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A conventional method is by using a fixed position. Like many medical check X-ray CT,
the centre of rotation is always fixed and usually only needs to be calibrated once a year,
for example. For this system, because a resolution of about several millimetres is
acceptable, there is no high accuracy requirement about the central ray. The use of a
fixed centre of rotation is only applicable to medical X-ray CT system because micro-CT
systems for industry applications typically need to adjust the magnification and scanning
position of the object according to the size, shape of thé object and the requirement for
different resolution.

FIG. 1A illustrates a conventional system 110 for determining central ray utilizing a
wire phantom 116. FIG. 1A illustrates a conventional method of a wire phantom that is

scanned first to generate a sinogram of the wire from which the central ray can be



plastic tube. The wire is made of heavy netal such as
tungsten. It nust be small enough so that it can be
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accuracy. Wth the wire phantom net hod, before
scanni ng the object, the wire phantomis scanned first
for a whole round at the sane place used for scanning
the object . The sinogram of the projection data of
the wire phantomis used to determ ne the central ray.
In the system 110, a source2l12 is projecting a
prOj ection beam 114 towards the wire phantom 116 and
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reliable because of the high requirement for the accuracy and repeatability of the
manipulation system. Considering the large area of movement and multiple
movement degrees of freedom, the look up table approach is only used for low-
accuracy or low-resolution inspection applications. For some micro-CT system for
_industry applications, a ]ookup table about the relationship between the central ray and
the scanning physical pbsitibn |s pre-calibrated and -created.

FIG. 3A llustrates another conventional approach 150 using a geometrical
relationship of the scanning. This method makes use of the property that during the
scanning the boundary of the sinogram is generated always by the point that has the
longest distance to the centre of rotation. With the knowledge of the central channel



t he scanni ng physical position is pre-calibrated and
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scanning. This nethod makes use of the property that

during the scanning the boundary of the sinogramis
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of the central channel 162, the central ray 164 may be
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in the rough search round and the fine search round. A slice is first reconstructed with
half of the projections (1-180 views), then reconstructed with another half of the
projections (181-360 views) over a set of assumed central rays, measuring the
mismatching level of the two reconstructed images by performing an subtraction-square-
sum operation bétween them, and identif;/ing the real central ray as the one
corresponding to the minimum of the measurement. This method is an automated
method that does not require any prior calibration for scanning an object at any positions
within the X-ray beam. The universal method has an accuracy at least as good as the
wire phantom method, much better than the lookup table method, and more reliable and
robust than the geometrical method which relies on the accurate detection of the



real central ray. FIG 4B and FIG 4C show
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SUMMARY

An aspect of the invention is a method for determining the central ray of scanning an
object on a detector in a computer tomography system, the method comprising:
producing a beam of x-rays at a fixed x-ray source; detecting the x-rays at the detector;
receiving scanning projection data comprising a plurality of pixels of the object under
examination; rotating the object under examination using a manipulator;



may reduce to about 4 mnutes. There is thus a need
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waspytsaied with the above universal central rEyr/sG2008/000140

determ nati on procedures. There is a need for an

automated and fast nmethod and al gorithmthat can

directly determne the central ray with the fan-beam

projection data of the object to be scanned. There is

a need for a reliable and robust central ray

det ermi nati on met hod which Ps insensitive to intensity
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computer, makes the computer perform a method for determining the central ray of
scanning an object under examination on a detector in a computer tomography system,
the method comprising providing scanning projection data comprising a plurality of pixels
of the object under examination produced by rotating the object under examination using
a manipulator in a beam of x-rays from a fixed x-ray source and detecting x-rays at the
detector; selecting a first projection pixel position from the projection data, calculating a
second projection piXeI position, a g;ay level, and a projection angle for each pixel;
measuring the mismatching of gray levels of pixels and their corresponding second
projection pixels with a set of predetermined central rays; and identifying the minimum of

the measurements as the estimate of the true central ray value.
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F&Qn‘g elg ta{ %Qﬁémﬁ%séigépar%sbp g 8T Iscannlr[?g sysklem in accordance with an

embodiment of the invention;

FIG. 6A-B illustrate the principle of an embodiment of the invention with a parallel-beam
system configuration with a projection at angle a and at angle a + 180°;

FIG. 7A illustrates the principle of an embodiment of the invention with a fan-beam

system configuration with the two possible projection positions of one line on the object;

FIG. 8 is a flow chart for central ray determination in accordance with an embodiment of
the invention;



FIG 3A-Bis a schematic drawi ng of a conventiona
system using a geonetrical nethod and sinogram and
whmenadasys det ection, respectively; FIG 4A-C SROMSGR08/000140

flomchart (FIG 4A) and graphs (FIG 4B and 4C) of a
conventional nmethod for determ ning the central ray by
nmeasuring the msmatching | evel of two CT inages
reconstructed for one slice respectively with part of
the projection data; FIG 5 is a schematic di agram of
a CT scanning systemin accdrdance with an enbodinent
Fg(ft’ he inventjon; FIG 6A-B illustrate the princip
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at angle a + 180; FIG 7A illustrates the principle of
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Ft®@.nfOAg shdwsom demoristration dfwe gribedinineofthe jreettionrof an electronics
cgﬂ§&%aons of one line on the object; FIG 8 is a flow
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an enbodi ment of the invention;FIG 9 is a flow chart
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method (FIG 11A-B), the universal nethod (FIG 1
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embodiment of the invention;
FIG. 15 is a flow chart of a method in accordance with an embodiment of the invention;
FIG. 16 is a flow chart of a method in accordance with an embodiment of the invention;

FIG. 17A-D demonstrates the performance of an embodiment of the invention of a
normal scan with a six-layer sample;

FIG. 18A-D demonstrates the performance of an embodiment of the invention of a high
magnification scan; and

FIG. 19A-1 demonstrates the performance of an embodiment of the invention of an offset
scan.



enbodi nent of the invention; FIG 15 is a flow chart
of a nethod in accordance with an enbodi nent of the
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accordance with an enbodi nent of the invention;, FIG
17A-D denonstrates the performance of an enbodi nent of
the invention of a normal scan with a six-I|ayer
sanple; FIG 18A-D denonstrates the performance of an
enbodi nent of the invention of a high magnification
scan; and FIG 19A-1 denons®rates the performance of
an enbodi nent of the invention of an of fset
scan. DETAI LED DESCRIPTION FIG 5 illustrates a
schemati c diagram of a CT scanning systemin

r ' n enbodi nent of the invention. FIG 5
D?ﬁ%\ﬂs&?ﬁgg‘g‘wgﬁ concept of a CT system which
conpri ses of a source 12, a DDD detector 20, a rot ary

FH’;” |Ilg§ra% n ex m |E€ft)almo %&P %ﬁaémgkgsétyg{qﬁ |U$ai(cg ance WIth an

fitegr at ed
embn@mested tlae pwemleeleI@ Sstewe the2denteaal iconcept pff @ CESystem which

%ﬁpns'%g o¢ 'Eogéfhgéﬂ aé‘%dd‘ Bé{gctgﬁ d@r}ad roqé F{Jnﬂy 22 gncj %,g eé(amlnatlon

r'o) €Ct10NS and 'recon tru
S'iftn%Ct r1§t f@r 9xamﬁl¢ aQ Z\t‘w@tw oircyit é1C) lebips Jﬂ)lp@astemrfumlm camprises a

pf&éﬁdg‘lﬂ/st@ﬁi §4 ﬂ-é%nrigrb Foblb@ 2608 P@Hoﬁ?ﬁé QHd ?rgu{ ?76 and display 29

gener ate nmul p proj ecti1 ons arl ous
far displayipe th?éé@le?tt?f‘s amd ieé@rasﬁg@te@mag@ﬁ Thvnetawte%can dotate the

stBjédROfloliny ACFRAtRANSEs Wet iR ANoRHd Hirb&idh @é t& rb"ianerate multiple
i nv for determning the central e. the

nt |
PISIRSTEE POXAENS PSR Rch RS pat 141 Tofrooniisrecihg system
amd trietioden seanmn@g vmmcarﬁaﬁtbdaﬁnéiﬂlbﬂthéf intiBio® iy @ehet@nﬁhﬂrng the

natign rreas r|n ng .| evel
B T T e e M
profEttion Sate rof ¥het dbject snediercdxaramammﬂmy meaduria ttreamusnﬁtdﬁmg Ievel of
tvﬁ)As§o sinl) ra%ﬁé ﬁwgefa tBl argl el% o%g/erg}soﬂt wn?h fh set of

