ntay sipBal lhakl ng the

natural | oq];]al,’rét h&r&mc@ ecto%gfatqﬁt aeﬁgl%sa n 6"%‘{“ %t ey Ségwl ggésn or both),

dependi ng on €0ITE ?'3] ecting
t he pﬂ@cessienbtdhasdi{aﬁ}o the reconstructl on grid. Th| s process i s known as
filtered back-projection and is known to those skilled in the art. 10

[ Pustrate each of  opasFURTHEE piakHolermivds TR\ Rle AR cerml Mool 5 0V
t wo- di nensistznall 5(18@tlrp¢t‘ahﬁbmﬁ@{%f for thhrféret- defeaten3y a‘n&ie cdqeqmindmg By way

of exanple égé}qmg%cahbrm &@Ta% %icht@[ it 4 %ﬁa pP P? nte%mrgc? t!hs si?g%afgn in

di aneter. a cen SecC ereo
estlmate is denoted as E{Pl} 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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15 2D phantomis a honbgeneous object with a |inear attenuation coefficient

of 0.1 cmi. The center section 64, representing the regi nM)A %D[y‘_
i nhonogenei téal n the sanple 2D phantom has a 5-cm di anet Xn | i near

attenuati onVe8EPH*ient of 0.2 cm'. Figure 10 is a one- RGFEHVATH (1 D),
normal i zed x-ray intensity profile of noise-free signals 5 SCI, and

Pl +SC1 detected by the first detector 38. The 20 respective intensities of
an ideal nornmalized primary signal 5, a snooth scatter signal SCl, and a
normal i zed total signal P1+SCl detected by first detector 38 are shown
with respect to the distance in cm fromthe center of the 2D phantom i nage
62 of Figure 9. Fi gdfdhei@ystem Ieispariel rigasise avics, mapingedda idethenst r at es

that the n;‘ét’:dmbhcﬁét%@ %34 th@'s%ﬂﬁlqug@§t$ﬁ@da§ fhobgtCinbde’ i »d%é%é\?ﬁlr cﬁS hen

i ncludes the @' s‘?/ gnal 2 and scatter si gn
removed, | eRugettsst e&ﬁéﬂf 3B andwsing teshiniques knownge denatt. dhie seconstagtihen t he

Bppropri at 'y HeoRES AARE D B Wit ld S HeShmS AT B 5B 1 he
nor mal Pzed §OHECE d@.rwsw%atlea@slogw@m the detegjor s takg-thelmhturaidogesiém of t he
signal pr ofht @il 5@ oPHifRlihEneNBAMOK HhAY, JQULAS Lﬁ‘g@ By B0 € for

detection by detector/colll ect present
i nventi on, 1&1@6‘“&@&’5@%@4 apd badkroigctingythe prosessed slatva)htspethe ascanitalotien f or

detection. ghe fif Socle et o Fibich had ABRALR SATPKRl DS ELGGAY Of these

signals, and, ideall t he secon etector rémai ni ng
portion of mﬁl@@hergy 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

from fige center of tirgudld RIARLADER, feﬁ;lzézhgeﬂy %ﬂ%achlz&*%exm} ﬁgmtekge

attenuation of an x-ray P 1 aSSI ng e center phant om 62
i s shown atarddiysiraiseash ¢fstaps nSSlme@réml in the plots in Figure 10-14.
The attenuation of an x-ray Pl passing through the edge of the

i nhonogenei ty 64 of m@m@mo@%alsamﬁegwa@m%nlsﬁnﬁh@mmprﬁhtohm #YhRL. POSition
+2.5 cm an(ij an since the phantom 62 in Figure 9 is symetric with
ﬁéﬂsr'%{g? je

respect to pladdi Ry My Rigerample é‘tdnf“élr imptafios, ther sdvenle Sanpl e, the

i deal  nor ngbhideckE R0RAY iSdisabr. Akckm & Diher $Qtibs 68 ré%ﬂﬁé“éé%%p‘i‘ed in the
regions 15 greater than 10.0 cm and |l ess than - cm since

hori zqnt al
t he 2%9 pharild AT Isadiomogersats oteoy with adineas attpmutionscoefficinnt of Q.1 cm
correspondiTig defiteft 3ecton 49 WpFeséhting hﬁ’é“@eg;&eofqﬂﬁmgeﬁﬁgr 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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noi sy (non noise-free), total x-ray intensity signal P1+Sg§w3§ﬁéanﬁp in the
first detector 38 in one dinension. 20 Figure 12, correg&s 48 of

