I MEDI CAL | MAGE PROCESSI NG Field of the invention The
present invention relates to nedical inmage processing,
and relates nore particularly to inmaging technigues
that can be used for identifying and segnmenting the
central sulcus and Sylvian Fissure in cranial inmages.
Background Vari ous authors have contri buted to nedi cal
know edge concer ni MEBICATHM AGEBRPROTESSING of sul ci,
but little literature exists concerning segnmentation
of the central sulcus (CS) and the Sylvian Fissure
Q§ah(ﬁ1ﬂ§“ggﬁhﬁgl sul cus (CS) separates the parietal
fromfrontal [obes. The CS starts in or near the
superonedlal border, slightly behind the m dpoi nt

SR BED DA Bl BAEAP i OG0, U5 ERYHR, i

tto iranging Sd:dhgfquleyt}mb oarebt heedpips identifying and segyhertting the central sulcus
Iat§$@ Flcus fron]mhlch it is always separated by
ViRl I§HES & crppia! WASSSan Fissure (SF) is a cl eft
rising at a sharp angle, seen in both hem spheres of
the brain, but nore pronounced in the left. The cleft
Backepingeen Broca' s area and Vérnicke' s area, both
parts of the left hem sphere known to be inplicated in
| anguage function. The SF plays very inportant role
i Varigais c eithatsi draye ocontribisdono ofedidab kmowledgd concerning automatic

surface ot h .t h n re cereb L.nal. .
Bl iFiaae St Sk yk ReRC Pkl S FoRGpBRE 38R Bpionsof the contal
salcas (¢ Y)eandithy Sylvidin Festee (FF)1 hese techni ques for

segnentation of sulci is described. Lohmann et al
[ Lohmann G, Cranon, D.Y.V., "Automatic |abeling of

IR BHARNUKRE (CSPeparates the parietal from frontal lobes. The CS starts in or near
the superomedial border, slightly behind the midpoint between the frontal and occipital

poles. The CS runs sinuously downwards and forwards for about 8 to 10 cm to end
slightly above the posterior ramus of the lateral sulcus, from which it is always separated

by an arched gyrus.

The Sylvian Fissure (SF) is a cleft rising at a sharp angle, seen in both hemispheres of the
brain, but more pronounced in the left. The cleft runs between Broca’s area and
Wernicke’s area, both parts of the left hemisphere known to be implicated in language
function. The SF plays very important role in parcellation, or division, of the cortical

surface.

Both the CS and the SF are cerebrospinal fluid (CSF), though there are other CSFs as
well. A selective survey of some of these techniques for segmentation of sulci is
described.

Lohmann et al |Lohmann G., Cramon, D.Y.V., “Automatic labeling of the human cortical

surface using sulcal basins”, Medical Image Analysis, 2000; 4: 179-88] propose

segmenting the sulcal basins, as the union of the sulci and gray matter. Rettimann et al
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surface using sulcal basins", Mdical |nmage Analysis,

2000; 4: 179-88] propose segnenting the sul cal

basins, as the union of the sulci and gray matter.

Rett mann et al 00640 -2 [Rettmepn, M, Han X, Xu C,

Prince J.L., "Automated sul cal segnentatlon u3|ng

wat er sheds on the cortical surface", Neurol mage, 2002;
I[Rettﬁ'@zﬁn AR, Han Wat BusOedBrifice J. &Qg‘l‘[&ﬁﬁ)n‘tal‘mi Smlbaiakegmentation using

whi ch are al so taken to be t [ of . sul ci
Ndenheds ?Pafhtee‘iom‘f\?éﬁﬂ’ffﬁceét ngmfm&@ %9'355 12 S22 05 Watersheds to
\begmBhtQhE sultal reg18A4, SWhich are aRBedkelita /B athe]umoﬂf bPfld And gray matter.

nagnetlc resonance i mages to structural
representati ons of the cortex topography using