I nvent ara -beam 1 nsp &2
a%&slﬁfadg?@ﬁtaalurm FI G 6A shovvs a proj ectl on at an angle
of s 62. The projection of the centre-of-rotation 60

the detector is the pixel nunber j and the path J-K
F |(‘§ 6A B illustrates the principle of an embodiment of the invention with a parallel-beam

inspection configuration. FIG. 6A shows a projection at an angle of a 62. The projection
of the centre-of-rotation 60 on the detector is the pixel number j and the path J-K is

projected on the detector at pixel number k. If the sample is rotated 180 degree 64 as

shown in FIG. 6B, the central ray is still at pixel number j. However, the projection of
path J-K (now K-J) is at pixel number i . It may be obtained that (k — j) = (j-i). itis
supposed that the detector size is m (mis an odd integer); the central ray is at (m-
1)/2+1 that is the centre of the projection; and the two projections captured at angle a

and a +180 respectively are P,and P,,,,,. Ideally this should be

P,(i)=P,, 5 (m—i+1) (1)

iis the i” pixel in the projection vector.



projected on the detector at pixel nunber k . If the
sanple is rotated 180 degree 64 as shown in FIG 6B,
WO fwogesisral ray is still at pixel nunber | . HOMSE®0$/000140
the projection of path J-K (now K-J) is at pixel
nunber / . It may be obtained that (k - j ) = (] - 1)
If it is supposed that the detector sizeis m( is
an odd integer); the central ray is at (m 1)/2+1 that
is the centre of the projection; and the two
proj ections captured at angPe a and a +180
respectively are aand a+180 . ldeally this should be
(-1 +) ()i isthei "l1lpixel in the projection
ieeftif around tha céntieof &eqiisjectioh ¢(ne ey H1gisPlerfoldpthat iect i on
((m1)/2+1 ) is perforned, that is (/) + 180(0O = Pa+m
(mi +l) (2) then ideally, w thout consider the noise
POsuen) ¥irel den Parihi ) =Pig) a+n(i) (3) However, if real
central ray Is not at the centre of the proj ectlon
((m1)/2+1), the above fli pp| ng operation wll
/ t woul d have a
ﬂ%@?ﬁ\ %ntﬂox?t%ﬁrh%&e?g{e t'f?s)e %@%n Pa (i). Then
equation (3) is no Iong valld The larger the error to
rea tral ray, | arger the m smatching | evel
ﬂg?mefgn”‘ﬁ"? 1)Yand (/) a+i &3 Therefore by perform ng
the foll owi ng operation Measurenment (4) the
msasur?msnt of the m smatching | evel over a cen

Howgverelf [Ra! Fentiel Ry duntat de ﬁﬂﬁfﬁ of he-prgiection {(5m T2 the above
VBihgG oﬁer%@&\ ﬁtﬁ'al%céarlagul@g} eve11+l80a-th;f \g&% fsved 8%#3% shnftlng to

I nternal ﬁe ?}1 smat chi ng e nmeasure
tHemEOJpctweIc},t(n)oﬁ'Qerﬁ equatitn (3) id80Iohg ubhdsﬂrmegargm tA¢ eaorcko the real

those projections from18 1 to 360 (sub-si nogr am B) by
cerdral gaynthedarger the mismatching level between P, (i)and P a.us0. Therefore by

performing the following operation

Measurement = Z(P H-P (+|30 (1))2 (4)

i=l

the measurement of the mismatching level over a central ray value that assumed at ((m-
1)2+1) is obtained.

With a 360 degree scanning with a 1-degree angular internal, the mismatching level may
be measured using the projections from 1 to 180 (sub-sinogram A) and those projections

from 181 to 360 (sub-sinogram B) by performing

- C(x5y)=B(x;m=-y+1) N GV

Measurement = z (4@, y)-C(x, ) (6)
((x.)es, s<5)



C(x,y) =B(x,my +\) (5) Measurement = {A(x, y) - C(x,

y)f (6) ((x,y)as, sS)where (x,y) is the row nunber and
wa egxisunm nunber in B and C, and S i s an ar eC1/$G100$/600140

| ess than or equal to A and B; repeating the above

process over a set of central ray values using either

a one-step or two-step strategy. FIG 7A illustrates

the principle of an enbodi nent of the invention with a

fan-beam configuration. Wth a fan-beam projection

confi gur ati on t he obj ect 11%e JK is obt a| ned by

bj KJ | f
51)1 3 RGN ’{“Hg?ebﬂ“g‘gﬁ PP emg% éPd phea’]do‘f & pRarea
th@f(isi’tgss theﬁ?&h&duhﬁ@ O5hd Iﬁ'ereSé%itlﬁ§ iheoéHoVe BRIV ef Q%@P@ﬁcentral

to align wth the source poin Suppose the t

ray yajues Bsieg either BopKstep Oh‘ﬂ”oaﬁt@c%fﬁfﬁgbig angl e a and 32

(JK) at t he scannl ng angle a + b , b can be cal cul ated
MPN = 180- | ZASC = 180-21 arctan - -

F'§r ZMWS ratps W(‘?PHW? ef %bem%odtmf@t Pfr‘{]% %@ﬂoﬂé«'thraa@n BAM O

ol 0o o Bk e b e v
nor.e .t

rog%ttlﬁgge og)fe%ﬂ{g Iﬁ{ e}%gqann{?aqj i a C:ﬁ%\aglly SReR t8%9b15cgé§ﬁotated over
th'ﬁ?&t?@ﬂs I atﬁ;SPove%rP%E r&ﬁ? gngﬁ é’“&g‘ég gfvcb?haaﬁ?s% ap%qs\fvnth t%e source

am centr al det erm nat i on. can assu
oS hBhtR P a0t Hech k) e FonIa 04 8 Fblueng) 2
measur enent over each valueM<.c | =iL Pa( " I)

the sganning angle) ¢ » 8¢ 14 FacBe FAEMASd #% shoul d reach mi ni mum
when C1 - cO . FIG 8 illustrates the flowhart of the
first enbodi ment of the invention. After scanning an
obj ect 82, creating 84 a sinogram of one slice,

def i ni t
cal cul a0 o BO DS PR AT et g Jan O

assunmed central ray c, 88. Then

where ¢, is the true central ray and #,is the source-to-image distance (SID).

In this configuration, s, is also a function of s,

855(8,) = hytgZBSO = hy(2 arctan%o— - arctani;'—) (8)
0 0

Ignore the effect of the minor variation of the X-ray beam intensity over the detector

pixels, we have

Py(s))= +p(sz) (9

This property is the basis of our direct fan-beam central ray determination. We can
assume a set of central ray values and perform the following measurement over each

value



performa sum and square operation for all the pixels
in the corresponding colum within the range [t1, t2]

WQ( 1009311544t 2<=t he nunber of pixels of the col umOT/iGovd@®0140
di fference between the gray |evel at pixel i at
projection angle a and the gray |level at pixel at a
projection angle a +b(i) over the projection angle
range [n1, n2] (nl1>=1, n2<=180 for a 360 degree scan
with 1-degree angle increnment.). The central ray val ue
corresponding to the nininuﬁ%of the neasurenent is
identified as the best, estimate to the real centra

ray that wll s% Jgeonstruction of (4q
the object. It mn? ﬁg%SrecfﬁYgg(t at a two-step or( )

one step search strategy can be considered. Wth a

gé@lg?éa%%m.ﬁm'{]ﬁ] VARQvE process is first
con ucte l'arge search®range with a | ar ge
h, st tral I ,

