WO 02/ 43003 PCT/ SG00/ 00185 1 Met hods and Apparatus for processing nedical
images Field of invention The present invention relates to nmethods and
appar at uwé oz/43vani pul ati ng nedi cal images of brains. |In parsGeudoass it
relates to systens for using a brain atlas to annotate a 5 nedical imge,
and saving the resultant imge for subsequent utilisation. Background of
the i nvention Modern nedical inmaging technol ogi es of fer unprecedented views
into human body. Qur ability to generat® images is nuch greater than the
ability to understand and interpret them Defornmable body nodels al ong

wi th warping techni ques provide 10 neans for anal ysis of nedical inages and
deformabl e brain atlases, in particular, are wuseful for analysis of brain
scans. The purpose of M&RBodd 8N Ppatafkedt pRBesshotifedi@imbéat e the
interpretation of brain scans by neuroradiologists and to provide nmeans to
transfer this know edge to other nedical professionals such as

neur ol ogi st Figddaf invenfiadsur geons. 15 The present inventor has devel oped an
el ectronic brain atlas database [3]. There is a strong conmercial interest
in this dat g
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brai n atl as imbgsrof badiss. fpationisr i telatas ’fmtslye&ﬁﬁ fowvadingad benin atlasps ant@atefaor m
such as %4], é%k; a nunbe of e%ectronlc at“gs have also been 20

const r ucP ed Mepal Hagesy 2 tphEsHfas Hnage igsRdsrepthtilifatitheducat i on [ 2] .
Sone ot her applications include functional neurosurgery and brain mapping.
However, to mukeBBsd of hOQWeREHE, there is no conmercial application of
brain atlas Tnh neuroradro ogy yet. A key operation in atlas-assisted
analysis is registration of the atlas with the patient data. The atlas can
be war ped adé @d%sm medécali imeging fechneleginaoffernypreeddentgd tviews infahpedn body.
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interpret them. Deformable body models along with warping techniques provide

10  means for analysis of medical images and deformable brain atlases, in particular, are
useful for analysis of brain scans. The purpose of the present invention is to facilitate
the interpretation of brain scans by neuroradiologists and to provide means to transfer -
this knowledge to other medical professionals such as neurologists and

neurosurgeons.

15  The present inventor has developed an electronic brain atlas database [3]. There is a
strong commercial interest in this database for functional neurosurgery and the atlas

has been integrated with several commercial systems.

Apart from this electronic brain atlas, there are numerous brain atlases available in
printed form such as [4], and a number of electronic atlases have also been
20  constructed. The major use of the brain atlases is for neuroeducation [2]. Some other
applications include functional neurosurgery and brain mapping. However, to our best

knowledge, there is no commercial application of brain atlas in neuroradiology yet.

A key operation in atlas-assisted analysis is registration of the atlas with the patient
data. The atlas can be warped against the data or, alternatively, the data is warped
25 against the atlas. One of registration approaches is the Talairach proportional grid

system transformation that is a piecewise linear operation applied to the volumetric



systemtransformation that is a piecew se |linear operation applied to the
vol unmetric WO 02/ 43003 PCT/ S&0/ 00185 2 imge subdivided by the Tal airach
| andmar ksvo n2/¢3002 vol unetric sub-images [4]. One known tBCTYRGOU@®185
perforns-the Talairach transformation in realtine based on texture

mappi ng, but it requires a hardware accelerator for texture mapping to be
performed efficiently. 5 In addition, g?e pl acenment of the |andmarks is
manual and needs domai n know edge. Sevetal non-|inear warping approaches
have al so been proposed [1], but they are tine consum ng, highly dependent
on starting points and at present far fromclinical applications yet.
Summary of the invention 10 In general ternms, the present invention
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struct ur es. nippingrbgieit tagdres B Haldvdre weselarsior fortefitreafiappiBo e B peaga@dby any
medi cal i nmaging nodality. 15 W further propose a fast algorithmfor a
| andmar k- ba§€tg°1‘iﬂﬂé(cevm se |inear mapping of one volunetric inage into
anot her volunetric image. Furthernore, because of the inportance of the
Tal airach t : i I I | 3 set
of the I andimiia gk BReRintRn, EtmpARE, kRt nghR, e RRoRAEY OF
t hese | andmidekgalanm-liwarvagirglagpooachey eealsodrenptopossd [d%itak theg arotiak, and

sagittal. It is assuped that the reference planes of the dataga are.given by
thg user, SORHTHES; ﬁ%&%%ﬂ?@%‘ﬁr%ﬁ S{3fUfiee POYOLY AR @ﬁmsg%gqfi gom clirtlcal
(I'ongi tudi napplidatissdyee. |f necessary, automatic identification of the
reference planes may be attenpted by using sonme public domain al gorithns,
e.g. [5]. Sone presented al gorithns may benefit from

Summary of the invention

10 In general terms, the present invention proposes that a system for analysing a brain
image comprises receiving a brain image, comparing the image with a brain atlas,
labelling the image accordingly, and annotating the regions of interest and/or other
structures. The image used in the invention may be an image produced by any
medical imaging modality.

15
We further propose a fast algorithm for a landmark-based piecewise linear mapping of

one volumetric image into another volumetric image.

Furthermore, because of the importance of the Talairach transformation for clinical
applications, we propose a new set of the landmarks, and algorithms for the automatic
20  identification of these landmarks are formulated for three orientations, axial, coronal,
and sagittal. It is assumed that the reference planes of the data are given by the user,
such as intercommissural plane or Vinterhemispheric (longitudinal) fissure. If
necessary, automatic identification of the reference planes may be attempted by using
some public domain algorithms, e.g. [5]. Some presented algorithms may benefit from
25  extracting the brain from the head data prior to landmark identification, and there are
several public domain algorithms to do it — however this step is merely preferable in

the present invention.



25 extracting the brain fromthe head data prior to | andmark
identification, and there are several public domain algorithns to do it -
however WoOe2/step is nmerely preferable in the present i nrenSGoNM01880

02/ 43003 PCT/ SG00/ 00185 3 Generally, the | andmarks we choose here to use
are defined by peaks and valleys (troughs) of density profiles or
projections. Clearly, the significance of peaks and valleys are reversed
if the image is replaced by a reversed ithtensity .inmage (e.g. a T2- weighted
i mge rather than a Tl-weighted inmage). 5 A system conbi ni ng vari ous
aspects of the invention may be fast, alnost fully automatic, and need not
requi re any hardware accelerator. This is because the registration

t echni que néieaeralisetheflardraarbsrinwsathdeso hersdigeuse cara alefingd bhneeskmansh valldyshi n

t he brain space, an ermts.fhe use. of sinple anal v.si.s operations.
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invention will now be described by way of exanple onl
Furthermore, radiology is becoming digital and integration of image data (from

10  PACS) with textual data is becoming more available. Telemedicine, especially web-

enabled, is also booming. The present invention is well aligned with these trends.

Preferably, the brain data is read from a file in the Dicom format, and atlas-enhanced
data is written to a file (or to more than one file) in the Dicom or any web-enabled
format such as SGML or XML format. Dicom is the standard format for digital
15 imaging and communications in medicine. XML is an emerging standard in web

applications.

Although the invention has been described above in terms of a method, all aspects
may equivalently be expressed as a computer device having a processor arranged to

carry out a method according to the invention.

20

Brief description of the drawings

Embodiments of the invention will now be described by way of example only.

FIG. 1 is the flowchart showing the steps in an embodiment of a method according to

the invention.



FIG | is the flowhart showi ng the steps in an enbodi nent of a nethod
according to the invention. WO 02/43003 PCT/ S&0/00185 4 FIG 2

i Il ustratve@orssoroncept and steps of nappi ng one rectanguPaEr/SGoE@aess nt o
anot her rectangular image. FIG 3 extends the concept fromFIG 2 into
third dinension. FIG 4 defines the Tal airach-Now nski | andmarks used for
registration. 5 FIG 5 is a histogramof, brain inage wwth a four-cl ass
nodel, white matter (WM, grey matter (AGM cerebro-spinal fluid (CSF) and
background (B). FIG 6a is a graph of the convex ideal and real peaks
corresponding to a structure of interest. FIG 6b is a graph of the
concave ideal and real peaks corresponding to a structure of 10 interest.
FIG 7a is &ldi fég]hlaﬁﬁ’m the congapt srchstens afmappinghaneasétangubar ainagd imbangtlasrsi ng

t hrough the _AC and.PC | andmarks along with the structures of interest.

FIG 7b is éecéafn%%rﬁrg%g eésenting a vertical (antero-posterior) projection
taken fromthe inmage in FIG 7a with the marked valleys of interest. The
graph is valFl@. 3 exterds-thd borwepididre F1@NTinds fi@ndislemssd.y nmagnetic resonance
imaging (MRI) images. FIG 7c is a graph representi ng a plot of intensities
along the AC.PC | ine as drawn_in is a graph representing

a hori zont aIFI%r‘bf‘?ﬁﬁeﬁg?? ?@R‘éﬁ?hfw%‘fﬁnﬁlﬁéa‘idr%]és ‘i‘sﬁdiﬁPfG?glst?@%th t he mar ked
val l eys of interest. The graph is valid for T1l-weighted and proton

density MR piFRYES a HikiCiradh SPB‘JafH %ag%%ﬁﬂ%%ﬂ?cl&%%%é&”%ﬂg niMile X%ﬁ\gg'
(parallel) projections Taken from e axial 1mage lying In

pl ane. The greyphatigr{@Mhecrdmeppial feidt(CSF) amal baekgrognd(Bhe cent er)
corresponds to the projection along the AC-PC direction.

FIG. 6a is a graph of the convex ideal and real peaks corresponding to a structure of

interest.

FIG. 6b is a graph of the concave ideal and real peaks corresponding to a structure of

10  interest.

FIG. 7a is a diagrammatic representation of the axial brain image passing through the

AC and PC landmarks along with the structures of interest.

FIG. 7b is a graph representing a vertical (antero-posterior) projection taken from the
image in FIG. 7a with the marked valleys of interest. The graph is valid for T1-

15 weighted and proton density magnetic resonance imaging (MRI) images.

FIG. 7c¢ is a graph representing a plot of intensities along the AC-PC line as drawn in
FIG. 7a.

FIG. 7d is a graph representing a horizontal projection taken from the image in FIG.
7a with the marked valleys of interest. The graph is valid for T1-weighted and proton
20  density MRI images.

FIG. 8 contains the graphs representing orthogonal (parallel) projections taken from
the axial image lying in the AC-PC plane. The graph with the deepest central valley

(in the center) corresponds to the projection along the AC-PC direction.



WO 02/ 43003 PCT/ SG00/ 00185 5 FIG 9 is a graph representing a vertical
projection taken fromthe image in FIG 7a wth the marked peaks of

i nterest wahm4naph is valid for T2-weighted MR inages. PET/SGII@a8S s a

di agrammatic representation of the coronal brain i mage passing through the
AC along with the structures of interest. 5 FIG 10b is a graph
representing a plot of intensities along_the AC (vertical) line as drawn
in FIG 10a. FIG 10c is graph representtng a partial vertical projection
of the image in FIG 10a taken fromthe AC horizontal line ventrally down.
The hi ghest peak corresponds to the | landmark. 10 FIG | la is a

di agrammatic representati on of the coronal brain i mage passing through the
PC al ong wi £hGt s &grapht igpesseningianvestiead tprojp¢tion takdn fremathgimpge imeBl@sknt i ng

a plot of int. ities alo .he PC.lLine as dra i El a. FIG 12 is
a di agr amﬂl@qﬁ%&a@%eélrﬁeﬁgg%ﬁnﬁes .#@erﬁr%p&ayﬂc}gﬂrbﬁé\yﬁgﬁ%m Swith the
15 structures of interest. FIG 13 illustrates three different regions of

i nterest, elFiGpsiasis ardiadramelatic adpleseniaiibh BEthe cotdnal Brhid EnapehAsyidg through
illustrating the process of generating and transferring of atlas- enhanced
i mages. The%ien%tg ngwith thesiuetyres wf ileresfeur or adi ol ogi st and are transferred
to other nedical professionals through web-enabl ed applications (in XM

format) and = LCLaan: I } i j.com
rormat). o 1 B o B Lo e (el ey
format. Detdeavirei HD&sd0a.pti on 1. I ntroducti on WD 02/ 43003 PCT/ SG00/ 00185 6

FIG. 10c is graph representing a partial vertical projection of the image in FIG. 10a
taken from the AC horizontal line ventrally down. The highest peak corresponds to
the I landmark.

10 FIG. 1lais a diagrammatic representation of the coronal brain image passing through

the PC along with the structures of interest.

FIG. 11b is a graph representing a plot of intensities along the PC line as drawn in
FIG. 11a.

FIG. 12 is a diagrammatic representation of the midsagittal brain image along with the

15 structures of interest.
FIG. 13 illustrates three different regions of interest, ellipsis, rectangle and polyline.

FIG. 14 is a chart illustrating the process of generating and transferring of atlas-
enhanced images. The images are prepared by the neuroradiologist and are transferred
to other medical professionals through web-enabled applications (in XML format) and

20  through PACS-dependent physician’s workstations (in Dicom format).
FIG. 15 illustrates saving of the atlas-enhanced image in Dicom format.

