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METHOD AND APPARATUS FOR REORI ENTATED RECONSTRUCTI ON

OF COMPUTED TOMOGRAPHY | MAGES OF PLANAR OBJECTS FI ELD
W@R00SHE3RNVENTI ON This invention relates to PCT/SG2007/000104

reconstructi on of conputed tonography (CT) scanning

data, and nore particul arl y, determ nation of object

orientation fromthe scannil ng data for reconstruction

%ER% &@ﬁcélglge%Fﬁﬁﬁﬂhg@?ﬁ?ﬁ%@%ﬁgﬁﬁnm OF

appl i COMRUTED TOMGGRAPHY, IMAGE$ DFGRIANIER @BJECTS
i nspection in sem conductor, electronics, advanced

mat eri al and bi osci ence industries. One increasingly
FIELD OFOTHRINVENTIONry of the applications is the internal
| ayer separation and inspection of planar
mul ti-layered el ectronics as advanced packagi ng
This lhﬁrﬁtﬁﬁk@éﬁe@% pgoRNSIAREOH bgccdﬁmté@EUmdgﬁaﬁﬁye(CT) scanning data, and

i,ng process bt a att rn of each
mor] Bt PR SER  od c Abab 47 g e o
reconePidtioB RGN prefommed wiiestatibn.ng process, |s a general

requi renent fromusers to nondestruct | veI y separate

the individual |ayers parallel to the primary plane of
BACKGROUNEOF. THENINVENTIONsever al current comon

approaches. FIG 1A illustrates a general

reconstructed CT image or reconstruction matrix
Micror (GTs s figals s§dt | YpMeay| goRligriians; Joris KEAAPen e @'dde ?%feCt

inspetB&P At SEMicoRBEetsY, | BRcErbhiss, ativhRceti hbtefiBE dmNUsbddlence
measures the sl ant angl e 36 of the reconstructed i grnal

indusiiies. o AperiBsiearingvt ‘Hé’qﬁ@%ﬁ%‘leﬂ%’t ¢oife FPplealions dy thy nt

layer Sédpaestion bhd tiRddecadd|df pidpart h‘fdltﬁléy&@doéleéthﬁucs as advanced
reconsﬁqruct ed object 30., K The sl ant %Wg‘? 6. of the T
packagipg ggchaplogigs %%QGF%‘”E (omina e Hhe U t%PWeSS 0

obtaifli tHél PEEMO oPOéem‘nS irdfivadngal t ﬁgeﬁ%ﬂ & omdk app! MUélﬁy aof the
apgul ar ction. TheF sur ed lLe is ?
corr 9?90@1'?%“@88 AYIPG PFYERS Pt S Eanesd r?%‘@’eé‘ﬂ 1“0%“%‘?@ non-
destrobiidly lsepaité ehé hediddgaisiagérst parallectonsia painady iphageof the
bi 4:3' igned with the dinmensions of the reference plane and
®Geconstruction matrix to render the orientated
reconstructed i mage ore reconstructed slices of a

Ther&ladrbi sd\aYAr 86Hrdtt2EEHmeR) @&droé’@'\e%homl ﬂAFhI@stréltgs d Qeneral
anot her approach the sl ant angl e

reconsifueied (rLNTa9e araepiIsBuction 'B?t% 39a|’°¢:ﬂ‘isé?@l€r oagly tydeally trken

is sHows inlGIGhageYerecdritiuetdnel sk Fifst ORath umtdmanbhmaﬁmauy
slices as shown in the system sho

measyigg dhe ctant pplass of Mg TeraRsirUsHe V‘?H%a%ﬁm gPe aﬂgerrﬁswise@e
recoﬁ’s@rfu@héﬂ br\b%eéepfoa all @fwsanmetrﬂlt BRGIE IEHBINSd BB ©f tHYrgBhstructed
nsi on 42? % he reco struct ed
object 30 The slant angle 36 of the object 30 is measured in a conventional system
by picking two points along the edge 34 and applying a triangular function. Then the
measured angle is used in a re-reconstruction process as the starting angle which
leads to the edges of the reconstructed image aligned with the dimensions of the
reference plane and reconstruction matrix fo render the orientated reconstructed image

ore reconstructed slices of a multi layered planar object 32 shown in FIG. 1E.

In another approach the slant angle 46 of the reconstructed image 30 is also calculated,
as shown in FIG. 1C, however, instead of re-reconstructing the CT slices as shown in the
system shown in FIG. 1B, an image rotation 44 is performed of the angle identified 46
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i mages 32 to achieve the preferred orientated

reconstructed i nage 42 shown in FIG 1E. |In another
W@pPso3sks shown in FIG 1D, the primary pl aneP@f/SGH87/000104

reconstructed object is carefully identified and then

defined as the clipping plane so that the internal

| ayers can be displ ayed pr&perly The obj ect

.projection is, cu |re tion d e
relatB BLF Eorefefics Pl PheGinafiston amdtih Siberiiog 4 o B g Bgiructes
imagess3 2ol chigve thembielredotibntatedurteqristrneted irgage &b§rawnas FIG. 1E.
accurate as possible the orientation of the object
which is generally a timeconsuni ng process requiring
In anstkéet dgafoaghe shdvat ®. FIBheDe tHe pirmay piangsl ef ihe rdedristradiedobject is

coret SV R R0 G0 el A S bl s can

be d|$pﬂaymftsp|rolpetly off haabjecb(prdjenﬁcmsm@nt 4leng e dlrtebtnoradtnfrmed by the cut-

plan Bt PR Al BB LERaas FEIAES G cafly 4 MERE an o outplane angle

56(0)re&c analratects possiue tlad ofieatatiorooe tied iobjeclawtlich hergepenally)ramme-
rotations or 0
consisiPg e s i Rl FhEatrt oot bl Kl oplg  Befifda as the
angleddrnéd belaleen thepndrimabjof tas auttiog pldnet 5S5drebtherloesaltdidhe reference
| a tiQr i pretation work only
planeaogﬁgé%r]%gﬁgfogén% @H}%nglﬂhgg users. There is a need for

CT reconstruction nethod for planar objects with
All trRUBDORS mltubwecdebmremmaﬁ@l metr@ﬂtsateje@ntot imahuﬁ@daasmaeahe

t b
Oblect SYERDE NS (RRERFENEH t b et cbevitin AaH hef@storm
imagéfrotdiiens r&bvedékid e @coréthaddions Tprsoﬁotd@dyfsdxrws down the image
re onstruc ut e torm nn
procfsaies gndasidsnpadiiond CrpFLnge oPBL Ry b 3P TERRR G taver

sepatkticn @rfd |ater;brem13n avoek shiyeecedsilde $d:walh-trdmeb JUS@J'S,
identifying specific object orientation data

representatlve of a physical feature of the object in
Therg &3 i@engsd tiRe €T Seeriisingliont E'Gt"t‘tﬁjrreép%'ﬁa?rng&)d%s with

autom@@Bhily de@rsRRal brichtaid e tlatid RBESds aNicdat anwidiithe hibove
|dent|f|ed %ectlon angl e associated with the
limitgfiqnsrip 4b¢ BHOWRIEa to determine the identified

orientation of the object; reconstructing the CT
C i ' reconstructed data in accordance
SUMSMWH%'?@&&#ﬁ{)&d obj ect orientation data,
identified projection angle and the identified
i.entatjon constructe

In acfRrHaRTC B bt & S PVeAR SiRsTRGds BRVPERRrCEr AL Hen of
compited toenagkapbe (CTpstanging dafaaﬁf%me:fbjﬂdﬂ,eﬂnmnsmgtr@deﬁ\mg CT scanning
oate TGS ERE Rl AR e BB B oR SR r e
reprefs@htadﬁ off arrphylsfo‘.gl fbb]lere)dit] the bb;er:ﬂ in latsdlt:ae oﬁthWICITfscbhmng data;
corrersgcerb qrﬁﬁeq%% '8 ort])%ct orlentatlon cf: ta W|th the identified projection
angle associated w:th the orientation data to determine the identified orientation of the
object; reconstructing the CT scanning data into reconstructed data in accordance with the
identified object orientation data, identified projection angle and the identified orientation,
the reconstructed data capable to be rendered fo create a visual expression
representative of the object having a predetermined orientation regardless of the starting
position of the CT scanning position.
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performed with any starting position, giving the
preferred orientation to the reconstructed i mages. An
werisdsasent of the invention reconstructs a plBEEBG2007/000104

object with either a higher resolution in the
t hi ckness di mensi on wi thout increasing the total
conputation resource or a fast er processi ng speed
under a given resolution in the thickness di nension.
An enbodi ment of the invention determi nes the tilting