R s thedloptarbaidhe reterdeiban of B nfuion Afsnsensing an
objaet 82 asati mjmntatagiudrérﬁ ofi 5l slio@ d&fnirt@t&lh Qfart:lh ﬁaggé‘éﬂﬁ@ search

c e a ize a
BB CULRREG A AR5 T A R ST oS s g Then
pét&.&ﬁ@"sdnﬁé‘rﬂﬁsdu@ret (f’tﬁ adctlb? ﬁder a? Ft%opl)éezsnlﬁ %éj&frr'egﬁ‘(ﬂtdtna %bluhttn within
Wi
thepaianot ﬁté B iHizRT o2<<the mimper 8 BEPIg| & therﬁe'uematq ttee%tﬁeﬁnce
bsttNepn thezgeay I8ves @t pid!i; BEprofebidn ariglen |dnd MRELgray k9el at pixel at

uirement of the accuracy. In addition, the large ="
?Célﬁn ét%asﬁ(zbO\teaﬁtedme@m@@demm a1, nRH@d> ok n2<=180 for a

3@@5%@@ s%al'r\ t eré{‘{ ﬁé b{&g ﬁtfc énfén?ﬁ C’Vhea&%rglg% C:ﬁhe @(9‘ désb!)r){dlng

searc
to the nyRigLm of dae pRasusegent @lﬁem@e@ s éteanelsyestlefatmtedhe@al central

ra%%'ei}'wﬂtlﬂe@ed%r'fﬂglt({)‘yré&&%hgﬁontd?% dopet. times that of
the | arge step size. ilTustrates the flowchart

of the second enbodi nent of the invention. After

ltsannei dpgreaiéteﬂtlhélci WS Etep O @Ak I s%'éf’chastl%té@? HaAMetdonSidBred.
a search, ran search step

WS s B g dh B FEoean o< SaPARIe o2 e eigs S dhgange
witio raviergeesbadh8stew sjzar aTHeeLthbeamra|rapga|ams/\tiétbmamed as the one
t he n ce
oSG Pl e Al b 5 g hcon
seafeh paange vBth pamall fstemeisiag thairumtef igd Wit &tk re:qmerﬂem fpracértain
a&upét:yl ﬁg sk rarF ? rLtét@ éi(t')ﬁ? s%_ﬁ%qscf Jgéf R?@{Ii-ap g@ﬂ f(;rtyﬁre mglude

assume tr a cen
the teys cteﬁggl ray galpggpd awka e searginag short as possible. The small search

step size is so defined that it will meet the requirement of the accuracy. In addition, the
large search step size can be defined with a trade-off between the computation
efficiency and the reliability of search. After the large step size is determined, the small
search range can be generally defined as equal to or slightly greater than two times that
of the large step size.

FIG. 9 illustrates the flowchart of the second embodiment of the invention. After
scanning an object 352, creating 354 a sinogram of one slice, and defining a search
range and a search step 356, the fan-beam projection sinogram of one slice is converted

358 to parallel-beam sinogram with an assumed central ray as the projection centre.



B now becones the first colum in part C, the second

colum fromthe last in part B now becones the second
wazlogmdts#an part C, etc. Then part A subtracts PeEN/$G1008/000140

pi xel by pixel to get part D. Part D is squared pixel

by pixel to get part E. Sumthe values of all pixels

in part E to get a neasurenent of the m smatching

| evel of part A and part C. Repeat this process over a

set of assuned central ray values so that a

rel ati onshl p between the nedsurenment and the assuned

I b ed, Th I .
THER e et Blesk it & Sovaratrdh pioorar A &nhead & e Avbeing
formed dhyt-180 exvsaandt et B eyt mssamme tRart Bds tieml fliggiat svak the

o Bheld) gl bR o €585 PSSR REn
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cted g€ searc
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he neasurenment and IS use 68 the seco
P&O@ﬁ?% Aver @ngRt ohiebstmedssamtral wy egluss se thata relatiogstin hetufeen the

mélablireinBRt ArRIOAE B8RS Edtral Ryt \?dldésac%ﬁtﬁea&ﬁaanJ]eTh@rcgﬁral ray
search ranae inthe first step is so defined that

valie | cofrgsponing to e RjRimup of m?e measirement, igyidentified aSﬁh@ best
estimaté tstha rea certralrag thaewill e Bed i find CTtrBednsirictivh bf theBgjbet.
the requirenent of the accuracy. In addition, the

| arge search step size can be defined with a trade-off
Ittt e eapptetiteatiohplus awo-step edr foneistapcyeasandstiakeyy rdahi biabd:dn'sﬁyred

V\?{f]l %t:gp sﬁ’glte tLQ%bJ)\%r gr%c%ss &L f‘?st %S (Fuf}:teg 35 lg f E ég% W)arch

sear range c genera
f%ﬁgﬁﬁ\sthtaHa@e @earcfheteb anzg e Therethe seizteal rayivialue ds daternenesims the one

cSdsPhREN, tottﬁ@mm oPthe ?r%%§ur’e§1eﬁ q&&s%q t%élﬂ"ne%Gﬁ AR llond

range defi ned as the same as ar searcC range 1 n
S%%N/ ganggovith appmallr dere§ige dhat 6 qeﬂn%fi é’tﬂé thes regylr@mmtrf@rd certain

a@cﬁlrécfyeTﬁéilﬁfge%‘éakh Gar%miﬂ the$i F& Bteplig b ddtinB8P@YEIt Wi orSufPinclude
strate is a denonstration of

t*l?ﬁﬁt?d?%%ﬁ& fawa't'?reTherﬁm#t%eaf?hvat%s'éwseﬁoec@f peshinat it will meet the
reoiaastvf theraceura@s hh aiairidn, the @:ge]&érdhsstép s?ié @Y cﬁf’ndcﬂﬁth a

130 of a ca é
oA oy BopRilad Bend 0 B Bty BFsrd B el
stepaizehis determined, the small search range can be generally defined as two times
that of the large step size.

With a one-step strategy, the above process is conducted with a search range defined
as the same as the large search range in above two-step strategy and with a step size
_deﬁned as the same as the small step size in above two-step strategy.

FIG. 10A-E is a demonstration of an embodiment of the invention with an electronic
component on a cash card. FIG. 10A is a 2D view of the sample 130 of a cash card.
FIG. 10B is the sinogram of one slice 132. FIG. 10C is the result of the rough search
round 134. FIG. 10D is the result of the fine search round 136. FIG. 10E is the
reconstructed image of the slice 138 with the central ray determined in FIG. 10D.



round 134. FIG 10D is the result of the fine search
round 136. FIG 10E is the reconstructed i nage of the
wGi00/31588 wWith the central ray determ ned i n FII@G2008/000140
10D. FIG 11A-F shows the conparison for accuracy
bet ween an enbodi rent of the invention, the universa
nmet hod and the wire phantomnethod. FIG 11Ais a 2D
i mmge of the wire phantom 180. FIG 11B is a sinogram
180 of the wire phantomof FIG 11A and the centra
ray determination in traditifbnal way. The central ray
determ ned by the wire phantomis 688. 0798 as shown.
FIG 11Cis a 2D imge of a chip 184 which is scanned
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pbﬁrftdrerntéﬂioddratgat gorae frpﬁome&ﬁ@ﬂamem peodeeslrdtRiéd B nidddting and
inve t 1/ e the required with

d'ﬁﬁ'%’i} E o.n 0%6@% mogr()) é ?ﬂtﬂe he results of

the fine search round of the two nethods they all give
Ut t t al . i i S.
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projection data 360 after convertin an- beam

Uiﬁso?té’é'f 38" the prae arpﬂleqedb'éﬁwpv%faécw %Bw cé’ﬁW?‘@ﬂ gamparing the
reBUNEST tiefiie ardhdBuVPbiiRe twaahethb® tREPAIEGTd At stdlcietdiinfiation

r e Fourier transform processes
%%C?@’%%@&W%ﬁb%%ﬁssmtch. ng 210-214 | evel

measur enent over a set of assunmed central ray,

FIG. 13 shows the flow chart of an embodiment of the invention. Reference to the flow

chart of FIG. 9 is made. Instead of using the projection data 360 after converting 358
the fan-beam projection to parallel-beam projection centred at a given central ray value,

now the projection data after the forward and inverse Fourier transform processes 208 is

used for the mismatching 210-214 level measurement over a set of assumed central ray,

the remaining processes 202-204 and 212-220 correspond te 352-354 and 360-368,

respectively. They are the same as the second embodiment of the invention as shown in

