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for identifying anterior comm ssure (AC) and/or

posterior comm ssure (PC) | andmarks froman i mage of a
portion of a brain. Background,of Invention

I dentification of the AC and P& are critical for

operations such as targeting stereotactic and

functi onal neurosurgery, localisation, analysis in

human brai n mappi ng, structure segnentation and

| Abtdrhatigldentifieation sfithe AgyerionandiBpaterior Eommmissuratandmarks
been wi dely used as a common standard by

| | [ nd neur osurgeons. To perform spati al
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experts performt etection of. these struc
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aRi A3t ti meconsum ng when | arge

g@gﬁg@@(ﬁt@gxﬂgg@ ({?(?%ﬁ?g%m ysed. Furthernore, there

IS a certain degree of variability anong different

eRpekground of fravemipn hese | andmarks. For these reasons,

there is a need to autonmate the process of

identification with accurate, robust and efficient _

alerificieh oftHe XC &hd ©IC ale ciiticdlier apériatibas 'sAchtasianeting
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plane), AC and PC have to be identified.

Currently experts perform the detection of these structures manuaily.
However, observer reproducibility is less accurate and prohibiti\)ely time-
consuming when large sets of data have to be analysed. Furthermore, there is
a certain degree of variability among different experts in tracing these
landmarks. For these reasons, there is a need to automate the process of

identification with accurate, robust and efficient algorithms.

Sun Y. H. et al, in the article "Anatomic labelling of PET brain images with
automatic detection of AC and PC", J. Digit Imaging, 1998 Aug; 11 (3 Suppl
1):56-58, describe an automatic detection method for finding the AC and PC
from positron emission tomography (PET) brain images. However, the
resolution of PET images is very ldw, and the AC and PC are particularly



Verard L. et al., inthe article "Fully Automatic
Identification of AC and PC | andmarks on Brain MR
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997, describe a nethod for automatically finding the
AC and PC whi ch assunes that high resolution magnetic
resonance imaging (MR) imges are avail able. An
automatic al gorithm uses the ta to estinmate the NSP.
nafirst stage, two easily detectable structures -
the corpus callosum (CC) and brain stem(BS) - are

identified using intensity-based recognition. From
t gyt ta lémﬂn‘y wsswumm@es Tihis, Bepalgpothne it enly @bles to identify

R AC Al PEOEE § i BRel St Ui ras i ng.  Tre

position of the ACis then found by a further terrpl ate
mat chi ng step. This nethod suffers froma nunber
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I nventi on [ovi a 'new and usef
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| andmar ks n .particular, the invention aing ﬁ\ﬁwﬁ
pBssymes thaf m%wwt@w@sneaeé%ﬁ%e@ceﬂ@s@@g}g ! 'mages are

cLi g 'A(n I%ﬁfrﬁéﬁ‘naélpehﬂﬁﬁ 'utSBFntheAdE{ef f%t%s’ﬁq%%tthe é/@beln a first

|nven roposes eneral terns
astﬂgmr, tmelaamﬁduhelcsabm etrﬂommels bihe cmmub;caﬂldemnm (C@)rﬁmd brain
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proposes, in general terns, that estimates of the

p&Bagedns of the AC and/or PC | andmarks are first
found using an

Summary of the Invention

The present invention éims_ to provide a new and useful meéthod for
identification of the AC and/or PC landmarks. In particular, the invention aims
to make it possible to provide a fast, acourafe, robust and clinically practical
algorithm.

A first aspect of the invention proposes, in general terms, that the AC and/or
PC landmarks are found by firstly identifying structures in the brain
(specifically the fornix and/or brainstem) as groups of pixels in an MRI image
which have an intensity in ranges defined by one or more thresholds and
which obey predefined geometrical criteria. The thresholds are varied until the
predefined geometrical criteria are met. The positions of the AC and PC are

then estimated based on the identified structures.



m dsagittal MRl image, but that these estimates are
nodi fi ed using axial and/or coronal MR inmages in
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posi tions of the AC and/or PC | andmarks. A specific
expression of the first aspect of the inventionis a
nmet hod of estimating the posi%ion of a brain | andmark
whi ch includes: (i) defining at | east one initia
threshol d value; (ii) determ ning whether a region of
a mdsagittal radiol ogical imge including a brain

structure includes a group of pixels having intensi t'¥n
Vasgeand aspedtHr goe duantien nsppeses.imoenalal tarmss fmigstimates of

vial u ' b r r fi . .
4B oA e EDRY SRR pREEnBREHS LRF gt oung, ugng an
irﬁ}dﬁagittal(lj Rl ?mdggaﬁutom(mséf@fsistmgatEi(aeartehn?miﬂ:édj using axial
val ue and perform ng. ste ii) again. (iv),if so,

i dsen WTW'tM@'gWﬁQ?SOf“Q i@éﬂ??flﬁg‘&gmxéf@/% Prpimate to, the
S : | ' stimate of the
p%%ﬁﬁtgﬁ%gfﬂ@ﬂgwgﬁgﬁgEﬁglsd?g)%ﬁﬁnc{"%rﬁg‘t he identified
structure. A second expression of the invention is a

nixt $poetifef eaprassinn f thieefipadsaspent off thehéinvastiandisoa wethod of
I andmar ks, whi ch.inc es. [a ing.a.n,d ittal

SRR o Poshiatt & 2R R 4k PADIMRETRSr The ac
and/or PC |l andmarks in the midsagittal plane; (b)

usi ng tiy'gef@fid BRlcedt pAsiititiantheéstidie valGepand/ or PC
| andmarks to generate one or nore axial and/or coronal

MRl . images, including at | east one i e i.ncluding. .
the esti) Matemipsy Wheihe 2 FRIIE T ORSgg AL refalORical image
' S | axi . | i .
Al a8 R PSRl 05Aak Vg Ry values i
aadhnge REfinad dmpthe .inidat treeshold waltie, anof whith obeyae or more
may be suyppl enent ed .a step .of genegrating a
CaecBhngd SReBIRI S gRe sl B i ng < he
first estimated

(ili) if not, then at least once modifying the threshold value and

performing step (ii) again;
(iv) if so, identifying the group of identified pixels as the structure; and

(v) generating a first estimate of the position of the landmark as a point

on the identified structure.

