;. /01e3e[ TTUAWI X [6@ T[ 0 WD 02/ 43003 PCT/ SG00/ 00185 Met hods and w
Appar atus for processing nedical images Field of invention The present @
i nventi onwehakes to net hods and apparatus for mani pul ati ngmRshoedssi Mmges
of brains. In particular it relates to systens for using a brain atlas to
annotate a 5 medical image, and saving the resultant image for subsequent.
utilisation. Background of the invention Mdern nedical ina

technol ogi es of fer unprecedented views into human body. @ﬁmwmmnm
generate images is nmuch greater than the ability to under

interpret them Deformable body nodels al ong with warping technwgues

provide 10 nmeans for analysis of nedical inages and deformable brain
atlases, in particular 1sefu LYSLs, of The pur pose
of the present inventi - ACHT S Phter pretacton of brain scans
by neuroradi ol ogi sts and to prow de rreans to transfer this know edge to

ot her nedi caFieht efias&itonal s such as neurol ogi sts and neurosurgeons. 15 The
present inventor has devel oped an electronic brain atlas database [3].

There is a SIFL{ comTercLaI interest in this database for, functlonal

neur osur gery ?sﬁ%t gvpatiom latg iy methodyr adetPPRFAE EvBraipulabRgaRedical
syst ems. Apafrh e§ B%Emsslrﬁﬁa‘gﬁ‘%xflé}'ﬂ Felé? Sat'o@y?&i@ Lﬁﬁgraebx%{)eatﬁyf@érﬁ%&t@&a' n

atl ases avai e In print orm suc nu ectronic
at | ases havenmelwmal inegp, £2d seving theueswdent fﬁt@erfm]subsaqsmtoftlhsdttmnbr ain atl ases
I's for neuroeducation [2]. Sone other applications include functional

neur osur geryga d br | 0 ) Ilﬁéﬂ However, to our best know edge, there is
no COmMmer ci a&%&@éﬂ% ain atlas in neuroradiology yet. , A key
operation in atlas-assisted analysis is registration of the atlas with the
patient Modern medical imaging technologies offer unprecedented views into human body.

Our ability to generate images is much greater than the ability to understand and
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

ATV
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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

Tal ai r achyiy Bpgsdi onal grid systemtransformation that is pgTRca68YYsse

| i near operation applied to the volunetric WO 02/ 43003 2 PCT/ S0/ 00185
i mage subdi vided by the Talairach | andmarks into 12 volunetric sub-inmages
[4]. One known technique perforns the Talairach transformation in realtine
based on texture mapping, but it requi re¢ a hardware accel erator for
texture mapping to be perforned efficiently. 5 In addition, the placenent
of the landmarks is manual and needs domai n know edge. Several non-I|inear

.war pi ng approaches have al so been proposed [1], but they are tine

L

consum ng, hinge ubtipided by theoTal sit@htl hitinid ﬂﬁ@liﬁﬂdluﬁietrlﬂ@lbaﬁiagésa{]ﬂ].fﬂ)mn
clinical applications yet. Summri of the invention 10 _In general terns,
12

the present Kifrehterbniaps Bpréues the delaiady yeashormstion i rsallime basedroai texiufge

conprises r eﬁlﬁi}}%‘l‘g@ It itbxregjéﬁesi ﬁwa%Oz{QaéEfaﬂﬂ. t%p%xkd?@gﬁgwgﬁgo g)]p q{eﬁjoﬂngcf | as,

| abel I'i ng t he e accordingly, and annotating the re I'nterest
and/ or ot hereffictentty.ures. The image used in the invention nmay be an i nmage
produced by any nedical imging nodality. 15 We further propose a fast

"mage i ntb. ROty BIMETRGE PG e GeRir 5 o el ABbRts AOBRR MEMSBY t ance
of the Tal ai 13 I nbRackds i HAVE glkso BEE ' : h a new
set of the |§%§%&?&§?§’aﬂﬁ a iélgr ip?hrarg fsor thgoagﬁoﬁnrgﬁggegg’ F%ﬁnﬁ%?ggﬁ on of
t hese | andmacksuming, floghty | depentieht ont $taring opdivtst andi ainpresenti fat fromorcbinial and
sagittal. It iiiggtssuma that the reference planes of the data are given by

the user, suf#PG&9YEFconmi ssural plane or interhenispheric (Iongitudinal)
fissure. If necessary, automatic identification of the reference planes may

be attenpt edS@Mnﬂ%i OX0he @ientdid! | ¢ domain algorithnms, e.g. [5]. Sone

presented al gorithns may benefit from 25 extracting the brain fromthe head
data prior to landmark identification, and there are several public domain
al gorit hts t B greral termp gl prssent fRventespropesesdhab pyysieraderanglysing @ igia pr esent

I nventi on. 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 .interhemispheric (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.