FIG. 9.



t he remai ni ng processes 202-204 and 212-220 correspond
to 352-354 and 360- 368, respectively. They are the
wo e 1:544 he second enbodi ment of the inventi orCESG2008/000140

shown in FIG 9.FIG 14A-B shows the search result

wth this enbodi nent of. the invention. FIG 14A shows

the result 230 of the rough search round and FIG 14B
shows the result 232 of the fine search round. FIG 15
shows a flow chart 240 of a nmethod of an enmbodi nent of

t he invention The search c&htral is first defined as

Ficiat e b heraaed et Pt 0 verie“Pro. 1an
shcmsathalresyltrﬁﬁomﬁte radgh Selich muhthand &i® 4Bt dhotvi dhe tesalt 232 of
t@rﬁ&g%@@nh gl G 8) and the second enbodinment (FIG9).

ows a flow chart 250 of anot her enbodi nent
of the invention. The search central is estimted

; C o] ot . _
8 B A R0 T kg 7, GRRAL B BEL R, oo
search egntiah i firstadafioedrap dhercepite pfctha gletecton 242/ with whish 25sparch

.ra'iflJSQ§tsb{TRﬁ' &hd Rubh SeHBNTERY JAY . THY FethaMHgC&oE&% ’ﬁl%@l‘l@ ris the
range for the first step search can be so defined

Sgrpe W§h s f@ﬂtemoﬂ'ﬁ‘@@tr(':{q’l &h aﬂ%@e&ﬁe@\dtemw&nem (HEQ)-
mani pul ator. The remai ni ng process 256-259 is the sane
the fir enbodi nt (FI G and t secon
Sl bt ErarossD oh asomey RmBUBIon et e dsenie The search
cereral Br ¢stimateddirst bylsing ﬂﬁélbéorﬁétnttdﬁ eelatmnstmp ﬁéﬂWe%h Itlfe positions of
nor rra an. TA.lS e of t a 260.
i e tRep 227 e deleclor bty Ol "B uli i BF BediozaRyiate
254 an estgudte tofhetdestrdt iraye \A&Ba\mlrﬂn the seatcl? trhge fdvttlae fireUstep $darch
C {
ES h Jl]fﬁéd;%gt gear @H ith%ﬂghé‘ Pﬁ&?té@e& e tnﬁﬂn(p?la%fr The
rern@mmidg Bioset$c450r788 isdlbe §a|mma§ dhesfi rstrﬂﬂnt@.d'qum 6Fé43 8) and the second
eﬁ,g@@ﬁ,%{ (RS, 39% FIG 17D is the reconstructed i mage of

t he sl |ce 26 FI G 18A- D denonstrates the perfornmance
of enbodi nents of the invention with a

Flg.ghmepnidnéiiraes tﬁec 9eﬁorAahbéJ ldf BRBBHiITeAR! d d>f0ﬂﬁe SiRAMtidrS with a
R Pt B kS o B 85 b bl o
o shcesp6h SFGIM7C isethe result of the fine search round 264, obtained with a
search range of 12 pixels and a search step size of 0.5 pixel. The search range and step
size in the fine round are defined as 14 pixels and 0.5 pixel respectively. FIG. 17D is the
reconstructed image of the slice 266.

FIG.18A-D demonstrates the performance of embodiments of the invention with a high-
maghnification scan. A high-magnification scan is such a scan that the object is put very
close to the source to 'achieve higher resolution. For many cases, with such scan, the
ouier part of the object is pbssible to be outside the fan-beam 300,302 as shown in
FIG.18A and FIG. 18B. FIG.18A is a 2D image 300 of the sample in FIG. 17A. FIG.18B
is the sinogram of one slice 302. FIG.18C shows that the central ray 304 can be
identified without any ambiguity. FIG.18D is the reconstructed image of the slice 306.



outer part of the object is possible to be outside the

fan- beam 300, 302 as shown in FIG 18A and FIG 18B.
wWo-b@@9A8k44 s a 2D i nage 300 of the sanple in FlIET/3GR08/000140

FI G 18B is the sinogram of one slice 302. FIG 18C

shows that the central ray 304 can be identified

wi t hout any anbiguity. FIG 18D is the reconstructed

i mge of the slice 306.FIG 19A-1 denobnstrates the

performance of an enbodi nent_of the invention for an

of fset scan. An offset scan'¥s such scan that the
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ag gimask deubladrmagnification/capit@. obielingd VoD & savertmzewfrﬂe@rcémem FIG.
19f\ |§9 QDSIHa(j@ Olf1 frleGamk?Gnipte 5@% fiGNg7& %% c E?‘ICf1 288/ ls' the Lthogram

reconstructed ina

31%|ewrer ?"é%i Eht1PGlis thefing pearcirasult 3M>aFiGsdﬁD igithgireeonstructed
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a 2D j nage w re phantom 318, FI G

S%V‘P%s%é'?ﬂj? esﬂOﬁ'B@'P -arhl820%E 1 & 20 gragesof the w'renehantom 318,
FE®A9F s the dahrbspdading FsirfograhP BRa. s Ftche1 gbek‘sqné tfihe! GbAeh IrdBREB22.

4 0f .t i hant om sl i eaprec:laed
Tt 9 it B Torce G A tht e irn SREHTBE Hibgne oy be
appreciafier] ¢hap therceotnal haysdederiniriedii thisl expefirhent®pde Wik ghaatom has a
i B8 el 58 s L BRE TR, A Pl o
saroe slife lis révongteuctadaBl16 ay shawvndn ddGen 8D neth the camraliayevalue

thlaﬁﬁ‘iBQciny Tﬁ@wfr@%ﬂ!aﬁtohs ﬁtbo?@gul{ g'» ﬂoﬁpﬁﬁ%}%hg S\S/lhft ¥ &E:?réﬁﬁat its

qg@jﬁy lsrﬁ%t %ﬂ@%@ﬁdhah @Owﬁlam Elﬁdéaa efb® ¢pralysion isfthathindeed

elnBM@ﬁfehl@rbeﬁ& Wv@ﬁﬁdny adtetRdIaB@MIR&S BothNRe Q:@ﬁﬂf&ﬁ "f‘éy bfihe wire
antom and t he sanple and the ference

PE%rttWé éwdtth% ﬁgme'e;?@eéh% |d3ﬂefﬂns*a Gatvesy them 'Sn%Q,sﬁ'SHl krayght by the

nEBhitida groaRthglarsdTBisMblitilg atibrRNetiESNERRNIAE AN 4MEbI& RAd the
and the wire phantom Advantageously,

W&ﬁ@ﬁaﬁ%nts of the invention minimze the tine
required for central ray determ nation with the

Aﬁ@i}nﬁ%ﬁ@#ly,{@ﬁf blagﬂ'?e\?g;r(garfef Icen a[msnlgm'i‘/zegp qu?seﬁﬁ%ﬁ‘gfsedcg?f central ray
detetrhipationwithoitie mpiverssabiethiod. |Therefur¢ drstilh posseskesadhe merits of the
universal central ray determination method. Embodiments of the invention provide an
automated central ray determination method directly using the projection data of the
object to be inspected. Embodiments are compatible to work with all major scanning
technologies such as normal scanning, high-magnification scanning and offset scanning.
Embodiments of the invention are reliable and robust due to insensitivity to x-ray
intensity variation and the poor contrast of the projection and provide accurate

measurements of the reconstructed image quality without requiring additional scanning.