Detailed Description

1. Introduction



FIG 1 illustrates in conceptual ternms a nmethod according to the present

i nvention. The patient specific image data are read in Dicomfornmat (step
1), whi clwo®e2/#083 andard format in diagnostic inmaging andPOr/sGon/Gegdder s are
commonly available. Then in step 2, the brain atlas is registered with the
data (a fast, automatic nethod to do it is 5 given below), so the

neur or adi ol ogi st can segnent and | abel the data by neans of the atlas
(step 3). In particular, the region(s) of interest can be defined on the

i mges (step 4) and annotated (step 5), and segnentation and | abeling can
be done within these regions of interests. In addition, the inage
structures can optionally be neasured (step 6). In step 7, the

at | as- enhan®&@. Hdluatratasirbenstmnaderora thethbé eccopding esthie peesbyt invdngionl 0

medi cal professionals, such as neurol ogi sts and neurosurgeons. In
particul ar, -the atl as- .enhanced data can.be stored. in D cam.formt .and/ or
R any veb. dhBelir ARl et 8 S A Ead rEini i D). SR8k e,
detail bel oVornt ilRREAgHbERS 1RApilg hAd Dicord 88&Ted adl @RihbMN HallaI®PPhdigione
volunetric image into _another one is 15 fornulated. Then, the detailed
steps for pétepes anbraimatiastis registersd ipptha glatarn(@ fagt) agomeatic methediaeiihis ar e
speci fi ed by. usi hi I i X i lLgarithme..to
perform he}éllsélé'?l(ylg g)é@h E%F}gepr%ﬁiﬂr%&nlgq%g? F%i @&%8 mgrfdr %{r)lesl]&g% rﬁ%c? ib%nm %aéls i ifg%eussed.
I n  parti culatlss (stehes) alngsaitidularpthe @Egidh(e) cllihraat tah beddufinkd oa alid dinges (st

| andmar ks required for the Talajrach transfqormatjon are fornul ated for
each ort hogdhand spnetated: (S8R 5)ashdhpeamepintionrapd drbelingrag s dong withinjthese

Vol unetric &%&% T %dd?tldmgﬁﬁgg Rriurkh @aﬂr@tmﬂgll? Bﬁ %Qwr%%sgetpr i c

vol unmetric image conposed of rectfan I mages |1 nt'o another vo
i mge conpos$gdnodtey &ctienglas@nhanved elata eanpbe plosedfor futtlxe proeseng by sthent i on.

First, e nmappi f the single i e.intq another inpge i.s _presented and
25 i!luéB rat"‘?s?gl?‘iaﬂg‘i@?‘?ﬁmﬁ?‘bﬂ%‘é a5 PRRSOREISI g TEROSWESR RuPakisbis FSTAleS: gi ven
and il ustrahRehced BathlcEh b8 stof¥d B2H3R0R RS dnd 34 A5 8Rb-enabled format such

as XML. These steps are described in much detail below.
2. Registration

First, a general algorithm for rhapping one volumetric image into another one is
16  formulated. Then, the detailed steps for performing data-to-atlas mapping and atlas-
to-data mapping are specified by using this algorithm. Next, the use of this algorithm
to perform the Talairach proportional grid system transformation is discussed. In
particular, the algorithms for the automatic identification of the landmarks required
for the Talairach transformation are formulated for each orthogonal orientation: axial,

20  coronal, and sagittal.
2.1. Volumetric image to volumetric image mapping

The method of mapping a volumetric image composed of rectangular images into
another volumetric image composed of rectangular images is proposed in the present
invention. First, the mapping of the single image into another image is presented and

25  illustrated in FIG. 2. Then, the mapping in the third dimension is given and illustrated
in FIG. 3.



7 The mapping of the single rectangular image into another rectangul ar
image with, in general, a different dinension is shown in FIG 2. Image A
containi vpo@bpmwe: A is mapped into Image B with obj ect BPCHRGeI003&e poi nt
| andmar ks are defined in Inage A (Step 1). These may be sone anat om cal

| andmar ks or other characteristic points. 5 In particular, they may be the
Tal airach landmarks. In FIG 2, the |landmarks are the corners of (Object A
Then, the correspondi ng | andrar ks are defined in | mage B. Both sets of

| andmar ks carry the information about the common features in the inmages
under registration. Next, each image is subdivided into subi nages
(rectangular tiles) by drawing the lines horizontal and vertical to inage

edges and pddsinmppidy cflih strigk fBtahgulainimdgs iGiStampthay reaNgaigula; tlﬂ;)@e w1tlf1 in
correspondence he ajr of the.t abl i she or
exarrplg foIgFBWbln V&e%gre %‘F@@r‘s SROVR, i h? f“?‘?é I°8§tai%n3)9£ﬁ°t Prifges
(Step 3). ‘n[!ﬂf)gle& 1nt<§ Bha 28 RvidPsH; @&@Wsﬂﬁ) n%cflnﬂfamtlrﬂﬁrkg bl eEefine@ t'Irhdde from

lmage Ais proport|onally in two nsions Into the corres ond|ng
tile in | mage(RBep 1).rMThebé mapebe, someeazmmmbaitlendmabe oAotber thaadérmticgmintnt o

another Gol gEEet RGBS Foany darer et Praned o FLEIS on (R ot R e,

wi t hout war @bﬂﬂrstdmﬂ ecdkh® THEBT,ﬁtBb Q8r&poY@hy! T%Uﬁiaiks‘ AR AR lﬁqﬁag@h UBBH i C
image B is shown in IG 3 correspondi ng edges in third di nensions

are identi fiseld aflandmarky shuyhe informatigasaboutdapecommen Sewtiosi iddlic imagesedge

For each cagnoadspanedr Eih AT itk § 0B REg RSB ENRRRIEATIND A

| yi ng wi t hi bytdthwingdbe hﬁéﬂl‘r@ﬁﬁon&ﬂ an@baﬁﬁdl for ifee tel gexadrdypastihf frbuginthe
correspondl ng edge segnent of segnent B. In this way, the placenent of the

i mages 4P ondandmar Snﬁfép dnYext o @%P@dﬁﬂ‘é‘cé%“@énlqaﬁ}éd?aﬂfyOf tesr tilaseisknown
sets of the oSRLAS: @gp@f&?%xlr@gfé% Yind 1R ARRRIAG & MR GAML% b

performed fu tica user ervention I"as- dat a
regi strati ofmmages (Step 3). Finally, for each correspondmg pair of the tiles, each tile from Image

A is mapped proportionally in two dimensions into the corresponding tile in Image B.

In this way, the complete Image A is transformed into Image B.

15 In the third dimension, mapping of one volumetric image into another volumetric
image involves a suitable placement of the images, without warping them. The
mapping of Volumetric image A into Volumetric image B is shown in FIG. 3. The
corresponding edges in third dimensions are identified in both volumetric images.
Edge A is subdivided into edge segments and Edge B is subdivided into

20  corresponding edge segments too. For each edge segment of Edge A the images from
the Volumetric image A lying within this edge segment are placed proportionally
within the corresponding edge segment of segment B. In this way, the placement of

the images along the third dimension is done piecewise linearly.

For the known sets of the corresponding landmarks, the mapping algorithm can be

25  performed fully automatically without user intervention.
2.2.  Atlas-data registration

There are two ways of putting the images and the atlas in registration, atlas-to-data

mapping and data-to-atlas mapping. Either of the techniques according to the present



There are two ways of putting the imges and the atlas in registration,

atl as-to-data mapping and data-to-atlas mapping. Either of the techniques
accordi ngvo 02/430e3 present WO 02/ 43003 PCT/ SG0/ 00185 8 i np€nBGami1ss very
fast conpared to the known techni ques, and can be perforned in a fraction
of a second, rather than, as in known techniques, in mnutes, hours or even
days. 2.2.1. Atlas-to-data mapping 5 The_ follow ng steps are done to warp
the atlas against the data (Steps 1-8) dhd to visualize the fused
volunetric image (Step 9): 1. Identify the | andmarks on the data. 2.
ldentify the | andmarks on the atlas. 3. Tile the atlas along the atl as

| andmarks; in this way the set of rectangular atlas tiles 10 is created.
4. Sel ect amnvwedten onvarydast icbmpéired to tHeckroonr eshmguenamst cfnobe parftraneddn at he
l'i ne segnentcﬁia connecting,th t?ﬁ-left or ner gﬁth the hottom !l eft corner
can be sel eCPEYON 8T 2 EaOnd,FAther ihag, a5 g Enowy tgclnjques, 1, gupiited, IOUFS 0% eV ¢ ¢ o
the correspgaging data tile. 6. For each scaled atlas tile, place it on
the corresponding data tile edge. 15 7. ldentify the |andmarks al ong the
edges in the third dinension for both atlas and data 8. Place the warped
atl as i mageg-pl-eddliisderdriateapping wi t hin the (volunetric) data. 9. Blend the
regi stered inages interactively; if they do not overlap, take the closest

atlas i npge - 2. ta-to- i T | @wi r.e,_done
to warp heTéIlg& 8ﬂ%§§%nsst&t ‘ﬂ% dg ?téés z&%éé epséltTagJ’nggIa glﬁgﬁ{eog%{egtﬁg% ?}z%é a@ﬁietof used
vol unetri c ivisagkze(tBé e yoluBU2indh3e SepPOY./ SG00/ 00185

1. Identify the landmarks on the data.

2. Identify the landmarks on the atlas.

3. Tile the atlas along the atlas landmarks; in this way the set of rectangular atlas tiles

10  iscreated.

4. Select an edge on the tile for tile correspondence; for instance, the line segment

connecting the top-left corner with the bottom-left corner can be selected.
5. For each atlas tile, scale it proportionally to fit to the corresponding data tile.
6. For each scaled atlas tile, place it on the corresponding data tile edge.

15 7. Identify the landmarks along the edges in the third dimension for both atlas and
data

8. Place the warped atlas images piecewise linearly within the (volumetric) data.

9. Blend the registered images interactively; if they do not ovérlap, take the closest

atlas image.
20 2.2.2. Data-to-atlas mapping

The following steps are done to warp the data against the atlas (Steps 1-8) and to

visualize the fused volumetric image (Step 9):



9 1. ldentify the landmarks on the atlas. 2. Identify the | andmarks on the
data. 3. Tile the data along the data | andmarks; in this way the set of
rectangulved ozlatoes tiles is created. 5 4. Select an edge obPCT/ReE0wolEs f or
tile correspondence; for instance, the |ine segnent connecting the
top-left corner with the bottomleft corner can be selected. 5. For each
data tile, scale it proportionally to fit to the corresponding atlas tile.
6. For each scaled data tile, place it oh the corresponding atlas tile
edge. 7. ldentify the |Iandmarks along the edges in the third di nension for
both data and 10 atlas. 8. Place the warped data i nages piecew se linearly
within the (volunetric) atlas. 9. Blend the registered inmages

i nt er act i vellyldenfifyttheJandmaristonghertlaap, take the closest data inmage. 2.3.
Automatic identification of the Talairach | andmarks 15 The mappi ng net hod

is particular I. rtant en the | andmarks are the Tal airach | andmarKks.
Ve define aint(%%ﬁégﬁgﬁangaﬁ\flg}ﬁneth? 8"lltfil‘ndmar ks, so called Tal ai rach- Now nski
| andmar ks, which are suitable for the mapping algorithmillustrated in FIG

2 and FI G 3, THetheldaesohdme Marakendnmeid; o M daf et eoBhadarmtdwods {or
their identification provided that the inages are parallel or

per pendi cul &¢a¢d- t he reference 20 planes, it nmeans the midsagittal plane
and/or the intercomm ssural (AC-PC) plane. Qherw se, any public domain

al gorithg far ] j § i : ' Li.tal - and
t he data ha\%é S%fc%abéergfgggéo%rg%{é ngfél%)% g‘??\éﬁ’gﬁ‘f#héé fg’% frgeglrt\@ggl tg%gﬂgg %gxﬁ%ﬁt? mages
(and conseguemtdcting the tbpdeft carnerofitl the bottonbrteftkceiner camnipd selasteidh t he '
radi ol ogi cal convention: WO 02/43003 PCT/ SG00/ 00185 10

5. For each data tile, scale it proportionally to fit to the corresponding atlas tile.
6. For each scaled data tile, place it on the corresponding atlas tile edge.

7. Identify the landmarks along the edges in the third dimension for both data and
10 atlas.

8. Place the warped data images piecewise linearly within the (volumetric) atlas.

9. Blend the registered images interactively; if they do not overlap, take the closest

data image.
2.3. Automatic identification of the Talairach landmarks

15 The mapping method is particularly important when the landmarks are the Talairach
landmarks. We define a new set of equivalent landmarks, so called Talairach-
Nowinski landmarks, which are suitable for the mapping algorithm illustrated in FIG.
2 and FIG. 3. For these landmarks, we formulate an automated method for their
identification provided that the images are parallel or perpendicular to the reference

20  planes, it means the midsagittal plane and/or the intercommissural (AC-PC) plane.
Otherwise, any public domain algorithm for the identification of the midsagittal plane

can be used and the data have to be reformatted accordingly.

The orientations of the images (and consequently the location of the landmarks)

comply with the radiological convention:



- on axial inmages, the nose points to the top and the left hem sphere is on
the right hand side - on coronal inages, the left hem sphere is on the

ri ght hamdost/e®o3 - on sagittal inmages, the nose points toPCHeGHEdss 5

Tal ai rach | andmar ks The Tal ai rach | andmarks (T | andrmarks) are defined as
follows: AC - the anterior conm ssure; as the anterior conmssure is a

t hree-di nensional structure, the AC point landmark is defined as the
intersection of the horizontal |ine paéQing t hrough t he superior edge of
the anterior conm ssure and the vertical Iine 10 passing through the
posterior edge of the anterior conmm ssure PC - the posterior conm ssure; as
the posterior comm ssure is a three-dinensional structure, the PC point

| andmar k i s- defaxisddmagest He nost gosesta te wp anlehdofi bonispliert isnen thradghtng
through the_inferior edge of the posterior comm ssure and the vertical line
passi ng thrB?J‘b‘iFlil%e anterior edge of the posterior comm ssure 15 L - the
nost | ateral point of the parietotenporal cortex for the |eft hem sphere R
- the nost L ghesmhaligiapts, e eRPecRApheleqds 6ABR BNt BMd g fOr the right

hem sphere A - the nost anterior point of the frontal cortex P - the nost
posterior point of the occipital cortex S- the highest, nost superior (nost
dorsal ) poi nené&fgititldmeggs, thegiosepeintsito tirpleft. - the [owest, nost inferior

(most ventral) point of the tenporal cortex. New set of |andmarks WO

02/ 430035 PCH,00{ 2083k 11 I n order to increase efficiency, we introduce
in the present 1nvention a new, equivalent set of |andmarks called

Tal ai rach- Nowi nski | andmarks (T-N | andnmarks). These | andmarks are defi ned
in a nore cdhsflalavach/ Bndmyrks (& hartdnerks)iagg dedined as folloash | andnar ks. They are
easier to identify, facilitate perform ng the mapping as descri bed

AC — the anterior commissure; as the anterior commissure is a three-dimensional
structure, the AC point landmark is defined as the intersection of the horizontal line
passing through the superior edge of the anterior commissure and the vertical line

