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Automatic ldentification of the Anterior and Posterior

Conmmi ssure Landmarks Field of the in “ L“mu

present invention is related to net ho\él‘ Wm‘ mmt us

for identifying anterior comm ssure (AC *gsggg*or
a

posterior conm ssure. (PC) |andmarks from n i mage
of a portion of a brain. Background of I|nvention
Identification of the AC and PC are critical for
operations such as targeting $tereotactic and
functional. neurosurgery, |ocalisation, analysis in
human brain 10 mappi ng, structure segnentation and
| abel i ng in neuroradiol ogy. The Tal airach atlas has

bedutovndiid identificatam ¢f themmeriet arpRsstetitr Commissure Landmarks
neurosci enti sts and neurosurgeons. To perform spati al

no I sing either standard or nodified

I@ABP te"gpel{ mati ons, the MSP (midsagittal
pI ane), AC and PC have to be identified. 15 Currently
exiﬁbﬁtwep@utflowntlm islgetted dn mtethddesand;tappataﬂmﬁor identifying

e e T e

sets lmégeiafaphmm ba beaianal ysed. Furthernore, there
is a certain degree of variability anong different

ex ' ' hese 20 | andmar ks. For these
re%‘él’;ﬁ ,Oh b el ;‘need to automate the process of
i dent ification with accurate, robust and effl ci ent
article "Anatom.c
" BB or8he A B FiG Bt erllzal For cmerasianeisuon 2s Jargeting
detsté@éd:t@@t;cﬁénd“ﬁnﬁﬂidn%eurésur@b@} oddNB8tidHY andf8R ifkaman brain
1[71%@‘)%&?] 56- 58, descri be an automafic
de f S%‘%‘H&% Sfaameﬂtéﬁwr@ct kzbelling ihaeweradielpgy. The
Egsraraireah tghtra§ﬁb§ mebhMaeRRRed(d¥d LoRhfiisthARGEDY
wever e
neuroscientists and neurosurgeons. To perform spatial normalisation using
either standard or modified Talairach transformatlons, the MSP (midsagittal

plane), AC and PC have to be identified.

Currently experts perform the detection of these structures manually.
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 Supp!

25 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
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resol ution of PET images is very low, and the AC and
PC are particularly 1L L 10 @ 1 ©° o111 1111
U s O O

*co00002* 2 difficult to identify in such inmages.

Thus, the algorithmis only able to identify the AC
and PCwith a high |evel of uncertainty. Verard L. et
al., inthe article "Fully Automatic ldentification of
AC and PC 5 | andmarks on Brain MRl using scene

anal ysis", IEE Trans M, 16(5)2 610:616, 1997,
describe a nethod for automatically finding the AC and
PC which assumes that high resolution nagnetic
resonance inmaging (M) images are available. An
audiftieult to idergiy intsuoh irseges. hudathe digorésmiisehly dbthetdViBBntify

| bl -
B AL RN Y Bl B P BI10 st em (B9) - are

identified usi ng i ntensity-based recognition. From

str ctyre t he superior colliculus
( CSpferals efgb e irtoF Rty Aloraia e opbiot AG and PC
5rewdmnks b E#4ih QTR M@scé%aﬁ%%"mﬁm& MITR®(5), 610:618,

élo&ofthe AC i's then by a
ﬁ% Grdesqebe AimRIhad & autematically isdinguhe ACsand B which

{1 u g’@ﬁf;n%@; ﬁtgist; g@ﬁ??gﬂ@ﬁgﬁ Pﬁggg’gﬁes%bﬁ& fnﬁg‘uﬁ g\ﬂﬁﬁquaﬂés are

| nf¥aiatis Arhautpmatie algorithre wises theadats to estipatevthd dSP nleva first
andtadzefmd Egﬁ&tb%?ed‘té’&e s‘crﬂ@ﬂfré% ' ﬁ%tdo%h Ol aibB: ﬁg(ﬂ%%(dtoﬂaam

PC | andnar i nvention ai
10 paRtEM (Bﬁbs@nebd@tn’ed RIS g ld’eralty-bai"ed gErognitive, Froabthese, a

