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[ METHOD AND APPARATUS FOR CENTRE- OF- ROTATI ON
DETERM NATI ON | N COVWUTED TOMOGRAPHY | MAGES FI ELD CF
THE I NVENTION 5 This invention relates to a net hod and
system for automated determ hation of the axis

MR A ABP AR s EQkREEFRE &#%Tmﬁéﬁﬂwmw N

obj ect positi oncOMPETEDTOMOGRAPHY IMAGESt hod and
system determ nes the centre of rotation for scans

such as offset scan, high 1o magnification scan,

FIBLD ORI THEWNVENTIOsEt - pl us- hi gh-magni fi cati on scan, and
the like. BACKGROUND OF THE | NVENTION Central ray is
the projection of the centre-of-rotation on the

Thid@iveatien reldtés mme%d%ndl@?@wﬁ] foREAORIaId (ﬁeﬂémﬂhét!on of the axis
orit ror in. central

onstruction
of @gﬁi'epén f yomedigd t?'gogrﬁshsg&ﬂfsa RGIRAERANGPBHAf I8 Practicahe
scdnﬁﬁ@ﬁﬁéﬁnda@bﬁd thd‘@g@& poBitien. BerEpdtERaly, ehe/Rclhod and system
dlfflcm ntlhé’? The current ne hods used for
i

detgimips fhe- et PEFAIAHGR ferpoans cBamaliset sonehioha

malghlflwhbateﬁ:% N neONYEEd ) DiketsHISd-Righ-bdynifRatictes @hTamd the like.
central ray utilizing a wire phantom 116. The

si nogram of the projection data of the wire phantomis

BACKGROUND®H PHEIINVENTONentral ray. A wire phantom 116
is scanned in the system 110 first to 20 generate a

Ce@tigeﬂer%wﬁgﬁé pkgk%cﬁ\llmcg{ %E,h‘geg?% qgihrgiq ﬁgﬁpenn he Ldﬁ%c orC R MBS be a
knostrr pnrgdnbtemfairmlrfmxmi;tmbuddm;;mmmhs eEnbrh i q@htagnmp tgémgyguyt leads to

as en o
artifits ML Fsledyon BB ghod b el rpopS i Sorpe kSR avey difcut
to ipanitify. Tiee owednttnnetho euseddorsentrbbray Getdrmination aty @ieyussko.

the system 110, a source 112 for projecting a

i on beam 114 towards the wire phantom 116 and
F'Ggég @tséreteécﬁ BRvaNEAng! exsteradi @ i sleterminingicantial Tay ukligng a wire

phanlisin F06.21TRé sthdgdrar@bithe r%@ﬁlo\ﬂﬂda% A8 e ph%h&irﬁ istused to
rot.ation of axis 118. 1A illustrates

deterimine theotPriideray- & Wire RhaskRIm { 58S scanaediinriaey Slfﬁﬁ%rn Hil@first to
genBrdts aairidgphrh aF tH \Olﬂﬂfr@mm 18 cbtr8 r&cadh §é"@é!’l’e|‘h9rﬁé@ EA wire

anni f the m | n many nedjcal K chec
Phaxf a@%ﬂ ol Stﬁ@t g’érﬁtf'P‘%d Bt th?&@a&"? gha plastig (yggs The wire is
madd éﬁf&f-baw fhdt@ tsabh ¥s Q{:Hgiéte{nﬁﬂf%llsﬂb? gm@ﬂtggb%@i athahit abe
Xa or | S Syste ecause a
ffeaﬁl%@%ﬁ ﬁtp ﬁ%@%@&ﬂ%ﬁmﬁnﬁ fqrﬁﬁft@P gogurgex dpthgvstem 110, a

soutdaere fd)rSpra@ctmgwpra}é@wrﬂfeam fﬁﬂldwramm witd Qhantcsrhq 1 6 and

i Xxed centre

* detqE L O ARl 12 AR e geieion 12Xl e wire phantom

aboswmrohe}@amgmal Flenmrlmsﬁate§mtsm§nd‘noﬁhér@duﬁﬂerpvxantom is

scafBRia TG 14 BRCERSARIATD B S SEELAAAY (06 EEing of the

wiregdhaaions hﬁlﬂﬁar@fmédﬁl efdcR O rag it dybRnise il e Bt rofalibn is always

iffe so
flxetgj and usuaqu only need to%e calibrated once a year, for example. Far this system,

because a resolution of about sub-millimeter is acceptable, there is no high accuracy

requirement about the central ray. However, the use of a fixed centre of rotation is only

applicable to medical X-ray CT system because all micro-CT systems for industry
applications need to adjust the magnification and scanning position of the object

“according to the size, shape of the object and the requirement for different resolution.
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2 Calibration with a calibration unit like a wire
phantomis currently a common practice in nmany

exi sting commercially avail abl e systenms. However, this
met hod requires one nore scanning which greatly slow

down the whol e i nspection process. It also presents
error i n high-magnification

i ificant calibrat] g ..
Callatinn Wi f e PEIER Ui ke, & B ANaBth FeBRLY 3 6empioq practice in
manly GxisBing; cbmaidreialy Anablesysomy flﬂ%\{véh@,' th&mtfﬂétﬁ'@@ Pequisies oe

a e IS aCct ua

| ook-up taple 14Q. A | gok- _ ) ly a
mqf%ﬁaﬁ‘wr@?%wﬁﬁsﬁ @éefﬂ(iléfé‘l?‘"f dhowr e wgle ingpeclion Prefessclhalp pgesents
signifigat @iMbratibn iefror MHIGH-MgRiBéaRBhIsSASINPNUSLBARE h@hanical

cal i b{.ati on unit such as a wire phantomw th the
MoVEmePt iBYeI4Sds pl aced at different positions. Once a

| ookup table is created, the central 10 ray in a
FiGaar flustrdtaanstbancdnsentemdl dpppvadht uses adoak-ngtable 140 A look-up

SRR e o R S hon. 1

usuatly ieatalbiisHeEeicausancihg tlalibriatighuriespdhrasrewire piedntdrnavith the

GNP e RTENGbY. Sk e OHRS KSR B

rayﬁ“‘amﬂ"f]‘”mﬁ?ﬁf eaid ffd?”??ﬂdlﬁmrdirbl’te theoadtuatbisa besition. Using a
oo BRleBRGR lrBisBflovat Rt Blact SR IR ralretatis becayse of the

high réquiremenefor drecddearacy any sspeatabiity efpips @anipulhbéh syssérmg a
trjcal relationship.of the scanning., This t.ho
cofk b e Bipe Bl EREMdh Bhd el REVermeEnt Coies gl greedom,
thetlbak bp tatdaappobch keordy negt mldvsagenasyadresv-edsoftisn inspection
a tihgt'o%u%i nt that has the |ongest distance to the centre
p%]@ oFation. Wth the know edge of the central channel
20 162, one actually can unanbi guously determ ne the
FIG &t iHugtratay anghef eamventiendl epproankl 150, uging & geomeatrical

884 o e e B L 1 R0 e

scaghiogdhebgindagy efitha sithodismisd pepecdtceavaymbyl 1@.poirtidhat dpas the

ol oo .
ond B AR 52 befL B B, By R RAAIE e L) ghame
162p oagiashualiyream gdambigacustedetemeng the: catiabrayt itérira theHeft and
rorEodh ) PR LIREd BE SRR 9 gl o
154, 1hé arersteterminedy . F1®haBisbowel arsjnogran esd dpendate detettierd1 4.

e A A AR S B

oveTemeyiberdsawhagk| of thet predobamictiwda tipat oeqiretpoe-salitaation of the CT

sysf%fnf.eﬁats{e\éﬁ IRt %%%é’éﬁ&a? %e%démi%'ﬂg%seé l?-% &Sﬁgtiérpﬁatg)gf bk
scan and is able to provide a conparabl'e ‘accuracy 1o

objest tedetesmninedbe gentel rﬂy dbedabindaracumgs aietitherdifigdl pkthe sinogram

o o BB el USRS GRARI i AUl Siatono,

Thegeeaedical meihas besrhegnfpaovebdaire aBediedive, methbd whithtdliounates

the f b&IS s@nGldli@hble érfo.\/@wa.téérﬁpfaréb"i’é §&ubd %S BBk PBthods
In X-ray Intensity occurs during
such as calibrating with a wire phantom. However, this method generally only works with

‘normal scan which require object to be fully covered in the X-ray fan beam. Besides, this

method encounters a certain difficulty if large fluctuation in X-ray intensity occurs during

- the scanning process or poor image contrast is observed.

There is thus a need for a system and method that alleviates the problems associated with

the above procedures.




