; PQe3e6K6H<X6. TO4 Method for Calibrating The Intensit Profile for a

..Movabl e X-Rav Source Field of the Invention 5 The present invention rel ates

~to x-ray imging systens, and nore particularly, to x-ray | i Syst ens
~in which the x-ray source noves relatiye to an x-ray det ecﬁ’%ﬂmmﬂﬁmwund
. of the Invention 10 In a projection x-ray inmging system

0 be
i maged is placed between an xray source that is typically a pdi¥osource
and an array fferod ¥ Gfibefine he Mb@pits PrdTilefor aMowvable XiRaydourgeacked, the
i ndi vi dual de ors are referred to as pixels. In general, the point
illum nation source generates an x-ray field that is roughly isotropic.
That is, the nunber of x-rays t figh €d per unit solid angle at
the source is roughly constant.ﬁ dﬁtﬁeﬂ@gﬁg—w detectors is typically
flat, and hence, the solid angl e subtended by each detector varies across
the array, since the various detectors have djfferent dist. ]
orienfati ons The presensinventiondelatss josray FBREIREYHSTS, ang(%og? Baé"lagﬁg)s’/'s:o?’g%yi n
which the source is .l Qsal VR sohllE mb P rElativeito bR R-réledetdetdrr array and
ori ent ed‘@%ﬁ}’?\giyﬁtgfnst'#e cgﬁft?ee’? a?es?ect or inthe array is oriented at right
angles with respect to the ray fromthe center of the detector to the
source. The solid angle 20 subtended b¥ t d(—ito%ctors varies wth the
detector's distance fromthe %@L@Lﬁﬁ%ﬂ I . The detectors that are
nearer the edge of the array, and hence, far fromthe center, receive a

lower- x-ray intensity than those nearer the center. ldeally, the proj
ectiqp i mage tmamjtctiynx-hmlmagmgSm%ﬁwm&ﬁm?%‘ddw@%‘iﬁib&&ﬁﬁé X5 the

X-ray source a“ﬁé%@é@%ﬁ%&?&%ﬁ&& bfk-tR MR tecfdrst WM s@dhSfapd | on or

scatteri A I um nation artifacts. However, the
above- deggs deasdly hdckedTithindioiuiaieteatorsme feferreditags pixds bs genprahdhrpaittes

artifacts, since an object that has, a uniform absor.b . obj ect
woul d applheminationsquese SEREEHES W’W%Fld\}g‘?til%@ueﬁ Woﬁ%f'f?@‘n m?ﬁ{et Iﬁleblyrr}gge i's

o
it
.'\

not corrected,for. LOg tp%pﬁﬁi{ Q’oéi\i%él@tai 88 sousée it Foughlelicbhstdnt.tThetatray of

illum natxl'rSYF'\l?ﬁtraireagl on di'scussed above, the inage nmust be corrected for

vari gisi ORstebrsifpaally flanandtiehees thegblid hregle/subtendes by qagh deleatuVRBFSACTINS t he

array. The inmage Docket,L No. 10020675, k.~ = ard : ksthesed in

these sydheannyayiacedhewrgup 9“?‘%5'8? veecqlgerggtdhs e e%tﬁt?%gﬁ'?ﬁiﬁé ain

vari es frsgﬁcpi%?éxahcblaicaﬁid&asym iy widiyh thebbuscea idcated overithe whteenf ®al | ed t he

"fixed pattern noise" or FPN. This variati on.it?l %ﬁ%}‘cal'l% cﬁq(rr{ ?‘fg‘%?.“by

taki ng daletectbr akay anidiorigntpchaitch Shat Brercrnigrtetastor ghire AT 1§ SPFT P LA At 1o on)

| mages and,oreati BoheladRb (ADChaflk b MBIt soRReNTRE ki anglet abl e of 5
PRreRRegt tp Sedph iR

t hese pard Ina nmenory. These val ues are us to correct
each i X @hbtesled ®y i detectons wazies| with thetetector’s distanee froma theregler 08¢ aT4%  shoul d

be noted that this correctign process also ireal i REabees the

i || um natfhsdetpetprsihat 3re ’Iﬂ’?‘f{:ﬁ’§§§%" ?/ae“agsanv(\%%&qﬁ h?ﬁ‘edlgg ative position of
the x-ray,squ. g gﬁ%i&hﬁn@%@ﬁéﬂrtﬂd‘é&wr,i s fixed, such a 10 | ookup table
correction procedure provides a viable nethod for correcting the inmage.