Al AR Y RGP RIS oBele nHER! g

anttoor theFPesmltam;d fmatk()msgimsang mmdla%/rgbtdlhmdt ﬁhfpéﬁllléWbMe AC
e.oraln S I

anb EPH 5 B At S Prial P 8o’ e dne B sagarom -

25 nuhibeh ohaisedmmtage‘secse of whithlig feaestefor reshign ressiudn

nnre thresholds and
15 mages

Summary of the Invention

The present invention aims.to provide a new and useful method for
identification of the AC and/or PC {andmarks. In particular, the invention aims

20 to make it possible to provide a fast, accurate, 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
25 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.
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whi ch obey predefined geonetrical criteria. The
threshol ds are varied until the predefined
geonetrical criteria are net. The positions of the AC
and PC are then estimted based on'the identified
structures. 3 A second aspect of the invention
proposes, in general terns, that estimates of the
positions of the AC and/or PC |andmarks are first
found using an midsagittal MY image, but that these
estimates are nodified using &ial and/or corona) MR
i mges in planes including, and/or proximate to, the 5
estimated positions of the AC and/or PC |andmarks. A
speci fic expression of the first - aspect of the

i NOEPCPOH asRecd OhEhenipreion rroppers imgendial tpues, tthatrestimages of

br r | G d N t
o B WL ot ISP, i 4t lglns o
a midhagittabMAl ihegagbut matrméseleajjhm&ts iarmgﬁodlﬂéﬁ usmg axial

n ' naisn .struct.u incl.u

nacr gt (rdeEi T RGeS L Feass g ARdP oxRets 6. the
i nestimbtetimoeitibog df thel AG aadbrMC indatagss. one or nore

predefi ned geonetri cal criteria descri bing the

st ru then l.east once .

ol ST erReERPRS RO Jiat &Rk of JBSTOYERD I agmethod of
(i ejtimgtiigthe Posttion)of iafbrain, landieatk Wiich thaldwesgr oup of
identified pixels as the structure; and (v)

P anama () Segie AiikeS e B Pentitf RS et ur e, A

second expression of the invention is a method of
est i mat (ihgletdrminiogi wiretheofa region AC aamitisagitfaC radiohgivak smage
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ana/ rang®Cefined igr the initiat treeahald agilud ahd pvtdete obép)one or more

R ggomggwgf%@gﬁ%hgg%}bﬁ%&bee%gﬁcmanggg; or

cor onal i mges, including at | east one
(m) lf 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 tandmarks 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 MRI images, including at least one
image including the estimated position of the AC and/or PC landmarks; and



5

15

20

25

i mage including the estimated position of the AC

and/ or PC | andmarks; and 4 (c) analysing the axia
and/or coronal MRl inmages to inprove the estinate of
the position of the AC and/or PC | andmarks. Either, or
bot h, of the nethods may be suppl enented. by a step of
generating a sub-inage fromthe mdsagittal MRl inmage
including the first estinated 5 position of the AC

| andmar k or PC | andmark, and identifying an inproved
estimate of the position of tkhe AC | andmark or PC

| andmark fromthe intensity values in that sub-imge.
The two aspects of the invention are independent, but
may be freely conbined, as discussed below 10 In the

fol I owi (el admwdgemedwcenimtd/@nc@ffonaxml ﬁﬁ%cfés td'8mprove the
| andmar k_and PC | andmar k g

{
Ifg%l @%@PQW&&@@%@%@&Q BNYprBCylandmenke. AC and PC
respectively. Brief Description of The Figures

