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[ 0001] The present invention relates to nethods for
wan@bsygdey t hr ee- di nensi onal brain i mages descpCbea2005/000106

brain volunme data and, nore particularly, to nethods

LOCHOIMNEEA T -SATITTALORRANEN for a mid-sagittal plane in
a three-di nensional brain image. BACKGROUND [ 0002] To

study an organ, such as a huna BraLE%Eﬁ
t hr ee- di nensi onal i , " may be
taken. An exenpl ary volune scan may be taken using

[000%9 nehd e@ﬁ ARRAGES eMRs th TRALAE forTeﬁﬁl}fzﬁfg%fee-Qﬁm@nmonal braln images
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describad le;vxbrafn xtdiwnd:) daa esd, ofiorRatticalgtlygto m@@@dge@temumng a locatlon for
5£%g€hvlThe B a of MRI.. 1997 gavallable at
ami "i‘é’?qetmé BRAROARE PFIIPRES cont ent s of whi ch
are hereby |ncorporated herein by reference. In
particul ar, see the sectBAOKGR@EUNEpter 12 entitled
Vol unme | magi ng (3-D | magi ng). For a standard dat abase

of MR vol une data exanpl es, .
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l ongitudinal axis in a coronal plane, which divides
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Voluﬂlle\dhﬁﬁﬁa}f hecdakiderdith b otg@hize@nslickd fllhreféqmbés@f Slices are typically
Hf/plcally, each slice is conS|dered to be a two
cons

Iyase s influding exial Hicentken nrmal iosand alora ayertical axis in
an aﬁ'fﬂgﬂ@ b tcﬂ%ﬁestﬁ@@ralﬂ‘frﬁ@‘?ﬂﬁt%dﬁ)@ﬁ%’po% af]lgef dfcal él%‘amclude

assoclated wt 0g O
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be considered to have a sjze each of thre

brai e QfieTiyy and P%@rﬁr Hoﬁlqmnglimp %y:g? Blﬁ,g}e sqgmal sﬁces taken normal to

and A6REP LR svBRILSRRE 5 SRR YILL Wﬁ’i‘%ﬁ HividRdh&Braieinto BR add right portions.
i nter hem spheric fissure, which is a | ongitudi nal

Typltaltyr oahi stice fseconsidéredio bea mdlmehnelonmrm oé prxal intensity values.

hem spheres |l ed the .
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m d-sagittal plane typically

size in each of three directions.
[0003] Inhuman brain anatomy, two cerebral hemispheres may be identified as well as an
interhemispheric fissure, which is a longitudinal furrow in the midline between the two cerebral
hemispheres. A plane, called the “mid-sagittal plane,” may be defined as the sagittal plane
passing through the interhemispheric fissure of the brain. The mid-sagittal plane typically

contains less cerebral structure than a sagittal plane through any part of the rest of the brain in the

vicinity of interhemispheric fissure.

[0004] When a volume scan of a given brain is taken, the position of the given brain within

the co-ordinate system of the volume data depends on the position of the patient’s head during



contains | ess cerebral structure than a sagittal plane
t hrough any part of the rest of the brain in the
waQ e@spd2g7 of i nterhem spheric fissure. [0004] REEBARGZ005/000106
vol ume scan of a given brain 2s taken, the position of
the atqi8sifbiy 6NthBRalumdvchinimadeh® iclnontihasthe vesicattDiay be analyzed to
vol une data depends onthe positjion of the patient's
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and rotation, may then be applied to all of the brain
[000%Jo] urrevigasls developddanethedselondetpminimguhelogaticn fonthg mid-sagittal plane
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use alpRfoat infftmkaon bt Blidd-BReiidt. dhe Bheld €laddes oPAREBIO hetude a class of
extraction of symmetry |ines in axial or coronal
methefly hatargpagedonibe igshemisaheaiedissute and priass pf mathedntket @p based ona

Hgglu -sl-i.ce direction. The basic cl asses of nethods
5y I'n éd[gglllg&cl ass of nethods that are based on the

i nterhem spheric fissure and a class of nethods that
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inter y g@%gﬁ%{%ﬁ u.g ?ﬁllg%iwgﬁﬁptg e%i(ﬁ: :’c@%ﬁ}eglg@%%}r}%gﬁﬂé ?t%lrea (r)F the brain is
rougllgy RerBesiBa hil¥ihdsRehdt MhEmReRESiBRRYc Fiskire PHivedRfa JoB8 landmark for

rain is roughly planar and a hypothesis that the L
furthemitoduhetnic spherelty ahplysisrlo this elableismethgdsogeneratplthe Kisfupe is identified

further volu ic S try.anal.ysis, ln,thi.s.class of
S L R R T e
orthogeMTedreshi @ Ufiote aistt dRohfBIGR%nts Tdpedtentdng the €€mented curve.

di nensi onal plane is found using an orthogonal

regression frﬁm a set of con(;vrol poi nts representing

[000¢lhe Shegihery dghiadhemethogobasedpa shapeyy sefirioq it that the mid-sagittal
plane'r'rﬁlﬁgﬁﬁﬂﬁes Qﬁélﬁﬂlri)lﬁgt 2 BYEEIRhS Yrafif frr]ﬂa%'é LB Ii‘t's. &f%e?ﬁ%n,{i.@.‘? éhat the mid-

-sagitta maxi m zes the simlari ét wéen
sagittahplahe mithe sagittpd plane withgespettl te ovliicnthe ibrain exhiibidt makierum symmetry.

m.dsagittal, plane is the sagittal plane with r ct
viostghs el R AR Bk B EE ek P S abichom  NOBE Hyndeauate
pararh&16ri ol @flshdi@s ®Ethan cRYIFRRLY Masd\al tBe B AMRAsB8MNERlidian space by
schene. First, an adequate paraneterization is chosen

a vectay comppsast e fpw capfficisnisnEoiofach Relegtpd planelinyeies phpessible planes, an
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coe ane |
brainfigagé dldea rérdimensionsldediceon fhage, ahbicytherABtich image is determined
. (symretry criterjon) is deternmined for the original
with fespech iqibgsplesisd Rlane. Then, the set of possible planes is searched to find the plane
having the maximum adapted similarity measure. The chosen symmetry criterion is often the

cross correlation between the intensities of voxels in the two three-dimensional images.

[0008]  Unfortunately, known methods may include such drawbacks as a requirement for some
a priori information, such as whether a given set of slices is oriented in an axial plane, a coronal
plane or a sagittal plane. Additionally, the methods may be considered time consuming,

orientation dependent and limited to small tilts in the data.



brain image and a three-di nensional reflection inmage,
where the reflection image is determned with respect
wo o0osles23El ect ed pl ane. Then, the set of possiBCESG2005/000106
pl anes is searched to find th& plane having the
[00097aX | Glealpdepd edsts hfetdfor b ynatmisafl Rterthidng thededation of a mid-sagittal

sy try .criterion.is often the cross correlation . .
plangy B GIRERTiowal REH jrease hab gBNEISS o FAYi T a priors information and
overd JM &S TRATHAY tg'b BRI RRsly 2008 e dHERLEYNat el y, known

met hods may 1 nclude such drawbacks as a requirenent

for sone a priori information, such as whether a given

set of slices is orientedSUMMARXI al plane, a coronal
pl ane or a sagittal plane. Additionally, the nethods

y .eonsi.dered.tinme. caon i orientat.i on. ..
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desciiiRddeby K20 ufsh @ adth Wk dxaree (amro?y 9r 8ndieerhré HendeRhiied for the slices
of determining the | ocation of a md-sagittal plane in

in thyvelmesointasess pispaiptel vath-rachafdreaditectpug. nef the three directions is

. I . DFLOC T 1] i . . . .
dent Rl Ul BlrodioRah Tl il AU RTTOLER BN R Sl divection
and BuMgARY optiiNdlGheadstietrh beyused ol dufiee adfirsi astigraesdt the mid-sagittal plane.
efined wthin a three-di nensjonal brain i mge . )
The @@5@%0%6 mliws%gwm TRt oD ﬁ)@a%?grlg &n PBWIIZggn tsphnique to find
a findREAND oRUR Hhiven %iglfaﬁé.n?d for the slices in the
vol unes of |nter§st ssociated with each of three
~directions. One of the three directions is identified
[001Hs tlheceerdincearittian aspedtof thermtessnkinvensionfthére is/provided a method. The
associ with the ittal di.rection and having the. .
metr§ PTG ilotyblbel R shBlp (S ibh B0 Bt JRUE o i image
defin®dl by berim,elusRGiatadiala thleadementittiaf spasé agstibmavaOfirst, B&ond and third
m d-sagittal plane may then be used in an optim zation

directigrsh Hieqirah sesopd Arrl dhirdidirsptiensteingtathoeonahéo erch odhegithe eandidate
sagitﬁi @&-tioh %Qﬂlg He élBse?ﬁc‘ﬁfgcﬂglp SFthWﬁtr%,e %@%ﬁfﬁ@?ﬁﬁaggfdj]rh%ﬁms to an actual

present 1 nvention ere 1s provi
sagittrbdineaption richeutbes miieih g thel dandidata segitiali dimtBos mgludeadiefining a first three-

. di.rection for,_a brain jnmage, the hrain image defined
dimegiogal §p RmpatlREregdly hroit BHneEco B CIER AP gjpefata 1 the firs
volu8 8Pkt 8 Porv¥ it ﬁlhfaﬁ;i:tjy ofSgieaNd (B Hrst Birédiodll dSFRAONScond three-

the first, second and third directions being
dimensiped gohae afantereshoichébrain infage cehtalhigtbeais aiglunteadata in the second

direction.being t cl.os . di.rection . the fjr.st, .
volu ERI AR A P DR BT oS T debuEiineepy i o thind e
dimefl$i6et bRihe ofigte@e! @A Bilafilintdae, chadifing difin $8Biniet dka in the third

direction includes defining a first threedi nensional

voluspe pipmeerest forryteird plurdity ohalidss & the ithighdirectipnadetarmiping ameasure for
s YL T2 AR, WS  econd o i
pluratigyf afislioes, plostapahel michsuee thir eBeisdlion af theqllmatityadf slicdspsegaéntially along
a plo’g%gt%%gre%gﬂd?né t%argseﬁect?\%t f?rlstlj Isgc%ng raﬁlcll ﬂﬂr\élociil%rcrt?orgs?%oaprlodnucte t%ﬁst, second
and third measure plots and determining, from the first, second and third measure plots, which of
the first, second and third directions is the candidate sagittal direction with a candidate plurality

of slices associated therewith.

