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1 Automatic ldentification of the Anterior and Posterior Commissure
Landmarks Field of the invention The present invention is related to
methods and apparatus for identifying anterior commissure (AC) and/or
posterior commissure (PC) landmarks from 5 an image of a portion of a
brain. Background of Invention Identification of the AC and PC are critical
for operations such as targeting stereotactic and functional. neurosurgery,
localisation, analysis in human brain 10 mapping, structure segmentation
and labelling in neuroradiology. The Talaifach atlas has been widely used
as a common standard by neuroscientists and neurosurgeons. To
perform spatial normalisation using either standard or modified Talairach
transformatlons the MSP (midsagittal plane), AC and PC have to be

ot s CentfitytexpeftpekftieTthe td fectimniof thesmsisusturasdmarks
manually However observer reproducibility is less accurate and
profibigwehime=eprsuming when large sets of data have to be
analysed. Furthermore, there is a certain degree of variability among
diff t e apd ort se reaspns, ther .
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andBIRERINERIYOIRAHIS. B vnd/ast pesisties apreraisamstdRi® lebetimgks from

of RirTrhsain dmages:withhraltpeatic detection of AC and PC", J. Digit
Imaging, 1998 Aug; 11 (3 Suppl 25 1):56-58, describe an automatic

det%%t& ; f \r,efﬂqt%n the AC and PC from positron emission

ages. However, the resolution of PET images
is very low, and the AC and PC are particularly 2 difficult to identify in
SUCRIARAERThMHTHO R BIGRIHRT ig Nty bledd &M ns such as targeting

stereotactic and functional neurosurgery, localisation, analysis in human brain

10 mapping, structure segmentation and labelling in neuraradiology. The
Talairach atlas has been widely used as a common standard by
neuroscientists and neurosurgeons. To perform spatial normalisation using
either standard or modified Tajairach transformations, the MSP (midsagitta
plane}, AC and PC have to be ident‘rﬁéd.
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Currently experts perform the detection of these structures manually.
However, observer reproducibility is less accurate and prohibiﬁ\feiy time-
consuming when iarge sets of data have to be analysed. Furthermore, there is
a certain degree of variability among different experts in tracing these

20 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 labeliing of PET brain images with
automatic detection of AC and PC", J. Digit Imaging, 1598 Aug; 11 (3 Suppl

25 1):56-58, desgribe an automatic detection method for finding the AC and PC

from positror emission torography (PET) brain images. However, the
resolution of PET images is very ldw, and the AC and PC are particularly



the AC and PC with a high level of uncertainty. Verard L. et al., in the
article "Fully Automatic Identification of AC and PC 5 landmarks on Brain
MRI using scene analysis", IEE Trans MlI, 16(5), 610:616, 1997, describe
a method for automatically finding the AC and PC which assumes that
high resolution magnetic resonance imaging (MRI) images are available.
An automatic algorithm uses the data to estimate the MSP. In a first
stage, two easily detectable structures - the corpus callosum (CC) and
brain 10 stem (BS) - are identified using intensity-based recognition. From
these, a small structure - the superior colliculus (Co) - is detected. The
PC is obtained from the resultant locations using template matching. The
position of the AC is then found by a further template matching step. This

metlititsttfersndfn ia susmbeagédispdvantrogscpneidighdsithe nesgy

for the Righ.r tion 15 images. Summary of the Invention The present
inve{zﬁﬁopﬁ@a?r%%s?%grwg]v%%lnhngee\xeéﬁg LET arlﬂg‘fhod for identification of

the AC and/or PC landmarks. In particular, the invention aims 20 to make

" Parsihle fo prayide A dast acowiale dabstacdalinwaliprashical,  po

algorithm. A first aspect of the inverition proposes, in general terms,

Sthe ARIBIRIS 0P B RIS AReSRRIRI AR THEEY: idning biuthipesin0:616,
the 1wain dspeaiicaliyaiie doua Rt RRINAIRIMLAS S1AERs A THXEIS iR
an gASRhweaﬁg%SQVéglch hf\ée an intensity in ranges defined bté/ﬁone_ or
moré threshc \WRTCH BBy PrEGERIRBRCY bR e AR m@ges are
threstrldsiardvatiesmaitl dporitedefswedigedatetticabiniatiaipsaiset. in a first
The,positions of P n gstimated based on :
ident{il?%’ structu rEe]g ,%%A?%%é%%t q%’ﬁyét%ef o?%?ecﬁvgﬁt%aﬁ\%%ﬁno&e@ iﬁnd brain
0gendpatdrms: Biateatifiatbssonghet periidrasetittesaghitind/dirP@ these, a
langratksrarau (st taurdpsing aimBidsagtial MRbstected. The PC is obtained
from the resultant locations using template matching. The position of the AC
s then found by a further template matching step. This method suffers from a
number of disadvantages, one of which is the need for the high resolution
15 images.