Additionally, when compared with the universal central ray method as shown in the table
of FIG. 12, embodiments of the invention only take just 1/25™ the time that is required
with the universal central ray method. Embodiments of the invention also require



automated central ray determ nation nethod directly
using the projection data of the object to be
wa mepens«ed. Enbodi nents are conpati bl e to wor keaa/gGroad/d00140
maj or scanni ng technol ogi es such as normal scanni ng,
hi gh- magni fi cati on scanni ng and of f set scanni ng.
Enbodi nents of the invention are reliable and robust
due to insensitivity to x-ray intensity variation and
t he poor contrast of the prgé'ecti on and provide
accurate nmeasurenents of theé’reconstructed inmage

ot A8t 9P S5em it i mB e T BF O fere e rey
m@yodnm hodmaedlmbntwth_el centrbl_eray adyebenfetéintthedldy; just comparing the
RGBT gl ot 53 ot
praigdtion pixelnbliainedwitls askt ofrassumed nentahrayl values. Both the sinogram
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i xel an ray | evel of the calcula oppos
%‘B?%%E?Qﬂfe'ﬁﬂbﬂ andseYAt¥ed with a set of assuned
central ray val ues. Both the sinogram data after t he

n-bea aral | el -beam conversion and the d
EE?JP%' E]e fﬁ’a‘? m%wrxaﬁ Pyfable; @zhé'ﬂ G njvalems: that a"ﬂwansaéiwstab'e
cérdter ofeotaflonan Al ditionatha it vaie bel Sﬁp‘}ﬁé@ﬁad it eﬁhﬁb@mﬁfhtﬁ af thenvehtion
rrent of t he
i st £ Mite A0Sy T S hatan] SR ke Setel 2y cBtggmination
an fecahstiuctey iraagd cwahiwrrwayureﬁmuodl ments of the invention
are suitable for all CT systens that allow an

adj ustabl e centre of rotation. Additionally, it wll
itpetodppmderstood that thetemhodivttinkee a$ dessfibedhwith nespact foditGmy9l, are

f(ﬁle§9rnpl‘§rysdt'1'rﬁo§9§ &s iy Yok A%ndbithOsekifi @ﬂwdmseg%ﬁn{ﬁﬁament

for central ray determ nati on an reconstructe
thpudisglaspd guemarlary gEbpdinientsiase pessiple. lﬁmexaym@dhq Wa@tmaiéy of

tHRIROESBAA the sabsydiRREIof BREMYokimdnBSRaFbe hﬁléﬂe@tedﬁl a]&ge' or
are for exenpl aré pur oses as many variations of
”L"b%ef%ﬁm%c{%w F St P6 %vmsrse%mp'%'n@taw&vaagws as well
ae mmpmrayomr‘a @ngmbbtnﬁutél‘ Sysins Sllag be ﬁroﬁﬂ:fngﬁé(ﬂtﬂiﬁieﬁom{ e &
ctl allt he, devi ce nd the subsyst

Glnchafe o' e o beisiPb s eB Gt D ssSlems. e
synterg having d\odrmm tfidrexxarapie toéthe@roadesor oethe likg forrelfermemy the
pﬁ)léggs. &lr 'e%&&@,smgd%lewéy be for selecting, calculating, measuring,
identifying, estimating, or the like, the first projection pixel positions, second or opposite
projection pixel positions, gray levels, projection angles, mismatch of gray levels,
minimum measurements, or the like. On the other hand, two or more programmed
computer systems or devices may be substituted for any one of the devices and
subsystems of the exemplary systems. Accordingly, principles and advantages of
distributed processing, such as redundancy, replication, and the like, also may be
implemented, as desired, for example, to increase robustness and performance of the
exemplary systems described with respect to FIG. 5-19L.



as other variations, a single conputer system may be
programmed to performthe functions of one or nore of

wa evdessces and subsystens of the exenpl ary SBGI/SGENS/000140
the system havi ng nodul es, for exanple of the
processor or the like, for perform ng the process. For
exanpl e, nodul es may be for selecting, calculating,
nmeasuring, identifying, estimating, or the like, the
first projection pixel posrtlons second or opposite
proj ection pixel positions,! gray | evel s, projection
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may be inplenented by the preparation of
application-specific integrated circuits or by
WO W%t éHnect i ng an appropriate network of corfsgrsGR008/000140

circuits. Wiile enbodi nents of the invention have been

described and illustrated, it will be understood by

those skilled in the technol ogy concerned that nmany

variations or nodifications in details of design or

construction may be made w t hout departing from

enbodi nents of the inventi oM CLAIMS: 1. A nethod for

%m ning the central ray of scanning an object on a
or in a conputer tonography system the nethod

conpri sing: producing a beamof-x-rays at a fixed

X-fay sourece: tecting.the x-ra at the detector;

r e{c' ej v?\n}éetg’ggﬁog ?ﬁtﬁ "B'P'B? é*teﬁeaﬁa' (ﬁ%}%/ Qj SEYIYIG ‘ﬁ’bec on a detector

pl ur al iin g cohpyiendemmegraphyt dysteol) theahethiotblieompeisiagi nat i on;

rotati ject r jhation using a

mani pul’a otén?f\gge eg@ﬁfﬁgg}ga{?rﬁg@ xﬁ%&jsgtértcg’on pi xel

posi t i ¢letectingthe heaysrad theadetestordat a, cal cul ating a

second i ' j ; bt . r - a

o1 of oot L GUEepRindbrbELRRR bRkl thels¥ithe

m smat GRieabuUNser gragynatieiel s of pixels and their

cor r espeaghd e §ﬁ€&ﬂﬂd&ré%bﬁﬂa{i&fhdmg<aelln§ni%létﬁr;a set of
predeterm ned central rays; and identifying the )

m ni mutEsPingRfraRsistiopiekpogiion fiemdhe prialgstionsita, paiculating a
true cestdrdl projedtion plxeBposition, Btay Rl 0shdaf prejedtioMahgle for each
wherein.determ ning the first projection pixel

positi FKC's by defining a line fornmed with two points

on t he nedzisenrig thé hiisnhatetingedfiggiyael el df pixelsang eHeireorrédpdnding

pr oj ect he. fir Qj ectdon. pixel position. 3.
The rretsggoc?%g?r &gﬁ%gln M ngsv\'ﬁté ralesleg0 fpé?d %{E‘H‘eﬁ rcgr&téaﬁl EVii aﬁéd
cent r alidentifyingdlaciminimure obthe nfeaswbinents ab &w astifhatessf the true
pr oj ectcgplpmp&s\jamepn and second projection position

2. The method of claim 1 wherein determining the first projection pixel position
is by defining a line formed with two points on the object, the line aligned with

the source and projected on the first projection pixel position.

3. The method of claim 2 wherein for each predetermined central ray, each line
on the object has a first projection position and second projection position

during a 360° scanning that is aligned with the source.

4, The method of claim 3 wherein determining the second projection pixel
position is by determining the line aligned with the source during scanning.

5. The method of claim 4 wherein the second projection pixél position is
calculated with a known source-to-detector distance.