An  eamppdimgnt rofr depdeyentiont e & dP&CEN el detelminipgr ther rﬁba%ct

onen!a’t@ﬂ% #hQh&sindBrath bEfheacabhihg, S«hmﬁmrcﬁqﬁ@ $éddr§§fru<9ﬁm9ﬁay be
cone-beam reconstructi on. An ect of he i nventi on

perfopmed | Wik any ét?pﬁmgat%ftpﬂr Q“é@g) er Bfﬁf?‘i‘i‘?ﬂ d?“eé‘tﬂ?ﬁl]t fy the
reconsPIREH #RAYes( @R embadIMcAtoAAE vehtian rédtingflicts G Dbt

a source for generating a projection beam for scanni ng
with eiffeerchier resqldham i i Pickopss SRS WittoytdneerHge the
total E&ﬁp@l’éh@ﬁtre&ﬂré’é bV £ fdsferl f16cdi8mg sp@eé%@éﬁé’blvfaﬁrresolutlon in

tecting the beam the detector receivin nnj ng
the tmqfr@smd"a@nal%sﬁncﬁmb@m@@t of the kwvanter ds rmes “the titing

anglé’mﬁ%§ﬁéctft@ Th FAGETSANE aRB Perdantd fyddtOrctdRml dfte® a multi-
ect scanni ng start orientation dat a, reconstruct i ng

slice f??@né:fru%ttoé‘rﬁﬂqwe%?@ eperstiueidhst ruct ed data in
accordance with the identified object scanning start
An a@;ﬁécﬂ?rﬁf&he anvehdib@, pm\@uyst af izpgaratey &t ieoonsimglich ahdompeted

N T T S T T
projeCiRIpI BseRn fért $o4@ning tlﬁ@eb}@bﬂ eciotdrpunitFommpueiitet ardratatihg the
S TR T e

CT s&%wgm bhat lwﬁﬁeabhaemfamaomd sbjebtt apracassd finprowessing

and &awﬁyigg Isgﬁcnp G ﬂgjﬂ:{( S({;&\F\@ID? eS§ @Prlﬁgﬁogcg&%gre%gﬁst%tlx@%\e CT

scanmlhd; u&étaahtweechnatmcﬂgds dim:l in nacdordamcki With rteé eideniified object
ls ref hoele n B

scanTESGrE cfnEbal “ebtolldindl TR af g Y b i

onente&mn,ediws’ecmtructadl deig ecqpiable. td He cvéndéfe@dancreabaa visual

[ C
expreps%g §r%tserr\tgﬁé &g?{@ 4 Jg&s wnﬁ;ﬁ{n%ﬁgtreﬁ@ﬁre]ﬂ%ﬁ' Pﬁ’tgﬁ%dy%lgé%‘?ess
of the stadinggoditing ef thietGT snaneinp @dsitiemt of the invention; FIG
3A-D shows a process for nultilayered planar object CT
and | ayer separation in accordance with an enbodi nent
of the invention; FIG 4 is a schematic drawing of a

BRIE}?&E&?RWb%ﬁSH@%I@R@VH@éSent ation in the system of

I n accordance wth an enbodi nrent of the
i nventi on;

The present invention is illustrated by way of example of preferred embodiments, and not
by way limitation, in the figures of the accompanying illustrative drawings and in which like
references numerals refer to similar elements and in which:

FIG. 1A-E are general reconstruction images (FIG. 1A-D) and re-reconstruction image
(FIG. 1E) of CT scan data rendered from conventional systems and methods in the prior
art;

FIG. 2 is a schematic drawing of a system in accordance with an embodiment of the
invention;
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FIG 5is a flowchart of a CT reconstruction nethod

in accordance with an enbodi nent of the invention;
wWO-2@8/18832D show graphi cal representations of dPET/RGENT/000104

steps of an enbodi ment of the invention which uses the

fan-beam data to determne the orientation in

accordance with an errbodi mént of the inventi on; FI G

A-B show anot her i N"en f
FIG. &iE PR A DGOTSR o A RLaRBY PiiteD ABeh G phf By separation i
accorférijetath é)ﬂerﬁb@dnﬁbﬁtrbfgﬁe m\eér&romhne a preferred
rientation in accardance with an
FIG. §ia Eachameteaw i ot Shoule drutach SHEa raBmionin fgystem of
FlG.ZlglVaﬁﬁbr}d@ﬁcé’\qiﬂgbn appbiewncoriie ifvebfignng met hod on two
entifi r ee- apart ection, positions
FIG. hix P RBST 008 S Grrarcaalbeb i 4orOaREs ith 88 Spibpriment of
the in&éhtibﬁbodl ment of the invention; FIG 9A-E shows
ver |nt I ers of - er.ed sand
ric. BRIS SPawdladiusp 24euButte, 1, ML SBY L5 SRR of e
inventieit Whrinruses whé Faraitecpmided toedeterafind the orieneation am acédr@@nce with
0A: Cfﬂg’?ﬁ‘/ anot her aspect of the invention which
an e"%‘aﬁf”a? ediY$8P¥nt i al reconstruction for two
FIG. dhBesisiwoanothér érmbodimegteofi the dneatictawbieh wippliesacurve fitting method
enbo nt of ..t he FIL G - -
on o RERUITRLRPR ST BpHERTE L, ARBgIe i prereti pfefitcl iy qepesdance
with a‘tﬂélmlﬁbcmhemmmlheesntlaapect of the invention which uses
roj ect.ion t e n
FiG. A P 84 BD e BBoRRF orthe g VRl HE Rl RPUE B fiffng method
on twot &lehtifiedaxiss-degrexcamard gmajectisint Ipoaitiomaritodidatentinef at Imeeferred
nvention T E P m and nethod in
Oneni‘ag%r?s SEdtalngn 0'11‘; e%%:@le géﬁﬁ%}l\%}@&?a i s disclosed.
FIG. OB stewsclelenal m@mﬁﬂ%ﬁermﬂaﬂqubfeelayerhé spodwiols ekip phckaging by a

LB f ' - forth
rocorRBL AR e T UTEHRNE: FREER chibolifedt bPuBliRelity {1
FIG. p't(h%@ntshowvemthem aspecti of ab@amwnﬁono whith $leffpinesd & rdifferential

recorisiBcfin fo[]I W\’\?ﬁfe% lo['ng af thtenl%agé ??5&‘8 c% %fh% &ﬁ%oment of the

practice ese spe S or wt
mveréqu,l val ent arrangenents. In sone instances, well-known

FIG. %ﬁA-‘r!f%erRnFé d@rﬂgnsqga\ﬁbﬁ %Fth@fagpé&%’(‘{he ﬁve?.'n&ﬁkarﬁ' agram form

unnecessari | obscurl ng t he pr esent
FIG. il pA-Enghopranctsr aspedi gf the IWGthOQWh@h OFes {etREpiepien obtained at the

ldentﬁ‘lﬁﬁ OJng%nﬁedé%m?f‘ ;?dﬁgﬁb@ B aﬁélet\mg-l FABEE hORe | r§tat|c&r:1_|_ axis in

tes the gener concept of a
accoglpacewithvan embodimant ste diveatiabur ce 12, a direct
digital detector (DDD) detector 20, a

DETAILED DESCRIPTION

A system and method in reconstruction of micro CT scanning data is disclosed. In the
following description, for the purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of the present invention. It is apparent
to one skilled in the art, however, that the present invention may be practiced without
these specific details or with equivalent arrangements. In some instances, well-known
structures and devices are shown in block diagram form in order to avoid unnecessarily
obscuring the present invention. Referring to FIG. 2, a CT system in accordance with an
embodiment of the invention is shown. FIG. 2 illustrates the general concept of a CT
system which comprises of a source 12, a direct digital detector (DDD) detector 20, a
rotary unit 22 and an examination subject 16, for example an integrated circuit (IC) chip.
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rotary unit 22 and an exam nation subject 16, for
exanple an integrated circuit (1C chip. The source 12
W@R00Bh303CT system nay generate a perspective pPCJ/BGLI0TM0104
beam 14 or fanbeam projections, parallel beam or
per spective projection beam or the like. The rotary
unlt may rotate the subjectS in at |east the direction
rotation 66 indicated, around a rotation axis 18 to