Ideally, the -ﬁr;)j ectlon 1mage formed by the array when an 6bj ect is placed between

25  the x-ray source and the array reflects the variations in x-ray absorption or scattering by the
object without illumination artifacts. However, the above-described illumination variation in
x-ray intensity generates artifacts, since an object that has a uniform absorbency across the

object would appear to have a density that varies with position if the image is not corrected
for the intensity variation.

30
In addition to the illumination variation discussed above, the image must be corrected

for variations in the gain and offset of the various x-ray detectors in the array. The image
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However, in systenms in which a | arge nunber of images are taken with

. different orientations between the x-ray source and the detector array,

. this procedure becones inpractical because a table of correction val ues

- nust be stored for each possible orienfation. 15 Sunmmary of the Invention
The present invention is an imging system and nethod for using the sane.

The i magi ng systemincludes an x-ray detection array, a point x-ray source,

and a controller.. =, | AYBdth HelddScuereiitland gain vyriest Xx-r ay

det ect or%ePS‘EéBﬁF%%‘-‘I‘%%@es‘:°§‘§ta%$éegée\’%@?i§%"i’éﬁfg'a 20 signal _indicatiye of the

kd

X-Tay engh@pirdisepineldnlhe drap. This sariation sofion called thes“fixgd pAtEE IS O i que
| ocation inthe detection array. T i nt, Xx- RO tive to a
det ect i oRPMr Thiy variation I%WP‘Fﬂ °>9¥"F’%¥§fb§é 8?% d;eg%(tlhenc | %g’“gﬁzg‘ﬂ lgjggigl e at -
the poin ce t ' ih ehddffseevahegoi dacinpiaél. Ahsblpef nt

R R T ity

source a ectl rray and on the |ocation. of t e.delteto_r in the
det ect i Ofhedd peddmetdisds sbmdid a memen aTbeseypluasan used e GorErst @61 BFCd3Ends on a

Cal Tt O oo N5t Bl D e iyfad {OE BSAGRRe Rbod Bt B@lchlecipBbrosubt ended

source. e controller includes a
menory that JSbhAhBSIR cafbthies @ iladindtion vhation disaesed sbave ¥k ni nes t he
cali bration paranetér for each of the x-ray detectors. The controller
corrects the signals generated by the x-ray detectors for variations in the
~solid angle subtended by.each.of =& 804 tHEL A&k afrapiadixkdysustea i at i ons in
. the cali brati%ﬁﬁiﬁgpéﬁ"&%ﬁ%ﬁ ?8 Icer may al so 30 include a processor
¢ that jget $Jd§‘é1?%lé&fb?re6ﬁ’dﬂ fRbcethire provides e viable mashosk for engreeting the B8P from each of

‘the X-ra ectors for two different relative I Rtations2Y
sour ce aiithweler, itetystems Fhwhich &Wg%’é“q’@é?'lﬂ’raﬁ 5 %B%%r‘glnmé@gfrcg{lg/%ca IV defines

the gain of the x- fusieprobamietiecdines iPEROGT Becau® val ue
for that bﬁweﬁﬁﬁl&é‘fég%églgg%ﬁﬁ%ﬁc}%% ma%/ utilize a pipelined processor
for corrqaitlear édirctomvaliies gmstde stosesd foyeach @ossibleQriedtaigRy or s as the signal s

- are read-out of the x-ray detection array. 5 Brief Description of the
Drawings Figure 1 illustrates the illumnation of pixels in an inmge array
12 whgn an object 13 is illuniguaimsrylofehe Inventiorf f er ent x-ray point sources.
10 Figure 2 is a schematic drawi ng of an inmaging system 50 according to one
enbodi ment of the present invention. Figure 3 is a schematic d;ﬁﬁw ng of one
enbodi nent of | pel.i. . D fQbtefa@hd gRtbod fortbing ithesgmeddha. 15