Summadry of fhe Invention

The present invention aims to provide a new and usefu! method for
identification of the AC and/or PC landmarks. in particuiar, the invention aims

20  to make It possible to provide a fast, accurate, robust and clinically practical
algortithm.,

A first aspect of the invention proposes, in general terms, that the AC and/or
PC lendmarks are found by firstly idenfifying sfructures in the brain
(specifically the fornix and/or brainstem) as groups of pixels in an MlRi 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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image, but that these estimates are modified using axial and/or coronal
MRI images in planes including, and/or proximate to, the estimated
positions of the AC and/or PC 5 landmarks. A specific expression of the
first aspect of the invention is a method of estimating the position of a
brain landmark which includes: (i) defining at least one initial threshold
value; 10 (ii) determining whether a region of a midsagittal radiological

A!: 't%%jinﬂcﬁé‘é'él g 3f Qﬁ@iW%H@r%éiﬁbﬁgﬁﬁ_t@ﬂﬁ?ﬂf;@iﬁ§ ﬂ?%yi@ggmart].es of the
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structure; and (v) generating a first estimate of the position of the
k-as a point on the identified structure. 20 A second expression of

the invention is a method of estimating the position of the AC or PC

A . b ine g : : . ological | .
B e R e B0 Eqfinatn the
reyitiathef theraistirRaed oseh BEHHERC or PC landmarks to generate a

25 plurglisgmfingdiolegicahimagestraiation iadifferent slices, including a

firstim i% qf a slice ir}\clﬂ]ding the. estir%nateddgos'%iqn 0 ,tr?e Aq or PC . udi
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are axial images relating to different axial slices including a first axial
Hny8'ee e SRUFMiEe containing the estimates of the position of the AC

or PC (andmatkiremdas ésmcbeoaatnionifgieg die threshold value and performing step
(i) again;

(iv) if so, identifying the group of identified pixels as the sfructure; 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
or PC landmarks which includes:

(a) using a midsagittal radiological image to estimate the position of the AC or
PC landmarks in the midsagittal plane;

(b) using the estimated position of the AC or PC landmarks {o generate a
plurality of radiclogical images relating to different slices, including a first image of a
slice including the estimated position of the AC or PC landmark and second images of
neighboring slices; and

(c) analysing the radiological images to improve the estimate of the position of
the AC or PC landmarks;

wherein the plurality of generated radiological images are axial images relating
fo different axial slices including a first axial image of an axial slice containing the
estimates of the position of the AC or PC landmark, and second axial images of
neighboring axial slices and the method further includes:

using the estimated position of the AC or PC landmark obtained from the

midsagittal radiological image to generate a plurality of coronal images relating to
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neighboring axial slices and the method further includes: using the
estimated position of the AC or PC landmark obtained from the 35
midsagittal radiological image to generate a plurality of coronal images
relating to 4 different coronal slices, including a first coronal image of a
coronal slice including the estimated pgsition of the AC or PC landmark
and second coronal images of neighboring corona) slices, the

delghhosing eeranraksticasdmndne HREQBbRIIRaYEIMALEsoRAIAGIRENGCIuding the
same orientation as the coronal shc; in the first cﬁ%ginal wg:l%g
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using the improved estimates of the position of the AC or PC landmark
obtain@BaHSRY ARaIGRIABAHEESRS MRS dh i enestiBiiRflifhageesitian of the AC
diterasddaaik obfdihedieihods mrydistslppiemneigdiyge siep of

generating a sub- im from the mi ittal. MR i mncludi i :
et o e e e, s

thapirpeyedtipstiteatganel ghsitrsrsipthef Aee dermark or ipesmadnfiiained from
dramding inteasiyvalesdndiam soknRagrgds. The two aspects of the

invention are independent, but may be freely combined, as discussed
below. In the following detailed description of examples of the invention
Eibeteron A@Hantitharkel®andRC hardmpigtmeddruoacitanebgestsating a sub-
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eferred features of the invention will now be described, for the sake of
IARaEOR" 6 drath Rae Rl andMRiRMEHGERRSIR QiHRR Pefition of the
Athetndsagitrat NaRdimdgieooh thbrmitensity values in that sub-image.

The two aspects of the invention are independent, but may be freely combined, as

discussed below.
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. 2 is 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 Figs. 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;
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Fig. 2 is 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; 30 Fig. 5 shows steps
of the first part of a method which is an embodiment of the invention; Fig.
6, which is composed of Figs. 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 35 second MRI image of the CC, and a horizontal projection of this
image; 5 Fig. 8 is a portion of Fig. 1 With5the fornix highlighted; Fig. 9 is a
portion of Fig. 1 with the brainstem highlighted; Fig. 10 is a portion of the
MRI image including an estimate of the position of the AC; 5 Fig. 11is a
portion of the MRI image including an estimate of the position of the PC ;

Fig. 12 shbiys@ipropessooarfliethoutemthedmags aidrigntds; Fig. 13 is

steps of aprocess. for improying initial estimates of the positions of the
AC and Pg] éﬁ%ﬁg ?n%%%gdj v{\%%ﬁ]ig avﬁlﬁif—t’)%gﬁﬁ@ﬁf%ﬁh@ NMgftgeention;
Fig. 14 shoiis Kidps obatifurtbkihsrbtBssiagemipsvingintiakesiimatasnof
the pasitionss9f theAC and PC in the method which is an embodiment of
the invention; Fig. 15 shows 5 axial MRI images derived using an estimate
Softhe 15 plsitionsat BEIRE CEigeé Rikvade oot stigats @)te
16(dysthows thprecess applied to one of the images of Fig. 15; Fig. 17

shows a frfher,siep,of & process using the images of Fig- 18 1.