10

i5

20

25

30

35

the scanning process or poor inege contrast is
observed. There is thus a need for a system and net hod
that alleviates the problens associated with 35 the
above procedures. 3 SUMVARY3OF THE | NVENTION I n
accordance with an aspect of the invention there is
provided a nmethod for 5 determ ning the central ray

t ntre of rotation on a detector
S%@hﬁﬁ'épqﬂgﬂﬂ%gﬁ nogr aphy (CT) systemw th the CT
scanni ng data of an object, conprising receiving CT
In scranddneg withaa aspea ofsmarmedtmbuhemtus pfogitied atmethbd igr t he

data to f St
1o RGBT BoRraiTel duerfin ob i el hralalionS delstiogpinin
a agaytputqn!rtou‘negﬁapbyl (@) siybtemoitit metCUI'L sdaﬂhlag ldafa of @ntobpct comprising
e n a m spmt chi ng | eve
o PO R Bt SPP e et Sl e seaming figa to form
at Ieaﬂgwmﬁﬂ iMgdegf the shmea:bjledg@bwéecéiari ;agnﬂ&ﬁ)ermmﬂ}gt the central ray
e e to +a) (a < respecti
ol DT o e e ST e Bi6RIor 5 missobnd,§ BETRnt BaYeve of
theat?@L(L"Ermaz;;eamihngresﬁmructddnmﬁt:ﬁ@\gd gfme rawgerbfqm dagn@eab o
ere e .
de@r&%? .qﬁ@ theppg ot f@@ %1'% R ‘ﬁégkf@ﬁﬁ’%"e'y’

wittPh sE Rbd Piain @R equall fF 350l d¥igred drdli dh anbBlapScamAig dlepd
tom)graphy (CT) systemvvlth the CT scanni ng data of an

in ebhee WFaT ¥SEETHOR Rierd 5392823%‘:?@%@“3 Saheie ko
detenntnnﬁgnthermmdtal mgy ﬁrujledftMﬂ thg cb?&e:lhjr@l@lhﬁh elnad de‘l@ctbﬁwnhin
a ect or ectin e
an blfRREd B @Rl () ERt€h i e, 8 e R el B aE et e
systmgenprﬁsnag a sowne éat gebige:eﬂmg a blogedipp deah Usr sz:anmng tHegbjéct; a
[ receivin

ol BT Plop Bl 7 BisfodtreonRa *aaa s By elintastor for

detéstingeiembexdn, Ub¢ deigctoh esceivingrC Ngcandimgalatpoffat igastdnd i of a
scafli®e o A SPp ot homp o AP itassie s o Gl Elinp gata of

a s@inned bhjeciprocassingeheledrimt @y pdhojectdayrechsaudtingrihé stannghg
econst ructe '

datzg ?ovf% m%LIe%g\e[w o glgaagieg?gt‘ﬁa é\é"@geob{e& crgsraaﬁq,tlge)ang Egl\év{etrrtz]ﬁning the
centtal]rﬁ@))rowmtion biche asrge cﬁﬁ'otéﬂrﬂﬂardag ldelectbﬂb)lﬂféamr(n@ athB8)atching
th a s..t han
Iev{%g’g&%egr eéj paﬁnnaé’eggu't HgaFat® %'gg?ﬁ'n"i“ VigwR [ t ?ﬁa&?c‘gr(é Sfgee to
o dﬂwﬁ)amé as p&tandf theh&ngmtvfe(msﬁf) Gﬂegfjeleed) ¢80 ﬂno«nladﬂbspectlve!y,
. ut e a stemfor deternminin
it SRR e R o6 U3ee nad e ARV R GeR BePEn on o
det ector with the CT scanning data of an object,
In acenmgaricsiwith an aspest obthednvegtioretherte is groaide ecu:jo&mutsuhobmgmphy

s b i S BB EY o0 4 PSP
detaﬂfml'e'ﬂhdhe ICEF rscemnieg ﬂaia of ahebjeetampmpligingla sewte for generating a

prcuéc.etfo?\' b\é'aﬂrgfggcatnﬁﬁ\g Q}Eé Qﬂe&aé ﬁ)tSI& u"ﬁ;t f&rerﬁgﬁn rﬂ@ Igﬂ('é pagt?ngothe %bject

scanne proces or rec
relative to the beam a detector for detectmg the beam, the detector receiving CT

scanning data of at least one image of a scanned object; and a processor for receiving

~CT scanning data of a scanned object processing the central ray projection by
' r_econstructing the scanning data to form at least two CT images of the same object

cross-section and determining the central ray projection of the centre of rotation on the

detector by measuring a mismatching leve! of the two CT images within reconstructed
with views in the range of (0 degree to & degree) (& <=180) and the range of (180
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CT scanning data of a scanned object processing the
central ray projection by reconstructing the scanning
data to format |east two CT i mages of the sane object
cross-section and determ ning the central ray

5 0j egé{r}on of the centre of rotation on
degreede # 80 gyt orel §0LFes PRy tivelyy Wither $aaN r'ﬁjslﬂéﬁlfe?r earlalttﬁ 869 gegree and
an@hgliBPERANING &labN reconstructed with views in the

range of (O degree to a degree) (a <=180) and the

range of (180 degree to 180+ a (a <180)

respective Iy scan | ess than or equal to 360
B%%@P@%BT%OEH@E BRAWINGSi ng step. 5 BRIEF

DESCRI PTI ON OF THE DRAW NGS I n order that the present

invention may be fully understood and readily put into
In ordgeihatthe presepidpyentiomaay befdly undemstasd aad seadiliyeilt ibtp rratical
eifédt, there- thlafrh&\ﬁbb\d@s&Pb@HBk/ Qa9 o Morﬁfmﬁ’é%?vg%%r\ﬁ)&)lgfonlfé?@ood|ments of

present invention, the description bein
therpeegané iyentiop, tfﬁéieégdlﬁﬁ@%'?gﬁ@ ir¢feipsee bt the @ccorgpanying illustrative
drairgét ngs: FIG 1 A-B show a schematic drawi ng of a
systemof the prior art using a wire phantom (FIG
1A), and a resulting typical sinogramof scanning a

FIGN' 11AEB Bhéﬂta%'éhé’rfhaﬁ@@raﬁrfdgodf aagﬁten( 5t phidrArt uding EMfife p%antom

IS a bl e of the central %/ determi nation usrn%;1
(FiGo bl an@ QBP%J"HFJ tvweaiﬁrrroerarap scanping,a \gire Bhastiei o4 the prior art
(FIechgyatic drawing of the prior art using the

c%'reometrr cal nmethod (FIG SA? and a resulting typical

FiGiZis griakie shtherssutididpy defetraipeliomueng @ insker fblexpf theprior art;
Ficigjhes ghé\ﬁ%r's‘éﬂed’l%d‘&aiv'?'r? H Wd’r a?ﬂjsrdﬁqhgggorﬂfetrﬁ:glemetho? (FIG.

prior art G 4A is a schemn di agram o
3A)a gy aresHiting tueied rsmsrﬁm and RowlasnBeiastiaamf ths cerrrira;af re0
detbmﬁardnqrgrngﬁhéageéﬁerreararnétheavof:ﬂﬂ@rpfnopén frIEBeBApd 1N

accordance w th an enbodi nent he invention; FIG
FIGGAh s %%W@B%@ﬁgfam BASYEBHUR a%cor%ewﬁh @r@@reaocﬂlmrﬁ@f@f the
mvéﬂnb,li} an error in the central ray, specifically, an
of an exam nation object (FIG 5A),

ge a
F'Gz4% rSr?efi'ryr oAl aimathpd in gecordrace wipR anPedimen) o de ipyention;

FIGEBRE Sifov Ebﬁrva'i%hs aBoW@ébﬁé‘fﬁJ&ecﬁﬁ%ﬁQ vt &est ih thePcentral

25 search round for an estimte of e central ray
rayealicalty) an imegepiansexanteatiossipacs (TE- &AL ar%dmgeéeil@rrﬁlrrgrage

of thExdHehation %Aé‘rﬂ of F&3. C@ﬂﬁﬁl@' 5BY rﬁéﬂsﬁen@)t gra?ﬂrdoﬁarned ina
reconstructed i mage wt central ray val ue

searqrgipung fcg@n(qsp@at%q)the ReER @W@r@é% arorep &iibe aesvitaoef a fine

seaﬂj‘hrrtdlﬁr dét@MﬁrﬂmgQﬁe cEhtfal r&AFG Sﬁ[@)‘/"aﬁd b%&ﬁﬁrhé{% @rﬂage with the
an acce%t abl e central value wt

ce

Centri' %G?'ueé;@f\rlﬂe%ﬂ P m@&rsordanrews §memhoémnentroé8w
mvernrﬁgg;e with (181-360) views (FIG 6B), a difference of
FIG_6A and 6B (FIG 6C), the sanme slice reconstructed

FIG,pAF showirecapstiusted slice with an acceptable central ray value with (1-180)

views (FIG. 6A), a reconstructed slice image with (181-360) views (FIG. 6B), a

difference of FIG. 6A and 6B (FIG. 6C), the same slice reconstructed with a bad central

ray with (1-180) views (FIG. 6D), the same slice as shown in FIG. 6D with (181-360)

_vrews (FIG. BE), and a difference of FIG. 6D and 6E (FIG. 6F) in accordance with an

embodiment of the invention;

. FIG. 7 shows a flow chart of an embodiment of the invention;

FIG. 8 shows a flow chart of an embodiment of the invention:

_ FIG. 8A-D shows graphical representation of different steps of an embodiment of the
~invention demonstrating the performance for normal scanning (FIG. 9A), complete
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ray with (1-180) views (FIG 6D), the sane slice as

shown in FIG 6D wth (181-360) views (FIG 6E), and
a difference of FIG 6D and 6E (FIG 6F) in accordance
with an enbodi ment of the ifAvention; 35 FIG 7 shows

a flow chart of an enbodi nent of the invention;
swg:ggaﬁr@)@G 9B), moults st @ fing searchelRle FGeand gfeqongtructed shce (FIG

gu)nv@étbrdame&hﬁan%ﬁqb@dwm{\@jf%@r%hﬁ&l representation of

Fl% ferent steps, of an enbodi ment of the invention

etfbhBshaws ﬁgaphwe' TsereesRition e diffrenstansiof gp snbodigent of the
invehlida deﬂﬁénstrﬁ@r’@ih@ g%rfgrma?lc@‘?&f HgR-fBY SficatiBh ’scérﬁfh’tﬂ GF‘fG Sfon),

a fine search a reconstructed

5'”@913@ witlagtyt bpyn Yzéﬁ‘tééﬁ@e 18P Feswis @mf&ﬁm('zﬁ ﬂ@‘é and a
redoﬁ&t@urﬂtédl’ﬁ ice KFIB. 1@)9%%0%5‘1‘8%0@\5/@‘?&'1 Sﬁbo&ﬁﬁhﬁﬁﬂé ﬁ‘ﬁ/br‘i’ﬂbn

fferent steps of an enbodi nent i nventi on

F'%ewz?ngﬁhaw a@phﬁel reRiesantAlgI e qﬂfiﬁrenhsgemswégn iefrbedimeshof the
lnv@ﬁmé’ﬂﬁbrﬁsﬁbﬁﬁg the@Pkrfornangt RG PRSP éﬁ’aﬁr‘ﬂﬁ% Fléokjﬂg)a&lﬁo Frﬁmth

10B), results of fine search

Fl G
m'?S@%QoQ%@ (RiBt 41B)s asuls piHing seah)(FIGy 14 écﬁndamr@éomﬁtrtuateaﬁhce (FIG.
11I}T’¢r0§ttd6&%c@wh ha érrmb@rﬂﬁér%f the'ﬁh@m.én LfAigD shows

raphi cal representation of different steps of an
FIE 3 RBews GRPbRE repaoeTENasoT diientid Siess ofign emBodment of the
mv@ﬂf&n@éﬁﬂiﬁ@@atﬁr@;ﬁh@ﬁéﬁ%a‘ﬁ@é‘W'p@]aﬁ gﬁ}gﬁt rééd?\)s%ru&loﬂ%irh ferred
th mssjing data Ufg results of fine searc
°"'?‘11‘1‘th f@ﬁ@'ou%lﬁ%ﬁ%'wgé@%q@t'?@ ingihighimagnificaiion seanning pjode and
offdel sedihiH; > wWithsBnRMs1i8e RO ShdWhNh FO6. 1d'Rith Bh‘ﬁé?}tsloﬂg ah@ﬂéﬁl (FIG.

FI G 12A-D shows graphi cal representation of ferent

RLYREL PioressANS BB {ErHary lefS ang Fight horoearias o smﬁ@ﬁaﬁa@
shetdaw vmafhf(prcwz@aﬁ@ﬂz ) fmra @BbRGLcle gﬁé@mweéﬁteﬁ raW dsh

preferred orientation for various scanni ng nod

detFWP%Ph@SHﬁtng%yﬂ|Fﬂ(ﬁch?t3 I RafhiEnighoa QC%@&"CGM@@”
emB&AMBhIE thORGentivht h sane slice as shown in FIG 10
wi th dinmensions aligned (FIG 15 12A) data process and
results wth Ieft and right boundaries of scanned
DEDRLEY BESORIPTSORAOwW Wi dth (FIG 12 B and 12 C), and a
reconstructed slice with central ray as determ ned by
results shown in FIG 12B and 12C (FIG 12D) in

SRR RRER e T AR e S s

tomograpbig (€T pinmsiges &t dis¢losedd o dhanfoliaing desaniptanertteslpurposes of
exp‘c?%gﬁ’&{ ﬂgﬁﬁr&%{?éiiﬁ%@&%lé are gétsf&ltlfﬁ'teoqder t§ HF({Wde £ {hopo\ﬁ'gﬂ 9

Undﬁmf;?ﬁewﬁd%m iruenmuﬂr si? ;ri:p;rent tb oné Iskilled mrttie arttlowever,
thatpcﬁé’ E*e@@ntqn\;e?lﬁ&g’ Hﬂg be%?éjc‘f’ﬁéc{ @m%ugfhgglé Fé%c?ic%e‘?% ﬁgﬁ' with

ren o on

_ eqUW@WBt/@W ange@entsatin Bbme irséeas, wetlkanwi structanesiaad devices are

sho{% %Bibfi{: Wb ¥BHh irf &%?leto%%ﬁ'u%h&ce%gérﬁgl)gscﬂhn%I]telrhrﬁ%em

ulva arrangemnen nces

- anG@t'WMcT*ﬂlﬁ weatmm p]‘evnde?es megthed and algorithm that can automatically
- “determine the central ray with the projection data of the object to be scanned. This

method is applicable to various scanning technologies such as 1) normal scan where
object is fully covered by the X-ray beam; 2} high-magnification scan where object is put
very close to the source and only the interesting area is covered by the X-ray beam during

the scanning; 3) offset scan with which the centre of rotation is placed far away from the

cenire of the detector so that an almost doubled field of view can be achieved; 4) Offset
plus high-magnification scan which places the object very close to the source and at the
same time the rotation centre is located far away from the detector centre. Another
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shown in block diagramformin order to avoid

unnecessarily obscuring the present invention. This

i nvention provides a nmethod and al gorithmthat can

automatically determ ne theﬁcentral ray with the

E%f%gC}*Oﬂ data of the object to be scanned. This 30
ob § iny5plion isgp erqvisla religble andRbHSt gented Froteiginugation
méthédwhRh 19 inBeridiile 18 GRBndfyShRaticPbiard xtayful Iy covered

by the X-ray beam 2) high- nagnlflcatlon scan where

clos to the source and

et B he aiRntoteuRen SisyeaEsRen ayS Bes i e sy of e

re(tdmetrsctafml’ﬂmms iBporapdts@tontodedphyd t h which the centre of
rotation is placed far away fromthe centre of the

o] nalrmtdou of view,ca
ArEHESHRENSE ey bREs 1 feticinet Sldhsd eld Seielig pe
restinbiplcted witke prefdresdabiea@tionvier ;heczib@se mentibiee! dfidlcscatnidg

tecg% ‘%hfé sane tinme the rotation centre is |ocated far
WAY“FFom the detector centre. Another 6 objective of

the invention is to provide a reliable and robust

AnGeiodhert ay thdetveh by @@ smfﬁbteh‘@ﬁalV\DT%?stéiﬁs kS B & ve
ntensity vari atjon_ of nbodi nent__of

e i5BAs PURSPBY TS 155 K iaheabdbibelon oy tere
eqmpmbnﬂrmky‘rs td¥ihd dre6mpsdimert &idhé IM@ASon Ds<F@THEHESt and apply in
ph enbodi ment of the invention provides a
nﬁ'g[j r%%sermma&m adpecaisirueiSH dnRgs gugily measurement.
reconstructed with preferred orientation for the above

Ref@?Md @ FIGY AN QU SHAGhNS al&F Oﬁltﬁsqgll éﬂlPodlment of_the
enbodi ment of the invention my suita or all

InveRtianeisS oL zﬂlfﬁow'laﬁtrafsajth@gamrél cemept obh Ehissste@nwhich

contprRks of 8 s%u?{:%r‘bé E' Q@Qéﬂe%}’gﬁ@b%&té?& %ﬁ & Bty ulhiP 22

equl pmsnt maker s an e
ang gy exanmipatiansbigct iQ) fQic%B'ﬁ"Dbrﬂﬂl integrajed eircuit IE’) cint The source

12 o YheA EfredyaidifimangeHarhid %f%’é?%ﬁégﬂ% %%Jé&%r%e%a Ay fan-beam

measur enent . Referring stemin

' proa?@w%éﬁe%bwmwrawrww peiectior bewm, of feclite. dheiretary unit

ma$ ReuR- thE EL) ﬁﬂt bﬂohH@tarrB{aﬁén Lhe 1@%%&'@@@9'&&@%9 Bojetibrls for

syst em wh npri ses of a source

Varks'vguatnales d@w@tﬁw aeDeddier &7t Econsiruction.ot ey Cli rﬁY§teHQ 10 is
confrell@ By M BreREE b?sﬁerﬁlﬂ \ﬁﬁl&h %Iucfe@rprgt\f&g@rl §6 tpons%el_ to

integrated circuit (1C) The source he

npuhcOMETAeEyditgeh Bpratianu by@ gifémdw stref ertmemmbaérw process
dat® redeNedDPSHM ddbdbresd bpﬂfput 9?&8 é&ﬁﬁ*&' RatBepS REHd ¥Rary unit,

pro ection beam or he r ot ary uni t may

SOUfQﬁ » @ngl e rendsy @éieS'éﬁdoQHiﬂJta)f mﬁ datp sHcRE @ QBimage on display

29. 99R8 Rt ABlid 'nﬂiuﬁteﬁrd?i felb@NF uhiP2 ar |598l%ta@|égﬂne§t least the

hen are used for CT r'econstruction.