Det ai | ed Descrﬁ‘ﬁ%f%ﬁ‘l% ?%ogugfﬁgglzd%negd@%nbodi_nents of tﬁe Invenltli Olye

imaging system includes an x-ray detection array, a point x-ray source, and a controller.

plurality of x-ray detectors, each x-ray detector generating a

x-ray detection array includes a
20 signal indicative of the x-ray energy absorbed by the x-ray detector and is located at a umque
location in the detection array. The point x-ray source moves relative to a detection array,

each of the x-ray detectors subtending a solid angle at the point source that depends on the
relative position of the point source and the detection array and on the 1°°at_i°n_°f_ .th_e detector
in the detection array. The signal generated by each x-ray detector depends on a calibration

25  parameter that is independent of the solid angle subtended by that x-ray detector at the point

source. The controller includes a memory that stores a table of calibration values that

determines the calibration parameter for each of the x-ray detectors. The controller corrects

the signals generated by the x-ray detectors for variations in the solid angle subtended by each

of the x-ray detectors and for variations in the calibration parameter. The controller may also
30  include a processor that determines the calibration values by measuring the signal from each
of the x-ray detectors for two different relative positions of the x-ray source and the detection

array. The calibration parameter typically defines the gain of the x-ray detector or an offset
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The manner in which the present invention provides its advantages can be
nore easily understood with reference to Figure 1 which illustrates the

~illuym nation of pixels in an 20 detector array 12 when an object 13 is

illTumnated fromtwo different x-ray pagjnt sources that are shown at 15 and

. 16. A typical pixel in the detector array is shown at 14. For the purposes

g

. i magel0 s constFigere@ds Bychemstic dsgming

of this discussion, it will be assuned that each of the pixels has the sane
area. |t wihkd foRrthax-Bey desetore@hé somtrolidrendylutiling apipélined grogessen foticamgctinge sour ce
i s independent of the source position. Denote the Jjllupination.i nsity at
t he sour ce stgnﬂ,gewe‘teéi’ﬂ theot-ray detectors 2 the signalf ae é%gp%'f’ X8y @%ﬁcglé 13, the
si gnal Sk%_%enerat ed by a pixel such as pixel 14 when the source is |ocated
at positi Y15 s gi ven by: Sk Gk*h*C0Os49~' ~Fk ~1) 30 Here, k denotes the
k™" pixel in the array; G is a gain constant associated with the k'"

pi xel , and Fk is an offset cgnstant .ssocfitﬁd wth the k'" pixel: It

shoul & be noted that Gk and IR % T24H8%D675 4 i ndependent of
0. Hence, if Sk is nmeasured for at least two different values of 0 when
object 13 is absent, the constants Gk and Fk can be determ ned for_each of
the pixels in Fiperedrillustratepitherillamination of pixels ip an Bpagedrray i & Whepanobiset L ne

x-rays, I; s reduced U the k' pixel. Here, Ar is the
absorbech‘f&Wﬁt@ngﬁfrbg%cg gnggﬁ%ﬁgp@gtt%gcg%nnecti ng the source and the

pi xel . That is, the signal formthe k" pixel when the source is at Ot and

= object 13 is in place is given by: 0?;p(;k*l.;*Ak*co 49t +Ek I{_é 10 An x-ray

ieagineysteR Uy a5coRling

e, the imaging

*system rmggh] S@| gfﬁgfﬂ%,%}%g%n‘fi%n{i Ar values. Wile a single such i nage can

be useful; roma plurality of such inmages 15 taken fromwith
different orientations of the x-ray source relative to the object being

' d ft ded t i d ficient .
berorT ot i ot drawe hin seienghy Gep e ope bibahelt3F 2Rl AFRARLLHRE SO

diree

- three-di J Flu;l; &lsor bency neasured by a pixel is the sumof the

‘absor bencres of a

of the volune elenents ("voxels") along the path
bet weéh the x-ray source and the pixel. If the absorbency of one of these

~voxel s is much gpeatel nllaihbh 3F tieP refertddE mbitimen ¢ e Mvaitibnt he path,
this "dark" vox ues o e other voxels. By utilizing a