[0012]  In accordance with another aspect of the present invention there is provided a method
of determining an approximate location for a mid-sagittal slice from a plurality of slices of brain
volume data. The method includes obtaining the brain volume data for the plurality of slices,

where the plurality of slices is generally oriented parallel to a sagittal plane and the plurality of



volume of interest for a second plurality of slices in
the second direction, defining a third
wao boosegkizeensi onal vol une of interest of the brBETSG2005/000106

i mage, obtaining brain volunetdata in the third vol une

slicesdk positi@ledsilorzQi a&istthatrisl nginiil &d ihe pagiftalgllareedetemmihing a measure for
third direction, determ ning a neasure for each slice .

each gliceof thernlpiality of shesse WhAIGIn WCP &S3FYE L ffqt%;m&edshaﬁ%%n the brain

volunflé)ﬁatéle @&Ralﬁef: tk%clfl b aznd%@l%@tﬂ%f a?%dfdt&fer 1H dedy ftt%i éﬁéé a‘ﬁ{ong the
slices I ng t e nmeasure for each |c

pluramlwa ahd:dsybaséd sh ideetfyiigeauerina measwat amgngst ;ﬂhamea;mres determined for

di to..respective first, second and third
eadlé? ﬁfdﬂ@angﬁﬁP6§uce first, second and third neasure

plots and determ ning, fron1the first, second and

(0013 i A aERAGHEE wWith Al frthWHspeLt Of the fp@estehtrlﬁ{zem@ﬁ €6l is9R6vided a method.
third directions is the candidate sagittal direction

The mﬁthcvd facluderddetirmanipg arcandldqxe @#glﬁaluderégtlcasf@b@ beaiegmage, the brain image
t her 2} | C

deﬁnet‘cplgy %r Seorl]!tu[]g)ﬁlt bak hfhae grgeél%{agglp hidhs %?&t@f&qtﬁ?@& %ecgnd and third

directis ethBifiidt Rgcont aa pHifkdireatiend et ortivgbadl ta esdhchtbagihk tc@ﬂldldate
slice froma plurality of slices of brain volune dat

sagittgliregdembring theiclesest daisetinnelibe fird ssraading &nlmrwpas {0 an actual
saglttgllocﬁre'éﬁ& RnY rd@!ehh?ﬁlng hi €% CflaY@S%r Fffai Pﬁecﬁloﬂ rlﬁ’dlﬁde)é ogfalmng brain

ces 1's genera oriente to a sag
volund datefoa radirktf;éurpluyrcmshtqs ioflsd ﬁnsedmacﬂomaﬁatammg bdmaivoiugm data for a

n.axjs t i.s .nor nmal o t.he i.ttal . plane, ) )
secorg Qh Al AGEes P Ser Aot oG e i YlEE catedp s thid
plural®ty of s} 6B $n tﬁ@ﬁﬁiﬁ&ﬁﬁ‘e&ﬁﬁhdéfﬁﬁﬁiﬂhg a'n§ea§|@1’é %J@a@ﬁ Qh&ao?%ﬁe Bt second
the brain volune data contained i n each slice and

and thged Idmanhngof@hc@m tirgacteofthe figsicfeconsd ang thxr@pblmimg of sleces, plotting the

es d on_ident an.optiml ..
measfg #iach Yidlordhe MBI BT Fl SebPEM AP PRt fPimgine to
respe€ivetfiist, pcofidhihd thirdfdigtiicitdo plddddstirst, Re@mdand ﬂﬁﬁ‘cEm%shFé plots and
a further aspect of the present invention there

determgping, diom the dasthisgondrans thﬁfi HsasyrR glaft o9 chetfeherir ﬁ@ccéld and third
direc cﬁﬁ% ﬁjlgtcgncﬁ@zgé %atggtltaé glgjéce[g '\Qﬁlh 5 9{1 1R Filabh gl Ice§ gk‘gocmted
ef1"he y unme dat a |n a

rain 1 mge rain vo
therewhtli.ee- di mensi onal space associated with first, second
and third directions, the first second and third

01 Ol O DB AR SRR Rl apparnt o thoseof
ordinallyTsRELih @R & updirelichisds the RERMhEMdchRtiont fdpéess elala@dlfnems of the
an actual sagittal direction. determ ning of the

inventigm il ehaiunctoyivithahe afico@panyang ﬁ%‘@‘p%des obt ai ni ng brain
volune data for a first plurality of slices in the

first dlrectlg ?sdﬁlﬁ%@ﬁ ﬁ]Tﬁ%lﬁﬁm for a

second plurali I ces |n he 'secon rection,

obtai ning brain voI ume data in for a third plurality
[00150f dh thedipuires wihieh tlhistrate dkareple icorbodihetnés ofithis mgyveation:

measure for each slice of the first second and third

[00165 Ihlu&zblpf m,ug{l t?@étgﬁesﬁglalf rg{glssag ab]?l?pen ggt?lp?gklsntg meﬁ ac%or ir(ljg to an

embodiment of the present invention;

[0017]  FIG. 2 illustrates three plots, each plot showing a normalized energy measure in each

slice of a set of slices in a volume of interest associated with one of three directions;

[0018]  FIG. 3 illustrates a normalized plot of measures for exemplary slices in a volume of

interest associated with the sagittal direction along with images of seven of the slices;



measure for each slice of the plurality of slices,
sequentially along an axis corresponding to respective
wo 2oosi9628econd and third directions to produceP€i/662005/000106
second and third neasure plotss and determ ning, from
[00190 he HIGT 4A illseaes glosndf tahionsmeesases for fgiitad slisvhiof b befin volume scan;
the first, second and third directions is the

candi date sagitt direction with candi dat e .
roo2c it 48 it Blow S68HERE et dPeSiaLel St ot brsituplume scan
aspects and features of the present invention will
[00219CRNE. SRPMBRes bR idifiSRidohg@RDiRAT Y skill in the art
Upon review of the follow ng description of specific
enbodi ments of the invention in conjunction with the

[00224c c dMFadly iillustrricy & sy fingRniksapRERiehased ara fipgd mid-sagittal plane
oo T RGAP e b8y By SR NBASHERfpiion in o

initiall thiusslottal pRins tiefrkdibased on e sdgaltstiad o lan sAdRet building 8 gtarting
. .method_according to an enbodi nent of the present
simple geserding to ropmbadipent of she preseat YEWON hree plot's, each
pl ot showi ng a normalized energy neasure in each slice
f e 1 ' k[ =Y :
002397 g@h_gc g’l;lusfihfreg fSedofid gipggﬁgf;@ g%l:ll blg%e%ﬁ@%f orf#ARA A8 gittal plane
obtainddlussigraatensrgy maswe land &&ldek-ddeadfophisrazatior sisingan initial mid-sagittal

ary slices..in.a v of i nterest associated .
plane (R st B it Re BT FER 4 ng iR & g c g Saepyaing to an
embo@fmdnf 6f Gbipenlifdk¥bnf1 G 4A illustrates plots of
various neasures for sagittal slices of a brain volune

scan; [0020] FIG 4B.illustrates plots of various
[0024fp adileA filbistrgtes ph frdtial gpidesagitigk sligepr aj n vol une scan;
[0021] FIG S5A illustrates an initial md-sagittal
i ¢ . [ 5 . ' ERAL - o
0025}, | F3G PR ERrales Pt ralprkBARF R CapiPin L P picspettal plane
obtaimdhaingen ensiopy (Kuwllback rbgplef)Kutdsbhmcind-NdldhirbVead) optma satioa using an

nitiaag-REh PR (ARG PO R DAL DO PRI Byildipg g gartng
simpl6f aé:doﬁliﬁ%ﬁs Sdm b ch M1t srbRht inkentfnPl ex accor di ng
to an enbodi nent of the present invention; [0023] FIG

SCillustrates a second final md-sagittal slice based
[0026dn F1Ei pfalillysitates a geoopd Kinpl mitesagitabpliredbasrd o2 Hinalapidrsggittal plane
. - . K s - ek-141 .
N E R
plane defifddPasédoi tie ihitial dicagf BIG.tGH farbgildingplsextisrdmpiiixragcording to an
to an e&odi ment of, the present invention; [0024] FIG
embogiment pfdie PE3se’t WYPHiANL | al ni d-sagittal slice;

[0027]  FIG. 7A illustrates a sagittal slice that is affected by statistical noise;

[0028]  FIG. 7B illustrates a sagittal slice that is affected by radio frequency inhomogeneity
noise;

[0029] FIG. 7C illustrates a sagittal slice that is affected by partial volume averaging noise;
[0030]  FIG. 8A illustrates a linear representation of a mid-sagittal plane on an axial slice of

brain volume data, where the mid-sagittal plane has been obtained using an energy measure

according to an embodiment of the present invention;



[0025] FIG 6B illustrates a first final md-sagittal
slice based on a final md-sagittal plane obtained
waigisgo@n7 ent ropy (Kul | back - Lei bl er) neasur ePErsG2005/000106
Nel der - Mead optim zation using an initial md-sagittal
[00313] ad¥Gd8Biithestrates adiheanepesentationicdla nsidksagitial plihdon fifaxial slice of

. for building a startin |.ex accordj t.o an
bram_éfﬁ[sm 4?&‘ ¢ thy émﬂrsé%‘%ﬁltpl%@ﬁ {PEHOD tﬁléief% Bying-pientepy (Kullback —
Leiblgll)#é%ﬁr@tag reng%&%grnﬁ+aﬁbnmﬁh@ﬁggén& #veRfibyt® based on

itta ane obtained using ad energy
measure and Nel der-Mead optim zation using an initial
[0032}i d-HagPAtibistpleandindef ieprssentatvadf amidrsagittal pland orsh corenal slice of

6A.for bui.lding a.startin i.mpl ex .accordin
brain g da) e T ey e bPoh, P Re R i S e peasure
accordigith hﬂ%ﬁ”ﬂb@&lﬁ&nﬁoﬁtﬁlgﬁeﬁsé{t iglenfién;tdnat is affected by
statlstlcal noi se; 028] FIG 7B illustrates a

agittal slice that is affected by radi o frequency
[0033] nh g @R allysjrass Adincar tompsiatonof 7 it spgidtel plalasonsa coronal stice of

bram%ﬂfrng g(l?alrt] g%lﬂg:fegtél% h‘?@ﬁé@}@;ﬁ%&t@%bp‘}(ﬂ ol 1&113 Lsﬂ%!n:ljlgﬁreogly (Kullback —

Leible preasienbadording of amembatlimany dfttlad prpbemin isnvenman axi al
slice of brain volune data, where the m d-sagittal

pl ane has been obt ai nmeasur e
according to an enb&ﬁ?ﬂ%ﬁiﬁﬁgEsﬁBEEf%g%n i nvention;
[0031] FIG 8B illustrates a |inear representation of

[00343 mig osaeietut FoluARRE iRt RAroRdfiled Hithhi€ a Eire AR dMsNORAIWIBN image by
at where the md-sagittal plane has been obtai ned

slices g |bnzgn anluare dagpgsseaiated patbikhree pehegospl d1m§ggm A measure, which may,
Y L oM

ror infg8 P el tgff F O PTRRan Rt 1 HELPARRTRY O S Mgy, The one

directéoryhftofadict thite dikativts assoaiacdrvoittathe Solumges@ff ite@stNthat most closely

cone%}%%lg;r‘%égg fs'%qtpdmdgrrﬁgtgtpgg ﬁndms ai%pt tﬂgég#%ra%@r@ghegﬁigs in the volume

of 1ntm%&?ﬂéd Rfth ttﬁl’%d@ﬂtﬁﬁﬁ@ﬁ iHIMBREL O ha i tﬁ@&ﬁfﬂal FleGsure is used to

ustrates a I I near represent at’i on
deﬁnq:m tﬂli‘S agfithatalof fleamid-sopittal 1(31@11163 ffab figdtiestemate otﬁ t}m midvsagigtabplane may
ere the m d al ne has been..obtain

then Q?SHSH% a%ﬁlpgmorawtlka%ﬁ %g é% que, Iaht}elé Plyerﬁt@%\gﬁtlﬂ@ converg(ejnce criterion

is satiRAED LENVARKIRIAR RADOHINRNGS B mlideadit A Shie rhe{}Nl% Yro@ibed.
DETAI LED DESCRI PTI ON [0034] In oveggt\%/l ew, volumes of

terest are defined within a three-dinmensional brain
[00331 rra@éGby illysirates steps Wrag exemplaphmidisagiital Plapeidstesninipg method.