W) 02/43003 3 PCT/ SG0Q 00185 Cenerally, the | andmarks we choose here to use
axe defined by peaks and valleys (troughs) of density profiles or

proj ecti oggo osAFed |y, the significance of peaks and vall ey rsed if
the image is replaced by a reversed intensity inmage (e.g. gﬁé@%"?‘@ﬁﬁd

i mage rather than a Tl1-weighted inmage). 5 A system conbi ning various
aspects of the invention nmay be fast, alnost fully automatic, and need not
requi re any hardware accelerator. This is3 because the registration :

t echni que nakes use of anatom cal know edge to narrow the search within the
brain space, and permts the use of sinple analysis operations.
.Furthernore, radiology is becomng digital and integration of inage data

(from 10 PACSEnsullf) hedidMariaive diBoRena! HOisaOke daNld BPheaksTalLPRMlS! ne.
especially web enabled, is also boom ng. The present In er[i)tl on 1s we

.aligned w t h(tiqvgse of denssy npefdles oatprgjectiane. Glearly, thet significaneadffpeaks and i | e

inthe Dco lL.as-enhanced data is witten to, a file (or to
nore t han orr?/e&%? Fge rleg g?_ldé&"f et réSrls 5?833%@31/8&5%%?&‘ HEERGE ireagee g S or
XML format. Dieiphradimapheatissr aingar T -Weighdd ihapeydi gi tal 15 i magi ng and

comuni cations in nedicine. XM. is an energing standard in web
applications., Although.the invention has been described above in terns of a

met hod, & | AsPEigR IRY \REPBHPERECH O M HysBiipramay bofptt elimast fulle

having a pro a LY . out rding.to the
venti on 20 g “HRERARE b rEditel gl ot REBERR TH i Betalee e
i nvention witagistretiomdeaeimei telkksbysevaly anftomicalminewlbdly -to Mdgowl thes séd26h

f 1 owchart sho%rll_}% tEe.ste Spleé?' an enpodi nent of a nethod according to the
invention. AMIGbE REipspate. mad permrity the veotsimple analysip epsrations. t he concept
and steps of mapping one rectangul ar image i nto anot her rectangul ar inmage.

FIG 3 ext enBsrtlidiof)Na@Blogl! RMbdobing? db | o PR N F efines
t he Tal aj r ach- Now rc])ski | an ?ra( ks cu@én fdz)g?{a?eaé?slglggﬁngﬁ. SHIQ‘?% h%i@mgn

hi st ogr atfl of PHER) withnfayfwalmlats issbécomingcinassavaildele, Telbintdicime) éspeciéMNineb- gr ey
matter (GV), er&%fe%?fs%ls%pdogr%lingf. Lllfllle %re(se%%%ve%?lgn ?sa\%fcl:i%l?g%gg w(itlﬁ)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 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 cor saspR3deng to a structure of 10 interest. FIG 7apéﬁs(ﬁ00/00185
di agrammatic representation of the axial brain inage passing through the AC

and PC | andmarks along with the structures of interest. FIG 7b is a graph
representing a vertical (antero-posterior) projection taken fromthe imge
in FIG 7a with the marked valleys of intéerest. The graph is valid for T 1
15 wei ghted and proton density nagnetic resonance inmaging (MRl) inmages.
FIG 7c is a graph representing a plot of intensities along the ACPC |ine
.as drawn in FIG 7a. FIG 7d is a graph representing a horizontal

proj ection t A& fllustattsie cOR@Pt and Jdpoof ApPinglonk Rectamulee tn¥R! ih@YamoRer
interest. The ?raph is valid for T 1-weighted and proton 20 density MR

.i mages. FI G '608WARIMAES he graphs representing orthogonal (parallel)
projections taken fromthe axial inmage lying in the AC PC plane. The graph

with the dee t i r responds to the
projection a g%gB ‘fgﬁéeﬁd/i@epéé%h%‘?gr@ |g¥1¢‘%n%ﬂﬁgﬂﬁﬁﬁ%"5 PCT/ SGD0/ 00185 FIG 9
is a graph representing a vertical projection taken fromthe image in FIG
7a Wi th the FHt.dedefmesite Tafaitaoh-dosdnski Endngriapied forvadistehtibar T2- wei ght ed
MRl images. FIG 10a is a diagrammatic representation of the coronal brain

i i h h.the AC al i th .the stryct f int t. 5 FIG
1061 s B aiC o5 ST of TG mIES Pl ndPi LeS Aoty Wh Retioy VMl )
line as drawgrely dtlet( G0 2erdtr piﬁ_ﬁ)lcﬂdii@ (g@S%drb%aEg%éfr@g@g a partial

vertical projection of the image in F 10a taken the AC hori zont al

line ventral |y down. The hi %hest peak corresponds to the | |andmark. 10
FIG 11 a i sFE-diadsaaimr oicthe sprvexddead and meal irealisecomssmmdingito ai structvag of
passing throygh.khe PC along with the structures of interest. FIG Ilbis a
graph representing a plot of intensities along the PCline as drawn in

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. 7¢ 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.



FIG 1la. FIG 1? is a diagrammtic representation of the mdsagittal brain
image along with the 15 structures of interest. FIG 13 illustrates three
di fferentweaigns of interest, ellipsis, rectangle and polpdidigwolises 14 is
a chart illustrating the process of generating and transferring of atlas
enhanced i mages. The images are prepared by the neuroradiol ogist and are
transferred to other nedical professionals through web-enabl ed applications
(in xM_ format) and 20 t hrough PACS-deperfdent physician's workstations (in
Dcomformat). FIG 1 S illustrates saving of the atlas-enhanced inage in
Dicomformat. Detail ed Description 1. Introduction VWO 02/ 43003

_PCT/ SO’ 00185 6 FIG 1 illustrates in conceptual terns a nmethod accordi ng
to the presepiG.igiangia ﬁ“ reprB&enfifd h%ﬁloﬁpﬁfb'ﬁch@n'tﬂ&ﬁq}&ﬁtﬂ@e Ahgelif3GL 7o D com
format (step 1 ), which is a standard fornat in nostic_ imaging and