A

nunmber of different orientations of the source, the other voxels can be
viewed without this interference in,at least .one t he r L VeV ews.
Accordingly, xTheayannssinaghichthe presqnt jpvention ;{r?_.vr@eg_ltgi%%\é%s ggsﬁ%#qﬁem%béeg& y
reconstr Uﬁ&{%ﬁst&o‘&%ﬁmfe?&ﬁé &/ BRkrY 1 WitlidiBustratd Mialumnatlor 6fpieslt iniamages t aken
at different source-object orrentations. 25 As no%fed above,  prior r%

systed® ofeeadrarisy 12 when agobieat 4B isdllwmningied dog tworfl XY RABhSHERF 1" t wo
entries per p '%ﬁ%tfli%%ﬁ%ﬁ]‘glskgfﬁ al gﬁ&i O Bftdctd? ArraydsisHAMIR 199I0FRr tHe Pliipdgea"

sensors h&Y&E er order polynom als or other

- descri pti gfgis distudshom, B iwilh besssuhedhatreactastithe pinels has the samm arga. dpwill dlpeke

O 0S40, A tht e sinion pncb Sty he Souit s HEBS et B the source positon.

Denote tﬁe illuminaﬁoﬂ iriténsity at the source by I, photons per steradian. In the absence of

25  object 13, the signal 9S, generated by a pixel such as pixel 14 when the source is located at

position 15 is given by:
0g, =G, *I;*cos'0,+F, 1)

30  Here, k denotes the k™ pixel in the array; G, is a gain constant associated with the k™ pixel,

and F, is an offset constant associated with the k™ pixel. It should be noted that G, and F, are
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30 prior art systenms nust store a mninmumof 2N entries for each possible

. value of 8, where Nis the nunber of pixels in the detector array. To avoid

 X-ray SOANZEaHRALRE GPRVEY

i
si“:
= *

having to store one table of this formfor each of a nunber of different 8
vdl ues, prior art systenms with a varigble geonetry arrange the Docket No.
10020675  x-ray hardware such that O’ remains the-sane for all source
positions when nore than one source position is utilized as in, for

exanpl e, anal legm - Phtaadst to diffvyememluesiof @ wheh objeryi ng
system it ‘?eﬁgnedggo\gﬁ'erﬁe&tg‘f‘ing ltsggmt%ol?e&aﬁr?d the source are rigid connected and
move t 0gstdigsedtothpeastanes G,aindF van healetermisadfor sach of therpixely ot i on

bet ween the i nmagi ng system and object. Such arrangenents, while reducing
the data storage problem nmarkedly increase the cost of the hardware, and
mor e i Mpor t aRflh-obldeim 3 istikbertéd ind thé bith uf e d-rays; hisghdueed by amamouns Pect i on

! obLé . ! :
systemutilizing this type of design. An i stem according to the

) .magj ng .sy

present forhe kY pixel. Hezé, ek dpthy absorbensieef the %@%Fﬁgioﬁgﬂf(?a s connectiig e "or an
array of small econom.cal. fix kB OH e PWBLEHRE §RFceds 4@y atdéjedioes not
nove \Aheﬁ‘?“‘tcﬁéndp'g‘i’ﬁ’txeg]oﬁfakg’%Sggf@g%ﬁgnggs? Since scanning x-ray sources
are knovxfc'? i%]guglmi@éﬁ,engy;det ail ed description of such sources will not be
presente ere. For the purposes of this discussion, it is sufficient to
note that a scanning x-ray source is a variant of the commobn cat hode-ray
tube that ingludes,an el ron gun that digyects a beam of electrons onto a
target. 15 Tﬁ@ﬁbgf‘& 8%1’% iT‘i npact of the él)ectrons on the target is

det efgni ned by a deflection systemthat noves the beamin response to one or

nore control signals. By %Syggqpiﬁggig%o ig}e? ed% ikﬁmﬁée;thkfi‘ﬁaémé&yts{eﬁf‘ of the