whi ch
| 'd'regtgﬁt&@ retatien 28 indicatgit Alien Clsapning &f recwapia i@ asqestﬁ@rnumber
“of SidsChrel ih@h qg@o‘-‘nsf?ﬁ(ﬂ&ﬁsﬁf&e %ﬁcé’seérgotﬂéﬁ \tBm gﬁed I8 96%1 volume

commands direct fromi ng éfa user an or st ore
reprpgeiaiipn ol theyobjegicwills whigh the interreal @@uctﬂrﬁoqﬁt@%emlmtwnmect

can®e visDBlFed 4Ad iforfeRigr ol rotator 22 of the rotary unit,

Using the scanned data of the object a sinogram of one cross-section of the object

16 is created. In this embodiment, the position data of the sinogram undergoes
several different transformations for further processing, depending on whether a

- fan-beam or a cone-beam reconstruction algorithm is used. Taking the fan-beam

back projection algorithm as an example, the fan beam projections are converted to -
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source 12, and to render a desired output of the data
such as a CT inmage on display 29. The object 16 is
nounted on the rotary unit 22 and is rotatable in at
Ieast the 25 direction of rofation 28 indicated. After
scanni n% of the sanple 16, a certain nunber
nogang@gn Reeliehieam et Bﬂ@PP‘EFE’@eQI ojeghinse agg |“E,E§§t°a‘#"éf°frﬂ oraliel-
bea@ftbfeeflois0 forma volume representation of the
object, with which the internal structure of the
exami nati on object can be visualized and interpreted.
FIGistth ghawrea dlewrvhed oflan gmbbditest ob# ewsthad ¥ nogcemande wittethe
r [
AR TOr B A Ul Co R P8k proifeidh b USSR EHr rofhilol én <
detgatde mglbinsan sewputadl terhegraplan{CTr sustsimomithita aﬁQsdegnee (1 degree
pef M‘b}e‘&ﬁé R%‘Iﬁ&%%ﬁinggjatad&pa%n&ﬂé@ éga;ﬂqdﬁéﬂﬁp%éenﬁn%&?g A5 data

a Co eam reconstr UCtI on hmis

32 Délau srgnoédk objgel; beeating thectingoraineaftanersliad §ér cartvating fambeam

proﬁéiﬂgm 1 3o) péerf‘el B@Q’F %?@Q%Bhodfie GbAif r‘f@a %E?rc@g r&n%lda} &e%rch step

] uni form eam or o] ec

sizg 3§, pevéerming benries franstaral dansl recc@&twpmg)ihecﬁhc@m@h am| assumed
I t..0f: n 3

oot B st R e AT rERCER) RTINS D) [OF ke 4o,

recoastryciing ﬂuysqma)ﬂbewitb they$amé essamed eentril nagtwithi viewsoinor 181

o A 1ol 7.0, ORRTRLLE HORRR I (TGt o
imaégeanni ng dgfng of an ]gbgze (ggrrg,r)l_sg(lﬂ JIBZCEI ving or

scanning data 32 of a sg Emed obj ect; creating the
si nQgram of one slice 34, convertin fan-
M Bt o ctth Grid (o) pdiCal b 9 BRELFh (5 PEE T RMSGPOHINS i e dwo
sedr’¢ti range and a search step size 38, performing
|ma§©§r 56§ aTgapnGtae mr@@m’fa@éfméé riapéating SR 40 toC84 Withd sdirch

rang? Mngtdqeéglleﬁang{qgmi%gﬁtl 5 ‘1? e@%ga%#q%%ogrethy eltssur}1/ed Vc\:gntral

rayl €6I0BSt amkct |U@§1|f}t|r|ig':‘ @‘a@t’fﬁlf shy Cg%ll&ié t &brfd%gcitﬁ:ﬁrﬁ'gi‘ t8S B Ainimum
centra ews ,from 0 +

mesgremanicli LGS 1r et Re cERE e = He neoeeRetiorRats de et @

nevwCdeartiegee wiséinig ulbliallyltwlcd that, of he ste? siz%.in Youhi2r@rand a new

stef Fgb blonds Rt mafer Banhe stapind indolreng Brans el dees 40

to 43 IfStha r@;&ﬂ’ $eadth teh@evi@@ioe rédvRee, ahemiisd, Qﬂlﬁ&hé meeaslRpsent of
i f.the. s e i s not reach

roull? e A oG tRCHE k Se S RrBAO go 16 TR ire esmstrement

46. CRHig liddntifigdayental u@,smnde ideatdsf iHenger@Ntdyabf ERYsatRinktg for

m ni rum neasurenent 46, using

j to
SUbg%@q%EEe%rgkgg%mE 9?8” WPLy as the new search center to

define a new search range which is usually tw ce that
FIG&EAI@fﬁus‘iﬁa% thid 6&:cb§b &é&éﬂ@%@ﬂ@:@n QB 2FIRE WAZhowt &R e?(b?rﬁmatlon

is much smaller tha he step size 1n round one
objesh o0 made Hf pH@lrgjpbﬁggmmatenal Flg 9B is one of its 2D projections 52. FIG.

5C shows the measurement graph 54 obtained in the first search round. The central ray

- value corresponding to the minimum measurement 53 is identified as 704. This round

uses a search range of (550 pixel — 850 pixel ) and the step size is 5 pixels. FIG. 5D is
the result 56 of searching in a range of (699 pixel to 709 pixel} centered at 704 with a
step size of 0.5 pixel. The pixel number corresponding to the minimum measurement 55
is determined as the final central ray that will be later used for real slice reconstruction.
One may also find that actually a curve fitting can be applied to the measured data and
the minimum of the fitted curve may be used as the final central ray, instead of the
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to 44 if the new search range is not reached,

ot herwi se, plot the neasurenent of round two and
identifying the central ray corresponding to the
nininunlneasurenent 46. Thi§ identified central ray
s the central ray of the scann

used a for
m%%?ﬂgegwsn owever, alipogtdn alllesiedicases ithsnmagsuked @sul%m the curve

fittbdrdsuitd harst Very emall BffeiNGS QARG aﬁbewh |t 81 Bs "_éhgi)ie 4G, 5E is a
nmade of

ot SR SRMB Tedenuh gy IOgTEE IR T | 15 oD

projections 52. FIG 5C shows the neasurenent graph

FIG4s ARt Qioﬂﬁ@béeﬂlag&e abddt Stﬁ% S&AhSH cIY ?sj)eﬁﬁfév \ghh 53bod

val ue correspon |ng e WIHIWUWIWE
centerb i@y anded bad ceolial raninsageetdatice wﬁéﬁn@r@:@dmmt ofthgeingfntion.

FId 5@9?%%' recor%ﬁgctgdl §Iﬁ:€ 6?(17 VR {E%e@téﬁ@ ]pét')tza‘? rel aﬁle (central ray

resu sear

%am@ aith {1 i%!)glewsx eEIfG tQB FowsH rrenstraded israge \naih (7&)143@&)Mews
612 FISL&F sﬁdw@@th@fdn% RifHGE, J@Qn@ﬁ@lﬁiﬁ ever, if an error is

correspond I Ng to the m nl num neasur enen IS
intigdyuesdnionibe C@gtrﬂh@yf theareceasitucigd mgget mifv b@p¢me$)68|9énpwn in
FIGJS@ H efa. fﬁ%ﬁgho%\}s' $E séﬁ]%%éé FééSﬁétr%E (?‘ltn%ljhe&' #%s52
hat actua curve |n can

Wlthfé a0} dewy ﬁBeFfﬁn@E shaves the ﬁamﬁ ﬁhc@f\mmﬁl@s tenttab@ywh\(b81n°a§l60)
vielt§ 64SPS. 8F shéles ﬁb.?&*rre.feﬁ&f 653' ray, instead of the 8

measur ed one. However in all tested cases, the

measured result and the cur\(e fitted results have

The; gnspsyiprient greseeied e @napmbegdivenoeihthe Hovagtien aray be described as
f0||6\ﬁ;hg-ab| e. FIG 5Eis a reconstructed CT slice 58 with

the central ray identified in FIG 5D. FIG 6A-F show

observati on about the reconstructed |rraé%e respectively

SURRO, that 6‘86‘6[0 recopalgied i mra?gys AFf 4. A @nd dierpal anddiaveri size of S,
Wh%%%%glggcaepgﬂ &l}q %P%E%&g]gfsslhemenof the invention. FIG

OWs a reconst i ce 60 wi th an acceptabl e
central ray value (central ray = 357.1) with (1-180)

[ L 6B e nst uct ed image with
Me%b%\%ﬁ'ggg)q\ffl e ?g% a)l %g ovvs the difference of
FIG 6A and FI 6B 62. Hovvever if an error is

introduced to the central ray, the reconstructed i mage
Whaowebeoimethessashqorocssn, ditheFk Gvo-EiapFar oﬁb@terﬁe{éa&tmyhﬁategy can

ve 5. WS ik G005 HAEEA, B el SRS Bl e harn
rangé itk adirph sediich steprdizeaThe a:gntmltrh]y vdi@d ident@Ed)in this esvnd will
giveﬁé ggga gétm%: (< %Pfﬁ\é@eélr%h{raldr' J)&\%rfgsn%o c&ngwﬁ éhe second search

resen 'R &h
in aj \twsesmalbmngawltbel whedicrie side. a“Ehls twal- d;tewprcg:esslénahhmnsm obtain

2 ofgiftestil Gl Rl My ST S BRGTRIE o Bl sl et gper
thatAhey poasess theusahs akcutasyrilo deadain ertent theNinal {cdufacy is/dnly

assBibtéd Wihtfe §58pXiz%f the final search. However, this is still limited by the
accuracy of the scanning system and cannot be improved unlimitedly.