In1t1a%1£rrb%§lﬁ gé = a% s er%e\ed; 1gl§/bt W@ess@n@@gggﬁmg%#ag@ Vg'lﬁ}fre dta&rmay be
MR deeterany otdr fmdgeahatd Notablh 81R Idhtads typidadly previded in shces oriented in
three orthogonal planes or axes, which may, for example, be labeled X, Y and Z. However, for
the purposes of the methods described herein, if the image data is not provided in slices, then the
image data may be processed to rearrange the image data into slices. As should be clear to a
person of ordinary skill in the art, three dimensional volume data contains a set of two-
dimensional slices normal to and along each of three orthogonal directions (X, Y, Z). Thisisa
basic principle of tomographic imaging, use of which allows one to obtain a two dimensional
slice of an object described by three dimensional data. Each slice normal to a given axis may be

associated with a coordinate in the given axis. For example, a slice normal to the X direction may

be associated with x = 5, since, for each pixel in the slice, x = 5.



direction, anong the three directions associated with
the volunes of interest, that nost closely corresponds
wo oooslees28agi ttal direction is then identified. PA8G2005/000106
slice, anong the slices in the volunme of interest
[0036]s S ONbtablgdtheibidin ¥ bRmicttin ¢ahitecithagbdit@ic o dréwitiople, That is, each
havi ng t he opti nal msasurels used to define a first
voxehigyth mlumﬁ datginepydayp amiiopm size along allitinee prthegonakaxgs or may

2 mgga% then be used as input to
exmﬁ{dltﬂ%%n g??a?%{#[tbegﬁ% que, |aE operates until a
convergence criterion is satisfied, at which point a

[0037]; naTheemtnhbmbﬁsltn:ﬁas nbmahtmjthsé@dilrw&ilon phagrie latetehEmax, the number of

slice%&%ﬁ%ﬁ@e |[¥|O reg %1{1: {n%g |b% g)zlfblgifgs%@at e S qe.‘,gnsl?,leéfn)ﬁ ggces normal to the Z

direclifh hia? bk Yabe[éﬁ%mg YRI4HRE 1R thalybela@Bfelde At Rufbd? 0P S18%S Bbrmal to each
(step” 102). The brain vol ume data may be MR data or

directipny. Nytérhat tymcg&y bmnavolpmeg}gtayls PNRidedtag ah sven/mimkgriof slices in each
dlrecgrr?w ded in slices oriented in three orthogonal planes
Paxes, which may, for exanple, be labeled X, Y and
Z. However, for the purposes of the nethods described
[003 $1]e r GT i, prbéesﬁdtenayrmgte defardean vaumebf @it dewciatedsiiticegh direction

t he j mage data may  be cessed _to rearra
(stepllf%a; Jha aplamerﬂféntglr%fcaééoc% yﬁg @12V Pelivecion IStpéefglagkyr%Wred about a

mid ce BF e ALK Bithhlto 'tﬁb %1@@11 @dotioh NA£ st?ﬂngﬁaﬁ i9R&de 1ﬁgiléﬁ@preference

ata contalns a set wodi nensi onal I ces norna
that the chidrsagitgal pavk vail paser thmugh tlieogandy oflibeecttiroofth¢ Mnagé, of the brain

acfingd by 81 iin ol B SEETs Byl prdBRNeh B HGRe T ey o interest
This 8dsufBtieh istRpQRbEGIbedARGE HR@RIR ¥cdnhE 8LiHRIVRIS bOha brain.
data. Each sI ice nornal to a given axis may be

associated with a coordinate in the given axis. For )
[003Ux anfhedhreg valumes of Grtergst nay badetined by fttidéﬁmﬁ*ﬁy’)m fedex for the mid

slices??olsf%%i f%;tﬁQX\é‘Yt %18?6?' ?%Bh%?semldt_g Eiar_griﬁﬁ \'1% zﬁ%&gé{{gelgaﬁhe index
definbé fc&iniuﬁex magofor optancgbears XQ;,JQO fihe indEkdtfines] foemdd y may, for
voxel |nthe brain vol ma veaunlfor Si
instanfeg iy 3 et fr B BRETRORY Frgss B%Yn@?y st 2 Lo An index
for auEj ié]‘é)tféfﬁ ﬁ&t ardl azf?r?al i@ Drinbeot YRS @IdcROYBRFiheWRSdetermined based on

The nunber of slices normal to thé X direction
the invigy fdzrdhd: o sled N, to ttltrﬁeglmmtﬂleactlon agd a ddferenge ivaluet dnit x =mid x —

Y dj | ab d_the nunber, of
20 mi Findt St kT 20 Pl Y5t i aym DL G B g o it 2~

mid Not@hv; addEhS Aeynidez & 20 thine TRNYifRLIHEE K210t nflyibe Qﬁnmdered to be
“normal to each direction. Note that typically brain

convexgsidiinte agrmmber of gicst:i e the dpensivaw! thatraelsgormalite dae dirpction of
1ntere%f"°h direction. [0038] The processor may then define a
Ol ume of interest associated with each direction
(step 104). The volune of interest associated with a
[004@]i veThedhtee wbluntesiof irpereftenniion beelefiseddsimbibatinitial slice and the final

slice. The three volumes of interest associated with the three directions include: a volume of
interest associated with the X direction (VOI), whose candidate slices include only the slices
normal to the X direction associated with the x-coordinates ranging from Init x to Final x; a
volume of interest associated with the Y direction (VOIy), whose candidate slices include only
the slices normal to the Y direction associated with the y-coordinates ranging from Init y to
Final y; and a volume of interest associated with the Z direction (VOIL;), whose candidate slices
include only the slices normal to the Z direction associated with the z-coordinates ranging from

Init z to Final z.



md slice of the slices normal to the given direction.
An assunption is nmade in such a preference that the
wor@ssagettal plane will pass through the vici PCT/$GT5/000106
the centre of the inmage of th& brain defined by the
[00413r i As Wil beEppdRdnatoxnbrtdmesfetrdiheryvukill ingths sritthe volgmesbt interest may
three volunes of interes This assunption is %¥p
be defigedexterngbiojthe PIRECHPLAY (G BIRCPSOLIAY HERRABLEVBF Wiumes of interest
as in taln [0039] The three volunmes of interest may be
efined by first defining an index for the md sllces
normal to the X, Y and Z directions as m d_x,
[00424nd Tolebud be estpdthat a/éifgeren“ch galund€40 def (Ao @y elthed snde of the mid
for instance |ndex def i

stce g by oo GRD Aok ARG S i e o ing
Acco?cﬁﬁg AeGuf QhoyiEt M, TRYHuh&{ Biais SARSe, m@o@s@mm&l& ThiR

index for aninitial slice and a final slice normal to . )
Dimeasighsleiectipna Anptomymascont editips, HuingerViamhap 98P 302 tthesagittal slice

20 mlgllqeg)e niri F}tg:lpng%d?%l S@%l}ialcs% SPE{ rﬁaﬁi{(}gtagi)ﬁ/ ggwﬁil{té ﬁg{téroﬂ cross-sects
the aﬁiuﬁﬁénd@he oBRipital hornlér tHéflatdrill \Ienmc}'e mdol addl’tlon'%lﬂlymms cEiebedspinal fluid

+ 20 Init_z = md_z Final _z
(CSFK immihg nzen,mg@l m‘r‘_th@ merdal spgatiad ér‘éea‘i’ﬂéalﬁd‘?ayﬂ@ shown (see’ Duvernoy, H.
t C
v TEERRIFES S| ST CRNPSt o BT -DBMAED o ldsm ons
secon?ﬂ ddétidri, Springer] Vileane 4099,[i303 cbhinirt dsmealer amometsofofhite matter

LT P e R T
in th@l?éﬁ?és?é&i%ﬁ oWinbte et M@@Sld hlroﬁﬁ@l 'tHérlﬁteH{éﬁh%@nc ﬁss\{ﬁ’é KBy the

Interest associated with direction (VO
locatishad ¢heciaitthl tad-sagittalsbee. Hwaydre ltcﬂhb\}ldtbh geapighized thabﬂwdi() mm

e e £ S STl A N B
volurB8 $2Gk afa§theWhbient he Y direction (VOy), whose

candldate slices include only the slices normal to the
rection assom ated with the ~-coordi nates rang |51%1
y) may be

[004$]r onﬁqrﬁp@h 1 yolyge pf HRAFres); a BiGESUES (BT CFABIRM. SIS Weners
coter A4 06 ML 1) B cflElu At Yoh Feiiohsanidye pice ommal o the
X diréctitin; e firsteremplancimetgdnedstite, {ihmay be detedhinad &om:angi ng
fromlnit z to Final z. [0041] As will be apparent to a
person of ordinary skill in g art, the volunes of
i nterest may be defined ehterAafito the processor and
the processor may sinply recef¥e the vol unes of
interest as input. [0042] It should be noted that a
wher@ ] ﬁset‘h@ ﬂﬁ&ls‘i‘@'vﬂﬁle %Taﬂ&e[rﬁ'ﬁ the RochfdPG, Biviifteh thel geenandildgte slice,
m-d slice) been chosen enpiri cal | y. The Applicants
wherb avepresaiie thd mmné@mﬁih@ pixikbarfdot tepigiserys the column index of the pixel.

