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WD 2008/ 024082 PCT/ S&007/ 000274 1 Localization of
brain | andmarks such as the anterior and posterior

womosrisiesy es based on geonetrical fitting Fi elrCTsG200m000274

invention 5 The present invention relates to nethods
for locating | andmarks, particularly the anterior and
posterior conm ssures, on neuroinmages (i.e. brain scan
images). It further relates to systens arranged to
per f bocalizatier ofrbtdin tendmarkBaeikh rasithd anteridrearidhp@stéerion
The human bodsorimissuses based drigedimetrical didling i ons. The
sane is true for proportions of the head. The
~systematic study of brain proportions and norphonetry
F y wth the devel opment of in vivo
techni ques of 15 brain visualisation. Attenpts to
establish the relationship between | andmarks on the
Télelpresemtdneerdionmetzaés ¢ methadssfor Wdating lamdmaria] partizutarly
undertaken, starting fromthe begi nning of 19th
theAp 'QFaDEé’Oé MOR CEMBiskfiegueN NRUFRIMABRE 1. R3inmegan
lrﬁé ) RFLrtRECrRREs & s&’é%h@télrl"érfg)éd' t8 Sﬁé?‘%rﬁﬂﬂbbé'mec}hods
t| onshi p between su cortical structures an
cram al landmarks until intracerebral reference points
B20 coul Iocath and correlated to sub-cortical
-é&t%@ﬂa@ﬁ%masg—w ng a system of coordinates
defi ned based on the brain can help in |ocation of

sub- cortical structures. The Tal airach and Tounoux
Thehunegnsbedy demessiratas-definite propertiods.obthe sameds trale for

d
PR 518 e, ThE S Blem AR B0 B blalF pRIBGEHAE ang
m'BTrphdmm werdattanmmpwnh itse deoélopwent efirswhe It@éhrﬁdnﬁés of
exchan i nformati on with each other through axon
bath suareation. AMGEIPIS 1P spebish e GlalebiR aehcer landmarks
ofl W SRAHARS angﬁ‘?me&‘ltsfﬁd eﬁmlﬁﬁﬁﬁ Graqmtré‘ﬂﬂ ertaken |
posterior conm ssur ) such structures.

stadiing fromctheibegirofing\of aQ‘B céﬁturys Bﬁb of this tm:hnmmle mrﬂa;tlents

bec se the are | orta n st uct ures
&Qggéactlca because vanaBIIlty in espa |aI re atlonshlp%etween sub-

cortlcal structures and cranial landmarks until intracerebral reference points

could be located and correlated to sub-cortical target structures. Using a
system of coordinates defined based on the brain can help in location of éub—
cortical structures. The Talairach and Tournoux (TT) system of coordinates is
based on 6 external landmarks and 2 intemal landmarks (the anterior

commissure — AC and posterior commissure - PC).

The human cerebrum comprises of two hemispheres that exchange |
information with each other through axons, which are arranged in specific
bundles called commissures. The anterior commissure (AC) and posterior
commissure (PC) are two such structures. Identification of AC and PC is
critical not only because they are important brain structures, but also because
their location is crucial in stereotactic and functional neurosurgery [1],
localization analysis in human brain mapping [2], medical image analysis [3],
structure segmentati_on and labeling in neuroradiology [4] as well as in

registration to reduce the number of degrees of freedom. Major stereotactic
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their location is crucial in stereotactic and _
functional neurosurgery [1 ], localization analysis

Wwa wosrea¥ese brai n mappi ng [ 2], nedical imge anatGE$G007/000274

[3], structure segmentation and labeling in

neuroradi ol ogy [4] as well a2 in registration to

reduce the nunber. of degrees of freedom Major

teregtactic % 024082 PCT/ S&007/000274 2 brain

B SHases, SURN 25 1R d awiReh AR eumows (FBLRraiTaYas &, ine
{

Rbfél‘énﬂiaﬁ% Ofidted &S é?;'?) T@Trjn ga'tlﬁgt[@d% nd the Schaltenbrand-

Tal ai rach- Tounoux at
Wathrem atlas B4 dra@ ]baaeé ohetbe A®and IRC AThe l&ifachTtf@nsformation

S n AC and PCis al so
O B RC Grae bihny U3SdHh RmeaBinmapeing Tor brain
czﬂﬂﬁg@msmuagé @Eﬁje‘étbbﬂts?% addftion, tHe ﬁ%ﬁb? BErefér'%%ces 1o the
er.of references to the TT atlas een grow n
Ek pHas hap Beep groyingrexponentialy [9C struct ures are often
hard to detect due to their small size, variability
inintensity properties, |low data resolution in
TrerpararebRC strudiefes are @ftehzard B6 @efitt dusfio Medio RN isie.