e obj ect “being I naged W't hout any

f or m of Leal g, valfilek.e the position of the x-ray target relative
to the dlglﬁégglgéﬁg'rggg&nay be fei xed, the position of the x-ray source with
respect to the detector array 20 varies with the position on the target
that is curregtly heifg bo jsdell1, 8418 QLriveA Fronbelaraliooy such iages e 2,
which is a sc ?F‘Bglﬁggﬁlngg%g&}ﬁ\ﬁs#ggi ng system 5013_, N L
“° 15 talc from ggﬁ(}iti)ﬁ‘ldkﬁtgm‘bﬁtam oémo@ammcmlatlh@toﬁ%%%‘wﬁt bring Sﬂ‘t&eﬂn. .
magi ng system utilizes scanni ng_Xx-r S Mh&gbigetPoi N
sour ce ofrexftempesdehtogipvide § CI?Iﬁgﬁt?i“gﬁc%l}sgi{ﬁg&gé?ﬁfﬁs%%‘%%{ ?ls 25 Jontrol | ed
by a_posj o ori)jé%:%rbtfriﬁueﬁr SirdeMhertsfonal0 Mibe Abdogisknby measuiddrbeyta wxel idthe r ol | er
54. The -Fay source prea%erably varies the point ”sgurctg Bo ibt' Qn. guer a

t wo- di meRgh 6fthb absosensiecof allndthe voburagslementsio vorslss balppgee Palh OERCGR Bfed from
substantially different direct] th0 DO I8 Riush kfeatehihai thahe

posi t i onXfr&y %PW@H‘?B\?@FXCE gﬁg_ag?%g%nsc. oﬁgﬁ(ee(ffi near path cangal so be
advanhaggpius bihetHdxkisaRhg thapat diis I'dark” verblodh mask theivaluggnfdhe other Yo¥¢lRt sour ce

remains fixed in 30 space and the detector array | lewedt o the
poi nt soByekliziaga apmbensd d Prigapns é}@ﬁé‘f@ﬁo&efgﬁgg%’&%&ﬁlbgwkvﬁet ect or

o array S pRasYie fudifents i Jedsi o oP B SltbiRGIGlevish Acabidiety, Baing | maged.  The
. det ect or ™4 era F

ay pre y includes a plurality of individu tgl xel "
det-ect-or-fspticisybeneacndthreedisensionl ngexeqan¢F€éé¥$t%ﬂpfFﬁB@raPh- VART

NGl e e R DL SO e b AS e JRLRRIGS O measuring x-ray

ence, ctor

25
As noted above, prior art systems operate by storing a table of values, the most

common having two entries per pixel for a linear FPN correction, although some nonlinear
sensors have coefficients of higher order polynomials or other descriptions. In the simplest
linear case, the first entry specifies G,*cos'9, and the second entry specifies F,. Hence, the
30  prior art systems must store a minimum of 2N entries for each possible value of 8, where N is
the number of pixels in the detector array. To avoid having to store one table of this form for

cach of a number of different 6 values, prior art systems with a variable geometry arrange the

Docket No. 10020675

HEA. sotid - o



5 array 51 wll not be discussed in detail here. For the purposes of this
. discussion, it is sufficient to note that detector array 51 can be readout
by calibration controller 54. In the enbodi nrent shown in Figure 2, the

| ocation of the point source relative to a reference point on the detector
~array is stored in a nenory 55 connectesd to calibration 10 controller 54.

I nformation specifying the |ocation of "each pixel in detector array 51

relative to this reference point is also stored in calibration controller

54. Thi s x-plydfadWire Buchalt DeerhARY 66 SiileSdr ABsduREPokiRBS wieh ﬁ{ol?e fhars b0 €

coordi nate system or as, a coordi nate transform between the respective

coor di nat WUESEPOEHAN iiilizedys in, Hfer examplet analogrlamaipographyt Morp bipivhally hioweer,

addr essi . f iven relative j,nt source sition,

cali br at | i Bme s Perd ool Wik e Bacle R IR s bk Follboppetedantal 1o

t he pi xelmeve tagethéido ploeideaslativeeotatidial £ thinsla@HalBotidh &ﬁ@%nﬂieﬁﬁxlagﬂng det ect or
array 51, i.e., the angle 8 discussed above. The data stored In"tables 56

i s gerer aVSamARd oBieet, Fuch awangementy, while redyeing thesletagtoragg pasblénymagkedipast t wo