6. The method of any one of the preceding claims wherein for each

predetermined central ray, the angle to rotate the object from the first



during a 360 scanning that is aligned wth the source.
4. The method of claim 3 wherein determ ning the
woeaDymsispr oj ection pi xel position is by deter npai/scrobgienoi4o
line aligned with the source during scanning. 5. The
met hod of claim4 wherein the second projection pixe
position is calculated wirth a known source-to-detector
di stance. 6. The nmethod of any one of the preceding
clai ms wherein for each predeterm ned central ray, the
angle to rotate the object fYomthe firstprojection
position. the .secopd projection position, i .
cal cul Bolertan RIS Bk SRl haedin BoteniSaciied e
7. The knewmsalraf-toatetectondistahcd. he precedi ng cl ai s
wherein cal cul ating the m smatching of the gray | evel
of each pixel and correspondi ng second projection
pi’xel Jgbsimstind df snbgney tHerededipgalaudhwhareinicaloulbiiid tbeve d
by a s 1. .pixel s
(o ger HnaCART B Gal ot Sikebbcfamt Rt RindPlosBirks
pi xel s PEANRFtion pixel nopilersis by Pefasningta seitragtive faowed byrae

et hod sqfiar8¥sNRE bwdd 5y PEGE 67Hr Bl pikbid kd TGt ‘Q‘?ﬁéa%}:fén{eh?of
beamis a cone beam 9. "The nethod of any one o

cl ai s e mismatahisodevelr therirals anddheiepnesiigrroiggionpixsls.

nmet hod of claim9 further conprising converting

f an- be to rall el be projection and determ ni ng at

| Bast 8 e’ ARGRE AL hepsstaging i horpis g 93T @ cone
| evel okamwo sub-sinograns after a fan-beamto

paral | el -beam conversion with the set of predeterm ned
central ray, identifying the m ninmum of the

nmdasur divemetlas! df ey erst of cieines bF whhesirctbabearh israfan\babme.
11. The nethod of claim 10 wherein for each central

ray in the set of predeterm ned central array, each of

t HE- t wd hp areihadedf clowaAfusther compniging penveding gandsdnviotplarallple

fow as bgiyfep;a(geét@ﬁtah@aetérﬁﬁﬁiﬁ@sﬁemm%rub%mgﬁa%, mRL&UMRg the
mismatching level of two sub-sinograms after a fan-beam to parallel-beam
conversion with the set of predetermined central ray, identifying the minimum

of the measurement as the estimate of the central ray value.

11. The method of claim 10 wherein for each central ray in the set of
4 predetermined central array, each of the two parallel-beam sub-sinograms is
formed with the row as the projection sequence number and the column as
the pixels.

12. The method of claim 10 or 11 wherein each of the two parallel-beam sub-

sinograms is formed with the predetermined central ray as its column centre.

13. The method of any one of claims 10-12 wherein one sub-sinogram consists
of the 1 degree to n (n<=180) degree projections after the fan-beam to
parallel-beam conversion, and another sub-sinogram consists of the 181

degree to 181+n degree projections after the fan-beam to parallel-beam



12. The nmethod of claim 10 or 11 wherein each of the

two parall el -beam subsinograns is formed with the
wezedetsiqm ned central ray as its columm cent rcT/462008/000140

The nethod of any one of clainms 10-1 2 wherein one

sub-si nogram consi sts of the 1 degree to n (n<=180)

degree projections after the fan-beamto parall el -beam

conversion, and another sub-sinogram consists of the

181 degree to 181+n degree ﬁiojections after the

fan-beamto parallel -beantoftversi on. 14. The nethod of

any on%or%fers% ains 10-13 wherein for each assuned

centralray one of the two sub-sinograns perforns a

flip over its colum centre to forma third

S Si T 4

f |ul|lrast gﬁ g H%F]ﬂeo dtjcﬁ ??yd&%ucg%%prﬁsJ dr)£13n‘§'l‘e6}é ff %rrer#“;gspsuwg F Cﬁﬁ@é ray

subt r aone ofthé dbrvd sukesindgyams p@éﬂom s@psqeratse:bhlbmmﬂeumeto form a

fol | ovggdybRirpgaPver all pixels to get a measurenent

of the msmatching | evel of the two sub-si nograrrs 16.

The nmet hod of any one of the preceding clains wherein

| gt i frik RibtHdaDf BI8IRT 1 Avhdrain theSfirfdandRRsHird &%—élﬁ}fgrams perform

msmatchlnglevel of gray levels 1s by selectin

sear ch 2PAihisg sHbteacirbiptidweshbypixehuise aﬂ‘@f%(é?ﬁohié%i%wed by a

each st over dIIgHRMEigBta Mmeaduiéndri Bi ty mué?ﬁatémﬁg level of the two
nmeasurenent. 17. The method of any one of th

pr ecedPHySPPUPME: furt her conprises a rough search
round with a flrst search range and a first search

| f
S, 8 R O AR g
18. Theayiebh _md,'asﬂrmg Itheei l'm_Sm_thNﬂQ tevelof gray |évielss$ by seleatihg a
range 'séargﬁfdnﬂagn@ ¥ sg:?rle\ Qljeg;I g'laf"?r%%%ll: i b%'eéy&ﬁ gﬂeP %Qr(ljes%ondlng

search ra earch’rang

cent re@@?"t'mi@ummﬂmmtqmﬂnt 19. The net hod of claim

18 wherein the search central of the first search

range i.s .
17: The method of any one of the preceding claims further comprises a rough

search round with a first search range and a first search step size followed by

a fine search round with a smaller second search range and a smaller search

step.

18.  The method of claim 17 wherein the first search range is defined by defining

a search central and a search radius wherein the first search range is centred
at the search central.

19.  The method of claim 18 wherein the search central of the first search range is
defined as the centre of the detector for scans around a point proximate the
central line of the detector.

20. The method of claim 18 or 19 wherein the search central of the first search
range is defined from the geometrical relationship between the positions of

the source, the detector and the manipulator for a particular scanning.



defined as the centre of the detector for scans around

a point proxinmate the central line of the detector.
w9/ Thsesnet hod of claim 18 or 19 wherein t he EESGH08/000140

central of the first search range is defined fromthe

geonetrical relationship between the positions of the

source, the detector and the mani pul ator for a

particul ar scanning.2 1. The nethod of any one of

clainms 10-20 wherein determning the central ray with

the scanning projection datéd of the object under

t
ta- sueaed Saf Sl FaBth AR epiermtine Hirentpiey
Four i ewith rtlamsdanmmg projctiomdatasef trh'eambjeoe under ararhinstion i2By
Th
en e o L et OB bl SRS g o
with t mefpwardlgoumetrmstqrm@dmvesedfoemméransfnduer and the
colum as the detector pixels. 23. The nethod of claim

2 1 or 22 wherein each of the two sub-matrices is
f @2ned The diathadeof glgim 2 kwhaseinforedcthgsspmet centiah tpyFeaghiob the

transf @QueBud-Makibss i Ircmga IR WaIrGH abae ptn%[ﬁctgh h¥ERLRASS g&méer

central ray as its columm centre.

any on@ngthecgoliimpsasthe defecipraninals, one sub-matri x

conpri ses of the 1 degree to n (n<180) degree data

a&éer t1J'11 rd Fourier transform and the inverse
rier

d%f FEimaterA39thesin eagh-afhertvg submatrices isdprmed

the 18 frbndﬂg fraeixtobtalidd by paeeir Fbatiér tﬁfn&ﬂfmé foahé Sihvgas
Fouri er .t ransf,orm and theln}{%rse F er tr nsform

25, Th&Mid: 8&13&'Ve£rﬂ7$%egc§f‘ rﬁ’f?ﬁs' ¥Pein for

each assuned central ray one of the tvvo sub matrix

p%ﬁf or Fﬁﬁ %eftljldd%f ngén ot.FEIaﬁT?é %JI% &ﬁc{% Fl%lnets x clpgmﬂses of

third su -matri hod 0 [arm
the fiitha1 deafee toen (1§00 dearee data aftsr tbefd\marmFaurler transform

pi xel - Whg %eﬁH@rgﬁ‘i&anﬂraanﬁol'nQ%q aR¥tnBd B! T%Ml)%@ons,sts of the 181

squar e/ absol ute fol by sum over
get a REISAtRARID dssrete Hétarﬁﬁghtﬁﬁ &nvarg Hoeveﬂtra@ﬁfom end vvs

inverse Fourier transform.

25. The method of any one of claims 21-24 wherein for each assumed central ray
one of the two sub-matrix performs a flip over its column central to form a
third sub-matrix. ’

26. The method of claim 25 wherein the first and the third sub-matrix perform a
pixel-wise subtraction followed by pixel-wise square/absolute followed by a
sum over all pixels to get a measurement of the mismatching level of the two
sub-matrices.