S 1G98 L L AR oy s o 5

usaghekic rrmamteoiniagmj tct steuaiwiab repodsestations ehthegroaiex topography using

tter Renault JRenaul t, SVi s, .M, . . )
ABbURGS pRESRie aditmShtiont T J0RrH, o Mo L AEh sl grd Jasion. 1995
03(4) i29ak-3 158]| Wed deimesdsl t@nﬁnd theomeiedliof galcotind Reay?2Bdfler. Renault et al
EE Int atl .onal Bgo erence on. | nage P ¢essing

enau e&‘]lglﬂﬁso ety Ve 1AV T goe Hsoppplication o
Sdéh?dal @ﬁfc? WeteRfon™! 18-02RRN 55361 DR S0k SELR qme?ncytﬁ’)nal Conference on
report i|dentifying any speC| ic sulcus, due to
page Eroceysingmel.&k @t td]airopdse armgtr@dt&ttéﬁmgets@nmmefor sulci detection.

i mages (MRIs). Manceaux-Dem au et al [Manceaux-Dem au
A, Bryan RN, Davatzi kos C. A probabilistic ribbon
ridgedbolve ruthbeere amnably 30 sepoit klbetifyargedyadpesifiicGulcus, due to the partial

applications . to the .central sulcus ournal of
SBhhns SecRat mituenesf iy TH86H MBS | 62- 711
proposed to quantify the central sulcus t hr ough
probabilistic geonetric features |ike curvature

tMpenggrc-Dertizn eigl [Mescaagsddamiay A, rBey@eB\hb axetzihesiCs A probabilistic
i@)‘ohqm)(fel f a?é Eélggxg-%? 'the,x erel?@f‘ %lill ’ap@?éaglgﬁgﬂ') tH¥ central sulcus.

rlnce J. cal
dontnak af C@utputero«issiﬁtmhﬁompgtaphy 1998y Z)Z(éboﬂé’z’gg 1pbproposed to quantify

ﬁ% g%aai glﬂ %E(g%?l ﬂll@%&%bﬁ%ﬁ’g}t %H@gesqg(eécglg%ﬂtﬁuﬁ;hmugh training

ebeled that the segmentation is available. Tao et al [Tao, X., Han, X., Rettmann, M.,

Prince J., Davatzikos, C., “Statistical study on cortical sulei of human brains”,
Proceedings of Information Processing in Medical Imaging, 2001; 475—87] also used

statistical features to quantify sulci.

There is no available method identifying and localizing the central sulcus from magnetic
resonance images. The above-mentioned techniques are unsuitable for segmenting the
Sylvian Fissure due to its complex anatomy. A need clearly exists for an improved
technique of identifying the Sylvian Fissure.

Summary

Currently there are no automated techniques for identifying and localizing the central

sulcus (CS) and the Sylvian Fissure (SF). One possible technique is to identify and
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There is no avail able nethod identifying and

| ocalizing the central sulcus from magnetic resonance

i mges. The above-nentioned techni ques are unsuitable

for segnmenting the Sylvian Fissure due to its conpl ex
anatony. A need clearly exists Tor an inproved

techni que of identifying the Sylvian Fissure. Summary
Quedlizptthe/CS aad SFah@ugb namusnatite: ébbReghased atlcal basins (a union of

identifyin d.localizing th entral.  sul cus,
& acwﬁ&w%@ﬁi%dﬁp gy Byt fhevig s oG fegious and prone to
I&rdr0 1dentify and 00640 -3 |ocalize the CS and SF

t hrough nmanual editing of the segnmented sul cal basins
(a union of the cerebrospinal fluid and the gray

et %&%éﬁ%@%%@ 1066 ‘aréaﬁs&i)y% AW %rB%@fe?ﬁ #fd (CSF) as

error. ulcus vian Fi'ss

(18fd abbevebBoth ther$brod hen@B dré uingoitCEHM quantifiyotgethe cortical surface.
ove. Both.,the.SE and,.t CS ape,i rtant in.