10  passing through the posterior edge of the anterior commissure

PC — the posterior commissure; as the posterior commissure is a three-dimensional
structure, the PC point landmark is defined as the intersection of the horizontal line
passing through the inferior edge of the posterior commissure and the vertical line

" passing through the anterior edge of the posterior commissure

15 L-—  the most lateral point of the parietotemporal cortex for the left hemisphere
R - the most lateral point of the parietotemporal cortex for the right hemisphere
A —  the most anterior point of the frontal cortex
P—  the most posterior point of the occipital cortex
S—  the highest, most superior (most dorsal) point of the parietal cortex

20 I-  the lowest, most inferior (most ventral) point of the temporal cortex.

New set of landmarks



5in FIG 2 and FIG 3, and can still be used to performthe Tal airach
transformation. The T-N | andmarks are shown in FIG 4 and are defined as
fol | ows. W@o02/430h® anteri or conm ssure defined as the centPp@l/sgai/owsythe
gravity center) of the intersection of the anterior comm ssure with the
m dsagittal (interhem spheric) plane PC - the posterior comm ssure defined
as the central point (the gravity center) of 10 the intersection of the
posterior commssure with the mdsaglttél pl ane L - the point of
intersection of three planes: the AC-PC (intercomm ssural) axial plane,

t he coronal plane passing through the PC, and the sagittal plane passing
through the nost |ateral point of -the parietotenporal cortex for the left
heni sphere R -ortlére tq)dhcpreasmf effivieaacg.estel dmragiicd hnethe pp@eas : invérsioACa P2vaxi al

| th h .PC, tt |
bacsi g t hr GUURAEMeshg RaititachE FaelCratetrash Noni i dr e b bRL RSk, For
the right hgmesPRgABarks ard BEiRRai iRta Sbre wrﬁfr%%'@e[}' @hin Y %glﬁlllaﬁﬁ&rachhe

AC-PC axial plane, the mdsagittal plane, and thé coronal plane passing
t hr ough t he landsrarsnilBey ate q@cmento 1d¢nttﬂnéamﬂ1m¢npeﬂfomnmgéwIﬂ@pmgastdescrﬂmdnt of

ol ane. - ahd ThEIGof BGFTH Rrbpeatllghd el dberRir A ThRGee ko tahee. of

t he occi pita1heq0Nt1;mﬁn&rkmesﬁ@mmnplfG.iwnaras@@éﬂlﬁa_a@folrow&ee planes: the
coronal plane passing through the PC the mdsagittal plane, and the axial

pl ane passing through the highest, npbst 25 superior (nost dorsal) point of
At £

the parietaAor E@W‘G?PWYP@IS@GFWWal noin (the graeity,egniar) of
i ntersecti Oyt seét Beo‘?t chHl%ngﬁ%'fé)ﬂﬁi‘n tl@ Iﬁﬂﬁa ﬂ?&hélﬂfsgﬁé}ﬂ éﬁ‘ﬁe AC,

the mdsagitta ane, e axl a ane paSS| rou west, nost
inferior (nost ventral) p0| nt of the terrporal cortex The al gorlthmfor t he
aut omati c i ®éhti fthecpostariorantohissife Nefimuldasathie sceatrgd| miint (the gravity center) of

10  the intersection of the posterior commissure with the midsagittal plane

L—  the point of intersection of three planes: the AC-PC (intercommissural) axial
plane, the coronal plane passing through the PC, and the sagittal plane passing
through the most lateral point of the parietotemporal cortex for the left hemisphere

R - the point of intersection of three planes: the AC-PC axial plane, the coronal
16 plane passing through the PC, and the sagittal plane passing through the most lateral

point of the parietotemporal cortex for the right hemisphere

A— the point of intersection of three planes: the AC-PC axial plane, the
midsagittal plane, and the coronal plane passing through the most anterior point of the

frontal cortex

20 P-  the point of intersection of three planes: the AC-PC axial plane; the
midsagittal plane, and the coronal plane passing through the most posterior point of

the occipital cortex

S~ the point of intersection of three planes: the coronal plane passing through the
PC, the midsagittal plane, and the axial plane passing through the highest, most

25  superior (most dorsal) point of the parietal cortex



5 anat om cal know edge and i mage know edge. One source of image know edge
is histogram W describe bel ow two common operations, histogranm ng and
peak idevobt/imesion, followed by the description of the BCTSGHINSES

H stogramm ng The algorithnms fornul ated bel ow require information about
the distribution of brain 10 structures. A standard operation known as

hi stogramm ng is used for this purpose. The brain is nodeled as a m xture
of four classes, white matter (WM, greﬂzmatter (G, cerebro-spinal fluid
(CSF) and background (B). Each class has its characteristic bell-shape
curve on the histogram The bells are separated by the valleys. The | owest
points in two valleys surrounding the bell of a given class define 15 the
range of i nfensi thegwistoofrieepeniiomgf theeetfhares cthasstonslegakd fassibg tiReagh the

identificati Anot her .c n opergtion used in the algarithnos belowis the
dent 11 cat Aon & TAspgln BARmRBo Nt FU) Biode SHRURE STBTg] (e BrEe Hothe
model i ng of jABgoMBRIt TERaBTIMFthetemBb@l Borft! UCt ure of a given class is

I I

illustrated in FIG 6a. The ideal nodel of a class 20 assunmes honobgeneity
of intensity so any profile, calculated as the intersection of the

structure byha tlgpetheedeerthe nHematihadensiispion Tife thee dl-Npdafdmagksdiekploits from

the thepretjcal. be e aof. noise, partial volunme effect, nagt.ideal
posi ti onlgngta{ézﬁo?lhcép?(lnﬁ‘évgeggg\j atnﬁ 1rmeréi %3%%0“{?60 & h@nF ePerE n%t‘eamb?%nlg’so. q?‘?‘%er Bf or e,
the al gori t higograke Wl diesdrivaabelow Neokédigmag apatitions dhisto PRAGATAA Sand T peakr eal
and ideal peaks are shown in FIG,  6a. 25 The peak can be convex, see FIG
6a, or concideatifisation-fafowsd bypthe desaaptioneef thealgprithaiss uct ure on a T1-wei ght ed
magneti c resonance inmaging (MRlI) image or PD (proton WO 02/ 43003
PCT/ S&0/ 00383, x%ﬁﬁnﬂﬁ sity) MRl image has a convex peak, while a WM
structure on a % -\A/elght ed MRI image has a concave peak. In order to
identify a peak, either convex or concave, any standard edge detection

The algorithms formulated below require information about the distribution of brain

10  structures. A standard operation known as histogramming is used for this purpose.
The brain is modeled as a mixture of four classes, white matter (WM), grey matter
(GM), cerebro-spinal fluid (CSF) and background (B). Each class has its
characteristic bell-shape curve on the histogram. The bells are separated by the
valleys. The lowest points in two valleys surrounding the bell of a given class define

16  the range of intensities corresponding to this class, see FIG. 5.
Peak identification

Another common operation used in the algorithms below is the identification of a
peak corresponding to a structure of interest. The modeling of the peak representing a
brain structure of a given class is illustrated in FIG. 6a. The ideal model of a class
20  assumes homogeneity of intensity so any profile, calculated as the intersection of the
structure by a line segment, has a bar shape. The real profile differs from the
theoretical one because of noise, partial volume effect, not ideal positioning of the
image with respect to the reference planes. Therefore, the algorithms take additional

checking against real phenomena. The real and ideal peaks are shown in FIG. 6a.

25  The peak can be convex, see FIG. 6a, or concave, see FIG. 6b. For instance, a WM

structure on a T1-weighted magnetic resonance imaging (MRI) image or PD (proton



met hod can be used, in particular the calculation of zero crossing of the
second 5 derivative. This calculation is perfornmed for the increasing
(start povavl)4znsl decreasing (end point) slope of the peaRCT/acod/doligsst rat ed
in FIG 6a. The location of the nodeled structure is taken as the
arithnmetical average (the nean value) of the start and end points. Bel ow,
the algorithnms for the automatic identification of the T-N | andmarks are

10 described in detail for axial, corondB, and sagittal orientations.

2.3.1. Axial orientation 2.3.1.1. Non-rotated axial inmages First, the case
is considered when the inmages are not rotated, i.e., the ACCPCline is
vertical. The AGC-PC image is given (selected by the user), and its anatony
in the 15 degditghMRinhaigaihaga theveAGealgoviiRie 4 WM Boustuieond B2-whightéd MRIt he
vertical (anterior posterior) projection of the image, the | ateral position
of the AC- PERRFIRASEALONGERASAL-ed at the location of the |owest point in the
central valley (resulting fromthe highest anount of cerebro-spinal

fluid), Fl Gy oRier W88edifip\pkNEith &oftfeXbr boRBvANS Qandi0s E@g(é Qét&aiotnhe
ideal intensity plot should be as in FIG 7c. Know ng the peaks an 20

t heir or der method sampbe sisbdleint partidelat tieycaltdatid afidefCeroFsing tofichs eseemmided

AC- PC i npge,, the. bel.qw al gorithm.identifies.the T-N | andmark .

aut onat i tal flﬁrlYaﬁthe ?)I‘fagwlﬂ]émstlseﬁ) ﬁtofl.lecgpff’f otﬁﬁl P’S‘;fea@l)‘?grg%?‘?tﬂ‘}’én%raﬁdn from
the AC CP i de@easidgs@nf Qoirthabpeadiyths Hhadld ak dluseRRl 3 FeBS6a. THe loRAGok 89N
grow ng conbi ned wi th norphol ogi cal operations. This 25 step is not
manadat or y, mdeledtstiugiaire is tekes as the ithoeterd mvergge fthe anepncesiud) mirtbe starthe WO
02/ 43003 P%égpcpé(())l 185 14 accuracy of landmark identification. The
extracted brain’i reated as the new AC-PC inmage, and the subsequent
operations are applied to this image. 2. Calcul ate the hi stogram of the

AC- PC i mage Beiwv,i the ndlgdrythirsefor rthe nsionyaticajdgetifidation of the T-N landmarks are

10  described in detail for axial, coronal, and sagittal orientations.
2.3.1. Axial orientation
2.3.1.1. Non-rotated axial images

First, the case is considered when the images are not rotated, i.e., the AC-PC line is

vertical. The AC-PC image is given (selected by the user), and its anatomy in the
16  region containing the AC and PC in shown in FIG. 7a. From the vertical (anterior-

posterior) projection of the image, the lateral position of the AC-PC line is identified

at the location of the lowest point in the central valley (resulting from the highest

amount of cerebro-spinal fluid), FIG. 7b. When traversing the AC-PC line antero-

posteriory, the ideal intensity plot should be as in FIG. 7c. Knowing the peaks and
20  their order, it is possible to identify the AC and PC.

For the selected AC-PC image, the below algorithm identifies the T-N landmarks

automatically in the following steps.

1. Optionally, extract the brain from the AC-CP image. Use for that any standard
operations, such as region growing combined with morphological operations. This

25  step is not manadatory, but it facilitates the subsequent steps and can improve the



the cerebro-spinal fluid (CSF), grey matter (G, white matter (WM and
background 5 (B) as shown in FIG 5. 3. Calculate the vertical

(ant er o- po@0H#3003 ) ort hogonal projection of the AC PC i maper/sGlh@ishape of
this projectionis as in FIG 7b. 4. ldentify the valleys on this
projection. The |owernost point of the central valley defines the |ateral
position of the AC-PC line. The |owernpbst point of the left external 10
val l ey defines the sagittal extent of tAé& right |andmark (R). The | ower nost
point of the right external valley defines the sagittal extent of the left
| andmark (L). In case when the brain is extracted fromthe AC PC inage,
the external peaks/valleys do not exist. Then, the left and right sl opes

of the proj emjira]tly ofdéndneark idensifigationl T tetfdcseddbrainhie tieart As thednevwCAlCERE At €
the intensit pro | e a%ﬁlongthe AC-PC line, In the ideal case, this profile
15 shoul d | thegu e@eﬁépe%@sraéﬁﬂpﬁiﬁeéﬁﬂhés Wiaers fromthe ideal one
because of n0| se partial volume effect, not ideal positioning of the

i mage, and poggichlag MEaiiflog Iﬁﬁl%ﬂ e 'A°C e Hgg\éﬁﬂiﬁerﬁl ﬁleoirh%fnkﬁ}ﬁra'xfgé% Tove

direction of traversing can be used suc starti anteri-or

towar ds t hethﬂccerabro—slalhel fihé (@‘SE[)pgretyUnaﬁco (@M)hwhwmmbﬂ (Wikl) agZDbadgromntl and
nove towards,{ he, AC. g tify the first WM peak fromtop (anterior) along
the AC- PC. PRV iy g(g éas the AC peak. 7. For the identified AC peak,
find its start and end points. Any nethod can be used for this purpose. In

par ticul ar, 3t Qglcalateahe kogishin@ntefo-pdreerioerorib @il praettich ¢fafe RE-PESRlage. SEC
FIG 6. 25 8. As the AC Ian(r:I(mark Ig)take t he r%ganﬁ\fg}eue of the start and end

poi nts of tﬁéeslaa@ér@fthlsémmowaq&ln\ﬁiﬁo’ﬁq 43003 PCT/ SG00/ 00185 15 9. Move
posteriorly along the AC-PC line and identify another WM peak, see FIG

7c. Take thisReaK 43 JaNeydon RE&Srojection. The lowermost point of the central valley

defines the lateral position of the AC-PC line. The lowermost point of the left external
10  valley defines the sagittal extent of the right landmark (R). The lowermost point of the
right external valley defines the sagittal extent of the left landmark (L). In case when
the brain is extracted from the AC-PC image, the external peaks/valleys do not exist.

Then, the left and right slopes of the projection define the sagital extents of the brain.

5. Calculate the intensity profile along the AC-PC line. In the ideal case, this profile
15 should look like in FIG. 7c. The real profile differs from the ideal one because of
noise, partial volume effect, not ideal positioning of the image, and possible brain

scoliosis.

6. Traverse this profile. Any direction of traversing can be used, such as starting
anteriorly and move towards the AC, or take the midpoint along the AC-PC line

20  segment and move towards the AC. Identify the first WM peak from top (anterior)
along the AC-PC. Take this peak as the AC peak.