Fig. 13 is steps of a process for improving initial estimates of the
positions of the AC and PC in the method which is an embodiment of the
0 invention;
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
18 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 positicns of the AC and PC in the method which is an embodiment of
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
positicn of the PC:
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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 degved using an estimate of the
position of the PC; 6 Fig. 23 shows a symmetry line imposed on a part of
the images of Fig. 21. Fig. 24 shows intensity values along a symmetry

line shown in Fig. 23; Fig. 25 shows a symmetry line imposed on a part of
the imagdd®bfdSighe 22 anariin2Brshowsdntensity valties tiloigayes of Fig.
symmetry line shown in Fig. 25. Detailed Description of the embodiments

10 Steps in a method which is an embodiment of the invention are now
described. '§hedstiRiNe 'BETRBGY el mion sseashaeioriy dari sl sudhias?s;
the MRI Fragsshows i &igdefinerdRhiaage énassimedkie haprientedy.
acg [dépx% to the radiological convention i.e. with the subject's nose

pointing Teft and his or her neck towards bottom of the image. 15 The MRI
image is &g MBRimagdn teesining thes iepresentsdate lyinghinan in Fig. 25.
estimated mid-sagittal plane. The equation of the MSP can be obtained

according to any known estimation algorithm, such as the one described
in Petailed Description of the embodiments

Steps in a method which is an embodiment of the invention are now
described. The starting point of the mathod is a radiological image such as the
MRl 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 MRIimage is an MSP image, meaning that it represents data lying in an
estimated mid-sagitial 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 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

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 pixsls in the window at every

location Is recorded.

b) The maxirmum among the means derived in step (a) recorded is
computed.
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WO 03160827 (based on PCT/SG02/00006). However, the invention is
not 20 limited to this method of obtaining the MSP. 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 §tep (a) recorded is 30 computed.
7 c) Aninitial threshold is fixed as 80% of the maximum mean (step | in
Fig. 5). d) A binary image is derived from Fig. | in which each pixel above
the initial threshold is set to white, and each pixel below the threshold is

setfo 5 biackifibisrissstendidmikia: &5 809.he wesuibimlaRda Figd) !
th ! in%r?]y image, an attempt is made (step 3) to identify the Corpus
Callosuthi (CC) as the structure having the following properties (based on
thedJobsefvaiivny andgsalidadidvediidata)yigO ainiheidengibrobihe SCFam

th [ .along.t ajor_axis) is,about 7 t0,9 cm.
T o o e L (oS o SD ABS! Bl ol o el dre e
pofipgKk kg éntlans indiaitoragisyasrabolite sbawenn ERIcYThe
orientation of the CC (angle of major axis with respect to horizontal axis)

is f‘rorpé% to 40 degrees. d) The area of the CC in the binarised image is
aborh{ Bl?gr]}r &ngn altempt is made (step 3) to identify the Corpus

Caliosum (CC) as the structure having the following properties (based on the
observations and validation of data):

a) The length of the CC (from the genu to the splenium, ie. along the major
axis) is about 7 to 8 cm..

b} The width of the CC (from the superior point of body or trunk to the inferior
point of the genu, i.e. the minor axis) is about 2 to 4 cm.

¢) The orientation of the CC (angle of major axis with respact to horizontal
axis} is from 5 to 40 degrees.

d) The area of the CC in the binarised image is about 00 to 4000 mm2.

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 % aof

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),



If such a structure is not identified, then it is determined whether the
threshold 20 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 25 initial value and CC is not found, the program
quits, stating that CC is not found. For example, if the starting image is

The major axis is marked (as the line LA-

Fig. 1, then a CC will be identified by this ,procedure. It is shown in Fig. 3.
éQA), 8 as is the minor axis. The

points marked RB and LB are the right bottom and left bottom parts. More

generally, if the CC is found, the method proceeds to step 5 in whicha 5

ched iis dasrith outtdsdtermonevhether the GEand Qm%ﬁrﬂtﬁ%%‘?ﬁ ‘and
ort

a) D@%ﬁ&%%g&@n (S1) around CC. Fig. 4 shows this area e case

that the initial MSP image is as in Fig. 1. The height of the sub-region is
selected in such a way that the brainstem (BS) and fornix are included.

Spekitically tbe:widthiof i i ted to be equal to the major
e O R See S it Siiaicn =

10 axis, and the hei
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(ie.Fbr eabrefive tve zeniof the uaeadTInALiO) IBGalcated, Figs, o

and ; .Figs. 6(a) and.7(a) show the binary image o 51 case
the ?ﬁaﬁgﬁ%ﬁ%ﬁ: R’%%‘.ﬁé’%een’tsir%%é’? %ﬁ% ﬁngﬁéﬁ%{ﬁﬂtﬁbﬁ‘%{e@%b?é@@mﬁy
shoiiPthe'edrfespehdingpibpdtieris ainttera (6 BprpienRrdfdhefamnie

p°im@¢”‘@ﬂ@1ﬂ%’%dmgﬂﬁrr¢@mh§ ne Ogtgettvgo end points, as in
T c} gc ﬁ%ca?'e aﬁta%ﬁ&‘j'?% cihemiior

the TOrnix IS's B #emRkied Stlimarcthe diassesito the set of steps
b) ‘For each column in the binary image of 81, the horizontal projection of

the columns (i.e. for each row, the sum of the values in that row) is calculated.