IR s e amyperein! Beiise b SRdty My hiiue ghopeand narrow

lsdtﬂiﬁbhﬁé, daﬁlaaetré @&bndeqatntlyestrediat B)é dheé phitivl Volues: &la?adt.nm #cquired MRI

.ong and narr tructure, a re cansequent ]

dreges & By aleﬁge@i PieéFPK?WE?FEaSeaP%ﬁ‘dP. infegsity, 3p¢ ?ﬁeal PRelassified as

| (%8 Shesd fmiafiti&edd ®althe ApFroh@PIRREMEREES of bRAd SF and the CS

intensity, and both are classified as CSF. These

sshaiek apint commppaharahigristi¢se appr oach to segment ati on of

both the SF and the CS shares sone conmon

characteristics. Both the CS and the SF suffer
Bab |tk Sr aidathie '8F $udfer peoldeamnt irellating el e pdrfiglctolamed effect and noise

noi se when .segnent at i I.s. att t ed. istin . .
oG A s FOGHE XS U5 FEREE fail when applied to
segreRkabn endRficS bfd €8, antkisihg @ehiRhastidonsidéeCHNiagd8shole, and are
consider CSF as a whole, and are unable to identify

tugeblego adentiSrthe €% agd She o apwe separpteletpgaent eagbrcomponent. Further,
: tq t
3BTRS BELCSE ma R (SRR o S Ry et and e

lack of any anatomical guidance, namely anatomical knowledge that can be used as a

reference to guide the approach to segmentation.

The technique described herein, by contrast, use features (both anatomical and gray-level)
to identify the CS and SF, and accurate segmentation is able to be subsequently
performed. That is, accurate segmentation is performed only when one is sure that the
CSF relates either to the CS or the SF. As well as segmentation, the MSP and the
landmarks such as the anterior commissure {AC) and the posterior commissure (PC) are

used to automatically identify the position of the SF or the CS in MR images.

Segmentation methods for the CS and SF both involve the identification of the ROI
relative to the MSP and the landmarks. Also, both procedures segment the sulcal basins
for further refinement. Both methods derive the skeleton of the sulcal basin previously
obtained and determine those voxels that can be classified as CSF, and which represent

tissue connected to the skeleton.
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| ack of any anat om cal guidance, nanely anatom ca

know edge that can be used as a reference to guide

t he approach to segnentation. The techni que descri bed

herein, by contrast, use featurges (both anatom cal and
gray-level) to identify the CS and SF, and accurate
segnentation is able to be subsequently perforned.
Tihettedlmiquas dedchibed BagitRnhaiitonmuticallp Richtfyed lo¢dliye MeedS and the SF

E rel ther to t -
Oﬂ% Cé%b%&é)?q,@i g)sf%g o {I%Ep%t}yefegq?#@nﬂg};lacﬁ?%g &%g_%sap% ications. The

|\RNARBRFK Hailis fieﬁﬁnﬁtlﬂﬁ @ﬂh QEdpREt t@qwhﬁasa@ﬁtaﬂ Plehe @ad r_ﬁmc and PC.
posterior conmmssure (PC) afe used to automatical

|y
Ithernentrgl sutval pasin isitbeiswealitasingpitithemaximgn yolwme. The Sylvian suleal

:b%giglﬁ\% éde?ﬁ gfoﬁ'{ fh?l 5 gi?&plg ﬁ]fc]; aesfrgg tﬁ@c@ﬁ%ﬁ?ﬁj ich o(glnsolﬁonal section,

I‘yﬁmmd:htdmghl thed eli. k The Audaus/fisstrk pr dloe duies of etheeskeleton of the
t he suI ba.S|n or,.further refin Bot h

R oD 4 suleR s, O et el e i sRrerg e 1

previously obtained and determ ne those voxels that

can be classified as CSF, and which represent tissue
dgseeiption of grawides kel et on. 00640 -4 The techni ques

descri bed herein can automatically identify and

| ocalize the CS and the SF_(the cerebrospinal fluid)

fRig. Lisanflew chartynBsteps mzelynd ire @ téchnigiup dor sv@menting the Sylvian Fissure,

a The volunmetric data is reformatted with
ggﬁé%l?’%#%r%hé m dsagi ttal plane and the AC and PC.