Pr Eftfesrr edbétﬁabﬂm&nefhoﬂb@nayﬁwé%‘)?&ﬁw ;Jtdl onﬁ’gﬁ@p of g\ﬂen%ratmg

descr i bed q?“o ge of 15 1|
ref e%“@rfm?gﬁo theo MISSRIR! t MR ri@agp ninalidien: thei érst lestignated
t heodiicts agitthd <'7'>lC Mildrh&fko& PC Pan'aﬁ@rﬁ‘ and” '1c§én|t1§/nggs gﬂ lmeproved

bi n rlsed version of Fig. 1; Fig 3 i's an en
of SSHMateof e ppgjtion of thp,@c '@quadirﬂré?@ landawrk from thie iatensity

pardiuéd infihet sty . 5 shows steps of the

first-part of a hod which is an enbodi nrent of the

i nyentjion; Fig. which is conposed of Figs. 6(a) and
6%5‘9 W00\ RSPECTS; ngthée'd‘ve@t@ns@cﬁﬁ bfeperdantt bivRImayrele freely

of cdrhein6k., asaaigc@ssta,grgmt al projection of this imge;
25 Fig. 7, which is conposed of Figs. 7(a) and 7(b),

sho sed
In e?olPowmg detalled 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
tllustration only, with reference to the following figures in which:
‘Fig. 1 is the midsagittal MRl 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. § 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 binatised

version of a second MRI image of the CC, and a horizontal projection of this
image;



version of a second MRl image of the CC, and a

hori zontal projection of this imge; 5 Fig. 8 is a
portion of Fig. 1 with the fornix highlighted; Fig. 9
is a portion of Fig. I with the brainstem highlighted;
Fig. 10 is a portion of the MR image including an
estimate of the position of the AC, 5 Fig. 11 is a
portion of the MRl inage including an estinate of the
position of the PC; Fig. 12 shows a process carried
out on the image of Fig. 11; B g. 13 is steps of a
process for inproving initial estimtes of the
positions of the AC and PC in the nmethod which is an
enbodi ment of the 10 invention; Fig. 14 shows steps

of a qutghens pIpoetiemsof fFoy. 1 With tivé ft@nik i nghteestl mat es
of the tlonsrtof f?fgﬁic agﬂ?PCm tthe met hod whi ch
is an e P MO © WiB g Breingtery higdigBiegws 5
axi al MRg. HUEQQEE)OE{%Wdee NRINGadB ifShdingER e@flrgtatéeofé

posi ti.on g g AC. Fig. 16, which is conpose
16?8?'“?'60 %kedg  shows a process applied to one of the

5i mages pfg. i Gs a bBitiohi - thé@l@lhﬁ%e@rgﬁﬁﬁi@éﬁ e%@ﬁ\%e%fﬁﬂ?s

process using_ the inmges of Fi
coRpdYea obtherPg; 18 (a) to Fig. 18(d), shows a process

20 appl nggﬁ%heﬂg aggro&&% é:)(l:\'lg?(ba oh IRY ag% off[Ffl%%

slices) tai ne estimate
posi ti ofigefl 3tihetepeof ailpgocelsg fshuvpso‘angf; inildl estimtep offthe

o BSERSRH 88 AL BRI T08 e i B mEyeR B e
10esinventiers; of the positions of the AC and PCin the
met hod E‘E; 92 sh%wggteepgb?d antﬂer 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
15  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
20 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
25  the invention;
Fig. 21 shows 5 coronal MRI 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;
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25 the invention; Fig. 21 shows 5 coronal MR inmages
derived using an estimate of the position of the AC
Fig. 22 shows 5 coronal MRl images derived using an
estimate of the position of the PC, 6 Fig. 23 shows
a symmetry line inposed on a part of the inages of
Fig. 21. Fig. 24 shows intensity values along a
symetry line shown in Fig. 23; Fig. 25 shows a
symretry line inposed on a part of the images of Fig.
5 22; and Fig. 26 shows intensity values along a
symmetry line shown in Fig. 25. Detail ed Description
of the enbodi ments 10 Steps in a nethod which is an
enbodi nent of the invention are now described. The
starti nigigp23 shows atsymmethyhiirk inspasetiani 0parf otk inBBES of Fig.
su E as the MR inmage shown in Fig. 1. The MRl inmage
i s“assuned to be oriented according to the

radi ol oBigc24 sEERY BRGHMY Vallds Abh§ atslyﬁm%ﬂ.?i If?%tstht%WﬁQﬁ ];%g 23;
ottomo