[0044] A second exemplary energy measure, >, may be determined from:

I, ==Y x,108(x,).
I

[0045] A third exemplary energy measure, /3, may be determined from:
I = —Z X5, .
Ik

[0046] A fourth exemplary energy measure, Iy, may be determined from:



According to Duvernoy, H M The Human Brain: Surface,
Bl ood Supply, and Three Di nensional Sectional Anatony,
wa@ewsgb2edi ti on, Springer, Vienna, 1999, p.302PC1/k€2005/000106
sagittal slice 20 mmapart fromthe nedial sagittal
slice has |arge manifestat+ ?lplﬁ)gwgli,te matter, it
cross-sects the atrium and ¢ occipital horn of the
| ateral ventricle and, additionally, has cerebrospinal
fluid (CSF) in the neningeal space. The nedi al
[004Gagi4 {i4ih cxPRplrnenaBeaRAsHEsy [ 81y s Wstermiwdiopsr noy, H.
M The Human Brain: Surface, Blood Supply, and Three
Di mensi onal Sectional Anajonmyys~ second edition,
Springer, Vienna, 1999, p 23)jk g*contain a smaller
amount of white matter structures and a | arger
mani festation of CSF (in the interhem spheric
[0048)i sdunedr cothbameont dffthe shvve snemy hivasuragninbe alsabe apedolthough the
white matter and CSF ground the iqterhem’ spheri ¢
above sisgy Beaieielocardiiats Aisss Nowea it fhei 2 At tpns i ghquid pe clear that
coe D e o L R B Bah D Pk Phees
normsglto dhelY whrecti@nand tha . deoctidne Thesei enatgyensashnesrpradang® singlg value for
be chosen. .[0043] For..each volunme of interest, a
each %Qéc[}?eeﬁl(c]eé%&yg ’ilee?ﬁg%fersf)py or energy) may be
deternmined (step 106, FIG 1) for each candidate
[00493! | CWherkQlis & @itensity CAREloLiapiRelShiaGevdnaiBidate@litd)evhich pixel may
irection, a first exenplary energy neasure, 1, may be
have g rdengith ¥alup selgsted fipmygd plenitly jasee %{r@mi thiogRgitesiusiyg, gad p; is the
probeBie il 8 el Q6Q} Mok oty (R0 R el Shaidate stice b
the irtdigitpvalat i,aniilskexeapiaey emtapytrheasarel (), nagde defermhed from:
pi xel . [0044] A second exenpl ary energy neasure, |2,
may be determned from [0043] A third exenplary
energy neasure, J3, 8§ fdumed from [0046] A
fourth exenpl ary ene%(%a%\rlgdg@?dbe det er mi ned
from[0047] A fifth exenplary energy neasure, |5, nay
_ be determi ned from [0048] Linear conbinations of the
whickypgy be epsidfyedr BSaTes ohiFeHinly He: rldeymesyuieis tgnegation of the well
knowaPRY ner Oﬁﬁ Uses. relate to candidate slices
normal to the Irection, it should be clear that
correspondi ng structure nmay be used for determ ning
[005nerWYhempassitheprétmbilitpativi daixel shioely setcted|franp ambeg te pixels in a
direction and the Z direction. These energy neasures
referegee gifcdas e IREPIN AR £ 870084 CKTERIAR QHOBY B1AEBS by (Pirdo) > may
b dvol U of interest. [0049] Wiere / is an intensity
e defFpisd SO ni xel in a given candidate slice, which
pi xel may
255

L(p;, o) = Zpi log(p,/ p,y)
0

which may be considered a measure of the relative entropy of the distribution p; with respect to

the distribution of pyo, and is known as the “Kullback-Leibler distance” between p; and py.

[0051] The above entropy measures are determined by summing over a range of intensity
values. In the equations given, there are 256 intensity values. The reference slice normal to each
direction may be the corresponding initial slice. Like the energy measures, these entropy

measures produce a single value for each slice.



have an intensity value selected froman intensity
range fromO to 255 inclusive, and > is the
wee@bani2kity that a pixel randomly sel ected frpoOT/aGmO§000106
the pixels in the given candiltlate slice has the
[0052'] nt E(Dlﬁietm{eavmies;esuéh asserfergysdr eatcepy Ihaveybmmtdetqnmirrm&‘emaeh volume of

[ be determ ned from _whi may he
mtereéb s wiueé o herfasgstives lwrh?ﬁleéw%eﬁtt? t%ﬁ B, valugrp dhe jangs frem zero to
one (%‘rép 6 FT@Q { F R@ ﬂﬁlu&@eﬁeé’@ﬁdmﬁﬁ%lo%%ﬂrﬁ f('ﬁnsthﬁébq}i each volume

sure. 50] Where p,o0 I1s the pr Ity that
of intpiexters ha‘amg aMoylzmﬁh]e}db‘eaiﬂs‘ armira amicad ntalgeitpdexadis In par&culal FIG. 2

st R ST rel T FOR ot Tojte X s R, for vor,
the x q%fg & me fd?! akds9 @no‘ﬂﬁihﬁibdw o%erasmég ﬂ)@%@rﬂilé’atgr?lﬁ%k' b6l to the Y

rel tlve éntropy of ‘the distribution p, Wt
directiasP¥id(i. et fort Welyoihs tyraxiruis itherploff axps) end amdrmalized gpilm ofimeasures for

candif i B 406 BP S B ey S it Rthabsh e only

norm8EIIpG 0P Yihsided RHACe beellﬁﬁzgﬁé ictuyve hadyUssidentifiede having a plot axis
equations given, there are 256 intensity val ues. The

correspopding ie thespgitil dizacrian. Inpasiselar.di preesssesANssa JoriBstaNs, ascertain the

bell sﬁ%{e ;b?%g&%gﬂ%& J[hgjc Hlﬁ‘és osfltllx @eashleklﬁoﬁ(ﬂ 185152 1% H%alﬁ}ﬁﬁ S?Rm’t or a set

nmeasur es produce a S|ng or ea

of poﬁitsj 48l th&Om3hotonesllydasense In tieusxamdtare pRjtg)f KIG. enihe Qplynahzed plot
have been determ ned for &ach vol une of intere

of meggrgplor gandignie shiess npwaal dgfpe Bédﬁ%s?rtlﬁaﬂp%é&ﬁa&e%laﬁi%peé curve and, as

f
. Y5 6 U (BB LRS00 QP8 10851 Grcrion
Notalﬂwassieﬁn@themneﬁle lRagitihludiectidn is mpenado ez dagitiahplase.

hor i zont al pI ot axis and a vertical magnitude axis. In
roos e, AIRRRep. u oo dest et Sy inele ol AR a3 4% nommatized plo

of meabur€s for tOdiIAR Miceb RBrn¥al dxihe X alrédﬁﬁnflbgkmaﬁ icShpai@d to the normalized
normal i zed plot of neasures for candidate slices

plot of gnegsires fr eandidateislicss ppwwal sothe (¥ disection 304 oyl {he nowalized plot of
meas&}eé‘fﬂr%aﬁcﬁ 1B gh&lsgﬁ J@% éx)r cABH 286 AR é%%gs B}t{?égg%tﬂz% éhe plot axis

asures or can 7 ces Imt rec
may biel foend, ih dre 1Mﬁha],1zeﬂhﬂot2}f andasuressfotr hmdi)dlabé slices aprmalt@the X direction

202, %p{\é{ﬂﬁ%ﬁ%@&e llfsgq %faa‘[me e%%{;leq% é§1§nlg?r%$hag5ﬁ9§1er of tge ot%er two plots

exhlbﬁ%'bbﬁsa%?'agis'?ﬂtlﬁ)goﬁamﬁ) BeRirdshadtivdiplRGkEONs shdh, the X direction may be
articu a processor nmay, for 1nstance, ascerta|n

1dentllﬁhé abetbrreSpbmb@ toythe eagiigedideetipnt hat val ues of the
nmeasure nonotonically increase until a point or a set

a nical | se.. |l n the.
o051 P T OB R0 SR REE T o
corresgibﬁ&mg@@tHe@ﬁgmamilteﬁﬁblenﬁb/ ibe esnsiduiehlo Heint dpEim4] measure and to
rection 202, has a bell-shaped curve_and, as such,

corregpgad j za;@xghc}@aeyslwé cloge fa the mad-sagittalgalanes frpithis Yyay, a coarse estimate of
the logﬁ[Jneo%Qﬁéﬂﬁc{@agrit@al 'ppﬁe 229bd hdhe HbmOAL L plots.

[0055]  In other embodiments the energy or entropy values are not normalized before being
plotted. If a normalization function is used to normalize the plots, it should be clear that the
normalization function should be an increasing function to preserve the maximum in the data so
that an optimal measure can be determined. (An increasing function is one in which the bigger

the value of the argument the bigger the value of that function.)



Not ably, as defined herein, the sagittal direction is
normal to each sagittal plane. [0053] Alternatively, a
wQ@e@anee7 degree of symetry may be recogni zedPCTSGEH®5/000106

normal i zed plot ofnmeasures fon candi date slices norma

[005610 thES. % iftigteedsianoth20R11MIRped omaliee blot @measafe@rabz Z(Nzttably, the
pl ot of measures_for candi date slices normal to

nonmhzmlpmf meguigh 0% eliipehipmibemonmalizesd plﬁé%@ueaégrers 892 of FIG. 2)
The rgo)%ﬂxgho@l# 8t§(%)f{n a‘fﬁ%ﬂgg%ﬁfﬁ q%foigécg §\|%Sr 'Z?r";éxgxggla¥ A ngﬂaﬁ: sh@ﬁs normal to the
sag1trabdi1mitioiieﬁ)nglvmh MagﬂsaMImdfroﬁm seven Dﬁﬂﬂ@l()&:aﬁcﬂlda:te slices. The middle

to t X di.recti.on 20 abouyt e pl ot
Seve%szﬁﬁhs 2P sxem Iaa%aeﬂlda@gfﬁle%* 2Bf 1 %les 35 1 %CCL& idsrenge numeral 304,

to luﬁgaﬁteo&mges iBrah QEa'%orﬁ? bidehdl tlﬁ:%flk i r@a%'o?nseramegma lhe candidate

hei r“respective plot axes. suc
slice dt whmhlthﬁpaaky)f be heﬂeahapefdl rwaima]szecdcpimeﬁpmadmngw%oqcns may be

selecfﬁ% s G aI el ?ﬁ]‘ﬁ} 8 gll E)T@&Ig& ﬂ; "I?ﬂf i t'{%:itelfqngdsag]gtalzs%ce may be

used @@ﬂéfﬁl%ﬂpﬂﬂgt é!;ﬁmtaﬂ: dfh8 o0&/ tfbAthe Mhif Bt gjlﬂ&y ThE coordinate value of the
considered to_be an optimal neasure and to correspond

initiaf midrsegitidisties, én Beisegittal Grpstion mayebentpoelahlyifor eonvphienis.
In this may, a coarse estimate of the |ocation of the
ANP .
[005 ?j'o 0 5@]%9 4A1 %ﬁgalrt%gﬁ%tg g?%@%’t éSIE eﬁ%%mrets IAEd Ttx% g}?ﬁg@g&ﬁ@dsures for 37
candida’[eLBQSeswfet fivstt braigrvobin & &4dn hefmalao beklnﬁ@n Bdtg)ttzﬂehh.ecﬁ(fn @s can be seen

nornmalization function i used to nor.na|ize the ot s,
from,; ﬂ@e BlRtsuibaeasd the maasuresproduse apgplaiariopdma C?S&Fﬁ?t”ilgﬁ corresponding

plot &RatidatP Syl mqgéfeﬁﬁlﬁlﬂg &hd ﬁ{eagu?espgrsafcwgepéaﬁ@at capdidate slices

maxi mum i n thé data so that an optimal nmeasure can
19 ardle20e(imi, Medl21X An i ncreasing function is one in which
the bigger the value of the argunent the bigger the