The central sulcal basin is the suI cal basin with the

m vol ume, Th | vian sul c basin_is .
i dg- Sfarnelglafgpahqttlﬂil @ég AXpEGUE 5P elqgggp.rnll“}ilq,ldqq:?él line passes the AC

caﬁa@mkhofﬁlghﬂeto I meRE@Ral ligeCt i on,  passing through
t he AC e sulcus/fissure is the union of the

skel eton of the correspondi ng basin and

/AR
YRS ASRRAGH R A MR P BPE BB e
in a technique for segnenting the Sylvian Fissure,
Fig. 4A is an image of the skeleton of the Sylvian sulcal basin, and Fig. 4B is an image of
the SF of a coronal slice.

Figs. 5A to 5E are respectively (SA) an original axial slice of a dataset, (5B) the central
sulcal basin of the same axial slice, (5C) the skeleton, (SD) the cerebrospinal fluid, and

(5E) the central sulcus of this axial slice.

Fig. 6 is a schematic representation of a computer system suitable for performing the

techniques described herein.
Detailed description
The described technique involves five steps: reformatting, preprocessing, preliminary

brain tissue segmentation, seed identification and sulcal basin segmentation, and CS/SF

segmentation. Each of these steps is described in further detail below.
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as described herein. Fig. 2 is an image that indicates
automati c seed selection. The dotted |ine passes the

AC and is orthogonal to the mdsagittal line. Fig. 3
is an image of restrictions tosavoid region grow ng

going far from Sylvian Fissure.” Fig. 4A is an inmage of
the skel eton of the Sylvian sulcal basin, and Fig. 4B
is an image of the SF of a coronal slice. Figs. BAto
5E are respectively (5A) an original axial slice of a
MerdetRe/BEHghe central sulcal basin of the same

axial slice, (5C the skeleton, (5D) the cerebrospinal

fluid, and (5E) the central sulcus of this axial

Jlist eoneFpempwes sheamidiagivial inbane (M BBk and: the thre¢-dgmensional (3D) co-
C r . | jo] (0] A .

RRRHE SL S BEOL el Rt (A EEpAP 1 BRLLE, cqmugisstye (PC) for the
degsic foif b exhghetihresonemce imade@4R Divotursd. dihs datasétds nefotmaitpd so that the
grﬁ rocess'.ng @5%&(@ naré_ brain tissue segnentation,

aHOMINg SAPTHIPRL, AtF 'YhY cal basin segmentation, and

CS/ SF segnentation. Each of these steps is described

in further detail below 00640 5 Step 1 Reformattj nlg/[

Kk st, thmeew Snpiis bas the same dgegdiops thegrorms! tf%mofzﬂ% SP;

the three-di nensional (3D) co- ordinates of the

anterior comm ssure (AC) and the posterior comm ssure

(PO) f dhe ndve Y-axiphas thé samerdigentiones tleslinressronedtinggbe AC and PC;
(MRI) volume. The dataset is reformatted so that the

follow ng conditions (a) to (d) are net: (a) the new

Xepxi s thegev Aeaxdalias thé sa0d digsetian at e weotorprodrecdbihe abw X- and Y-
the MSP; (b)_ the new Y-axis has the sanme direction as

the |i #&%8R%ecting the AC and PC

(d) the volume pixel (voxel) sizes in X-, Y-, and Z-axes are all 1 mm, and the gray
level at each voxel can be calculated using linear interpolation from the gray

levels of the original dataset.

Step 2 Preprocessing

The scalp/skull is removed from the image via thresholding and morphological

operations.

Step 3 Preliminary brain tissue segmentation

Statistics relating to brain tissue (such as mean value and standard deviation) are obtained
for use in later steps. The image derived as a result of step 2 is segmented using the fuzzy
c-means method for the SF segmentation, and using thresholding combined with
morphological processing for CS segmentation.