poi ntin ft and his or her neck towar
the i na%s £§§h%%ar§¢é{nmﬂ%@€i inpeserdsr 3 pabef thedmapes of Fig.
t hap: drid represents data lying in an estinated
m d- saglttal ane. The equation of the MSP can be
obt ai nefdg- %\Qég@\@ﬁ injensityamuasrmiang esymmatiydinesthgoni in fiig. 25.
such as the one described in WD 03/60827 (based on
PCT/ SGOZ/ 00006) Hovvever the invention is not 20
Retadegd piithe @ aisni ng the MSP. A first
step of t he nethod IS to use progressive threshol di ng
to binarise the imge. This is illustrated in Figs. 2
t oSpstha methbddvhich isaan emdodiﬂfber’a)of tHeenvérﬁilohCaMa nOW

st 88§Crlb\g‘a ‘f’l'pe artlr{gI ;laglg oﬁ}'\e metpxod nga rad|olog|cal image such as the
MRI! image shown in Fig. 1. The MRI image is assumed to be oriented
according fo the radiological convention i.e. with the subject's nose pointing
left and his or her neck towards bottom of the image.

The MRl 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
limited to-this method of obtaining the MSP.

A first step of the method is to use progressive threshalding 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:

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
computed.
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25 a) A window of size 11 X 11 is noved over the
entire imge of Fig. I in an overl apping manner and
the nean value of the pixels in the wi ndow at every

| ocation is recorded. b) The nmaxi num anong the neans
derived in step (a) recorded is 30 conputed. 7 c¢) An
initial threshold is fixed as 80% of the maxi mum nean
(step 1 in Fig. 5. d) Abinary imge is derived from
Fig. 1 in which each pixel above the initial
threshold is set to white, an@ each pi xel below the
threshold is set to 5 black (this is step 2 in Fig.

5, and the result is showmn in Fig. 2). In the binary

i mage, an attenpt is made (step 3) to identify the

Coc pus ArCaitiad shrasieITs feed de80% aiehs! raxiharh Meedr@tep 1 in
% ng properties (based on the observations and
|on of data): 10 a) The length of the CC (from

t het) gervu btrQari' hﬁag?d)isfﬁéinu% froreFigah Qf‘i‘glhfc,}heea@ﬁl ;ﬁ’sfel aﬁ&é the
The width of the CC (fromt

'B&a?g\’eﬁlﬂ‘ & ts %ﬁt tfb Wwe ANG eanikpixe h&h@v thet resbold ig @eh to
Of blbbl@%gﬁi@%‘ stdp Zin £i§E5 MlOhe 36 S i 's?m@)ﬂqh'?: gﬁa;) 0 4 cm
15 c) Cangle

he orientation of the CC or axis
with respect to horizontal axis) is from5 to 40

degrgg$ i t; Wy ' | sed.imge
S BE bind g TS e e e MR BTG H
i dealiosuime (GC) aethe structuredtaring the dolidwehdy propichties (based on the
thgé%}g I .S 1 40% of the initial val ue,
anél A%tns%g}‘d t%‘b%ﬁb&ﬁﬁq@ reduced by 10% of its
current value (step 4), and steps 2 and 3 are
re . e 210 .4 e repea ntil the CCis
det%ngggerg%toﬁgmetﬂ{:e(grﬂma@e\gglnﬁz tttge sHIemlum i.e. along the major
axis) is about 7 to 9 cm..
b) The width of the CC (from the superior paint of body or trunk to the 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 horizontal
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 example, 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),



| ess than 40% of the initial value. If the threshold
value is less than 40 % of 25 initial value and CCis
not found, the programquits, stating that CC is not
found. For exanple, 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 |ine
LA-RA), 8 as is the mnor axis. The points marked RB
and LB are the right bottomand I|eft bottom parts.
More generally, if the CCis fgund, the nethod
proceeds to step 5 in which a 5 check is carried out
to determ ne whether the CC and fornix are attached:

a) Defifge a subregion (S1) around CC. Fig. 4 shows

t hi 8s ir0a miopr bxie Tres®ints hedrkbiRE BLg | Al . mage. i s
as o doit@m daria e height of thgﬁs% ll“?ri ie'gia()r%/[?rlﬁgsfl'Sﬁm%Ottom and
sel ect eé |np§'a%h a way that the brainstem (BS) and
fornix are included. Specifically, the width of the
reg&‘gpe Sl is selected to be equal to the major 10