A second expression of the invention is a method of estimating the position of
the AC and/or PC landmarks which includes: '

(a) using a midsagittal radiological image to estimate the position of the

AC and/or PC landmarks in the midsagittal plane;

(b) using the estimated position of the AC and/or PC landmarks to
generate one or more axial and/or coronal MRl images, including at least one
image including the estimated position of the AC and/or PC landmarks; and



position of the AC | andmark or PC | andmark, and
identifying an inproved estinmate of the position of

wo b@sp@shandmar k or PC | andmark from the i nt enBCT/§G2004/000361

10

15

20

25

values in that sub-imge. The two aspects of the

i nvention are independent, but nmay be freely conbined,

as di scussed below. n the follow ng detailed

descri ption of exanpl es of th& invention the term AC

| andmark and PC | andmark are for conci seness referred

to sinply as the AC and PC respectively. Brief

Description of The Figures Preferred features of the

i nvent(c))ranmlyejingwdmeb@xndbwdlchredqrofnai MRE imakesofo improve the

syl F KRS aHEn ef e AT RAEER blabAlal VA g

of a braln Fig. 2 is a binarised version of Flg ;
FEEithe?, bsbath, enkiad aRdhydewnf b@sQng_lbm)efntEd By iste% @f gé»neratmg
is an enlarged view of a_part of 5
@ spb-istagen&om (ke pitsadita ld\/lﬁ’étlﬁ@@emmc&wm% the f'rst "estimated
' f ' tl,.0 e
SRR MG VBntRETR PG, Ry 3hd deLRufRTE A5 Rnproved
fagtigtat/idf tih@@gemoﬁ dgftthe AT lamdinarkhar P2 dandhapk pectheoimtensity
of thIS 7, which is conmposed of Figs. 7(a)
lhn?%%\ﬁ“ﬁ& nari sed version of a second MR
!mage o_f the CC, and a horizontal projection of this
TRIGWD BspctsS of ﬂfé‘ tihQéntRdn Rirg- lnhe‘gbhbeﬁhebﬁpfrﬁay be freely
hlghllghted Fig. 9is a portion of Hi 1 wth the
mcanbngednaadmusgﬁﬁﬂb@lom g. 10 is a portl on of the MR
i mage i ncluding an estimte of the

in the following detailed description of examples of the invention the term AC

"landmark and PC landmark are for conciseness referred to simply as the AC

and PC respectively.

Brief Description of The Figures

Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following figures in which:

Fig. 1 is the midsagittal MRI image of a brain;

Fig. 2is a binarised version of Fig. 1;

Fig 3 is an enlarged view of a part of Fig. 2;

Fig. 4 is an enlarged view of a part of Fig. 1;

Fig. 5 shows steps of the first-part of a method which is an embodiment
of the invention;

Fig. 6, which is composed of Fiés. 6(a) and 6(b), shows a binarised
version of a first MRI image of the CC, and a horizontal projection of this
image;

Fig. 7, which is composed of Figs. 7(a) and 7(b), shows a binarised
version of a second MRI image of the CC, and a horizontal projection of this

image;



position of the AC, Fig. is a portion of the MR inmage
i ncluding an estimate of the position of the PC; Fig.

WG h@do48844r ocess carried out on the i mage of FPOI/SG2004/000361
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Fig. is steps of a process for inproving initial
estimates of the positions of the AC and PC in the
nmet hod which is an enbodi nent _.of the invention; Fig.
shows steps of a further procgss for inmproving initial
esti mates of the positions of the AC and PC in the
met hod which is an enbodi nent of the invention; Fig.
15 shows 5 axial MRl inmages derived using an estimte
of t heFigo8iis mqrorisdn pheighd. with ghe fmnivaﬁgldlgh’t@d conposed

of Fi g.. a) t0,.16 ho roce .l.ed . to one
of tth'lgrrgéﬁ)@ REFtieH éph%sl ‘{\@thesﬁ ﬁﬁﬁ@ﬁeét ep of
a pr OC%%‘%S‘IQ% AGdriien bfBaeM RAfimbt @ lndlﬁdlnljlé}} esthgtle dfshe
conmpose ig. (a) to Fig. 18 , shows a process

appitieniof fieohe; of the PC axi al mages (of the 5

slices Q

posi ti %\9 zth% %Wﬁ EgtHenMﬁqR‘l%a ]ugﬁﬁg'lg <l é%ﬁg?teaof the
ppoxitss ofitie@Ct;he i mages of Fig. 15; Fig. 20 shows
steps of a further process for i mprovi ng ini

est | mak & 18rshoms %ngqelsénc@r@? PHEOW\@% 3%0% E'Q Ad;
et hodr&@‘?g%hs S rgﬁ”ot%&ﬁ:‘e@@ e tgﬁeprrbo?lg IHYIEFéétﬁﬂateE'cﬁ the

21 sho coro | mages
eposititeobthet A€ amisﬁ’@nnrhhe)fmethed Mhlthlsgan Embsidamenﬂsof the
Ci%(/gﬁﬁlén-ml I mages derived using an estimate of the
| Fig. 14 shows steps of a further process for improving initial estimates
of the positions of the AC and PC in the method which is an embodiment of
the invention; '
Fig. 15 shows 5 axial MRl images derived using an estimate of the -
position of the AC.
Fig. 16, which is composed of Fig. 16(a) to 16(d), shows a process
applied to one of the images of Fig. 15;
Fig. 17 shows a further step of a process using the images of Fig. 15;
Fig. 18 which is composed of Fig. 18 (a) to Fig. 18(d), shows a process

applied to one of the PC axial images (of the 5 slices) obtained using initial

~ estimate of the position of the PC;

Fig. 19 shows a further step of a process using the images of Fig. 15;

Fig. 20 shows steps of a further process for improving initial estimates
of the positions of the AC and PC in the method which is an embodiment of
the invention;

Fig. 21 shows 5 coronal MRl images derived using an estimate of the
position of the AC;

.Fig. 22 shows 5 coronal MRI images derived using an estimate of the

position of the PC;



position of the PC Fig, 23 shows a symmetry |ine
i nposed on a part of the imges of Fig. 21. Fig. 24

WG bwao488mt ensi ty val ues along a symretry |ine BECDSGR2004/000361
Fig. 23; Fig. 25 shows a symetry line inposed on a
part of the images of Fig. 22; and Fig. 26 shows
intensity val ues along a synn% ry line shown in Fig.
25. Detailed Description of e enbodi ments Steps in a
met hod which is an enbodi nent of the invention are now
descri bed. The starting point of the nethod is a
radi ol ogi cal image such as the MRl inage shown in Fig
1. TheFiyRe3 shaye d symsmsiiydine inprsast orea et @‘db@ﬂrﬂaggs of Fig.
k% t he radi ol ogi cal convention i.e. with the subject's

Ee pointing left and his or her neck towards bottom

of thq:lgm%homenwalsnyvam@sl 508§ MSPhnBRY fine shaRinTg Fig. 23;
that it resents data lying in an estinmated

ni d- sdagtz ishpwareesymmetaijing inopoesd ema pasrofdha images of Fig.
2%%% é]‘ed according to any known estimation al gorithm
s the one described in WO 03/60827 (based on