h I rance .g., the fomx,
t’@ﬁﬁﬁwu %ﬁétﬁ&%tv@ié%gé ég&pd%?a rﬂiqlut(m] Y eorppasigs tostheir

T AR Sirelon i SRl o Spkiinge (0.0, the

famixrhleod Messelsearid adnbe Fmtnmnbanatnm;eémrtd‘l abUhtera&tive

AL TR Ao okl s
aueoration isodediatle Abt SHIY réh‘é@ar&ﬁ’gﬁi &b $h cﬁﬁcQI LPr{abfbe to

urgent cases), and to Save a stanti al
ingraaseuseniigenneswith mhictuthese strudtires ean beEidenhﬁHd ynaafon-

rgbfordiohibist o B8P I8 Becfil € nafSRtiRES o save a
substaimtlal armbuntditiras wihemh ﬁrb@e@élh% 'i'n'uiﬁl’fer@lﬂ;‘}I daREes. 'E%trac ion of
resented in I n paper [12

g‘?{ i{’%%,l@\agﬁa 9fremat 1\ murmmsey sé desgribangndd0aht].
SHn?é 3pS8R pPrEp&vied of Befé?)‘?al'%gﬁﬁrturgg eng#@%&gn%ri@% pr)]gs erior

been done.” I'n particular the nean

contreisseresTwareprasehtieddn [‘a:n di 3] alngrapee [ 2]f quanditdtive 2l
non these results were

STHIRHER Al of ARoleR 2p8 distaniies faIalen todBe infet Aamppisural
lih® flas Balen ddﬁ@r ﬂﬁ%ﬁl‘tl&lé?'?hé FF%}SIeﬂI;tht 5'Ieth@rlﬁfep cBhimissural line

avail able, a ar?
and range were found for 50 subjects. However, none of these results were

correlated to the shape of the brain.

In the case that only low-resolution images of the brain are available, a large
interslice gap and partial effects might cause partial visibility or non-visibility of
the AC and PC landmarks. Non-morphological cerebral images, such as
perfusion-weighted images (PWI) (e.g. a CBF map which indicates cerebral
blood flow) and diffusion-weighted images (DW!), do not reflect anatomy and
this makes it impossible to detect anatomical structures directly. Fig. 1(a) is an
example of a CBF image and Fig. 1(b) is an example of a DWI image.

Summary of the invention




10 -

15

20

25

30

interstice gap and partial effects m ght cause parti al
visibility or non-visibility of the AC and PC

woO 2008/nB08s. Non- nor phol ogi cal cerebral i nages,PGLSER08B000274

per f usi on-wei ghted inages (PW) (e.g. a CBF nap which
i ndi cates cerebral blood fldw and diffusion-weighted
i mges (DW), do not reflect anatomy and 30 this makes

if inpossible to detect anaton cal structures
{Ff‘? é’én%%nt ipyention@iysita pspvide gangw angrusgfutmrethad de derive the

Fhferioh oY oSSR SRR Sy 54D bl ED 5 98P aPapzein

puracs tandninariicutarsa nuethcoﬁ phich desudtabvtoatetivesthé WC and PC
t.hod, t delvetgﬁ r|or an ostagrlor

RS ol lotashlitiop 21 BofmeIPBalRgicah perbraldmages.

surface, and in particular a nethod which is suitable

to derive the AC and PC |andmarks from | owresol ution

lngenrral tesmstbe dyleotion peerases thahagesmesrical apiectisl

GG OF LR IRMSRnTH BB B8ah Phod oEBR TRUKERLWBRER on
the surfticel sfithé brdih Canditrat Giméritl S'HFUEQC@bt@fneUhﬁ/ &'pRioR,
t hat nuneri cal val ues, obtained by a prior

%123?‘5'%%' eealysisrpflipages of Othﬁge@vwﬁua& REe us«mﬂ to estimate the
angtlé‘ﬁsegf @ SmbHdR ;Sc!iﬁeh ﬁ’héémés Bg/ @ﬁefi’ég £ thg"

posterior comm ssures erence
geametricatabjecbj ect . Pr eferabl y the image is a sagittal
i mge including the MSP, or nore preferably a
sagittal image which is the maxinumintensity

Pfé?él%‘b‘ly e ifdgR)is %fsa@t?aﬂ%tatb@' incltidi |tﬁ? MSS! &ldhﬂg? brﬁerably

MSP.. A nunber of points on the cere surface
%aggmhlmagmyélcarle themepdnodm intehsity peojectiore (MEP) of a sagittal

