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taken from the same patient (lntra -patient), at different times, under different

conditions, or using different imaging techniques (modalities).

[0004] There are conventional techniques for registering brain images. For
example, three dimensional (3D) brain images have been registered by aligning
their centroids and principal axes, or by surface fitting which minimizes the
average distance between the contours extracted from two scanned images.
However, these techniques provide unsatisfactory results when the scanned
images are incomplete or when the directions of the principal axes in an image
are inaccurately determined (e.g. because of artifacts). In another conventional
technique, the images are registered by aligning imaged anatomical landmarks.
However, sometimes it is difficult or impossible to detect accurately anatomical



[ 0005] Accordingly, it is desirable to provide an
alternative registration technique that can provide
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cortical edge. The reference slice may be constructed from slices of the image
that are parallel to the midsagittal plane and within a selected distance from the
midsagittal plane. The distance may be 2 mm. The reference slice may be
constructed from the slices of the image using maximum intensity projection. The
images may include brain images of a same patient. The images may be of
different modalities. In particular, the images may comprise perfusion and
diffusion images. The alignment of the images in the coordinate system may be
adjusted to match corresponding ventricle regions in the brain images. The

alignment adjustment may include selecting a volume of interest (VOI) in each



The ventricle region nmay be determ ned by, at least in
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accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In the figures, which illustrate, by way of example only, embodiments of

the present invention,

[0011] FIG. 1 is a schematic block diagram of a computer, exemplary of an

embodiment of the present invention;

[0012] FIG. 2 is a schematic top view of a human head and the midsagittal

plane;



[0016] FIG 5B is an axial image of a DW brain inmage
of the patient; [0017] FIG 6 is an imge of a

wo edosnezce slice for a 3D brain imge of the Pper/semn;/000188
determ ned according to the process of FIG 4A; [0018]
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TAI DESCRI PTION [ 0028] In overview, in a method
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[0021] FIG. 8A is an image of a reference slice for the T1 brain image of the

patient;

[0022] FIG. 8B is an image of a reference slice for a T2 brain image of the

patient;

[0023] FIG. 8C is an image of a reference slice for the DW!I brain image of the

patient;

[0024] FIG. 8D is an axial view of superposed brain images of FIGS. 8A and

8C with their reference ellipses aligned:;

[0025] FIG. 8E is an image of a reference slice for a CBV brain image of the

patient;

[0026] FIG. 8F is an image of a reference slice for a DWI brain image of the

patient; and



i mages in this manner can provide satisfactory initial

al ignnent of the brain inmages for further processing
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i nvention. [0030] Conputer 100 has a processor 102,
whi ch conmuni cates with primary nenory 104, secondary
menory 106, input 108 and out put 110. Conputer 100
may optionally comunicate with a network (not shown).
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either volatile or non vol atil e, includin
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computer executable codes and data.

[0032] Each of memories 104 and 106 is an electronic storage comprising a
computer readable medium for storing electronic data including computer
executable codes. Primary memory 104 is readily accessible by processor 102 at
runtime and typically includes a random access memory (RAM). Primary memory
104 only needs to store data at runtime. Secondary memory 106 may include
persistent storage memory for storing data permanently, typically in the form of
electronic files. Secondary memory 106 may also be used for other purposes
known to persons skilled in the art. A computer readable medium may be any

available media accessible by a computer, either removable or non-removable,



I nput 108 may be used to receive input fromthe user.
An input device may be locally or renotely connected
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[0036] It will be understood by those of ordinary skill in the art that computer

system 100 may also include other, either necessary or optional, components not

shown in the figure.

[0037] Memory 104, 106 or 112 may be used to store image or computation
data, calculation results, or other input and output data used in the registration

process.

[0038] Memory 104, 106 or 112 may also store computer executable code,
which when executed by processor 102 causes computer 100 to carry out any of
the methods described herein. For example, the computer executable code may
include code for determining MSP in a 3D brain image; code for generating a

reference slice for the MSP, selecting points from a cortical edge in the reference



or nore of the described cal cul ati ons or functions.
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conmputing circuit. [0040] The 3D brain inages that can
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[0041] The images may be represented digitally using intensity histograms or
maps where each voxel has a corresponding coordinate and intensity value.
Image registration is a process of transforming different sets of data for different
images into one coordinate system. The different images may be taken from a
single patient at different times, under different conditions, or using different
imaging techniques (modalities). It is desirable that the registered images are
aligned properly so that the volumes of different images that represent the same
region in the brain coincide in space in the coordinate system.



commissure in a brainis illustrated in FIG 2, which
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10041, 3 a8 MasesiReSq rasiptared Aegrdin tavedesEURgdn process
I : i t .
SA0TRIL ORI, £lereRibg) o oAt or R G5B fonton

3D image can be represented with, or can be divided
[0046]t o, Far thamueposss efdlustrationsariccdsscribify PRSI A6

PCT/ 07/ 000188 canned 3D i e is also. typically
ass P MRIIRG T JHPt AP A CuaisEs o' riientmodgiiied Fasithe shme
patightaireso bel regRtaretn RdrexafRie th B £R94S

and 5B showgexen'pl ary aximfjﬁJ [ rragesﬁgég% WO %D \Mgﬁge efithe
samgerRajiegt may be co-registered according to process S$400. It should be
understood that process $400 may be used to register more than two images of
the same or different modalities, and for registration of morphological and non-

morphological images.

[0047] At S410, the image data for the next image to be processed is obtained.
As can be appreciated, the image data may be provided in an electronic file and
may be stored on a computer readable medium, such as on secondary memory
106 or removable memory 112 (shown in FIG. 1). The image data may also be
obtained from an image database stored either locally or remotely. The image
data may be provided using any suitable data format. Typically, a 3D image can

be represented with, or can be divided into, a number of parallel slices. A



of a patient which are to be co-registered, where the

image in FIG 5Ais a Tl inmage and the image in FIG
woeBwssr7DW | mage. [ 0049] The 3D i nages may bBCT/SG2007/000188

initially represented in the same coordi nate systens

sl B DRSS rebfgh BEdfLs mages o

parsiel glames (dlRes)mthbembyedsupjgted i nto the same
coordinate system before further processing. It may
nt for the | ater  processi ng when the

[0‘%4%& ﬁﬁ%g%\rag%ﬁé%ﬁw PYemREng vl toaees AbMY shdiraifsimages
of 4 Bgﬁéﬂt v@ﬁlc@?? to b8&ol %?er@@t ﬁ/hfel\/géptﬁé“ﬁnﬁg fneﬁb '%ea T1