di f f er ent; bV, it i nhbhg the.constants
shoun 20 1 5etn e QP RbeRrRa b i ARHHbEN, ik BN bl
al gor i t hred ag inspeation sy stetk utilizinghthis typetefdasigrmt i on are wel | known in the art,
the details of such algorithns will not be discussed in detail here. ~y . .
.. In one preferred enbodinent, the data fromthe detector array is
s corrected for A&hﬁla%ﬁg\éﬁtéxﬁfaéc‘aﬂﬁnéﬂﬂfeprg_&h{‘in@é}ﬁoﬂhfeﬁébly hifdiAs RAfhihged
s processor that corrects each. measured Intensity value as the freasar ed
“ val ud0i s xrrey souregiorfangmay hfsngadk egonamical fixed souRes end sdetectar afraythaedo@s nothi ch i s

a schemati ¢ _draw,n f. one enhodi pent qf a pipelined processor for
correct i M VERARH oty sPutEe Reriion ciiness, Sincf spanfing oray squises wa kaowm 1he { he
det ect or aftf 4 @atailédies@iptioof sutledodtdey FilPAGIbE ipRilerdéd KRS YR HHApuBRE ST thighd t he

detector arra |s,coEr}1)i,ned with the | ocation of the pixel 30 in question
within t Hiscugsion, it issutfisient fo noge thefs ssanningck-ray seFeels aerig of the sommen|
i Nt ensi t ¥athSde-1ah Wibeltat j | b of f set
~stored i nat he'tgbl efs st hg\ﬁiﬂd@%{rﬁé&%&hﬁﬂg%g‘&ﬂg}%@% oﬂregﬁtﬁgagﬁoingﬁ{’éﬁﬁ%gftf The
of f s@f cdhe pesitéah efampadt of thi electoans op thedargtis déthmminaidtiyrradefleGnlsgiterhithat

10020675 _ : ependence nul tiplier 62. Fi Ily,.the result from
e ol Epvesthe BERT BISRGRLY o or e ol Songls | i pbiak e SR &f o o
correct eﬂn%ﬂctg e positiof of the Q-r@ﬁ%edmeixﬁ@édmit@ﬁﬁtoﬁjfe&f bemg%nﬁgéasem

i nvention _have been described in 5 terns of an array of detectors. However,
it shoul Witheutaay famaf smechapical mptien, Whilthe positient eftheox-taydangeti reletivetie the
sub- ar r ayS.Rdr afral BavIEEREd ; Lmagi | a be
popul at ed ‘\EM' trh ra;gnyyCCDl ?ng{gf roglﬁggﬁfeéﬁqg%}gson% fﬁ" Eh'prieg’é?f@tq‘zir reafgac{gﬁymay
t hen&| vesies withdhepdsifionlos theliargetahat ds dunahtlybeingrbahtnadedrwithyelédhahs. Ut i | i zes a
nunber of sub-arrays in which the individual sub-arrays lie in different
. planes mght also be utilized. 10 Various nodifications to the present
i 1 nvention w |Reflramon Fanper, eitlich i9 a kéHeaftiS HiaWitCofial ith hi yn the
—ket-ot-egot-ng-deser+pt ion -and- acconpanyi ng -dr aw n%(sj? A(l:c%)b?nl nyts?% t he present
" invent i ofcerdingdo pee qmbpdiraent ebhe piesqny invertian: dpegiog systesn $Qutilizes mgcachiagms.
Tl nnkPt My'sou}gé—gfﬁ%rovia'eapoint source on— s]-n Lvl%clgﬂél IM%QOA §f the point source is

25  controlled by a position controller 53 that is controlled by calibration controller 54. The X-1ay

source preferably varies the point source position over a two-dimensional area such that the
object being scanned can be viewed from substantially different directions. However,
embodiments in which the position is varied over a one-dimensional linear path can also be
advantageously utilized. In addition, embodiments in which the point source remains fixed in