Fi gure 8, de normal i zed noisy primary signal P2 gn t he
second detector in one dinension. Figure 13, correspon |ng to 0, 52, 54
and 56 of Figure 8, shows the noisy scatter estimate E{SCl} in the first
detector 38, and a snooth fit 5Cl1 to the scatter profile in one dinension.
The noi sy scatter estimate E{SCl1 } is obtained by 25 subtracting the noisy
scatter primary signal estimate E {P1 } fromthe noisy total signal Pl +

SC1. -17 - 7 MAY 20 rﬁﬁﬂé;é?é ?fﬁk&ﬁ%g B’EJI&FE JUr & 1f rﬁ%(r')ﬁsgqspondl ng

to 58 of Figure 8, s pr| ry sig and the
signal Pl dlemsgml Bmﬁbs; fmbp mamllplrl@amher,asrmurbhﬂﬁt gretapaitahie fos detedtion , SCl

T romt .he ' é(ﬁltlet %B!ﬁ: top/g%tgcéors !asg.?r%lyp +§Flhe pres%gt %Rferﬁlsogeglgd ggt hhe pr esent
i nventi on, I'rst detector conpri 8si'ng regiohs o &duced
absorption absosmtn(;wayiu&cuﬁsadlm tahailabfeeﬂoerdcmttm Fl“iguﬁss deté&tor ABAvill5B. As i s

wel | - k§ovvn abgc?)ﬁlg gei\ncas the Bhét gya {hggets?r AlsC Y nap Cg)ﬁv%lyr’ ncsltcgd% de erclgorilttl:lzlv!ri tion

mat eri al sorbs-inc y Tn the
absor bed r apsrh mticoreopirigporsivg od ltise e:wg)esq)dmdth&gddsa t6 hiee patzngys mdt t he

absorbed ra 1 al i, or t .det ect.or y. a about 40-45%
of the ener‘%y gdsr?cfl}jgw&lﬁvgs ?@"12’ tBEE}?WéJBEagflxlf ﬁ@wssctﬁer@’is{apget P nat eri al ’
of the det dotothe cd:rftera)flﬂmcﬂD:pﬂan%m 60/inl Fipge Bg Feiyshmple] the apdnuhtictest shor a
particul ar

o the. por d2ht B &G oy B i ot e SRR TGPIZ Sor Rboatbnbi Weien, |
desirably al. Lpast 00% 050 and | deal Ly ] 5 400% iy cn - Gaser oe hat the
t ot al do}s/e?laee‘fqe & ‘P%“[‘ %gt ?#qﬁagto (ézdmf %“rﬁ%dﬁ %ﬁ’i Zﬂg

thereby m pogitian RYS 685 bed-29 e, SHBOfE PBaiteh 2he Fli},iﬁfré S syrﬂd?&fl@mng the QDE
of the scintillation material is acconplished, for exanple, by increasing

t he thi cknd&&gedito ithraraysRl passing hiosgh Hacerteia As ﬁoﬁnéb%rexa@sﬂet the Werlver si on
factor (or nehfalized ﬂﬁtﬂﬁy%@nﬁﬂtl’ﬂ i Q0 186 ﬂmfaﬁéﬂu%d A thk TBfiSHEA rélfdRCt Or S

approaches 100% the si | -to-noise ratio of the detected signal in the
secont det &&qa¥ thag IPéJd%e?ad lepp fang 1@ emegingeothe aﬁcpha@tewc@qe@ fotofxtend

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
P1+SCI.
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the scatter signal nore difficult. In another aspect of the present
invention, a selected nunmber of regions 70 are included7} st
detector 38 in which the quantum detection efficiency of 2 e
scintillatWOPE8%rial is not 100% Using the apparatus BREYUFEPRGHs of the
present invention described herein above with reference to Figures 4-14,
scatter signals could be estimated and subtracted fromthe original signal
neasurenents. The QDE of the second detector 42 and first detector 38
shoul d ideally be 100% hence, the dose -18 7 MAY 2QQ4 WO 01/ 35122