_Di com r eader withitke markes pegksaf antergst Ehe Traph i \rallsitfepT -wet ghehVRI mmagﬁsas is
registered wwth the data (a fast, automatic nethod to do it is 5 given

bel ow), so t d i i . s of
Delom 20 PR HOL A PR 5 SRR SO DR B R,
on t he irrageme(zﬂs(temng)wi&rﬁleammmateﬂm(acmp 5), and segnentation and

| abel i ng can be done vm'thi n these regions of interests. In addition t he

i mage str an optionally he ne sured ste

1 ae- onihne bR actph Mvestuiia £ i B oHens proen fiagh by ke 1dg as

medi cal profg&g;nqﬂ@[[@z i@uch as neurol ogi sts and neurosurgeons. In

particul ar, the atlasenhanced data can be stored in Dicomformat and/or in
any web-enabl ed format such as XM.. These steps are described in nuch
detail bel owFI@. 10Rdgigsaphateprsserfingst partialgmﬁéacrahprc&ecgmnidﬂthe imagerﬁurﬂi&@%ne

vol unetric i i nt t.her on 1 or a .Then he det ai |

steps for @g? ﬁioﬁjgﬁt?agg 05128'9?§g ffgfahé C&u’fﬂ‘ ;[?rqeggglgegt H%é{kacoi’ﬁfﬁlb‘? %‘&r e
speci fied byméqumrﬂgm(_s al gorithm Next, the use of this algorithmto
performthe Tal ai rach proportional grid systemtransformation is discussed.
In partlcul ar, the algorithnms fox the automatic identjfication of the

| andmar k%0 r e§l7r B4 i5 a8 diagrammatiaiepisentationelthe fatonal-braindmege pessingdlrovsh each
orthogonal opj.g ﬁBhg%thacﬁé ?tbct&gs éﬁ;&p&k and sagittal. 2.1. Volunetric

i mge to volunmetric hod of mapping a volunetric imge
conposed of rect angul ar |mages |nto anot her volunetric imge conposed of
rect angul ar Ffﬁ.glalsb isx2 praphogeesenting heplgtr efSiatehsitiay elohg ake PEiliktas draenrinppi ng
of the singl E1¢ﬁgge into another inmage is presented and 25 illustrated in
FIG 2. Then mapping in the third dinmension is given and illustrated
in FIG 3.

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



WO 02/ 3003 7 PCT/ S0/ 00185 The mappi ng of the single rectangul ar inage
into another rectangular image with, in general, a different dinension is
shown in M@é02/8003 mage A containing Cobject A is mapped intg-} %OFBS‘M th
object B. First sone point |andmarks are defined in Image A ( tep | ).
These may be sone anatom cal | andmarks or other characteristic points. 5 In
particular, they may be the Talairach landmarks. In FIG 2, the | andmarks
are the corners of (bject A Then, the cdrespondi ng | andmarks are defi ned
in Ilmge B. Both sets of |andmarks carry the information about the common
features in the images under registration. Next, each image is subdivided
.into subimages (rectangular tiles) by drawing the lines horizontal and
vertical to FIGJeillsigass sbnbesbsdl famdshr - 2) .
Next, the correspondence bet\i\'%zn each ﬁ?g%%&?%%%!ioﬁgggﬁg&gslé‘ggﬁﬁ%hed by,
-for exanple, follow ng the same order of nunbering the tiles in both inmages
(Step 3). Fi mas pgtient speceficimasgs detasaye read ig Diedm fayinat fsept 1)) whichdme ktahiard fr om

lmage Ais . s DI | O i wo _dinensions into.the . r ondi n
L% n 1 g D REE P aRRAb Nk bl D CRRR) S8 kontidti AeliblecifRce
| mage B. 9 5step 2t e trhin dladiigRgited withRhé 08ah faNuRhatFEhEh6d td8gs: isht O

anot her vol unet r{bc ;ﬁr}aﬁ i nvol ves a suitabl e placenent of the inmages,

wi t hout war pPY§? the mgproracholagisiesm sesmentand debed the daia by wehosref thec

image B is sShonsi I : d i i ird dinmensions are
i dentified in bofﬂﬁﬁgglIﬁr?éﬁﬁ“@ﬁ?r%g%&ﬁﬁgigfgh%%ﬁg&gﬁ%élue@f‘a‘g‘é“ ﬁ‘ﬁt‘%‘a%"cfg(étep
segment s and4EagkaBidtated (#tep \b),ded segmenfion and éshptinglicay be diRe SEEHIE Mhézet 00.
For each edge se nt, of ge A the images fromthe Volunetric i mage A

| ying wit hi nreﬁm"g%gb‘aﬁmétégﬂeﬁfmlgpet IHEEUSIBICBeY danonaPRallspe measureddstep

cor [ espond! 1) A1GRSEIIENKIOLNSRAIP i Ban R 40kl P Yurh BrleARED Rk

i mges along the third dinension Is done plecew se nea

known set® omedicel professiopaindiictyad memdotegikis and heurompgions. lalm@edutdathe aflaspe 25

performed full,y au ticall i.thqut uyser interyention. 2.2. Atlas-data

registrati onénl%gfeedt(gaggc?rbﬁe 5%5?3' 18&915‘3% Pripat taﬁé/of HegWsWetranabled frmatssuch