axi's, and'¥REY-HeNGHC indeunsbithe methdd piovesds festah B which a
faxicheck)is Eafricdas L QL he-hin i e of SI,

t he_.hor ngo_nt al p?gﬂp%é%'ﬂé gfhe@fﬂghﬁg{%ﬁﬂﬁ%"?‘@?@ glbached:
ealcq’? dr 0 ’eﬁiftr]qaea suregipn (5e) mhﬁdﬁ@IFiQh@hhéMé_ié &rea g?r She case
caltagl mkaght; ; oy ftwo cases. Figs. a
and egq( a) _sﬂ%lwrﬁ;s ﬁzmﬁg‘%% 'réa%g' g‘-hl%h?'ﬁat ?idbe sHb-BwidIS

-t WOSRGt e nesiHCh mivey tat MR biiairegers, (B dnifsihix H6Mcl

7 cHlraw t r ondi n rojections. If there are
3( ?ep;ks, *3¥ tﬁ? “?ﬁé °§§%tﬁ98{°ﬁ‘g$ﬂis %ﬁe@fﬁé te pejegualitothe major

10hi @S anddhe hhight wessetdb 29 amasneitingesfl s, as 1n the

ca of ..l t.hen the fornix and 20 are

at t:gC hglcrzl:'gJ k geg‘%ltz&@pmnl I %?Eh' NABt 1308 &f Sbbe hokzbntal projebiton of
CCihe pelumetshbel. pasaesrowy tHd8usest 1ol O\ ;d 1 |
Fig. 13. Otherwise, prior to doing Yﬁlpggﬁqathg %)\8@(')5 fRculated,
carried out in which the CC and fornix are separated

by Figsufdandy7 shewg tvag) caued F@spbﬁ)oﬂd‘jﬂla) o B t‘%ér%r%’age of

15 the region S1 for two different initial MRI images, and Figs. 6(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

20  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

25 operations.

30

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
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In a first of the steps of Fig. 13 (step 7) the fornix
is identified as follows. a) Wthin the sub-region S1,
a region of interest (RO) for fornix detection 30 is
defined, Fig. 8 shows the sub-region S1, with the
parts of S1 which are not 9 wthin the RO shown as
bl ack. The RO is defined as the region between 20%
and 80% of CC s nmjor axis. The CC structure is
subtracted fromthe RO. 5 b) The RO region is

bi nari sed using a progressive @ hreshol ding al gorithm
resenbling the one used above. In this case, pixels
are set to white or black according to whether the
correspondi ng value of the MRl image is above or
beMniWrdhelletsPaiwnté‘ﬁrlelabloﬁd\e ROM id dfinebae 3h@tehion between

e 1Ot M P G tchi I shtrtesdrom tae

stR@:lture in 10 the RO having the follow ng

properties. i) It is elongated white matter structure

ii) It is located in between the two ends of CC iii)

I't bas @Re WAI19BYBRILHING

1t "has 4 o or e e g phograrte Mt Efingiafdorttm.
enf¢5enlipgrpg ose Used abevardy thie case, fixelsarersdyo white or black
t hpeshalng re,of
 oeesdl \Ang; thvl'xrégﬁelﬁgﬁe Eerggﬁono‘i!ﬁvﬁﬁg?)eﬁ]tseﬁ\pﬁ \I;H%i?%g appve or
pi Reloy aimindtial ﬁ?resfm{qbeartcbtﬂettbrdshoidrgrbdmllydedﬂce‘d @dil a fornix

fo ec:t ed . a t.heir
yarutufd EHE I A B s, 18 o7 RSl e stfidtle in
thtmﬁalhavmgrthe Emjownnggnropen@sof the fornix are
caklcul at.ed, Th| rocess, | voIves defining a
pabarret Iet::f ﬁ%g KIS Tper, nsg HCUYE t he pi xel
| nfipnsi ttiekcated ih betwassthblt@ofedidgiof oggi on, and a
sec?nd E%‘r amet er Eﬁéwni c is the standard devi ation of
i nt Ion;

t hdY; SE AP qrien d9atees fe= PAGREMESThen a | ower
t hivgsholttabfa mbpr-debitd ptinasaliEra » 2and an upper