Figs. 6 and 7 show two cases. Figs. 6(a) and 7(a) show the binary image of
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, orif 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 togsther.

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 € 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 1, a region of interest (RO} for fornix detection
's defined. Fig. 8 shows the sub-region 81, with the parts of S1 which are not



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 tracing and
morphological 25 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 30 is defined. Fig. 8 shows the
sub-region S1, with the parts of S1 which are not 9 within the ROl shown
as black. The ROI is defined as the region between 20% and 80% of
CC's major axis. The CC structure is subéracted from the ROI. 5 b) The
ROI region is binarised using a progressive thresholding algorithm,
resembling the one used above. In this case, pixels are set to white or
black according to whether the corresponding value of the MRI image is

abowator tb@lm@i%h@ﬂﬁh&@é@'ﬁh@%@?%%@%@%&%ﬂg!ﬂ@!:})’qée%ét’ﬁi‘?e .

until, a.fornix _struc can identified in the image. The fornix is ide
a0 2 S AR S e MG Ao 5Bl rom the

eloftfated white matter structure ii) It is located in between the two ends of
CC. iii) It has an orientation > 5degrees & < 90 degrees. iv) It has a
major-axis to minor-axis ratio >2. 15 The entire fornix structure may be not

“be sBen by tABSHERMRY iscriaisastusing coppiite sire thuestaflmgixlyerithm,
do !r@g@ﬁwr@/\_tmgoﬁ@%_zé@@%%J&(zé/ﬁiHQ_ﬁié’fc&%?'&%%@%{f?&%ﬁﬁ?edcEPbfaok
be in theéJ tifie f&{nlx structure region are collected and their mean

Vel GBI S HESRAAITG: 2O eNBkis ogagiopove or
growingrobthiaifiairinceskoalanated Fhissprgepsdmglves deiininges fornix
o e e e ST e o e ik i & Suciure i
10 the ROI having the folfowing properties.

) {t is elongated white matter structure

ii) tt is located in between the two ends of CC.

i It has an orientation > Sdegrees & < 90 degrees.
i) lthas a major-axis to minor-axis ratio >.2.
15
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 %o be in the identified fornix structure region ére
collected and their mean value is computed. From this mean value, two
20 thresholds for region growing of the fornix are caleulated. This process
ihvotves defining a parameter M= which is the mean of the pixel intensitiss 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 Le
is defined as Mz-2 &, and an upper threshold U; is defined as Me+20o . Using
25 these thresholds the full fornix region is obtained by “region growing” as
shown in Fig. 8. In this process the pixal values of all regions between the
threshelds 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).



deviation of the intensity values in the same region. Then a lower
threshold Lf is defined as MF-26, and an upper threshold Uf is defined as
MF+2or . Using 25 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). 10 Once fornix region, is identified, CC and fornix
structures are subtracted from the subrggion S1. The result is the region
of S1 which is not black in Fig. 9 The brainstem (BS) is identified in this
region using anatomical information, that BS is located inferio-posteriorly
to CC. The BS is composed of grey and 5 white matter pixels, having

rggwwa‘@am_' ‘&eélgihftr_temsﬂgsei«am{ef U@@ﬂf@glwla @'tri_@’tﬁ%s%@tih@rﬁf?haf@lg%rom
idenptification, we injti etec ossible BS region  using thresholding
anj!’R pée%%%% jeognic%ﬂ[ g?ﬁ’)\/{ﬁﬁa%ﬁe%ﬁg%ﬁ%iﬂ&8@9&?&%&%? HP B8 Eyidd ©
is chafdeteiztarb(Rhpitocatidiiied & dbistrogipmterisifyavatiation! avdrmisibn,
of the,region. I r o region growing using 8.10
neighbmgé%%Qﬁéﬁ%%ﬁgbﬁ%ﬁ%g ?aﬂ |rg§bésr§r%%fjeors g&/ﬁ%ﬁnd
Sis WR'maaRIST RlsspixErvitnbigbsiyaRanssii BS heyidveatna in CC and
seconaxpaiametes R mMbichdahe-siandasd devistianafithe PiXelibie BS region

inteyggie%int eE ossible BS rﬁ%ion u. Using these two parameters, we

set 2 lowel ThesAbId ASRERIRHTS fH58 Srving ipmtipperartegipRiussTe.

whiChad3 BS#@a i MiESapieetscio by tichidbe tuslusfisofsheduRinteage argiation

between. be part.of the BS. The values .

o T e B S e Sl s &
10grejsPRIMROthWRE? pRlelalr 8s i Wirpavativet froranrataéS S which is

shaweeha dareer-dayiationohgtris Rluesdodhe daver side, of the.mean, 4
than to the ug:)perigélid .20 For the MRI |ma(%e of FI%.el, his gives the

estﬁﬁg?gﬁ}? Ha gaiﬁ]gﬁﬁcﬁmgdard daviation of the pixel intensities in the

possible BS region ¢ . Using these two parameters, we set a lower threshold
Les which is MBS - 30, and an upper threshold Uss which is MBS+2¢o , All
15 pixels for which the vatues of the MR image are betwesn these thresholds
are assumed {o be part of the BS. The values of the threéhokds given above
are proposed based on the composition 6f grey and white fnatter pixels in BS.
Our observation from the data showed a larger deviation of grey values to the
jower side o;f the mean than to the upper side.
20
For the MRI image of Fig. 1, this gives the estimate for the BS as ths points

shown in white in Fig. 8 (step 9). The upper right most point of BS is defined
as our initial estimate of the PC point (step 10).