PCTI USCQ 29711 delivered to the patient will not be sf ed. ce the
scatter signal has é%'ﬁeéé’t‘ioﬁﬁﬁp(g g, (0P8 fﬂuéecﬁé@“(sr'g?ﬂ‘{eﬁ!émé‘%]&eﬁal

measur enenpsmaryliggral @nahs tkeasnil @4 deferiB® b QaIRMtIng leagiodth fiviwal |y are
used to iggrove si_gnal -t 0- noi_se, ra,tiag of the primary neasurenents

t aken from®HE <P Je tefebmeaspred naisy Hena Bl ct or 38 at the regions 5 70
of reduced scintillation efficiency. This nmethod reduces artifacts that
occur in both radi cutclEhsasperel of ah® Peapitsinbatians @hivh ik Gvitst deggamk - t 0- noi se

ratioJdn neasurenents he | ocati.ons 70. Since scatter s a |ow

{Fequency STTRMITE FRORS! TESHEFS ErSBiion.gf MOk EBrP Hl TIBFHIE L ERBES ar 1 ay 38
to have onliyaandtsB.se placenent of the |ow QDE regions (or sites) 70 in
the scintillation material to adequately sanple the 10 scatter signal in

the 2D detector array. 38._ "Cparse.placenent” refers to havin nunber of
regions 70 to obtair a't e“ﬁ?’lggr(‘eoﬁvtnat”f)\} ¢ e éﬁ?@tﬁrst RSy §.1°ﬁlld8w
frequency wentiltion maddrial vehichc aifsbrbe istidend lraysFarglucanvaditsAtlehaaryain taebodi nment

of the first detectar, 38 .in which the of the scirptillating material of
Getector SBsaiiEnSRertite Shbd B Sohr B et he eniter bl Peghl BT T educes
absornt i onlw®typjrakgriar ahildgtepion clricalln about aQdbErof piad drergy in (deydehialdiy referring
to an uni faorm.di.stributi.on. of regio Q to provide sanpling at intervals
that provi8 O'éhffdiggtfrsﬁlt“bﬁ%}@ﬂr“é gﬁ{l 3?‘?"6%“59;0& he spatially |ow frequency
scatter signal). In regions of reduce absorption 70, the QDE of the

mat eri al perform ng If e medichinfX-faly aihiagingi sys@mp isoxptivaitzed \for5@%aftiduarr educt i on
in scintillator.efficacy. is licati.on dent: this figure is used
for illust ra%ﬁhlc%neonp6l}ep%u§étsllmoﬂatg 1_onf§ttéc1%1%§§&%)%? g‘%grﬁlgﬁet? tlEl)ef Pergk ecol(lanti | lating
mat eri al i incidest glesyscaboorb8B by stheracinlikitedmbierialp gif dhs saiftilldfiog naterial bot h

B et Hen BT 8o B53 3 AP oY ! kR o e el DO R o e
primary si gmates tha thasstal 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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through the collimtor 40. The primary signals that pass %hrough
regions 70 of the 25 first detector 38 and which are col« Bb ghe
collimator 40 are detected by the second detector 42 and us the x-ray
I magi ng sygie 33U2of the present invention as descrlbedPﬁE?gﬁwgéﬁove with
reference to Figures 4-14, to estimate and reduce the scatter. Since
regions 70 absorb approxinately 50% of the energy of signals incident

t hereon, signals passing through regions 70 are relatively easier to
estimate, and are of 30 greater integrity, t han signals passi ng through the

rest of the te 9 -7 NMAY 200

per uSoa 29 e E o b TR R, bl vadia, Ohte k. Efky ST BRTEIFTIRE ener gy

of the si grmtsubiaciedeiim tltermm m@ﬁg@rﬂﬂﬁs he ﬂgwllsdmbﬂ;uﬁ:dﬁhyﬁd sabndodul ati on
at.i n i ncl ude r.could be a

of the scin terial

bl st | on Ssicctop YRR b ol Pt The' BelNERHRE ool ind HTER a1 - 5

Fi gur e 15B aéwsuvemarts aiksmﬁpm the dpiectbi tlemefts trhthepDedeedctceaseﬂﬁh&dih egiond  Of th]e
first dete absorpti.on re e regions 70 o
Lhe " a3t oot torbe S0t soinh i retndeRg Rme Ml Rieed Bttt PRCOHBLEL or 98
absor bs ap:mtknmdmagzeb})s a0d %oajogtaphs aRengy oM abwetedighal-tbheist ayisiol BCi dent
thereto. Peaks 74 E)res% nd. to,@he absor t|on a/{'rl | e of Eﬁ’?ﬁi regions 70.