The w@r 32 f BEIQT DY MAYeeINHRS o RATSRALHYD REOIRCHEN B8amni4cer fan-
bean} PRIecBbSS, lb%%ﬂelf I§¥Ean¢5r rp%?é?ié%ﬁ\f&ﬁrbjééﬂon EBé}nCEr ﬁﬁésﬁl@m'rﬂag rotary

IS control processi n

unit mﬁt|r9fa@sthsr%@@§ g aiéeaséémﬁge o rphayeﬁ SBrjnriiad, around

rotat.ah BRS U 8fts §ERrAB Wiultle Brdjsibnaiti Aafio Bl MgRE WHicH®ER BYe déed for
process data received fromdetector 20 or input 27

CT r‘?‘t?”é?ﬁ‘r‘ﬁ“P%l Thetlek aystem 1k istgoatrpladaby, thenprocessiigr ysterp 24 which

mclu@éé%n’o@esfs@f‘ﬁ'@"res%oﬁﬁ% E@%pQHE&HFnaﬁés tirget d@hﬁlnéupby aijs@r and/or
i mage on display 29. Using the scanned data

storeg o éﬁ?m‘éfysa%@gwﬁﬁ?%f dgjaer eé?%%‘% frouic #¢taFion 0 1o én% j 23 cio control

rotatr®a & 18 %@érg@mt Tarceb] 2 Ghd ite rdfaenh Qesifd dusut Pt data such as
unit 22 with its primary plane parallel to the

aCTimage PASEIRY €9-18. I n this enbodi nent, the position
data of the sinogram undergoes several transformations

Using %e gé‘c{rﬁw@& Yall GRS Do T Jraf- AR Qb PELSB %?'t object
3 s oo

roj ections are conv non-uni form para
20 ispprepieds pEa pmectpsap@mte@m tha fatarnenit 28 i ft@mmary plane

paralf r@l gl d?ftﬁ‘:‘ﬁ‘ %QJ ﬁ?t ' m”ﬁmé""érﬁbo%l O‘Kel %"”ﬂh&%"sﬁn@h d4y - of the

e centr ray be determ ne her scanni n
smowmeuméaqeérﬁe@eraa itra@%fprryafeqnsﬁabfqrﬁ@r PrRSeBIG dhe fa gam

or @rsdé&ﬁvé”ﬁ’dofé&ﬁbn%"sal%f dhReRbl et R&i- Ulﬁﬁfo?ﬁ‘ﬁ%gl{eljﬁ'e@nc_ror

D shows a process for nultilayered planar object
persa%wav@wcg@?ﬁarwd dhen rfoaurifrea RaEligl-peam nPrejasianseyith a

knowd céritlyl kv e’ﬂﬁé e8ntrdiN8y I%eﬂngé d@@rﬁl‘ﬁ{edl@itHe‘? Hipétré'iwﬁ%g% 1i/\hre

the primary plane 17 of pl anar_obj ect Paralle
Pharttﬁ'@ ratigctly ﬁxﬁﬁ‘i’@‘gl@‘eo?O‘{W@W getar 9f tlﬁ‘iﬁh Rrojestiong PEFheCferGCt

beind SeHmALAIFIE, 3ATe B 4 britesLr RufitEreddBae oBjdet @T and Iayer
certain nunber of slices 32 are then reconstructed,

sepagHigin aGrofRRce Wil angabedient akthg invepigth  Kisplanasphisst s
mouihted WitA theopriniiRy pleRé G$ Q)'ﬂllﬂ:t pl@rﬁbr%;ebhﬁar@lml frthe 3&at|cﬁSaX|s 18 of
F&% g]’? chtEeIa ers are th %ﬁ)

the rQE;%P%I & t%??ﬂ"@% 8&‘@7‘"” QyeiRe iAne spinele Spa certain

numtEér:Gf skbeslez afd thes ;mﬂamm e®Bhovaf intfe. %BlvﬁﬁéSe@ﬁcdﬁ"@éQhen
t.he projectipon of the ohjec ch the nar t

comifet SR foieRmsorepteSnBRaT ke chisct 5525 1Re 6 F1Gy 5. wit

whicR Heajed arethanGebhratadedreighierrétb@BE, #83hbWn iMEIGE8D) se of
the scanning as indicated in outline of sanple in

per pendi cul ar orientation 64. The narrowest w dth 60
FIG. |41d€$f-‘é'b§$ AB gedineent of He fveption weserthe prriestia of dhe pliect

will ﬂ%ﬁ&'\ teqfarRlvettie Ry el 280s B%’h@le&% fd Ahelgenbid@ar orientation
detector plane 62 régardless of the initial scanning

to thedgiactas Pla@ﬁtﬁatm e courser the @t}e@emg agjingicated inyitiingrahsample
in perpendicular orientation 64. The narrowest width 60 in the sinogram is identified, ,

corresponding to the position of the object 20 perpendicular to the detector plane 62
regardless of the initial scanning start orientation of the project. With the uniform
parallel-beam projections obtained, the left and right boundary profiles may be
extracted. The subtraction of the right boundary vector from the left boundary
vector represents the relationship between the projection width of the object and
the object scanning step number. The narrowest width is then identified as the
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par al | el - beam proj ections obtained, the left and right
boundary profiles nmay be extracted. The subtraction of

W@ b@sn3gks boundary vector fromthe | eft bounde€¥SG2007/000104
vector represents the rel ationship between the
projection width of the object and the object scanning
step nunber. The narrowest Wi dth is then identified as

Iletvaleln he projection wi dth yvector. The
Sma"ﬁaw bRyt Bcﬁ’é‘?l?‘%@ﬁ‘%"ﬂéh ‘?{rjc ee‘é,arE%SgE%%Wﬂ% an'indicates

the s@@ﬁmhgt; (msiﬂf)rt! tonghe Bbjest tha:ﬂaelt pefapaichRndb Ghé detdctortWith this
ector w ara e am arran
parallEEhRpeEanoetagt qEPLREOP 5] HE SSre” BaRT REds deisd v
the |<ﬂe§iﬂmbd fHaedwast p@mt wpaiai ¢dreszpond!liél afcdrighs pp 9d° tahdan! the
e of 90, nd i f ‘{I?f‘ {?Pdconslt ucé F pr oce fr
reCO’t C '%Rf‘?CPP% rogh fieeidsntited gRaler cBndhe JeeUlr Ucted’ cross-
secti6h qm;gelcdfl mat%b]aga/tv@tﬁl?t&w olabhmé% \fﬂ@tdnllétl he tmf lﬁ@mcﬁdrepiane
par e (0] (S] ect or ne : e . [ an
2. PBhihe Gneharts b gRcatsficoR St fom B arriiiad antle of
90°, ﬂfe %hogtsﬂﬁ&té@mnBﬁa:]géctgﬂldb@'belrmwwgtb the detector plane 62.
rois SRBERTSR 8 g RUER, Ron kSR Ahgrgm mat may
autombgoaillyt Hexetrhiak thaobiidt _@ﬁéhﬂaﬂa:h Iwithctaé eirigrenm tolf ¢heo beaniing,
wic i BBt SRt by BOY M T pfng S o
posutlodxengwﬁgemespaaﬁenreng csrteantatlo@ngd; ethp oiconsimictedi maygs loe the
rred arientati 0 the Jyeconstru . Lnages; ..or
recofiGLfit Sy e BRrGednyts An Sot & SBR ittd, S8ich B i SHany
addedtwithta eartiireofidet hthée kielntiﬁ@Mannmblsjarmitm giirtghother preferred
he identified scanning start angl e,