IS process dete
image ardthe lnmgmlncﬁjés 5B0is ai@b/%lrlmageng t he I\/SP |n a
brain i mage nay be used. For exanple, the MSP may be

002 g e G A
syserab iop i diferdid RPdinER6ABTems. HNheY aré'm:tlalﬁnﬁép%@hted in

‘Locating a md- sagittal plane" and published
differané seprdinate Rystems. aey. iryebe Hrapsfofmesintertbe same coordinate

R S U AR M
protéssihg whe%dhsyﬂ‘ﬁgeé)are fepreBoited iNth&S43Me codrdineite B¢stems.

slice is construct ed for the MSP. In one enbodi nent,
.USi n maxi mum

f J t
100Bff o &t SA28s g naibttaior B e dMegR I BEbIaSEEE o of
detéfRinke RS eI’ViSF’Ehﬁ tﬁH i%aané h%@uﬁé@b%@@l%:&ﬂes ﬁfr‘é%t?t:mlﬂmg the

such as fromt a reference slice I's
MSPdn& br@m tr@ag%nmaw@ wsed. NBP.exame] the MSRumbg bedbcatied using

conly BRG] bEianeE el e YeeBhigh & deubbitin PR gl
aprfﬂCéﬂic&ﬂp&bllden\WQ/Z@WQMZWt@KNtéteaﬁxérﬂﬂledo‘i_ocatm a mid-
inter-hem spheric fissure which can be different 1or

sagial planenandgadliseed Onﬂ@mbﬁ&éﬁ ZQQFB B¢ cpatenss of which are

e HpbRAE ol B Pk SR BB Sl bl ld fane na 30
Cartesramnmndinaiesim the ﬁommtAmei-Bw(Bze@@rmii ng pi xels of the
selected slices. The construction of the M P-MP may

100$f), PeAL 82T % ferchad SRR 1S souatasted T rhtrr]\ieckﬂgp UGS
emdehﬂ‘n%ﬂt C’lh@‘?@@réﬁt@ sl%si@'c@ﬁsfrﬁct@é “ds‘?rfg’ nﬁ%ﬁhﬁﬂgﬂﬁtan{;’it?EE

Trans. Med. |mag., 1989; vol, 8, 97-30
prowﬁmm@ﬁtﬁ)zwime scam&dzsi@:asaﬁ@h@snaga thatearatwithin a distance of

sev <r%ihﬂ11/ %lﬁé‘;h 3@5 rﬁr%d 'fr%mo{r%/ N)féﬁ /g/h Xh are 'r%gg %Ilcey i re?érred to
as the MIP-MSP. Briefly, a number of the image slices that are parallel to the
MSP and within a given distance from the MSP are selected. The given distance
may vary depending on the extent of inter-hemispheric fissure which can be
different for different specimens. The pixel intensities of the slices are projected
on to the MSP such that the intensity of each pixel in the MIP-MSP equals the
maximum intensity in the corresponding pixels of the selected slices. The
construction of the MIP-MSP may be performed using a conventional technique
such as those disclosed in Wallis J.W. et al., “Three-dimensional display

in nuclear medicine”, IEEE Trans. Med. Imag., 1989; vol, 8, pp. 297-303; and



contents of each of which are incorporated herein by
reference. [0052] An exenplary reference slice 600

wa@oeousiozci ed froma T1 3D brain inage is ill uBtT/86BH7/000188
in FIG 6. As illustrated, reference slice 600 has a

carti . . . o Loutline of the
ol o R R e SR AR ERL e itefrpie g™ the
contertts bheaol of idir atenincorpoeateddrezeinl by raleemcaot have a

perfect geonetric shape, cortical edge 602 in the

[0052} ¢ B eTinigRs et i B0D FonECeHdarm b 3D brain mage
is ilasFERRGNtIEL, 6t hes mubirR&RS reler r?é%dstliﬁferéﬁﬁ hda %&f@&gabe 602

d
I mages shoul d have approxi mately e same ngj or
thatfepegsenis the outline of the edrteynoiiletimaged brpineis the AISP. While the

] fit tive cortical edges,
outPRRSIHE BEAR o dertera o SeRFanite ForasE GoomRtcstiape,
cortimabpegé B02lin gine tefefdHieHlic el s Sproximatédby an ellipse. For

reference ellipse is determ ned fromeach reference

diffegphiimagesgine samsmpatisiidémayrhe assmeditbatdheelipsesalerived
i i s ine: ti dge. .
fronkfhd At PEGES Mo Kl e B FR e g pinor

axesuiTheb) ly aligning tierelipsed treatmppesxineité Yorefit) thrcteshbBétive cortical
ventional software packages

. F l.e,
odgf. i dinaost cor e i dhe ASToR, magees <n B rondrAEHoTeFor
Brain Surface Extractor (BSE)TMin the BrainSuiteTM

[0053)f t VEtigrefrE k08440, B IfbRNds adllif R i@%fe%ér%iﬂgdtf n egch
cortical edge. Further details of BET may be oung
refegaficerfdicat <http://citeseer.ist.psu. edu/ 492470, ht i >

and further details of BSE and BrainSui ge/ may be
. : . > .
1005 an i iR BlmicHs e foRirBHOE i 5 51 Bfeeiaste B etggmine

the cortiealesdge. TIOBSIticEhedgetan aaRakedi AsBuAlR GeighFERGT
cortical edge of

. L ) [ fi h
S“'t%sbg%tar%%téﬁ“l?ﬁ‘iﬁ'%%%%’?%ﬂ%@%@@% (FM]FW&XW%I e,
ene . ] :
comieREL i bl i ghe LS cr 4 e B ERMLA RS
(BETH" om BrainzSyiface Extraeipr (BSE)¥eid the BrainSuite "abfwars paskage,
S B4 et e, PGP ey b founa

onlineedtt €t/ ltoscBRispsARHUMIVAT70, RKES MRCFukRE} B8R YF BSEand
avoi d i naccuraci es caused b/}/hl naccurate autonati c

Braimy uitenmayyae tesindamlinedjeshtipi/farsinsuite usceaiu’s dhe cedtpnts of

H'5e, Ly, . The fitting nmay be

eac per‘?’@rgpresaggE@éoﬁgoﬁg&ggl’%'apgde@ﬂﬁﬁc%oi nts 603 (shown as
crosses in FIGS. 10

[0055] The reference ellipse is determined so that it approximates or fits the

cortical edge of the brain in the reference slice.