I n cont rastmeaﬁ'érﬁ?llevs ocgings e$1‘8‘f°g§ﬁa ' Jd AR itATi dent to

det ect or 38uifiiclo s nizedtighial 2D eretonrdy 38 toMgve oY 8charbe ﬂ&ceﬂﬂhﬂfﬂtﬁﬁ 38 at
ot her Iocatlorlflﬂlgf det ect ar | ocat ed. Peaks 72

70
correspond 1P¥ JeBgis{ar S‘Fé)g?%ﬂ’st?’g %ﬁ‘rét% 'ﬁgsl?f’é%{taﬁ %’:P eqprely Soapedbes of the

i nventipon aycmeamgamemtthé RDNetdch HRly A8 eCEpRGIAdARA QBfeAN@ havligSa 1t 1S
i ntended by t pended ﬁl ains to cover all 15 such features and

advant ages ‘Bf® ﬁé’ A8 iTBrowPhiaA % JeRresintetivs, stpRle (iR disi sRatelaly  scope of

the i nvent ifeduercyvhi@ion @tm@&tﬁpggﬁa@us nodi fi cati ons and changes w ||
readily occur to those skilled inthe art, it |s not desired to limt the

:jg\sfgplt Ibgg, t gnélhgccor 1gh‘bel @%ﬁ ‘l#’gtg'{ﬁgglg%ﬂg‘eop : g{]‘i‘%‘%‘flé"l# Bf?t& a%dent s may
be resorteddDB,offthd bdimti)lavihg h‘laﬂ:_n‘hhef deeper 18 apﬂéhchﬁewawem wichagise| ai med. 7
,I[v? gngﬂgtﬂft %gélggetsa{ﬁéenségf %(F-d{lcaé(/i allbrstg' 1’? 78ypre erlggi;) rplacgy 9{1 a reglﬂarogzjitga(r:r} by
(typically referring to an uniform distribution of regions 70 to provide sampling at
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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i magi ng system conprising a collimtor placed between a first x-ra
detector and a second x-ray detector, said collimator bgi m‘ﬂim?s/ed SO as
to reduce scatter conponents of total x-ray signals incident aid first
x-ray det e¥PIM51&i 4 total x-ray signal conprising a prihEPSP® ?’é al and a
scatter signal conponent such that x-rays incident on said second detector
conprise collimted rays representative of direct path x- ray signals
passing froman x-ray source through said object to be inmged, through said
first detector, and through said collimator; said x-ray imgi nhg system

bei ng adapt.ed to nerate.a scatter rreciion si | from.data_ obtained
rom sai d PRFe Hoautoosaie Bercerensdfifitdes Stvdr O D ol GO

gener at ed thefwonsaiRdgiohs 30 cositl @etDphysikal sloflilitidn of tha\sculalaimianatbrialt her
conprising,a first detecitor scintillator, said scintjllatar haying a
oLural ty SRS i SESt OF CONE P8 gi PO IioB b, PRAF hERPBBH S r educed
absor pt i ons¢iflia€ing ragkialy arranged to allow transm ssion of a greater
percentage of x-rays therethrough than other portions of said first

detector scintill atat.; ein the coll.i mat cpl,li e h rppary
Si gnalés) passi ng t hr %%ﬁ\é\{iﬁg Sk’%‘ﬁh%‘éa"s"%%#’b‘ﬁ‘%ﬂ lrhéa F%)ﬁ%?d £amngo‘ﬁlrilﬁl%nrpsaecond
det ect or | sf thedpasiettcioo 38l etithatducbalsodplibmredginds 70r iAtalie/regeong A@lofthpassi ng

t hrough the reduced absorptjaon regions. 2.. The x-ray.inagiLpg temas in
claim1, wﬁ%tfﬁf'rn%t%he - P ﬂtaﬁB%iW Y st“g’ﬁ‘ldle maé}é t &Y Bgngl?séf%é a snoot h
scat ter fuaggrotimateiis 80 %1pDthetdnergy dadliided if die’ 2@$ ineident hemko. Beakiltd x-ray

i magi ng system as, | i,n the i mat or, co

claim.1, er |1 i Ij.Ses
Col L1 mat § ngUBBRIP G bR of b g Cs sy AP RE R e wner ei 1
the cot | i meh@gy imtided &s ﬂhqlﬁ%incfd@mab@éteaﬂdt g8 dsl abdordedaby Délersaijitiﬂﬂimllgce of the
X-ray imagi ng sysfem 5. The x-ray jnagj Sys according.to claim1,
Wher o 1 o] 8 SeERe I A obeBoBs Sh Attt SHECIGERRT 39 SHolth e
sel ect ed f nevatehRedlts 02 Pordspatidea thded @Bér@egond | inear detectors. 6. The
X-ray inmaging systemaccording to claim11, wherein the second detector