O”Q“Sﬁ?@f‘ﬁ%ph or%(fé(?ns P%?%M%Q?SOH entation to the

reconstructed i nages. It w || be appreciated that

it wi Qe Shorliglel3 ﬂ%rrez% REthB e lisdd'Bifer i A EAVERIet width. For
example, tthe widesit eddth @am anotheh vw@tbt ertharayqad:tm vaidthueamiiorf mmy also be
usedtfgrl thid ?gssee E\'ﬁgﬁy Sor wgo‘?lrws Wlh%} lﬂ?an%g %rarrB\DQ% l}/@@@oan} ﬁréor may

narro an ‘error ntroduceéed
be introducsdsiiei tn the thcteaaadh vidtio Iapé@f Ob]ecfcﬂmbmss Frar example, for the

wndesetmml gmcé We \M&Estgﬁ gfe@]ﬁ n"‘@vﬁftrb act%nb r%pF%@ntg“tqgﬁfagonal length of

projection w y represe
the r¢céwg1wﬁrﬁoasr$ectrm saryal may dedsisodiced B@@]theaﬁﬁf%ﬂﬁ%@a%y\”th the

.ncregge bﬂhggg ?ﬁﬂ.cm the error increases with the

I ncrease o the OBJ ect thickness. FIG 5 is a
flowchart 80 of the inmage processing of an enbodi nent

0.8 URYERH0 (oHBRFIRN o 4 SIERLGH0r e monior

dlscuseeda raboveic Foro axgsmpiarys Burphemveieie, wehorly jshewntheofanshram cpased
recoﬁ’é’tr%@té%? ok ARBL4, %ﬂe@ﬁ&ﬂgaheéglohawld gﬁ@ﬂ?& LHSIiddOR Qé{ne-beam

ertlse arrows snown rep resent
baseﬂhr@cg@ai@rc n §y ey Erexpediset TORafasben AsTWSopaWrCTEpresent the

genef&CRBSL FYC trh@fonaltohflerdtibRAC BT YedoRSHUAIES which typically includes
acquiring the multiple images 81, then transfer to fan-beam sinogram of slices 82, which is
then converted to non-uniform parallel-beam sinogram 83, and then uniform parallel-beam
sinogram 84, Fourier transform is then performed 85 for CT reconstruction with default
angle 86 that is usually a default start angle. The details of these steps may be found in
computed tomography books such as for example Computed Tomography, H. Jiang, SPIE
Press 2003; Principle of Computed Tomographic Imaging, A.C. Kak and M. Slaney, IEEE
Press, 1999; and Micro-Computed Tomography for Industrial Applications, Liu Tong,
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acquiring the nultiple inmages 81, then transfer to
fan- beam si nogram of slices 82, which is then

wW@vsasasesl t o non-uni form parall el - beam si nogrBeT/8G2007/000104
and then uniform parallel-beam sinogram 84, Fourier
transformis then perforned 85 for CT reconstruction
W th default angle 86 that 1s usually a default start

SIMTERR BRI BrBYAsRy. o STCaUeRLoTBY raealsl Bocsslibe auitie

imagd® 8D Giré pbyuired, thbln&ﬂall,sfeﬁl:&l) FarPoexms sROQRm IBF sives [@2¢ which is then

convqrREE e YT, BErAUPeRTE F B4 PG R AR PaRliekbeam

sinogrard 8t r Upbn Abalnirepthe ansorm-paralle fbgaﬁl Mc&ﬁé‘mmchiél wahdary data
005. . In an

is ox{EAR,: i BmpifhiERr 30 et 0 oY bl Gardhy Gt Hogam may be

detedtesdaashemg tedgé aptchtamaigonthgs aind dfie shbttzf:ﬁorBSQ ofhieatyht Boundary

rom 40 SRR ) 4B P B e A o of e
ob)edbl@lndl the rmo;bbte)numglmr Byprieafifyiey the anwrdivesigpdjectch widte 90, the
S eXx

hj. i
angle, GYERRRIFIS e bsSitiag Badtn MnbiR S TR 368 EGbr blaRe may be
calcutht¢ ahe dedmined e, éaldefirdethe didudar ahigsonn Iaml; r@mdsttdnﬁon matrix

o2, v T bietPrnubeishy Famof Rt a0 e sk Bt et win =

certajor ayardoiecameay te hef6andfigtit ibeundgries tmaynbe ekieagrdofrar tthefan-beam

scanfl e e PRI BRAARR SRS <Canni ng posi 11 on

per pendi cul ar to the detector plane may be cal cul at ed

FIG. 334 48! rék%da ﬁaﬂs[ph 8 g@?&%ﬁ eHEr? o'f:(?iﬁferﬁr{t AN Uty the

reconstrug

angle oonise obtemedma%elﬁwﬁnsslamgraml shawn In [H6. 8ppneccartiante with an
er t t. a c i e I =Y

emb Pr(t é) i %o l'ﬁ“gé\t?)lnes %}Fat{arabtge eﬁ%r%w%s? &{p%@ﬁ(ﬁ‘l VBQ{F\ 68 bnd its

CorreSawohi@mqmtinm angled ateaomalneﬁetheoactualu @rmtparqil the| object from

whlcrpﬁ%r@c%ﬂﬂlﬁ s i e?Ath gﬁr&gﬁﬁlﬁ E%ﬂaar%féamhgﬂbject ar the angle for

resent tlon er ent determni
the ﬂéﬁi gmégcf)rmﬁy basalghietedrimsep andhe épawwnniﬁrvai dangwar sftepirand the

identlfigd Féeﬁue%l LIRS T fany g@" ith 3Re STEPRWLEE BFoaé?:ftlorgs rWidth For

I nvent er the narrowest proj ectlon

example; iidbe 84S} poRas i dounddjasingitmnaryyvest araecipr aidiein Flia 65 where
curv@Coilnt BHIRRARATA® %@Bo&d&%rﬁm@ %hdfshﬁﬁééi@ﬁ ﬁ§htilé'f? boundarles 106

SCa nlng starts I. the real scanning s rt anﬁﬁ
showsf84 Hgnaggj Hetin “&J? emr@pl&rﬁji kaving theHarfowest projegtien. Wiy may be

repré%@nt%)@l \gHé@tf&d@@ﬁfﬁféja 9Ye gl‘la%'/;?é?éfhrﬂ i8Gsbdtied é’@énn(n?%%'{ &hgle (the

I denti f sequenti al nunber of

anglg f%a@e fist imagRkisiagn @%&@te% P® J[%Qst (‘ofsten) $pteptbpegree=7 degree].
The BX&RHé & sHdwrfiRF18460 dn”tﬁgﬁrét ~‘F0W GF'fh% sﬁﬁ’é\ﬂq&]ﬁ it fHfs example. Then

nar r owest TOJeCtlon wi d ere curves of

the retpcgﬁtruoa&nrﬁﬂlawy in FHG. GI%WV@GLﬁ@aswewzth asgtert suge oh £t wgtead of
a defaluu iafn?leef An BREMERE Ray tP8cridRVe %ébs'e'@@@ r&é{% thé‘ sanb?am S0

e as having the narrowest ol ecti on, 8
that BanE FES BHR e Ra P arot BHaoRYPE vl 55 shighcile b g0 Eplage in the
sinodramug®fl thel Orepfedith RthySb placad @t end HRE row (the reconstruction start

projection).