For the segmentation of both SF and CS, the brain tissues are classified into cerebrospinal

fluid (CSF), gray matter (GM) and white matter (WM). Information about both the CS¥F
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(c) the new Z-axis has the sane direction as the
vector product of the new X- and Y- axes; and (d) the
vol une pixel (voxel) sizes in X-, Y-, and Z-axes are
all 1 mm and the gray Ievel_q%_each voxel can be
calcul ated using linear interpolation fromthe gray

| evel s of the original dataset. Step 2 Preprocessing
_ Hi?ﬂ (Sflailsp._/lsﬁa ub|sg7grﬁeﬁta:g@?éﬁlﬂ;af & Elh ¢hd A@estep. And CSF information is
t hr eshol di apd nor phol o erat t
FfP’éhfFfd%Sﬁgf‘V ebrogmentage of éé l‘s§ Hebed gg’eﬁ)w
relating to brain tissue (such as nean val ue. and
standard deviation) are obtained for use in later
Sttepd. SepdidentiGorivadndsdicabbasin segmleniasionstep 2 i s
segnented using the fuzzy c-nmeans nethod for the SF
segnentati on, and using threshol ding conbined wth

it (810 lseghahtiqu, che stépnd Starts GSns elgrreatoanl sectiokocontdieing the AC,
ain tissues.are

IREREP 17 i Fire g SF drstiout mafl T-shahed: ety f GReaket & tine through

rmatcﬁfhogm t8 ke Whd &A@t i Gﬁv&m coblafty faRéd 8 tiRbidtdrsection of the
both the CSF 00640 -6 _and is used to segnent_ the

QPR apd fhecuprenieararal slise). thisd pe aljoczacs thrppgtothgett asivels

further used for final segnentation of SF and CS in
step 5, described below. Step 4 Seed identification
dived seelds ah Fasimbes egjeated fitoo theFdntteSFlnmerglnE:gt at iTbe regibe of interest

i&?ﬁ) 1§ geﬁrrg%&edf s3] é\gg I} oerr?rlﬁ g'@:fatgl\g gSP ﬁiegﬁn%fig)y\?\%epﬁe Wch is parallel
Yo ﬂ’ﬁa&ﬁﬁﬁsalgﬁwl tihe. rTheI cgstﬁmitf: dfa}féléﬁ gl Hoiuﬁ%rty hd;] cheghid-eagittal line is equal
ort ogonal to t m d-sagittal line u

R4 tanger o8 et PR et 2 Mt i g S HKGHme restiction
QQF&]{M@H 18 kheChRght SHInSF 1@! 85 dleHOTHRES bAdeH Vadhe bhftoical&nowledge of
wel 1.

interior extension of the SF.

After the region is extracted in the coronal section containing the AC, the sulcal basin of
GM and CSF in the SF is extracted by the region growing technique, which uses the CSF
and GM information from the preliminary segmentation of step 3. And seed points for
other slices are automatically selected based on an extracted 2D region for its

neighbouring slices.

For CS segmentation, step 4 includes determining the region of interest (ROI) and
reference slice, by 3D region growing, and taking the sulcal basin with the maximum

volume as the central sulcal basin.

The 3D ROI has the following extension: X from the leftmost cortical point to the
rightmost cortical point of the axial slice passing through the AC and PC, Y from yac to
ypc+ 30mm (where AC and PC’s co-ordinates are denoted as (xac, yac, zac) and (xpc, ypc,
zp¢)), Z from the first axial slice with cortex (denote the z coordinate of this axial slice as

zp) to zac. The z co-ordinate of the reference axial slice is 5/6 x zac + 1/6 x zp.
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Two seeds in SF can be selected fromthe dotted |ine
in Fig. 2. The region of interest (RO) is determ ned
as follows. The right boundary is defined by a |line
which is parallel to the md-sagittal |line. The

di stance of the right boundary to the md-sagittal
line is equal to the distance to the left extent of

bA guhertas MSR8quakidh ¢t ekyvisk) Whele xnisp 19 BoSIENE constant In the reference
restrlctlgq is applied to the right SFE _in Fig %
B4, STipei 3 lings Bageden ™t oanth s onfives) — kléowee%r@@moff €re are several

| iftcBdckRR ER/ERE eRe19fvithNBese2 l1ﬁést I?ém&&?(%ﬁgieﬁl‘] A@ and PC. Set these
extracted in the coronal section containin

tGRF/6M cvaxels asithe sgeds @m JRdegsk grﬂwmetosmdg ﬂieerxaim@b bagin volumes.
bi"hc? %fﬁai 3%119 Qi éM‘ﬂ?Ql Lﬁ‘§ ngu%ei H@éeﬁﬁ‘alus%lﬁ!%l B&?n CSF

or ma he pre I'mnary ‘segnentation
of step 3 And seed points for other sI ices are
to t $ sel ect ed based on an extracted 2D region