25 Anexistep is to obtain an improved estimate of tha 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 respsctively. The sub-images are selected as ROIs respectively around
the initial estimates of the positions of the AC and PC. Tha AC sub-image

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



15

20

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 ROIs 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 11 size large enough (e.g. 12 X 12 mm, which are values
which selected based on the observations and anatomy) to include
surrounding structures for processing. The construction of PC sub-image
is km’xeehogemﬁkahjlﬁt)(eigfdmﬂmzﬁh@,t ediGis sEnried/Alch diskRAcg s

m. oster or to th C. The initial estimate of the PC derived
abtg)\‘i/ﬁe2t vﬁvgas [%h Eean?o see 2 @)}’5 T‘)’(&? e o] e o - yseld

arcRI RSB0 gH @@Si@%%%ﬁ@mmmﬂmmmd amdzstastnding
structyres:astHsfinedms BGimage i féflﬁsﬁa(?% It&?q(f natmet trs]tenﬁ)r to the

reglon %_I‘OWII’]%)?i s carried out with new thres S anda are- eStI
NGt

SinitfaFpodifidnie ratieeteeiian e dasvsdorhenrivar depkad tested ibabeys

algbrithmoteecinitaipositian;ebthe B@Q%@%%%@ﬁft@@% Xhe Resitien
of the Aé: below he éﬁerlortl% L%é’ ix, but due to partial volume or

imaging artl écf')s RE FE TR NGRS FrobRmESTRGS0RSp BiMaaRx T the
Theaditidh isnalyrizes, tharife stedoasgdwight ipeintriodheiAG:Himagetikbsholds

Whl&rl'\‘ecér?eb@e@r?%%dt@é/ 19“‘@{&%@&& the 'mggeﬁﬁn%?%ﬁ’”h%:g‘g@gg% [ jhich we

foregroun pixels. An improved estimate € position o
OinfdhdteiRuepaHE alandiargtha RijRrrsitienad beFithabeyardoadanigtion.
initial position of the AC we check to see if there are any points with a

oG E TSN RE 5ol BPIRE K GRS e Breuioh e demarE o

thevalrpeint itselfing artifacts the AC is indistinguishable from the inferior tip of
fornix. The AC will usually be manifested as a bright point in the AC image,
which can'be located by binarising the image and region growing the
foreground pixels. An improved estimate of the position of the AC is the
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 sstimate of

the position of the AC. Ctherwise, the previcus 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

30

intensities. The resultant plot is shown in Fig. 12{b). The PC image contains a
part of the brainstem and the superior coliictius. The point whers, the slope

changes significantly indicates the row of PC image containing the position of
the PC, atleast for cases where the superior celiiculus is weli separated from

BS. This row is designated as an initial estimate of the PC row of the PC sub-



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 coiliculus is well separated from 30 BS. This
row is designated as an initial estimate dfthe PC row of the PC sub 12
image. In cases where the superior colliculus is not separated, the slope
change is not significant. Hence, two adjacent rows of the identified

PCutue. I BB MaGary & dhemspasifalad i i 5&%%&&9%% 3
PC %‘?dentlfled as the point having the maximum c € in gréy valu

witt? TSR I§ RS S198 iBRasts fﬁ%’ﬁ%ﬁd@Yﬁﬁé’@P@WW&ﬁﬂﬁﬁ@aﬁﬁéééﬁﬂ FORSTOW,
Aftem tlertify ing:thedPCa kavdheidrtensity profilecalongdhe TaWsiS 1akehtisied

L B R o B
SThefiied &b&l@uw@tés‘ieﬁtﬁ@powm i$ thl ABrandviRC Afenidppitidihathe PC
to taavelumenals witR R MARCAIRINNRG COnEspOnding 4l o ong

S|IC S where the AC and PC are manifested are identified using
JBRR WIS aRb R follintecimaagibnours Frgna & @hdw@thes the

stepmfranmmﬁmlnakgemm@u@fmgmmvmg the estimates 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
10positishinet oromiated 0RO esitinmatarf o aad DBy sitgtheack to

cooghinaiesef 688y Hbafﬁéj M@@'tégﬂﬁc\%ttnherﬁe C%'Pr%sp% A F\gear:%'a qital

plane and MSP_equation. These
where the AC and PC are manfifested are identified using the MSP equation,

voxel size and the volume dimensions.

15 Fig. 14 shows the steps of an optional technique for improving the estimates
of the esfimates of the positions of the AC and PC derived above by
nrocessing axial slices.