7. For the identified AC peak, find its start and end points. Any method can be used

for this purpose. In particular, the zero crossing of the second derivative can be used,
see FIG. 6.

25 8. As the AC landmark, take the mean value of the start and end points of the
identified AC peak.



10. For the identified PC peak, find its start and end points. Any nethod
can be used for this purpose. In particular, the zero crossing of the
second deavovzsiove can be used, 5 see FIG 6. 11. As the RCriaoivask, take
t he mean value of the start and end points of the identified PC peak. 12.
For the given sagittal positions of the L and R | andmarks, calculate their
t hree- di nensional positions based on their definitions fron1FIG. 4. 10 13.
Cal cul ate the horizontal (right-left hedPsphere or left-right inmage)

ort hogonal projection of the AC-PC i mage. The shape of this projection is
as in FIG 7d. 14. For the cal cul ated horizontal projection, identify the
| oner nost points of the extrene valleys and take them as the coronal
extents of Vh¥Movetpsietdrly Alongnte PoGPEr limy and fpntifyraioarek SYMspenkFhds FIGI. 1 n
case when the brain is extLa ed fron1the AC-PC 15 image, the externa
peaks/ val | ey$ ey pesk asithe ak.the left and right slopes of the
projection define the antero- posterior extents of the brain. 15. For the

gi ven corongp, F‘d&ttﬁé‘ﬁc&nﬂﬁe& P@ fRaRhditd a4 RRA KSd Sf'fﬁsc ztrﬁetﬁﬁlﬁbz{n bdaga-

di mensi onal "positions based on their deflnltlons from 16. Pl ace at
t he PC t hat fatthspurprsenial paptiealar, thetrerhcrpssiaeef thhsewgt dehiwatR€ canrvd usedl e it
20 linearly t jt. to the R L distance. The dorsal extrene of the atlas
pl ate de inéioli “axial extent of the superior (S) |andnmark. Place at the
AC that atlas coronal plate, which passes through the AC, and scale it

linearly toifij Astthe tHE® liddmatlk, SR €le mEAE valRndf ee it ra@deenafl pdife &t thes
plate defines the axial extent of the inferior (1) landmark. 17. For the

gi ven axi al 1@@@@%@8 Carakhe S and | |andmarks, calculate their three- 25
di mensi onal p05|t|ons based on their definitions fromFIG 4. WO 02/43003

PCT/ S0/ 0031%5 | eFdile té&ght{a? bsifl&iso dftthPGL %H@Relaﬁhﬁ%éstgﬂ}ﬁ&;é é}téé?r Bfce-

ext ended wi Fi%ha | ng an ine tuning capa
dimensional positions based on their definitions from FIG. 4.

10  13. Calculate the horizontal (right-left hemisphere or left-right image) orthogonal
projection of the AC-PC image. The shape of this projection is as in FIG. 7d.

14. For the calculated horizontal projection, identify the lowermost points of the
extreme valleys and take them as the coronal extents of the anterior (A) and posterior
(P) landmarks, see FIG. 7d. In case when the brain is extracted from the AC-PC
15  image, the external peaks/valleys do not exist. Then, the left and right slopes of the

projection define the antero-posterior extents of the brain.

15. For the given coronal extents of the A and P landmarks, calculate their three-

dimensional positions based on their definitions from FIG. 4.

16. Place at the PC that atlas coronal plate, which passes through the PC, and scale it
20  linearly to fit to the R-L distance. The dorsal extreme of the atlas plate defines the
axial extent of the superior (S) landmark. Place at the AC that atlas coronal plate,
which passes through the AC, and scale it linearly to fit to the R-L distance. The

ventral extreme of the atlas plate defines the axial extent of the inferior (I) landmark.

17. For the given axial extents of the S and I landmarks, calculate their three-

25  dimensional positions based on their definitions from FIG. 4.



- Step 4: position of the AC-PC |ine can be enhanced by going to the third
ventricle (V3), calculating the horizontal profile, identifying the CSF
peak; calvwobzsiony its 5 center, and placing there the ACCCOSGIV@®185Thi s
enhancement nmay be inportant in brain scoliosis - Step 8: when cal cul ating
the AC, while traversing fromthe third ventricle towards the AC, if the
end point of the AC peak is nore than 3 m"napart fromthe start point,

take as the AC the start point plus 1.5%m (the average diameter of the AC
is 3 mm) 10 - Step 9: position of the PC can be restricted be inposing a
search Iimt ranging, for instance, (17 mm 35 mM) starting fromthe AC -
Step 11: when calculating the PC, while traversing fromthe third ventricle
towards thé& oP(E\,e redl datwetherabopoalgbdrithin hdveo BE ek@nd@t with hdditidnaleheykatd arfd om
the start p t ake Eﬁ the PC the start point plus 1 nm(the average

di amet er of e‘“}i‘@gf’%’a + 15 - Step 14: if there are two extrene valleys
for the P | andmark, take the second valley (as the first valley is between

the scal p andgu. apdmtc;neaf)thé mﬁ@ 1tﬂe0&m b%oéfﬁlaﬁée‘aﬁ%' ke P@tteqhirmv%%ctfor

instance, there is not need to calculate the co hori zont al
proj ection (¥Bkpcalaiatingt the almoriznhtal nneofﬁlﬁmcteadf}mg ghes OSFppedkorglculaging AG PC

line (for instance d C i.de of the AC-P l.i ne This 20
oper at i orﬁ addieh c?ﬁglrfq?y%glﬁr?m% %((ﬁgce@é sﬁ\}saFmerB?ml e P& s‘fnpo%‘ﬁli’t

7d). Si m | ampkain scdlfogiscentral part of the proj ection can be ski pped. For

i nstance, the part between the AC and PC may be omtted. In order to
enhance the gccurac identification of the L, A and P |andmarks in
three di nensictess: K@l palewating t@t%%sWh&%trB@rap@fm@a theothird evepimigipetowagdsng

outsi de the eZECAﬁ;' then Oﬁt of tH? %Qf é\%qﬁ% ﬁ%dre hpe 4 n@a@ﬂé&%@étaxﬁ gomt,

ant er o- posterlor proj ec rain vo i mage

cal cul at ed, tawdstlitcA€abe sthalpolix pRBLISS min (theateragedliindher &I&hélAQD@ 3 mm)

PCT/ S®00/ 00185 17 | andmarks and the axial extents of the S and | |andmarks
can be ?8 tai ré%ep értg)orgllt}o% of the PC can be restricted be imposing a search limit ranging, for

instance, (17 mm, 35 mm) starting from the AC

- Step 11: when calculating the PC, while traversing from the third ventricle towards
the PC, if the end point of the PC is more than 2 mm apart from the start point, take as
the PC the start point plus 1 mm (the average diameter of the PC is 2 mm)

156 - Step 14: if there are two extreme valleys for the P landmark, take the second valley

(as the first valley is between the scalp and dura matter)

In addition, some steps may be optimized. For instance, there is not need to calculate
the complete horizontal projection (Step 13). It can only be limited to a strip along the
AC-PC line (for instance 10 pixels wide on each side of the AC-PC line). This

20  operation additionally amplifies the peaks/valleys of interest. (in FIG. 7d). Similarly,
the central part of the projection can be skipped. For instance, the part between the
AC and PC may be omitted.

In order to enhance the accuracy of identification of the R, L, A, and P landmarks in
three dimensions, the relevant steps can be applied to the images lying outside the
25 AC-PC image. In particular, the two-dimensional antero-posterior projection of the

whole brain volume image can be calculated, and the sagittal extents of the L and R



projection. Simlarly, by calculating the two-dinmensional |eft-right
projection of the whole brain volunetric inage, the coronal extents of the
A and P Iveodreoks are obtained fromthis projection. 5 2PGI/$GR/00RER at ed
axi al images When the AC-PC inmage is rotated with respect to the AC PC
line, the rotation angle has to be defined and the data i mages have to be
rotated, such that the ACPCline is vertical (and then the algorithm
formulated in section 2.3.1.1 for the ndf-rotated case can be directly
applied). The rotation angle can be obtained by analyzing the 10 ort hogonal
projections of the AC-PC i mage and by selecting the one with the deepest
central valley (for Tl-weighted inmages), as it contains the nost CSF. The
rotati on atmidemarls arl thalaatabdx@ntsarfeahé Sadrdyl jandmings foah lbewibiyineslt £9&. thik.

Cal cul ate the ortho 0 rojections of the AC- PC ge by taking the

proj ect i ons PrIFgHeN, ﬁ’il‘iaéhpé’ﬁgqa “iﬁ“é‘ﬁ thg Gyod Hg?%ﬂfﬂf‘él @bﬁ‘ ghioprejeefiiesl theys 2.
Sel ect the RARIEBLAPRSIUMLNC l?('na%@dcﬂ'%] c8§ﬁ5§ k(8RS Jrelt rz@lanfiai}' llﬁbﬂ}naﬂ?‘s IF rom

t hese projections select one w eepest central | ey, see é 8.
4. Gener at e obpinedgram 8t projestiof. t he AC- PC i mage around the prolectlon
selected in step 3 mﬁth a finer angle step in the range of the given angle
step. For i range of 5 degrees around the projection

sel ect edél naétggcgma gxw ?’gr%ge 20 projections are generated with 1
degree finer angle step. 5. Find the projection with the deepest valley.
The angl e cavmsme mcCJF@ Magte hé fotatpd Wlﬁh%h}f&t Wi the AP CVIge, it}faaﬂotdnioﬁeangleves

the rotation an | magi ng nodal ity dependence WO 02/ 4300
PCT/ SG00/ 00assto GBdefH@d &Péé’éfn@?é%l Haﬁgjé MRV bfatotﬁlt@%tmh that the Alpdkeline is

formul ati On’velltﬁal' 't}{ég tﬂpﬁlg!oh{ Urrr e %gﬂlt sect-[&? %haP tﬂé n&b?otﬁr %chs%t i ons

and profiles, as t er o truc ure classes 1n
hi st ogr am deaxerhd: dmed:tlyeappﬂckdb.l The ustation Hmpy @tn By obtained by analyzing the

10 orthogonal projections of the AC-PC image and by selecting the one with the deepest

central valley (for T1-weighted images), as it contains the most CSF. The rotation

angle is calculated automatically in the following steps.

1. Calculate the orthogonal projections of the AC-PC image by taking the projections

with a given angle step (for instance every 5 degrees).
15 2. Select the projections with bi-modal peaks (one central valley).
3. From these projections select one with the deepest central valley, see FIG. 8.

4. Generate more projections of the AC-PC image around the projection selected in
step 3 with a finer angle step in the range of the given angle step. For instance, in the
range of +/- 5 degrees around the projection selected in Step 3, the new image

20  projections are generated with 1 degree finer angle step.

5. Find the projection with the deepest valley. The angle corresponding to this

projection with the vertical line gives the rotation angle.

2.3.1.3. Imaging modality dependence



understanding its principle, it is straightforward to adapt it to any
nodality. For 5 instance, the steps presented above work correctly for the
i mages wiwa@h2/4vensities of CSF, GM WM structures are iPCT/8asi/ogss | i ke
for Tl-weighted and PD MRl inmages (and this will be probably the nost
common case). In case of T2-weighted inmages, the order is opposite, it
nmeans CSF is the nost intensive. FIG 9 shows the vertical projection of
the T2-wei ghted i nage corresponding to Opying in the sane position as) 10
the image in FIG 7a. The principle of the algorithmrenains the sane.
However, the central and external valleys (representing CSF in T1-weighted
i mges) should be replaced by the central and external peaks (representing
CSF i n T2- wihghirestniedagjgsiithm, ca ripast én Fh&abdie dovchulidtion, % iBkging anddality-he

convex peaks, in Fl 7c.shoul d be replaced b he congcave_ peaks (as
di scussed i ﬁemné?mea)fhe fg_a%SBC.’f_czt‘.h_e ABPI5H qnsoqq%epf)é’g-kqsoﬁs 288, the ‘Ng‘?f- ‘P&hﬁt ed
coronal i mag@§enlieecldSRE indeat hfstag%arﬁn%geﬁa Qelhd mﬁn@ﬁtg%dew%@&&w iyt he AC

and another one passing throughthe The anat ony I mage i s
shown i n FI @Gndergtandingidtst prncipler iteispurathttprwhrdt toahdapt it e adyC madaliiyc afforl i ne

is drawn.in.FlG b., The st are as, 20 follows.. 1. ionall extract
Lhe brai B { FBHTERAGSER ProSaRbyoay st st B on R impersbpishRendinsplas

regi on gr oW(ORF, OMPWM Gttt fulesiiRé RERHC Bke GRET RiveRihed il BD MRP ih8gddOt
manadatory, but it facilitates the subsequent steps and nmay inprove the
accuracy of (andghigrratibeiraelbablyf the maspeommps cesed-lacesedii2aivpightsd imagasetheas t he

new AC i mag . 25 e ng i .are ied tq this i,mge.
V0 021 43003 SHETISaBBT Y5 B o5 BSR BRaRY PR R PR Bt Lifitige “and
i dentify therdjedtiensiftiye Y2Iwmghtédimideecorresonling-t6 iyl inf thelissiné 6&ion a)ey
matter gcmo, white matter gymo and background (B) .as shown in FIG 5.
0 7 the image in FIG. 7a. The principle of the algorithm remains the same. However, the

central and external valleys (representing CSF in T1-weighted images) should be

replaced by the central and external peaks (representing CSF in T2-weighted images),

compare FIG. 7b and FIG. 9. Similarly, the convex peaks in FIG. 7c¢ should be

replaced by the concave peaks (as discussed in FIG. 6).
15 2.3.2. Coronal orientation
2.3.2.1. Non-rotated coronal images

The user identifies one coronal image passing through the AC and another one

passing through the PC. The anatomy of the AC image is shown in FIG. 10a, and the

corresponding plot along the AC vertical line is drawn in FIG. 10b. The steps are as
20  follows.

1. Optionally, extract the brain from the data. Use for that any standard operations,
such as region growing combined with morphological operations. This step is not
manadatory, but it facilitates the subsequent steps and may improve the accuracy of
landmark identification. The extracted brain is treated as the new AC image, aﬁd the

25  subsequent operations are applied to this image.