PCT/ SG63/ 2606 iftaeite valudzealonyensyrometrs linetsholwm inefelg. 25.
to this nethod of obtaining the MSP. A first step of

the nethod is to use progressive thresholding to

OhBRILS DAL HBRSE thel Bhibodimbhig!strated in Figs. 2 to

the follow ng steps,
WhICh are illustrated in Fig. 5 a) Avmndowof size X

noved ov ntire i
10 oSiemdns REtahnBichdngn sebadinsuetile stvenlielgraaey i o
t&@sdﬂb@@%@%@mﬁgxbd&wth@ranét%o'aqg %ﬁ%ﬁ)l ¢aliRfige such as the
max! mum anong the means derived in step (a) recorded
| MRI impgestiown iAfigni xTh@ MR issags i assumecele ke oBenkedf
tggcomlg%%g?g&ofoglcﬁ conVEntion i.e. with the subject's nose pointing
A left and his or her neck towards bottom of the image.
15 |
The MRI! image is an MSP image, meaning that it represents data lying in an
estimated mid-sagittal plane. The equation of the MSP can be obtained
according to any known estimation algorithm, such as the one described in
WO 03/60827 (based on PCT/SG02/00006). However, the invention is not

20 limited to-this method of obtaining the MS.P.

A first step of the method is to use progressive thresholding to binarise the
image. This is illustrated in Figs. 2 to 3. The method is carried out by the
following steps, which are illustrated in Fig. 5:

25

a) A window of size 11 X 11 is moved over the entire image of Fig. 1 in an
overlapping manner and the mean value of the pixels in the window at every
location is recorded.

b) The maximum among the means derived in step (a) recorded is

30 computed.



Fig. 5). d) Abinary image is derived fromFig. 1 in
whi ch each pi xel above the initial threshold is set to
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black (this is step 2 in Fig. 5 and the result is
shown in Fig. 2). n the binary inmage, an attenpt is
made (step 3) to identify the_Corpus Call osum (CC) as
the structure having the foll Swi ng properties (based
on the observations and validation of data): a) The
length of the CC (fromthe genu to the splenium i.e.
aI ong the major axis) is about 7 to 9 cm b) The width
) t heAoiifiartbrashiol isdived as 89%i oftthefmadaymomeaanysken & in
tl_J_:Le ggferl or point of the genu, i.e. the mnor axis)
YaBbut 2 to 4 cm c) The orientation of the CC

(@ngl eAcafnaWJxmbg@xg deddfroRPPRCH ihaviien Ieé@n el ambsé the
is from5 to 40 degrees, d) The area of

bnitiat tfg@ahwda@ gel 1 whitwita quplxebbelmhefthw@ﬁldals set to

b s R R AL T T M AT

val ue, and |f not the threshol d is reduced by 10% of
|ts current value (step 4), and ste

giligarydmagse, Qnteéte&nr&ﬂ% massesteR) %DJFRZ id%?\g‘iyghg@e@@us
AR o g 1 A8 g on

46bSerehtioms andlaliddiion efdbt&®C i s not found, the program

quits, stating that CCis not found. For exanpl e, if
the starting imge is Fig. , then a CCwll be

| dgnthief (bRELHPYS thBIGC Wr@ﬁﬁ%lérg%ndto' theSsSHMum) .61 Slong- the major

Thé mpjor axis is narked (as the line LA—RA) as is
naxie) issadiait 7Teed i nt s mar ked RB and LB are the ri ght

I re :
BT8GR oP e SR B ST kB R AEIRY dhtriil t‘@#ﬁg inferior
point of the genu, i.e. the minor axis) is about 2 to 4 cm.
c) The orientation of the CC (angle of major axis with respect to horlzontal
axis) is from 5 to 40 degrees.
d) The area of the CC in the binarised image is about 600 to 1000 mm?.

If such a structure is not identified, then it is determined whether the threshold
is less than 40% of the initial value, and if not the threshold is reduced by 10%
of its current value (step 4), and steps 2 and 3 are repeated.

Steps 2 to 4 are repeated until the CC is detected or the threshold value is
less than 40% of the initial value. If the threshold value is less than 40 % of
initial value and CC is not found, the program quits, stating that CC is not
found.

For exarﬁple, if the starting image is Fig. 1, then a CC will be identified by this
procedure. It is shown in Fig. 3. The major axis is marked (as the line LA-RA),



check is carried out to determ ne whether the CC and
fornix are attached: a) Define a subregion (S1) around

w@eo5Miss44 4 shows this area for the case that PEESG2004/000361
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initial MSP inmage is as in Fig. 1. The height of the

sub-region is selected in such a way that the

brai nstem (BS) and fornix are éncluded. Speci fically,

the width of the region S1 is Selected to be equal ‘to

the major axis, and the height was set to 2.5 tines

the ninor axis. b) For each colum in the binary inmage
t he horlzontal projection of the colums (i.e

f @P '%5% MIBR; axipel ReipPHES MeskedRFeand hB aretthe mw)‘lt bsttom and

cgﬁpgbgg a&ggs 6 and 7 show two cases. Figs. 6(a)

and 7( ow t he blnary i mge of the region S1 for

t wo dlfferent initial i mges, and Figs. 6(b) and-

e R RS S %d%@? 46 Dlethe Pradgedsttp oien & n which a
hbﬂb@l’i id &‘eﬂﬁeﬁ%t W@@B%e?ﬁlﬁ%%h%ﬁeﬁﬂg aﬂg a@@sfgpﬁf g & %ti%cgbed

case of Fig. 7(b) or ni X
t 8get hé}efm{e a Reblegiari (81)sarsapdGE gl 4 amotsahisGred iér the case

B SRS R S P PP ROl P o

oselelcted\/m Sleh AvaGnanthel o ste@r S%%‘Pﬁ‘f]%?r‘ﬁQ Y included.
%P ry traci ng and nor phol o1g| ca erati ons.
f

I&ﬁ”}{ Heedigihsofdhe p:eglon(% @salyectelddofbﬁ equal |ts the major

[ t I the sub-region S, a
A N e L N

dbj i nedfor Bagh Blshowstheisinanbiniags 6nS$, theMdrionts projection of
p ts of S1 vvh ch are notwithin the RO shown as

ol %% I £gaFPHeNRSUTH the yrdtesistiteisiow) dyealculated.
and 80% of CCs major axis. The structure is subtracted
fromthe RO. b) The RO region is binarised using a

pFigigr 6sa1d/2 shnwdwwmesg Fidsg 6@} dmd 7 (o th@lehﬁ@ ifRye of
bﬁ\%@f@?&vg’l for ¥wo dirferen mﬁ)lai(ﬁ/lF?l |rerl1ra%e§egnctj ?:lg\jl\éh I6(b) and 7(b)

show the corresponding projections.

