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20 There are several current common approaches. FIG. 1A illustrates a general
reconstructed CT image or reconstruction matrix 30, A first approach typlcally taken
(\_ is shown in FiG3. 1B io reconstruct one siice firsi, with which one manually
measures the slant angle 36 of the reconstructed image 30, and restarts the
reconstruction process for all slices with that angle identified 36 of the reconstructed
25 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
30  ore reconstructed slices of a multi Yayered 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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SUMMARY OF THE INVETION

In accordance with an aspect of the invention a method is provided for reconstruction of
computed tomography (CT) scanning data of an object, comprising receiving CT scanning

25 data of at least one slice of a scanned object; 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 idenified projection
angle associated with the orientation data to determine the identified orientation of the
object; reconstructing the CT scanning data into reconsfructed data in accordance with the

30  identified object orientation data, identified projection angle and the identified orientation,
the reconsiructed data capable to be rendered fo create a visual expression
representative of the object having a predstermined orientation regardless of the starting
position of the CT scanning position.
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expression representative of the object having a predetermined orientation regardiess
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BRIEF DESCRIPTION OF THE DRAWINGS

25  The present invention is illustrated by way of example of preferred embodimenis, and not
by way fimitation, 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
30 (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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F1G. 11A-D show a demonstration of the aspect of the invention; and
FIG. 12A-B show another aspect of the invention which uses the projection obtained at the
identified angle fo determine a possible titling angle with respect to the rofation axis in
accordance with an embodiment of the invention.
25
DETAILED DESCRIFTION
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. 1t is apparent
30 1o one skilled in the art, however, that the present invention may be practiced without
these specific detalls or with equivalent arrangements. in some instances, well-known
structures and-devices are shown In block diagram form in order to avold unnecessarily
obscuring the present invention. Referring fo FIG. 2, a CT system in accordance with an
embodiment of the invention is shown. FIG. 2 iliustrates the general concept of a CT
35  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 (1C) chip.
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25  FIG, 4 describes an embodiment of the invention. where the projection of the object
will reach the narrowest if the object 20 is planar and has a perpendicular orientation
to the detector plane 62 in the course of the scanning as indicated in outline of sample
-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

30  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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25 FIG. 5 is a flowchart 80 of the image processing of an embadiment of the invention
discussed above. For exemplary purpose, here we only show the fan-beam based
reconstruction process, howevér, this invention should also be applied to cone-beam
based reconstruction by any CT expertise. The dashed arrows shown represent the
general steps for traditional conventional CT reconstruction, which typically includes

30  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 paraliel-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

35  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,



S

[

di scussed above. For exenplary purpose, here we only show the
f an- beam based reconstruction process, however, this invention
shoul d al so be applied to cone-beam based reconstruction by any CT

experti se. J&%H%}gﬁgﬁd arrows shown represent the gen_erﬁ{

traditional onal CT reconstruction, which typica y | ncI ug

30 acquiring the multiple inmages 81, then transfer to fan-beam
sinogram of slices 82, which Is thengconverted to non-uniform

paral | el - beam si nogram 83, and then uniform parall el -beam sinogram
84, Fouri 8iMTectafiedhnical Repotth2005p dw érembatii@entfod thednventiano assentiallyi wiltipiet h

of these BPERESTE B-hirkd, st Rarsfos o it e sifddtih s 0a Bof % B
exanpl e Cmmelt@Utongm@phyparaﬂerhaahgnomnEB%Sa ﬂse@ uptfarey pa!rﬁliehblepme
f Conput m%g | 665 |

2999 nggdaﬂ}fgcro- a@E&%IF%Ht%Iﬁﬁ% nﬁ’orﬁ é%i&éndust Mng@%\g }hga{)t%:égtg\as Hﬁﬁ
Tong, 10 EovEAdes3bhcistingt betsoand rohtbaaiaRes ebhA SERETa® By
2005. | g @&e&@@@ﬁ'h@?ﬁ@hd&f dét&%h atgeﬁthm%nd @ESQbrbaloh o ofitletright Boundary

| mages 81 are acq U|re en transfer to bea smoram i ces

65 Do o o die et bousienistl Selablsh 5 /cHpTAbIP RS5Ol Wi a0} o i

83, fand tbqecl;tltuwldf @émr@aﬁmhlee;blebeamdeﬁtmpﬁg riaeNn@rowddd rojedtivm ividth B0, tiee

uni form e ea e bou

b o AT pssporna o B s nokiieh AOHARerIolP it PibhE Hihihe
e debectaldul@&8d asil nigteadined déf oodefinn thel Kporiet transfemdandrrecastitstivo trairix