[005%]n ot é? 4geﬂ}lstla%eg E}g ﬁg?%%oe%% rgﬁlaag‘yreg ]ancli USt rtlgotg(}ef%%efsures for 47
candidbetstibésyof at dé&)ﬂalq{rﬁliﬁhﬂohﬁﬁfe fan(disfincieasimhe $’1rs3 ®2aih $olume scan of FIG.
distinct fromthe normalized plot of neasures 202 of

4A) mrgal @)a Imeenyigeital digestiop, 4t casrberser fpasthaplts, fowof fsapeasures
p10d19c\éec1rp( 'glg @B}rgsrp)ﬂn(‘ﬁﬁg gloq af (,eana dafiicb 97 r(ﬁi!th b g %liﬂglmng measure
ng wth 1 mg

Irectron a es derive
p1od1$c&1v@mpen‘katthdedhte;sithxBe(t.e,M#Z:Bs The m ddl e seven of
the 20 exenplary candidate slices are illustrated, as

1005 Y arigit SPHPB GEr A Gl HA 50 R P RALELIe 19 e Syegtion ofan
nntlannldlr@@gﬁtﬂéfl QHce? Qdord AR s ©8PKeRah Svhidh ﬁ@y pilovitRiaCddoll @ﬁmﬂ%adimplex for

of the bell -shaped normal i zed pl ot of measures
the opigmiratonteghiguesescd ta deferazinaa lacation &ir afingl @a@saaﬁéal plane
slice (step 110, FIG 1). The initial md-sagitta

[006@I | O PTBY BK a{iﬁ g 59 Qﬂﬁﬂe{}t%%ﬁ%séritg ﬁﬁll&%k-ﬂé%l@r §¥measure

ocation for ane e coor

L( p | yea edlid Ine doﬁhédtlﬁg p[ﬂs%giﬁgéﬁrésﬁhts&he ftﬁrthleﬁerhbﬁry (log weighted)
agittal direction, may be | abel ed JVfor convenience.
ener gy measure Iy, an alternatmg dot-dash line represents the third exemplary energy measure,

I3, a dashed line represents Shannon entropy measure, /;(p;), and a dotted line represents a sixth

exemplary energy measure I = > x% — (Z x jkj . The Applicants have achieved better results
Jik Jk

with the Kullback-Leibler entropy measure, I,(p,, p,,) - However, it should be noted that the first

exemplary energy measure, [j, is the least computationally intensive measure among the

measures proposed herein.



[0057] FIG 4A illustrates plots of three energy

nmeasures and two entropy neasures for 37 candi date
w@hiosmss20f a first brain volume scan nornmal toPEI/RGZOS000106

sagittal direction. As can ba2seen fromthe plots,

[00611hr aem@l bk Rendidasd) fascopvadeee, tapiakadddatoglidewelected as the initial
neasure) in the correspondl a pl ot at candi date slj

mid-sagittalyslics i h@maétﬁaﬁhﬂ% qeiipn s pitisk mid-sagiial sicesaay ke > gnsidered to
1 0058] FI G
Imve%%EgFﬁﬁéﬁrét 4fs oﬁn%ﬁfee eg?é¥hﬁ§alurés anL t wo

entropy msasures for 47 candidate slices of a second
brR( yyol=u@e 1stpn (distinct fromthe first brain
vol ume scan of FIG 4A) normal to a known sagitta

directiaqn. an, _be seen fromthe plots, four of the
meé%gbiy _@éﬁu Bxgq peak in the correspondi ng plot at

candi date slice 27, with the renai ni ng nmeasure

pqqgg?;g gggklygnaandldate slice 28 (i.e., N =27).

optlnal nmeasure may, therefore, be
considered to lead to the selection of an initial
nifa0s AgHT &> Yadai> @xv)-coor di nat es of pixel's in which may
provi de a good starting sinplex for the optinization

ec
[006%1] [’f;ﬂaeg#ﬁla}‘@%g atg?f[eﬁ ?}Ia%% glaﬂ?edﬁoﬂlztﬁgesﬁdr%rtfc% 13 bi, 'P@ P4 of the initial

mid-dagitial slﬂwrrwfebﬂ @e&lﬁd’rl Umddklg@eitda‘tmg sm‘qﬂqxofby amreptgurzet,mn plocess (step

112, %&g]lésﬁ??? O{.’CH]éat ﬁ#" I neﬁr%l?%ﬁ a‘r& g% &léusmsang%lncig}géﬁtadylane may be

used E@fi‘l%h'tr 1%1“ thébptigfizaioh Prdtasd. The Gﬁﬁm%ﬁbh %ﬂdﬁﬁn{ RHeadBRE By the
the third exenplary energy mneasure dashed Iine

0ptum@qmo@sve¢qegs BhnhAn Enmed @ @@ynma@@n@i onifRizitjon prAkcR. Techniques that

can bﬁglgs Hio s %%hl% Eﬁ{ eo? %ﬁf ]%hﬁtlipé olrf')(l:e% dg\r%e Ig{g)h%s:;lg%rleddﬁee algorithm of

Neldétiﬁt/lteﬂi tebl@ﬁtﬂlhd, sheJexbaystike deandit ﬂeclilﬁ@ld@ﬂdl tbﬁmkcohﬁkdihﬁiroptlmization
opy. neasure

technggioh éYaéL&kaaM%thé“fuam&l@i WVE?@W%%@(& P&%

Mass%tﬁnu Hg least conputational I y intensive nmeasure armng
e measures proposed herein.[0061] It may be
consi dered, for convenience, that the candidate slice
[006F el ekt mdntéanetian dxemplaay techuiqueafirtsokvingsin apsiniizatipopaeilem that may

e s B i o b B8 g3 ¥ can ot

brainHing &eﬁﬁMaDﬁld-%@,ﬁt@ﬁ plihe & 86 NeR2(-%aad oplinitzatidh tdchmque The Nelder-
5Zraax); P3(x,y, z) (N, Ymax, 1); and

Mead optlmlza‘uon techmque is commonly used in non-linear regression problems and is known

to operate under a number of rules, which may be expressed as steps.

[0064] The Nelder-Mead optimization acts upon a simplex, which is a shape with m + 1
vertices, where m is the number of parameters in the optimization problem. Thus, when the
Nelder-Mead optimization is used to solve a two parameter optimization problem, the simplex
has three vertices, i.e., the simplex is a triangle. The determining of a location for the mid-sagittal
plane in a three-dimensional brain image may be considered to be a three parameter optimization
problem (mm = 3). As such, the simplex for the Nelder-Mead optimization has four (m + 1)
vertices. The initial mid-sagittal plane has four vertices, Py, P, P3, P4, as defined above, and may

be used for building a starting simplex for a Nelder-Mead optimization.



P4 (X yz) =(N Ymac, Zmax) . [0062] The initial
m d-sagittal plane defined by the four vertices (P 1,
we2005/89622P4) of the initial md-sagittal slicePO@EyGHO5/000106
used for building a starting 18inplex for an
[0068)pt | THrgabf 18 fpuraeaiss ofthe pnifidldnidagittal pland iRy be processed to
coordinates of the four, vertices that define the
deterppq 3 Bfst Mttt it & drepAinasionyl nasanalue siage; i piane fisp three-
r |
dlmegggréag tclfagle%)@é %p%@e % cft%:ﬁﬁnécgl%}{‘?-ﬁgﬁe tg{étgcdgfgéﬂstlnglgﬂ 89151 I\Xfér %Efconmder the
1mt1a&1m1dl-ﬂagmaitpﬂeajene te dﬂ[ﬁmemh twatertoues By 0y aach P TR et )pue)s Vettet Py has ay

be used to.solve_this type _ of aptimzati.on obl em
coonfifie e RGN RGBS Fadh et irgrioR roOmRaH Dol da. AS such, the
first Y& feRNsdHEhe ttlﬁ@e—@ffﬁ@fé%hl‘i?araﬁﬁé%ﬁ@ %atc@%hﬁ' B}%ﬁeﬂﬁ&ﬂb}‘i hR set of three x

unconsfral ned Optl m zation tech ques aval [ abl e in
coordibatbsafof thrps vertipesoRiuls, Ayethiics.e® =1, Phexsiad ddiiokally, three more vertices

in th%ﬁ%%%%ﬁ%{é%}ﬂ?@%%ﬁfa% ?c% twsfc%%‘l%% %gé @ﬁedr%rt elrxf?aglig’f%olﬁn Soin each of the
coor@hABd, et iPhat may be used to obtain a better estinate
of a location for the md-sagittal plane in a vol une
scan of a brain fromthe initial md-sagittal plane is
t h& Nehded-twad; optim zation techni que. The Nel der-
Mead optim zation technique is conmonly used in
no near e ion problenms and is known to operate
ﬁ%@ é% ?ﬁkules whi ch nmay be expressed as
st eps. [0064] The hblder-Nbad optim zation acts upon a
si gt ex, x; M £R}i s a shape with m+ | vertices, where m
i s the number of paraneters in the optim zation
probl em Thus, when the Nel der- Mead opt|n1zat|on IS

[0066]s e FroB! @s|eyemplarsweriiegsaheye thedgur YRrteasiin thephsstddmpnsional
I has three vertices, i.e., the sinplex is a
meﬁgﬁﬁﬁggg?ﬁﬁhe determining of a location for the
m d-sagittal plane in a three-dinensional brain inmage
maYy b eV g} ;dered to be a three paraneter optim zation
problen1(n1— 3). As such, the sinplex for the
hﬁéder-wb t|n1zat|on has four (m+ 1) vertices.
#th d sagittal plane has four vertices, P1,
P2, P3, P4, as defined above, and may be used for
bq&}g{pgNa”§t rthdpg sinplex for a Nel der-Mead
optim zation.[0065] Three of the four vertices of the
initial md-sagittal plane may be processed to
def:er (Ve M+HA st vertex, 6b, in a three-di nensiona
paranetric space. A plane in a threedi nensi ona

W e R T
deteﬁrﬁn&leat@%fﬁ N2« RY thealihpReSTHRlobj ddéiva RthcHan ) t %hbezfo} mstance based on

Vertex P 1 has ay coordinate in common w vert ex
an orégiok! function sndi wrad ¢o deteunervhiohistipe okthe glupg, ofmte@atshould be

selec%elzi as the initial mid-sagittal plane. However, while the Nelder-Mead optimization is
designed to find a minimum, the original function used to select the initial mid-sagittal plane is a
maximum for the slice closest to the mid-sagittal plaﬁe. As such, the objective function may be
formed by negating the original function so that a point in the parametric space associated with
the minimum value of the objective function is actually associated with the maximum value of

the original function.