OFP| ts éﬁ‘%’ﬁﬁ’ﬁ‘ﬁﬁ’ slices. For CS segnentation,

step 4 includes deternining the region of interest

(RAO) and reference slice 3Dre|on row ng,

tEhe s)lfgietqveofstm eentral xtviansules! E ahﬁwogigmenswnal (2D)
L RBletsiMatiBh 0?“&15 %ntﬁ%%?ﬂ?an-rgﬁcﬁ%ﬁg OP% Bﬁﬁl/écﬁblllaqvgheg within the

ext ensli on: fromt t most corti cal pol nt to
rR@ht Hhist skstcmnlzmulon pernnbe cathtelwed akmgh sinyc exiplings |2ﬂilg skeletonlzatlon

thr 0 ypc + 30mMm

tg?(gq?ﬂ\ gh gl élgﬂ% eslg % denoted as (xAC,
yAC zAC) and (xPC, yPC, zpc)) Z fromthe first

[ lice with cqr (denote the z c te of
ieSfof i pania! gﬁcé@afmﬂa SSlxglatch roveb b e diedvle the CSF of
the Jydish Nt adstl S| lob&ed SthRIBHX veLE i'he?rﬂ:féréhl]? Cfunction with the
00640 Assume the MSP equation is x = xMsp, where X

i congidgrgipn pf ﬁlecﬂémgﬁtaﬂwstamtﬁhtdme&%ﬂ@r%ﬁo@nam agross dlﬁ%r,ent regions)
O r . .

BlcPRREs Mg AN MU el IR oot S TN is the mion

tafabesi@ldtomend thet Ukl noxes) ovinelnare fidn dindplelimiiBey s¢dearation of step

CoELQMvarels gsthe seeds fiar 3D gl on o pyi g

Fig. 5D shows the CSF of the axial slice. The CS is the union of the skeleton and the CSF

voxels connected to the skeleton of the central sulcal basin.
Computer hardware

Fig. 6 is a schematic representation of a computer system 600 of a type that is suitable for
executing computer software for medical image processing as described herein. Computer
software executes under a suitable operating system installed on the computer system
600, and may be thought of as comprising various software code means for achieving

~ particular steps.

The components of the computer system 600 include a computer 620, a keyboard 610 and

mouse 615, and a video display 690. The computer 620 includes a processor 640, a
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The sul cal basin with the maxi num volunme is the

central sulcal basin. Step 5 CS or SF segnentation The

skel eton of the central/Sylvian sulcal basin is

obt ai ned t hrough two-di nensional (2D) skel etonization

of the central/sylvian sulcal basin of the

axi al/coronal slice within the RA. This

Skaheityoss0Z Aipu@bupan(Ine) athiRvLe60, H68 g RidoneXhsd 648) and a storage

2D skel etoni zation nethod. Fig. 5C shows the skel eton

dfevidShi g. 5B. The CSF of the central sulcal basin is

cal cul ated through threshol ding while the CSF of the

sylvian sulcal basin is |ocated through voxel .

n’éwuerpseh;is@r G49nista eentral piecessing wuh€RIS) thet execufes thweoperating system

I n [.ck (1 ] rlati r

oy B SNLE b SPE8Rire DALE iR SRRl ST TRE memory 650

skelhdésoranddmt heesuhealorpdRIAM) and readSbnly Them&fy (ROM)e and is used

uni,on . of. the _skel et on d the CSF voxels, which are

fY4gRs ‘ihﬁeétlBPé’Fﬁ“r’iHﬁ%‘feﬁscgégﬂent ation of step 3,

connected to the skeleton of the sulcal basin, as

indicated in Fig. 4B. Fig. 5D shows the CSF of the . .