[0056] For example, a general elliptical equation, such as in the form of Ay? +
Byz + CZ + Dy + Ez + F = 0 (assuming the MSP is in the Y-Z plane), may be
used to fit the data points on the cortical edge. The ellipse can also be
represented by its parameters: coordinate of the centerpoint, major and minor
axes and inclination. To avoid inaccuracies caused by inaccurate automatic brain
extraction, edge points on the cortical edge may be selected manually. The fitting
may be performed using the selected edge points 603 (shown as crosses in FIGS.
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WD 2008/ 002275 PCT/ S&G2007/ 000188 6A) on cortical edge
602. Theoretically, the m ni mrum nunber of edge points

weods/noragui red for each image is 5, as an el |l i pEESGz®7/000188
five degrees of freedom A smaller nunber of edge

oA A, LSS b A s s

reqsmécﬂ @i eachl indgerig S, ascart dipsehes fied d@@g@sp@ﬁ fiésdom. A smaller
Seéjae sufficiently djstributed such_ that an

”“@P?r (Bﬁ % ROlpts RY rewiee lesg Cony eIt diRweyerthesumber

of sbhﬁ: é@bﬂgé%lrﬁggﬁo IHrbé)éé‘l‘ﬁE? f‘ﬂ}' ! e'%ﬁﬂ ﬁ%%lé(?ﬁ&%dbg"ﬁomts

t
o determihe an ad equate re
ShOhllﬁn’b@ ﬁuﬁmlﬁé|vﬁ$tabu@d®IMBt an @ﬂ][ﬁ)sbdrt t@ﬂnﬂwselentqqieedge points

15.. Th d
appfitaed febboriERdasy 1nele & s fesn R et i dbtefmine
an adeyene referatecellipde, TRY nb%tﬂé#‘(ﬂ%b%@édiédgé Po‘rﬁ§ 6@§9§r each
poi nts are dj stributed over the entire cortical

'maaﬁ $henld br at lgzst 45+ iThe edasr peipts wgy die lpﬁ@ﬂedobetg/eeneore-
seléd’té’d‘?r@ht@%ﬂd gﬁ%lr?‘ﬂ‘af @élﬂlgé){)é ltﬁeg goré%@ 88@%}9 Il]tﬁﬂ‘gg%g ERPtageous if

the gdge rp@Ilnty aee/ drﬁtrybtttedtdvebﬂ‘teednth‘etcoﬁtr &al edigesfid éficlose the entire
the cqrtical edge that have a | arge

CO”% r 9%'9&"% uﬁj'HQ% oniafSEW: eRsRital cartlceﬁoulﬂtsgmﬁ]em@dlments it
ma)ﬁ@é fa'dQéhta@@Sﬁs e *é%lg%?p diftsefle ! gg:%@r%\é@ﬂ gl&r%lﬁ?d but are

here is Sufficient utati o
deng@m@ seotiens ohtht cortinall edgeathat baveraylargeecurvature. tiakeme

cortical iS acgcura det er m ned.
emtiliFERtR, Bl otin o5 theeortice) Sop sy BE SER e AR edge points

wherrthefaR! sufi@ientcaingutalien ¢8sdureal edge in the MSP to
ei ther expand or shrink. To correct for this artifact

effect, the follow ng procedure may be taken. Axi al

[0054]; ¢ J& ' sime rases askliprakmpassres eyl ryep@idtqbe takeatte emsure
R o e
suscmptd:)dﬁky attifadts ane qmuselthelcotm;aﬂ bdgein tHe M@P td éittsered@ahd or
EF Eraln % .2 the axial plane is
shriffe " £5 cBrechfor oS il sl theolllawoamcafiuea meyihsedaken.
Axial Bﬁc@%ﬁhe@cbhﬁéﬁ lﬂf@%é ard 'éﬁalg%ﬁ& 1§ %&été 3l e eld@e IF%ach of

axial slice is determ ned manner
these@xialisdicest Asris nanventionial, tdmalrshi:es fma @rahllmage refer to slices

that 8FE BplqTRD 008 Fral gt uBhsverp Sl pBRe ot iie biaindin Fige d thadwaial
planes€papdlle| i eyt ﬁié'n@? FBHa rﬁéklgf%llc%n q?éJQkIEF &lipfe that fits

the cortical edge in the reference slice
the gpitiealrdgeny the @xneés@aamiﬁtetmmpéesm@r as rea vBmndrtsimilar to

i, ncl hese nd_poi.nts
the qes[e?h{ﬁ%t'rmnner Fetq%'%nggﬁmpfgt %es&"ﬁggt aboXR- rgtgggaand
posteAe5EdinRoofithe etllll’psteben ‘ﬂﬁééd &3ak| $ikas dre d’ek@rrﬁlﬁé@ BRABGRed as
sljce are sel ected hetwee
the (anterlor and posterior) end points of the cortical edge in the reference slice for
determining the reference ellipse for the MSP. That is, the cortex edge points

include these end points. In this manner, the artifacts effect can be reduced.

[0058] Points on the cortical edge in the reference slice are selected between
the orbito-frontal and infero-occipital point landmarks. These landmarks may be
selected manually. The points on the cortical edge of the brain can be selected
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the orbito-frontal and infero-occipital point

| andmar ks. These | andmarks nmay be sel ected manually.
wab@spai2nt s on the cortical edge of the brai n PemsSém07/000188

sel ected 11 WD 2008/ 002275 PCT/ S&007/000188 manually

il 14 P RS B U St B o o e
cortiexc |Ardautonsatgdenéthbt onaglrgiudd e arenteibrealgbrithn s
cortex tb§$ ons from %t her regions, as can be

Segmting: th $oFeX rpgioss iona piherdagions; as canbe yrstgssioodby

per§oyes Sk in@Rtart When the cortical edge is determ ned
automatically, all points on the cortex edge between

t he given |andmarks may be used to determne the
[0052k er knere emhosément, whamdhkerorica edigeds tetasined hatomatically,

Nt | | t. | t 15 ed
all (A8 AR g S RO B R PpiarRs ma g U o
deterefine ¢ine eefetdricesallipdd) 00Unother embeaintshtedaenRRé Bdge Points
e cortical edge are fit to an elliptical equation

t
are PEO%%@ granusdly+ pldeash 1-adem arings shedddrmasuplly selectrgsior
ﬁtﬁ,{gﬁq%i,g%rgﬁcg!ey@gggs to the data points nmay be
erforme

using any suitabl e techni que. Conventi onal
techniques for fitting ellipses to data points may be
[0060]ed, Theseledtethedde poinison doe codieatedbe dre fit 1o arz glliphical
. | "Di rect Least Square Fitting of _Elljpses,".
caupioflo §otarmng i corBPobeny iatears & Fiend HEPa! elipses
to tHeatal pcﬁﬁl@Qﬂ%iﬁgﬁpéﬁﬁﬁmd\&ﬁing éh sgﬁﬂble‘iééhrgi fe. C¥hventional

cgnt ents .O_f . are | nCO[ porate ereln
techniquasdipe Sttingoellagestinadata peinia crayebe iused, iBolding the technique

destid] FKE a6, PRetEL cart s PG o Ellpsesy JFEE
Traresdctio6® ®naPattern Andiydis antlM&dHIne Melilgena ,ema?fg ggggxécél. 21, pp.