948 UG b B0 ' PP o i P o REAE G PR e
syyittainalage aretseictédintieark lipae ¢s @énﬁsttmt‘tétﬂtdlﬁt' tﬁ@ poits. The
five paranmeters whi ch define the el

IncakenTan thessagitaldmagernfdhe A and e lan%omrbs gand optienally
G} lehidints) 18 Uiirited Uing BB poFIREESREn BBHASthe

to ‘provide accep € ac
elllpse plus numerical values obtained in advance from statistical analysis of

other mduvnduals

The present method is found to provide acceptable accuracy and be
applicable, even for neuroimages of low quality, in obtaining the AC and PC
landmarks provided that the cortex is visible in the neuroimage. The method is
applicable for isotropic as well as anisotropic volumes (in the latter case the

coordinates are mapped into isotropic space).

Embodiments of the invention cén be used in multiple applications, for
example:
» For registration of diffusion-perfusion images, e.g. for stroke processing.
+ Atlas-data mapping for incomplete acquisition, i.e. when the patient
neuroimage does not contain the complete brain scan (e.g. if the scan

contains only the subcortical, frontal and occipital regions, the ellipse
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appl i cabl e, even for neuroinmages of low quality, in
obtai ning the AC and PC | andmarks provi ded that the

WEZns/exoss vi sible in the neuroi mage. The net hed/$62025000274

applicable for isotropic as well as anisotropic
volunmes (in the latter case t#he coordinates are
mapped into isotropic space). Enbodinments of the

i nvention can be used in nultiple applications, for
exanpfenstagted-py anayﬁmdlmenbnf thie idvéritiosi mypﬂeﬂlﬂue& on

i mage I pr ocessi ng. At | as-dat a
mappi %%prﬁoﬁnat%@rtﬂé S@?'eee)acqui sition, i.e. when the ,
patel ePdr inﬂﬁtﬁa‘ﬁbﬁﬁﬂﬁ;:&ﬂﬁﬁ:nﬂ it sevard) 3tdibHef fr%r@%rﬁ& Patient are

brai n scan the scan contalins on
subcokerfermed lﬂsmddferanmcdahtm(alg rTelg |T(21§LMIReand DWi

el 1ipsq 07/ 000274 4
const?uc%psalg%%f%%gﬁrgéwg%ﬁ Ugions,are aRRIpKimatelydhe same,
sti | | anxbthisygiuces thé aubehof dagRtkes of fedoft fartharé@iSiration.
registration. If several studies of the sane patient

ar@ rleealizationsf e mdionpbinterasl RO fersstiustgresTThat is,

eéua{: [ onéet are a%git %ﬁ@'b&f‘?eﬁuﬁgﬁﬁ@)febgﬁﬁp M"ﬁgﬁ more

red ucxiﬁtailétbexmmmatlonfshda@irmea@fadfdut eico rBuceessine

registrati For l'ocalization of the region of

i nt er¥EM] 9 for structures. That is, using the

technique it is possible to identify regions in which

rmre det a| I ed exam nat| on should be carri-ed out, i.e.
‘ Bri ef description of t he

%‘e cr%gﬁaéﬁhoﬁ'{ﬁ%’ﬂtv%ﬁbe%v hog S, Sgée%%%rw%eﬁa% of
exeintple bl Withtreforbate wwnwfo%@m?rmﬁwmgb YWiwhlith: 15 Fi g.
lis co osed of Fig. b) whi ch respectlvely

show F49-CBis carapossd Mﬁlgah )@nDW(b) Whgidﬂ reispegiively showesCBF
of .t he steps of the
f‘PWl A:H a P?NI ﬁ%’ggév\h QI Sgh%‘éggpbﬁlé‘d of Fig. 3(a)
and ﬂ@)z IS| a ﬂuwtdlagrem of the steps of the method; and
Fig. 3, which is composed of Fig. 3(a) and 3(b), illustrates
schematically the operation of the embodiment.

Detailed description of the embodiment

A method which is an embodiment of the invention will now be described with
reference to Figs. 2 and 3. Processing of neuroimage comprises of the

following major steps shown in Fig. 2 (the volume is assumed to be in

radiological convention).