3. Calculate the conplete vertical (dorso-ventral) orthogonal projection of
the AC 5 inage. The shape of this projectionis simlar to that in FIG
7b. 1f twmeoozhwud ated projection of the AC i mage subst anPCERGY/@is$s er s
fromthe nodel projection FIG 7b, the ventral (bottonm) part of the inmge
containing the neck has to be cropped to limt the ACinage to the brain
only. 4. ldentify the central valley on1%his projection. The | ower nost
point of the central 10 valley defines'the position of the AC line. 5.
Calculate the intensity' profile along the ACline. In the ideal case, this
profile should |look Iike in FIG 10b. The real profile differs fromthe

i deal one because of noise, partial volune effect, not ideal positioning
of the i mgé; Cebskitpitle bistngram sdcthisoiwhage ang @entifyatherignsity salpeoford the Any

direction of Ver Sk g . e used, su s_startin sa fromthe
top) and rm\%rte%%' %géqﬁ‘ﬁ%?‘; "), B PR ms‘gﬁé%gmwﬁgﬁm ?I?doh‘%lck%ﬁ%‘ op
al ong the A®)issBowhak®IGi5.as the AC peak. 7. For the identified AC peak,

find its start and end points. Any nethod can be used for this purpose. In
particul ar, _the zFro crossi ng of the second derivative can be used, 20 see
FIG 6. 8. AsCelulatcthearemplefe, vartical (dersoveniply arthesosrl prricdioarel hadiend
points of t d dgatdphi : : 9 t : i I

(dor so- véent E}g % g(rflt hgoggﬁgfﬁg? &?@%g{t}ognmgﬁh f[i!#ef%A aﬁrlggfe(? 17‘%/'e1\rf:1(:ai ﬂé%a ?1?;11 11? tretc)lm t he
AC hor i zont gtoj¢dtior cfshs Advimage febSantilly. diffie fedmapke nfodtlhpejec@n PIG] Bt i on

is as in FI 10c. 0243003 PCT/ S@00/00185 20 10. ldentify the hjghest
poi nton ¢ hfe VPGREEOHBR) BRE o b GBS ARAIENE s T8 P BooFrophd AT cal
l'ine passi nghot A omade e bRLESAIPr (1) andmark and gives the sagittal
extent of the | [andmark.

4. Identify the central valley on this projection. The lowermost point of the central

10  valley defines the position of the AC line.

5. Calculate the intensity profile along the AC line. In the ideal case, this profile
should look like in FIG. 10b. The real profile differs from the ideal one because of
noise, partial volume effect, not ideal positioning of the image, possible brain

scoliosis.

15 6. Traverse this profile. Any direction of traversing can be used, such as starting
dorsally (from the top) and move towards the AC. Identify the second WM peak from
the top along the AC line. Take it as the AC peak.

7. For the identified AC peak, find its start and end points. Any method can be used

for this purpose. In particular, the zero crossing of the second derivative can be used,
20 seeFIG. 6.

8. As the AC landmark, take the mean value of the start and end points of the
identified AC peak.

9. Calculate a partial vertical (dorso-ventral) orthogonal projection of the AC image,
ventrally from the AC horizontal line as shown in FIG. 10a. The shape of this
25  projection is as in FIG. 10c.



11. Traverse the | line ventrally fromthe AC horizontal line and identify
the CSF 5 peak. The peak has to be w de enough (for instance, few
ml1imetav@p2smoxorrespond to the cistern (interpeduncul ReTAGaE@YS and not
to CSF between two gyri. The start point of this peak gives the axial
extent of the | landmark. The anatony on the PC image is shown in FIG 1la,
and the corresponding plot through the PCline is drawmn in FIG 1 |b. The
further steps are following. 10 12. OptPBnally, extract the brain fromthe
PC i mage. Use for that any standard operations, such as region grow ng
conbi ned wi th norphol ogi cal operations. The step is not mandatory, but it
facilitates the subsequent steps and may i nprove the accuracy of |andmark
i denti fi cat i@nderkifg tha highestqubidiroai thisi rojecad. dtca@sesptudsrte whdpoditimgef thand

t he subsequent, qperatiaqns are appl.ied t his imge.. 15 13. Cal cul ate the
hi st ogr am o?’erflﬁéq}i@ Ragsipe thipveh @’@Iﬂl epIgr mimdmaélﬁ ang givestheegeitigh extpgd of

cer ebro- spi pal fddphHx (CSF), grey matter (GM), white matter (WY and
background (B) as shown in FIG 5. 14. Calculate the vertical

(dorso-ventral ) orthogonal projection of the PCimage. The shape of this
proj ecti on L& ‘Eiawesserthe b linhatenirallyFfram tis. ACt harizenehllivelaad édenify jtlec CSEN  of

the 20 PC | subst.antial |l y.diff fromthe nodel projection Fl 7b,
the venttal p?n%gﬁl%g? A o %? v%fﬁ]’eeer}oH%gfoE gf#g&lc %ﬁﬁ’ nfuﬁlém%&gﬁ%%osuefgonéﬁo
cropped to fhendistetnh@nterpe@enculir f638), Bh@nbt ®NCSF bdfvech w0 Llyty Th1gtaMa)digys on
this projection. The | owermpst point of the central valley defines the

| at eral posPf thispegk gives tmeaxiglgatentrpfthe blgadmegt point of the left external
25 valley defines the sagittal extent of the right |andmark (R). The

| ower nost i I r [ . f1i_n i ent of
the l oft 1 hohb an@oniy6n P B! QoA WIS a"ERS W cSAbAdhe BISCL
i mge, the txtwhrtht POdaless dedwneind1Go1 HotTheXuslier stéhs B2/ f4BOWRgPCT/ SG00/ 00185

21 Then, the left and right slopes of the projection define the sagittal
ext ent 516 f E?.eolﬁtigr?aqu, extract the brain from the PC image. Use for that any standard
operations, such as region growing combined with morphological operations. The step
is not mandatory, but it facilitates the subsequent steps and may improve the accuracy
of landmark identification. The extracted brain is treated as the new PC image, and

the subsequent operations are applied to this image.

15 13. Calculate the histogram of the PC image and identify the intensity values for the
cerebro-spinal fluid (CSF), grey matter (GM), white matter (WM) and background
(B) as shown in FIG. 5.

14. Calculate the vertical (dorso-ventral) orthogonal projection of the PC image. The
shape of this projection is similar to that in FIG. 7b. If the calculated projection of the
20 PC image substantially differs from the model projection FIG. 7b, the ventral
(bottom) part of the image containing the neck has to be cropped to limit the image to

the brain only.

15. Identify the valleys on this projection. The lowermost point of the central valley
defines the lateral position of the PC line. The lowermost point of the left external
25  valley defines the sagittal extent of the right landmark (R). The lowermost point of the
right external valley defines the sagittal extent of the left landmark (L). In case when

the brain is extracted from the PC image, the external peaks/valleys do not exist.



R I andmarks. 16. Calculate the intensity profile along the PCline. In the
i deal case, this profile should look like in FIG 11 b. The real profile
di ffers fwon/tdes i deal one because of 5 noise, partial vbPCDRBO®GAECt, not
i deal positioning of the image, and possible brain scoliosis. 17. Traverse
this profile. Any direction of traversing can be used, such as starting
dorsally (fromthe top) and nove tomardg the PC. Identify the second WM
peak from the top along the AC |line Qe it as the PC peak. 10 18. For
the identified PC peak, find its start and end points. Any nethod can be
used for this purpose In particular the zero crossing of the second
derivative can be used see FIG 6. 19. As the PC | andmark, take the nean
val ue of t hgh@%»éhﬁt lefrpadaight p‘@P?ﬁt@tbﬁ projrstion defing thesagifia gxéenis ofithe bendror

t he given s Iﬁ% gxtents of the L and R landmarks (as calculated in Step
15), calcu elr three-di nensional positions based on their
definitions froanIG. 4. 21. Calculate the horizontal (left-right imge)
or t hogonal ﬂ)ﬁoﬂelctxiatmthefintehsit}Pﬁrdﬁiagkemg th2 PC-tine. t]lmetheaﬂea]lcakaadhﬂsqfrbﬂl@nt al

roj ection, t he oi nt s_.of er extreme valley and
f akje |t| as Eh fgicrofﬁ i mlg‘)ﬁﬁ gir:!amsfér de’%r8|f549aﬁ%rrwearwec%6§eu$ 20
brai n i s5 exhsme! patidlIr ARhBefRE, nBRRal b@s‘%ﬁ&i‘ihgb@ﬁg Pﬁnes t{gr é)%é’SlS&Q%&HOt

exi st. Then, the right slope of this projection superi or
(dorsal) exS%ﬂKB@f the brain. 23. For the given axial extents of the S and
| | andmar ks (as calculated in Step 11), calculate their three-dinensional

b f fromFlG. 4. 24, PC th
s o al A oshylfipr e, By ARGrgh Bt sl s P el Wuing e 4

nm above is dbﬁkpyw(frcaﬁ tlﬁehl% ﬁx@moom)wmm& P&/ 3ddndilfy ke, scédtfdl WoRbeak from
linearly to fit 02/43003 PCT/ SG00/ 00185 22 to the R-L distance. The

anterior anthederelongdie d&tlinenbakedt aythe Phipeak. pl ate define the -
10  18. For the identified PC peak, find its start and end points. Any method can be used

for this purpose. In particular, the zero crossing of the second derivative can be used,
see FIG. 6.

19. As the PC landmark, take the mean value of the start and end points of the
identified PC peak.

15 20. For the given sagittal extents of the L and R landmarks (as calculated in Step 15),

calculate their three-dimensional positions based on their definitions from FIG. 4.
21. Calculate the horizontal (left-right image) orthogonal projection of the PC image.

22, For the calculated horizontal projection, identify the lowermost points of the right
extreme valley and take it as the axial extent of the superior (S) landmark. In case the
20 . brain is extracted from the PC image, the external peak/valley does not exist. Then,

the right slope of this projection defines the superior (dorsal) extent of the brain.

23. For the given axial extents of the S and I landmarks (as calculated in Step 11),

calculate their three-dimensional positions based on their definitions from FIG. 4.

24. Place at the PC that atlas axial plate, which passes through the PC (the axial atlas

25  plate 1 mm above is taken, as the exact one is not available), and scale it linearly to fit



coronal extents of the anterior (A) and posterior (P) |andmarks. 25. For
the given coronal extents of the A and P | andmarks, calculate their three-
di mensi oved ope®di i ons based on their definitions from FI @CWSG&/dmSY he

i deal case, the orthogonal projections of the AC and PC | andmarks in
coronal direction are in the sane point, so only one of them may be

cal cul ated and placed accordingly at the counterparting inage. In order to
enhance the accuracy of identification 82 the R L, S, and | |andmarks, the
rel evant steps can be applied outside the AC and PC i nage i mages. In
particular, two- 10 dinensional horizontal and vertical projections of the
whol e brain volunme image can be calculated and the extent of the brain can
be obt ai nedtd therR-Lhdistan¢:. dheahicsios and poAetibirtdx@met bE tianalay Plge abfifditre
profiles corresponding to the central valley for all coronal images, can
lead to an SQROBELE?tXFE@t% dhe rptprden (A9 ang posteriorl) lapdmarksi n t he above
algorithm the PC inmage is selected manually by the user). The ideal
profiles oubsige te dild ESroRtlkxintdTBY tRAXCarf P ARE Witk TR Glred2O2K
corresponding to the corpus collusum Therefore, by analysing the number
of white natimgnsipsakositions hesegoofthé¢iedsfinitidre fromm§&S. 4 t h t he AC and PC can
be identified automatically by taking the inages that contain two white

matt er pgak .4.2.. Botated coronal..i ma ‘Whep ~t.he, PC i mage i

r ot at ed €\n tﬁn F%slgéea(%:tcai;eoﬁﬁ%&}ﬁéof’? rPer?Jef%%‘sr(%ﬁﬁ? %&%ﬁgpé%ﬂ DIHETO/ES | ned
and the dat diredtiRgege e s@ndBoinflsdtdlly obelof thdhdimdy e Pchihile and plfieki cal
(and then the algorithmfornulated for the non-rotated case can be
direct|y appfsoedingly attheiqountespagtingairiage- ori entation, the rotation angle can
be obtai ned by analyzing the orthogonal projections of the PC inage and
selecting t | entyal .. I f - wel ght

i mages), as hﬁgﬂggw}t%%hhgns&?ﬁgq%’g?&(gg‘é%{{'ﬁggtﬁ%{’%{@%r11€ g‘h(g f gﬁcli gﬂan@%‘c ui glged
aut omat i cal relevant sthyes danlteappligl sitsifs the\WIC @2d 28003 PER4HE0R/ Afiddar, Bd-

10  dimensional horizontal and vertical projections of the whole brain volume image can

be calculated and the extent of the brain can be obtained from these projections.

In addition, the analysis of the profiles corresponding to the central valley for all
coronal images, can lead to an automatic identification of the PC image (in the above
algorithm, the PC image is selected manually by the user). The ideal profiles outside
15 the AC and PC may have at most one white matter peak corresponding to the corpus
collusum. Therefore, by analysing the number of white matter peaks in the profiles,
the images with the AC and PC can be identified automatically by taking the images

that contain two white matter peaks.
2.3.2.2. Rotated coronal images

20 When the PC image is rotated with respect to the PC line, the rotation angle has to be
defined and the data images have to be rotated, such that the PC line is vertical (and
then the algorithm formulated for the non-rotated case can be directly applied).
Similarly to axial orientation, the rotation angle can be obtained by analyzing the
orthogonal projections of the PC image and selecting the one with the deepest central

25  wvalley (for T1-weighted images), as it contains the most CSF. The rotation angle is

calculated automatically in the following steps.



1. Calculate the orthogonal projections of the PC inmage by taking the
projections with a given angle step (for instance every 5 degrees). 2.