27. The method of any one of claims 21-26 wherein a search range and a search
step are defined with each predetermined central ray in the search range the
mismatching level are measured and the central ray is identified as the

central ray value corresponding to the minimum of the measurement.



sub-matrices. 27. The nethod of any one of clains
21-26 wherein a search range and a search step are
walzhp/madsani t h each predeterm ned central ray iFCT/$G2008/000140

search range the m smatching | evel are neasured and
the central ray is identified as the central ray val ue
corresponding to the m ni num of the neasurenent.28. A
conmput ed t onogr aphy system for determ ning the central
ray of scanning a object, the system conprising: a
fixed x-ray source for prod%?-ci ng a beam a digital
detector for detecting the x-ray projection, a
mani pul ator for hol ding and rotating an object under
ex8m nétdoopuied torhagréphy spstemmforatetbraminpgdioessitral rag ofscannigg a
scanni onprising a plurality of
pi xel s%g &rﬁb%g%érﬂ%?'qgﬁ%]eq? exam nation fromthe
~di gi t ala fijed &Cetymourcarfﬂfprmclpge(beemor conprising a
modul e jf [ n pi xel position
fromt hg?df)t? %fééégﬁr f&gigéc{'ﬁd rjpédpérgj%doga second
pro J ecla,mmmqlgt@forrj@gjng am rotgtuga;yoqje@ymder gxainigation in the fan
proj echb; sHagl € for each pixel; nmeasuring the
m smatchi ng of gray |evels of |er s and t hei
cor r es BARRACHYPT SECHHY sﬁ?'ﬁ]"@oqrﬂéﬁ'oﬁldﬁ@l COMRyiging aF’%'éit"tYd?ff pixels
predet ef i RBcIARIAEF elamirdyi6n fré the diGHAl dieftydtdi}gaﬁdTﬁe rocessor
m ni mum of .the ne ements as the estinmate of F

il feg faan the

true céﬂ?‘P%ﬁ'"%gvo % seloging gt pfaigclion pixel <PP%H‘9H
wher ei Iprdjétﬁorpdﬁta;a&mratlﬁb‘:‘é esavhd ﬁfojdch@w tBu«n $bsnm)“r0 h @ﬁ'—Iyl Ievel,

po nt s h ey e o by g Joa e A indcriy

and pr dgvelstof dixels at\dhmefr cors¢sppndifgesscoodprpjertiEn ppeds withomset of

on the fdef ein the

pr ocesgor %@nﬂgd gé}m Jfggs G} (%m' 'e%%{e% En}@gnd&@ﬁ%t ral

ray, eé‘@ﬁ@svrﬁﬁ‘éméﬂsﬁhﬁeesﬁmjamf th%tsleaceﬂiral £ay y@tusi ect i on

position and second projection position during a 360

scanniq%that is aligned ) o
29. e system of claim 28 wherein the processor determines the first projection

pixel position is by defining a line formed with two points on the object, the
line aligned with the source and projected on the first projection pixel position
on the detector

30. The system of claim 29 wherein the processor determines for each
predetermined central ray, each line on the object has a first projection
position and second projection position during a 360° scanning that is aligned
with the source.

31. The system of claim 30 wherein the processor determines the second
projection pixel position by determining the line aligned with the source during
scanning.

32. The system of claim 31 wherein the processor calculates the second

projection pixel position with a known source-to-detector distance.



with the source. 3 1. The system of claim 30 wherein

the processor determ nes the second projection pixel
weneinsiem by determning the line aligned w thPdhec2008/000140

source during scanning. 32. The systemof claim3 1

wherei n the processor cal cul ates the second projection

pi xel position with a known source-to-detector

di stance. 33. The system of any one of clains 28-32

wherein the processor deternines for each

predeterm ned central ray, #he angle to rotate the

ct rom,the _first ro' osition to t
Sekfna TRGPRER LAy e Bl 2L st g oh Deleraing for
sour ce-daoh getdetetmineditenitralngy thd’:dhgleTtb eotstyésmcewj@d‘t fram\theofirt
of clai n the essor..cal cu
aray | BB BT R R g PR RN h G BBy
pr oj ectkinown poured-topdetactardistdnge.per f ormi ng a subtracti on
foll owed by a square/absolute followed by a sum over
all pixels to get a neasurenent of the m smatching
| ¥l dfhetshisteiof enysongrad claims 28-3Fplssein éheprogassoricalsulates the

i xels. f
Shor o1 9EhgS Feth pherailcoRitboRif Sbeobl BlRucbic poion by
syst emPRSfOEHYI B iebtigetion fallowsd bpazquarpiabedivie falewsd by sum

sour ce RePsYsass B g@ﬁé‘m@ﬁﬁft@mé’ﬂ of thBEnishysttriig 1Rlel of AL BixsR
wherein the processor further determ nes converti ng

f an- be AP REIRAPSFICArIBEIQAPYRIS; ecti on and det er i ni ng
at Ieast tvvo subsi nograns, neasuri ng t he m smat chi ng

-b
LS| el ol ALt A -3 et g < s e racHers @

cent r alconapearndent i fyi ng the m ni nrum of the

measurenent as the estimate of the central ray val ue.
38. The system of claim 37 wherein the processor

deiber mThesystem of anhonecoficlambs 28-34 wherein the x-ray source produces a

fan beam.

37. The system of claim 36 wherein the processor further determines converting
fan-beam to parallel-beam projection and determining at least two sub-
sinograms, measuring the mismatching level of two sub-sinograms after a
fan-beam to parallel-beam conversion with the set of predetermined central
ray, identifying the minimum of the measurement as the estimate of the
central ray value.

38. The system of claim 37 wherein the processor determines for each central
ray in the set of predetermined central array, each of the two parallel-beam
sub-sinograms is formed with the row as the projection sequence number
and the column as the pixels.

39. The system of claim method of claim 36 or 37 wherein the processor
determines each of the two parallel-beam sub-sinograms is formed with the

predetermined central ray as its column centre.



ray in the set of predeterm ned central array, each of
the two parall el -beam sub-sinograns is forned with the
WO fov/asisihe proj ecti on sequence nunber and thepCE$CHIS/000140

as the pixels. 39. The system of claimnethod of claim

36 or 37 wherein the processor determ nes each of the

two parall el -beam sub-sinograns is forned with the

predeterm ned central ray as its colum centre.40. The

system of any one of clains 37-39 wherein the

processor determ nes one subtsinogram consists of the

1 degr to.n (n<=180) _degre rojections after, the,
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3 ub- si rag %%iﬁ_ﬁgﬁﬂn&;b?siﬂﬁ oft tEe 1 ]ildSQreg €O @=180) BSlérléé Iprotj)ections
egree projections after the fan-beamt a - beam

conver SBrNS fEnibeai 3 pableRteamconisrsiah and el sy ssogizg

wher ei robsists pf the ¢8+ degretetocti8id-mdegréeprojeetivins aftarithethn-beam to

central sane of the two sub-sinograns perforns a
flip O\ngaﬂlglt%eagloﬁoﬂ‘ﬁ?{s'g%nt re to forma third
sub-si nogram 42. The systemof claim4 1 wherein the

PrACESSql sg&&ﬁ ofhf\Eshelds %t%Fm Siydad \leer{,ifi itr&\a&ré%&ééri dSRPNNEE for
performa pi xel-w’se subtraction foll owed by
pi xel - waskassymed eeaitat ey ene of bieltynedb-sigoasansiperipras adip over

P xel s i Qo BntFERISHEARIY sM-sihbiftafll STREChI Ng | evel
of the two sub-sinograns. 43. The system of any one of

clainms 28-42 wherein the processor identifies the

ceqpt r alThedystbih ofBlaRt 41 Wigerbii ehd ProCaRE S e RBmMINBY filst Hd tBE ¥ird
| evel s i B_s%&gsel ecting a searc

! h range_ and sear.ch
step t F4b-SHPAAMSPRHRTT B Xetite Sbiracton ol Bund RpiKe Wi
t he m rigoaladéoliith follbwed by & 88 loverddl .pixéldao §otsd re@asuifensdiy of
one of ,clains, 28-43 ejn the. processor further
det er m'ﬂﬁee?'Sgantcijﬁ‘gﬁe@ﬁgﬁé%{vfooslﬁlﬁg"&giaﬂ]sa first search
range and a first search step size followed by a fine

SE@ C h fh%‘ég&e.wi oi ?ré)gorﬁer@ lc'aﬁﬁs ﬁ&?&ﬁeéiﬁ %ﬁecaoée%g&qd(?rﬂiﬂe@the

smal | er -sear ch
central ray by measuring the mismatching level of gray levels is by selecting

a search range and a search step that are defined by each step

corresponding to the minimum of the measurement.