30  space and the detector array is moved relative to the point source can also be constructed.
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1. An imaging systemconprising: 5 an x-ray detection array conprising a
plurality of x-ray detectors, each x-ray detector generating a signal
~indicative of the x-ray energy absorbed by said x-ray detector and being

| ocated at a location in said detection array; a point x-ray source that

. nmoves relative to said detection arraye each x-ray detector 10 subtendi ng
at said point source a solid angle that depends on a relative position of
sai d point source and said detection array and on said |qcation of said
detector in saidktateiracsay 5hmeasugss theanthysthelnsss thiough the phiegihemngiimaged; d si gnal

gener ated_by each x-ray. detect.o 3 1A L] ' ter that is

i ndependdif dStFCtQ’é?IEPys%%/ﬁeﬁgQr}@‘fl%&ég%ﬁ%ﬂﬁi%ﬂggl}%dﬁ%t H)%(E 1?%/@%}8{3’2%?%? at said

poi nt Soqe&gogﬁl@agﬁﬂﬁg e85 fosigdit froh h emalCaiifinngle eelativetmibe pointiaurest or es a
cal i

t abl e of ration values that determ nes sajd cali bcilﬁt i og‘ﬁ‘[%atr ameter for
each of gataysof deisctote fargmespusingarigy images are knownjothearf, aad hence, GREFIRY | o

corrects said. signal.s generate ai - detbemiigussdaritis --- - -- -
vari aPi oﬁ‘?a}'gl gvé]?aﬁsb&(ﬁs&usas%cgfne&gﬂg}egeh e(rjﬂ]g;il)e%gcﬁ o%i sai d Sxd-ﬁF tay detectors
and for \affcaint @otd thatifetefor drryes 1i dandt readoyp by eatibtation c@frafler Fhe i mage system
of Caiml wherein said controller further conprises a processor that
determ nes said calibration values by neasuring said signal fromeach of
said x-ray detegt wiliid ERLRNE tHeabcatibi/er tROSit sofee Alativatah X- r ay

~ source and sa}hélﬁl gbg)g{j%ﬁua@@r a3}. .%hﬁTh_e ei magi ng systemof Claim1l wherein
“ sai d cal ijbfemhtopoimanahedacctatafayisstaediaiamanry phenngeteditp caliratiqny

# Docket No. 1002067.5 .. -=..-.. ...-. . MaesTol eMedftivel ai m 1
~ wher difn %P@lﬁﬁ?-bﬁ?rfr@ﬁo‘biﬁﬂﬁﬂ%fl%wea%? P(ﬁn_eéxegérgmgﬁflg% t%/bg?rue 1or i hat X-ray
det ect or .y, 9y refl{afice gﬁﬁ! 196156 ¥foted!Th edlibsdtiah Boritrolibred4e This sefouhatiom candhed er
conprises a pipelined processor for correcting said signal sépgenerat ed by
sai d x- r agprdented aplosations sathin a:singleceprdipaie SYSEHLRTES 8 COYIMACFAPSI Yot ect i on
array. 6. A nethod for caorr ' ' SdALNE AahEshdite Doty

~ detecti orPCS’F?e&)’zhefGSp(%%rchrid‘ﬁnéwa&%Fﬁt}ra ?tfeqréf X- T ay cfgt ect o?c';s]nv\hen an obj ect
i s i maged,dissing? Gildice for diy ghanreetivelpaint rrovies positicak ¢alibration sentigllers142 on

At ayl’S eac%rrllp?lze tl?efi ;.nglexl;ewén%aé r?oCt 2 tg tl?eupt&e? Qrcrlaltyngld%e r%? Ifrgm the point source to

each pixel in detector array 51, i.e., the angle 6 discussed above.

The data stored in tables 56 is generated by measuring the-output of detector array 51
for at least two different relative source positions and then determining the constants shown
20 | in Eq. (1) for each pixel in the array. Since data fitting algorithms suited to making this

determination are well known in the art, the details of such algorithms will not be discussed
in detail here.
In one preferred embodiment, the data from the detector array is corrected for the -

25  variations in é, gain and offset via a pipelined processor that corrects each measured intensity
value as the measured value is received from the detector array. Refer now to Figure 3,
which is a schematic drawing of one embodiment of a pipelined processor for correcting the
image data. When the data for a pixel is read out of the detector array, the current relative
position of the point source, and the detector array is combined with the location of the pixel

30  in question within the array to determine cosine™ 0 as shown at 60. The pixel intensity is
input to a subtraction circuit 61 that subtracts the offset stored in the tables shown at 56 in