regi strati onas AMIaThee daistardBRRHDE Afudpdil QL) as mappi ng. Either of

t he techni ques according to the present WO 02/ 43003 8 PCT/ S0/ 00185

invention is_very fast conpared to the known techni ques, and can be

per f or med i n2-ReUHBIPBN of a second, rather than, as in -known techniques,

in mnutes, hours or even days. 2.2.1. Atlas-to-data mapping 5 The

foll ow ng sty r - Narg t inst the data (Steps 1-.8) and

o visuali zer Ty ErCat Bl c By B3 IRGG i T opobRE nd e ke

on the dHi a.fomulattein(lihty, thheletatladi srpk Soragerfonfingt dasto-as hhmbidd @ BhilAS

al ong the at as | andnar ks; inié,t Qi S way hhe set of rectangular atlas tiles

10 i s creat e 9342 MaRPIOgare,specificd by psigdhis glgorithm. Nexte thegise o thim algavithm f or

| nstance, thg bér ; i t QR e r wth the

st ol Coir)_nefmr Caqwn '?bgfalsrgfﬂ;gft%%gh{&af BRd! Bk thndShlEon s s bl®a.
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.



5. For each atlas tile, scale it proportionally to fit to the correspondi ng
data tile. 6. For each scaled atlas tile, place it on the correspondi ng
data til ewarlgeso® 5 7. ldentify the |andnmarks along the edgessddihfig third
di rension for both atlas and data 8. Place the warped atl as i mages

pi ecewise linearly within the (volunmetric) data. 9. Blend the registered

i mages interactively; if they do not overlap, take the closest . atlas
image. 20 2.2.2. Data-to-atlas mapping Tite foll owi ng steps are done to warp
the data against the atlas (Steps 1-8) and to visualize the fused
volumetric image (Step 9): WD 02/43003 9 1. Identify the |Iandmarks on the
-atlas. 2. Identify the | andmarks on the data. PCIT/ SA0/00185 3. Tile the

data al ong tTke g né@f@ﬁ@élh e rbdlarddiia? MG, fn'?@m?cﬁfxerolfeclra @lgln%l gs i at&‘ince'

tiles is created Sel ec an edge on e tl e cor
for instancegenerd a kf@f@egimnnslmomrﬁmv\{mg Fle 2 dmageft comainig Objbh A he

bot t | ef t F h ta til | t
oropor t 1 onal FPIEG FfheE 2R §HE ShRECR ohiet Agma Pois pyimerksore dgfnesiimsgal o
data tile, pAE(Sﬁbpl 1). DhesehBaf BE %&ﬁ@ﬁﬁﬂbﬂﬂ:aﬂa‘nﬁﬁlaﬂdsl& cﬁfg&eﬁl]aaxgla ehgt?cpémg% the

| andmar ks al ong the edges in the third dinmension for
atlas. 8.9 PllcRari¢ndar,gieyadaxibe thei Tpégmhpmimks dén [FIGe2y thy lmidniurkes 4r6&he

(volumetric), e e registere s in tively;, if they
do not overl a%@ér? ﬁog{eﬁ{?’k ?g%neg't ﬁg}gﬂan&ﬁ%ﬁs %ﬁ?t‘%ﬁﬁ?‘f Imsgh B Botnt i on
of the Tal aigsescof mdmaa«sk@naﬁthmﬁfmammgbmttheqohﬁnd?ﬁfefahﬁég B ¢ h[EQQ tant
when t he | andnar ks, are t he Tal al rach | andmarks. W define a new se

equi val ent | YKEHEREINTatigh Nery eash Taage FSa%IbNMdeslhto subirdagesk(ssctanbillah tikep

table for WP iyl 3.. For
f Elese I andrra?}ig&% ?igp grrﬁ?éltg gE%r&nQ;H \le% c@&? dES? a‘i‘“ﬁ@?ﬁ“%&é’?ﬂ“ﬁb it i on
provi ded!0t hd’andngks r(ﬁgaps2)arlée)paltl&| b@irespbndbew@advé‘eﬂl &lcht pait kg th@ftﬁéserce '

20 pl anes, m dsa ittal plane and/or the intercomm ssura
(AC-PO) pl aneét %ﬁfaf@r 2 epé?}iwnaéhﬁammeamgm of mumbesing the tiles in both

identificati [ nd t ave to be
reformatted lg{c?cgg;%sft{]ig?)@g%ﬁg f‘c:)&r ?‘%ﬁ%tﬁ? r(})ﬁ@l%\g%?ﬁ ?%a@ &% e@%hag?mgaﬁ%ent |y
the | ocati orAdéf mepped mephrtiokaly io owpldimetistons titte tiechrRlspetidesd tile o VaRsd BN:

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



W O 02/ 43003 10 PCT/ SG00/ 00185 - on axial inmages, the nose points to the
top and the left hem sphere is on the right _ hand side - on coronal

i mages, t Mo o2f3boheni sphere is on the right hand side - onpsagidldlss moes,
the nose points to the left. 5 Talairach | andmarks The Tal ai rach 1 andmar ks
(T landmarks) are defined as follows: AC - the anterior conm ssure; as the
anterior conmssure is a three-di nensional structure, the AC point |andmark
is defined as the intersection of the hoé zontal |ine passing through the
superior edge of the anterior conm ssure and the vertical line 10 passing

t hrough the posterior edge of the anterior conm ssure PC - the posterior
-conmmi ssure; as the posterior comm ssure is a three-dinensional structure,
the PC poi nt invemtinwis lehs fletdriiled hB%nbBhIEhfhicOhilcah1E AiADLAONLRL |1 ne
passi ng throygh the inferior edge of the posterior ‘conm ssure an e
-vertical i nga%%sqfr?gschwgthet a@nam arkrownedglenigiest meminsése hows o @WER SSur e
15 L - the | ateral point of the parietotenporal cortex for the |left
hem sphere R -""the nost |ateral point of the parietotenporal cortex for the
ri ght hem sphere A - the nost anterior point of the frontal cortex P - the
nmost post er i dR.1poAtiss-widdathemapgiagpi tal cortex S - the highest, nost superior
(nost dorsal) point of the parietal cortex 20 I - the | owest, nost inferior