abhieayideq %stwrﬁgs dsconpeptid toidsA détplayned b rpBiden Nigleo signals for

t . . .

i pn WSRERO GV el Bpll'e HEUEUToBiplTE20 s provided from

dbhkextoas] ¢pamelseotatG16nThé staragsdeuice 1658 wat émhdl0a disk drive or any
.S _sui teadbl e for executing conputer software

t eer thabt to
f r%‘&?é%F falgﬁéré b%‘cessi ng as described herein.
Conmputer software executes under a suitable operating

stem jnstalled on_the comput system 600, and Y,
%Cﬁlﬁgﬁbﬁﬁo@ﬂ?%@% 8k g?lﬁ@uferagfl%a%cw 18 oHfiFmal bus 630 that
TRANSes! @ita, lAbRY] 2 codlol bestsfo AIERTompoRerid TP MEBSHputer 620 to
of the conputer system 600 include a conputer 620, a

lcopatientd vithgach othoivia UB:1Bis Gd a vi deo di spl ay 690.
The conputer 620 includes a processor 640, a 00640 -8
The computer system 600 can be connected to one or more other similar computers via a

input/output (I/0) interface 665 using a communication channel 685 to a network,

represented as the Internet 680.

The computer software may be recorded on a portable storage medium, in which case, the
computer software program is accessed by the computer system 600 from the storage
device 655. Alternatively, the computer software can be accessed directly from the
Internet 680 by the computer 620. In either case, a user can interact with the computer
system 600 using the keyboard 610 and mouse 615 to operate the programmed computer

software executing on the computer 620.

Other configurations or types of computer systems can be equally well used to execute

computer software that assists in implementing the techniques described herein.
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menory 650, input/output (1/0O interfaces 660, 665, a
video interface 645, and a storage device 655. The
processor 640 is a central processing unit (CPU) that
executes the operating system and the conputer

sof tware executing under the operating system The
menory 650 includes random access nenory (RAM and
r€attaby nmenory (ROM), and is used under direction
of the processor 640. The video interface 645 is
connected to video display 690 and provi des video

SV s SalfePltion$! 'aﬁcﬂ)l i2hiohE el BE IWdHeSP! BY ¢ 1qfug§ @hd arrangements
input to operate the conputer 620 1I's provi rom
tdescrieihorning a8 ¥®ukhbe apnasent 618ne S'Rhiéedsnaha@@mmrce 655
can include a disk drive or any other suitable
storage nedi um Each of the conponents of the conputer
620 is connected to an internal bus 630 that includes
data, address, and control buses, to allow conponents
of the conputer 620 to comunicate with each other
via the bus 630. The conputer system 600 can be
connected to one or nore other simlar conputers via a
i nput/output (1/0O interface 665 using a communi cation
channel 685 to a network, represented as the Internet
680. The conputer software may be recorded on a
portabl e storage nmedium in which case, the conputer
software programis accessed by the conputer system
600 fromthe storage device 655. Alternatively, the
conputer software can be accessed directly fromthe
Internet 680 by the conputer 620. In either case, a
user can interact with the conputer system 600 using
the keyboard 610 and nouse 615 to operate the
progranmmed conputer software executing on the
conmput er 620. OQther configurations or types of
conmput er systens can be equally well used to execute
conputer software that assists in inplenenting the

t echni ques descri bed herein.
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00640 -9 Concl usion Various alterations and
nodi fi cati ons can be nade to the techni ques and
arrangenents described herein, as would be apparent
to one skilled in the relevant ;grt. 00640 -10 d ai ns:
1. A nethod of segnenting tissue based upon i mage data
representing brain tissue, conprising the steps of:
r€fadmpat ti ng i mage data representing brain tissue to a
predeterm ned spatial orientation; determning
spatial statistics relating to spatial features of the