45 threshold Uf is defined as MF+2Q . Usi ng

20

25

The 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 ére
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 Mr which is the mean of the pixel intensities in
the possible fornix region, and a second parameter o which is the standard
deviation of the intensity values in the same region. Then a lower threshold L¢
is defined as Mg-2 0, and an upper threshold U; is defined as M=+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 infefior most tip of the
fornix is identified as a first estimate of position of the AC (step 8).



25 these thresholds the full fornix region is obtained
by "region growi ng" as shown in Fig. 8. In this
process the pixel values of all regions between the
threshol ds are assuned to be part of the fornix. The
inferior nost tip of the fornix is identified as a
first estimate of position of the AC (step 8). 10
Once fornix region, is identified, CC and fornix
structures are subtracted from the subregion S1. The
result is the region of SI whikh is not black in Fig.
9 The brainstem (BS) is identified in this region
usi ng anatom cal information, that BS is |ocated
inferio-posteriorly to CC. The BS is conposed of grey
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20

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 estimate of the PC point (step 10).

25 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 MRI 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

30 (Fig. 10)is centered at the initial estimate of the position of the AC , and has a



as our initial estimate of the PC point (step 10). 25
A next step is to obtain an inproved estinmate of the
positions of the ACand PC. To do this, we generate
two sub-inmages of the initial MR image (step 11).
For the MRl inmage of Fig. 1, these sub-inmges are
shown in Figs. 10 and 11 respectively. The sub-i nmages
are selected as RO s respectively around the initial
esti mates of the positions of the AC and PC. The AC
sub-image 30 (Fig. 10) is centlered at the initial
estimate of the position of the AC, and has a 11
size large enough (e.g. 12 X 12 nm which are val ues
whi ch sel ected based on the observati ons and anat ony)
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intensity. {f such a point is found, it is considered as an improved estimate of
20  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
25  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 célliculus is well separated from

30 BS. This row is designated as an initial estimate of the PC row of the PC sub-
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Is retained (step 12). An inproved estimte of
position of the PCis obtained by performng a

hori zontal projection of the PC inage (step 13). In
ot her words, for each row 25 of the PC sub-inage we
find the respective sum of the correspondi ng M
intensities. The resultant plot is shown in Fig.
12(b). The PC inmage contains a part of the brainstem
and the superior colliculus. The point where, the

sl ope changes significantly 1%di cates the row of PC
i mge containing the position of the PC, at |east for
cases where the superior colliculus is well separated
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us ohthet ditintRes 6f tAatmRsitiohs bhtheeALI ARt BY 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.

fn 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




positions of the AC and PC in the mdsagittal plane
and MSP equation. These two axial slices are terned
"reference slices". In a second step (step 15), for
each of these AC and PC axial slices, five 25 further
slices are defined: two slices above each of the AC
and PC axial slices, and two slices bel ow each of the
AC and PC axial slices. The resultant five slices
derived fromthe AC reference slice are shown in Fig.
15. In a third step (step 16),13for the AC reference
slice and each of the four slices 30 derived fromit,
we forma nean ventricular line (ML) passing through
the ,4. 13 third. ventricle, by using the horizontal
andne veniisle, By opiagtthe herizintalrend \eotivat prsiastiong o trece.
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eV B A8 It 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
intenéity 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



checking the MWL profile before an initial position of
the AC. If there are CSF 20 intensity pixels, it is
assumed that a cistern is present; else if the pixe
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 WL and
it is used as a reference while searching for the AC
and PC. 25 In a fourth step, we exam ne the profile
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as a cerebro spinal ﬂund (CSF) which manlfests itself as dark matter, the WM

peak is |dentxfned as the PC location. As in AC identification, the PC too is

identified using region growing, as a structure which is cylindrical in shape
20  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. |