el |ipse may not_be aligned with the coordina
47614@01’ 9{&6 wﬁ)é('%‘efhwa@hﬁﬁ@ incosperatedh herain by)refeirage.608,
610 may be inclined at an angle with reference to the

[006f3l‘a|°:r dritte R d| (?@f&rh@fe\(éﬁ&@{ Sllce % %I%Bﬁ’lﬁ.lssitr%ted in

defined in gl ven coordi nat e syste
FIG.&ndsrdgpidtad, ellipseo604hdsrE canter paies 666da higor axis 608 and a

i 4 590,95 e S M G o8 emrirt
axed iMCtheMSPABUBR Gk@h8®Yakis it FIGUB RlakEs W08 616 TRAF be littlined at

the Y-axis, referred to as the angle w th abscl ssa.
an anglgowith sefegames to thetaeerdinate axss (such lasrthenGgsis).oApesllipse is

redl : ' .S rocessed.by returnin
fuly (B30 S L d e S BAG el by B GEERH el bttt Rnor
axes and the inclination angle of the axes with reference to a given coordinate
axis. In one embodiment, the inclination angle may be calculated with respect to

the Y-axis, referred to as the angle with abscissa.

[0062] At S450, if there is any further image to be registered the next image is
processed by returning to 8410 and repeating the above described process.

[0063] If the reference ellipses for all images have been determined, the
images are registered to the same coordinate system by requiring that the
reference ellipses align with each other (at $460). Two ellipses are aligned when

their center points are coincident, their minor axes are collinear and their major
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[0063] If the reference ellipses for all inmages have
been determ ned, the inmages are registered to the

W@E 2008/0e20% di nat e system by requiring that the PCT/SG2007/000188
reference ellipses align with each other (at S$S460).

s are aligned when their center points are
axe-g‘gﬁfr??ddgﬁ%‘? their mnor axes are collinear and their

maj or 12 WO 2008/ 002275 PCT/ S&007/ 000188 axes are
[0064] | i Aeeralighoesnof Treselipsemnmmytbetarried aitlbyfiretalighing the

B N T N
rotdtivh ePoife élhﬁ@thgi!llps"e%té}bu%tﬁg cé’ﬁ‘l%dﬁ cé’r‘i’tbh pSHt' RA2%3n be

around the comon center #om nt . can
appipeiatad, a\tf@@ twighellipsesoaes ¢ tbg@@nw sizef thelrreahgmmmermmay also be

carfiflf bl By pAETRE i BYirte BB0E anfpRER eshY by BY ghiiy e foot
T e g i, ey O

feSl?%ag’eﬁj@q?ﬁet é@ﬂfﬁf %%'rr?éﬁiémﬂ\(%wfr‘t@' a@latmmhla wikht uhetq%respondmg
ellif< praserRdi( er%ﬁ'etb%%engﬁ& ‘?%@5’(\‘ Sebrl)r of f\/\‘fodrﬁé’geﬁssggt@é Sered

regi stration SO reg| ared
in tlmaameamoddlnateas;as}emma\rw goad guitial alignhexit, whichnmepfurther
fine tuned as descri bed bel ow.

f|neV@6%%Fs @%S&HB %E&f O¥%i tuation, the ellipses derived

fromdifferent inmages are of the sane shape and size

[0065Y ofn aMRIcsBRUSHdN, Wﬁ@e[ﬁ?ééﬁ@bﬁf/éa fro?rﬁdifﬂé?é’ntq g%btare of the
to the sane cortical outline in the of

sanysshang and sizer(Qe of the same§llrp@¢ n&ranmerfsb zasf Ectweare’ﬁheo the
t
saniEEER AR HEATSP Hfe sae BRRER, f0 PaicE; filk mayenot be

the daw.rThmMSRJdete‘mihﬁa fram differdnit ﬁﬁé?@s tbf/glﬁf@?éﬁtah??ahtles may
' es i fferen in

be et dus Tafho ted et s ditarcTieaton ot MSECambe afisted by
certel rpERlesttRE PEGH ITRT mel e8Py ety i A2GHE i Bitargnt
modaitiesr schtas MiMerith diffecentpedde sdquernssi Beobliai afdré @ﬁ@urate
st {3 e &bkl fielh i s Bd i mersirebiia okp o
coTES BRI A AR MSE Th4FE, e bl .

adhesi on gmassa internedia). In the brain images of
[006@]st lbaﬁns ges disqeveredhthat itteandve expeltted itioat the centsriiféhe

refef ce ﬁ’@sn tbthg'd? SR f‘therNﬁSPI ntde { tehl"rj}{erma‘l:amic
é&hes n ? hat

e ms
adhesion (massa lntermedla) In the brain images of most patients, the

interthalamic adhesion is visible. In some human brains, however, the

interthalamic adhesion may be missing.

[0067] To correct for the mis-alignment of the MSP in different images, the
alignment of the images in the coordinate system may be adjusted at S470.

[0068] In one embodiment, for each 3D image, an axial slice at a selected
distance, such as 25 mm, above (i.e. in the inferior-superior direction) the center
of the reference ellipse may be used to adjust the alignment. The axial slices are

first processed to determine the ventricle regions therein, and then aligned to
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[0067] To correct for the ms-alignnment of the MSP in

different images, the alignnent of the inmages in the
w@omsmMinat e system may be adjusted at S470. [ PBOBBG2007000188

one enbodi ment, for each 3D inmage, an axial slice at a

maﬁ;‘ﬁ' tﬁ%tc%‘riresgbﬁaﬁ\ Sentrid ?e@%gfin%aﬁ%rﬁa@n ?Hg takibR (rigid

nferior-s er| direc
regrsﬂmaoe)]ce eI | i pse may be used to adjust the alignnent.
The axi al sli ces are first processed to determ ne the