If there are 3 peaks, or if the centre point of the projection is higher than the

mean of the two end points, as in the case of Fig. 7(b), then the fornix and CC
are attached together. '

If the fornix is separated from the CC, the method passes to the set of steps
shown in Fig. 13. Otherwise, prior to doing this, a step 6 is carried out in which

the CC and fornix are separated by boundary traéing and morphological
operations.

In a first of the steps of Fig. 13 (step 7) the fornix is identified as follows.

a) Within the sub-region S1, a region of interest (ROI) for fornix detection
is defined. Fig. 8 shows the sub-region S1, with the parts of S1 which are not



according to whether the correspondi ng val ue of the
MRl image i s above or below an initial threshold, and

wo b@soksseshol d gradual Iy reduced until a forni RCT/SG2004/000361
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structure can identified in the image. The fornix is

identified as a structure in the RO having the

follow ng properties i) t is glongated white matter

structure ii) t is located i n"between the two ends of

CC. iii) t has an orientation > degrees & < 90 degrees

iv) t has a major-axis to mnor-axis ratio > 2. The
ntire fornix structure nmay be not be seen by

t\wﬂya fae HMgEharehes b{etpkggheﬁq@! @oqi@ﬂr@dea%fneu@gmrbb%tween
f [ Q.+ g W T [

pﬂ;;(%l%ﬁ [gh fadreg Sgﬁ pfé cred tg- 8 ebclgél érjﬁn‘{cﬁue%lléd}éyl??%ﬁgg fRim the
fROMNI x structure region are collected and their nean
value is conputed. Fromthis nmean val ue, two

threshol ds for region growng of the fornix are

G cul PhE RO HBRrS HFAT I YhY 2ordBtd e R ARB!Rgorithm,

chi1st an of the pixel“intensities in the
pessiriliagftbe vine uwgh ajroveafmnithis sesenpixglaraaﬁﬁetsto whitaios iplack
|sth st,andar, |at on of,. the val ues in.
R D Pal e Bt e Vb BinS 1R MR RIegERp dbpve or
ASelowdHl inftia! lﬂfﬁ]@@hof@h bﬂéhﬁé thresherf gﬂ%@iﬁaﬂﬁré\dﬁb%d urlgs brgrnix
t hese threshol ds the I'l- fornix region s obtained by

$télg$twie @qr@(ﬂem@ﬁe@m ghﬁ)l\magaq Thegforgix inidenitifed @@@g’@ucture in

t I I s between the threshol ds
‘!P% ﬁ?ﬁﬁﬁ%’ﬁg tﬁggm%ﬁ\é% p5§8%'§gf orni x. The inferior

nyst tits efonyaied whité xnatteristentids ed as a first
estlmate of g@iltlon of the AC (st fgCé) 10 Once fornix

rdgi onlt i3 caiRehini Iatwgendes awa asisr?hCst ruct ures are
t [t i h
S Ria BRSO B < gagel = (1

;bnv;u nsltdmas(d&&)ajo?reaxmmwmuﬂmreakismatidni>52.r egi on using

anatom cal information, that BS is | ocated
inferio-posteriorly to CC. The BS is conposed of grey

aftfe entire fornix structure may be not be seen by thresholding, hence to get
the complete structure of fornix we do region growing. The intensity values of
pixels which are expected to be in the identified fornix structure region are
collected and their mean value is computed. From this mean value, two
thresholds for region growing of the fornix are calculated. This process
involves defining a parameter Mg which is the mean of the pixel intensities in
the possible fornix region, and a second parameter ¢ which is the standard
deviation of the intensity values in the same region. Then a lower threshold L¢
is defined as Mg-20, and an upper threshold U is defined as Mg+20 . Using
these thresholds the full fornix region is obtained by "region growing" as
shown in Fig. 8. In this process the pixel values of all regions between the
thresholds are assumed to be part of the fornix. The inferior most tip of the

fornix is identified as a first estimate of position of the AC (step 8).



white matter pixels, having higher variance in
intensity values than in CC and fornix. Simlar to
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possi bl e BS regi on using threshol ding and perform

region growng to extract conplete structure. The BS
region is characterized by th$ | ocation of a centroid,
intensity variation and wi dth %f the region. The | ower

and upper limts for region grow ng using 8-

nei ghbor hood were cal cul ated as by defining a first
parameter MBS which is the mean of the pixe

| @neasomiberedion, s islendifietl bCE B! fosgixeiruciitas are syblacted from

eaEraweR st (i £l riodE BREABNG 3 W3R8t ok n Fio- o

t 'hl@@ bré;ﬂ@teﬁa(%)?ifsﬂwntlﬂw m&hls&eﬁmsm@ @ﬂs'(mh ldamhformatton
hreshold U s which is MBS+2

sthat Rﬁ lsdm@teg rmf@rlomséwqrweto\ﬁé@u&e@fs tsrf@mmser%gg;rey and

SRR AE ) SR SR T PO DS R @ ane

plodmigs 8hikarse domiix lrsjl@egfjmﬁtgﬁ Mg ipitiadify ?lt@@t tlam?1 @ogﬂnbteeBS region

mat.t er r observati on rom the

Chng dnpshalding ne peEONGr PR oI e SO e dructure.

STH@ B’&f ;éd&@n @&%rﬁ@@ﬂz& gfhﬁ YORRIonSdidee rﬁ%ldtﬁ?er{% variation
Re estimate for the B

t ated pmdhhtcn‘ tbemmonnﬂmdm\een andrugpendlinis &y regtorﬂgfewmg using 8-

T AT TR P MEE T T R o

Oﬂieafh@aﬂrbf'tﬁ@ bgeémt@sém@@hﬁh@fpdééﬂ)l@% s, Sid 4 Becéd

and PC. To do this, we generate two sub-inmages of the

| patanagteVm wm@hg@ thgtsé@ncia;rd deyiatiameofiRe plmlg@teasltlssgn the

rlgé%%ﬁl% @%lrﬁglggg(gsg% ﬁ)&&mgwgrpeargrg]seé%rts eH% sot glpwer threshold

VEE?SO\?«ﬁFth@'MBQV %dahb%n' @@rthe%bld‘@ggw&h kh@BS+20 . All
positions of the A The AC sub-image (Fig

)
i pixelsrios ménicrathet Muea of the MRl timagearetbetweep e tbnﬁesholds
a nough
it festnedfe e fiRoaE Lieie R84 e frdendiad JEn above
are proposed based on the composition of grey and white matter pixels in BS.
Our observation from the data showed a larger deviation of grey values to the

lower side of the mean than to the upper side.