B o8 b e b Bl B3Rlonsl i b8 S Sl NPYIR ppticlalociRli@Rbe il iftPa

reI ationshi’p betwe ectron w ect an

proj ect i oetdaiypeor Bigrangefne feﬁﬁ ang riohebavndariaranay be oiagted BﬁWGFW'Wm

the angl ge4ifoeRRPAANS forl-Ghifohf p&eRdIBbaYE dR@S ti on perpendicul ar to
t he detector pI ane nay be to caFcuI ated and determ ned 91, to define

the Fourier transformand reconstruction matrix f 92, with which the
r econgkr U@ 06A-D3demanserhiard grabhica hprebentatioprdd clittrerd slepuey detetthimingwinbh
a certain._error f ngar. :
extracted af‘giSrfﬁ f'h%‘efoa{?ﬁﬁaiﬁ’{aﬁ@;%gﬁﬁl Stri{b%daat éghg\P'I' 'ﬁﬂén@?f ":'Jﬁ&fomcgﬁmh an
paral | el leamoedidend. ofl eFrGentimn. - DAtRintes neaewesy ploigplinc vidth 60 and its

represent %h@ﬁoﬂﬁmg drbe&RRtandice AR tﬁ{taﬁ@& 8h&NBiLa0 ohidhatioR M ke bRt oM

bt d
Seth e LR o LR TR O R e
60 an?wt t She GRt rn%;ié@h ﬁ@yrmt@ ?fcahmtba@éd aﬁlgi@ecahmn@lﬂﬁétvaiedlgutah_etemthumthe
orientatl e 0 ec om . t
r eal scanﬁﬁ?‘?{g‘;@é 5?9”%8 i Burgier; 9fe 8[)'["5@% rﬁ érgoquigese B L&h% v@ﬁh R

first i magsgmpyifiiee 84 ivayaisdounddswidg tre ma‘ﬁ@wsefanmwtgn witttle DA, 6B where

Jangular sfap) o%fagmt Elﬁmdérgq% it BOLRBAURIL bR sAHARRA right 1 BolriTeaEs 106
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shows 84 |mage 112 in this example as having the narrowest projection. This may be

25  represented, where for example a 1-degree/per step is used, the scanning start angle (the
angle for the first image) is then calculated as [90°- (1°/step)*84step+1 degree=7 degreel.
The 7° angle is shown in FIG. 6C on the first row of the sinogram in this example. Then
the reconstruction shown in FIG. 6D may be conducted with a start angle of 7° instead of
a default angle. An alternative way to achieve the purpase is to rotate the sinagram so

30 that identified projection with the narrowest projection will be shifted to the 90" place in the
sinogram and the 0° projection may be placed at the first row (the reconstruction start
projection).

FIG. 7A-B show another embodiment to determine the namowest width of the projection
35 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



exanple, if the 84th image is found having the narrowest projection
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reconstmctlon matnx. e separation 1sgjgét as sumﬂe and gtn—%}ﬁtfomard as to display the
layers along one dimension of the reconsiruction matrix.

55  FIG. 10A-C describe another aspect of the invention. in general reconsiruction, the
reconstruction matrix is an n x n square matrix 152 as shown in FiG. 10A with.equal
divisions on both dimensions. In an embodiment of the invention, an object 150 may be
reconstructed with an object area that may just compass the planar object. With this
configuration, a choice may be mads of either a) retalning the mafrix size, which leads to a

30 higher reconstruction resolution in thickness dimension, or b) maintaining a certain
resolution but a smaller mafrix size, which leads to a greatly shortened reconstruction
time. For example, FIG. 10A is a reconstruction matix for general oblect 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, {he size and

15 thickness dimensions 158 is less than that in another dimension and reconstruction fime is
shortened without degrade to the resolution of the reconstruction. Reconstruction matrix



the voids 146 in the adhesive |ayers 144,145 separately,
respectively. In this manner, the 20 | ocations of the voids may be
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i with respect to the rotation axis 18, the ftilied angle f may be calculated using the object
25  projection plane 184 shown in FIG. 12B, at the identified angle through any of the various
common boundary/edge detection algoritims. The image matrix 190 is shown in FiG.