(nost ventr nt of the t oral cortex. New set of |andmarks WO
02/ 43003@11%@@%&‘%6@% aT%SQr}Ed@rW% tha @flas ggaingtithe idetaciStepael -8 namdthuce i n
the present viswsiné ieTustd Vilm&fitiKalelepsgt Of 1 andmarks call ed

- ndmar

Tal ai rach- Nowi nski | andmarks {T §). These |l andnmarks are defined
in a mare constructive way than the original Talairach |andmarks. They are
easi er to i deddentify thedandmarks en therdatar i ng t he mappi ng as described 5 in
FIG 2 and FIG 3, and can still be used to performthe Tal airach

]E(r)filnz&grmitif@dcn]—i?}?th-g'lé\}lcin%}ﬂ{@r{ %a zras? shown in FIG 4 and are defined as

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

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):



AC - the anterior comm ssure defined as the central point (the gravity
center) of the intersection of the anterior conm ssure with the mdsagittal
(1 nter hemvapbozssngy pl ane PC - the posterior comm ssure defg’,(?ﬁ%l%@j%ogﬁe
central point (the gravity center) of 10 the intersection o e posterior
comm ssure with the mdsagittal plane L - the point of intersection of
three planes: the AC-PC (interconm ssural) axial plane, the coronal plane
passi ng through the PC, and the sagittal 9l ane passing through the nost

| ateral point of the parietotenporal cortex for the |left hem sphere R - the
poi nt of intersection of three planes: the AC-PC axial plane, the coronal
-15 pl ane passing through the PC, and the sagittal plane passing through the
nmost | at er al 1 ddemifyalie lah@émpas betipi gppor al cortex for the right hem sphere A
- the point of intersection of three planes: the AC PC axial plane, the

-m dsagittal Bl ane, and the coronal plane passing through the nost anterior
poi nt of t he*fifgmithelspdmarkson the dathe poi nt of intersection of three

pl anes: the AC-PC axial plane; the mdsagittal plane, and the coronal plane
passi ng throg L or i;nt.of.the occipital cortex S - the
poi nt of int ggﬂ;ig%@ggg{gg;ongﬁgéeg%fagﬁg@?kst Weﬁlgov?’%'ntgF Sﬁ|°£ﬁf‘e°t%5§§§r Agtatiigsdaigh
the PC, the ereglsdgittal plane, and the axial plane passing through the

hi ghest, nobst 25 superior (nost dorsal) point of the parietal cortex WO
02/ 43003 g2 f(‘s’l'é Sc(tBOOIO 185 ﬁlli‘ -. tEe (ﬁOi nt of intersection of three planes:
the coronal Pl AHE SRSERR P i il o e camesnomdensien &uginstange, theakies segmbnt he
axi al pl ane @amséthg th&iRUeh 1P i t.ventral) point
of the tenporal ch@t ex.dehe °§§5W‘Pﬁ%?"<§{r&??@ %ﬁ%ﬁ%{‘}%g@%&ﬁ% fication of
the T-N | andmar ks exploit 5 anatom cal know edge and i mage know edge. One
source of i ngérr agafidle. soslerit propgrtianally fitets citd dogrelsIndittgt atlas GRMON

oper ations, histogramm ng and peak identification, followed by the

descri ption pf i i st.ogr.anm ng The al gorithns fornul at ed

bel ow r equi r6e)' Fio%lg%rh?rsjﬁgllg%%yaag%%tpﬁcﬁémg‘itg? P?IE%PPB‘ﬁn%PgﬁrtHF RI2D structures. A
standard opgzraaIéi on known as histogramm ng is used for this purpose. The
brain i s nodelldentify the tindimarles albnd CHer edie@$s @5 thival &

matter (@M, ferebro-spi nal fl ui dé(CSg)Eband backgroglr?ga?%?{sr gEéﬁ/{ldaéﬁgé@él has
its charact st c bel | -shape curve on the histogram The bells are
separated by the valleys. The |lowest points in two valleys surrounding the
bell of a gi8/ ®mhceliasy. t ; : I tfies corresponding to
this class, see FIG %@%ggg l%éeér??%c%@% I‘ﬁgﬁgr n%ﬁ‘fﬁ@lﬁ%@%ﬂetg@gﬁ%ﬁ on used
in the algorjthns belowis the identification of a peak corresponding to a
structure of-itHend hetregivisecdninenges irgeradtivehys ipdiady doepstaserbp Naka it dbdst
structure Ofdaﬁaig:laégn class is illustrated in FIG 6a. The ideal nodel of a
cl ass 20 assunes Ronogeneity of intensity so any profile, calculated as the
intersection of the structure by a |line segnent, has a bar shape. The real
profile dif e Autornatid dentificbe bf falTabh@chemAHRAOf Nnoise, partial volune
effect, not ideal positioning of the image with respect to the reference

pl anes. ,fherefore, .the algarithmnms take additional checking against real
phenome rﬁa- ’P@ﬂngaﬂ’ﬂgﬁogéé partisuledy amposarswhan thelandmaeks 26 thknBalpieath can

be conveXx, $&finfkks. WA, d&ineC QNGAY Qet %?%q@iv%len@qanfnga}rﬂﬁsig n%c{v%inlfe%i’ é&\é\gﬂﬁb" PD

structure on a T 1-wei ghted nagnetic resonance T e
(proton 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:



WO 02/ 43003 13 PCT/ SG00/ 00185 density) MRl inmage has a convex peak, while
a WM structure on a T2-weighted MRl inage has a concave peak. In order to
identify avemlsoorither convex or concave, any standard edgey, 60%54;0n

met hod can be used, in particular the calculation of zero crossing of the
second 5 derivative. This calculation is performed for the increasing
(start point) and decreasing (end point) slope of the peak, as illustrated
in FIG 6a. The location of the nobdeled $0ructure 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, coronal, and sagittal orientations. 2.3.1.
Axi al orient.abh @RialirBageslthe NRRe hhnd e tHe case. |

consi dered when the in%eées are %g{ﬁ%%?gl?égﬁg?d Ee&?l%fth}ghﬁ@hﬁﬁ Fioﬁ"e esngh%
-vertical . Thiandsidsc j mage i s given (selected by the user), and its anatony
in the 15 region containing the AC and PC in shown in FIG 7a. Fromthe

vertical (antgri (o] jection.of the | ,.1he lateral position
of the AC PC ﬁ%@&@@?@g@éﬁ“{ ihge%8 TSPRET Mo F&‘ﬁilﬁa%gﬁléfel owest point in the
central valley (resulting fromthe highest anount of cerebro-spinal fluid),
FIG 7b. Whevort sagittal fhagpst the néée Rfintk td e syt €r oposteri ory, the ideal
intensity plot should be as in FIG 7c. Knowi ng the peaks and 20 their
order, it is]éﬁass'htil e, to identify the AC and PC. For the selected AC PC

i mage, tP‘l-’e bet' BVl 4% i dentifies the T-N | andnarks automatically in
the following steps. 1. Optionally, extract the brain fromthe AC CP inage.
Use for thatTiValstaRdMdin2REPIah@RgrksPAE Reffed £IHRNRyJ OW NG conbined with
nor phol ogi cal operations. This 25 step” Is not nanadatory, but it
facilitates the subsequent steps and can inprove the WO 02/ 43003 14

PCT/ SGD0/ 001485 —a ke @ateyion fcomanisimeg; kasi the ranieioc abinatissuhis £xhreadigehstynai n i s

treated as t CAPC i.mage,, and. t subsequent operations are applied
to this i nag%facgl.?é,’vgﬁ? CAUC]C %‘%@P %ﬁgmﬁﬂ‘s%&(ﬁaﬁ‘r 8% ﬁ‘gﬁéteb?e@trf@ g dosigentpliieg i fy
t he intensi tpassinpgesufiothd fgefisF 8500 MeNatterfdr Wothri £ ChCfind OM
white mgl ter 2\/\9\/9 and backgrg)ound ?(B) aes seﬁoﬁoﬁ%ﬁl'ﬁg ag@ tgélv@l%%lu‘]%%e t he
verti cal'9( arResyiBs teuakythe pysteriariedge nhihe pnisfiectdnumissiret he AC- PC i mage. The

shape of this projectionis as in FIG 7b. 4. ldentify the valleys on this

j ection. I ' . . al | ] defi fhe | at I
ot Cron of the AL PR P PRt S TP sof ol e HheSgtammgral

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

New set of landmarks



9 0 valley defines the sagittal extent of the right landmark (R). The

| ower nost point of the right external valley defines the sagittal extent of
the left mamonmoés (L). I n case when the brain is extract edp(tf$£r(]0t/( &G PC
i mge, the external peaks/valleys do not exist. Then, the Iet/ nd Ti ght

sl opes of the projection define the sagital extents of the brain. 5.
Calculate the intensity profile along the ACCPC line. In the ideal case,
this profile 15 should ook like in FIG 17c. The real profile differs from
the i deal one because of noise, partial volune effect, not ideal
positioning of the inmage, and possible brain scoliosis. 6. Traverse this
.profile. Any direction of traversing can be used, such as starting
anteriorly and omretol ywresds 1 h j i ng the AC-PC
line 20 segnent and nove toméatPglseﬁglﬁeQ%C&ﬁjléglééﬁtﬁ;{héfjﬁ)gé%glhtr g’%‘&eﬁﬁﬂbe”aweﬁom
-top (anteriofuivaleniget pklandmads chilké Tehiracipdakvinski lddmAtksp@aK. laddmmRs). t he
identified ' it tart and end points. Any nethod can be ‘used
for this pufggés%ga%dﬁﬁéﬁggﬁec%@ﬁl 1} RANOIECONYUTUSHYS MGy Shan e osiginghd atbavarkvat i ve
can be used, laaématks T he§. ar@ 2asder tdSddnk il i val ue of
the start_and end poi net@s of the ideng’?i&é{ﬁ@%g&g%’gwntg%%ﬁgépgggg?c %eg
PCT/ SG00/D0 185818 2deF I8 3 end ean ytilhborvged trepeaforQhe i Tatnizoh tiadebirition,

anot her WM p : c ke i ak as the eak. 10. For the
i dentified P@%@ﬁ%ﬁ?‘h@sﬁg‘%s}‘s"t rlp@ﬁdgéﬁ arﬁ(@?ﬁ?‘é{]asﬁgﬁo thod can be used