1. Find the midsagittal plane (MSP) of the cerebral volume (e.g. by using
the algorithm from [14]).
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schematically the operation of the enbodi nent. 20
Detai | ed description of the enbodi nent A nethod which
wO0 mosm24esbodi ment of the invention will now bePCT/SG2007/000274
described with 25 reference to Figs. 2 and 3.
Processi ng of neuroi nage conprises of the follow ng
maj or steps shown in Fig. 2 (the volune is assuned to
be in_ radi ol ofgl cal convention). 1. Find the

% dsa3ptta §labyvlasay 3mp) abeut the MSPotsr eonstalct gengw siice using

B P BT kg el G He o

thiseslivED et referoed bis MIP-FMSPew sl i ce usi ng the maxi mum
intensity projection (MP) of the sagittal slices in
this range. Let this slice be referred as MP-MSP. 5

B. Segedt Mhﬁt(ﬁt He ?Mc&l ddefah t ?%P%S@Setwﬁ%n'\fﬁg Qrbito-

bet ween the orbito- ront and ero-occiprta
franaineands ioferotoecipital rpgint ganGm)arksA ofr dbenbemdecFlg 3a). A

h
rBHElerBed it o hailiS38 SnRase sfodif R 18 os Fiire to Rastie the
robestaesd by tHeefite Thasé ¥>oﬁ|1t$ §hd5uld kbrteﬂﬁa ?Cbe SVEHN- @hs@ﬁ&ﬁéd and

the entire reglon in between the orbifo-frontal cortex
sheyld coyetitpet antirgoregienoin tbleewgerau tlne @stput;eframay cartex and

rﬁaﬁg@‘t@ t&tgeod’%tg{/}ég cf-S'&SI)} %t é@h&nyggﬁr&t“ Hre is large.

|sotrop| c space WIthOUt reformattl ng the data before
4f|tt| the el]ipse, This is done to have the points '
POIPER eBiginadh i hespreviows step ate mappedinta|an isstropic

spheg, Wﬂhétﬁ‘lere?@r'nﬁgtﬁn %%%t@hefd?& fﬂ@) méagfﬁpée ?ﬁlg\‘te Ubhe to

step. Find paranet e nmaj or m nor

hayattbe ppmtslm aandonn@borchmaters)ystem the elli pse 'The

el | i pse axes define a system of coordinates, connected
with the MSP cut of the brain. 20 Let (see Fig. 3(b))

5. Fit the ellipse [15] to the points marked at the MSP plane at previous
step. Find parameters (the major and minor axes, center point, and inclination)
of the ellipse. The ellipse axes define a system of coordinates, connected with
the MSP cut of the brain.
Let (see Fig. 3(b))
e A denote the point of intersection of the ellipse and the major axis at
the anterior part of the head;
e P denote the point of intersection of the ellipse and the major axis at
the posterior part of the head;
® Dac (Dpc) denote the distance (in mm) between point A and
commissure AC (PC). |
® @xc (Ppc) denote the angle (in degrees) defined by points P, A and
commissure AC (PC).
» U denote the unit vector, collinear to the direction of major axis (vector
APY),
e ‘Mj and Mn denote the lengths of semi-major and minor axes of the

ellipse;
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A denote the point of intersection of the ellipse and
the major axis at the anterior part of the head; P
intersection of the elli pAE/$GaH07/000274
the major axis at the posterior part of the head; 25
DAC (Dpc) denote the distanc® (in m) between point A

and conmm ssure AC (PC). PAC (Ppc) denote the angle

. t BP9 (I \dagrees) hstweaeathe dnajes axis and
di r echtQiisifbn (HLS leS (vector 30 AP); -M and M
denot e (fgﬂe I e?%% thﬁﬁeéem' -maj or and m nor axes of the
el li pse; WD 2008/ 024082 PCT/ S&007/000274 6 O denote

he I i n. rees et t he j or .axis and ‘
Gtac'q%‘?dgigttﬁ% f?°?’5§ﬁg?§t%ﬁ?%ﬁéfﬁ%885}t% YHesing he ip@rameters of
t hibeAdllipwad PC points by using the paraneters of 5 the

el lipse. The anterior commi ssure can be found as the
endpoi nt of vector dAc*U rotated cl ockwi se by an

a RS ; [ [ A. .. The posterjor N
cgnrrlr‘refe ssur gﬁ i'S ge%sfsggedeéﬁoéjesﬁﬁﬂ%g&@? 8’5‘@‘?‘15‘%8 VERIQF dac™U
apotfatddcioatpise bA@n dihlang cabudd ehé vt Yot TRE posterior
proportionality. The nethod proposed cal cul ates

di GBmissyrg jsndefinedoey usieg veston des* Brahct angle ssdr @adQpc, aac
P S * and, dpc* respectively; is angles «
Eiaﬁ)ddé’g’fr%’%éﬁeg’agpﬁ%%ogwoy&r‘;ﬁ%ﬁ'& A and conmi ssure AC

(PC) as aAc*M and aPc*M /M respectively. The
nuneri cal values of the constants for |ocalization are

pbt-rﬁ'ﬁrf@%thpﬁ PTM@WWGMSM atistical analysis given
in the E%ltérpc\@sn@n trr?n% Between point A and commissure AC (PC) as
dac*Mj and dpc*Mj respectively; '

(in degrees) defined by points P, A and comi ssure AC
(PS) & (e

- & angles (in degrees) defined by points P, A and commissure AC
(PC) as aac*Mj and apc*Mj/Mn respectively. |
The numerical values of the constants for localization are obtained in

advance from statistical analysis given in the following table.