When the search range is defined, usually the search center is set first. There are

several ways to determine the search center. The first method 70 is to simply use the

~ center of the detector 72. FIG. 7 shows the flow chart with this method 72-79. Defining

the search center in this way is normally good enough when the specimen is scanned

-around a point located near the midline of the system. In this case, the real central ray
‘will not be far away from the center of the detector. However, when an offset scan is
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When perform ng the search process, either a two-step
or one-step search strategy can be used. Wth the
two-step search approach, a rough search is taken in a
| arge search 20 range with & large search step size.
The cetral | ue tified in this round wll
adgpig Wihgeuch beirotalienss : SReavaaton i SYsrer Fjdigggor when the

spablir@ms stinhed gp@[dnaeé vér'?Q:Icfs@Q@lﬂﬁ?b éiﬁl?dec\blth Wﬁlcﬁ aﬁ? &bhall shifting in

fh@pg%t?ea'%?a ﬂ%ﬁaw%@%u@ %'S% Btbéﬂ ﬁﬁﬁ@é égts?a Cﬁewr@y i if¢ dgtector,

usihgltiad toréyof Hadteétbn®s SrREearchteWel RolldeheRBer Bld8Rely large
t hat the 0sSsess the sanme accuracy.

roach, ven
seqigh 5anei b 1de" B9t ISt fhe TP ntraU@Mr%sl/CP@,seaHﬁs}cezﬁﬂe whole
compaRbmtind wi bdmube iohgep size of the final search.
However, this is still Iimted by the accuracy of the
system and cannot be inproved unlimtedly

scannin
FIGURTIES S bR & e Ao E0utiuan makdwsess aystem's
ge&REied| rdistionhip BRI Bis is ialiS t@%%atéS\b%k@ﬂ) té’f@%ﬁs El?own and

deterni ne the search center. first
disgugpgH pbpewith esfereasr tor Figk 2tang &tﬂ!eﬂr@mdwemzv'thﬁhﬁmvvntlon

Beéa'lﬁ‘éﬁhé b&urté QI‘M 8baEfr Wiet ehwa)tﬁ fixcdBh hRdly mchSbT %érﬁé ¥k can

he search center 1n thi's way 1S nornma

esféh’&!?dhe {itionehip bepasintan cefstr% Eahrsithe @pauwgbt gasrptﬁtor In
prdcﬁé@&%ﬁﬁ cAEBE abdinpibid Wsﬁnntn@ea \ﬁl’}’é b&fRtorh At Pl’f‘l‘eﬁarﬁgéﬁhons

real central ray wll notf be far away fromt
an%é‘ﬁtbé%te%¥hetrwerraaq%1@trt9rcenmab@ﬁrfsmswn@ehofathe@nﬂgl@ﬂafs'e%thods

Wlﬂh&h@cal%ﬁ&@h%téf\bﬁtﬁln@@' G2 ctaheelthglt &b?]t% Bk, taBlel R ldeANRY

the system m dline pecinmen 1s

for@e’éﬁnfe@'%!atag preagdimale ot ttlﬁ@@etrelday wih wﬁcé@ainp@mmwpwon of
the@Btator b |paﬁ1&U!EF étf% HTthrst\D@ %rdaﬁ%hﬁé trﬁa' ge%?éH &'ﬁté’i’fé‘nlchhe

cause a % t|n of central
seafeh @e%lmuc Lﬁ%qfﬂ@fftcwaﬂkmﬂnéhe gentepe- dﬁé@cé@'traethag regardiess of

thegRAIctRr 66dHnfTg puaitior saesrl a relatively large 5 search
range in order not to m ss the real central ray As a

uenc ol e |ont| wi ||

R K R
scan® enWiibrn r&ﬁmﬂll‘m'p bcaﬁiiﬁﬂ) M%GO@AHHS wﬁlﬁﬁtcﬂfélcﬁ is rteqwred totbe fully

rel ati ons is simlar to create
ool R T shtn KRS ROuR G FIl SBUM SR agpB P G ngeran
obta:eé@emld%Gtgfz ﬁiéﬁzs tRe &ﬁﬂ:lt@ﬁf webipdisesnich WMhtah%ttabelze of 0.5 pixel

o Becau e.a ect o
214, FETD P errerasyned sice €y Bircenkighenpenified as the

positivhablresgoniding t6 theahinimenirmeeteiean . t he central ray and
the position of the rotator. In practlce this can be

- FIC SRR IR Al i PR, Ao RERP T e v BRf Rogion-
' magrn{jqatlcursCiﬁgcamEN)fVWtha Itlglamaglncﬁlnamom@'f koals 220 WE‘IG tba, only

- o pRi G BbleR T R MM B4 e MG Rt PR e Frdhy i

FIGt 108 wiwre saine bofinddrg datentanatot bagn wédrhinttiesiacgraal 222, Fig.10C

RS s b A ol BB S

dentdmetratse tvad With divig) klndwf bcarmirg), #id degitrahtaly yah hanwdlihdetermined

| acc&r%{glf\ﬁntﬁgut gﬁfl Sl%%%wtrreH&:o dI’OD s rs%lng reconfstructed slice 226 with the

- central ray identified as the position corresponding to the minimum measurement. Note

that with a high-magnification scanning, after reconstruction, only the central part of the

. reconstructed image is clear.
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the particular scanning position 84-89. FIG 9A-D
denonstrate the perfornmance of an enbodi nent of the
invention for normal CT 20 scan 210. Wth a normal CT
scan 210 in FIG 9A, the whol® object is required to
be fully covered by the fan-beam X-ray as shown in

l lete si
FI6 B el e E R TRl e B AR B meBEb e e for ofse
CTsdomp 2302 Wlmfar&f&epdm gtan 230%in FIGCI 29 hs bl R1Y8s located near

St t 16 t
ind R AL BT T BhR bt Yol P S T debupie ot a gver
height)iorrtrm sTRARINY eamm;%ﬁtg bEIdGublb@%wtla ed@nﬂ@rﬁlﬁélﬁ @t euswt RRy. 11B
nmance o 0

shtﬁwsgﬂ?r%ﬁﬁnpg@ga Pf |sc§-f;ag|&|59| d_?SchGI‘:tlgT :s the result of the fine

sedricy230ER)G. f1 Dad badirdshnsitmeBeizz6FI G 1 OA, only the
part interested is kept withi n t he fan-beam X-ray

Ao a8, TR aPEROndraisl K, "an BB ank BEHR o g BTfigm pmay  also
wofK gwift0 Ghe $tghweagificaties plusoffeét dchenifig meds ewith thisvivioble ahe object

is pgﬁ G&ve o%g ttog{che%qog{cgl g?}%l th% ﬁ?%trﬁ-[ r?,ydgg?%é%da%iqeq?gsu;’e( rﬁf the detecior.
centr aI ray can be well determ ned accurately w thout
FiGryAdademanstiatesthepetfiamanise wé an rmbedivent ofrthe tedntidniic e

recggérd%ﬁé; gpcl‘ﬁar Gl‘ggétrrééongf?é'ctfoq St brg%n%ﬁ otngﬁoﬁé’r?foi hgt? high-

correspon num neasur
maghifigatiqn Iscwmm@lnﬁe podifeat smmum@:le EI‘G dBA shows the same slice

as th8CQHd%h WPI@ 36 buﬂ@lﬂns{rnﬁ?&\ﬁm fh8lairR&Hston8 br th8 gbjeitd:rosE sgction

reconstructe Imge IS
wel alignewifeing dinensions of the renenstarchiemmstris 24 FI@1BB dndd A€ shows

the%ﬁ cSSr*eb?taJ (#&ge'g,gﬁ@ Jgﬂﬁs \Rﬁ |§f5rlq2€‘&.t ﬁ@{agﬁé{’ }é\!u’irféd%ﬂjgcts and
shadgw atdtl thadenablastibe avigmaiif dei¢rmingdioroft the objwﬁussamlrlgws@ntatson
242e Q&f @G tﬁ@) Jr%)ﬁ)s 4 ofonsirgied &C? 94@\9%%&@6@5& 8 uﬁZ"&ﬁ& V\?ett%rmlned

e scanni ng resol ution
bnyS@{tS\ﬁéﬁWm Irls‘ﬂﬁ 2B @anWG F@. 11 B 5 shows a typical
sinogram of this scanning type 232. Fig. 11Cis the
it Wi B defrcibbf Lo 3e STREENER Y oie BebionardnErs dvea
authmmaded aelnteaﬂb(adl d&‘katmmﬁtlbhenethmdrmﬁe(mlﬂyrraayngitlﬂaoprowmltlbn data of
the St LR RRECT PPN bl e Sofiey35 5 SFBRE S TRES
te clgnuramearsdl chhas cnemmraals caaynn@dﬂngn-atagdmemnoorsﬁam@ offéet
[ | L.rat t .
sl 854185 ol R S ARIBLE ShBTpb B cvpo v

insarsdioits tor xicay m@naﬂphmeﬂnn @hp diod pomnﬁhsmftthe projédtionaand

'emﬁﬁ@gl %srtﬂs h%ra'sﬂ tthé’tfr{ %?J{arf%r ance d’q :Fll?)edgyasq‘%iq% ﬁ%&%gcg%%g than