10088057 ShisSascats RIMTIEA P g nERe deie bholoeisiog A bivagarand
mes© ﬂ’éahtsﬁ litng G\QWPﬁrapthrF‘Wg hné?éé‘%lr@tth%re@%léﬂfﬁﬁé Rihing

gid registration Thi s process IS

Proé$$%§ﬂ7@§é@%d”rﬁbﬁe4 etha algerithvn nsaynge mpta@g@eﬁrmo
T PW | mages, and the
e8RS b M BB Bl RS 0 BB of
the Thages gtayr ibdn mrgwad ﬁir%t afddphe dubseqldriimbyls maRBE SuBseguently
c% e where three or nore inmages are to be
a"gaﬁggﬁﬁ@ae of e t#0 aligied irageas. il ofibe dmagas anay be alighed with
refe?@ﬁceg#bbé%glé%%dr %ﬁgqﬁégge subsequently aligned to

one o etvvoa ges. Al of the imges nmay
be aligned with reference to a selected reference
[007QfageAt 68203 volungt interesb(\OR fof eactt registerddMBhagd isr

detdf{fifeet, b oA EHIS, Tog Y0 TmaR s K 1 2Be Saiciepiped
voluherwhéreetheaitingsr offitsi 1bwel Ryt |sf SsiRtideAt With 'ﬂﬁé @Sﬁfer‘fﬁiﬁb

the center of the correspondi ng reference el lipse.
corrgaroRgipg defasance elipse/an pre epthasiiment, dhé VOldg |Cgtrtm@mito all

@g& 71] At S474, one axial slice within the VO
regrg ea?ﬂ égr%ge is chosen such that the chosen slices

fromdifferent images are spatially closest to each

[00Zt]her At SARA, cbrimaxrarb@&e Witlein ¢loe l\/@ldﬂe%fchdrr*a‘geab icBs&9 such
As the axial slices in

fhataﬁr prfa_%E% @erﬁmgn%rm arecvRatially clegest & gagh other
wheﬂr’rﬁetn'r‘r%gée 'a‘?@%olragﬁf@’ed % p@/tHe%fel%nEé” gsﬁg YR the axial

he slices in another | co-Tegrstr
slrceﬁsrnrcgffeltelme images maydavei djﬁerernlh mtdrshta@apsbamdvﬁmnsliws in one

rma%}h& Sn%pér\%iﬂgp@ftﬂwc%hagﬁehf}ﬂaéeﬁ r@ %%;5 ?@@gﬁatron using

the RAérenet dlibé tthe distaBaEe BetviGsn WS sicdd PomutiodifbAIME ?ma?es
which is referred to as the di stance between the

(refesredsio e intercinagsaasliceshmay yaiyt iWithiathe MQ!, eaich pair of inter-
imadd'5fed FEPE nTthini& distance, which is referred to as the distance

between the pair of slices. One can find a particular pair of inter-image slices
within the VOI that has the smallest distance between the pair. This particular pair
of inter-image slices are referred to as spatially closest to each other within the
VOL. In one embodiment, the axial slices may be selected manually by a user. In
another embodiment, the axial slices may be selected using a computer with a
distance finding algorithm, as can be understood by persons skilled in the art.

[0072] At S476, the voxels within the VOI in each selected slice are classified
into two classes, cerebrospinal fluid (CSF) voxels and non-CSF voxels, using a

segmentation algorithm, such as the algorithm described in Otsu N., “A Threshold
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within the VO that has the small est distance between

the pair. This particular pair of inter-inmage slices
wae@snenes red to as spatially closest to each BtTe62007/000188

within the VOL In one enbodinent, the axial slices

t ed | ] h
ol oA RVt e Trar B Rhm i, anc
Cylssrptic 1919t RoR 9, Bpsb286etHd Sshtaatsfammich 2 nﬂﬁ)r?&%t&f herein
under st ood by persons skilled in the art. [0072] At

by refgrgncehe voxels within the VO in each selected slice
are classified into two classes, cerebrospinal fluid

F "y
0L 08 P EIAE A g A g RS
seghfentad dsised d)nlihe\/\@moﬁlasgﬂ@ﬂkﬁ] ST NS BN BOﬂﬂeBﬁelected axial
A TN A BN Y=
slicBPa rédioRFornié® b9Q1‘SIE%)%eI§f|s m'lg\t[%fedaéseoh %@f@&ﬁﬁtﬁgle regions to

herein by reference. or eac rain
be mgtehed. t Hee mnfalr:lesnagmwm@dedtsoshamheg coseagpend da each

o g e Mlrreit K9G "< e | < ceoment ed i nio GOF voxel s

and non- CSF voxels. In each segnented axial slice, a

[0074]i ORIG.OT Atholis drbbxiabsidesofi s MIE! eRbestlected %d@eg‘rﬁ@ﬁted
venptricle regions to be matched. The_ventric

aCCPEnG £ the BroseruEg %S@tpedr?dzovler(é@% §|478§9 W&)o Tégdight
o ok O il (8T AT A B eslfs 3 Stimeftator

of vaptricleliegions t he procedure descri bed above (from $S472
to S478). The bright . regi ons in the center of the

L T CR I R

acc@r‘dlﬁ@ﬁtcﬁfheﬂpl@\%d U@Q@scﬁﬁiegcéb?ﬂ'ef(ﬂ@nﬁ sanpb e:lwsa}c q%caaﬂl
rocedure described a oveé) rom S472 to

t
regipRg iy Ehekcerateg pbihe imagendnsidetha VOX) ateetherregeltg Dﬁsegmentatlon
the results of segnentation of ventricle
ofvrengllcl)é%égl 76] At S480, the DW and MIT i mages are
re-aligned by translation and rotation (rigid

[oom]gi sAt 8480 nthet DWiandrMTémages ese oadiligged eptirdrslation and
Qns, I n slices. [0Q77] In cases

rotalife (G0 eisiabpal Bl begoarasPpanG: vt o/ gegionagh G

selected axial slices.