Sel ect t weop2/¢doexti ons with bi-nodal peaks (one central vRCT/8G)0/00385 From

t hese projections select one with the deepest central valley, see FIG 8. 5
4. Generate nore projections of the PCinmage around the projection selected
in step 3 with a finer angle step in the range of the given angl e step.
For instance, in the range of 5 degreéd around the projection selected in
Step 3, the new inmage projections are generated with 1 degree finer angle
step. 5. Find the projection with the deepest valley. The angle
corresponding to this 10 projection with the vertical |ine gives the
rotation angl €alc@la®.tBe 8rthdgumgi prgjecticial dafttlre BE imageby exkingath e pepjemidal it
dependence is.the sane f.or axial orientation, FIG 9. 2.3.3. Sagittal
orientati onaﬂSve?ﬁEgEﬁEtp% Ipgpnce ey 148EesS) ori ent ation is shown in FIG

12. For the manually identified nidsagittal inmage, the T-N | andnmarks are
cal cul at ed 2agdledRhd $djecdo@SwitiPbl-R88al phak<Phé B8Rl Yallgxt ract the brain from
the mdsagittal inage.” Use for that any standard operations, such as

regi on growi_ng conbi ned wi.th norphol ogi cal operations. This 20 step is not
mandat ory, Bukrom theggeprpjechiensselepeonsuidle thealeepest eqpérabvallepraseeiflor dve t he
accuracy of landmark identification. The extracted brain is treated as a

new m dsagit j [oREN ' I ' this

Mmoo v o) SR e baT g R RY: PRGhL BIeAER PRALLTE 051

m dsggi( tt al) withegfnaragiglecktayt inftiie mgeiolﬁtﬂemg;iivéry?xv\vg;f wep.d Fdr(ghstﬁﬂite, ﬁe%e?m;ges pi nal
ui CSF), .grey matter , ite matter, . an ackground, (B) as

shown in FI&f ¥ Y deetpsi g R@TRRFH QR Srbactedh iyt 3¢ theersw Fopetgiections

m dsagi ttal afe”@ﬁ@rateﬁrWiﬂPP%QEé AfelGABle step.

—

5. Find the projection with the deepest valley. The angle corresponding to this

10  projection with the vertical line gives the rotation angle.

2.3.2.3. Imaging modality dependence
Imaging modality dependence is the same as for axial orientation, FIG. 9.
2.3.3. Sagittal orientation

15 The anatomy for the sagittal orientation is shown in FIG. 12.

For the manually identified midsagittal image, the T-N landmarks are calculated

automatically as follows.

1. Optionally, extract the brain from the midsagittal image. Use for that any standard
operations, such as region growing combined with morphological operations. This
20  step is not mandatory, but it facilitates the subsequent steps and may improve the
accuracy of landmark identification. The extracted brain is treated as a new

midsagittal image, and the subsequent operations are applied to this image.



5 be used for that, e.g., thresholding. 4. Identify the corpus collosum
(CC on the white matter image. Any tenplate of the CC and any tenplate
mat chi ng vab goadoohm can be used. In particular, the CC tenpCus600/@ass be
taken fromthe Electronic Clinical Brain Atlas (Now nski et al, 1997), and
the maxim zation of the autocorrelation function can be used for tenplate
mat ching. 10 5. Define on the m dsagi tt%I i mage a rectangul ar boundi ng box
around the CC. Form the region of inte 8st fromthis boundi ng box by
extending it in ventral direction. In particular, take the doubl e height
of the bounding box and use it as the height of the region of interest. 6.
Cal culate the histogramin the region of interest, and get fromthis

hi st ogr am t BeCaltglateethe hisibgrameef thalmidsagittal tltmegecsﬁ identifntdhe \Miensity Eatbasact

Fornix  (Folouliecrerrorshie A Ciron At hates Gabr B rontet RO e o

the CC. Anybsschagd (B38s #wisiadIGos] dentify the Fo; in particular, the
structure with the biggest nunber of pixels can be taken as the Fo. 20 The

fornix is a s mretrical structure |ocated very close to the mdsagittal
pl ane and, xtass thewhde mafter sistires Benpihe geidsagitial imager Atwagperation e ce

whi ch i sg acgé'h%e%qpi"‘ihtap % tﬁl%ﬁfl(ﬁhﬂl thickness. If the fornix is not present

in the m dsagi Ehei ghbouring image (left or right) and
Iocatethefornlxthere 8. Find the nost ventro-anterior (bottomleft
nmost) poi nt 4oldetthfy the compusl cb]dadsant (GO @oihetwhifomatter tihagdAnyViEnp il 303

PCT/ S&00/ 00 25 9. awfr ttomleft quadrant_ wth a small
radi us, Fi g&g@d T tﬁ’alghtf‘cma ng Qﬁ%mg%ﬁ?gbec%?ﬁdb@ Rt ?foﬁheﬁp tquplatg ¢ hi s

quadrant t hgsEb@faRers SVE! ke E’l@dtfio‘?uc”@hﬁf%ﬁl BI%QH 8185 1851k RE 21958 7)Y S FR-
anterior one, calculate its center and take it a$ the new AC (discard the

previ ous AC)naxunlzatlon of the autocorrelation function can be used for template matchlng

10 5. Define on the midsagittal image a rectangular bounding box around the CC. Form
the region of interest from this bounding box by extending it in ventral direction. In
particular, take the double height of the bounding box and use it as the helght of the

region of interest.

6. Calculate the histogram in the region of interest, and get from this histogram the
15  new, enhanced values of the CSF, GM and WM.

7. Extract the white matter structures within the region of interest. Identify the fornix
(Fo) which is the biggest connected structure below the trunk of the CC. Any method
can be used to identify the Fo; in particular, the structure with the biggest number of

pixels can be taken as the Fo.

20  The fornix is a symmetrical structure located very close to the midsagittal plane and,
in most cases, it should be present in the midsagittal slice which is acquired with a
certain thickness. If the fornix is not present in the midsagittal image, take a

neighbouring image (left or right) and locate the fornix there.

8. Find the most ventro-anterior (bottom-left most) point of the Fo, and take this point
25 asthe AC.



5 11. Extract the white and grey matter structures within the region of
interest. Any operation can be used for that, e.g., thresholding. ldentify
the massavonr/@onedia (M) which is the only GM structurerei/saGimootste CC
boundi ng box, under the CC trunk. 12. ldentify the nost ventral point of
the M. 13. Draw a sem -line fromthe AC passing through the nost ventral
point of the M, 10 Fig. 12. 14. Startipng fromthis position, rotate the
sem -line clockw se around the AC, and édst a ray along this sem-1line.

15. ldentify the first WM structure encountered by the ray in a certain

di stance from the AC. In particular, the distance ranging from1l7 nmto 35
mmfromthe AC can be 15 used. 16. Calculate the center of the identified
WM st ruct ur 8. Rraev fremsghé A G botinenRd} quiadranDmatly sesthalhedjpasigntp. i patighlat,hne AC
and PC. The oi{llts of in@ersection of the cortex with this Iine define the
A | andmar k E}%{a lﬁﬁcﬁr’e}ﬁo 8@) and the P landmark (on the right side). Any
direction of traversing the AC-PC Iine can be used. 'In particular, 20 when
traversing 10iH ihithie qua®mmDthers &te,sctdral Whits mateaketots! BXBARE sndsovédid-scal p
and the follow ng slope to the cortex (when the brain is extracted from
the mi dsagi f@tgHos ¢aggealculptgdtsicprist ansdake dostheme AKi(discaad themevignope).
corresponds to the cortex). 18. Draw a line perpendicular to the AGPC |line
and passt ng ' i j rs i t W th
PR Pass NAL] NEARER A G and Moy RRADE sRicrydh %ﬁ%g%%g&rgﬁ&l( bh ek Aoy
Any di rect i operatiort canvier gieddot that,\eey. 1 thessholBiigl 1deatifiathe heasdiDidetinddROBAI)

PCT/ SO0/ 00185. .26 used n _particylar, n traversing this line from
out si de, th& thl§§‘eé€‘§kc%%?trr‘g°§‘br§ﬁﬂ§1m @&ﬁgo g)b%gngqxéﬂqéﬁt ng sl ope
to the cortex (when the brain is extracted fromthe mdsagittal imge, the
first peak UpgdefEy tieindit RAFallgdentdf @RAMEOr responds to the cortex).

13. Draw a semi-line from the AC passing through the most ventral point of the MI,
10  Fig. 12.

14. Starting from this position, rotate the semi-line clockwise around the AC, and cast

a ray along this semi-line.

15. Identify the first WM structure encountered by the ray in a certain distance from
the AC. In particular, the distance ranging from 17 mm to 35 mm from the AC can be
15  used.

16. Calculate the center of the identified WM structure and take it as the PC.

17. Draw a line passing through the AC and PC. The points of intersection of the
cortex with this line define the A landmark (on the left side) and the P landmark (on
the right side). Any direction of traversing the AC-PC line can be used. In particular,
20  when traversing this line from outside, the first peak corresponds to the scalp and the
following slope to the cortex (when the brain is extracted from the midsagittal image,

the first peak does not exist and the slope corresponds to the cortex).

18. Draw a line perpendicular to the AC-PC line and passing through the PC. The
point of intersection of the cortex with this line defines the axial extent of the S

25 landmark (on the topside). Any direction of traversing the vertical PC line can be



5 19. For the given axial extents of the S |andmark, calculate its

t hree-di nensional position based on its definition fromFIG 4. 20.
Measure Weo0843@ di st ance between the S and PC | andmar ks. PCI/SG@adoesd at e t he
axial (ventral) extent of the I landmark proportionally with respect to
the atlas. In particular, take the axial extent of the | landmark at the
(S-PC) /7443 10 distance fromthe AC Pg pl ane. 22. For the given axial
extent of the | landmark, calculate its Phr ee- di nensi onal position based
on its definition fromFIG 4. 23. Place at the PC that atlas axial plate,
whi ch passes through the PC (the atlas axial plate 1 nm above the AC PC
pl ane is taken, as the exact one is not available), and 15 scale it

| i near |y toussdt Int partipdan\-vheditstversoeg. thifnenel facre romtsidey theefiess pedk ¢driespatdsas

late defipe.th i Ltal, ext f th ft d ht (R). | andmark
04 BorShelnh 3 08) b SEhENbedf G Lidhe B s flhc b BET
their threemigapR@ABiAAD, tHOTirkti Pk RS afht QRisk %Hrthg%idp‘é' édrfuaﬁorfcrsow !ﬁteG 4.

In order to enhance the accuracy of identification of ‘the A" P, S, I
| andmar ks i BOTteX) t hr ee di mensions, the rel evant steps can be appli ed to t he
i mges |ying outside the m dsagi ttal image. In particular, the maxi mum

dorsal ext e'ﬂ? Ply {hla 1§6A ?ﬁqr%h}é{nﬁ {ég 3 %}%En%?lg cafRuded }%t t%peelcﬁm%{lﬁgga[lt he

whol e AC-PC 11 ne, St mTar wa
| andmar k caposimorsmed:bﬂdsdaﬁmhen fmglélsi} dut si de the m dsagi ttal i mge. WO
02/ 43003 PCT/ SG00/ 00185 27 The accur acy of the landmark identification in

three di nensjiqns can. b anced. b t t wo- di nensi onal hori zont al
and verti ca?b'g\ﬂﬁfis@fﬁq‘%sg@g‘#al’i‘ﬁe Wf{?’leén ﬁﬁe%j‘"ﬁl% %P fjrg‘aflﬁ‘?age and obt ai ni ng
fromthese projections the extent of the brain in axial, coronal and
sagi ttal di ppatdi@isie tRe iall(d&Rlal) éXent of the I landmark proportionally with respect to

the atlas. In particular, take the axial extent of the I landmark at the (S-PC)/74*43

10  distance from the AC-PC plane.

22. For the given axial extent of the I landmark, calculate its three-dimensional

position based on its definition from FIG. 4.

23. Place at the PC that atlas axial plate, which passes through the PC (the atlas axial
plate 1 mm above the AC-PC plane is taken, as the exact one is not available), and

15 scale it linearly to fit to the A-P distance. The lateral extremes of this atlas plate
define the sagittal extents of the left (L) and right (R) landmarks.

24. For the given sagittal extents of the L and R landmarks, calculate their three-

dimensional positions based on their definitions from FIG. 4.

In order to enhance the accuracy of identification of the A, P, S, and I landmarks in
20  three dimensions, the relevant steps can be applied to the images lying outside the
midsagittal image. In particular, the maximum dorsal extent of the S landmark can be
searched as in Step 18 along the whole AC-PC line, not only for the PC point. In a
similar way, the I landmark can be searched on the images outside the midsagittal

image.



Label ling consists of two major steps, |abel assignnent and | abel

pl acenment. Label assignnent determ nes the |abel, or labels, for the

poi nted woaridns Label placenent s the way of displayi pPQr/BsGer/doagel , or

| abel s, on the imge. Labeling can be done in two nodes, a single |abel
node and nulti-|abel node. 10 3.1. Label assignnent Label assignnment is
done in two steps. First, for a pointed data location, the corresponding
atlas location is calculated. Second, féf a given atlas location, its |abel
is determ ned. When a cursor is pl aced over the data imge, the coordi nat es
of the image |ocation are 15 read and the coordinates of the corresponding
atlas plate are cal cul ated based on the inverse registration

t ransf or mat iThe acdunaqyasfithe ldndmarlt hdeatifieationdn tthree idinerisiens kah diereabinced by

transformati For a : lven at]as.locatiagn, i.ts |apel can_he determ ned in
two ways. W ﬁulatl% F‘i"?z “Eiﬂskﬂnaicga%%?“é% ES Y@Tleééaoxef%@wa?ﬁ 315 Vhole rhigia

represent at L 8fine ithaoBh& JdbBifiaR Font fiesd grcﬁgct F%@ eLehe éfttgds' qatrédﬁq axial,

correspondence. The color read at the poi ocatl on I ndexes tHis ‘tabl e
and gi ves t berondraad shgitthledipgotionsed structure. Wien the atlas is used in
geonetric representation, the structures are available as contours (sets
of pointg). E];ebr contour has the assigned (corresponding) structure and
this ass gnPr’e? ?iglgstored in the contour-structure table. A given atlas

| ocation is 25 checked agai nst the existence of the snallest contour

cont ai ni ng Lhabalih®eadsisah of anel mMafd02épb3 Ub3] RésTInnidH0 /200 1851 pliembe [abs

contour is identified, it indexes the contour-structure table and the | abel
i s produceassignment datsenings thedakesht orriabels.aloe henppinied loatigankatich plagemerides :

Ziyzglm'ecl, a\l/)\,ﬁl e ga&d 15%15}?161% l?éjﬁalb g%?gabg-ggtgln d ?ﬁhéé%Lg ai)é’lpqgo aﬁ%edéfe in

two modes, a single label mode and multi-label mode.
10  3.1. Label assignment

Label assignment is done in two steps. First, for a pointed data location, the
corresponding atlas location is calculated. Second, for a given atlas location, its label

is determined.