conprises at | east e detector rm(guie selected. fromthe qroup.of area
detbctors, |inear  dLieQBEb atiien 4ndipdigpees AbCi B om s ameent 580, \oy 2004
7. The X-r aly dermlgd sgecificsticnnandcthos, df i8 gaténded b the appentiaé clainms tolvevet-atlay i magi ng
system conprises an x-ray. radi ography .syste : .'grhbne X-ray_ i.magi,ng system
accor & ng t8chciCATHE f?é\féﬁ\éﬁ\{@gﬁs ?ﬁg‘ek&%ﬁi‘”{ﬁ’éﬁﬁf@ﬁw e tre’spiit ahd

scope of the invention, Further, since numerous modifications 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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conprises a conputed tonography system 9. An x-ray inmagi ng system
conprising: a collimtor disposed between a first detector and sag@0dhd
detector, said collimator being focally-aligned with an x-ray source of
the x-ray imging system said collimtor collimting total x-ray signals
passi ng tgeamrsy ough, said total x-ray signals conprising prinmary X-ray
signals passing fromthe x-ray source and scatter x-ray conponents

gener at edby dBR Y@ BIROBI Systaset der BiRgindy AN Abiept pby eanpmittingy-reygredic t hat
i mpi nge Uﬂ%l@”sﬁﬁrﬁ%mpﬁgﬂ?a& SORhARF BREEIBEMYRN Hrsk %g'd&geo%roq{nané
execut ed by "a priocessor of X-ray | mag mg system said scatt

esti mat i ofFCRAE Y¥-EHU Eefrgtasy d?@!darﬁpﬂlé’@éqfw RgiNdatigpossast ﬁ@sp%)nfél nsgjupg s¢adter ot al
signal s celmhgilepts Btoptixdrali digitald 50"

collimated signals, coll ectage/d @{a sgfcgﬁggggﬁéﬁdgﬁggtrgf d%f\e% gg?tﬁggtr%
scatter ¥9mgldeErisingA Pﬁ@aﬂbﬁigna*s@@ﬁaﬁ §C@iﬂr|swtaéaompomtdsu¢h tat dgepet or
usi ng the’mér@érht'dmézﬂ’djsédcﬂa%'eféctd??:bhfpﬁé@Qolfﬂ%at%@'r&&sst‘épfé'ggntgﬁ\}ee&t gct Sh G- Tirst

detector further conprising a first detector scintlllator, sal

scinti | | oMY SiaalERasging fignu paix TRy serrce derguegh sail sbisst foobe ineagiednthrelight saidut ed
thereon, &ai Gett@IMCRA thARgATRId eélnrh%k s ReL fﬂné’g{]ﬁfeﬁ%%@ h@ér{Fted fo

transm ssion of a greater gercenta ge X-Ta Fou ot her
porti ons SANEERE@ qqartglt cieacten signaldram ﬂﬁia&m'ne%@meﬂw flﬂﬁéd%fGPﬂOr randogaid

col I'i mat e&cbh@d%bﬁﬁfdfwﬁé@ﬁ@lﬂéta%’ﬁé#a‘?&iﬁ' 2d .rétfa%terc uced absorption
regions, the second detector is dispose etect the collinmated, prinary

si gnal s passi ngfid Hirgugtiay r@teqt@due@wramrmngo@ fiesg| datectorasaintillagory -said
| magi Ny SyHitRAtoF HAYRGSa t ?%ft Rlducs P ZBOSIBIdP r@éloﬁéq%lsir%tu?éd P, Ssaid

det ect ed by said first e based upon the Telationship, In respectlve
regi ons i'® %%ﬁdoﬁlﬁor@@né?moa%%maaé@wt@raﬂow&ﬁﬂwﬁéwauﬁg greaterpriceniags i n

sai'd col | 4reaags inoRRHIORGA 1IaNRIPBAIAY of bl SR b oe} gaAliaidcn sal d second

detector and det ec total x-ray signal in said first detector. 10.
The x-ray i magiiRjeisye é%'@e@éﬁa'iimeteﬁdh%p@\mﬁwgsfgnmfemswgtth@ugbma regitioRd