FIG. 7A-B show another embodiment to determine the narrowest width of the projection
sinogram for the sake of better accuracy. The minimum point of the projection width curve
120 is identified first. Then curve fitting is applied to the width data to both sides of the
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angle for the first image) is then cal culated as [ 90-
(17step) *84st ep+l degree=7 degree]. The 7 angle is
W@ b@an3aes FI G 6C on the first row of the si noRCHEG2007/000104
this exanple. Then the reconstruction shown in FIG 6D
may be conducted with a start angle of 7 instead of a
default angl e. An al ternative way to achi eve the
t he sinogram so

entfRLRETT IR Pl 108 G AR PORRIYIpE S0EHER s fiates oS the cross

point $96 Bﬁtﬁétw@ﬁﬁduecmsh place in the sinogramand the 0
projection may be placed at the first row (the
reconstruction start projection). FIG 7A-B show

FIG. am; h@moﬁmldﬂi@ﬂbr tsmbzl)etneérmt@eietdmrmameomsdwwt aMidithofbr the
ection_sinogram f or

t Sa|
sake 3t Beflr pouree. AR MOEBPAN 6F Menony Bre s BRniiegfret Then
curveGittingeis hgBliddsori tﬂ\@r&altef toetﬁbtfﬁ kidla¢ of fﬁhqmnﬁuair\tﬁthﬁ)sé tadgoibsth sides

lied to the a to both des, of
of anpifer umU aamtanm%? et faas?ncem?r?é’ 5,20, ABP b Reat from the first
mininkUin® p6iat lltdﬁﬂt:ﬂt@GS I%Gmahﬁarmieéub@%:el%téomgflﬂémdﬁ fcaealapeal with results
e curves - enonstrate
Obta'%f’ﬁ&'fa “89‘88@?%&&{ deternmine the narrowest width
for the sake of better accuracy. The m ni mum point of
t he _w, dt is identif Then
FIG. tohe | degonstilay e Setretin: o dfta il s, 1C y SLe-pereg gamawich
packqadith érdretbastictbatimates blnthignes ikl prefbrrad otibretatiorisni FIGNDA is
oi nt 128|n ran tere oI nt .a | .
a sorBriall aram PLfhersEti, i RO & iiieD P R i Baliaoing vith a
five-layax tetakthickpesy et Rinon Phsistmple insthisad:auied éds whreh silicon layers
resul.t s obt a| th 1
11,142 el b B vk Jhvey Tk e P RS R 2P0 e B sgREeE stice
from fwhicdr hwemwssMﬁjmegrhquaeMglﬁh@ oCtih 4 Redimessiorst imege df the
tal ' r rj.ent ) .
samplegong;@C %R :@‘a%\lrag%ﬂg ﬁ{uﬁggrsog \)of?jg 1%& iQ Ea}‘\?‘lel %egrﬁpge aHd is used
to vefifyvige Ilcmpbonssa‘rmmvo}dsodmmifmmh'kmgim'@lmagels F16i 96, Payped E show

the v@ﬁ%"‘}% 1h%‘821ﬁ8§' %FE“M §2s%?§%e?¥1 Q?ﬁe%h@ed,gxmms%mr the

Fee silicon 141
locatioay exf ghd AdjdsAmay FHchleQIE' sieomecta né\sr gfums inr GE3.e9B.sbécaeise the

orien ngﬂ" XW'th%h I c?%'ﬂgtrﬁf&éﬁjsl?'l%?% lgaﬁo&%llﬁﬁg@ﬁq/@ % A%Qnéﬁ’sléé\":s of the

nmensi ona e Ssa
reconatrictidnonstrixhibe ﬁaW@thmB jyadiad §m1p$@ andsirgightéaawpides tgiisplay the

ayerb SicH3 e iindRid & hORcbASAKIGNMARE L he voi ds

I mages 9C, 9D and E show
the voids 146 in the adhesive | ayers 144, 145

FIG. SRRGEL &b rﬁg%\?/gélsﬁgbtyof 'ﬂ%ew\‘/bﬁhcﬂfqﬂeéeneﬁiereco strthlon the

| ocations o cl ear denti f
recorgdtgnaiion mafixds BN b acslueEe maérlmﬂfp?eﬁﬁ ahpwn infFISnd0A with equal

dw.sfoﬁg eﬂ%weﬁr%%ioﬂeg% bs e%wdméng e%evméhubn eargbl'SjE&S‘l %ay be

e reconstruction he separation Is

recongirustadpivigh aRdohiegt eﬁrgﬂhtthetﬁ rm@w ﬂista§0mea$;ﬁ thel @9n4m®1¢céy eWé,th this
configln2B6h, AEoftic TREFbOthaRE of Bither & RAGRINY d MBrikRIZe! ¥hich leads to a

higher reconstruction resolution in thickness dimension, or b) maintaining a certain
resolution but a smaller matrix size, which leads to a greatly shortened reconstruction
time. For example, FIG. 10A is a reconstruction matrix for general object 150
reconstruction (n x n) 152. The size and pitch for both x and y dimensions are equal. In
the reconstruction matrix for a flat object (m x n) 154 as shown in FIG. 10B, the size and
thickness dimensions 158 is less than that in another dimension and reconstruction time is
shortened without degrade to the resolution of the reconstruction. Reconstruction matrix
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FI G 10A-C descri be anot her aspect of the invention.
I n general reconstruction, the reconstruction matrix
WO 2008M3032X n square matri x 152 as shown in FlI @CI/&®H2007/000104
wi th equal divisions on both dinensions. In an
enbodi nent of the invention, an object 150 may be
reconstructed with an objeét area that may just
ass the anar object. Wth this configuration,
for a {51GPiget (R ILBO ARSI FUS 1S 38 i BOTR Ay BIREgAst Fingrsion s

densetiiR %rdél”% %Bhlb@é‘ﬂ%% r%eEBrBﬁ@étnoh%%l@anﬁtthé’ fthickness dimension
resolution in ness di nensi on, or b) nalnta|n|ng a

withouldpereasing bs seeansBHctontPrecessing fig¥e- mat ri x si ze, which
Ieads to a greatly shortened reconstruction t| ma For
OAis a reconstruction matrix

FIG. b%@rw demp@%tfatlfs@f Hecsnestql 419 iBventian ghewyn ma'i*G ‘e Traditional

CT retbA&natich BédsCh frﬂk—n‘?%J!n%fo@rr‘é’co)’\s@'ud’ﬂ‘ﬁﬁséé)ﬁ%vﬂf R :emaualm The
In the reconstruction matrix for a flat ob

reasonday (s reMHRTIAP IFGROVEGRE! & hepcansigicis s Rk dag! orintation of

the r&bﬁﬁﬂﬁte@ tj&:@% irknb®ABS 1 Eﬁ%nibb@%énﬂoﬁﬁ@ﬁr’ﬁ/@htnﬂi W%rﬁ@ matrix
reconstruction time is shartened vxcpé hout

may I@q)aemlgd caaH area 444 o F[Cﬁe‘l 1Bdhal{ust,cquers dpe planar (%3 gct and results
ina h PFb%bhﬁﬁIchéW reﬁ%@hﬂ:b%ﬁ P2 irbthé loBfecPPicRdss(dim¥ngidn &b previously

itch 160 in e thi es
achieyfig i ghe pererahiSEenstivcinis PEVRARFIA d 16 1EGhaaD shows a 3-

dimeRKERNGib S icW o IeS abjget a@r péridrivthgtamakiplesticsli reetsstition.
wi t hout increasing the reconstruction processing tine.
FIG 11A-Dis a denonstration of the aspect of the

FIG. 1 2A88ho@8 anbBnaspgectbGhe Ifvenfignadi ﬂhbtp)lwiar 613" ect or a planar internal

recon ction a
part {EBGHHT:h G PaREC BE Sartws B it esPect 1 1o Frtation,@, 1By, Afer 2
volunﬁehIrécdr@ﬂb%tfoﬁﬁ&mltlplé slicey %bmr&ﬂad:tlom' i$ esvpdaedted cwitrora Ipseferred

.__that thefln tlono onstruct ed ohj e
ortonla 3t RS AR SR Ab DB eS| BYTRE. DT er g new digta
crossSsgttorhinidge may bd gergratadenl am*tha"rdlraemoﬁl,frz@m whieh e tiitiiy angle

h I
182 \Hnjiﬂb Fﬁgbgéete gfﬁvﬁtgtg{q %)ﬂ anai?euﬁ(?(%rﬁﬁ: & Y ﬁm{( %i %oeo?aeﬂ&us Bvailable
boundﬁyﬁédgesdetehtlnn nistiomlddies) ety itioars lcgn aehussditid epanioth a digital

e 8737 8k GRARUEH ol SR 4l .5 L8 b
recomtuetionp as fdeseribed ia thaubedkpCenplited é‘smoglcaph,smamwemabove FIG.

12 g P RaPIES TR0 ol I e g o2

nar
with tﬂspecttto ittse pitativedaxis 1&thatitiedangleBtmay bs pelculated usding the object

prole(:ﬁén éléﬁ?@ﬁ( VJT??n F-%}t % aat\ﬂ% H@?tlfreﬂ%ﬁ’@% d[ﬂ?b%éh%&ﬂy of the various

ces r econs ructi
comrporefoeum@uiy/edgeedetacimnalggnmgwsanﬂm‘mmmmsatnmm iseshown in FIG.