12B and the object cross-sectional image 196 perpendicular to the rotation axis is shown.

The object is now recanstructed with a preferred orientation, the filting angle 182 may be

measured as the angle between the detector plane 182 (one reconstructed image

30 dimension) and the reconstructed object plane 194 that is perpendicutar to the rotation

axis.

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
35  angle determination. The former may just provide an approximate estimate of the real
angle because the above desctiption and mathematical expression are worked out and
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It is to be understood that the embodiments, as described with respect to FIGs. 2-12B, are
25 for exemplary purposes, as many variations of the specific hardware used to implement
the disclosed exemplary embodiments are possible. For example, the functionality of the
devices and the subsf/stems of the embodiments may be implemented via one or more
programmed computer system or devices. To implement such variations as well as other
variations, a single computer system may be programmed to perform the functions of one
30 or more of the devices 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
advaﬁtages of distributed processing, such as redundancy, replication, and the like, also
may be implemented, as desired, for example, to increase robustness and performance of
35 the exemplary systems described with respect to FiGs. 2-128.
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wi dt h) which corresponds to the orientation of the object
cross-section perpendicular (or parallel) to the detector plane.
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i0 All or a portion of the exenplary systens described with respect

to FIGs. 2-12B may be conveniently inplenented using one or nBPCF/SG2007/000104
gener al - purpose conputer systens, -mcroprocessors, digital Rdcefda 9 October 2008
processors, mcro-controllers, and th'e1 | i ke, programmed .according to

the teachings of the disclosed exenpl ar'y enbodi nents.. Appropriate

software may be readily prepared by programmers of ordinary skill

based on the t@sdM8ngs 15 of the di scl osed exenplary enbodi nents. In
addition, the exenplary systens nmay be irrpl enented by the
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orientation ofth C{}E ,ects, reconstructing scanni into
reconstruct ed at 8T H"4LESPRance with the scanning start
orientation; and using the reconstructed data to create a vi sual
expressi on repr esanhatddweciah 1 vihbrein elajoBjedt ishiprna®bRAPr edet er mi ned -
orientation regardl ess of the starti ng poSi tion of the CT scanning

position. 2. A neth “@? object is pl anar
object. .3. A'net "qqho °t 3571 o ewﬁ é’ﬁﬁcqf”ﬁ' ‘?BBBT{QI*?{"GW?@F"LPHB@“'%n
i nternal planar st r uct ure.

g 4. A method of claim 1 or 2 wherein the object is a planar multi-layered ob;ect

5. A.method of claim 1 or 2 wherem the objectis a multl-layered object with all
~ layers being parallel to one another.

6. - A method of any ef lhe precedmg claims wherein the projection angle is
“formed by a CT scan beam between a source, the object, and a detector plane of a
o detector of a CT scan system used to generate the CT scanning data.

7. A method of claim 6 wherein the predetermined orientation is either paraliel or
“parperdicular to the detector plane, and an orientation of the object in the
reconstructed data is aligned with the predatermined orientation. -

T8 A method of claim 7 wherein a narrowest pro;echon of the pmjechon width is
. perpendlcufar to the detector plane
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4. A method of claiml or 2 wherein the object is a planar

mul ti-layered object. 5. A nethod of claim! or 2 wherein theP6lS#2007/000104
is a multi-layered object with all |ayers being parallel tdRegpieed9 October 2008
another. 6. A.method of any of the prégeding clains wherein-the

projection angle is formed by a CT scan beam between a source, the

bbj ect, and a detector plane of a detector of a CT scan system used

to generate t he. CTAQ@&JnﬁPfrF@"m&Maefefv the amewebiodojzstiorcdf dierpragectivneridth n t he

or edet’er m ned ©gdtamingd byQfentiffinga firkt@bunpay 8did &) aff a seRRl paRGdrEelipget t 0 t he
letector pl a”%faaﬂ%ds%Braﬁr&%gﬁ‘écgﬂm@ﬁat%%d Qétr%&lri;? :t]t% J’rstﬂﬁoundatr}é gata o

econstructed data 1's”a e er en
A et hod of clS§t ™ “'\ft‘ﬁé?‘ﬁ‘ (OUdRY 9713 Retp dB‘F'B]"e’CW BRiegion pith fﬂdotf‘%ctl on
M dth is perpesidlioudngle. t o t he, detector plane. Anended Sheet - .