For the MRI image of Fig. 1, this gives the estimate for the BS as the points
shown in white in Fig. 9 (step 9). The upper right most point of BS is defined
as our initial estlmate of the PC point (step 10).

A next step is to obtain an improved estimate of the positions of the AC and
PC. To do this, we generate two sub-images of the initial MRl image (step

11). For the MRI image of Fig. 1, these sub-images are shown in Figs. 10 and
11 respectively. The sub-images are selected as ROls respectively around
the initial estimates of the positions of the AC and PC. The AC sub-image
(Fig. 10) is centered at the initial estimate of the position of the AC , and has a



on the observations and anatony) to include
surroundi ng structures for processing. The

w@emwsssses i on of PC sub-inmage i s based on variB@i/EGL094/000361

10

15

20

25

30

information that the PCis situated at a distance of -

42 mm posterior to the AC. The initial estimte of the

PC derived above was checked,1go see it obeys the

above condition, and if so an area | arge enough (eg. 1

6 M to include this point and surroundi ng structures
was defined as PC image. f the condition is not net,

the BS region gro is carried out with new

tdizeeketioe @ésodgh (.o ézgéﬂ 2rate Witieh Rig valdes pdich pelacled based

TR ol A€ ARED0 i 0uF SR ARG RARER QY
qaBdesding. TH@eoﬁﬁﬁudﬂo@rbefCtshxe iMadesis iglsew drheanablh’ty
|nfer|or tip of due to partial volu

ma@oartha&fé@t%% élttmed @f EndisncAgUi 19h 42 rany P@ﬁ%@il%ﬁo the
'nlgér“ﬂe‘;'es dnit lgessq Imatt t%rd?'tl)\(e PE”S cY"H%J)VéA I%Lc%%eg?@\c/i\htloc%ee it obeys
ctae dlﬁ)vlemﬁjﬁtbrb)anldl m@m aalarrgaﬂdngemmg@ha(@@ rlé@'( 66 mm) to

growi ng the foreground pixels ved inat e of
t!ﬁ@lu sghﬁ RRiNoAng ﬁ@rr%ﬁ%gtsﬁwwﬁémr% 53 image. If the

t&‘fndltztfrg%%otrrﬁ@’c BY r‘e@%%&&iﬁghi@éﬁmﬂtﬂﬁ?ﬂw hBlvhresholds

initl 03|t|oh the~ AC to see here
aamd anmg- q;sdnmate the umtlal pusifioey of thed?si For alf th;:‘ucasess fpb Mﬂmlch we

Rrveptibfd bl Rof IR AR EaPafleh THE BR.GRGIATHE Bnatton

estimate of the AC point itself is retained (step 2).
An inproved estimate of position of the PC is obtained

b'{]h@@pﬁ'kﬁipﬁmfgjh% Mot bajawdhe pafsriet tip of femix, it dgejterpgstial
c%)ﬁhacé‘ em{l@‘ﬂ%g %@f%qﬁ% S{\If[)c,g 51 f@gsl?lgéﬂ}@h%fo %ﬂgmp fie inferior tip of

cmmuﬁsmﬁ@ ey WIINRbuathtﬁlmm:festedT aearkekit b@liﬁt i tthod ACSlmage
shown in Fi g}ﬁ é . .The PC i npge contai ns art &e
t Weichreambie knaded by minarigieg the ntage aamraslo QWing

V‘Q‘?é@rfoub@epl)?%lggﬂggn?g@%ﬁﬂ%ﬁ?ﬂ%@pﬁ@ﬂtb'dﬁsn@q Gehesad Rethe
inferior-most point of the largest region in the AC sub-image. Around this
initial position of the AC we check to see if there are any points with a higher
intensity. If such a point is found, it is considered as an improved estimate of
the position of the AC. Otherwise, the previous estimate of the AC point itself

is retained (step 12). °

An improved estimate of position of the PC is obtained by performing a
horizontal projection of the PC image (step 13). In other words, for each row
of the PC sub-image we find the respective sum of the corresponding MRI
intensities. The resultant plot is shown in Fig. 12(b). The PC image contains a
part of the brainstem and the superior colliculus. The point where, the slope
changes significantly indicates the row of PC image containing the position of
the PC, at least for cases where the superior cél!ioulus is well separated from
BS. This row is designated as an initial estimate of the PC row of the PC sub-



the PC, at |east for cases where the superior
colliculus is well separated fromBS. This rowis

wolewsgmsted as an initial estimate of the PC rpouw/eG200le00361
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PC subl2 image. n cases where the superior colliculus
is not separated, the slope change is not significant.
Hence, two adjacent rows of t identified PCrow, in
the PC inmage are al so considered for final refinenent.
The PC is identified as the point having the maxi mum

change in grey value with the nei ghbour pi er s in the
identified PC row and its adjacent rows.

i ioeagel frypages Waersheswiperive coleivsiis Wbﬁel?@ﬂaée%lt% glope

t%ﬁﬂg%\q%lﬂgﬁgfg%b%%thﬁﬁe@e ejélzér;egﬁ é&\%é ct:)hu(% n§nh§d PC_row,

Anghe PAX Ahag@ard bl%orwﬂsh‘imd fthe‘rrsa!lrgﬁméma@t fThe FF@Z!S oentified

The final coordi nates of t Jtions ‘
e HieePetaphaang dek "tad"f’HB‘ g?ﬂrf%mo%r@é{ Vg %{% ﬁ@e R}eﬁg‘bour

aﬁg@fééﬁ@hel ‘?\hﬁ?& rFGC? MPit@AHRlcett FGRS Nﬁéf %letnﬂg/mf{ﬁhe PC

are mani f est are | |otlent i ed using t
equgtthe mtensikepradie aloagdhe hews ds tﬂi@rdlamésmh@ng Figi t2(a), and
i onal chm

14 sh h .
g TLRSYS haESe Mof & TP DAL SE e 12(2), as the
pﬁ%‘xfﬁ%ﬁn@nsﬁ?%lo‘?% MedPEGogler i ved above by processing

axl a l'ices first step (step 14), the axi al
slices contai ning the positions of the AC and PC

C e e Fdt e th e Aot AR AR AREP i ocPback to

mr@\aﬂuﬂn‘e@da@@ﬂ? thedVIBBPe @eptiat. dine doresspondingaacial slices
slices are ter

reference slicges ase n e L
Cuhers 18 ACiaT Bactreqnanieded ace ntiiedaing T Bisk Shuation,
d: two sllces above each
WQ?%(ESHE(CQ@%J%%&I&XI@@%%%C%{S@ and two slices bel ow
each of the AC and PC axial slices. The resultant five -
llgC:,e@ S eorvxllsvt % s‘ftESQ” grex opﬁ onaftecﬁﬂ%%es or mpt%v?ngS {h%\'\gstimetes
of the estimates of the positions of the AC and PC derived above by

processing axial slices.