Table 1. Regression statistics: parameters of proportionality, goodness of fit
R?.and 95% confidence intervals for the slopes corresponding to linear fit

between parameters.

Constants of | Correlation | Slope Adjusted | Lower Upper
proportionality » R? 95% 95%
aac (@ac, M)) 100967 |0.02 0.0893 0.1040
dac (Dac, Mj) 0.7873 |0.98 0.7800 0.7945
apc (Dec, Mj/Mn) | 5.464 0.90 4.9906 5.9374
dpc (Dec, M)) 1.1143 | 0.98 -1 1.1061 1.1225

The numerical values mentioned here apply to isotropic volumes only.

~ They are obtained based on a statistical analysis. For the training set the

-mean and standard deviation of the absolute value (in mm) of the Euclidean

error of localization using these equations are [2.35, 1.37] for the AC and
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20 Table 1. Regression statistics: paraneters of
proportionality, goodness of fit R2. and 95%
wazoghzesce i ntervals for the sl opes corresponiTigG1007/000274
linear fit between paraneters. Constants. of
Correl ati on Sl ope Adjusted Ldwer Upper
proportl onality R2 95% 95% aAC (OAC, M) 0.0967 0.92
0893 0 1040 dAC (DAC, MJ) 0.7873 0.98 0.7800 0.7945
2. (- Bridor the B9 Biesmean and starsized sleyitign fapthg test set are

1225 554{8% al val ues
?ne Po% ?}?Olrze a p@qtagl&lcsotrgyge 0 u%@ only.
They are obt ai ned based on a statistical analysi s For

ES GBbf BaGEithe HoorhaRsop AR SRAFIG 4R ihepeapirest mage

| i zation using these equations are [2.35, 1.37]
for the AC and WD 2008/ 024082 PCT/ SG007/ 000274 7
[3.12, 1.75] for the PC. The nean and standard '

A5 bt G\l Bph S 85 LBBlA S, bt ol Bt

ihsidls drivetsigeiitdhoedmlg AQicaAGernsedtn ithis @at ethécrmméﬁ@bl
image, 5 space. Note that in variations of the

F@fﬁmt%ﬁﬂoulﬁw dtferent, Ryt poulshbe pbtained by @ procedungesigilar to

t ghot only A, can be used. In this case, the
tﬂgrfréladlj@g?tonpar aneters would be different, but could be
obtai ned by a procedure simlar to io the fol |l ow ng

1, fuiied st e ofBinal (imagie Rt oo resp iy i certiradts (ic.
diff@$ien \Wéléhtba ‘im%@é%m tHd §u§dép%hfhh£?ﬁff§ct§ lor &%gﬁn%eighted

wei ghted “image) it may cause 't se o
imege)iPntayuerisenthe: eflipse an #he MIP- MSRquimdeBt stept 8 beeither

he of cal culating the ell
BRI 0BRGP dREn T8 b Cesi ar tallat s B n tis
casgediffdrbst. ForeAchERRl 8lick wéts?édg?nerﬁt&he ®F4iR;ard8 and obtain its
ellipse is fitted [15] to the edge in axial direction;
qdgae; an elipse i fited [15] to the edge |n axial direction; its anterior and

posterior points are obtained and these points are projected to the MSP.

To analyze the statistical properties of the commissure localization process in
accordance with slopes obtained in Table 1 we examined the following sets of
parameters for the training dataset:

1. Angle @4c between major axis and vector going from A to anatomical
AC (degrees), divided by M;.

2. Distance D¢ from A to anatomical AC divided by M;.

3. Angle (degrees) between vectors going from A to anatomical AC and
from A to calculated AC.

4. The deviation between anatomical and calculated AC points (projection
to A-AC line, mm) denoted as AC_X.
5. The deviation between anatomical and calculated AC points (projection

to line orthogonal to A-AC line, mm) denoted as AC_Y.
6. Angle @»c between major axis and vector going from A to anatomical
PC (degrees), divided by (Mj/Mn).
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poi nts are obtai ned and these points are

projected to the MSP. 20 To anal yze the statistical
w@empoe408es of the comm ssure | ocalization proRPEESG2007/000274
accordance with slopes obtained in Table 1 we exam ned

the follow ng sets of

dat aset :
?40| ng_from

8Y M Ange

to anat

fiem Ato calcblatadPE. anat om cal
cti.on

Us 4FV'a

éﬁr 0j

I:s)(gler

ot ed

ees),

as AC

param8ters for the training
1. Angle PAC betvveen rmj or axis and vector
to_anat om cal