first vertex, So, in the three-dinensional paranmetric
space may be defined by the set of three x coordinates
wo orosodee vertices Py, P2, P3, that is, S Q= PCT/¥G}005/000106
Additionally, three nore vertitces in the
[0062ﬂh I ey GhsiRIas, wiad thearriimil finctisp i, thaybjbetivdehndiia iy be 73, and
eviating from<SO in each of the coordinates, that .
determgning d@@%]ecmﬁqn@u@n fox Spraaprgs Jelempag Ui of the dntepsities of the
. i.ees. in the three-di nensional paranetric space
Plxe%%;‘?elrt%?'{ N, N N}: S={N A N N; S2= {N N +A
and S ={N, N,N +A}. [0067] To execute the Nel der-Mead
O,z ALY, o) (M-+vallye);f or an objective function may be
determ ned at each vertex of the sinplex. The
objective function may be, for instance, based on an
or14|)2§’f2n3élz)ﬁ@{cl>i%nx)s used to determ ne which slice
of the volune of interest should be selected as the
I npjt.al, - it{yl plane. However, while the
I\Ielr3 *e}’r}-’l\z/g];gjvgg ?X’n%)gati on is designed to find a
mnimum the original function used to select the
[0069]ni tThel Nehlet-Mdagy] entahizplicmdensdnedudaaxi mum for the slice
cl osest to the md-sagittal plane. As such, the

1g tike%ﬁ:tc{ 1?58 VEH%{%\’.&R ﬁxe%?ﬁglt%nfa%{ HEgkRy 055‘:@ el fﬂﬁcﬁotﬁechrough the centroid

riginal fun on so 60|nt I'n e paranetric
Speatesstheisahpldx v lobate heewiwertoxtm val ue of the
objective function is actually associated with the

2{?@5 %@Vg&a% gj ?cﬁg{% J}%’igcléll%lﬁ %?J[hprﬂlégﬁel T%)r(] Ils[st%%) %81 ool value among the
obyj B oY thelf dbNetiv @ uirdBin BGhe othdr thadked@les! dXipRhdihe shiplex and reflect

objective function for 1 requires determ ning the sum
offutther; i ntensities of the pixels at vertices:
PL(X1+Ay, z) = (N, 1, 1); P 2(X2, v, z) (JVv, 1,

: . )= N . ]
STl B kb e R e BRL T o
vekfleot aghihharidhe maxi mum val ue of the objective
function through the centroid (center) of the sinplex
tao l ;
4) oIf ﬂ%cv%ﬁu% o% tf;eeg%j gc(%{vte %ﬁction at the new vertex is the maximum value among the
values of the objective function at the other three vertices, compress the simplex and

reflect closer.

[0070] Inthe case of a three-dimensional parametric space, the simplex is a tetrahedron. The
centroid may be found by averaging each of the coordinates of the three vertices that are not the

vertex with the maximum value.

[0071]  The steps are repeated until a predetermined convergence criterion is satisfied, at
which time a final mid-sagittal plane may be considered to have been defined. In particular, the
best vertex in the three-dimensional parametric space defines three vertices in the three-
dimensional brain volume scan space. Using these vertices, a plane equation (dx + By + Cz+ D=
0) may be formulated. Using this plane equation, an image of the optimal mid-sagittal plane may
be constructed from the volume data. The image of the optimal mid-sagittal plane may then be

output.

[0072]  An exemplary convergence criterion can be defined as



2) If the value of the objective function at the new
vertex is the m ni mum val ue anong the val ues of the
wobjosovd2ee function at the other thr ee verti ceBCT/RGHANN00106
the sinmplex and reflect furthér; If the value ofthe
obj ective function at the ner/ve éx is nerely good,
start at the top and ref éfg E:_) and 4) If the
val ue of the objective fungﬁl onmat the new vertex is
t he maxi nrum val ue anong the val ues of the objective
function at the other three vertices, conpress the
whergj npl ex and reflect closer. [0070] In the case of a
t hr ee- di nensi onal paranetric space, the sinplex is a
tetrahedron. The centroid may,be found by averagi ng
each of the coordinates of tﬁglfhree vertices that are
not the vertex with the LMdm val ue. [0071] The
steps are repeated until pr eglet er mi ned conver gence
criterion is satisfied, at which tine a fina

e B PRSP R e B i

verte, ¥, EFicAVARGS N@&@bgﬁfﬁ&% Tahf b8 PARRIHRS toMaFe LdMvefbed when o <ce,
vertices int reedi nensi onal brain vol une scan
wherspmaepredifined stihBsember.t i ces, a pl ane equati on (Ax +By
+Cz +D = 0) may be formul ated. Using this plane

007§ B G TP A S e e

maxnhﬁﬁi Wi dTahe SbjectiaFuddtioh. WK, Tale biakivddem®U4tR ¥ not rotated or
[0072] An exenplary convergence criterion can be

translgief irplativ et ue-deferningd famg of seferenee gjrevidpddhe Ganstatiopsand
rotatlglékr ske?q(c’u{t%fw‘i’tﬁ IS 1;1851]%& ﬁg?ﬁéypxko\f %ﬁfl IIeH %ox%ve‘ir tyﬁcﬁ Q case is

er= I'mzation nmay b€
expecta@hsitdaned t o have converged when s<e, V\,here eis a

predefined small number. [0073] The Nel der - Mead

100741 A AR AR OB b8 SDPCE BB es o Hrst il i

saglttM@QBM baskd bﬁ% fiHa B - ér’ééﬁﬁ’d]%la@ﬁ@b@tahrﬁ:dﬁ@f fgrtﬂé KﬁﬁgacﬁfLelbler measure
transl ated rel atlvetoapre- determ ned frame of

and NeddfeeMerdeoptigiigation ugiag anﬂméaltm@n@gmai plage defined basadi amribe initial
slice > Ie}t ?gﬁé\{*\/\é@%{r@ge% S m g sﬁ%@gx H8P50% H\%St g{ets %%Bcond g‘mal mid-

required i'séxpec
sagittal slice 506 based on a final mid- sag1tta1 plane obtained using an energy measure and

Nelder-Mead optimization using an initial mid-sagittal plane defined based on the initial slice

502 of FIG. 5A for building a starting simplex.

[0075] FIG. 6A illustrates an initial mid-sagittal slice 602. FIG. 6B illustrates a first final mid-
sagittal slice 604 based on a final mid-sagittal plane obtained using the Kullback-Leibler measure
and Nelder-Mead optimization using an initial mid-sagittal place defined based on the initial slice
602 of FIG. 6A for building a starting simplex. FIG. 6C illustrates a second final mid-sagittal
slice 606 based on a final mid-sagittal plane obtained using an energy measure and Nelder-Mead
optimization using an initial mid-sagittal plane defined based on the initial slice 602 of FIG. 6A

for building a starting simplex.

[0076]  Once the location for the final mid-sagittal plane has been determined, a function may
be determined to re-orient the final mid-sagittal plane to a predetermined location. The re-

orientation function, which may include translation and rotation, may then be applied to all of the



[0074] FIG S5A illustrates an initial md-sagittal
slice 502. FIG 5B illustrates a first final
wor@sagi2etr al slice 504 based on a final m d-sapgT/862005/000106
pl ane obtai ned using the Kul iback-Lei bl er neasure and
brain Meligler dabdeath Opddvw ®alidiquessichgs the kinbivii AifingTers Aginktiéd, to orient
pl ane defined based on the initial slice 502 of FIG
the brain olme,datp i mgresetsoardinalg s¥siap fayfurthpigmatysts.
illustrates a second final mdsagittal slice 506 based
n | . .
0077y B T QR A Mo R O RIeR HlatiRt DA R scan s
knownitabsajetenty npimd &y defiousapipdsad edisonOndiype of hoisd issi statistical noise,

. 502 of FI A for building.a starting si ex. [0075], .
whichP garig 19 of bW RE Ry S G Shitg iaclthofs AtbE e SRftn ncreases
or as ﬁ%@c%tﬁﬁtibﬁ LinRtis d@&ased.fAdoter kbiidé oftatsdighitdode i$tHe@Rectronics of the

604 based on a final md-sagittal plane obtained using
MRI syistenkand daadie-atteibbied to th@as@lregfeaﬁadAN@glﬁ@Irslm@ 40P that is affected by

s LGS A TR b PSR
inhonhjg'kehéigﬂ?)_i@, §lag bk iafeibsted ) @ [ph{fsliéal s@etintel of S @ile9f the MRI system.
S

secon inal md-sagittal i ce 606 based on a final

RF inhprgogeagity naise plasirbe sett taioseid dusithgagn pBYiea fackasa alfpeding the
meen B AT eV Bk A BTl bl B affted by

inhonGd@@néify 1idigs is Bhustrated buFIGI 7Ry Partial esltinegvaiagipl ewise [HBEbHEGs more
domigig s Wt HRKIREUITCR AR in R BHET e RS Ut Braenisd By gacial volume
avera%i‘ﬁ' %Bisg%tﬂlh&@at{d pahigryd:- sagittal plane to a _

r % etermned |ocation. The reorientation function,

whi ch may include translation and rotation, may then )
[00780e dplyritegeauslyahdpeets of thetmethods\od dgisrmipange lesatinn fonawid-sagittal

t.echni gyes, such as .t he Q f Tr ansf.or. i
plane g AR s AR b e BERPLSHeVE e B LA Rl
satisfg&iile @edpite thelpilchdice analchisioie af O@Ast callindsd) RECARbH €getity noise and
_obtal ni ng Magneti ¢ Resonance Imaging (MRI) brain
partial, Bplyme 28 ergainE$10lown to be inherently marred by
various types of noise. One type of noise is a

[00791'3t At Gl § £ AlyshHes § lin irE&géeﬁtd’ti@H @05 ¥9n BtiRiARN (final) 1|nid—sagitta1

requency. Statistica I se increases as the signa
planesnragngtahsliceaf dage solomeaknta 300, abereithé midpadiitalpldns has been obtained

. decreased. -Anot her source of statisti L.se is the
using JRCE P Bl hitRg ioarirey i abits Fhe 47 iRt i
repredcBRFBRBOBE HEEA SptiizSd@ Hiral)ahidSdabRRl FlRe bl eHe dxfal aideesv0RA FIG. 8A,
by statistical noise is illustrated in FIG 7A

whereafhe ntidwagitipleplare hasibsen obtainebusingthe&dlpagirEyibler entropy measure,
i nhonogenei noi se, may be attributed to the physical
12(pfsff?hcq”§}n53&%g‘(%e coils of the MRl system RF
i nhonogeneity noi se nay be seen to occur due to nany

0809 NY ¥ G20 A iRt £5EHB%ntdiOn TBIR G hg Bplifikel d-sagittal
[0 Sogeng?%f%%ﬁ gff rtgﬁaga%% syést em Ansag‘?t o Bpilke ‘9%'51%1?11& sagita
planeion aabft@ai ditelyf biin volume data 900, where the mid-sagittal plane has been obtained
using the first exemplary energy measure, /;, outlined above. FIG. 9B illustrates a linear
representation 902B of an optimized (final) mid-sagittal plane on the coronal slice 900 of FIG.

9A, where the mid-sagittal plane has been obtained using the Kullback-Leibler entropy measure,

L,(p,, p;) > outlined above.