Conpri sesabsBrpfigh rédiGrid, Bed l%%c%h@@ete%ﬂer isl &@pé%eﬁ%’ db%gih@gsoﬁi}ﬁﬁt ggﬁféﬂf di ng

to claim9, wherein the collinmator includes holes focall h an
X-ray sougnalspassiyg WWQW"P%"&SP‘P&? fpeiRiipn regions. May 2004 12 The X-ray
i magi ng system according to claim9, wherein said first detector conprises

at | east one det ector nodul e selected fromthe group of area detectors and
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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| i near detectors. 13. The x-ray inmaging systemaccording to claim?9,
wherein the second detector conprises at |east one detector nbiday&it4
selected fromthe group of area detectors, linear detectors, and discrete
detector elenents. 14. The x-ray inmaging systemaccording to claim9,

wherein the x- T@x.rmefaaa?%yabm%cmmg PSRBT, dighaik ther AUTRRING S¥RRe™

15. The x-ray. imagi ng em according to claim9, wherein thé X-ray

i magi ng s%@@'ﬁ?séﬁﬁﬂ?ys@@%aw&ﬁﬁeéﬁ tonpgraphy system 16. An x-ray

i magi ng system i nmagi ng an obj ect and conprising: an x-ray source
transmtting primary signals toward the object; a

det ect or /®ol | | & GFIVIBEEBE SYStads aeardingifosglaige s wharein the ey imagingrystent ay

source t&ym gggg%ompﬁ%ﬁqorgg?,%bﬁ?s JsiG@ the x-ray source through the object
to be inmaged, said detector/colli'mator/detector assenbly being

focal l'y- allgned with the x-ray source, said detector/collimator/detector

assembl y gonprAgkRgy infaging'sykteffbBmbRgingt€t ecting the primary signal s passing
through the object ‘and™ scatter conponents produced when the prinary

si gnal s stri ke? CREM@Ire ctisposed @efwere@t a fyett @%t@@tpr f and Ife Feqaiipdstectay S@Iq‘ i rst
det ect or gfinkytbr lbé}ﬁ@focaﬁ)ablfbn%@'vﬂih' & RUr8Y sbakb Nef Mebl- wyamatgm Odystenf P d

absorption regions distributed thereon,” said reduced absor |on regi ons
bei ng arfodiner eeliraatingniotsl aneayi Sgialn Passing dhesalhequgpe saidniolshacigy sianals s

t her et hr odedprist@N pAhBET x-r EPrsﬁgn%%S p@&sﬁ@'fﬂ)nﬁ Ithetx-ARt 86les S %Eétltérak%y a

collimator placed opposite fromthe o Hect W th respect to the first
det ect or %Woneaﬂwg%ﬁ%by ReflestipRel FelerighAngs 94 s3idnryineary ought Sianatssthiah t he

col I'i mat ofpirBdipen SAGRREL daiect or pl aced opposite fromthe first detector
with respect to the <colljmtor and detecting the-prinmary signals passing

through the hot 8%atienestieation|andfatening erogam raerdrd &y dpregessor idhe x-ray

control | ijp@agige systéay SAH' ceatiind obiiRatidhe et Qéém{d I ;EFB%&H deleiving’ Rgsenbly
so that the x-ray source and the detector/collimtor/detector assenbly

nove in tSONGERRRAMIchiodhe Wt@tw’%me?ﬁaﬂ Ry saidl firsfcdgtecten ap#h ﬁét@thnﬁe@ﬁom

ot her; 230 Andesollifddd Bigalk aconsstbl det 08 sféeémpa@@bto@om eéticthgl R scatter
det ect or/col li mat or/ detector assenbly acquiring data of the respective

i nt ensi t i ©&RoPept§dn Yedntal Yorals EQJleét?dtW Sﬁﬁjefrﬁti qedecteraising the colipmgtadrionads ond

det ect or ;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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a system conmputer coupled to and controlling the controller, the x-ray
source, and the data acquisition conponent, said system conpuf blay@Ré4uti ng
a scatter estimation and. reduction programestinmating and reducing
scatter included in the signals detected by the first detector based upon
the corresponding primary signals detected by the second detector; a
menory cogﬁ)l ed to the systemconputer and storing the scatter estinmation
and redubtd-i onThs sgeuriinaging systEm plaggordingploaaygiaing Ainwhergije stidsirat dpleator he
signal s d@&n‘?ﬁr i ter,.i