'pre\tlhlﬂ.’slﬁ adue@ble:eThasyﬂ;thmtma;hbe!vnsemasta fﬁea&tﬁlrebuuht of the

ool SF838 PRl o T AR B S Srn

compatimnsffortiand tmemdthin the24&enk-l G 12B and 12C shows

it will be appreciated that an embodiment of the invention stems from the usage of the

- unique mismatching property of the object images reconstructed respectively by a part
of the projection views and the rest of the views when there is an error to the critical

parameter-central ray. Additionally, the unique algorithm developed can
unambiguously measure the central ray with a high accuracy. Furthermore, a feature
utilized can also be used as the measurement of the quality of the reconstructed image.
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is the major data process and results with left and

ri ght boundaries of scanned objects and shadow w dth
that enables the autonmatic determ nati on of the object
scanni ng or| entation 242, 242, FIG 12D shows a

|
SRk o R e P o3 et e natn
mdit beveinpidyed a@p:nmr atieg atnlyaineaﬁ aedsmﬁ)@ihaﬁcm ofdpprésches to

|
adn e AR ks LA el Ay et ek Xa digmmining the

optimtBapfroxitnbtiow bf Bettruecceh@ral rag meat®fdantRavityst &bo@dheReof the
I|ed to all major scanning technol ogies such as

im’ﬁg scanni ng, high-magnification scanning, offset
scannl ng and the |ike. Conveni ently, the syst em [ s
insensjtivity

| E’ltl abl e nd tF‘ObHSt ue to ¥
tig %sir gkt Aimepls, B%)e%sceeeﬁ WE@feSBFCttt‘hE’G 4A12D,
arep"boemﬂi plm pufptdesd aseighyvabaiont @5 HetpeBAS n&BRWR JsBato
im P@ﬁ%a nce of he S sctiem IS nore accurate than
RJ?’B% i5cigead %ﬂ?gmaéve edimeatsane passitle. Heexanpleathe
funcBaBiityemeat dedfcet BAd tHeaR@BRHEHE bEfe EABBRINANA rhiybd Rdflemented
uires no additional scanning, and adds no

vie SR AT PR OO CUHEA, oMY GBI O PVEP o T AERIF e ch variatons
as wm &t 6theBthriationd, lal snr@% aPRyRSH spE1erh fhﬁﬁbe ?fbg?dﬁﬂﬁé’cﬂ ﬂﬁﬁrform the

i nventi o fromthe usag the uni
furfccivd o AGNBHEH Nt P PHE SHbEE frdgogiemplary Systems. On
thelogttp hahd, Uwb @€ mofs pregianteéd cdiiplertybfemsr detiBes may be

0 tion vie and the rest of the views when there
sutf$ ﬁf%ﬁ g dyronet thfrdviqes ipd subsysteqiset! dhe @Empialy sysigms.

Aco@dcﬁhgly qriatibles ahb @dvdritages oaki@mbutelarpr@@\éehg PREh @@Pedundancy

asure the central ra
repﬁf@?a? i@@q %nEPmy elapfe&ﬁnbﬁdeagé%ﬁdr f%e@rexa% tgjinghease
robbsinesseghdaribheariteas teadefplRf syshensidadchibyd Rt EddBect to FIG. 4A-
12I:geconst ructed i mage. 11 Conveniently, identification
f all the available nethods for central ray
determ nation may be enpl oyed by either using any one

eI SUDPER R B CFbechit FIF- S 20 e P iusad to store

'mfopnentmm rteaatldgtter\fﬂﬂﬁh@@ﬁdeeseso@ém‘iﬁéd R X | THR llr%rmféﬁuoﬁ hBay be

ue central rdance th an emhodi ment
St"r??]é” OB® Oﬁ\%‘fﬁﬁ"&%‘“orﬁs F‘%‘gt 8% pardudife raplicy s é‘f'agﬁﬁ@ °Pt'°a[ disk,
RAMnmﬂf thedlikes of the dR&es idhdGubisyStereSdianR ehibto&h@ntsﬁAOfaﬁ [&r more
or. ex ar u as many vari ations he
datedged B S B Red Ao RLR e rnﬁfmsmﬁ@e PQsTglioR betLiy mploment
the ﬁxa?ipibarr anﬁm?mdhtﬁepﬂ?e aiﬁtgbmssrhéy Be dr nlﬁﬁaufmhgﬂdafahﬂructures
o_func n 0 e devi ces and
Sucl g3 d%‘?@% i f'B'B w‘-’r‘iﬁ‘?h@ ﬁ?seélstsv?%i’ %ﬁgﬁ (N G‘é’ '” one or

morpnmgmm,mncn@mw pemdyes tledabodevi ces. To i npl enent

such variations as well as other variations, a single
conmput er system nay be progranmed to performthe
All drlmmrtrhm'nsf thé eaemprary sBeensDiedchped ®ith efpedind RGDIXIVEWRay be

He exerrr]p e%a/ systens. On
_ convenlen y implemenie ng one or more general-purpose computer systems,

microprocessors, digital signal processors, micro-controllers, and the like, programmed

~according to the teachings of the disclosed exemplary embodiments. Appropriate

software may be readily prepared by programmers of ordinary skill based on the teachings

- of the disclosed exemplary embodiments. In addition, the exemplary eystems may be
implemented by the preparation of application-specific integrated circuits or by

interconnecting an appropriate network of component circuits.




the other hand, two or nore programed conputer
systens or devices nmay be 15 substituted for any one
of the devices and subsystens of the exenplary
systens. Accordingly, princi®ples and advantages of

di stri buted processing, such as redundancy,
replication, and the lIike, also may be inplenented, as

Whiksstherchasf ¥en @)8¢ted in the fbrgbifg dscripfbiiSreftPe8 editddiments of the
t he ex escribed with

erformance, o npl ary systens
préReeh BTG, Lo RoSEER by hos SkUSE P e ISPnEg oY fcomed that
malgsariatied ontrodifit&fpe i détgilsdf desi§od dnsiradtioRenaisiRimb&e without
stare. information relating to various processes
deprthg fryad

he, Qe INVERIA i nf or mati on may be stored in
one or nore nenories, such as hard disk, optical disk
magnet o-optical disk, RAM and the |like, of the
devi ces and sub-systens of the enbodi ments. One or
nore 25 databases of the devices and subsystens may
store the information used to inplenment the exenplary
enbodi ments. The dat abases. nay be organi zed usi ng data
structures, such as records, tables, arrays, fields,
graphs, trees, lists, and the |like, included in one or
nore menories, such as the nenories |isted above. 30
Al or a portion of the exenplary systens descri bed
with respect to FIG 4A-12D may be conveniently
i npl enent ed using one or nore general-purpose conputer
systenms, mcroprocessors, digital signal processors,
mcro-controllers, and the |ike, programmed according
to the teachings of the disclosed exenplary
enbodi ments. Appropriate software may be readily
prepared by programmers of ordinary skill based on the
teachings 35 of the disclosed exenplary enbodi nents.
In addition, the exenplary systens nay be inplenented
by the preparation of application-specific integrated
circuits or by interconnecting an appropriate network
of conponent circuits. 12 Wilst there has been
descri bed in the foregoing description preferred
enbodi nents of the present invention, it will be
under stood by those skilled in the technol ogy
concerned that many variations or nodifications in
details of design or construction nay be nmade wi t hout
5 departing fromthe present invention. It 13 CLAIMS:
1. A nethod for determning the central ray projection
of the centre of rotation on a detector within a
conput ed. t onogr aphy (CT) systemw th the CT scanning
data of an '
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obj ect, conprising: 5 receiving CT scanning data of a
scanned object; reconstructing the scanning data to
format least two CT i mages of the sane object cross
section; and deternining thel3central ray projection of

C!ti!:ﬁ' ﬁpentre of rotation on the detector by neasuring a

tching level of the two CT inmages within
reconstructed with views in 10 the range of (0 degree

1. Aoneathdddpedtefmining 80 camttkltrhe pragagiorodf thed@ntlegifastation on

o AR BT oo Sl TR B3Rk ot

objetiecorapiming:according to claim | wherein nmeasuring of

the m smatching level is calculated froma sumof the

| ?@U@J of.. t he absol ute val ue of '
rectghygqug%ﬁ] rerﬁ%gf%$ca?w§&ltgbveg&ﬂ i mges used for the

measurenent. 3. The nmethod according to claim?2 _
recoRErusting Heeanning date te femmtdenst b aﬁ images| of theesame object cross
sedlibhf&fgence- square-sum or the absolute difference-sum

is conducted over the entire reconstructed inage. 4.