25

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



towards the right side of the plot, we trace the PC
Since the third ventricle has a cerebro spinal fluid
(CSF) which manifests itself as dark nmatter, the WM
peak is identified as the PC location. As in AC
identification, the PCtoo is identified using region
grow ng, as a structure which is cylindrical in shape
20 and having radius of about 1 mm Fig. 20 shows the
steps of a correspondi ng technique for inproving the
esti mates of the positions oft5he AC and PC deri ved
above by processing coronal slices. 25 Fromthe
coordi nates of the structures (AC & PC) the
correspondi ng coronal reference slices are identified
( stleyps 28pre &rera wdat lof 6fslitdefoAheaAd, BAY Saticswior PSS @BtanZe).

sl er slices in
ci MEETVE G a5 AGERROwT i B 24, aElsaveapes for the PC
d| mes Ehewn &1 Bigdepi ned. 15 Thus, there are a total of
5 slices for the AC, and 5 slices for PC (step 21).
The five slices for the AC are shown in Fig. 21, and
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15 - 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).

20
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).

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



“(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 ACif it has
intensity close to white matter intensity and third
ventricle can be identified after the AC (Il ow gray
val ue due to CSF). 20 The further slices around AC
reference slice are checked for the above condition.
The slices which neet the above conditions are
considered to have the AC andtfromthis the radius of
the ACis found out (step 23). 25 Fromthe PC slices,
the RO around the MSP line is extracted to find the
symretrical |ine passing through the RO (the white
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15
The final positions of the AC and PC are found using the mformatlon obtained

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

20 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 i; 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).
25
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.



15 The final positions of the AC and PC are found

using the infornmation obtained fromall the three
orientations. This is the best position estinmate found
above in each of the three directions. 20 Using the
final' positions of AC and PC, 3D extraction of the AC
and PCis carried out. The PCis assuned to be
cylindrical with dianmeter of about 2nm The AC is
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(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 claim 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 i 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.



15 the landmark is the anterior comm ssure (AC). 3. A
nmet hod according to claim2 further including a step
of determining whether within the MR inage the
fornix is distinguishable fromthe corpus callosum
(CO, and if so excluding the CC fromthe imge. 4. A
nmet hod according to claim1 in which the structure is
the brainstem 20 and the landmark is the posterior
comm ssure (PC). 5.. A nethod according to any of
clainms 1 to 4, further including a step of generating
a sub-inmage wthin the mdsagittal radiol ogical inage
including the first estimted position of the
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there are a plurality of images relating to different
glx:7al s methddnataotding ta didimsé ifWhith hE8RRGRE £2 a"’)‘?fe'll?rlnages
dnd step (c) includes deriving a mean ventricular line (MVL), and determining’

the position of the AC and/or PC landmarks by scanning intensity values
a_long the MVL.

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

20  second images.

25

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.



contai ning estimates of the position of the AC and/or
PC | andmar ks, and second i nmages of nei ghbouring axi al
slices, the nethod further including the steps of
determ ni ng di nensions of the AC and/or PC | andmar ks
using the 20 second inmages. 9. A nethod according to
claim6 in which the inages are coronal imges, and
step (c¢) includes deriving a symmetry line within a
first coronal image including estimtes of the
position of the AC and/or PC |fndmarks, and

determ ning the position of the | andmark by scanni ng
intensity values along 25 the synmetry line. 19 10.
A nmet hod according to claim9 in which in which there
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according to any of clainms 6 to 10 in which the

I a rrarllésis the PC. 10 13. A nethod according to any '

of clai MMEMA aardingie eny <if efaitna)6 tcsromemmm lBYdRark is

netthedcaccording to any of claims | to 5. 14.

conputr ng apparatus including a processor arranged to
rform a {%dhod according to any preceding claim

15 A cOp GHiBgnt Y BOH 0 tcldims| Gitti 1Yy ip wWhHhatRe landmark is

I nghe BCL i ons V\,hl ch are 15 readable by a conputer and

cause the conputer to performa nethod as defined by

pan of ¢la to
Y3 2\ rtFrE’od 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 computrng apparatus including a processor arranged to perform a
method accordrng 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.