In afirst step (step 14), the axial slices containing the positions of the AC and

20 PC estimated above are found by using the coordinates of the es’sima’zéd
positions of the AC and PC in the midsagitial 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 axia! slices, five

25  further slices are defined: two slices above each of the AC and PC axial
slices, and two slices below sach 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 18}, for the AC reference slice and each of the four slices
30  derived from it, we form a mean veniricular line (MVL) passing through the
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two axial slices are termed "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 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 30
derived from it, we form a mean ventricular line (MVL) passing through the
13 third ventricle, by using the horizontal1 nd vertical projections of the
corresponding slice. This is shown in Fig. 16, where a slice (shown in 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
vert%@@prﬁfé&ﬁohy(ﬁlsmglrthe E@;ﬁz@ﬁd)l)aﬁ@eé?{%%ﬂ)%g@?@gﬁf C!;{af:;_ug)licef is
pro S which is selected to be o of the region o
the?dnéggér%’@gﬁgég é@%%thi??%g‘?’oﬁgé’ -iﬂt‘@rgégi; Rovpiesis belisw @hewn in Fig.
threSRE AtdiSp@mAFPdtios BEtb)izeniritep mut pixelsoabovertae 16(c)) and a
threshels; aglagko ' ; il t of evaluations is _
b 3 o100 SR MY RSP SOUAEIE e
ventrgl& 78% & Brici92 1 RiddthEPeHERay seciesrvbisorithésAtoduced

the ehirgleatigralyahialteic T2 evaluRie odra sopeifianccReck Ao Jag

MVL.far.centinyity of white. pixels in the binary image. If the continuity or _
the Iengthﬁcf)f vﬂmtt%%g(\{é?s & E{éfgﬁégﬁ%%%&E?ﬁ@"d’i&‘é%@é’%%@@ﬁ%@o‘m in
and BEE 186 e rehiben anviapia rebome dias present df dbe geRtinuity is

broken then Massa Intermedia is present. The distance between the AC

anddDC is found by the initial estimates of the positions of the AC and PC.
he LB A ENGHRIN T e ftahRE Py Laiemiin thEVedprbilikingfore an

initidl pebitibreolthes AGrtheneaseFSE20NIRNEIMRXE IS LR assumed

thata %@{ﬁ‘eﬁﬁé?é‘?m' e!gée ;f Egg ﬁixeb intensity is of gray matter th n’%te’ and
9fa}§é“§\};%£ep{§§%”iérﬁe % R é f§H8e,AC or'the slice has g‘;ra?/ matter:
tirst condition, check along the MVL for continuity of white

pixels in the binary image. If the continuity or the length of white pixels is at
least 85% of the distance between AC and PC then there is no Massa
Intermedia present. If the continuity is broken then Massa Intermedia is
present. The distance between the AC and PC is found by the initial estimates
af 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 pixél
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 s used as a reference while ssarching 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 s, starting from the rmidpoint 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 psak 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



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. 25 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 30 point of the AC. Similarly we find the start and end
points in all the 5 other 14 slices considéréd for processing. The AC is
assumed to have a width of about 3 mm, Using, these starting and end
points and the value of intensity in between these points, region growing

IS caified eH te-struciure of AC (step 17). 5 To form
an i%grovedheggﬁg'?quiﬁg%%%%s?u n o '&EEE IR, Rt arddinet

proffie PloLBH the B EGehren siasiice aadethe fointaxiabisiicessaiewichiaasity in
PC tefsvennetsiice rbhisisshownsJor five axial slices, in Fig.

18. Fig, %agfsge(pgt%ﬁhe Qarxialis |c%e(s&,fa ﬁﬁ%?ﬁ%%%&ggﬁdr&%rﬂéﬁe
it{ie.

10 projection 0 ing the values in respective rows), Fig. 18(b)
Shows a binarised version of it (produced in the same way as Fig 16(b)

d i Ide: ) shows a yertical projection of the
bﬁwﬁﬁ%ﬁﬁ%@%ﬁ%ﬁ%@ﬁ%88§’Fﬁ%§p§&ié’&{§ﬁ%ﬁ§jz WHisse the
perfdmedl 7 ihe'eaire thadiheefasshow shedVisidishottainekiarAG SISESnd the
Fig.FO siiews thesiienst ' VL. Starting from the
midg] Q‘ffg]e)l ofile ar?gﬁn%ol\sl?ﬁ%@t’%l]\?vggg %r%(}ab %%?S;‘? é"%f?ﬁ%{pﬁ e Fig- 18.
trace ?he & %ﬁﬁ@éﬁ A eeriatriicras Figetétrd Spima HlidiEsH)

10vhighoeatitfesisiitge asdarkgnaseming \MMe%?@éﬁ{%iF&%Si,eﬂga}ﬁ 6 RS ows

i

locatignAsdn & ddentification, the PC too is_identified using region™ *
growing, gsastruc%%gg\fv%i “%%“c%ﬁ%a‘ri TrShay&y as Fig 16(b) described

above), and Fig. 18(d) shows a vertical projection of the binarised version (i.e.
summing the values in respeactive columns). This is performed in the éame
manner as how the MVL is obtainec;i fdr AC slices. Fig. 19 shows the intensity
15 profile along the MVL. Starting from the middle of the profite and moving
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 matter, the WM
peak is identified as the PC location. As in AC identification, the PC too is

identifled using region growing, as a structure which is cyiindrical 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.