[0081] Advantageously, aspects of the methods of determining a location for a mid-sagittal

plane in a three-dimensional brain image described above obviate such drawbacks in previously



I nhonogeneity noise is illustrated in FIG 7B. Partia
vol ume averagi ng noi se becones nore dom nant as slice
wo bdoskmess i ncreases. A sagittal slice 706 thaPCT/$G2005/000106
af fected by partial volume avieraging noise is
knovid tetdbdRbeh dsm ?ﬁen?e(ﬁt farQGERYi iAEbrmati g em Qlﬁemrieﬁ&ﬂeﬁﬂs may be
of the nethods of determ ning a |ocation for

considergddhajiagrests of| |t%s‘n]ere$w HVeRitearg pﬁ@ﬁgﬁl@waﬂewéﬁrﬁ angrggenot limited to
[ ﬁﬁ% 1xpe considered to function
mnﬂ' §%¥§%§% y esplte the presence of such noise as
statlstlcal noi se, RF inhonobgeneity noi se and partia
[0085?/]0I U Titee ﬁ»mt@i degerites slee inf @0ivdindHiding frfirtddufetmathesofl Alterations

and sy itige B IR e e Ao B i Epigled Gt Urfgeorporated in
the s@l@eqleé’e%@as Mfﬁreab lﬁ@eascemmwlﬁg @hiny. ane has been

obt ai ned using t first exXenplary energy neasure, 1,
out | i ned above. FIG. 8B illustrates a |linear
representati on 802B of an optim zed (final)

m d-sagittal plane on the axial slice 800 of FIG 8A,
where the m d-sagittal plane has been obtai ned using

t he Kul | back-Lei bl er entropy neasure, | 2(P1, Pio)
>outl i ned above. [0080] FIG 9A illustrates a linear
representati on 902A of an optim zed (final)

m d-sagittal plane on a coronal slice of brain vol une
data 900, where the m d-sagittal plane has been
obt ai ned using the first exenplary energy neasure, 1,
outlined above. FIG 9B illustrates a |inear
representation 902B of an optim zed (final)

m d-sagittal plane on the coronal slice 900 of FIG
9A, where the mid-sagittal plane has been obtai ned
usi ng the Kull back-Lei bler entropy neasure, | 2(P1,pi0
) , outlined above. [008 1] Advantageously, aspects of
the nethods of determning a |location for a

m d-sagittal plane in a three-dinensional brain inmage
descri bed above obvi ate such drawbacks in
previ ousl yknown net hods, such as a requirenent for a
priori information on slice orientation. It may be
consi dered that aspects of the present invention are
orientation i ndependent and are not limted to snal
tilts in the brain volunme data. [0082] The foregoing
descri bes the invention including preferred forns
thereof. Alterations and nodifications as will be
obvious to those skilled in the art are intended to be
i ncorporated in the scope hereof as defined by the
acconmpanying clainms. W claim L A nethod conpri sing:



(a) determining a candidate sagittal direction for a
brain i mge, said brain inmge defined by brain vol une
waelaia/0pa22a t hr ee- di mensi onal space associ at ed MT/BG2005/000106
first, second and third direcmions, said first, second
We chdigh: t hird directions being orthogonal to each other,
said candi date sagittal direction being the closest
direction of said first, second and third directions
1. Amelhedsempasingagi ttal direction, said deternining said
candi date sagittal direction conprising defining a
fi [
brdz;\a? ﬁetEll?ﬁﬁﬁlgda %ﬁg@%@%%lg%{g(#lﬁo for! arbgg? gﬁ:ﬁ ézziil?l %ke?n image defined
volb}ubm1m:folmme datedd a ﬂnfce dmlians&halpshoaxreadssdoyateﬁ with |ﬁrﬁsse|cnnd and third
[ |rst I.rection; ini.ng a second .
© el hsliofh s e o] bt At Br BFnG Pribasapabio gash other, said
' %ﬁ&}daﬁ%gﬂﬁﬂl AeecRbRbEinY HeliiBsestaliR clidh SBdafl SRE %E‘c%nd and third
vol ume of Tnterest for a second plurality of slices in
s aditecierdndndriueksaigistal digedtion; Sﬁlgi deterniinigg said candidate sagittal direction
throee rfjsl nmensi onal volune of interest of said brain
15815t ai ni ng brain volune data in said third
volume of interest for a third plurality of slices in
8 sai d t hdefiginghi & @t ihese-didehsiondl VohgnetofiiBiReddt 6f sadl bigidGhage;
slice of said first, second and third plurality of

b

<N Oy i R W N

slices; faqr. e ch of said first, second and third
9 plural i qh}alamg F3ig ¥glunyg cg*f%t vlﬁaldsfgﬁw%a% OF Wtepest farzy st plurality of
10 each sl Rfsanidird: Rletigh; ty of slices, sequentially

along a plot axis corresponding to respective first,
second and third directions, to produce first, second

11 and thi de@nmmc@cbﬂmesdmﬁnm@éwe}umemfn@teresfr ofrpaisiivgin image;
first, second and third neasure plots, which of said
first | te

12 agitt P ERRLPE xR HRE SR DAL P FERG A Second

13 sl i ces sl cﬁ‘tshdestlheaud\sectdm d&ecﬁ\)met hod as cI ainmed in
claim1l wherein said determ ning which of said first,
second d. t hi tlons [ ai d andlda |ttal

4 Grect i BRnng Rbire e Btugsp i Ons oh ity of sid Pon hage:
secondand third neasure plots, a candidate plot,

15 havi ng @btaihing berifeRiRMat inREIIaRSH Q8luie®TihtbRstBAS ifSplurality of
substantially adilacent to a single nonotonic

16 decr eastifg inseiddhirdditedionr es, for which said

17 determining a measure for each slice of said first, second and third plurality of

18 slices;

19 for each of said first, second and third plurality of slices, plotting said measure for
20 said each slice of said plurality of slices, sequentially along a plot axis

21 corresponding to respective first, second and third directions, to produce first,

22 second and third measure plots; and

23 determining, from said first, second and third measure plots, which of said first,
24 second and third directions is said candidate sagittal direction with a candidate

25 plurality of slices associated therewith.

1 2. A method as claimed in claim 1 wherein said determining which of said first, second and

2 third directions is said candidate sagittal direction comprises recognizing, from said first, second



W k= W N =

respective plot axis corresponds to said candi date
sagittal direction. 3. A nethod as clainmed in claiml

wob@seda22sai d determ ni ng which of said first, PEESGEIES/000106
and third directions is said mandi date sagittal

and tHlirt @edab@a gﬁcﬁﬂwdaﬁﬁaaté ptadrivirigngsindle aonsinit ihtiesding trend in measures
second an hird nmeasure plots, .a candi date plot,

subsigBtialhpdisrentjiosasingle m@é@ff’é’é d@f’fe§§,1%r€f?1ﬁ<§/lndb®ﬂ§tlre&rfohwh§h said
respé?:'ﬁ‘ifg'gﬂ)? gk {n%si;%h(?s HEFARGhIYSe Qg%ﬁal 1:101I or whi ch
respec axis corres aid
candl dat e sagi ttaI direction. 4. The met hod of claiml
3. A methodras chuped i dgjm hivherein(sajd ddtérmisimk edticinef said first, second and

v PTG o Cah s B io P AR s S B obald irst, second
and it thHNE A & ﬁhﬂdﬁ@%i&tlﬁkﬂ%‘ th€ gre‘aﬁs %tdf r§§1|‘1‘1metry about an axis

nmeasure anong sai d neasures term ned or slices in
orthagahal te amidirerpeetiysinlotaixis; jorofhieh sapdrespEtiva hiot aeis omesppnds to said

d}f@g %t? ec|1al ms 1-4 wherein said determning said
can fpete $8Pd each slice requires determning a

value for a function of intensity data associated with
4. TRingetR@CHf GhinCEfurther ddigprivid)atieiat).any one of clai s

1-5 wherein said determning said nmeasure for said
ea%g slice requjres deter ng a neasure_of e

rgy of .
selsttecirdidatednidragida ﬂ@ﬁ@ﬁwgg Sald candidag gliggliih ghstices, where
of 5 ﬁﬁXsu‘Pn? @et@xfmlﬁé@foﬁﬁa iR ﬁhﬁ‘-sé@ﬁﬂ sHed KT o?hﬂﬁl #@hGhre among

nmeasure for sald each slice requires determn
mesesdimeafesaletarmmeddbr Simeslindaidcandidatzi piumdhﬁymfshcezs each
slice. 8. The nethod of claim4 further conprising

ut put tj coor di ates f dat.a c ined in.said .
s. 15 it AP ORe R PR 1 8 miE R o B Rriiioa @i fidiyreyfor said cach
slice @@ifliesl atterniintheSagilid i@k a ﬂluf@ﬁ@n oPintek3Ry OBtk ASdcRiedoligh sRideach slice.

further conprising determ ning an optim zed
m d-sagjttal plane by usl‘/‘g1 said vertlces defi ni ng

6. Thg etk WA 108° A Hagagh-p (A T &He Pﬁ%ﬂam&gpaa;%mﬁ%?weofﬁr said each
slice &%cﬁlli}%] Hé‘t@rrﬁlﬁlo%r qgé’a‘%ﬁre% eﬁﬂ{%k's; 5 §£Q dgﬂa% ﬁﬁﬂfea tu?kalﬁ) L:z?c‘ﬂeshce

e net aim 9 wheraln said optim zat
technique is the Nel der-Mead optim zati pn t echni que .
7. Tilm m@hqﬁeqﬂm opf ofiisrsi-hivigream saig gctcxmmtgesaicmgasum‘for said each

ittal sli | r om it
sice s (P Beastis o Spbmont eBL P et Ghindnid e Sce.
said brain volune data for said plurality of slices,
8. Thb&iethdiod ftlginuy alkﬂhélycdniprﬁiﬂgoc&ﬁpﬂtﬁngamiediahﬂes/ oBdditeadreained in said
parallel to a.sagittal ane and said plurality of
candgimeda@ %agltﬁ%glme.aé Medicey %ﬁ@%a eapdidajargid-sagitishplaas- t o

said sagittal plane;
9. The method of claim 8 further comprising determining an optimized mid-sagittal plane by

using said vertices defining said candidate mid-sagittal plane in an optimization technique to

produce an optimized mid-sagittal plane.

10. The method of claim 9 wherein said optimization technique is the Nelder-Mead optimization

technique.