. 2Bistangg Qe fiem @ﬁ@aﬂﬁmlﬁa&

o RSP ARRD RIS T p] 348 ReAghlcToC ano

and cal cul ated AC poi nts

di vi ded by
idedroydvli. AC di vi ded

A
H‘t”gé’PWé%‘?f‘ ansﬁo m%é!"%?ﬁ!%‘ét%l’& @Q}ntﬁdpmjectlon

mAJFt@mﬁé)ﬁﬁhﬁ@bhgféd éééP'O e orthogonal to A-AC line,

denot ed

as ACY.

Angl e OPC between maj or axis

3 vEre devigiom §etwern Anaiomicaltand caltular@ PCempintss(projection

@'*ﬁe"%ﬂ"@% nelfol A il i letetadas 24

&2007/ 000274
C di vi ded by

8. Angle (in degrees) between vectors going fromA

0 anat om cal

PC and

fromA to calculated PC. 9. The

%@\V?@&q | pargpetars @nsheassits @dithe mwllckynetihesis check (tentata are
ed as PC X. 10.

h éli%étﬁﬁ‘uteﬁ%&{b Suramdriz B

ween ana om ca
to |line orthogonal

viation

poi nts (prOJectlon

TblP &L MsRis e T

65 o VoAb Pl

R TeRR%

al cul at ed
to A-PC |

paranmeters and
r%'ﬁ@@&dﬁt?ﬁ@ Sdat a are

PC
i ne,

io

SECOR L) TN LIE A SHISIATR T, s
RrRmameaters SetaibtestS Lil | | gftest statiskiespii r o- W | k I\/Ean St d
parameters |tajil .t est t est (S;St-\?gll S;I cs
value)

#1 0.10 (0.29) 0.98 (0.50) 0.0963 0.02
#2 0.11 (0.24) 0.98 (0.67) 0.7873 0.02
#3 0.09 (0.53) 0.98 (0.53) 0.02 1.84
#4 0.10 (0.30) 0.98 (0.63) -0.04 1.81
#5 0.08 (0.71) 0.98 (0.58) 0.00 2.01
#6 0.10 (0.30) 0.96 (0.10) 5.6253 1.52
#7 0.10 (0.27) 0.98 (0.61) 1.1146 0.03
#8 0.10 (0.28) 0.97 (0.33) 0.10 1.91
#9 0.11 (0.21) 0.98 (0.52) -0.03 2.06
#10 0.11 (0.18) 0.98 (0.48) 0.10 2.91

The Pearson correlation coefficient between AC_X and AC_Y errors is 0.177
(probability of chance fluctuation=0.19) and between PC_X and PC_Y errors
is -0.096(probability of chance fluctuati6n=0.48). Mardia’'s muiltivariate
normality test [18, 19] shows that the data sets (AC_X, AC_Y) and (PC_X,
PC_Y) are similér to the normal bivariate distributions.
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statistics (p- (p-value) wvalue) #1 0.10 (0.29) 0.98
(0.50) 0.0963 0.02 #2 0.11 (0.24) 0.98 (0.67) 0.7873
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(0.58) 0.00 2.01 #6 0.10 (0.30) 0.96 (0.10) 5.6253
1.52 #7 0.10 (0.27) 0.98 (0.61) 1.1146 0.03 #8 0.10
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IsoRgisier 85 Icrnfidenceaintenak for the ifdramiterscalesiateshasing LSE
)& 2) that we cannot reject the null hypothesis
that "sets of paraneters #1, #2, #6, #7 are normally
di stributed as the p-values for all the cases are

It nmeans we can use the nean
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eSPPNEINE RIVAIUER aMegrestar thanl Q85¢ itosan be miﬂmzd fhat all the

regi'dﬂglst B RBFABY WestMutbde it G5 dsupaelc?a (9 & IS two randomly

distributed variables are jointly nomal, independence is equivalent to
uncorrelatedness.

The Pearson correlation coefficient between AC_X and AC_Y errors'is 6.177
(probability of chance fluctuation=0.19) and between PC_X and PC_Y errors
is -0.096 (probability of chance fluctuation=0.48). As the probability of chance
fiuctuation is much larger than 0.05, these correlations are insignificant and
we can conclude that little or no association between these errors exists (i.e.
low errors in X direction are associated with both low and high errors in Y
direction; high errors in Y direction are also associated with both low and high
errors in X direction). By virtue of Mardia’s test result a random vector (AC_X,
AC_Y) (as well as (PC_X, PC_Y)) has a multivariate normal distribution, so
two its uncorrelated components are independent and normally distributed,

and this can be considered as an indicator of goodness of fit.