- EPEA/ ATl - . . PCT/ SG2007/ 000104 Received 9 October 2008 13 9.
A nmet hod of cl.gim
e onl (d;:' Rmy gtgf'rcr;mwgh%@ttgeeﬁ&t,?%e.lcﬁ%go?ttegtobec&%gndm data
set and a sec ﬁaB’E’i’{?ﬁ'ﬂal‘”ﬁgmc%lt"ﬁp@@%hm'ﬁPt‘Tl‘ﬂ"PP"éprgJF?PB@V“ﬁWt"B'?’e P‘?‘ﬂé"@l’

scanni ng dat a,mamums plgietieet wigly quive Hdnt. sandbthaneteiegiodaidih cgme Foinbm t he.

second boundarspretabitaa paitiod of tdabreyri ne the projection width and the
proj ection angle. 10. A nethod of claim9 wherein a projection width
curve for the roj ection dt h a rojection w dth curve point
hat 5 i o eR o SR e PR ATG: e g Polas e e

proj ection wi @eFpcimiEh quoemeint wath arojestien wﬁth@pfecf}trp@iwlammhﬂnstew% poi nt
rdapresents a position of the object. 11. A nethod of claim 10 further.

bgml \?v: ng cu gyeCfA tntm&ﬁof%tnhwmq?ezrc&tprts:h@curw ﬂhr@%?w%e%ﬂ%n@‘hgpr ve
,& met hod of pC|§iP 48?% e"‘staI"F"FFj ﬁ‘Brpfoélc?'? W"#’b?%e‘?‘tr?t"l"?t JS‘H‘P’P\%gei’des of
- anot her  poi nta focHelgiegsegndanals, P@f’rﬁatcwe““pﬁ@f"é&iet‘ta@ﬁb%ﬁ@it’mth%ﬂ'ﬁ‘ve

poi nt with prejgednddn satat bngledataerhine a stating dngke iofnte RcmeworRddangl e, and
cal cul ating an angle val ue based on the flrst angl e and the second

angle to deterfin rt|n reconstructed data., 13.
met hod of any %1r eea etﬁ aﬁgﬁq ‘g?mﬁ' “thﬁre'" éﬁ%ﬁ?ﬂ? s at é‘?cfr%e{f ‘

received f rofﬁ”&aﬁ %@@WHFW&%W@W@JM*%%@% afpgigleh bepm pggPce, a .-
paral l el bearmmmne—eaam source. o

14. A method of any preceding claim wherein the CT scanning dat_é is received
from a fan-beam CT scanning system, and further comprising converting fan-beam
projection data into paraliel-beam projection data.

15. A method of any preceding claim further comprising reconstrugting the CT
. scanning data with a first reconstruction matrix size, or second reconstruction matrix
size, the second reconstruction matrix size is determmed by an area of the object

and the object is a planar object.

16. A method of any preceding claim further comprising calculating a tilting angle
of the object with respect to a rotation axis of the ebject.

~17. A method of any precedlng claim wherein the CT scanning data comprlses a

.'projectlon Image, a step number and an angu!ar step snze

Amerded Sheet . . .
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@r a ‘cone-beam source. 14. A nethod of any preceding clai mwher ei n

the CT scanning data is received froma fan-beam CT scanni ng $§J/¥3007/000104
and further conprising. converting fan-beam projection data gmwedgoctﬂberz‘ms
par al | el -beam_projection data. 15: A rqé'frhod of any preceding claim

flurther conprising reconstructing the scanning data with a'first
reconstruction matri x size, or second reconstruction matrix size,

the second reconstruction matrix size is determned by an area of the

obj ect and t hes. objageppatatusdor PécdmBliciOdr@6hpuldd tonfdgBly0d) $2hnnig Yiata

precedi ng cl ai rising calculating a tilting angle of
the object w tﬁpaw Lg%ém;&gﬂg rotation axis of the obvjbeect 17. A

met hod of . any precécTP‘ﬁ@e for ggnraliigct REpiFPtip BeaETiosoanE Rp Shifch “EYRPr i ses
a projection thewmgening ispermedibra &hdeamingpgsifoarthd tispdes 2 starihgended
pheet . . JPEAGHS;. . PCT/ SG2007/ 000104 Received 9 Cctober 2008 14
18. An apparatus fgr térg&ﬂ?ﬁ%hﬁk ana r&af.n&?\”EHéc‘?%ua \%'HPW é‘&w (CT)