In a first step (step 14), the axial slices containing the positions of the AC and
PC estimated above are found by using the coordinates of the estimated
positions of the AC and PC in the midsagittal plane and MSP equation. These

two axial slices are termed "reference slices".

In a second step (step 15), for each of these AC and PC axial slices, five
further slices are defined: two slices above each of the AC and PC axial
slices, and two slices below each of the AC and PC axial slices. The resultant

five slices derived from the AC reference slice are shown in Fig. 15.

In a third step (step 16), for the AC reference slice and each of the four slices

derived from it, we form a mean ventricular line (MVL) passing through the



nathird step (step 16), for the AC reference slice
and each of the four slices derived fromit, we forma

wore@s/ovssmt ri cul ar 1ine (ML) passing through tPeWSG2004/000361
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third ventricle, by using the horizontal and vertica

projections of the corresponding slice. This is shown

in Fig. where a slice (shown |1$ Fig. 16(a)) is used to

produce a horizontal projection (shown in Fig. 16(c))

and a binary version of the slice (shown in Fig.

16(b)) is used to produce a vertical projection (shown
bi nary version of the slice is

F 6(d
LE'&'&%%‘%B%@% 2#23’ léﬁ“flwfé% Rerizontal and vertissl erojestions dbéne7 0%

¢ f th
L R L R ———
arl (@)Emclwgswt@lpgodkwmhoazowmi pbr@;ecﬁx@ﬁf(@h%ﬁh?m Fligtaw f(é)ly%nd a
esno as ac 1N rofil , a Se 0
E’ FyesHEN @ E ”E)%P?‘b‘ﬁ%@%\‘!h'@jignb@ b)) inniseide nvediee a vertical
| fpfr@aéﬁﬁ@h ?sHoSNrPfr?P@nHES %Blﬂh?ﬂvéfr‘éw SEE dii 8 Js,prqduced

onpl ete, and 2. V\hth aC|s ern be
A@Stﬂg a H@e§h0@eNhl@§ lgsagﬁctmi toeve 70% eWIeuagR)nt djfehélméén

C k al the MVL f ntinuity of

o IEDERPRr rRISEED G RareGE A rixe clow il edpbshotdre shown i
| Eipt16(bf ayvHite, Bhyeligels i di st ance
begwweerg TA\?} anoll PC tﬁién tﬁg?ge :msa@ﬁgeﬁhssgjs t?}‘?@? medi a

present. f the continuity is broken then Massa

| R i i 4 bt he .AC d

PSS Y oRITE et A allalibRE S 08 pMTRA chBgt e,

ofl. tWwhetheér MabseQntdreedia topdseansi ﬁeothlrUS/e@Mﬂlé'fg @G’meéte and
posi tion of

|
£ Pe eStiet bl aFeSienr befive s A% o e shceifias ray mater.
a¥eUTRAdBhe frsil B @ftdrl BHBEEARRL thSlhﬁ@LJéri SRiRAS B white

intensity is of gray matter en~a dray
ppeinin. thetisarydoraget ifths cmn&nm@censﬁwnengm aRrhige ph@ls is at

8t Bl e diabte oS and s diemieds nadamsa
g?ﬁ?@%‘é lﬁvpgegghsltr Lﬁg%g&ﬂtln%)ﬁgkgﬁ tHEE MY hferflelia is
present. The distance between the AC and PC is found by the initial estimates
of the positions of the AC and PC. The second condition is evaluated by
checking the MVL profile before an initial position of the AC. If there are CSF
intensity pixels, it is assumed that a cistern is present; else if the pixel
intensity is of gray matter then a gray matter is present. These conditions are
necessary to decide on what will be the nature of a profile along the MVL and )

it is used as a reference while searching for the AC and PC.

In a fourth step, we examine the profile plot of image values along the MVL
(shown in Fig. 17). That is, starting from the midpoint of the profile (i.e. a point
in the third ventricle or on the Massa Intermedia) we move leftwards to locate
a WM (white matter) peak. This peak is the one end point of the AC. Following
the peak, we use the second derivative of the profile to identify the starting
point of the AC. Similarly we find the start and end points in all the 5 other



(shown in Fig. 17). That is, starting fromthe
m dpoint of the profile (i.e. a point in the third
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leftwards to locate a WM (white matter) peak. This

peak is the one end point of the AC. Follow ng the
peak, we use the second deriva1t4i ve of the profile to
identify the starting point of the AC. Simlarly we
find the start and end points in all the 5 otherl14
slices considered for processing. The ACis assuned to
haye a wi dth of about 3 nmm_Using, these starting and

e flCgOFPRSIdaieE foneracgisaivgofTheb\enisiasgume et amena tidtheof

[ (o] L O Ls. carried out, to extract the
g%'ﬁ).gflg? éﬁ@f ! u‘@%ggrt@&o%j&ﬁhﬁ‘@s&%e[fg)po"ﬁ qn(gft)fhea\féfue Lh intensity in
i rptvosend trestd poih e, ﬁé%ibﬂﬂgrm@iﬁ?% eArrfdd bietoRéxtkat & d&hplete
we, use the MVL. profile plot for the PC reference
sfslfrt’%t,ur%ﬁ’g% tepdr)-axi al slices around the PC
reference slice. This is shown, for one of those five
axial slices, in Fig. 18. Fig. 18(a) shows one of the

aXodbrraldrciesrofed estidaty obthevsosttidroof therbal (sispi 8¢ Wedlise the
ective rows

it (i.e. ] h alues in res ) S),
gWL Engﬁs‘e PG ot Rier s Sliges an the fovr pyabslises@round the
i = b Cid e
PG PR 98X, RS 304 RSSO B, in i 1,
bfitariie{epsivews boa of theaxislsiinasg Fichel 8¢a) sresws B horizontal

ERAERRL B B < R MioinG b gt SeBRcing ewe S Apgy) shows
s hisarider] vevsrirsotiy (Roaficd Lindthnirh &y dMs F@Ags@ H%ﬁcribed
fromthe mddle of the profile and novi'ng towar the

- rPBAYe)s RAE fdg. 18(E) phews awerticalquojastiopof tise iirarised version (i.e.

t by : ' r ebr o spi flui d (CSF). whi ch

IR VO e B o AR ik T e

| cheminief iaeth @@ tHMME sl abtaihie@or AS d1ize8CFig. 19 shows the intensity

I de ﬁificati on, the PCtoo i's identified using region

gPER?A @glongsthg MyEyetaitieg ilentthe middleiofidhe paofile mndhmpéing

a [ ' f t Fia. 520 0 t.he .