t heref rom by Fﬁg atg?:’%étsP gpé ggt%fc %ﬁﬁ %ﬁﬁ%%ge?%gﬁfﬂré tgﬁa a’%rﬁggdr?a'tar?;—J é&/ﬁ%?@l}‘ﬁg?%e

col | i mat oincabf¢teefatses the primary signal s passing through the reduced
absorption regions in said first detector scintillator, the second detector
detects the collimted, primary signals passing through the regions of
reduced abkor ptho;raniaging systefayadacatdifihtp slain &nwhemeio dbe tsgeorst detestior
conponent t;?jbnq:?rrs%Q Ia?%a@%o@é"htgetgét&shogﬁbéﬁ%?e%fed%ﬁ Ghe gﬂ?ﬂﬂ of Qﬁaag@ét%&%dﬁnear

collimated signals an correspondi ng signals Oetecte e first

det ect or . detgctorshandcdipergte drieptereleysrtem according to claim 16, wherein the
collimator conprises a collimating beamstop. 18. The x-ray inmagi ng system
according to claim 16, wherein the collimator conprises collimtor plates.
19. The x14-ay Theayraygmegingexsietc ecenraigd toclaimPawheeinihe kepnimagingsystéanat or

i ncl udes R8s hAGEL YadddramRsydehll an x-ray source of the x-ray imaging
system ZOMThe x-rayyl),magdl ng s;}/\ﬁ{t em according to claim 16, wherein the
scatter estimation and reduction program constructs a snooth scatter

function pasedrypamtib@ghgaliem aE&fFH:ﬂB@@%I%in?%\gﬁabﬁﬂhé'§-ir£'395rﬁ%b?qss{/)§5}5my

signal s detected by the second detector. X-ray | magin stem
accor di ngCaRPriseapeorputagiemesiaphneysedt t er 24 7 May 2004 estimation and
reduction programrenoves the scatter conponents fromthe signals detected
by the first detector based upon the snooth scatter function. 22. The x-ray
i magi ng sifst enfR¥Edr Magipaysteniimadieg apebiest Gndigemprisieg: detector is one of
a linear deteciPgrfNgbupid %éﬁ:ﬁnﬂﬁm?%fn%rys‘ Rals BRait th8¥objedRIi Ng system
according to claim’1l6, wherein the second detector is

a detector/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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one of a linear detector and an area detector. 24. The x-ray inmaging system
according to claim 16, wherein the x-ray inmaging system conpr7 bay 2804 x-ray
radi ography system 25. The x-ray inaging systemaccording to claim 16,
wherein the x-ray imaging systemconprises a conputed tonography system
26. A nethod oj d@&fe{o%ﬁisltseﬁ cﬁ%E)ﬁé‘r{t cbﬂbié’di‘td(thé%létécf@&bﬂﬂxaﬁa\‘%f%%}dr%s%lﬁ

X-ray signals are detected a detector/collinmator/detector asse
sai d’ et h@f e@pinogiatgof tB%WﬁPﬁﬁWed@teﬂ%ﬁf%ﬁ ofthe signals gatecied byathe fieshdatecter r ay

signal cogRy theiseBory dtbéxBFY Signal conponent and a scatter signal
conponent, said collimting bei g_’g provided by a collimtor placed between

a first det ecteﬁY%{wa Can@étﬁﬁrﬁwa de apd confrpiinadie epnitplies e erayspuenend s of
the total jh¥-datya n%oﬁﬁi)ﬁﬁﬁtega:@\o‘yét&% obripaiter gﬂ@éﬁiﬁ% %rscaﬁé%u%u&h 8nd.

detected, collim e signals and the correspon et ect ed,
signal s wieeHelion Ragrant ¢ 'mafraeﬁe@mucwsfﬁﬁaﬂte’e@clweydn e $I9eafeﬂete§feﬂd>y the

scintil | afer dbR¥ioR baded RJpBFI qhétabreépamgcsﬁmeﬁfs SGRAL %téc‘%éﬁ ‘B?St]hg:NsQetcBh@“t ed

t hereon, said reduced absorption regions being arranged to al
transm ssPIRCleR a greater percentage of x-rays therethrough than other

portions of saj %efmdr?tcoﬁsrea% He $5tdM bé)rh?&t@lrané &enﬁgf PR LhttGUshiniBbh 884 the
total signals conprises collimati'ng the si gnal s passing through the