12B gﬁ(? fh%r}} é c?}ér%'gg 'sgghonfapirmn%éai%lp% epe%@f&%nﬁﬂo fP,SWo&'nﬁﬁ Eﬁg is shown.

0SS sectl o
The dbjmzins now, re¢qr5truwlad atithtehpreferietionigntation, éhqaﬂ_ﬂnwanale 182 may be

b FORSE 0P e LB ARYRE 19 5 BEBHABY noce

dimeneiohhaid tieeesconsiiucted: bijectadaneb o4 thatl is perpendiculan to the rotation
axis digital rotation after a volume reconstruction
‘(multiple slices reconstruction) or cone beam

Both the original projections and the parallel-beam projections (after fan-beam to parallel-
beam transform) may be used in this embodiment of the invention for the start scanning
angle determination. The former may just provide an approximate estimate of the real
angle because the above description and mathematical expression are worked out and
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reconstruction, as described in the book Conputed
Tonogr aphy nentioned above. FIG 12A illustrates the
W@ Ra8asi3eh under which a planar object i s noOunPEHSGLRM0T000104
atilted angle 182 with respect to the rotation axis
18, the tilted angle b may be cal cul ated using the
obj ect projection plane 18¥ shown in FIG 12B, at the
identified angle thrqugh of the variaoqus comopn
acourBig Wilh PP IRUBIcRE AL PEIROLBHS- o T SUHEI BT . eStBRISHIRG §BMRaPIneatical

modell 88d infakifdOuse bNthe! &orﬁe@&aﬂimaﬁ&@h@m&\ﬁéen fan beam and parallel-

cross-sectional img erpendicular to
beam piselions. Hymay also be 6\%3' leﬁgr eHesise P@Cﬁlgﬁ;ely determlne the start

scann'i S (816§ BMbYdien® dPtRS gresad imvehiunt ati on, the
ting angle 182 may be neasured as the angl e between

the detector plane 192 (one reconstructed i mage

Thus, dhRsMbvheRNEF tHREINVBRTIIS Idenafie! a0kiqed fédt@n’feeofl% bRséction
is perpendicular to the rotation axis.

pattergy .oé. ﬁaplq@ﬁbj RestoM sﬁenlaﬂea'b(ard&ﬁrmmeoetaﬁw BPJ&ftachf%ﬁsﬂons
regarﬂl%fsb fo tﬁélrimb@laéﬁahﬁm@adrférﬂtﬁioheﬁﬁhb roditset @b hatm®e bBjeds edn be
hi s enbodi ment ﬁt}gelnveeﬂtjlc,)nfor tgg Stt&q& £ th
alway CrgSANSIECAFRG M o P G DT SSATIOSh B g ULk ment of the
invenfé® M@l inangé xihg®iebQFdarpdfa of thtehjéréll%&be@rﬁ girdgram (after

bec use t above description and nat hemat |
fan-b g6 SeraIF AP GO ERIOBUIS S51ERR 3R BAIGUFRt Wicth (or the widest

widthpahchl @krebe@its 6 Geridrdtion dﬂ@mfuqect dbo’ss&fdcﬁbh psifpengicular (or
thematical no and maki ng use of, t , .
paraiigofe s BaPCIoE AT n Rt HoBR ReER Taipdag, Shipe mvention may
includgaihal méﬂhbewréﬁrfangetth@ﬁmogteﬁn sBYhaA) t&@ (heegros pirbjeetidrodata of
ertise to, acgur termnet start
the SRR S PREL AL IR i oo PR CIRTER g Fevo ruotion
start ahgls, wal?chemnsdﬂort'eéh’e@fnstrbeted nme@é llgneddeittt tHei dimeasions of the
uni que feature t he t| pat.tern. of a_pl anar
reconggrfg% n g {S‘ﬁft omaY CQJWP‘%E 645{'@ nf(—rz’et HEVS ]o&:tma? tlide  the
modificateont, atbazed regairtick emt@ﬁamdfaélyl nddéteahinsed aroriengption, to the

I entation of th { a
recordr R ARHER 1B R bR PRIGRLEE Mg have
prefeoed eoricattation. ,mn genbmdl ﬂnenpretﬁérrddﬂenentamn isosucmythatl 8@ object

bound ﬁes“%\ﬁthﬂ-t 'tl{etq re& 398 egasrlpéegaatrg q%; %@%ﬁa{h% h%er@?cmr% of the

Ahogram eam 0 am conver Si
recortsdrudmremMrme l-tdwvatananpm«errw mmwta{t@n cehdevicdesmogiatidn)
whi ch corresponds to the orientation of the object
cross-section perpendicular (or parallel) to the
Itis tolbe eiotenstaot dna theremboriimanisegs dascabasoditmespedsfto Fits. 2-12B, are

for exJHnﬁQrfy' a&ﬂg&?@éh {Haﬁﬂ%@&%@%@?@ﬁ%&g%ﬁ%ﬁ% SEH% jmplement

the dscknegd grenglanyl exclediraents e a@slhlemmrrexahsles ﬁhm@matmr@hw of the
devncgﬁ %%Hecﬁe tsﬂ? VsfnN5E t‘r@%%&rﬁerﬁs 'ma‘}rl% ﬁwléﬂﬂérﬁ@d L gass BPmore

reconstructed i nrage ned e di nensi ons
progrtarrenecbwnmtewteonomvrqex TAnmeiemt suohtvagatiariseas well as other

vanah&iéb%:ﬁ e pd& sl ne%@ggﬁsg% réﬁ‘\%’d%‘ Peﬁ&ﬁ‘?@\e‘?ﬁh&'&ﬁs of one
or more of the devnces and subsystems of the exemplary systems. 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 FiGs. 2-12B.
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reconstruction algorithmsuch that the reconstructed

slices of the object have a preferred orientation. In
w@emensis32s t he preferred orientation i s such t hBET/58G07/000104

obj ect boundaries within the reconstructed slices are

aligned with the dinmensions of the reconstruction

matri x. However, any prefelred orientation can be

acco dated. It i.s to _be unders d that the
The CHRTIAM S G Sosgulatet PR AOTHECh 3 ELyecd- 129 aicRe used fo store

informéiion %%tiﬁ?ﬁo EEBTN PFateBdEsPEsREbed ey THA irfbinelisn Ohay be
ic hardware used to &gFg$ne t the disclosed
St o el

he speci f , § .
storech FEARA & JnashsRRIToRGRt Such 85 Hed plige) disk, Aagngto-enfical disk,
RAM,féHaiCm!eQIk%! bt theodevtdés aﬂa\éuﬁ%?stémé_ dfltRe SHDOUPIEHE Tnet dremore

enbodj nents may he |nplenmented vig one or nore \
databRFesy P eiReieVISGmAE SHOSFIATETTGY D iThe BTorgtipeedim{mploment

the eﬁétﬁﬂﬂar\yaérinabd}im@ﬁtsaSTNfHétaBése@t ey géadrb@iiieyasin@ ﬁ%id‘gﬂr@ctures,
conput er system may bhe programmed, fo performihe )

such £, FRSOT G 485, BBV Holir Gapts. GRES Bt B3 el lfos BBLged fyne or

more &feridiRsEXRMUsARY nRyRhiesBste@abdvee ot her hand, two or
nore progranmed conputer systems or devices nay be
substituted for any one of the devices and subsystens

All or@f pdrflen @K HEdbRMpIFY SYstems deeeribedi with nespddt it E1GH. €512 ehay be
s of, distributed processi

advant a such as
conve SRR BTG SRtef] FIAd 1 e Oknor e PREPIIRS Spdt systems,
microbmgbﬁm‘ﬂt ﬁdi;talaﬁgr@ewdceﬁsoré,om}c%ﬁmhioﬂersl Iandl [11-1 GIG? eprogrammed
robust ness a erformpce o e exe ry syste .
accor@GeTa 1R epatndRoth Jid chsTaees SXars e uRiR . Bpropriate
softwanehayrbe Gy plapdrediHytprogametstrs bicorfinGy.skifli-bhs@Bonthe teachings

used to,store info tion relatin 0. variqus
of tne A5Eios8 S GaBlan{ BERCHITRB . At #: FaTEH Triapieges may be
implesicateaid byn thaepmparatioe ok napplietionspetifiasintegraledli sikguits or by
inmnpﬁﬁhﬁal disk()ﬁa%n%%g-gp ical %ifé QQM and the like,