ARG (RS AR Wl TRe b SR el g
has a cerebro spinal fluid (CSF) which manifests itself as dark matter, the WM
peak is identified as the PC location. As in AC identification, the PC too is
identified using region growing, as a structure which is cylindrical in shape

and having radius of about 1mm.

Fig. 20 shows the steps of a corresponding technique for improving the
estimates of the positions of the AC and PC derived above by processing
. coronal slices.

From the coordinates of the structures (AC & PC) the corresponding coronal
reference slices are identified (step 20).

For each of the AC and PC coronal reference slices, two further slices in the

anterior direction and two further slices in the posterior direction are defined.



esti mates of the positions of the AC and PC derived
above by processing coronal slices. Fromthe

w@omsgissat es of the structures (AC & PC) the PCT/SG2004/000361
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correspondi ng coronal reference slices are identified
(step 20). For each of the AC and PC coronal reference
slices, two further slices in,the anterior direction
and two further slices in the1%osterior direction are
defined. 15 Thus, there are a total of 5 slices for the
AC, and 5 slices for PC (step 2 ). The five slices for

the AC are shown in Fig. 2 and the five slices for the
PThas ghstoare a tothl of 5 sitcesior the AG, laadi5 siicesi foc BE (step 21).

1 ed t t | t
oFhaE eyl 7 B8 AY by SPETE ity 21, BRU K 158100 e P
VBRR sieiuah P Rig. A2bi nari sed version of each slice is -
fornmed, and tgne bi nari sed ROs are used to.locate the

symmetrical line This is the white line on Fig. 23.

P S B o B L B RUEBY bt o
esig, Matetalofentiile BRULAC ¢ stlketetiCuiding thd MSFedqastitatAbl@rised
and AC are white matter structures and CC is o

heatsiunebeact skaecisiprnedrng Hiechisatised RQUs asp é'ﬁsgt’f% focate the

s [ SH§C
¥%ﬁ§é§ﬁﬁélgmﬁf@g%ﬁ% Vélpﬁé gnﬁ%‘ﬁ) F'tbh‘cze§ o‘?ﬂ@%((‘ ((ea?ltdeFEC Z

dlase@medrtochfe @C‘zhié’bymnminnal ling. consi der ed as a good

estimate for the position of the ACif it has

intensity close to white matter intensity and third

Venid meen%cg¢ ﬂo%ahbﬁ NG %umtﬁ%telawﬁhQWy of the AC

val ue due e further slices around AC
r é&f ebplaines 3% both @Ceamdwé&@@ White mmaitesistruetures @indi @@ .is more
E\e s| ices whi chggeet t he above conditions are

H&%P&&U?&”Hﬁ ®the AC and fromthis the radius of
the ACis found out (step 23).

© The intensity value along the symmetry line (shown in Fig. 24) is scanned

(step 22) to obtain a white matter peak in the opposite direction of CC. This
point is considered as a good estimate for the position of the AC if it has
intensity close to white matter intensity and third ventricle can be identified
after the AC (low gray value due to CSF).

The further slices around AC reference slice are checked for the above
condition. The slices which meet the above conditions are considered to have
the AC and from this the radius of the AC is found out (step 23).

From the PC slices, the ROl around the MSP line is extracted to find the
symmetrical line passing through the ROI (the white line on Fig. 25). The PC
is assumed to be on the symmetry line. The location of the CC is known from
earlier processing, and hence can be used as a reference to 'locate white

matter structures. The symmetry line (shown in Fig. 26) is scanned (step 24)



Fromthe PC slices, the RO around the MSP line is
extracted to find the symmetrical |ine passing through

w0 b@sRGIs4{t he white line on Fig. 25). The PC i BCHSG20®0H00361
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to be on the symetry line. The | ocation of the CCis
known fromearlier processing, and hence can be used
as a reference to locate white tter structures. The
symetry line (shown in Fig. 2 is scanned (step
24)16 to locate the CC and find its intensity val ue.
The intensity value of CCis used as a reference to

| ocat e the PC as follows. A scan is done along the

syaneaaty the & amﬁfmﬂntamteosﬁwamﬁofﬁhem@n@ﬁyvaal@ o CC is used
t t t
o B BB BT S HE R, o cl Lot on

smal | region of pixels of V\,hlte matter and gray natter
mx can, bniqlocated After this point, a few pixels of
SwSEaN isrdans 2lopprthe suRimelgy fine @wmy fram |GG aostionhiTok CSF

r e n betwee .
| REURERpRS RO TR PO Honce Ik bRGG YRt e B in tris

arregchheAﬁeuthenCSFere@mm carsmall regione es pﬁ@nﬁbﬂ\ﬁhﬁg m&fer and gray
processin The slic satisfy the conditions

aFéa Bﬂgcaé‘sb 8%%3&%‘31 ﬁ@gb@s Ppmm}-(féfvﬁm%%pf s intersity

h tder di St .

ffﬁaﬁggﬁ?&?gﬁp PO AN A fopfestnis Mg BhHEBUC Tng PO s

ptharegipo betvesn ﬁge Od markter aad |tkne1aqbeaua:ted from all

the three orientations. This is the best position
estimate found above in each of the three directions.

Udihegatidve ddrtitioroaid tiastkedfin M Pﬂﬁc&@naﬁglc@g écﬁfslidé?ed for
of the AC arnd PCis carried out. The PCi1s assuned

Qr%ﬁﬁﬁsmﬂ b5 sligeswhichsatisly tae Cabdlttlpname Narked@s paossessmg
qu R H%q,ﬂf;q m%t bout
ase rﬁﬁggﬁfa eedk ﬁgjbg ehﬁﬁ |%33f e PC

asﬁucmelmed out (slmpezm ning the width of the AC and

PC, rather than their height (i.e. length in axia
slices).

The final positions of the AC and PC are found using the information obtained
from all the three orientations. This is the best position estimate found above
in each of the three directions.

Using the final positions of AC and PC, 3D extraction of the AC and PC is
carried out. The PC is assumed to be cylindrical with diameter of about 2mm.
The AC is assumed to be a bent cylinder with diameter about 3mm. This is
based on anatomical knowledge. Primarily we are interested in determining
the width of the AC and PC, rather than their height (i.e. length in axial slices).

Although only a single embodiment of the invention has been described in

detail, many variations are possible within the scope of the invention as will be
clear to a skilled reader.