reduced '&Sﬁ‘éﬂoﬁtﬂr%fameéﬂ@ms and the step of reducing the scatter
conponent s ConpIdigsy de&eay.hggan H?ﬁgec%eédr%&ﬁi tié SRALR Bk thyt meoggs@ the

reduced absorptlon regi ons” and reduci E% the scatter conponents bas upon
t he det ec¥ector:aiter tﬁﬁtséﬂtt%f i igfameveshhergitem Ry 3oy caties estimatiereandibadicien on

regi ons. grégraifie nmethod accordlng to claim 26, wherein the scatter
conponents are reduced by: 25 2004 collecting x-ray intensity data
fromsaid firs¥heR tB@@B‘H@atﬂ%@e@m@% the primaet Signpls pessing thravah diee padused y

si gnal s dgisensied r@gmheansmn@lstd@éteabp%caﬁﬁnat&p%é ‘éé@oﬂooﬁéfe'cfb'ﬂsde@é éé hke
collimator, estimaiing the rlnar g%lgth detected by first detector

usi ng t heCOélgmqt%twaw é'@l"?'ﬁ @aﬁeaq 9 resal@mﬁa@fgedwp. ab&pmﬂgn,terre the Xt t er
si gnal s iagliMegeg |s?sté||ﬁ9reB@<§e%|th§ %%@r%o%bﬁ@ﬁt@@eféﬁtehhﬁ thé Fifdt defRIR Baoéq at

the aperture | ocati
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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approximating the scatter signals for the total signals detected by the
first detector wusing a snooth scatter function, and subtractihllayl2804noot h
scatter function fromthe total signals detected by the first detector to
reduce the scatter conponents thereof. 28. The method according to claim

27, furt hgdhneAioRr drntd RYUESSTOBRIGrAAT irdfloldiCine"Bdfter G@ﬁ]goﬁéfgmrgzﬁgtﬁﬁg%@gﬂs

;
signals having the scatter conponents thereof renoved.

accor di ngdetgctef y ihelyst diiestei hasascupenrthy smaali segttenfenaienconpri ses  an x-ray
radi ography system 30. The nmethod according to claim 26, wherein the x-ray

i magi ng system conprises a conputed tonography system 26 AF 7 MAY 2004
(12) INT TI OhK-raPmacnamysinPREerdingio ClbERS TMEepinTtHeafirstdeERATS ONe

TREATY ( P&f13 linear detector and an area détitor.

23. The x-ray imaging system according to claim 16, wherein the second detector is
one of a linear detector and an area detector.

24.  The x-ray imaging system according to claim 16, wherein the x-ray imaging
system comprises an x-ray radiography system.

25. The x-ray imaging system according to claim 16, wherein the x-ray imaging
system comprises a computed tomography system.

26. A method of correcting scatter in an x-ray imaging system in which x-ray signals
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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US (54) Title: APPARATUS, METHODS, AND COVPUTER PROGRAMS FOR

ESTI MATI NG AND CORRECTI NG SCATTER | N DI G TAL RADI OGRAPHI C AND NawROfhPHI C
| MAG NG Detector! colt orator/ 34 detector 12 14 38 X-ray Source bject
(57) Abstract: An x-ray imaging system (134) inmages an object (14) by
transmitting pEdigBing >§+e9riﬁleﬁs@ra@tdmh%9ﬁ5rr§ ehllsbbe Mtectéd0) placed bet veen

detectors of the x-ray ﬁ system The col |i mator reduces resg’ectlve
scatter conpongfimatipg th%tcé' Qj«‘man@ary signalslidetpcied by rtag wesonshdptesioipdhent

and a scajiefurdiocgaftinsCHTROBAthatone of the det ect ors detects the total
signals, the collimator coll'imat'es the primary gnal s of the total

si gnal s focal | §stigatiga die mtmﬂrytwe&fi?teﬁt&ﬂ@ytaﬁcﬁr&t ﬂ&@tqrn@lmﬁh@@hmﬁm one

of the det(HrhRES, prianel Bighai®f the detectors detects the collinmated, primary
signals. The x-ray | nmaging systemreduces the scatter conponents of t he

total signal s eRiMatipgdhgpcatips signalsoiciuded de the tabalssignale detsstedhley e Bist ed,

col I'i mat egbtsitgn at heapdrtt@8oRbhgspondi ng, detected, total signals. In
anot her aspect, a detector includes regions (70) of reduced absorpti on.
approximating the scatter signals for the total signals detecied 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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