8FNFHLY FO\APRER AR SR Sf ST BRRNEE NS enbodi ment s, One

or nore databases of the devices and subsystens may

. re i nforpatjaqn u Q il r

wnisEr B a8 s B Ecblrl BT et SBHRRe.or the
presesit myettiome st, will rehundsrstaacidrydthpse akillesin the teohsolofy ebaesmed that
many ViR o AEdnodblc P IR o WEsiah B ot ilal Be e inout
depanting dropotheipvesent inverdioaxenpl ary systens described with

respect to FIGs. 2-12B may be conveniently inplenented

usi ng one or nore general -purpose conputer systens,

m croprocessors, digital signal processors,

m cro-controllers, and the |ike, programed accordi ng

to the teachings of the disclosed exenplary

enbodi ments. Appropriate software nay be readily

prepared by programmers of ordinary skill based on the

teachi ngs of the disclosed exenplary enbodi nents. In

addition, the exenplary systens may be inpl enented by

the preparation of application-specific integrated

circuits or by
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i nterconnecting an appropriate network of conponent
circuits. Wilst there has been described in the

wo 200803132%) descri ption preferred enbodi ments oPCT/B&2007/000104
present invention, it wll be understood by those
skilled in the technol ogy concerned that many
variations or modification¥in details of desi gn or

CLAI nstruction may be made wi thout departing fromthe
——@gesent invention.CLAIM5S : 1. A nethod for

reconstruction of conputed tonography (CT) scanning

1. o Befioipr RedBhunBR T cobiolb LEEGIARRGT] ETIY Bta of an

object, dembridipg:ng specific object orientation data

represent ati ve_of ysical feat f,..the object in
recoifyTEET RERNG HeteRk ol iRk SRte. B XeHh e bt oo the
identifythendpekifie dbigakoridritation iatctepeseratia ofenpidatical febtune bhibe object
. i.dent.i fi raojection angle associated with the
na Sk?el @ﬁb%?ﬁgﬁ?gﬂ'&'b%%?{@’ determ ne the identified
correspandirigathe dderttffied lspecify elgject arientatisn data witly thdidle@fified projection

e SEHREHD L Tod PhSBRER IR0 Y FRBAYIE By BB SHREon of e
object;denti fied projection angle and the identi fied

recon%{érkcggxt ah‘ie?gfl'cg&%trngn%c%}gtiHéCFe%gnsgﬁltc?edc QQ@b’neaéc%r#)ag}ce with the

e réate~a visual expression representatrve
identifiéd phjecobijientationadata ddentified profestion aergle @niddhe ideinbified orientation,
t arg i Lid0n.0 Scanni i
e FESRGHIRSP Al! BTG 09 BARLITo bkt L1560 Bl
represerdativedofobp ebject Badngk predetasimjredtarieBtation megdndidss of the starting

" [ 0«1 wherein the scanned object is an
pos B SEED Ol

pl anar structure of interest. 4.
2. AAmretnd accowtingi taglair 1ovhsrein theggcapnethebjettis a iplanscobieeid
obyj j a iql dyQbj - oghi ;
5. o dfcpnbd RoBdolo [l 1, AHEACHRC, Eheq Bhidhy T eothiect with
interriag planaigtuctuig of tereddj ect with all |ayers being

4, PHK ﬁlé&lﬁ]dga%or | n%’% v\ﬂgﬂn 2oF ohiHdhdn e 8hnel otbPaSt 'E,e? ﬁléanar multi-

prece ai erein the projection ang
layergthebigplgl e formed by a CT scan beam between a source,

5. Uhe nRRh&Fhecdiiifg %o B8HEFIR2 WARER tRE sBaltRldesHi&tt i9h rRulfyered

~scan systemused to generate the CT scanning data. 7.
objechwitp @H dryest being parabelwher ei n t he predet er ni ned

6. OrA @ftRdd QBcdréingitd BRY oP HeAdrb&ddiy clBRFPRASIHHMR! prbRctiditangle
. detector plane, for the orientation of the object in

being the ansierioemed by @CT scan beam between a source, the object, and a detector

plane of a detector of a CT scan system used {o generate the CT scanning data.

7. A method of claim 6 wherein the predetermined orientation is either parallel or

perpendicular to the detector plane, for the orientation of the object in the reconstructed

data be aligned with the predetermined orientation.

8. A method of claim 7 wherein the narrowest projection of the identified object

orientation data corresponding to the position perpendicular to the detector plan.

9. A method of claim 8 wherein the narrowest projection of the identified object

orientation data is determined by identifying a first boundary data set and a second

boundary data set within the sinogram of the scanning data of the object , subtracting the

first boundary data set from the second boundary data set to determine the projection

width and the projection angle.
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data be aligned with the predeterm ned orientation. 8.

A nmethod of claim7 wherein the narrowest projection
w@Rooshao3pzienti fi ed object orientation data PCT/SG2007/000104

corresponding to the position perpendicular to the

detector plan. 9. A nmethod_of claim8 wherein the

narrowest projection of th& identified obj ect

ori en n.data i.s determn ne f i n
0. A RAlRy AHARE Wby YR BB bV A8 S piitintin pont
and/oWetd‘lammUhﬁpcﬂnm Oﬁg]:fresentn‘ the Ip@smomnﬁihagabybwt ahefprdjbetionbyidibt curve
. .subt{laghi gﬁqthe first boundary data set fromthe
point beipd Sfihef 0o FURIRUALLMLUPUP P4t or i ne t he proj ecti on
1. %ﬁdhﬁtmﬂdoftdwrrpmﬁwm‘e'r oomprisfiigecit@e fitlingnbbtiosided of thei profction
ere ecti. v, a m ni mum
width ﬁHWﬁtP"é[HdV'@ p?f %ﬁﬁ% ff‘?f caﬁ ?}ﬁgts%n%ng%t he position

12. ofA hieﬂwdmbﬁecﬂatm ﬂ@lmrﬂfeopaopmsmig mmrdd; ffittiog rbogh |sm(ieatof laabihngr point

i ther m ni mum 0 .
t60-GBotgvst Toif it revesie PO GO RO Paiecibn Ryl ke by Barouiating
a seodhd} ved palog;latktg an awgkdat\ml@uhsasedmm the fisttanghe endacsécami angle to

wi dt.h dat for angle. 12. A nethod of
deter@l"}ﬁtﬁ?f%‘ ‘%ﬁ b%}ﬂ@%g@rve fitting both sides
13. ofA medtddecrf anmpntceﬂ&@ cdmrgwdrer@xpa'retscﬁanmng ﬂh’@ ipregeiedi foom a CT
cury | [ cyl
soanihg §5esa Sipefishd £auBE ke, A RiehBl feel oGy o Phortbeam
sourckei r st angl e and second angle to deternine the starting

e R N i
beant rGimsaa@ing csysteim gths ysmethod clorther scpmng@Sf eonveding the fan-beam

pro;ef[tf?%ré'i\a?a ﬂ%%@‘gﬁﬂﬁem?’sﬁwgﬁ or a cone-beam source.