The nmet hod according . to claim?2 wherein nmeasuring of
detpRuNg Lif:ReDHAHEY PEVRSHION IS 9entis: o Freirianan Be dSieEO8 B or

meb$\@ingkslskizgcHing feRERT G T T $m ieHir® FbcOMStFucke OB views in
reconstructed i nmet hod accor di ng

of the ge. 5. The
the,rgngs af (fhdedtifeloe? SRR VP 5 6P PR aRRR T o) deerpelt
180+he ( oditBh peepeivaIUAther SEAMEE thdieoraldBal 95860 degree and an
di fference-sumis conducted over selected points of
anguifE SpEPHIgsHPRict ed i mage. 25 6. The method according to
any one of the preceding clains wherein nmeasuring of

2. THaenethdb¢ BBddEHing Go tiamel wherdiehRaSIMRCL\MAd MishitBcHihdieltIm
an i ndi cator of _the bes

of the neasurepent ]S t
calgipipd 59”'& SgE! PR ERGRTIBHE, CRagYM of thergsqlite Halye of the
differency ofi thg twe CAMMhagBE usHd fbihie Ricas@ehiat.cl ai ns wherein
determining the central ray is determned as the

i.xel Ltion on the detector / sinogram .
3. s FretheRenohde BoeRia 2 Wl raniBe of R pmateping fevel the
differeaceusmmestum bi theBabsbhuee différence-amrads comigcted oy thereatios
ceding clains wherein determning the central
recér{aégru?{ggdrg?%?'m ned as the pixel position on the
detector / sinogram corresponding to mninmmof a
4. the wethpd aceetdimgds glainmg mtheradrs oieasurirg, of Tieemisstataing level the

diff AERRL AL 3 URaRe dfGRECERT 1AL ALIDUNEES) Bf the
reconstructing the scanni'ng data tfurther conpfises
recfstrugled gnageear ch center that is assunmed for the

5. The method according to claim 2 wherein measuring of the mismatching level the

- difference-square-sum or the absolute difference-sum is conducted over selected points

~ of the reconstructed image.

- 6. The method according to any one of the preceding claims wherein measuring of the

~* mismatching level is determined with the minimum of the measurement is an indicator of

- 30

the best quality of the reconstruction image.

7. The method according to any one of the preceding claims wherein determining the

central ray is determined as the pixel position on the detector / sinogram corresponding

1o the minimum of the _direct measurement.
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reconstruction and the central ray is determ ned by
establishing the relationship between the neasurenent
and a guessed central ray within a certain range and
with a certain step length.1410. The method according
to any one of the preced| ng clains wherein determ ning

8. H?ee meﬁ'\o dCac%lroﬂ’lr%oaa%y %}Eecgﬁe ur n 3‘6}95? H'&g\%rmmlng the

seal C range a
cemtel wanyalseieta‘rmirtea asdhe prabl pasmonamdhadstectondsna@gramrnomsg@admg

S t he second search range being
o rl%c[ahﬂB@P c}?% Hgvevdt{c??@rﬁ gyr‘eg}enlt ﬁeéuﬁ? rst step size and the
second step size being snmaller than the first step
9. Bhezmettiod asgorgling tagnaena of theaprecadingidaiofs witereingeensicting the
scef{ﬁﬁ'l%\%agr T nheggﬁmpﬁ%fb%gﬁﬁﬁ%r Qéarﬂgn E?Cht&‘%atqg Ssajme% l%'r e
recaBstruptionand diret egntraf ray iedeternsined by asialailshmgrtm]red}ﬁmdnp between
the?g%és{ué%m%ﬁ%ﬁ%@ QLL%SQ«;?HI cr:%r?ragf’aéﬁhlghngg cgﬁé hmsq% A \Eglllﬂ?a certain
steptierwitihed central ray to defl ne a second sear ch range
and a second step size, the second search range being

10."THe9REDBABcdrMing %o Qﬁy Blli@cnf hbi)'i’ec%gﬁﬁ HifE wHRRn {:Igl%rmmbng the

second step size being han the Tirst ste
cerdliay E2Y GORSSEaIMeagY| %Wléml@ arfasteseqenhuangst artct@ﬂr@bﬁ@p alze to

obthif¥an ekfmatd\&F theEHG I%?Cé“cfjé QQcotnG s@é‘%h%@p%fndq &icBEg g-t'eg size,

wherein determning the central ra rrses usin
the |sgesseREM rangeabeing laraed thandwicsdsatyf therfirstistep size and the second
stef s;&ébbma%maﬂehﬁsmmrét fsp é;femr{@dta.ﬁ.ﬁy faﬁ%gcﬁr% VeRidbdthe

unit posSition to obtain an estimate of the central ray
cenfigliraysi ng the | ookup table to define a search center

of a first search range to obtain an estimte of 25

11.t1e weodadccbAdingtd AnyPohé bEEIafhER- §Wﬁ@re1rﬁ8&eHﬁ1hﬁ1@ th8@entral
obtai.ned central ray.to define the second search

ray CQmgESShdsiag g’@&&ﬁiﬂ@f g dsfedior astesenseibrrite ol adistisgAgs range

to ob&iiMmgn bair&ts of Rtentrifir&Rwih atifg sféprsﬁehﬁﬁcfﬁ’sﬁgt #I%tob?d?r%d
e first ste

ﬁ' consj aée si ze (ﬁeln smal l er than t

cenlralyay 1q Jefing 3 Secap @E%Pa‘l‘éS@%Q'l&’e‘;t?ﬁs'%%éh%@ﬂo%ﬁeamh

range-?Wem Rirdet thabt@ridaasf Mrﬁcﬁéﬁ 8|11 Gink therdBtoRd Steplsize | RinEBsmaller
erein det the central ray conprl ses

mnin
tham%'ﬁrﬁ éte@e%ﬁ?emﬁe%mmeé ZCrRinyaluanthyg SEhigal dY- ot or,

t he rotary unit and the source to obtain an estimate

12, Ci'hetrhethod raiccaﬂdlrrgago aryr orencihclpiatd 1-@ulvidggreBedatainiigingnite central

ray §3hPRsesity # okt eBi e Bl ey s Fthe SAERSRP botween the
cenesitrayrahe thef rotamg ukiepogi t&in tbaabtam Bh estihatesif trd &tral 29, and usmg
a sec

tne Rk Fefte BaRd RedBcahisr of Bt b rarbecn Bl Sbanipete of

- the camigerdyavithoa firsbsteesizé, ema Usingaie obtainBe céhtrs tay&beiaﬁse m

socitheblih, BRGPR bR e PR Sherth 2eb Bfigb 1Ber tan
twice efthedirstrstep. size, 2dd sddoad Iﬁdpfm BeapsrHlalRg tHah tadfirsDstep eize, in

obtalrllng an a%culrate vaﬁJreecl)fr’Ehe,[ gé:n ra yg scanning data

13. The method according to any one of claims 1-8 wherein determining the central

. ray comprises using a geometrical relationship among the detector, the rotary unit and

the source to obtain an estimate of the central ray for each particular scanning and using

‘this estimate of central ray as the search center of a first search range to obtain an
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that is received start angle is identified and used
for reconstruction of the object with a preferred
orientation. 15. The nethod accor ding to claim 14

vvher ein scannl ng start angleldis determined by finding

nrrovve 0 ion . width of the_ obj to, 16.
SfiRie R By M aishateh s AR LG 1aSoiaiged Sehalray to
defimeop eeddndseardch rirggecaidtd socohd Elep dlzeOthe s@d&brﬂ gé@tomh@ge being

: Iarg%réﬁ?]n p@@eofi‘?g@ ﬁjﬁsf sﬂgﬁgggf’aé@ﬁﬂé’ é{gT égie% qrgqiﬁ@thgn the first

stepaie; th dhtdinigg BRaturat: valw of the thetral Bgam f or scanni ng
the object; a rotary unit for nounting and rotatlng

t tive to the bea ect or

14 6 B! ofr B i ondey SERTs PEEuPordlt -eP e cate
thadl &t racmf/ecmtavﬁ eaglt inidenttiediamdgred for ae@amingidn @l ffecsbjedtivath a

nprising a processor for receiving CT

preggrg%d;]%e;ﬁ%tga?na of a scanned obj ect processing the

central ray projection by reconstructing the scanning
15 dEheamethofl @caordingl te skimt hovi€Tein sagsng$tatt lragedsde tapnaed by
o, %ﬂ& the central ray
fm%Rgﬁgec'?i&%we% etlggﬁ‘%u‘rﬁie]rgf ep%%’%%li on on the detector

\t/al measuring a msnmatching I evel of the two CT inmages
164 #RRerates i deteraisaavihe leentrelvayi proEction of thangentes O?ootatlon

on GesHi&Roriilthih éir?%rﬁ ted B 3%%1‘ (@FF sﬁs\if/%\‘u Wﬁﬂ% ﬁﬁ' s(:mng data of

degree to a <18 spect’
an peiget, th@érysf@m @!inuiws"lgcﬁ maj@g genreraiing eaMOJeahcgubm for scanning

the%%?é&ﬂ'af}eta‘é} 6t foi%ou é’r%fa% ?&é tg%/lgtﬁlette 1 B L 2
Wi

wher ei n nmeasuri ng e m sma
detegtpeior Q@@@F!r@rfbﬁbaa@uﬁhﬁ@ﬁtqcﬁé refiel heeargingdaia of atlpast one

xmdg\é’%f b%&%}%d%‘f‘&t ftﬁé a{) ﬁ%@ c%?ﬁéié\ig?mcesérﬁ for rQ@elvm% £7

pparatus accor alm el n neasuril
scapfieg rﬁa%%ftao‘-lﬁaﬂ@eq @M@Ft Professing tecgesirelday graigation @mre@nstructmg

the &8 &t BV RFmidh %a@PMor@T IneffRE BF fHé%%ﬁ%hdeH%;? Eros§ RQectldtand

apparatus according to clalm™7 or
deteratiing Ihegeniral rarrrriestinn efthagenties) etationen the detector by

me&durhg %ﬁﬂ:@ﬁaﬁﬂh‘@'l@v& %F}Hestw%@ﬂ Hﬁég%@ wIHE reRomafuotedf wfﬂh Giews in

reconstructed i mage. aratus accord
the FTca) (BAEOISP te1ch earee (cb-150NABY dhrangesi (/8% desrese
180%ig5 (f&k‘% O?figsde%t{\ﬁél Whe agr',céﬁ REEREA o QA% §még{?ee and 3
conduct ed over sel'ected points of t reconstructed
angulepgeanning step1. The apparatus according to claim 16
wherei n neasuring of the msmatching level is