for this purpose. In particular, the zero crossing of the second derivative

can be used, AS -setbeRh@riobcorithissée defigedss ha el oint ke oty TRABNY of
the start and,end goi?{ltﬁls of the identified PC pelgk. ?hg gForyt he rid\?etﬁéa

sagi tt al posinfqr%ﬁg BPL{IF ANETIgHePIRMISswE Y HKthe midgagittab(intettivmiispheric) plane
t hr eedi nensi onal positions based on their definitions fromFIG 4. 10 13.
Cal cul at e t heChorthg gb@tof bdrafssh@f 1S RALE LI gAt.
orthogonal projecti (?ir? oflot he Aé—SPI% §6@8§a§%eée§ﬁ§{)g$@$ Et%lﬁiggav ¥ e@%ﬁ 8h is
as in FI'@ 7é&einterseqtion of the mateciol edenhidsorei witnthe migdagjtetplagn, i dentify the
| ower nost points of the extrene valleys and take them as the coronal
extents of the anteri A). _and. posterior (P) |landmarks, see FIG _7d. In
case when thlg brra}l}1 %p Pgﬁé’)%tlr}tgré‘fcg@%fq?&ﬁﬁeﬂ?éar&@tb@ Plndrgercopmuissaxal b pxial
peaks/ val | eyslaky thetcotiab tplanENgRsing NBrdughtthansb 1 i %‘?&‘;ﬁ I BGesi

plank heitsin rdg e, Mtthélg Al nﬁ&%e gﬁsslmg( he

proj ection gtgin the antero-posterior extents of the 0
gi ven cor onafT@gh & mogflaterabpaineidheparistolnmpis] carteixdir the deft hehisphere
t hr eedi nensi onal positions based on their definitions fromFI G 4. 16.

Pl ace at thegPC t I I te . whigch s .through the PC, and
scale it ZOqI{i neadr}?lydt?% 0? ?‘%t&;g%& eOf&-L%ecﬁl%r{eéh@&&%a}&P Blenethe eprongl ¢ he
atlas pli&t e plafoi presing Heoaghi the REXtandthefagited pftbabsdhe hedudhad MK atkhpce at
the AC that at lt%? cor onal ngl ate, which passes t.hroug%1 the AC, and scale it
linearly to HOgtof fienaEieiotqmparal Cories fortherighirhemispheset r eme of the atlas plate

defines the axial extent of the inferior {I) landmark. 17. For the given

axi al extentg-of thdrepokniadfl ihickRBESRI IS thré@! L end NEEIPA NGBS 2350 MRAST onal
positions based on f.phei r definitions from I'—I}I?I@E@A:‘E‘hﬁI ed %&?a? 3 ane,mﬁ]e
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



WO 02/ 43003 16 PCT/ S0/ 00185 For the real data, the above algorithmhas to
be extended with additional checking and fine tuning capabilities. - Step
4. positi o @f430d3e AC-PC | ine can be enhanced by going to licbi‘?sédﬂ;'oﬁf%
ventricle (V3), calculating the horizontal profile, identifying the CSF
peak; calculating its 5 center, and placing there the AC-PC |line. This
enhancenent may be inportant in brain scoliosis - Step 8: when cal cul ati ng
the AC, while traversing fromthe third ¥2ntricle towards the AC, if the
end point of the AC peak is nore than 3 nmapart fromthe start point, take
as the AC the start point plus 1.5 mm (the average dianeter of the ACis 3
-mm) 10 - Step 9: position of the PC can be restricted be inposing a search
limt ranging; foheipdiitanferséclionBMthrdd pBfds: $hedddrd i plan %gﬁ%ﬁ%ughﬁhgp 11:
IC

when cal cul a%'t_nglh%he PC, while traversing fromthe third ven owar ds
‘the PC, if tht dhfapdsagittabplange apd the amﬁ elarisapasging uthraghr the flowest, heosst ar t
poi nt, take @il ipt plus mm (t he average di aneter of
the PCis 2 1r’r‘r’r)r1 ?gngs@g%glgalih&%?ﬂﬁhgg Oééiézo extrene valleys for the P
| andmar k, take the second valley (as the first valley is between the scalp

and dura matTher aldonitladdfdri de, aaometist leatifidtioReoPRhé MAE dandRkrkl N e,
there is not need call%:(ggliate t he conplete horizontal projecti onéz ep

13). It can A O gl smager knpvdedgeg QusesonceePof liinage khowledpstiance
10 pi xel s wigo@meagh iseighe® C. ine). .This 2[00 gperation
additionally anplifies t he peg?gts)%% §§§IA0°P ?%etraet}oé‘g’t hispgramnEe ang peak
Similarly, tidentdisationfollewed tnf theldescpiptipe of ihemlgoathie Ski pped. For i nstance,
the part between the AC and PC may be onmitted. In order to enhance the
accuracy of 4 ification of the R, L, A and P landmarks in three

di mensi ons, Iﬂ?ﬁ@gﬁg{ﬁé@l nt steps can be applied to the inmages |ying outside
the 25 AC-PC inmage. In particular, the two-di nensional antero-posterior
proj ecti on dfhetdigorithok €omidated belowRqlire S aadtoasteal Gy Hiok &
sagittal extents of the L and R V\Dq02/ 43803 7 Pg;%&%%tggﬁt@ ‘lglfa#élr?ar ks
and t he 18xi affugiiicenfsstandarh epgation known rad histegramaringés odafon aldls fguepbsthi S
proj ection. 19Nkl cal cul.atin he two-di pensional_|eft-right