$canning data of an nerating a

proj ecti on beam f of d§’€‘§?frfi’"n‘éf‘el"w@ ‘B?)P@E\? thevﬂ‘FE’F@i ‘F‘?"e“t"}siem% 85r?ﬁ?"ﬁ’@9| s
performed w t hdata BF thecHrsranniga gaizintlidgn atslicatof thaediasties! a starting .
posi tion; a rotaryaghidssiratiat (PEHHidd G ;ﬂé}@l:nérmnath irdpBestiRivO B £eriysiel at i ve

{o the beam a.gdelector 4 or .nqﬁa %EcE 9@ dgtge(..)ds&rﬁggo%t
receiving the CI scanni. n% ? d| ng a
slice of the. oBfigden wiy¥ip ﬁr"6°ée§§°§'o? N i ef' ‘?‘Eﬁe‘ﬂ |pf°f"‘8'§’“ g%? ection-

M dt h repr eserdstrmioea srnningsttorientdtion df dhwtobied. (df reqongrutts Bip &G tscanning he
s{I ice of the (dhtasittarsebidguatiatiata if ddcgrdahod wiesRathhglshea origikAApreaihd @m wi dt h

M th a proj ectson,anglRndks 9515 ﬁ:tc?éite"&\ﬁshaﬂeﬂﬁj]s%ﬂeﬁ%één{%{b W L Bridc®

let
oot T ocrs aahet headkiitined ' Rlo" | iPEere e SALEY S Ak MerCT

accordance wi t3eminggegiiehng start orientation, and (iv) uses-the
econstructed data to create a visual expression representative of

he object hayi ngA@adaérQQ%f%fal?ﬂ Me@fn'tl%‘ﬁbﬁ&t':%lén@%fe@ﬂ ess of the
start i ng posi tion of CT scanning position. ...

Hh——t—=q

20. An apparatus c:f claim 18 wherein the object includes -an mternal ‘planar
) structure

21. An appar“atus of claim 18 or 18 wheréin the object is a planar multi-layered
object.

22, An apparaius of claim 18 or 19 whersin the object is & mulfi-layared obje_cf
( B with all layers being parallel io one another. :

23, An apparatus of any one of claims 18-22 wherein the projection angle is
" formed by the beam, and the beam is between the source, the object, and a detector
plane.

: '24. An apparatus of claim 23 wherein the predetermined orientation is either -
- parallel.or perpendicular to the detector plane, and an ofientation of the object in the
-reconstructed data is aligned with the pradetennlned orientation.

- Ahended Sheet
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9. An apparatus of claim 18 whergein the object, is a planar object.

0. An apparatus of claim18 wherein the object incl udes -an i RGY/HER007/000104
dl anar structure. 21. -An apparatus of claim 18 or 19 wherei Retefped 9 October 2008
dbject Is a planar nulti-layered " object 22. An apparatus of claim 18

dr 19 wherein the object is a rrultl-IaVered object wth all layers

bei ng parallel to one another. 23. An apparatus of any one of clains

18- 22 wherei n 23)e phepeedtnsost ciimg € whaein boamaestyyojedien bicherpropntibnt he

hHeam i s bet V\ee@!dﬁikgepe%hm&,%rtotﬂ{geae@gbrep%e and a detector plane. 24. An
gpparatus of claim23 wherein the predeterm ned orientation-is either

fdaral l el . or perpendicular to the detector plane, and an orientation

df the object.24n therrarasohsieimaSvedretidianirswest P@H@G“\ﬂﬁ e Projgetion

gr edet er m ned widiheNdebirmiaad by. idehbpingl e drsSivestary datal seEsd Aldecond boundary