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

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

3¢ anterior direction and two further slices in the posterior direction are definad.



20 and having radius of about 1 mm. 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. 15 Thus, there are
a total of 5 slices for the AC, and 5 slice%r%?r PC (step 21). The five slices
for the AC are shown in Fig. 21, and the five slices for the PC are shown
in Fig. 22. 5 For all the five slices selected a region of interest is selected,

consisting of CC, lateral ventricle and AC is selected using the MSP

equAkeH. tﬁe@@éf@%%%é?@f‘?f‘sﬁf:@é%‘r?f{%eﬁl&f%rﬁﬂeéjsi‘?{@s%‘?

ROIls are used to locate the symmetrical line This'is the white Fne on %1)
23. THe e slifgplerdfe é&%é@%\fﬁé%%lﬂa@%ﬁﬁﬁw&ﬁémalﬁ%:eﬁdwéﬁ@%
the antegtsityrinformation of CC, a rough estimate of intensity of the AC is
obtained as both CC and AC are white matter structures and CC is more
homogeneous structure. 15 The intensity value along the symmetry line
5(showhdih Fig fizaﬁi'gzssmhede@mm@&ht@fdbmh@ﬁ wm'teamtatﬁeb@wkting of

the @ppasteATEaHAN-0f ﬁ his; QLIS tf gﬂeé%ﬁ mqg}%er A stimate. eq

for the position of the AC |

as intensity C nsity

and"BiFPVEhERI cdR%E f@éﬁ@ﬁe@ﬂﬂfﬁ@ﬁth@A@ fonQlapraltredie ltmate the
CSkyr@@etrical line This is the white line on Fig. 23. The AC and PC are
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assumed to be on this symmetrical line.

Using the intensity information of CC, a rough estimate of intensity of the AC
is obtained as both CC and AC are white matter structures and CC is more
homogeneous structure,

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 an 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 refarence to ‘iocate white

matter structures, The symmetry line (shown in Fig. 28) is scanned (step 24)



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 ROI 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) 16 to locate the CC and find its intensity value. The
intensity value of CC is used as a reference to locate the PC as follows. A
scan is done along the symmetry line away from CC position. The CSF 5

region bepyatesthece e intensity valyes will be low in
this Erig%ionf, After the Cs??ﬁé%%%?ﬁiﬁ@éioﬁ%fl&% sﬂgfvv%{ﬁ?e%(g elf used
and Gray’ ThAtEr T %R BeNIEAteES AR point, a few pixels of low

intensity corresponding to CSF are located which represents the

aquedect T, ' egion between the CSF matter and the
aqueduct?l%ar{%e% é%%%etcﬁon%%{ﬁse %21, g@ﬁ%ﬁﬁ%@ﬁ@%?@@al@lﬁ:@ﬁF

TonsRiLrEPRAHEEdESIN Big SiiceSiavictiaalisbnthy caNMEORS BEow in this
markegl@as passessing PGqfg9 lices having the PC the
dimensjons of the PC stru&ure’%%@cﬁ%ﬁg s(t%écé 5%55 ﬁ? \?‘Hg‘?ﬁ%ﬁer and gray

positions of tRE A End 8¢ dre fitnihisshainthe Tafomixeionidbiaiméehdtom
all tise tiwse priiegtadiQ&E Emﬁl&ﬁﬁ@mﬁmg%gﬁﬁwﬁga@y@%%%%EC is
eachef the thieg direction Using the fipal positions of AC an ,
extracticr)r%]b%f the C%ﬁ%ﬁ%%ﬁ (E%?Hgﬁad?ﬂ.%ﬁ@qi@qg%sumed to be
&ylindrical with diameter of about 2mm.
The above conditions are checked in the PC coronal slices considared for
processing. The slices which satisfy the conditions are marked as possessing
PC. From the number of slices having the PC the dimensions of the PC
structure is found out (step 25).
18

The final positions of the AC and PC are found using the information obtainad

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 diamester of about 2mm.
The AC §$ assumed to be a bent cylinder with diameter about 3mm. Thisis
based on anatomical knowledge. Primarily we are interested in determining
the width of the AC and PC, rather than their height {l.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 2 skilled reader.
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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). 25 Although only a single embodiment of the
invention has been described in detail}?nany variations are possible
within the scope of the invention as will be clear to a skilled reader. 17
LP Claims 1. A method of estimating the position of the AC or PC
landmarks which includes: 5 (a) using a midsagittal radiological image to
estimate the position of the AC or PC landmarks in the midsagittal plane;
Yb) usifg TR ESimh R FEdinen BEtREAECBr B dhantakd o afis s which
iphinalidy- of radiological images relating to different slices, including a first
image of a slice including the estimated position of the AC or PC landmark
o and @contSIREGE OB EGRCAG GRES) SPAde) QASEREdRE Postion of
trad iR gicRICTagRa dekikriprine riigegiimatelaféhe position of the AC or
PC la arks; wherein the plurality of generated radiglggical images are
axial iﬁgggaes REni% sﬂ&a%?éxmﬁ%& et o |%ﬁfé‘§8%%‘s to
gEmaxide sligeut 5litp mraig [tz timates obthtngoritdifekivesAceor RBuding a
landmark, and second axial images of n éngori axi kslic andlgtg
A T Mkt e L S neliah Rediion o e AE 8f e tandmark
daddwmaddbtasued fodmetiéboviciepglitakraidlogical image to generate a
plurality of coronal images relating to different coronal slices, including.a
first co%é nal ir%%ag S(E)?%g(t:%)erorﬁaa 'cgllg 13’8 INEARGRG e géﬁﬁ?astt&? p%séj,%%{%fo f the
nheik@ of B Atdondt K dankseadrs] coronal images of neighboring
coron%%gg&, ttirﬂ]g Bﬁ't%*h f%?%&%?gtaeldspacg%fgg%%l images are axial images

relating to different axial slices including a first axial image of an axial slice