When a cursor is placed over the data image, the coordinates of the image location are
15 read and the coordinates of the corresponding atlas plate are calculated based on the
inverse registration transformation. In particular, this may be the inverse Talairach

transformation.

For a given atlas location, its label can be determined in two ways. When a fully
color-coded atlas is used (the atlas in image representation), a table is constructed
20  with color-structure correspondence. The color read at the pointed location indexes

this table and gives the name of the pointed structure.

When the atlas is used in geometric representation, the structures are available as
contours (sets of points). Every contour has the assigned (corresponding) structure
and this assignment is stored in the contour-structure table. A given atlas location is

25  checked against the existence of the smallest contour containing this location, and



node, the nanme of the structure is placed on the inmage next to the cursor.
In particular, it can be placed in a circle of 5 pixel radius. The | abel
is refreshedz4dynanm cally such that is follows the novi ngP€CT/REM0018

mul ti-Iabel node, the user can place interactively multiple |abels on the

i mge. The 10 user clicks the imge, drags the nouse and draws the arrow
pointing to the structure, releases the nouse, and the |abel is displayed
at the end of the arrow. Wien the clicK8d location is not |abelable (which
means no | abel exists for it), the arrowis not drawn. The sanme nethod of
produci ng the | abel on the image can be used when the user 15 searches for
a structure in the image by selecting the nane of the structure in the

anat om cal vhehethe( ¢éansdur.is ddenRbigd,dnindekes tht evawur-Jinecturegalia aod thalabelegt can
be drawn by Eﬁe er as a geonetrical object related to the |abelled
structures. P “ﬁ%ﬁeral, the region of interest can be any closed polyline;
in 20 nost cases, however, this region will be rectangle or ellipsis, FIG
13. The regBonpaid pladt@emst can al so be annotated to provide additional

di agnostic information. The user can first define several regions of

interest and | abel the structures within them Al ternatively, he or she
can | abel t Rhbe tabekingern hradanedn tp enodepiieslé labst madelanchwnltelbolpads The

opt 1 onal® it RadooRls S o Tl 165 TGl ofiel RAL ke 1o
al | oved to medsutte dimé aichs adnaagds @taced dhehdlahagd ABGEE thebowSaVilAg The

at | as- enhanced i mages prepared. by the neuroradiol ogi st can be saved for
further 5 PrYcas|hFapybopkesd id easle miop quxslomdivs. Thadabal dsergfreshedent i on

proposes tWay\igally such that is follows the moving cursor. -

In multi-label mode, the user can place interactively multiple labels on the image. The
10 user clicks the image, drags the mouse and draws the arrow pointing to the structure,
releases the mouse, and the label is displayed at the end of the arrow. When the
clicked location is not labelable (which means no label exists for it), the arrow is not

drawn.

The same method of producing the label on the image can be used when the user
15  searches for a structure in the image by selecting the name of the structure in the

anatomical index (list).
4. Regions of interest

The region of interest can be drawn by the user as a geometrical object related to the
labelled structures. In general, the region of interest can be any closed polyline; in

20  most cases, however, this region will be rectangle or ellipsis, FIG. 13.

The regions of interest can also be annotated to provide additional diagnostic
information. The user can first define several regions of interest and label the
structures within them. Alternatively, he or she can label the relevant part of the
image first and then encompass it within the region of interest. The placement of

25  regions of interest is optional.



of saving the atlas-enhanced inmages (or, in the extrene case, the atlas
itself), as a web-enabled file and/or as DICOM file, FIG 14. The

at | as- enive@orodirages stored in a web-enabl ed format suchrarsSGMO0AsE
suitable for web-enabl ed applications, while stored in DI COM format they
can be saved in 10 Picture Archival and Comruni cati on System (PACS) and
used in Dicomconpatible applications, ch as radiol ogical or surgical
workstations for further processing by "heurol ogists, neurosurgeons and
ot her nedical professionals, FIG 14. The data and atlas inmages can be
saved separately as two correspondl ng images or as a single imge with a
user - defi ned unt ., of bl ending between them 15 FIG 15 illustrates a
met hod of séW’g’gS“Fﬁ@natlas enhanced inmage in Dicomformat. The |abels
(texts and arrows), the regions of interest (ROs) with annotations, and

the nensurehi ons 1@2[11?)\?\%@‘{8?11&15{1& Biseficdd Jnd%gt& ol?ﬂ%oa’at@%ﬁ%geéys (D com 60xx) .

The atlas, represented as a color 1 mage, be stored n nultiple D com
overl ays (there are 16 of themin total). In particular, if the 8-bit

i ndexed col 6rSavénaused (256 col or s), each 20 atlas byte correspondi ng to a
gi ven location can be stored in eight D comoverl ays When the atlas is in

geonetric r en ont our.s ont ours
can be savegﬂﬁ£ ﬁﬁ%ls és@%*g"fea E\Qhésng’t}e ﬁl%}’ %l?ur?lﬁg{c’?%ﬁf an ﬁga%egnﬁgﬁg?’gheéan be
saved i rs Di prestnt Busthovekrdiam lﬁrafe@ﬁmhﬁﬁxmie prédeat ﬁivbﬁsorempmedwdaﬁa@scan be
stored in any web-enabl ed markup | anguage. In 25 particular, this markup

| anguage cafl pRving,the| athsenliansed lmger@u@r,mn@eé‘g@)emem&e the pHas HsrlDdag a
i mges can gg el ements (which neans WO
02/ 43003 Pc%%ég%k?g%%é?ﬁd%gapm %?‘% V\;I@ ﬁl subsequently can be bl ended),

while the | abels, regions of interest, annotations, nensurations, and/or
atlas in geEheaﬂaseerﬁlancmd(imgem‘tomdrﬁm am@}emh]edlfennaﬁaudﬂaaXM[eaﬂemuitgblaphi cs.

et PR P i PGB By LB et
10  Picture Archival and Communication System (PACS) and used in Dicom compatible
applications, such as radiological or surgical workstations for further processing by
neurologists, neurosurgeons and other medical professionals, FIG. 14. The data and
atlas images can be saved separately as two corresponding images or as a single

image with a user-defined amount of blending between them.

15 FIG. 15 illustrates a method of saving the atlas-enhanced image in Dicom format. The
labels (texts and arrows), the regions of interest (ROIs) with annotations, and the
mensurations are saved in three different Dicom overlays (Dicom 60xx). The atlas,
represented as a color image, can be stored in multiple Dicom overlays (there are 16
of them in total). In particular, if the 8-bit indexed color is used (256 colors), each

20  atlas byte corresponding to a given location can be stored in eight Dicom overlays.

When the atlas is in geometric representation (which means, as a set of contours) the
contours can be saved in a single Dicom overlay. Alternatively, the contours can be

saved in Dicom contour overlay (Dicom 50xx).

The atlas enhanced data can be stored in any web-enabled markup language. In
25  particular, this markup language can be XML (eXtensible Markup Language). The

atlas and data images can be saved then as bitmapped image elements (which means
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3. A nethod according to claiml1l in which in said witing step the
annotated data is witten in Dicomor a web-enabled format, such as XM
format. 4avomemwbhod according to claiml in which said strpr/eGo@agrari son
is performed 15 by the steps of: (i) identifying a set of first features
in said inmage corresponding to respective second features in said brain
atlas; (ii) defining a first direction in said image, and a plurality of
first planes in the inage perpendicul adito and spaced apart in said first
direction, each first plane 20 containing one or nore of said first
features, and corresponding to a respective second plane in the brain atlas
contai ning the correspondi ng one or nore second features; (iii)
partitioning)ggaeh first plane into rectangul ar sections based on said first
features; WO 02743003 PCT/ S&0/00185 32 (iv) for each first plane,
applying a linear transformation to each section to transformits

di rensions .to be,equal .ta those of .a respecti.ve,rectangul ar.section of the
cor r espondiing seéo‘ﬂﬁt%ﬁ?i é’ﬁé{“ﬂé{ﬂag Ehmaes Pﬁ?&?ﬁa”é’ the é’?‘%ﬁ ?fﬁ’f‘?rbsﬁn%%het%@s
spaci ng betygen said first plane which makes 5 the spacing of the first

pl anes equal to the spacing of the corresponding second planes. 5. A

met hod according to claim1l in which said step of conparison is perforned
by the Reps of Yic¥ivingednts dsfining athses-digtensiopaltimpgapfie bxitin said brain atl as
corresponding to respective second features in said inmage; 10 (ii)
defining a first_.gj i [ Sql ' : I Ik - fgr st
pl anes in the b?%#gﬁg{gll tgé;régg}v%gﬁig{a% a? b’?%l)ﬁ gﬁ%s @%Eegga%%é (lﬁl}réleggalf)%élfi rst
direction, each fuappingpbkbreen ticoiniage and thedneinatlasyore of said first features,
and corresponding to a respective second plane in the inage containing the

correspondi ng one .or .nore second features;.
P 9 using the mapping to annota% the feceived data; and

writing said annotated data as one or more data files.

10 2. A method according to claim 1 in which said data is received from a file in

Dicom format.

3. A method according to claim 1 in which in said writing step the annotated data

is written in Dicom or a web-enabled format, such as XML format.

4. A method according to claim 1 in which said step of comparison is performed

15 Dby the steps of:

@ identifying a set of first features in said image corresponding to respective

second features in said brain atlas;

(i)  defining a first direction in said image, and a plurality of first planes in the
image perpendicular to and spaced apart in said first direction, each first plane
20  containing one or more of said first features, and corresponding to a respective second

plane in the brain atlas containing the corresponding one or more second features;

(iii)  partitioning each first plane into rectangular sections based on said first

features;



(i1i) partitioning each first plane into rectangul ar sections based on said
first 15 features; (iv) for each first plane, applying a |linear
transf or va® 0DMs0dd each section to transformits di mensi oreT/SGIB@IEquUal to
those of a respective rectangul ar section of the correspondi ng second

pl ane; and (v) defining a transformation of the spacing between said first
pl ane whi ch makes 20 the spacing of the first planes equal to the spacing
of the correspondi ng second planes. 6. 3® nmethod according to any precedi ng
claimin which said step of annotation is perfornmed by sel ecting regions
of interest on the inmage, and deriving fromthe brain atlas information
associated with this region of interest. 7 A nethod according to any

precedi ng cl@hm ifer Whkic fﬁrstag&nét g%r?ﬁl aNReA! RsformatidiC kd/dash REGFING, t ext
on the brain image. WO 02/ 43003 SG00/ 00185 33 8 A nethod according to

any precedi ritgngfoan atsidimopsions tg de @nglécpt}@(se afimotspedtiva redtanguled eectjpinaditing

mensur ati on LA e. A nmet hod according to any preceding
claimin mc@ﬁreép'aalﬁgﬁlg Qondnﬁ:% atl on includes labelling of one or nore

regi ons of interest based on Iabels associated with 5 correspondi ng

portions of (the bﬂreﬁnmgaiﬂraﬁforﬁﬁtlopﬁoﬂ’&ﬁehpﬁhlﬁgibaw@btﬁlgalﬁ(ﬁrﬁhﬂéﬂ@@hlblﬂm&{khé:h a
user selects said re I?q{gr interest ~successively, and the |abels at any

i nstant Cor rBRSHERES StRRRESIYAdP M spariagof Bis. correspondingeseeqinl Rlenesr di ng
to any preceding claimin which a user points or clicks any structure in

the image successi wkod RR6kdi totcrﬁ%ppinn\tv%g lﬁ&’igl%?égkl Hi;pre#& ks %;fofrﬂﬁ] éO

said structure is being generated radgi ng
nouse t he | ibyghe stspofawn and the | abel of the said structure is placed at
the end of the said line. 12. A rrethod accordi ng to any of clainms 7 to 11

fggpg)loﬂ ?gnggz; e{) ntL g%rsaﬁ%fﬂéé%g élﬁs\}g sa1d ?alg a gg clzor}}erslgonadirgrga oprlegl ct?\?et ween

second features in said image;

10 (i) defining a first direction in said brain atlas, and a plurality of first planes in the
brain atlas perpendicular to and spaced apart in said first direction, each first plane
containing one or more of said first features, and corresponding to a respective second

plane in the image containing the corresponding one or more second features;

(iif)  partitioning each first plane into rectangular sections based on said first

15  features;

(iv)  for each first plane, applying a linear transformation to each section to
transform its dimensions to be equal to those of a respective rectangular section of the

corresponding second plane; and

(v)  defining a transformation of the spacing between said first plane which makes

20  the spacing of the first planes equal to the spacing of the corresponding second planes.

6. A method according to any preceding claim in which said step of annotation is
performed by selecting regions of interest on the image, and deriving from the brain

atlas information associated with this region of interest.

7 A method according to any preceding claim in which said step of annotation

25  includes placing text on the brain image.



anatom cal indices, said | abels being generated using the table. 15 13. A
nmet hod according to claim 12 in which the user can nake each of said

sel ecti oveOuxig ei t her said i mage or by sel ecting one of PEBESdot/wd$ces. 14.
A nmet hod according to any preceding claimin which said step of conparison
is based on a plurality of landmarks in the inmage. 15. A nethod of mapping
an image of a brain to an existing brain atlas, the 20 nethod conpri sing
the steps of (i) identifying a set of fB88st features in said i mage
corresponding to respective second features in said brain atlas; (ii)
defining a first direction in said inmage, and a plurality of first planes
in the image perpendicular to and spaced apart in said first direction,

each first gl aneAViReMdl43818inECd PP LEHS 2 1aiRdinCORER sBidNGePoarRbtaiBhe Of
said first features, and corresponding to a respective second plane in the

brai n at| asinebiesplaring mansugbon es hsiyaiagmege or nore second features; (iii)
partitioning each first plane into rectangul ar sections based on said first

features; 5q(iV) af i Rl Yi: Do i s a r jon to
cach sect i of 1o A HERBASEedig gk RbccRR Hin LR SR {4 ML Ep0Rbh
cor r espondi hgludes labelingasf e airindote @égiohdef mosrést bpswddom hbskeesdidsddwah and
(v) defining a trapsformation of the spacing between said first plane which
makes g Pﬁ‘@fﬂﬁgp?lﬁén?f?l{]@?{’fﬂl%ﬁé@- equal to the spacing of the
correspondi ng second planes. 10 16. A nethod of mapping an existing brain

atlas to anyp.nmagg @fthbAachidhns to LREn INRLARh 5age;rs%bt@g;afd%gi%hseeﬁin@é_re&i )

identifying a set of first features in said brain atlas corresponding to
respecti ve suseessively, end thedsbelyatany dhstambgerrespoig todbe conresgondifg selectidinr ect i on
in said brain atlas, and a plurality of first planes in the

11. A method according to any preceding claim in which a user points or clicks
any structure in the image successively, and, at the pointed location the label of the
10 said structure is being generated, while when clicking and dragging the mouse the line

is drawn and the label of the said structure is placed at the end of the said line.