In order to check the robustness of the values of parameters obtained by the
procedure described in earlier sections, we performed the foIIowi‘ng'si'rh'ple'v

test. The errors in AC and PC position were obtained by comparing their
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araneters #3 - 5 and #8 - 10) we conducted
ghapi ro-Wlk and K-S Lilliefors test with a=0.05. The

wWo e®8leesnre tabulated in Table 2. Since the 1BCT/SG2007/000274

correspondi ng p-values are ggeater than 0.05, it can
be inferred that all the residuals are normally
distributed. In the special case when two randomy

valuet withthe AV ahtiFE posiibR debbiihé RSBl (LOASREAISHSS
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s USBIEl o e B (Bictipg B dal ilgimising dpabawt 20% of human
brdmrrss).ctl on). By virtue of Mardia's test result a random
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erm ned manual | y (using anatony).
Sk%ggnﬁérd?@d Hcgﬁ@ﬂ%%d PC position are carried forward
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e en AC (o position an
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A et SLBCaHEAD SO0, W Ealiciatbu S e
fornix whialir are af atdistansé tother®mmissures can be located based on
statistical analysis as described in [13]. Statistical localization of other points
and landmarks in the system of coordinates obtained can be used for defining
an ROI for these structures during segmentation as well as for intra-patient
registration (espécially in registration of morphological and non-morphological
(diffusion and perfusion weighted) images for stroke image processing) and
registration against atlas.

5. Statistical localization described could be useful for low resolution data
when localization error is comparabie with image resolution. The position of
the landmark calculated might be between the slices of the image under
processing.

- Obviously, a probabilistic method cannot provide the accuracy of the direct

extraction of landmarks from the image. However if the landmarks are not

visibie, the probabilistic approach can be useful. The technique may be



10

15

20

25

Is visible on the MSP (according to [17] it is m ssing
i n about 20% of human brains). 10 2. Applications of

wa tes/etdospse fitting procedure and the syst emmfT/SG2007/000274
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1 qaﬁfé&&q o drmrrﬁ@ﬁ'n@ th%“dg@ﬁbhn%f dife Rﬂs'rﬁdr@nlé?f?marks

one or nore i nclu | east one of
induding @UelaahOnarcbfstheV\AChamd &C |Iamyeardxs within Bnamagef of the

dual i nel udi ng: 5 denti f
G e e 8 TR op Rt <%on the. surf ace of

the brain; (b) using the identified points to

const (&) tderif@ng oet tHethangbJaepl'Urélity bhpoirgp anethef siffce of the
i mage and defined by a urality of paraneter val ues;
Rrain:; (c) using the geometrl cal object, and one or nore
nunerical values 10 derived in advance statisticall y

from tE:%fnd i idertifed IpoﬁrFts %tddi‘i%frﬁﬁtt g%éb?ﬁétQFﬁlgo?ngt in the

t he o nore | andmar k accor
snm:iemflhe lmage aehd definedbyea plucalilyl of paraseaiet valuesparahe
of the brain, the pIuraIity of points are points on

the caortijcal on.th | ane, and t

geondt) MEHD o SEeRReACH iR, e ofie P ppREindmical vaes
derveldrincidvasice bhatisfi€alf frb@ﬁ@thbﬁirﬁﬁvu@@élé Oto"&stirkate the position
fitting the ellipse to the points. 3. A net hod

afdbecaeRy reeredpadmacks.n whi ch the sagittal plane is at
or proximate the md-sagittal plane of the brain.

2. A method according to claim 1 in which the image includes a sagittal
plane of the brain, the plurality of points are points on the cortical edge on the
sagittal plane, and the geometrical object is an ellipse, step (b) of constructing
the ellipse being performed by fitting the ellipse to the points.

3. A method according to claim 2 in which the sagittal plane is at or

proximate the mid-sagittal plane of the brain.

4. A method according to claim 1, claim 2 or claim 3 in which there are a
plurality of said numerical values, and the position of at least one of the

landmarks is obtained using at least two of the numerical values.