FEpPr eseRLRfhd & RelieRfMEiisstk daSid WoRdrmaBe dh@RESESRLRH brain tissue,
brain tissue wthin categories of white  matter, gray

mat t er @mprisingdbesiepsefal fluid; identifying a region

of interest i P Wy | [ £ .
as cerebrospi rﬁ%)l%? F{‘}g d Eﬁgg 3:; a;%g éﬁ%ﬁeﬁ%%é t% ﬁ%ﬁ rtgsr%‘?% ‘s%e At @gdetermmed
brai n tsps@alerientatiompat e the identified region using a

regi on-grow ng,techni que based.on the identified

regi on of i nt‘%f;eég‘l“.lm%. Spﬁ’il@ﬁng@ffgiﬁs age?%}nﬁi r’f@ds?ﬁla&l foapgres of the
1, wherngprasdnifi®l apdgkes; M ned spatial orientation

defines three orthogonal axes that are (i) a_ nornal

vector to thelassifungi beateppsanied brep fisguepytain eptegories of - white
vect or haedNeal iiReSEAMRALGHRREELIAY the anterior
comm ssure a the posterior commssure, and (iii) a
vect or produddensffyinpe ragios ofiiternstiin( thie yepresented brain tissue classified
as cerebrospinal fluid; and
segmenting the represented brain tissue proximate the identified region

using a region-growing technique based on the identified region of interest.

2. The method as claimed in claim 1, wherein the predetermined spatial orientation
defines three orthogonal axes that are (i) a normal vector to the midsagittal plane,
(ii) a parallel vector to the line segment connecting the anterior commissure and

the posterior commissure, and (iii) a vector product of the axes (i) and (ii).

3. The method as claimed in claim 1, further comprising the step of identifying the

central sulcal basin as a sulcal basin having maximum volume.

4. The method as claimed in claim 1, further comprising the step of identifying the
Sylvian sulcal basin as the sulcal basin from the coronal section passing the
anterior commissure where the basin is connected to the skeleton of the sulcal

basin.

5. The method as claimed in claim 1, further comprising the step of reformatting

the image data to a predetermined spatial scale.

6. The method as claimed in claim 1, wherein the predetermined spatial scale

defines a dimension of 1mm along each of the orthogonal axes of each voxel.
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3. The nethod as clained in claim1l1, further
conprising the step of identifying the <central sulca
basin as a sul cal basin having nmaxi nrum vol unme. 4. The
method as clained in claim1, ig(ther conprising the
step of identifying the Sylvi sul cal basin as the
sul cal basin fromthe coronal section passing the
anterior conm ssure where the basin is connected to

t he skel eton of the_ sulcal _ basin. 5. The nethod as .
cl-ai medhernethed af elaime imeping dnpithsy AemprEng thspsten of preprocessing
r ef Or Mk il daliolBRBFe Hiticdisktle fohl(REGhaE ned
spatial scale. 6. The method as clained in claiml,
wherein the predeterm ned spatial scale defines a

i mensi pn_of 1nm al on ach. of th . X f .
Lien v o8 dotinyb R BLARe pRt R A AbIAE MR GRet’ and Sytvian
cl ai m FEissuty teghs Goapinspend atbhein cbmprising gbaputee esfhwvig recorded on

the image data to nove bope tissye fromthe juage.

8. A cm@wrrfﬁﬁ&ﬁwﬁfﬁa@ﬁf P?rsqn@%wgﬁfqnﬁﬁ fgam 1.

central sulcus and Sylvian Fissure regions in an

i mge of a brain conprising conputer software recorded .
Sh a cbRpupEEr sSEaRET segmenting the peniel pWews and Ykwian Fissure regions
st eps l-a ; gﬂgg i g
t he ce(r?tfl ragail lﬁ-lsagii ijlﬁggogﬁé ég/ Vi g@r @@&%{f@gﬁ%(zg&mﬁ %a computer
i mage otadablerméedivmdoppérformgng theptepsof slaimmwar e r ecor ded

on a conputer- readable nmediumfor performng the

steps of claim1. 00640
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