12. A method according to any of claims 7 to 11 comprising a step of generating a
lookup table defining a mapping between the portions of the image and respective

anatomical indices, said labels being generated using the table.

15 13. A method according to claim 12 in which the user can make each of said

selections using either said image or by selecting one of said indices.

14. A method according to any preceding claim in which said step of comparison

is based on a plurality of landmarks in the image.

15. A method of mapping an image of a brain to an existing brain atlas, the

20  method comprising the steps of:

6)) identifying a set of first features in said image corresponding to respective

second features in said brain atlas;

(i)  defining a first direction in said image, and a plurality of first planes in the

image perpendicular to and spaced apart in said first direction, each first plane



15 brain atlas perpendicular to and spaced apart in said first direction,
each first plane containing one or nore of said first features, and
correspomdd nzj43003 a respecti ve second plane in the imge poVsadumiongs t he
correspondi ng one or nore second features; (iii) partitioning each first

pl ane into rectangul ar sections based on said first features; 20 (iv) for
each first plane, applying a linear transformation to each section to
transformits dinensions to be equal to 34hose of a correspondi ng
rectangul ar section of the correspondi ng second plane; .and (v) defining a
transformati on of the spacing between said first plane which nakes the
spaci ng of the first planes equal to the spacing of the correspondi ng

second pl anesntalfhdSALFA0SreRETATERS PRLR3, andodréspodd D %Cfe%&@\'féjieegn& 0

claims 15 or 16 in which said features of the inage are a plurality of
| andmar ks. pdaneAn ghethaia aglps eentaining the mmspa@lmommarebmnd feataxge; and a
brain atlas, the mnethod including: 5 defining a plurality of |landmarks in

the i mage, Zﬁ{a lé:@?(ﬂf@ﬁrg Fc%' il t Qlllec |1|Il1tgt ﬁgtaﬁgﬁl&g sgﬁ?qlﬁ t?a@gd o?il %ﬁés%r%%r a

graph of th y pr sure a lin
peaks and vdtdtes; of a prolectlon along a specified dlrectlon, form ng
sai d napping based on the correspondence of the positions of said 10

| andmar k rai ge, with orres onding | andnmarks in the prain
atl as. é 2“’ ﬁlé € ‘gbémi th Rgg.02 %‘P% 3 gnear \Rﬂ%f’%fa IPHION 6 &a¢hy seeonate pc
l'i ne. 20. Atf%ﬁﬂ%ﬁg iRTEHALANSS tb Be @i@lmt}x%sé ot &ﬁ‘fes ﬁ%jfe@ﬂm 18f &R of
identifying the position of the |nefrom ant er o- post eri or

proj ecti on dhe edreespondiag sezond plangstandd according to cI aim20 in which the
position of the ACPC line is 15 defined using the |ocation of the central

val ey of t Qg) antd%figfnpéoasttraer{s otatio l)F ’&1%'585‘01& between said first plane which makes

the spacing of the first planes equal to the spacing of the corresponding second planes.

10 16. A method of mapping an existing brain atlas to an image of the brain, the

method comprising the steps of:

6] identifying a set of first features in said brain atlas corresponding to respective

second features in said image;

(i)  defining a first direction in said brain atlas, and a plurality of first planes in the
156 brain atlas perpendicular to and spaced apart in said first direction, each first plane
containing one or more of said first features, and corresponding to a respective second

plane in the image containing the corresponding one or more second features;

(iii)  partitioning each first plane into rectangular sections based on said first

features;

20 (iv) for each first plane, applying a linear transformation to each section to
transform its dimensions to be equal to those of a corresponding rectangular section of

the corresponding second plane; and

) defining a transformation of the spacing between said first plane which makes

the spacing of the first planes equal to the spacing of the corresponding second planes.



the image. 22. A nethod according to claim18 in which the line is the AC
line or the PC line. 23. A nethod according to any of clains 18 to 22 in
whi ch t havept/eobati on of the 20 image is determ ned by oPCHSGIN@1ES
projection of the imge at each of a plurality of angles, and orientation
(the rotation angle) is derived fromthe projection for which the central
depression is-deepest. 24. A nethod according to claim23 in which the
orientation determned -is the axial or3%ntation, the plurality of
projections of the inage are at each a plurality of WO 02/43003

PCT/ SG00/ 00185 36 angles, and the rotation angle is derived formthe
projection for which the central depression is deepest. 25. A nethod

according to7cl ai AMhddhobbidady thReaiRk 16k akiiR Whitel SldFeRRitksl of thd BnagtQronal
orientation, and the plurality of projections of the imge are at each of a

5 plurality aoflughity efdandmgarkyy et hod according to any of claims 14 or 17 to
25 in which the landmarks include the left L and/or right R | andmarks on

(e 2 A1 ) . AL AR Bhitog R AL GE R B3R bk o1

(ant er o- postmgthed inchidgect i on of the image. 10 27. A nethod according to
any of clains 14 or 17 to 26 in which the |Iandmarks include the anterior A

and/ or paqgsterior | andmar ks on t axi i.nage which are . cal cul at ed based
on the | dcations Gt e ?r PE!‘% ht%x?gﬁ?'f'éf“}axaﬂéq Iléygﬁnéﬂ“@% 284 tla‘é‘g‘f@ﬁﬁa CIng gl | ey
hecordi g t & infied WL Pl Ad DERYSTIN £ 3rith e dERQEy pidhle BrTRL Bfee

i ncl ude t he meaginted Rilamgl Adine afd/od péaks dme rkegdleps of eprogrctiomlalangeg epedifieh ar e

cal cul ated bpased on the locations of the left external valley and the
right exter @Yl ey in the

forming said mapping based on the correspondence of the positions of said -

10  landmarks in the brain image with corresponding landmarks in the brain atlas.
19. A method according to claim 18 in which the line is the AC-PC line.

20. A method according to claim 19 further including a step of identifying the

position of the AC-PC line from an antero-posterior projection of the image.

21. A method according to claim 20 in which the position of the AC-PC line is
15 defined using the location of the central valley of the antero-posterior projection of

the image.

22. A method according to claim 18 in which the line is the AC line or the PC

line.

23. A method according to any of claims 18 to 22 in which the orientation of the
20  image is determined by obtaining a projection of the image at each of a plurality of
angles, and orientation (the rotation angle) is derived from the projection for which

the central depression is-deepest.

24. A method according to claim 23 in which the orientation determined-is the

axial orientation, the plurality of projections of the image are at each a plurality of



vertical (dorso-ventral) projection of the imge. 29. A method according to
any of clains 14 or 17 to 28 in which the |Iandmarks include the superior S
| andmar k vo@ 02/k380x 0or onal i mage which i s cal cul ated based oRCT/RE600/@@83 ocati on
of the right external valley in the horizonatal (left-right) projection of
the image. 30. A nethod according to any of clainms 14 or 17 to 29 in which
the I andmarks include inferior |I landmark on the coronal inage which is
cal cul ated based on the |ocation of theéhi ghest peak in the parti al
vertical (dorso-ventral) projection of the AC 25 inmage taken ventrally
fromthe AC horizontal Iine. WO 02/43003 PCT/ SG00/ 00185 37 31. A nethod as
claimed in any one of clains 18 to 30 in which each reference to a "peak"

i's replaced dayles, #iRlf BeabRBiohtngle’ Maddrio¥d fo Shepreckibh THEWhReht fhedceihl €Y 1S
replaced by a reference to a peak. 32. A nethod according to any of clains

14 or 17 t o deprepsiomisidsbpashe | andmarks 5 include the superior S and
inferior | |landmarks on the axial imge which are calcul ated based on the

scal i ng of e brai . d. { : of clains. .14 or
1703271 n i o I B ordti lih ACHPRERRAPE Bt A0 dBepBiaPLY '

| andmar ks oreotdnel ofiemtadn, i didohe Whinatityas®projerkiond of €tk hagedaremttdach 9€al i ng
of the brain_ at]as. 10 34. A nethod according to any of clains 14 or 17 to
33 in whPch Hwalityofangleks include the AC | andmark on the ni dsagi ttal inmage
which is cal cul ated based on the analysis of the bounding box around the

corpus col |l ogum j I~ £\ i1k: 1 i | nost
venlto r o- ant e?i%br %ﬁ%ﬂ%ﬂcgﬁﬁ$ﬁ%ﬁ¥e&ﬁ%ﬂ§ nl 4A&Jr1§zt ﬁg? Eirg g}glr-tﬁ?i tﬁg%fngﬂg%}eof

cl ai n8 14 orind@de the 3¢ft iLnandhirodight e landmdrkasrdosthe h5ial moiged evhidhearPCalcalathdar k on
the m dsagittal, i ich i.s cal cul ated by draw.ng sem -l ine.fromthe
AC to ¢ e bobReh bR ngitisrs of the R viley ot W o] efeRl vy in e

vertical (antero-posterior) projection of the image.

10  27. A method according to any of claims 14 or 17 to 26 in which the landmarks
include the anterior A and/or posterior P landmarks on the axial image which are
calculated based on the locations of the right external valley and the left external

valley in the horizontal (left-right) projection of the image.

28. A method according to any of claims 14 or 17 to 27 in which the landmarks
15 include the right R and/or left L landmarks on the coronal image which are calculated
based on the locations of the left external valley and the right external valley in the

vertical (dorso-ventral) projection of the image.

29. A method according to any of claims 14 or 17 to 28 in which the landmarks
include the superior S landmark on the coronal image which is calculated based on the
20  location of the right external valley in the horizonatal (left-right) projection of the

image.

30. A method according to any of claims 14 or 17 to 29 in which the landmarks
include inferior I landmark on the coronal image which is calculated based on the
location of the highest peak in the partial vertical (dorso-ventral) projection of the AC

25  image taken ventrally from the AC horizontal line.



cl ockwi se unit the first white matter structure is encountered. 36. A

nmet hod according any of clains 14 or 17 to 35 in which the | andmarks

i ncl ude tWeozmoes i or A and posterior P |andmarks on the nPdpagowaass i mage
which are 20 calculated by drawing a |line passing through the AC and PC

| andmar ks and identifying the extent of the cortex. 37. A nethod according
to any of clains 14 or 17 to 36 in which the |andmarks i nclude the
superior S landmark on the mdsagittal i3mge is calculated by drawing a

| i ne perpendicular to the AC-PC |line and passing through the PC and
identifying the 25 intersection of this line with the cortex. WO 02/43003
PCT/ S&0/ 00185 38 38. A nethod according to any of clains 14 or 17 to 37

in which thel angigmbiss dAmb@Meah6nd Bf BRI 14 td SNHRAIChUACK heRAdH ot 2
i mge which is calculated by scaling the brain atlas. 39. A nethod

accordi ng topealy isfreplagedrby arederence tooa 38aliay”whaind leactheeferanchntr ksvallgy iimcl ude
the left L and. R l.andmarks in_the sagittal three-dinmensional brain inage
whi ch are carFqﬁ?egtbé’aa%?erg%%?ltf’ﬁé)e%‘le brain atlas. 40. A nmethod as clainmed in
any preceding claimin which an image of the brain is any nedical inmaging

nmodal i ty i mege A flethod sasplihg 1@ aBpRAroddits B 62N19ed 310inp@hichr e dafihHRé
according taq an%q 10 preceding claim 42. A conputer program product
conpri si %g dBFpdR dhe supRan® | #hsk ierero hdandmarha e they adiak dmper evhielbsag at us

to cause the, o leRBRAlAbHgd & RELLR M, ethod according to any of

claine 1 to

33. A method according to any of claims 14 or 17 to 32 in which the landmarks
include the anterior A and posterior P landmarks on the coronal image which are

calculated based on the scaling of the brain atlas.

10  34. A method according to any of claims 14 or 17 to 33 in which the landmarks
include the AC landmark on the midsagittal image which is calculated based on the
analysis of the bounding box around the corpus collosum and identifying below it in

the constraint region the most ventro-anterior white matter structure.

35. A method according to any of claims 14 or 17 to 34 in which the landmarks
15 include the PC landmark on the midsagittal image which is calculated by drawing a
semi-line from the AC to the bottom of the massa intermedia, and rotating this line

clockwise unit the first white matter structure is encountered.

36. A method according any of claims 14 or 17 to 35 in which the landmarks
include the anterior A and posterior P landmarks on the midsagittal image which are

20  calculated by drawing a line passing through the AC and PC landmarks and
identifying the extent of the cortex.

37. A method according to any of claims 14 or 17 to 36 in which the landmarks
include the superior S landmark on the midsagittal image is calculated by drawing a
line perpendicular to the AC-PC line and passing through the PC and identifying the

25  intersection of this line with the cortex.
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38. A method according to any of claims 14 or 17 to 37 in which the landmarks
include the inferior I landmark on the sagittal image which is calculated by scaling the

brain atlas.

39. A method according to any of claims 14 or 17 to 38 in which the landmarks
include the left L and R landmarks in the sagittal three-dimensional brain image

which are calculated by scaling the brain atlas.

40. A method as claimed in any preceding claim in which an image of the brain is

any medical imaging modality image.

41. A computing apparatus arranged to perform a method according to any

preceding claim.

42. A computer program product comprising computer program instructions
readable by a computer apparatus to cause the computer apparatus to perform a

method according to any of claims 1 to 40.