11. A method of determining an approximate location for a mid-sagittal slice from a plurality of

slices of brain volume data, said method comprising:



determining a neasure for each slice of said plurality

of slices, wherein each said neasure is determ ned
whawsdo@n7 sai d brain vol ume data contai ned i n BEi/8GEASN00106

slice; and selecting a candidate md-sagittal slice

argbignisabald bl abluing dafa for saie plurdlig edslags,iviesnd sdid bRgality of slices

an optimal neasure_ apongst said neasures determ hed, .

f o sengrallycutented paradlebio asggittabplapepnd spidpluslify gisslices)is positioned

T . j : %ﬁﬁg rising outputting

C%%w%?%%?@gﬁ%#géa.g %%géﬁg 0 6#%8g£ta contained in

said candidate md-sagittal slice as vertices defining

a detendindeg £ nrhairs fogieadhadlicploéisred plidality loéslives, hdtbreih each said measure

it e pasEH S DS P A BTG gud caet MiSE: and
m d-sagittal plane in an optimzation technique to
PO SendidaR thid Gedtalblbesadnktsald pHnang: ofbices Bded on
met hod of any of clains 11-13 wherein sai'd obtal ning )
s adentifying An oplimaenenstte satmgpt seiskmeashregidatenyingd &rpaid each slice of
val. d a first plurality of slices in a first
dF%égﬁﬁgﬁb%g%ﬁ%Fhing brain volunme data for a second
plurality of slices in a second direction; and
12. Thdinathod rod claimil b fudthen cemgedtiag botpuaing Rbodinakdsrodlsait pravh volume data
slices.in a.third directjon; where said firs second.,
contaipg) T Frid Friiga PSS éfl%?ratswa&&ﬁa 1ekRing A AL agital plane.
A nmethod as claimed in claim14 further conprising
13. Th&@Btof b BRiMND Gt c8@pMsihy bStbrmineEONbpRHzddhiddagittal plane by
~ pluralities of slices is generally oriented parallel o
usingtsaidsandidata giittsagittpl plere, in B8 optimézaiien testinigfe togrodwas sefd optimized
nﬂdﬁCL%Lﬂé 11-15 wherein said determ ning said neasure for
28 d Bath slice requires determiming a value for a
function of intensity data associated with said each
14. Thd method bT anyl bfclaigisiadl ofherein satdeobadinidk shidbrdid vdlime data comprises:
wherein said determ ning said neasure for said each
slice requires determ ni asur.e. of . energy. of, said
b LIRS PRV IS deBripht HEYPIAILE PESLisE it & oL directigh;
The nmethod of claim 17 where said data contained in
S dbthiRAE Bra®d {G8mb AGlaHEES sRBnd PENEY bYsIie8d HEr RS&RENiAIcEHn; and
with each pixel in a plurality of pixels and said
determi ning said nmeasure forsaid each slice .includes
debtaimps Pragn ¥olummdate feng tindmluabityraf sliggsje 8 thisk dieschipad
with said each pixel in said each slice. each each
where said first, second and third directions are orthogonal to each other.

15. A method as claimed in claim 14 further comprising identifying which of said first, second

and third pluralities of slices is generally oriented parallel to said sagittal plane.

16. The method of any one of claims 11-15 wherein said determining said measure for said each

slice requires determining a value for a function of intensity data associated with said each slice.

17. The method of any one of claims 11-16 wherein said determining said measure for said each
slice requires determining a measure of energy of said brain volume data contained in said each

slice.

18. The method of claim 17 where said data contained in said each slice includes an intensity

value associated with each pixel in a plurality of pixels and said determining said measure for
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slice. 20. The nethod of claim 11 where said brain
vol une data contained in said each slice includes an
WO pa0s/0%62ey val ue associ ated with each pixel i nP@r/SG2005/000106

plurality of pixels and said aret hod further conprises

said %h%hé’@ e Rde@ddtbrnfihing aGRAI shidyin@hSity vadudsiagddciabdd with shid each pixel
each slice that includes, for each intensity value in .

in saigl qackedlédeer m ned range of intensity val ues, a £
prpbablllty that a plxel randon1y selected fronlanong‘

shce%tﬁih%ls ﬂet%ﬁm(ﬂn@eat ﬁéﬁﬁuﬁl clsfg:n&apjd of%bﬂaﬁl ‘ﬁcﬂﬁms am{d cefiiatned 1g..éa1d each
slice requires utilizing said first probability e

slicedi stri bution to obtain Shannon's entropy measure for &%
said each slice. 22. The nethod of claim 20 further

20. '131% Jth(%d 1a1ﬁff E4HIER 55?19 Raif SE R d’c&é’&ﬁ@éﬁéd 4 said each slice includes an
S u

or said each slice that includes, for
mtersay dalaaa&mocmtednzﬂth gach aixebin aplgrility of @ees emmamémetmdéeﬁhel

com s bl B b BT e o B s, o v

inten3 t%r GElubasa ﬁl%ﬁgteﬁﬁi‘ﬁ@d {dho® BB intehsH R MBes, @PpeotaBilHy that a pixel randomly
determ ning said neasure for said each slice includes

selectist pmianiong saidiiebyai phsiinspidgiech siredapsaideach igigngjty value.
first probability distribution and said second

21. Iﬁ{a? e‘?{g&i éit é’[alg{ 5(# %P £ o3 [hl(ge%%ﬂﬁ@hg tsﬁa‘m:a% G8: safeact] Bfce requires

er conpri sing
utiliZi@F sed fizst pg)ba‘allhdy dieabutien wsshtdh Shathon ¢ dntiway theasurh for said each
slice. 24. The nethod of any of clains 12-23 wherein
slicesaj d brain vol ume data is nmagnetic resonance brain
volune data. 25. A nethod conprising: (a) determning

22. e(iﬁ’élgécg@itcﬁalﬁﬁﬂbﬁﬁﬁkrgdrﬁﬁfsﬁﬂgon for a brain imge, said
rain 1 mage def |ned by brain volune data in a

t hr ee-di mensi onal ace associated with first, second
andeteimiiningdi seeend mﬁ abilityidistabution fopsaishenchslice tpt lé\cludes, for said

dlre t.ions. he
O BB g S AR ARy ey gy o
di pixet iaddoraly s‘&mcd:dfﬂdns hmosepiasld ian deﬂsﬂencajsliztb hectdidesh intensity
to an actual sagittal direction, said determ ning of
saVdugandi date sagittal direction conprising:
said determining said measure for said each slice includes determining a Kullback-Leibler
distance between said first probability distribution and said second probability

distribution for said each slice.

23. The method of any of claims 12-22 further comprising normalizing said measure associated

with said each slice.

24. The method of any of claims 12-23 wherein said brain volume data is magnetic resonance

brain volume data.
25. A method comprising:

(a) determining a candidate sagittal direction for a brain image, said brain image defined
by brain volume data in a three-dimensional space associated with first, second and third

directions, said first second and third directions being orthogonal to each other, said
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obtaining brain volune data for a first plurality of

slices in said first direction; obtaining brain vol une
waelaia/op@e7 a second plurality of slices in sai dAPEGESGHEHS/000106

direction; obtaining brain vohbunme data in for a third

Pl dabh@dahie)saSittaPlite88n b&ins et bRt FreiibiL6 daiMirst, second and third

determning a neasure for each slice of said first

s editeationatd antactud] pigitebdlirecjions sagl detersiningof ezid hamstidaasagittal

fi$st. second .and third plurality of slices, plotting

sal FOHEREUPRIHRE sai d each slice of said plurality of

slices, sequentially along an axis corresponding to

r espectibtgininighedin veR@®@Iht-afod a tihétplurdlityedtsiies’dsSn baid first direction;
produce first, second and third neasure plots;

determning, framsaid first, second and thjrd, neasure

pl ot s, %iilgwg#al&éfphlmeif{a&f?’f%é%é Pgﬁah&vmf fsfaces in said second

di rect i(ﬁ%ﬁ%ﬁ said candi date sagittal direction with a
candi date plurality of slices associated therewth.

26. A nmethod as clainmed in claim25 wherein said

det er mi otitmigingttiraih vofunsadath inifosa thislgdentityaefelicdsiin daid third direction;
directions is said candidate sagittal direction

conpris recogni zin fro aidfi.r second d e
Chitd rektanan sttty o At Selor siitiss SEGRG M gpstity of
nmonot onglgged;Ncreasi ng trend in nmeasures substantially

adj acent to a single nonotonic decreasing trend in

nmeasures, for which said re%@%ctive pl ot axis . .

cor r es poRarcof saidifyste sasandiancethid gluralaly ofslicsssplgtiing s3id measure for
A net hag: A i .8 bii$i@iath . :
et or i g oA Tior pLaRpO Eock SR g an s comesponding
di r ect i torespestivedirdt, saood dat thirdaljiettials topragloté Hrst, second and third
conpri ses recqgnizing, fromsaid first, second and

third nBESUEP'PP:

ots, a candidate plot, having the
greatest degree of symretry about an axis orthogonal

to sai didi@aREak, fYén BhiatirdxdeSond Ad il elasidt @lots, which of said first,
respectlve(flot axi s corresponds to said candidate )
sagi t t ajecenid athisd dirggionyjssaideaandidatsrsagiftal ¢iyeption withjgeandidate
conpri sj . r s 6 ki ng a candi date
i d- sag‘?lpg‘gfféﬁﬁg%s( %%‘mo@c%g%%?}c?g@%hdi date plurality of
slices, where a neasure determ ned for said candi date

26. Amindthed gs thamhedsinictami 25 wirereipisiideletenmasug whzhwiligaid dirst, second and

third rgagﬂrnsl?sysd ¢ gargmc@gegsafg%l giklcﬁg]? ﬁétﬁp%%{ﬁ%ﬁ%%}qga%?hgm said first, second
and third measure plots, a candidate plot, having a single monotonic increasing trend in measures
substantially adjacent to a single monotonic decreasing trend in measures, for which said

respective plot axis corresponds to said candidate sagittal direction.

27. A method as claimed in claim 25 wherein said determining which of said first, second and
third directions is said candidate sagittal direction comprises recognizing, from said first, second
and third measure plots, a candidate plot, having the greatest degree of symmetry about an axis
orthogonal to said respective plot axis, for which said respective plot axis corresponds to said

candidate sagittal direction.

28. The method of claim 25 further comprising, after (a):
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(a) determining a candidate sagittal direction for a
brain i mge, said brain inmge defined by brain vol une

walaioa/0pa22a t hr ee- di mensi onal space and bei ng aBEDSGZNEN00106

wth first and second direptigms mhich are_oriented at
an(BRek&idet &aaliaft 1ﬂﬁ{-sag§t?aﬂ siccangdindabf &ﬁ&ﬂ&% %lfh%r?létty of slices, where

diréction being the closest direction of sai |
and ngegwadetdiniped faynssidtcandidata stidahgigalgilice & andiptiowl imsasure among

i.d.d I ni.ng.of i,d di . i i recti
corf FEMTEES itk 5P ulear R rdi Al RBb & Jifes, "
plurality of slices in said first direction; obtaining

br 29 M wethodeoghpiigingor a second plurality of slices in
said second direction; determ ning a neasure for each

slice of said first and second plurality of sljces; .

f of?) dseHmigogshsadidaiesyeitibdiscction form tipigl image. piddraip dgage defined
ol . . ) . : . '

0 B b aghd gEaa el A apl el lf S ol wit s
c osacenpdinditiogs whichespeddritadeat fain apgle am dachetioamdsaid candidate sagittal

S LA PR ATIRT SR RSAR & i
e @isddiiBn Makt doterMhiad oPhaid Birlidate $loittil irS@AREmprising:

directions is said Candidate sagittal direction wwth a
candidate plurality of slices associated therewth.

obtaining brain volume data for a first plurality of slices in said first direction;
obtaining brain volume data for a second plurality of slices in said second

direction;
determining a measure for each slice of said first and second plurality of slices;

for each of said first and second plurality of slices, plotting said measure for said
each slice of said plurality of slices, sequentially along an axis corresponding to
respective first and second directions to produce first and second measure plots;
and determining, from said first and second and measure plots, which of said first
and second directions is said candidate sagittal direction with a candidate plurality

of slices associated therewith.