17. TAL appAhrd aEE&ﬂ]n@ t§ R etWRraR ?r@a%t‘?nd’ 6\" tH@ m¥m4tBRing level is

dlfference of t wo | mages used
_Y frefdnum szthe ﬂﬁaer%rgpﬁaﬁqaﬁwfél&%mmges ysed far he21
meé@,ﬂﬁgn%rm measuring of the msmatching level the 5
absol ute difference-sumis conducted over the entire

rrﬁconst ruct ed 9 _ . . . .
18. The apparatus accordmg o claim 17 wherein measuring of the mismaftching level the

. difference-square-sum is conducted over the entire reconstructed image.

19. The apparatus according to claim 17 or 18 wherein measuring of the mismatching
ievel the difference-square-sum is conducted over a part of the reconstructed image.

~20. The apparatus according to any one of claims 17 to 19 wherein measuring of the
‘mismatching level the difference-square-sum is conducted over selected points of the

reconstructed image.
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23. The apparatus according to claim21 or 22 wherein
measuring of the msmatching |evel the absol ute

di fference-sumis conducted over a part of the
reconstructed i mage. 24. TH& apparatus according to
any one of claims 21 to 23 wherein nmeasuring of the

v h | ute. di fferenc
21 (ﬁ)rﬁeﬁ@%pega%eécr @gﬁ;é %q%t 'Ebg‘fvﬁ?rgm [pegsiiLing i)gthe mlsmatchlng level is
calceatedditonua tsech af ieegabsollie vdlhe ohihpaiifdrersceadt tlog thaighalges used for
n n f, clains 16 to 24 wherein neasuring of the
the?h“és(a%{eh??\!\‘g level is determned with the m ni num of
the neasurenent is an indicator of the best quality
22 gfhet apparasesomssording footriinidgeherdie meBisarirgppidha ismatching level the
' the
b SFEE HRehhob U SRRy B et (ot Bl T g

as the mninumof the direct neasurenment. 27. The _
23.appaperaistuaeeenrdingdo elaimal oo?rewbereirl rmeansiring of tiezgsmatching
!evéﬂﬁﬁé §b§bfﬁ§ﬁﬁfe¥@rﬁb%n{ Q% é:f G &er %3%”1‘ of tﬁ@Fe%EH%tﬂﬁﬁ’ecP@‘nage.
t he mnlrmmo & curve-fitted neas ment resu

v\ﬂ arat us according to any one of clains 16 to 27
24. persts apFeieg SEnF e Of R 2 1,e3 WhESf@eaginaion e

mlsﬁfﬁ@lﬁg‘lébé} e SIHIE FRBrHREISIMNY cAnRRRMY A%P YBBEeH PHIintd 6 the
20 reconstruction and the central ray is determ ned by

recisiSAdMEEE: t he rel ationship between the nmeasurenent
and the guessed central ray within a certain range and

25.\Whe Iapaaremstaaa‘:o'rdmg teany @RAifBlaindd16 el ipein atdéSuring of the

R OR SHONG R O KRR

the westhjualig of thesecagdctorrimage. and a first step size 25
to obtain an estimate of the central ray, and a second

I Q S nd search
20, R ERarARE AU ACET 0 oF s g e RcReBrgsess
detérmmﬂs tseaectal rayisgietamihadres the netimsitreqf tbe divectimeasurement.
obtai ning an accurate value of the central ray. 30.

27. :FHS aﬁ%fuﬁtaldéorai‘ﬁ % Ghyend & s 9@?? %ée whd r@ﬁté@niﬁlﬂ%’ﬂ)‘%

wher el n roc ssor et erm nes cen
centialiray fsaiai@rrr@qﬁw@rtm minvetimod avdurte-ftedi rneasuseraerd hie?rtdtﬁge
30 and a first step size to obtain an estinmate of the

28. ‘Fﬁ@bbﬁéraf@)écc@r‘&ﬂwgﬂo%%‘}%ﬂ@ ob RGN 16 ﬁﬁﬂﬁwﬁ@r‘élr@th%eﬁ?@é&sor for
si ze, the second search range and the second st e&
e

recasFaCH the SGRIITG falg further SAMPHESS Afipingse seechassamps fan

recdmguétionSdndsthe Féeﬁt'rél @ay is R Y BsRbliGRI R BlaHSHhd Ktween
the central 31. The apparatus according to any

the @ﬁ@%ﬁmen%ﬁ%th@@Ute%seziscqmew@wwhﬁba periRiR gange and with a certain

stepdehghm nes the central ray by a lookup table using a
first search range and a first step 5 size to obtain

n estimate of the central second searc
2. T GRparils oburehdio anu od s Bis, B b Rbe elnai ocege
detetintheshige 8@ty EMessFRIghFEtHNYa SiFdlsb&ich raaye drvea filst Stbp size
to obtain an estimate of the central ray, and a second search range and a second step

size, the second search range and second step size being smaller than the first search

| range and the first step size, in obtaining an accurate value of the central ray.

30. The apparatus according to any one of claims 16 to 23 wherein the processor
determines the central ray by using a wire-phantom method with a first search range

- and a first step size to obtain an estimate of the central ray, and a second search range

and a second step size, the second search range and the second step size being smaller
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search range and first step size, in obtaining an
accurate value of the central ray. 32. The apparatus
according to any one of clainms 16 to 23 wherein the
processor determnes the cddtral ray by a geonetrica

hod, usi a fir search range and a first 10 ste
thaliihe fishSeRseiEraon A e e stePoroey REPHLaRND 2P dogyateayidaof ihe
cetefiend search range and a second step size, the second
search range and the second step size being snaller
than the first search range and fi st st Sl z in
3 oAb G a A orliFE A0k PlE So Baie " Bah 23afiferdly e gicessor
defEheinap ey edntral eaydr dliopkug @bRnsingnefiet sedreh rhgédGnt @ fi2d step

. iLn the,. ' th [ [ d, th tart
siz I BEe R S GRER Ml st B SSesd sepilcindsgis fdrn
stepjzecthe séboml ddarch mngd and d secirgndted sisnbeild smalfed than the first

ooRER PR S BRERRH 0. b T G Sl ABRT
projection width of the object. 35. A conputed
32t Drepgprpbiussyspating ¢r aoevee of diaimgs t Bdo @8nheakinrthy processor
' ' - Of i '
oo BB H Doy £8P e g e
step size tw oktainocan edinextadi thg central ojyeend asebwwinehmh rangenaida

ject; r ' ' ' at |

socbE sBBEE! s B Lo ool Bl FRURLDPB0 B8 Bl sher ran

the diedt e e2rich gartdeeand disshstephaized it abddioing ee eecwiategvaliie sictha centgal ray.
data of at |east one inmage of a scanned object; and a

33.F’|"Hé°§p$p3a%tu%°afccbﬁﬁﬁ%5 ﬁdéé‘@zeﬁer gf&ﬁ@g& 95 §ba vﬂTeré\n%ﬁ@Ei&/b%ing

obj ect’” processi ng entr al ray projection _
datp dwbissereived. e sihd avglannidentifigdiandiused drrmeeansireetion afwee object

witted iréf@ﬂ&&oﬁént%ﬁk?n same object cross-section and
defer m '

ning the central ray projection of the centre

of rotation on the detector by neasuring a _ .
34. hhearparatifyagaeiding ix claife3d wheren sarapes skt Apgle is determined by

findirRF PR Hafrdwe8epdclion WaNE of thelddfedtange of (0 degree to
a degree) (a <=180) and the range of (180 degree to

80+a (a,<180) respectiyely, with a scan, |l ess than or
35. %Pé?phft%d W%}Jép"&bgﬁg%“ X?fofy%maﬂw the cOYRhIRgPraiggtion of the

centre of rotation on a detector with the CT scanning data of an object, comprising:
a source for generating a projection beam for scanning the object;
a rotary unit for mounting and rotating the object relative to the beam;

a detector for detecting the beam, the detector receiving CT scanning data of at least one

image of a scanned object; and

a processor for receiving CT scanning data of a scanned object processing the central
ray projection by reconstructing the scanning data to form at least two CT images of the
same object cross-section and determining the central ray projection of the centre of

- rotation on the detector by measuring a mismatching level of the two CT images within

reconstructed with views in the range of (0 degree to & degree) (& <=180) and the
range of (180 degree to 180+a (& <180) respectively, with a scan less than or equa'l to

.360 degree and an angular scanning step .