I'ng claimwherein the
15. scanmethgd déitanyi sreped:eg; ol f fugheracdnaptiséanteSonsieunting rihe object

pos:tiﬁx%taga{mlﬂtl geﬂrﬁe%k%qstﬁ |Brl?ﬁ"ratrﬁpéﬁg 'o? ‘§§ @W&E&ﬂé’uﬂgtﬁmﬁamx size,

roj ec I nto
the spw]deremrmtrudmranatxls SIZA dﬁ@trmm@d @v thaaw@rep oEhediangr ebgchn

16. BUA trﬁb%ocﬁB §¥ ?I’é&?lﬁ@%@.{}ﬁtfﬁ%'c@%&l?ﬁg %Qlcﬁ%ttmﬁ%sﬁlﬁﬁ@angle of

i . onstructi on ITHtrIXSZG
the objecbwith respeside auelatigharineithg okiegte, t he second

17. r e& OrﬂﬁtthH Céf' Eﬂ?écfeid?hgs Eifn Q\ﬁ{e?éim tRe s daMnihg ek e@)n‘i’érlses the

anar any preceding claim
Dfolepmft lﬁ@gec@ﬁmtemnmgbefanémea@n%@ratepﬂlaer ng angle of the

18. ObAlfr‘ ‘a‘bpé’?’é%@ férerﬁlé’@r?st{ruﬁl%naof %@rtnaﬁt'ee RorAddrapt®f (GT) %cé&h’hr@&&ata of an
od any precedi ng cl ai mwherein

Oblegc%ﬁmﬂrﬁg‘gdat a corrprl ses the projection i rrage the step

a soltHE R geRBRtihG' 8 ﬁ«gs&ioﬁrbe%e& sthAfing ﬂn%o rapparatus for

a rot%&&g\ﬂgc;rrrg&gr{tg\g and rotatlngutthg objtegtnrg%%\?ep to'the %;I’%mscannl ng

a detector for detecting the beam, the detector receiving CT scanning data of at least one
slice of a scanned object;

a processor for processing and identifying specific object orientation data representative of
a physical feature of the object in a slice of the CT scanning data, corresponding the
identified specific object orientation data with the identified projection angle associated
with the orientation data to determine the identified orientation of the object, reconsiructing
the CT scanning data into reconstructed data in accordance with the identified object
orientation data, identified projection angle and the identified orientation, the reconstructed

data capable to be rendered to create a visual expression representative of the object
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obj ect, conprising: a source for generating a
proj ection beam for scanning the object; a rotary unit

wo e0ostraniet i ng and rotating the object rel ati veP@DSGI87/000104
beam a detector for detecting the beam the detector
receiving CT scanning data of at |east one slice of a
scanned object; a processol for processing and
identifying specifjc object orjienta

having @pyredeipiniped erestationgrgariess of %tﬁﬁ%ﬂ%wvﬁ%‘ ohe&T prpnning

positigh. Sl i ce of the CT scanning data, corresponding the
identified specific object orientation

(ﬂ’?t.a with the .
19. | derAPPRIAE FOBIUS PSRBT ECIRIE e SEPBEPYPIRCt g Planar obiect

20. OAreARRKtGN as@hding @ Biainen Bivterdiehd staRhéd bB@ct is an object with
orientation of the object, reconstructing the CT
'ntern§t@ﬁ"r‘ﬁrr‘f’§{ugafea°fl"ﬁ?'@SFeconstruct ed data in accordance

21. WArhagagatisl88dordih@ ® BRINEESE oPH b eiepdin @ik StihBed object is a planar
identified projection angle and the identified

multi-layeedtodigchn, the reconstructed data capable to be

22, r@thdab@éia&@ &fo@ﬂﬁ@g 0 \diivak 8 & PTE fiein rapreasnddiobjeet is a
obj ect red term ned orientation

of
mu't"%‘?jﬁ‘? EIP@% 'B‘fa"t'ﬂ@rg‘f’%.'f‘ PAG ‘fJosn tion of the CT scanning
23. Posi éppﬁﬂatué%ccdl“ﬂmgﬂ@@hﬁtou@ oﬁ@&ﬂﬁﬁﬂwztmeﬁélaltm PBojection angle

th
being B A QTR BTGB R DT 8P BPs, 1R Eblech ARg detector
planeQﬁJtaecfeItedtt@r og? @IbA‘;r;]c%(htsyNeHI‘IUSeﬂtt@ gélﬁ?ératpltm]etﬂ' s‘sanmln@ data. of

I nteres ra

e SRR LA A pedbe PESBlefm aRA PR by darale or
perpesrhmdeuar to 2B dé’t@ctﬁpplghé,t fos tr@w@hwtlﬁglof thlecbla}ecm O:ﬂ 8?3@ rectbﬁstructed

cann obj.ect a nu Il ayerea o0Dj ecC

data RF?{‘P%BIW‘W%%P? BERC Qf‘gnt?tiqn 23. An Z\ppar at qu
25. acmoaghargtus of slaim axeviefeic ted merdhibs?arojdutiore bhthehigentified object
orien lgt)n% {gltq??grg%g ldgmgﬁs krgegpc%ﬁﬂgmg%ﬁp {;ﬂfcglrgﬂgad’(hg élg%g@: 8\%?1&”
26. planepmiratas @étiaoh @b wiferein @k sareowesy proguiias et thedidentified object
oo 58 4 B A P BPAs, L p AP BIR B LA A o socond

boundatyhdzta petr witHire kheoobjeergositidi dataasumtractm@thheﬁret:b@mdafy data set

from ﬁllé% g%gqn];jatgﬁuéggragc{agae Eétatto' é)e@er%f d {ﬂgrﬁ?{?;ﬁgﬂn \!v@tr{ Qﬁd the prOJectlon

eallgne e predetermn
angl@ri entation. 25. An apparatus of claim 24 wherein the

7. na‘&é %pg%lgtﬁroga@ﬁm %\Af?\tareﬁrh% gr%{éﬁlgmﬁmt@%h%thavmg a minimum

on a correspon e posit
pointpamd e ndaximbiar paiot, trme@mﬁ%meopoqﬁloanof the. objert.afpparaiegion width

curvé’éouﬁ{@%lﬁgeé%e %r nnndrn%{ Hl@&lﬁf?:%ﬁémtprol ection of the

ation data is determ ned by
28. i dan@apparatug oe!wfalm F Weneid #reyproaessos applign @ua/esfém@pth sides of

the projection width curve point with projection width data for calculating an angle.

29. An apparatus of claim 27 wherein the processor applies curve fitting to both sides
of another point 180-degree apart from the projection curve point with projection width
data for calculating a second, and calculating an angle value based on the first angle and
second angle to determine the starting angle of the reconstruction.

30. An apparatus of any one of claims 18-29 wherein the source generates a fan-
beam source or a parallel beam source.

31. An apparatus of any one of claims 18-30 wherein the scanning data is received
from a fan-beam CT scanning system, the processor converts the fan-beam projection
data into a parallel-beam projection data.



boundary data set within the object position data,

subtracting the first boundary data set fromthe
waeewsnsb3bdundary data set to determ ne the proPESGTNT/000104

wi dth and the projection angle. 27. An apparatus of

claim 26 wherein the projection width curve having a

m ni mum poi nt and a naxinuH%point represents the

posi ti on  of e object, th ectign width cur
32 DR PP o e i ke i M bl of ot Sgtructs the
object/ﬁbsﬂi@ﬁ ol With 8first! rétdﬁsﬂﬁcﬁ@ﬂﬁﬁ@thﬁ sizB oreasd mgnﬁmahore fatrix
ectio ﬁ{ th cu

bot h si des of
size, i3 sfeor] PROTLP BT S S8 RSO YL area. e e folect
33. apglapparflus ﬁ@;r’@ﬂﬂ@@b@ﬁn@ﬂ ??Qavrr@tre]ﬁ gv&‘lﬁrbeesgsot bﬁ?ulates a tilting
1 es, curv 1 n 0.DO sides O
anglegﬁ&encéy Wﬁﬁfesfgﬁt taédngo'&ﬁg?to fedd8he proj ection
34. Ccw M@tn@gl cﬁtarwl drie G Qhiest 1883 Wwihdidin tad scdndingcddis Woalprisgs the
secon

, d cal cul at | e val ue based on the

prolec?PPé'Pa%éheeé}ﬁﬂﬂu@EﬁroWﬂJ tg%é‘f‘%”'?r BREEP i ne the starting
angl e of the reconstruction. 30. An apparatus of any
one of clains 18-29 wherein the source generates a
fanbeam source or a parallel beam source. 31. An
apparatus of any one of clainms 18-30 wherein the
scanning data is received froma fan-beam CT scanni ng
system the processor converts the fan-beam projection
data into a parallel-beam projection data.32. An
apparatus of any one of clainms 18-31 wherein the
processor reconstructs the object position data with a
first reconstruction matri x size, or second
reconstruction matrix size, the second reconstruction
matrix size determ ned by the area of the planar
object. 33. An apparatus of any one of clains 18-32
wherein the processor calculates a tilting angle of
the object with respect to a rotation axis of the
object 34. A nethod of any one of clains 18-33 wherein
the scanning data conprises the projection image, the
step nunber and the angul ar step size.