[0077] In cases where the interslice gaps are large, the images may be
translated and rotated within the axial plane only. In cases where the interslice
gaps are small, the images may be translated and rotated in any of the axial,
sagittal and coronal planes. For different scans, the interslice gaps may not be
the same. In fast scans, a PWI/DWI image may have an interslice gap from 5 to 7
mm. The interslice gap may be considered large when it is larger than 5 mm.
When the spatial resolution of the scanned image is poor and the interslice gap is
relatively large, imaging information about the tissues inside the interslice gaps is
lacking so that it may not be possible to accurately interpolate the voxels in the
interslice gaps. As the scanned slices are typically axial slices, it may not be

possible to properly translate and rotate the images in the sagittal or coronal
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transl ated and rotated wthin the axial plane only. In

cases where the interslice gaps are small, the inages
woraysioa22vs ansl at ed and rotated in any of the ar€BEBG2007/000188

sagittal and coronal planes. For different scans, the

> h In fast scans,.a
plafehy T30S FEeRior HaBBvah T (b deREE splisrsTay 3 Taton and
rotation iffed thrdeeplahesm&abe poy¥sibie. consi dered | arge when it
is larger than 5 mm Wen the spatial resolution of

10078 ¢ FIGH (€ shPB8 ine radl SiconobFItes1 o ShIctE Suarposed together
and AlfgfHéeStol stcAenhE %rﬂe@b@ﬁ&h entfiRS ((%;ﬁoné afrhb%agetg% be

it may not be possible to accurate I nt'er pol at
reagnasl o ohtainibe maxigiu ioverlap p$ thetgentriclesregiomsd Eie results of

I sl i it may not be possible to
the %ﬁ perﬁl[ &%&ansﬁﬁghya\ﬁ%”ffeéf@f@@ﬁé i mges in the
sa ittal or coronal 15 WD 2008/ 002275

[OO'F&]T/ SA2@Ndded @ 8arliep| computdrn 00 In& e Be SdbdtedPtd perform process
if the interslice gap is small, translation

saof) Vrf%%@mencqmpatqr ProgIae ﬁpmmyd@ﬁ slore i msmaory 104,
106 P12, \hieh wifertl og té&‘%gﬁ?gbgéf 321895 a8hotS! o ftér 268 to

super pose
perfoomrtbs pooctissy Mencoinpliterpeggmans mamaciudemllabbe raedical
ned.to m over |

t
imag A BEe G 1l S Erale ieksrn befaNata ackage Magab™
maybbe MdapRid t6 peafdrii @ik HﬁétﬁdeSRHdltl&QQIZ}Q]asQﬁsé\fés‘égleéjod\/é the

earlier, conmputer 100 be adapted to per
skulhslipping to SEE)cfrom@mm&‘amecmawxeemsqﬂmgemaatmlesomm
e stored in nenory 104, 106, or 112, which when
ge'xecuted by processor 102, adapts conputer 100 to
performthe process. The conputer program nay include

[008D]ai | Adhewrozt o bppravidgted gthermetpsisithd @lies H8&cribed herein
sof tware package Matl abTM nay be

matha,%EF%@' mfﬁ%e?” Srerhaedlicatings. FAB@X@m@lwthg examplary
registtRfHSHRhRPNE de(n'&@ g%t%Hi)éd ?b[ﬂ/&?ﬂ#%&bé 9@%3 éé I,%é&é léW‘

BrainSuite may be 0 extrac cor

reSOﬂLﬂ@EOIPV\AsanddRMﬂ emages,aqlmims ot DWIfeP\liKHtmedﬁatalﬁltb detect
AT L N T
using e§8SESRPUMTY F@J‘u@@e ﬁ% l@%hﬁl?edj SMW%@WYﬁn%ﬁmtlon

used to register low resolution
techsigtiesad heoexemréllammbmlmelstsanah prmlldi@taegnod iditial ahgmhent

everﬁ\&bgﬁgﬂé erﬁ%%%grnﬁlc'omam com fete S o?r%{’i (t)rll osnud%ré)s? ﬁlst?)e image
of FIG. 8 where the superior portion of the brain is missing. Embodiments of the
present invention may be used in neuroimage processing and visualization, or for
stroke analysis. They can also be used in other imaging applications such as
brain tumor study, diagnosis, and treatment, and the like.

[0081] The exemplary method allows alignment of morphological images, or
non-morphological images, or a combination of morphological and non-
morphological images, when there are no distinguishable anatomical structures in
the non-morphological images but the cortical surface is visible. It also allows
alignment of images of different modalities. It can be used to align low quality, low
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using |l ess conputing resource than is required by sone
conventional registration techniqgues. The exenplary

weniwediazzent s nay provi de a good initial alignnmear/SGEMEN01SS
when the inmages do not contain conplete information,

| e f where the superior
in- ;ﬁé‘ﬁ {%%I% ’f%@db'gg‘%% ch)ésje L‘&‘%Sca’ﬁmodu ments of the
present invention may be used in neuroi mage processing

[0082H vEsaaiplesmtion, or for stroke analysis. They can
al so be used in other imaging applications such as

in t rmr stu , wdi.agnosi g, and treat and _t he
100B5F, "t BErSmHiEL BT ot BIGROVBA 1 BE e fomafhe
sani® paiehtogi cal i mages, or non-norphol ogi cal inages, or
a conbl nati on of norphol ogi cal and non- nor phol ogi cal
ges, when there are no distinguishable anatomn cal
[00§ﬂ ucEﬁ?E‘EP"Ph t he non- nor phol ogi cal images but the
cortical surface is visible. It also allows alignnent
[ f it : d .
[oogélI gn”ﬁﬁgaarg\fgg !tf&ﬁf réﬁg%w Q@}sod&a%%tugﬁt Wekftak@n, which
inclergsd s@omﬁa@@cmz lmagep:h EhﬂlRemagetarmira DWibinageg€The images

wert Fifil) S TrgiFisend Ruade BT PledBe S5 dlopnsipes

& §iraensipes epgroxel
SIzetsh Eacﬁ mgﬁﬁd@é‘ﬁn{\@r@sﬂ% 0529695 ?Sd X b@(@%nl't Bf %ﬁmlir?the X, Y

four different MRl i nmges of
andt%rdurﬁctma respetiialy)ddheaoxel $Img~as ‘e59a mmmg@ 898 FIPKB.O
and a DW inmage. The images were manually
co-redgi stered and nade to have the sane di nensi ons and
voxel sizes. Each imge had a di nension of 256 x 256
[0086]36 The pararmetsrs vbH® eférencb@lipse¥ wear@d:leleﬁmh@atdc@aﬁdmg to
ﬁﬁ ectively). The voxel size was 0.898 nmx 0.8
the TolleWiNg RIAGERSY- 7). [0086] The parameters of the
ref erence el li pses were determ ned according to the

[0087] | OPhEWISH %%S&eteirﬂﬂ%&lac&?dé}j@g 3??04&@?@%?400 The

according to S420 in process
MIPMEE wasa @l@t@rmmedi BngOdingSt384 30t Al st 15@d@rdagmmtcs| WIS

man‘i‘%ﬁlg Fg%}gg@l Sggﬁgﬁ@ eﬁﬂ%@ rgf“’ S440. and t he

ergace ellipse papgmeters were
detéfiriiiédBy ﬁﬂlr?aét\)ﬁll gmgsé o tHesSIBLRAILRANRO I THSreslits &€ fsleliSTable

are |isted
I. The coordinates and lengths in the tables are expressed in voxels.