5. A method according to claim 4 in which the position of one of the

landmarks is estimated by:

(i) multiplying a dimension of the geometrical object by a first of said

numerical values to obtain a distance measure;

(i) choosing a location in the image using the geometrical object; and
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4. A nmethod according to claiml1, claim2 or claim3
in which there are a plurality of said nunerical
wozdosiesiosand the position of at |east one of tIEN/S@D07/000274
| andmar ks is obtained using at |east two of the
nurerical values. 5. A methdél according to claim4 in
whi ch the position of one of the [|andnmarks |s
a di npnsi on of

SZE' iggté[% E%ﬁ ‘IAJ?P}” ng'%‘ﬂ"@ do bg Ak pgqlnce from the
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obj ect ;

ocation In ge using the geonetrica
relativend ﬂmasmoe@atmmes“mdw aceeand of the numgprical values.
estimating the location of the landmark to be at a

6 ot anethed dgbating b Eihn, S SHeh Babeaddi aur HiitiC2, ip which
thd diribesien df Qﬁ@beaméﬂﬁéal d)is 2hé eIl offthé MBajor axis of the
nuneri cal val ues. od according to claimb5

ellivsf- dependent on cI al m 2 in which 5 the dinension
of the geonetrical object is the length of the major

7aX' SAO‘}nétH@d o?'rlegl%ﬁé%ngngt %é&ttﬂfadb%ﬁn thﬁduégg tR¢ method

t two brain Scan I“mages, mstho
umtmdmglotgairmg éarceacti of tbe st leask two vimaiges gars estlmate of the

SRR ol B BB Pl e o
16 TG HeREdPgedIBim 28d ldr%id@tﬁé"éoﬁ@épﬁcﬁﬁﬂﬁ@@sﬁﬁwa@é& T;;asetﬂ@ﬁs to

p03|t|ons t0 register the inmges.
regieterithe images.r egi on of interest on an |rmge, the
met hod conprising obtaining an estimate of the

0Si ta . i LN i
oo’ W BRI oF e e A R 4 Elen Wi, et
cbdmisirfg/ob@lmﬁ@ drhestiragteoof tHe positionstofiat leastadnemaridmarks
the at | east one of the | apndnar

. h e
Wil i FEpdeP R eined aeAEITA 1 ShY.hBAIES ndo. and identiying
e ?é igh Bfintere gf hreitiohSbehd ap |2t ?/ESUF fe ldMaindrRae 1S

i sotr opi c, not converting I'mage I nto an
i sotropic |nage sai d geonetrical object being defined
9. n t e methed @coording to awyrprecedingag/aim comprising a preliminary

step of determining whether the image is isotropic, and if not converting the
image into an isotropic image, said geometrical object being defined in the

space of the isotropic image.

10. A system for estimating the position of one or more landmarks,
including at least one of the AC and PC landmarks, within an image of the

brain of an individual, the system including a processor arranged to:
(a) receive the image of the brain of the individual,

(b) register a plurality of points on the image which are on the surface

of the brain;

(c) use the identified points to construct a geometrical object in the

space of the image and defined by a plurality of parameter values; and
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i ndi vi dual the system i ncl ud| ng a processor arranged
to: (a) receive the imge ofl®the brain of the
i ndividual; (b) register a plurality of points on the

i mage ich are on the surface 25 of the br o (c .
| egq KiLe @ Re GeBmaBsal bt S S g Maresagtaed Gimerical
PN feprEsdristive BREBICA ird\idiaBI® éﬁﬁné’t@fthﬁgﬁsmbnaof the one
plurality of para er val ues; and WO 2008/ 024082

aanpsdaodmatk0274 16 (d) using the geonetrical
obj ect, and one or nore predefined nunerical val ues

1587 7R Bt pRlgrbitbiSlus) B8kt Borheles Wi ol Being

mhoBy aancbhqsimt SOStept, i Saur@ss td wahutdd ehstenpad déstinfgte the
5 run %/aco mput er system causes the conput er system
RAsition phane OFHBOT%@ﬂmath dnclydingoat Iﬂ@ﬁéonsrﬁmﬁﬁ and PC

n v dmar ks
léﬁghgﬂlség"tﬁnaé@ﬂﬁ%ggﬁgtﬁ%'{anwgffﬁgg\n [ n'gl Vi ggg by: (a)
regi stering the choice of a plurality of p0|nts in the
[ rrage(ay\kf'tgiﬂ;teeing thechoive ofla plucality fof pontsirathe imMage which are

us t fi.ed points to construct a geonetrical
ihggﬁ qqetogi b Be of the i mge and def i ned by a

plurality of paramster val ues; and (c) using the

geongby iusitlg lej iehtified pofte 6 'cofBiractPa egwnnétﬁdal object in the
numerical values representative of typical

shage\af dagrinage and slefingd dyanplupridy of parametenwalyas; ang
nore | andmar ks. 15

(c) using the geometrical object, and one or more predefined numerical
values representative of typical individuals, to estimate the position of the one

or more landmarks.