44, The system of any one of claims 28-43 wherein the processor further
determines a rough search round with a first search range and a first search
step size followed by a fine search round with a smaller second search range

and a smaller search step.

45, The system of claim 44 wherein the processor defines the first search range
by defining a search central and a search radius wherein the first search
range is centred at the search central.

46. The system of claim 45 wherein the processor determines the search central
of the first search range by defining as the centre of the detector for scans

around a point proximate the central line of the detector.



45. The system of claim44 wherein the processor

defines the first search range by defining a search
waeaodnal44and a search radi us wherein the firstPGESGEDNS/000140

range is centred at the search central. 46. The system

of claim45 wherein the processor determ nes the

search central of the first search range by defining

as the centre of the detector for scans around a point

proxi mate the central line of the detector.47. The

system of claim45 or 46 wh& ein the processor

d I h
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the m%b@él&ﬂh%r Oglﬁ&?s%f G?ersto'upcg §9§f\%§{épé%h? ﬁh%hip-tglgft‘)r for a

system

pr oces@é’ftIC!d@’csgamnlmgss the central ray with the scanning
projection data of the object under exam nation is by
measuring the msmatching | evel of two sub-matrices of
pri8; ectThe Aystri af ayroae of elaims e v rwherein thedarogesson getefmines the

and i Nyghtslr %Itﬁe’saaﬁﬁn@&%[éa.orﬂ@ata dtRe §N§c§t%mjé?fex&hﬂéﬁ8n
48 vvherel nt rocessor determ nes for each assuned

centrafs t?veweaSéareﬂnthefmwaécft'weg% Bt twgrsubwadrices of Rypigglipn data

Wi th t BRerdtRdVoRgard FBuiti @hRFbiPihdIRRME KRIriBirEdsforrand t he
colum as the detector pixels. 50. The systemof claim

48 or 49 wherein the processor determ nes each of the
t Wi9. sulfhaaystens efclaim zf&mvhmin frfeqmdebeormaterrhmwbt eédheadsmyed

e eneefe B Gl orkis SRR dhep gy S ey SR T 26 T

cent r e praection séﬁmenwmer arﬁd thagolome aeﬂha:dl@eatm pik8is50
wherei n the processor determ nes one sub-matrix

conprises of the 1 degree to n (n<180) degree data
af0er (The systernat elaimadrardP wheesirsthe pracasadr telerminascgask of the

Fouri efyd E@IREAELS is RHe@ROH RS matiR omarn@a ¥y s&flﬁ.lnﬁ{g%oeﬁer
the 18 1 degree to 18 1+n degree data af

f or war dapSermsde thersinegram whish has the gived é‘F%‘@‘qdd’GPtF%! Fay as its
t r ansf @plinn centre.

51. The system of any one of claims 48-50 wherein the processor determines
one sub-matrix comprises of the 1 degree to n (n<180) degree data after the
forward Fourier transform and the inverse Fourier transform, and another
sub-matrix consists of the 181 degree to 181+n degree data after the forward

Fourier transform and the inverse Fourier transform.

52. The system of any one of claims 48-50 wherein the processor determines for
each assumed central ray one of the two sub-matrix performs a flip over its
column central to form a third sub-matrix.

53. The system of claim 52 wherein the processor determines a first and the third
sub-matrix perform a pixel-wise subtraction followed by pixel-wise

square/absolute followed by a sum over all pixels to get a measurement of



52. The system of any one of clains 48-50 wherein the
processor determ nes for each assuned central ray one
wmtoopmEssao sub-matrix perforns a flip over i tECERSG20081000140

central to forma third sub-matrix. 53. The system of
claim52 wherein the processor determnes a first and

the third sub-matrix performa pixel-w se subtraction
foll owed by pixel-w se square/absolute foll owed by a

sum over all pixels to get a nmeasur enent ofthe

ni smat ching | evel of the twé sub-matrices. 54. The

wh h
o ocos ARG e TYBAB P PAE oG & search step

are defined with each predetermi ned central ray in the

h |
s i e e T
cor r es geardh ragge end heearcmstap arectefindrowithegach peadetermingd cem\ral

conput gty |th e@%pér%q}qé mfsﬂmﬁfh'ir@ 18R ard n?é%gg'% %F\d the central

r eadabl e avi-ng conputer “program co

whi ch, a8 men@f@e@e tfaﬂpeatr@l@ﬁx)mhe& corngaranding metf@mpmum of the
performésmﬁ,@m for determ ning the central ray of
scanni ng an obj ect under exam nation on a detector in

a conputer tonography system the method conpri sing:

prsgyi deﬁsaﬁsapto@aanpﬁr@umwﬁ igikgf @ conprising a

pluralit of th j ect under exam nation

P oaucedBpuebisitaily meﬂ'@mﬁavgetcomﬂ%frprgqaw] £Rge mgans which,

usi ng &/hB‘BIdapeﬂ ai 8 computer, hakes thé cmnpmgnspeffbmira awe‘moaei&
dd t

sel ovt DRSERPERG ARl E TR O iR A Miest P it lien =

pr oj ecdetentod mltaaqonmtem tdnaIgram\y sysieguahe method eompnmngpl xel

posi ti ngvllc%gchQXm*qeefrgjectho%%tfco%p%hﬂﬁIé'p aI@F&l o(ff the

each pix m smat'c
of pi xebiectmder examinadion Pregmddaym@tatwdbﬁdbjmt@lpé@'texemmatlon

pi xel s yyhgh n@arﬁﬁﬁat&fm RbESR bEX Py S FEmCEREE Rlray Qﬁ(ﬁoe eﬁﬂd

identify the m ni num of the neasurenents as th
esti rmtdgtes%nq)h@y% atthe g@ﬁcftpraﬁelg%ng @dirs grojection pixel posmon from

the projection data, calculating a second projection pixel position, a gray
level, and a projection angle for each pixel; measuring the mismatching of
gray levels of pixels and their corresponding second projection pixels with a
set of predetermined central rays; and identifying the minimum of the

measurements as the estimate of the true central ray value.

56. A computer readable medium having a program recorded which, when
loaded on a computer, makes the computer perform a method for
determining the central ray of scanning an object under examination on a
detector in a computer tomography system, the method comprising:
providing scanning projection data comprising a plurality of pixéls-of the |
object under examination produced by rotating the object under examination
using a manipulator in a beam of x-rays from a fixed x-ray source and
detecting x-rays at the detector; selecting a first projection pixel position from
the projection data, calculating a second projection pixel position, a gray
level, and a projection angle for each pixel; measuring the mismatching of



56. A conputer readable nmedi um having a program

recorded whi ch, when | oaded on a conputer, nmakes the
woemopuwiiess performa nmethod for determ ni ng theedrsa20ed/000140

ray of scanning an object under exam nation on a

detector in a conputer tonography system the nethod

conprising: providing scanning projection data

conprising a plurality of pixels of the object under

exam nation produced by rotating the object under

exani nation using a mani puldtor in a beamof x-rays

froma fixed x-ray source and detecting,x-rays at .th

det oct 97 1E1EE bRy 304 IR SDrseBRaiEd pestng Protsetondas ofh o

from t bet op prefetetmioed chatral ragss laad idebiifpigg theswinianueh of the

pr oj ect.] ' it r | evel . and a

proj ec |eg§1hr%élﬁge agg\;?: eté’g@ﬁreﬁ) ?Q‘% t?u\ér?g §tsr?ﬁ { ?yn‘@p he

m smat chi ng ofgray | evels of pixels and their

correspondi ng second projection pixels with a set of

predeterm ned central rays; and identifying the

m ni mrum of the nmeasurenents as the estimate of the

true central ray val ue.