mm! (X89S

Table I Parameters of Ellipses in Example |

Modality Center Axes Angle with
abscissa
X Y Maijor Minor | In degrees
T1 131.3933 | 16.93318 |95.53503| 17.02006 | 0.03889818
T2 131.1923 | 17.06116 |94.63400( 16.38687 | 0.21043591
FLAIR |133.5794|16.93385 |94.01440| 16.31871 | 0.46287394
DWI 131.2385 | 17.06543 |195.92048| 16.48779 | 0.19283157
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1. The coordinates and lengths in the tables are
expressed in voxels. Table | Paraneters of Ellipses in
waxaspbr7d Mdality Center Axes Angle with abBCI/S6z007M00188

or Mnor In degrees Tl 131. 3933 16. 93318 95. 53503

Y Maj
1 116 94. 63
[0058] 558463, 83 sty sTerebie HICES saasiEiciad apgording
thelfroSd$%/ desbribedtabiie, \Aﬁ?ﬁ’thé%brr%%ﬁénéﬁg@@@én@éefﬁ%@% marked
16. 48779 Q.19283157 17 WO 2008/ 0022
therror), fepthe7) b0 swd DBddmpoes @speghivelyB and 8C show t he
reference slices constructed according the process

crighed i b i .
[0083f = PAG-'a8 Yhtfs h il iagi@br FRARAEdtehed 1 oW images,
whichegmrs regisparetisocthat tHedO@8dreRt&Sellipbes veere adignedi al

i mge of the co-registered T1 and DW inages, which
istered so that their reference ellipses were
[0odp] . Exdniiedo; Exanple 11 [0091] In this exanpl e,
four different MRl images of the sane patient were
[ooea]<en1 n tHis ekampid, de@ddiffercht IMRDiEnage sIMthe HRERS pafiéltt Viere

es were manual |y

ADC i ma The ima
tak% w@gh in@vde andl inmage, t%DH@v@agﬁe, andha LaVVHERIARS image.
Th%@@ai&ﬁér& hé%%allf% '}egg?%Sd %‘a\;ﬁﬁag 75 RSV & EafitSithensions

(i n voxe iTections
and w@siz’eselﬁe)ch imeyevioac b dimeasivasof 2589828603 70(iB¥8xaM8) in the

X-V‘é%rresﬁ%s (99965608} I, T SRR O ST 098 s x 3.9

9reh ng to the sane process as in Exanple |, which
are |isted Table II. Table || Parameters of Elli pses
in Exanple Il Mdality Center Axes Angle with
[0088kci $ba paxamemp@rf thé referancediipsesdorthesesmegs were

detdfningd & %cgr% r(? sGargg%gocessgs?%q—?xample I, which are listed Table

Table Il Parameters of Ellipses in Example Il

Modality Center Axes Angle with
abscissa

X Y Major Minor | In degrees

T 135.7340 | 18.96275 |88.64583| 16.69904 | 0.727569

DWI-ALT-b | 135.0449 | 18.90004 [86.07923| 16.57087 | 0.349764
DWI-ALT-2-b | 136.0979 | 18.68635 |85.70025| 16.28368 | 0.103201

DWI-
EPI_ADC

135.0731 | 19.00680 |87.37678| 16.75864 | 0.348703

[0093] The image datasets used in Examples | and Il had been previously co-
registered using different methods. The registration results were thus verified
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DW - ALT-b 135.0449 18. 90004 86.07923 16.57087 0. 349764

DW - ALT-2-b 136. 0979 18.68635 85. 70025 16. 28368
wO2088e0215 DW - 135. 0731 19. 00680 87. 37678 16. 7BGHEG2007/000188

0.348703 EPI ADC [0093] The image datasets used in

s T o aPR o 7 5Bt A ) 0051 Gt
of the ml|psercéntetObric8tHAQa|%9]§§Wl®n2éH&n§§@TW§@2Qﬁﬂléﬁi}ﬂé&éh table,

E previous results. As can be seen from
'nd'ﬁggf‘gi hat the @riors of rroistsalian warerelatbely s@alli | i pse

center and the angles with abscissa were simlar in

0093Fh EBhfie i ndi cating that the errors of
[ re]él strathﬁ%n were relatively small. [0094] Exanple |11

OQSLSIn this exanple, two stroke inmages were
[Oobﬁbce s eyampled tvp @tquesp'@@esmreefrecm telﬂndishes

Ex
resfciRletebhel e HIpsR8 TG 8 188 sl O8RS ab ik Bample | but
wntreﬂmsxowtlendl&ateth&l gmidpbifts&f thatdofticas bd?é§ V\Ie@e fée'ﬂér?ﬂlﬁéd using

|fact effects, as described earlier,

ax'?f'ﬁﬁﬁ%s hEWNIRIZE Fenaitiact sffegtss ag %srlke%a@lm tTHn@ QB)(emage
nact o o 208k s T LA RS QB .
mm1 Ther®Y\W iage imadxa inGension 5he56 &fZﬂOexl B¢ zsid thesvdxel sizBavas
10 BB S50 HSEEMAGEaEis BT Frndgon
detét’ﬁﬂh@d i gébé‘nso%ﬁ masaar@ﬁﬁsbéa]ﬂ)%llﬁgﬁowggb r&gogg*}ﬁH‘SF The

was a I mage pses are
lmage %owwﬁ& 8E| vas 8 B\limagetdnd theritmage simiwn B FIS.8F was a

I [ 1 i
DWElshade ek 500A. SpPE agaise ABSaRuh Me hey ek Tugpnter
poirl® QR reeiligne@withl éapresthel by 't@n@?é@i@ﬁt(ﬂ%lﬂd%@%dd@ As shown in
difference in the direction of the two sets of axes

FIG, 86, the axesaf ellipses 800A, 800B avare roteligned.i Bris ewpeetgd that the
i 3% e ARB8h K G sbIEGFR s ohil S B e Reaa

lncllﬁatlom/ﬂimrlagdn@ﬁﬁgl MegePW lairel DWifingiges lrﬁf&ﬂ§ exbﬂ@%ban be
allg%quer f eat ur es, beneflts and_advant ages_ of

Buiheesanae manner gscshonat af RIGR7A epd & MTFFeaﬂd ©B¥dimages
understood fromthis description and the
are agg%‘mﬁggzﬁ%@@t hose skilled in the art.

[0096] Other features, benefits and advantages of the embodiments described
herein not expressly mentioned above can be understood from this description

and the drawings by those skilled in the art.

[0097] The contents of each reference cited above are hereby incorporated

herein by reference.