FICT/ SG2007/ 000444 oo R & Slodfartlch §ET 20MfAng 1Bo25ha ABrRRRAEALIE OF
dl ai m 24 wherejn ‘flﬂﬁ“?r

owest” projectio
er pendi cul ar " aéae?egﬁ?’Br"Pepﬁég?{"é b°'f@awﬂﬁta§5tpt§rd5{emneo£ Bmlgft}?{‘ 25
her ei n t he natifbaedite peiefiecendsn of the projection- width is
etermned by identifying a first boundary data set and a.second

oundary dat ayset A%sdarams%f aA;M%mg?eﬂf &J&.&’%&ﬁaﬂw fB:gthéj j@m@nd
ubtracting the first

ata set to de"t”Idt Mha pf%ecyoﬁr%‘f@e((? o ?lo'n%?"afﬁsh ml"'&”fnﬁ’mjec?m o @lcgrr‘{e angl e.
7. An appar at Rt gfa rﬁﬁ"ﬁ?%%ewgi‘ Fing e pRies Qfﬁe‘iRP'H‘t“H G'EIY‘V@"F or the
Qroj ection wimprasehiag pesitonof isedhieon Wi dth curve point that is a

m ni mum projection wdth curve . poi nt or a maxi mum proj ection w dth

qurve point, %d t R?ar?r ol s o (I:Iagrg Znger II'1 eﬂgglja:[}%fﬁ Cgﬁg ﬁf?n%% ?Cﬁﬁ

position of the ob

Qrocessor appl ¥48 fﬁ]? W@feFtIWf"qug‘:“fVG pB‘B‘t‘ﬂ"“ pﬁl‘?&@é‘ igth t’ﬁ%f%f’ﬁ‘f"?&‘t‘q dn

Wi dt h curve pdisiengid.t h projection width data for calculating a first
Ingl e. 29.. An apparatus of claim 28 wherein the processor applies

d

qurve fit t I ng }90 leli Qpparatus of claim 28 wherein the processor apphes curve fi ttang to both
' sides of another point 180-degrees apart from the prqect:on width curve point with
pi‘ojecﬁé‘n width data for calculating a second angle, and calculates an angle value

=0T

NO (DT O

based onh the first angle and the second angle to determine a starting angle of the
reconsiructed data

30. An appartatus of any one of glaims 18-29 wherein the source:is a fan-beam
.. source or a paraliel beain source. ’ ’

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

" 32, An apparatus of any one of claims 18-31 whersin the processor reconstructs
. the CT scanning data with a first reconstru;:tfon mafrix size, or second reconstruction
'm_atrixisize, the second reconsruction matrix size Is determined by an area of the
object and the object is a planar object. c - SR
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si des of -another point 180-degrees apart fromthe projection

curve point with projection width data for calculating a s C\gdﬁglrlsmoomnomcs
angl e, and cal cul ates an angle value. based on the first ,an&%"‘%ﬁ‘l‘c?ocmbermﬂs
t he second angle to determ ne a starti;pg angle of the reconstructed

data: 30. An apparatus of any one of-clains 18-29 wherein the

sourcei s a fan-beam source or a parallel beam source. 31. An

appar at us of Jfy doNePPBrraRe & Y OB SR AR whereiA dherocessaniicHigeat a i s

recei ved fr omtiting agleléheavifEct wittamiped ¢p ssyatopnkis aftok dofeet pr ocessor

converts fan- beam projection. data into parallel-beam projection

data. 32. An parat us_o Yy a

pr ocessor recggstrunc?p ara{uﬁ & gr(':ea?mla(rf{rg’; W3 W&T?'Whe ﬁ?%af'"mg Gata
reconst ruct i o°PTRIEFS 3Prefpgian i '“6‘9"— 3 &b PHINPERRNE A8 ERAYET HeFZemat ri x si ze,

t he second reconstruction matrix size is determ ned by an area of the
obj ect and the object is a planar object . , Anended Sheet |PEA/ AU . -
PCT/ SG007/ 000104 Received 9 Cctober 2008 16 33. An apparatus of
any one of clainms 18-32 wherein the processor. calculates a tilting
angle of the object with respect to a rotation . axis of-the object 34.
An appar atus of any one of clains 18-33 wherein the CT scanning data
conprises a projection inmage, a step nunber and an angul ar step size.
Anended Sheet- ......... . | PEA/ AU :
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