Al t hough only a single enbodi nent of the invention has
been described in detail, many variations are possible

wowaokionssthe scope of the invention as will be BPCE86G200¢/000361

10

15

20

a skilled reader.17 Cainms . A nethod of estimating
the position of a brain | andmark which includes: (i)
defining at |l east one initial {preshold val ue; (i)
determ ni ng whether a region of a nidsagittal
radi ol ogi cal image including a brain structure
includes a group of pixels having intensity values in
mﬂigﬁgg defined by the initial threshold value and

l bey one or nore predefined geonetrical criteria
describing the structure; (iii) if not, then at |east
once nodifying the threshold value and performng step
(ii) again; (iv) if so, identifying the group of

i denti fA miatbockef esm;natthg its¢ position @f agordin Mhdaenewsidthdicludes:
a first estimate of the position of the Iandmark as a

Recor ot B Ehed G RfalfhigkBouvalielie s «ne

fornix, and the landmark is the anterior conm ssure

(AC). 3ii) Aetetrivdidgaghettdirng ré@roﬁ' &f B rhids, |t‘f@rradrolo%Ral image
i ncl ugl ng a step of determ ning whether w

i iadedingea pesims UP%"%N@Q'W@W%@W of pixels hawngomt]eusny values in

h
o8GR 08 FHEHS AU B AT o o mor
stpredefined gsombeidat emt@rtaamscabdwgtth@ dtajngier k i s the

posterior conm ssure (PC). 5. A nethod according to
any of (|”bﬁa.| NEi

t of
gener at g'ff%tuﬁgﬁﬂaa{eqﬁ??hpﬁcgﬁ@u '@%egutgegt%reshold value and

r parfolPiHEatepl (TPAgaihncl uding the first estimated
pg)gl tion g(:)f Fh(e |'andmar k, and i dent i fying an inproved

estimate
(iv) if so, identifying the group of identified pixels as the structure and

(v) generating a first estimate of the position of the landmark as a point
on the identified structure.

2. A method according to elaim 1 in which the structure is the fornix, and
the landmark is the anterior commissure (AC).

3. A method according to claim 2 further including a step of determining
whether within the MRI image the fornix is distinguishable from the corpus
callosum (CC), and if so excluding the CC from the image.

4. A method according to claim 1 in which the structure is the brainstem,
and the landmark is the posterior commissure (PC).

5. A method according to any of claims1 to 4, further including a step of
generating a sub-image within the midsagittal radiological image incldding the
first estimated position of the landmark, and identifying an improved estimate
of the position of the landmark from the intensity values in the sub-image.



of the position of the landmark fromthe intensity
values in the sub-image. 18 6. A nethod of estimating

wo b@spessiit | on of the AC and/ or PC | andmar ks whPCTrSG2004/000361
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i ncludes: (a) using a mdsagittal radiol ogical inage

to estimate the position of the AC and/or PC | andmarks

in the mdsagittal plane; (b) i ng the estinated

position of the AC and/or PC | andnarks to generate one

or nore axial and/or coronal radiol ogical imges,

including at | east one inmage including the estimated
pQ§itio of’ tGefAC and/.or PC | andmark; and (c)

anil ysimnd e hed% aptigating ihe qrasitien phifiePéyiecdlon REgemdmarks
t avhiBRiYEedddre estimate of the position of the AC '
and/ or PC | andmarks. 7. A nmethod accordihg to claim®6

in which the images are axial images, and step (c) '

ij ncl uddg) being\a W.@mnad?mﬂcmugweg?mtiggv%xh% ﬁﬁdilt(ion of the
I e, Posl t.I of, .the and/ or andmar ks
b%@ﬁﬁm%?%d\éﬁ@%yﬁﬁ?9?498%9'%901@%: ML. 8. A

nmet hod according to claim7 in which there are a

pl ur al i(by usfng tregestinlted i prssitton df ftﬁ@f@@tar?q?bﬁ'iaé'léﬁﬁﬁlarks to
including a first axial inmage of an axial slice
cHNSTHPNS S iMatcedXiel andémeypRabradislogical Atages) including at

Pleiandrar | of, nei ghbour i | al

ol e g e Ao e "B B s iEnopEBoRe Endior PC
déartmank; agddi nensi ons of the AC and/or PC | andmar ks

usi ng the second images. 9. A nethod according to

SR L T T L -
SR TR 15 06,00 A/ g

dgterm ning the position of the |andmark by scanning
i it ens?t me?,mqjggcgqcm@ to claim 6 in which the images are axial images,

and step (c) includes deriving a mean ventricular line (MVL), and determining
the position of the AC and/or PC landmarks by scanning intensity values
along the MVL.

8. A method according to claim 7 in which there are a plurality of images
relating to different axial slices including a first axial image of an axial slice
containing estimates of the position of the AC and/or PC landmarks, and
second images of neighbouring axial slices, the method further including the

steps of determining dimensions of the AC and/or PC landmarks using the
second images.

9. A method according to claim 6 in which the images are coronal images,

and step (c) includes deriving a symmetry line within a first coronal image

* including estimates of the position of the AC and/or PC landmarks, and

determining the position of the landmark by scanning intensity values along
the symmetry line.



the symmetry line.19 10. A nmethod according to claim?9
in which in which there are a plurality of imges

WO edoabissgs t o different coronal slices includi NECERGZNNE000361
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i mges of coronal slices neighbouring the first
coronal slice, the nethod further including the step

of determ ning di mensions of t1 e AC and/or PC
| andmar ks using the second i mages. . A nethod

according to any of clains 6 to 10 in which the

| andmark is the AC. 12. A nmethod according to any of

claime 6 to 10 in which the |andmark is the PC. 13. A
mE0hod Ae@e8iasl Agcardingnip daine Banrehich frowhich thenbiach a plurallty of

t hod. di
VB0l S R SRl S ARG Sl Rl 2 corona
prsbmaerghabuan?et@hetmspefofr@ﬁan Sliceetthe dnager flj rtlﬂcludlng the
aim 15. A corrputer program pro

an r cedlng c
r%ﬁ?FﬁHF s§iergingnfinrisiors icdribewhCcandioe Fl‘@ddadn‘n@rkry uaing the

CQEBH cause the conputer to performa nethod as
deflnednk]J any of clainms 1 to 14.

11. A method according to any of claims 6 to 10 in which the landmark is
the AC.

12. A method according to any of claims 6 to 10 in which the landmark is
the PC.

13. A method according to any of claims 6 to 12 in which step (a) is
performed by a method according to any of claims 1 to 5.

14. A computmg apparatus including a processor arranged to perform a
method accordlng to any preceding claim.

15. A computer program product including program instructions which are
readable by a computer and cause the computer to perform a method as
defined by any of claims 1 to 14.