Figure 2 for the current pixel. The offset corrected data is then corrected for the cosine 6
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poi nt source a solid angle that depends on a relative position of said
poi nt source and said detection array and on said |ocation of said detector
~in said detection array, each x-ray generating a signal indicative of the
X-ray energy absorbed by that x-ray detector, wherein 15 said signal
. generated by each x-ray detector depends on a cali-bration paraneter that is
i ndependent of said solid angle subtengled by that x-ray detector at said
poi nt source, said nmethod conprising: storing a table of calibration val ues
that determ nes said calibration paraneter for each 20 of said x-ray
det ect or gepepishcé By hauttiplivg 62 aFidally, theadsalt Genmenuitiplibr 69 isdivideddy thy galst ect or s
for variations in said solid angllg‘g ,Sl.ibt nded by each of said x-ray
det ect or gsingdividst 63 i BACTARACOREGPEC YA Fbration * . .. _ . . . parameter.
25 7. The nmethod of Caim6 further conprising determning said calibration
paranmeters by nmeasuring said signal fromeach of said x-ray detectors for
two di ffer ent Thedmivesdesqribed emldiments efdheipresentipvention bavedgen deseribeddt ect i on

et | ns sergaphon BT aEeRiOpONEN L Bpd g p et e s B b OBy RIBE! 7,
met hod of qﬁ@fuﬂé le\l\é}?srgg loPx-3 dtee@td. FoRbtatipld) Bleaniagiag pliad innebe populatdds et

val ue for that X-ray tector. -Docket No. 10020673 . _ .. . ... .o
. A3. A8% A¥itH.rixuly. COSEImpErs\Whichare mudtizpiyel ggrays in themselves. It should also be noted

_ I&]zupke‘[\/}uggl}cg‘] cal ch cﬁca Fl]n ] C_?,} : ich the individual sub-arrays
- Uferal cafteh e BT AP AMRATAEPOER SRERP g i e udivigye ey
”‘ lie in different planes might also be utilized.

10
Various modifications to the present invention will become apparent to those skilled

in the art from the foregoing description and accompanying drawings. Accordingly, the

present invention is to be limited solely by the scope of the following claims.
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a point x-ray source that moves relative to said detection array, each x-ray detector
10  subtending at said point source a solid angle that depends on a relative position of said point

source and said detection array and on said location of said detector in said detection array;

and

a controller,
15
wherein said signal generated by each x-ray detector depends on a calibration
parameter that is independent of said solid angle subtended by that x-ray detector at said point
source,
20 wherein said controller comprises a memory that stores a table of calibration values

that determines said calibration parameter for each of said x-ray detectors, and

wherein said controller corrécts said signals ge'x'lerated by said x-ray detectors for - - -
variations in said solid angle subtended by each of said x-ray detectors and for variations in

25  said calibration parameter.

2. The image system of Claim 1 wherein said controller further comprises a processor
that determines said calibration values by measuring said signal from each of said x-ray

detectors for two different relative positions of said x-ray source and said detection array.

30
3. The imaging system of Claim 1 wherein said calibration parameter defines a gain

for that x-ray detector.
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/ 11z2K445wWU3g\ =0] ! NY" g#10% u{ u& ()-! NY #10% u{u& ()-!;Y #10%+h+& ()-!6Y
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readout of said x-ray detection array.

6. A method for correcting image data generated by an x-ray detection array
10  comprising a plurality of x-ray detectors when an object is imaged by a point x-ray source
that moves relative to said detection array, each of said x-ray detectors subtending at said
point source a solid angle that depends on a relative position of said point source and said
detection array and on said location of said detector in said detection array, each x-ray
generating a signal indicative of the x-ray energy absorbed by that x-ray detector, wherein
15 said signal generated by each x-ray detector depends on a calibration parameter that is

independent of said solid angle subtended by that x-ray detector at said point source, said

method comprising:

storing a table of calibration values that determines said calibration parameter for each

20 of said x-ray detectors; and

correcting said signals generated by said x-ray detectors for variations in said solid

“angle subtended by each of said X-ray detectors and for variatioffs in said calibration = . % _ ..

parameter.
25
7. The method of Claim 6 further comprising determining said calibration parameters
by measuring said signal from each of said x-ray detectors for two different relative positions
of said x-ray source and said detection array.
30 8. The method of Claim 6 wherein said calibration parameter deﬁnes a gain for that

x-ray detector.
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