[0098] Of course, the above described embodiments are intended to be
illustrative only and in no way limiting. The described embodiments are
susceptible to many modifications of form, arrangement of parts, details and order
of operation. The invention, rather, is intended to encompass all such modification

within its scope, as defined by the claims.
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[0097] The contents of each reference cited above are
hereby incorporated herein by reference. [0098] O

wa@onsma273 he above descri bed enbodi nents are | Pt ERAEU7/000188

to be illustrative only and in no way limting. The
descri bed enbodi nents are susceptible to many

WHEE|S | %IWEfléﬁ form arrangenent of parts, details
rof o

1.

and orde peration. The invention, rather, is

[ | h dificati i 1 hi
Winefetof RofREATE Ride Sy meRdbta iRl Midimbontitors
PCT/ SG2007/ 000188 WHAT IS CLAIMED IS: 1. A nethod of
r efPEeagh ppetaliselsl imagassi onal brain i mages,

conprising: for each one of said inages, constructing
a ref er esarstreicting afreferance diceyiorteahidslagittal plarsadfsaidelach

i mge, said reference slice conpr.ising i mge paints
form ng 'g'a%@oﬁ?idcr ?ersaﬁ%?ﬁ%%F%'g‘Br'ﬁ'agé%@@e&g?'ﬂ@stfmma
sai d i meaggti¢dlidalge; such that an ellipse fit to said
edge points approximtes said cortical edge;

determ ry r i i ' ' : .
that f1 EoTactRy G FORE Rorr! SR rhagS PoPLE Bth HEE ollpse i
i mges ita saidadge pointsl approxinegteiseraid votiicahatige;he
reference ellipses in said inmages are aligned with one
anot her deternihinge réfererek dliggennisaitveackimagethatang safd edge
said reference ellipses has a center point, a major

axis, am® Sfﬁa'ﬁ‘gr axis; and wherein said reference

el lipses, are aligned such that their center points are
coilfQISREING, Saihénrdes Hba samescoudinate By staansuctnthat the r

”eré‘freré’f@esweqlgp&sc A éélg ?@éggg’ srér Qﬁ%ﬁ% \r/\‘/ﬁg Rk é‘TLoﬂbgPd 1 or

clarm 2, ern sal ol n are distri
ver [ ortical edge. 4. The method of any one of
J@W‘%mﬁiﬁqg obe Imhayharpineadh org ef e3id sefareree plipses has a
[ : £
ot L Al 5 Flndebil A LR shfegBeho
gllipsast ane alignedrstehfthanthei abnbérdsainistdral comddent, theirlitthor

met hod of.. cl ai mA{ wherein said distance is 2 mm
axes are collinear and their major axes are coliinear.

The method of claim 1 or claim 2, wherein said edge points are distributed
over said cortical edge.

The method of any one of claims 1 to 3, wherein said reference slice is
constructed from slices of said each image that are parallel to said midsagittal
plane and within a selected distance from said midsagittal plane.

The method of claim 4, wherein said distance is 2 mm.

The method of claim 4 or claim 5, wherein said reference slice is constructed

from said slices of said each image using maximum intensity projection.

The method of any one of claims 1 to 6, wherein said images comprise brain
images of a same patient.
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6. The nethod of claim4 or claim5, wherein said
reference slice is constructed fromsaid slices of

wa@anod/oereh | mage usi ng maxi num i ntensity proj eRCT/862007/000188
The nethod of any one of clains 1 to 6, wherein said

8. THRSREwH TR bRt Tar0h 187, Mporaif ML PikaF Tt dpitfGTeont
ovlatifiesl ains | to 7, wherein said i mages are of
different nodalities. 9. The nethod of claim 8,

er ei ai.d i.mages conprise diffusion inmges.  10.
0. hE el BrSIt & Bherent e dmdcss Comgise i Busianiimages.
conprise perfusion imges. 11. The nethod of any one

10.The ¢héthBE of climl® or ERIFAID WH’&er’f‘idééi@fth$6§Eb Eigatpe?ffusion
said images in said coordinate systemto mat
toR¥eSpondi ng ventricle regions in said brain i mges.

12. The method of claim 11, conprising: selecting a
' rest ' C . i d. es:
1. 1Rp R84 of BhE iRl ot § o 387 hriBfsiBh AfelingiRRRent of
saidgmages in shisit cddndinatebgsterttoaniatch (&ir're%p%ndrrg ventricle
spati al | ,&)os_est to each other within said V of
g%l%nq 'ﬁ’%é OrYRIM@Ee_r nmining a ventricle region in
each one of said axial slices, as one of said

12. 7R NRRACAEY Biert, oflisirggi ons. 13, The method of
claim12, wherein sali eterm ning said ventricle

o SRR AV SIS EEP SR IR P &ne B5RR rgess anc
non- CSE voxel s; and selecting a region in said each
axiSglecting @@ adwlrlige dp seis-Vebebpaidaachimageaunty thef the

. o | ai
SR ol B s 080U A Py vl o

detsaicdhimagesbandl ocating a cortical edge in an axi al
slice of said each i mage; determ ning an axial ellipse

t haetdrittisinga ventriclei reglonsifl @2ichro bt iaklal 8litd< :as one of
said corresponding ventricle regions.

13.The method of claim 12, wherein said determining said ventricle region
comprises:

segmenting voxels in said each axial slice into cerebrospinal fluid (CSF)
voxels and non-CSF voxels; and

selecting a region in said each axial slice formed of CSF voxels as said
ventricle region.

14.The method of any one of claims 1 to 13, wherein said edge points comprise
end points determined by:

locating a cortical edge in an axial slice of said each image;

determining an axial ellipse that fits said cortical edge in said axial slice;
and

determining that the anterior and posterior points of said axial ellipse are
said end points.
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and determ ning that the anterior and posterior points

of said axial ellipse are said end points. 21 WD
wQoeegne22275 PCT/ SG2007/ 000188 15. The net hod PET/8GH07/000188

one of clainms 1 to 14, wherein said edge points

15.&%?&%@%@; @ﬁ)ﬁlg%tggé%pﬁ tos‘l4 éﬁjﬁ @Q?%ﬁgg%lpom’m com rlse at

|saPtsesbihes, per f orm t he met hod of any one of clains I
to 15. 17. A conputer readabl e nmedi um storing thereon

onput er execut abl e code, sai d code when ecut ed by
16. Aac@mngmr@ommgaﬁ%emnp@ CQTgPHIS ERGRR RETSRE o

2o p Bt & m HPBEhok bParkPoné #f claims 1 to 15.

17.A computer readable medium storing thereon computer executable code, said
code when executed by a computer adapts said computer to perform the

method of any one of claims 1 to 15.
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