MCSLLP

containing the estimates of the position of the AC or PC landmark, and second
axial images of neighboring axial slices and the method further includes:

using the estimated position of the AC or PC landmark obtained from the
midsagittal radiological image to generate a plurality of coronal images relati'ng
to different coronal slices, including a first coronal image of a coronal slice
including the estimated position of the AC or PC landmark and second coronal
images of neighboring coronal slices, the neighboring coronal slices in the
second coronal images being in the same orientation as the coronal slice in the
first coronal image;

analysing the coronal images to improve the estimate of the position of
the AC or PC landmark obtained from the midsagittal radiological image; and

further improving the estimate of the position of the AC or PC landmark
using the improved estimates of the position of the AC or PC landmark obtained

from analysing the axial images and the coronal images.

2. A method according to claim 1 in which step (c) includes deriving a mean
ventricular line (MVL), and determining the position of the AC or PC landmarks

by scanning intensity values along the MVL.
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second coronal images being in the same orientation as the coronal slice
in the first coronal image; analysing the coronal images to improve the
estimate of the position of 25 the AC or PC landmark obtained from the
midsagittal radiological image; and further improving the estimate of the
position of the AC or PC landmark usintf the improved estimates of the
position of the AC or PC landmark obtained from analysing the axial
images and the coronal images. 30 2. A method according to claim 1 in

Jvhich Atepdipliddeds iving|aimeath vaneicwar MaddVidrBBH includes the
determlnﬁﬁ%the position of the AC or PC landmarks by scanning intensity

YaRROBRFIGTE MY IS 98 et JiCaledrimTsS LRifg S second

aprciniganethod further includes the steps of determining dimensions of
the AC or PC landmarks using the second axial images. 5 4. A method
according to claim 1 in which the step of analysing the coronal images to

imprm;’e meéﬁéﬂrnaﬁnﬁﬂlgetmﬁ'aiﬁn ’Dfﬁh@hﬁéﬁ @ﬁdl?ﬁé@f@!mfd &lyeligines coronal
rom the midsagitta iological im further inc s.deriving a

Ao It 07 AR ERIB ) THEQBIRLIOR Y dSf Ao e landmark
qisitienl t@oﬁth&aé@m@ﬁ@t@dmamm@@d} detageiringHbe prsilius ofidring a
landmark ning intensity values along.th mmetry line. 5.

SRR RS BT OATA AR ICY A GRS dhdnegpsiion
cn’f itheteh@imnd’ dinemdioakef thedAdeerR@ilagdharkssiting shergecandmark by

MCSLLP

coronal ima A me hod ccordin rJ:aum 1 in which the landmark
%Rglﬁ\%m&? g?ﬁﬁet‘%‘ 53 a8 c gtgc ”ﬂ?ﬁy 'Which the landmark is the
PC. 20

5. A method according to claim 4 in which the method further inciudes the
step of determining dimensions of the AC or PC landmarks using the second

coronal images.

8. A method according to claim 1 in which the landmark is the AC.
7. A method according to claim 1 in which the landmark is the PC.
8. A method according to claim 1 in which step (a) is performed by a

method of estimating the position of a brain landmark which includes:

(i} defining at least one initial threshold value;

(i) determining whether a region of a midsagittal radiological image
including a brain structure includes a group of pixels having intensity values in a
range defined by the initial threshold value and which obey one or more
predefined geometrical criteria describing the structure;

(i) 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



8. A method according to claim 1 in which step (a) is performed by a

method of estimating the position of a brain landmark which includes: (i)

defining at least one initial threshold value; (ii) determining whethera MCSLLP

region of a midsagittal radiological image 25 including a brain structure

includes a group of pixels having intensity values in a range defined by

the initial threshold value and which obey one or more predefined

geomdifical FRASIAIBSCAbig Rsimatel: the iprstiereafathealansiaerk as a

pepdinginatae tursheld yeluaaadwprilarming sier &R0l BhkSAnd the

identifying the group of identified pixels as the structure; and MCSLLP 19

R RAls ARideAMST I FREIRSEEHE $6Sition of the landmark as a point on

the identified structure wherein the structure is the fornix, and the

iandml%rek is the anterior commissurg{éAC). 5 9. A non-transitory
omputerPBaiaRRRE GRmPUisTH G 2 e TR HFE GHANNS B AR RieRiiRigaram

magreninaitisgoproglah akriraidaR!RYCh CRBIRLERIMN ausedhfhuter and

compuyter to perform a method as defined by claim 1.
causg%e cor%pu?erto perform a method asydeﬁned by claim 1.