proj ection of % rélﬂv\lﬁé?oe %erdaa?sna \%T%l'llf?e& f’o(\}r icﬁﬁiifé’, Wgﬁ% masieh (WMe SIShEtter t he
A and P | and@M)kscaelrosbiml netidf (OSFY hirél Haek@6tdP(B)5 Bach: b1k ﬁ% gjsed
axi al images, \Wen.the Aigﬁa(%l mage is rotated wth respect to the AC-PC
line, the r PURFGHStEgpls eV ongtre hiskeiam The belds aré segesehawetiteo be
rotated, suchiidRathd nﬁwgpp-g |5 i rdi (and .t the al gorithm
formul ated in s}gcti on 2.3 11.gtf IP ggotvalelgﬁostﬁf-ﬁ %ﬁ%‘g%é@‘%‘%@g&&agw%cgﬁ @‘éf{]’}ey

appl i ed)!5 Title tangeef intensitig eorcapomitingtot thisreds bye Br@lyzi ng the 10 ort hogonal
projections of the AC-PC i mage and by selecting the one with the deepest
central val ‘P?Qﬂ(ﬁiter?trf-r .- Wei ghted i mages), as it contains the nost CSF. The
rotation angfe 1§ ¢taicGlated automatically in the foll owing steps. 1.

Cal cul ate the orthogonal projections of the AC-PC i mage by taking the

pr oj ect i ons Asiother @ogimbaNoFiRgid ﬁ§e@ﬁn(tﬁ@raléd?ﬁﬁxﬁ?%@lo@)’%rﬂﬁe%dgﬁlq{cgt?&} 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



15 2. Select the projections with bi-nodal peaks (one central valley). 3.
From these projections select one with the deepest central valley, see FIG
8. 4. Cenwaezuney e projections of the AC-PC image around ghesd@fRbhgsti on
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 inmge 20 projections are generated with 1
degree finer angle step. S. Find the proj&gction with the deepest valley.
The angl e corresponding to this projection with the vertical line gives the
rotation angle. 2.3.1.3. Imaging nodality dependence VWO 02/ 43003 18

- PCT/ S0/ 00185 The presented algorithm at |east in the above formul ation,
i S i magi ng n@sRit ) VieRen . e t i i ~and, prafiles,
as well as the ojrl)éler of géﬁgéssat%g%%?%%é%gégw ngt ﬁe ﬁ}blsltgl glzzrg’ﬁ%gé%sm on
-the nodal i t yiiagedas peomsase pedky understanding its principle, it is
straightforward to adapt it to any nodality. For 5 instance, the steps

ted correct v fop the | whi ch i ntensities of CSF, GM
Dot ot ur oS8P dCRRAPE el | e Bnle et Vet A SeBAMOFIES Ri5e8T ang
this will bempthobaiahybd Reedyis tpagdilE@ the A8RLlatibh FoRE0 %}osl%g‘éﬁféﬂﬁg%ﬂhﬁges’

the order_ is,oppgsite,.it neans CSF is the nost intensive. shows the
verti cal 5proﬁk'é g Shist keleiatione| ig hpestbrmed g forc ther émgrensitigndstaw poigt)ngnd n t he

same positi : ! [ | G " Ta,..The principle of the algorithm
r emai ns theoibg?%glnég%ﬁ?@ﬁgﬁge 82% er%telak’a"}?du}ﬁzfagerdrfglﬁ&aB?‘Z@}éﬂ ]()Faé';ﬁ?lné%fgh‘ii ng
CSF in T 1-webdgiedstriqrages Jalehois! e etineplcacadrdps (ReneaIVARE) ﬁfqﬂle rnal
peaks (representi % CSF in T2-wei ghted i nages), conpare FIG “7h an G 9.

Simlarly, t eog E‘)t(s'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-r ot at ed B&b@N@e k I i kfl naly;image passi ng
t hrough the AC and _an{?ﬁgﬁnsoﬁ %ﬁggz{s%téllg&ﬁk%bgﬁc#ﬁg é‘g{h%Tﬁg\l &ﬁ%‘ﬁ%ﬂgs &€ t he
AC i magd0i s deerihediim detaibfonag!, eomehal fead cagitielspienditiogs.p! ot al ong the AC
vertical line is drawn in FIG 10b. The steps are as 20 follows. 1.

Optional ly, ract: rain fromthe data. Use for that any standard

oper ati ons, 2sa%j?:h "gl)Eslaltr%g?ng loar ow ng conbi ned wi th norphol ogi cal operations.
This step is not nanadatory, but it facilitates the subsequent steps and
may i nprove A.hé. laNobiregyedaixidl an rk identification. The extracted brain is
treated as the new AC i nage, and the 25 subsequent operations are applied

to this i mage. WO 02/43003 19 PCT/ S&0/ 00185
ifst, the case is considered when the 1mages 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
15 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 man_adatory, but it facilitates the subsequent steps and can improve the



2. Calculate the histogramof this inage and identify the intensity val ues
for the cerebro-spinal fluid (CSF), grey matter (G, white matter (WM and
backgrounsvq &)43aes shown in FIG 5. 3. Calculate the compl i€ d&oioh R
(dorso-ventral) orthogonal projection of the AC5 inmage. The shape of this
projectionis simlar to that in FIG 7b. If the calcul ated projection of
the AC image substantially differs fromthe nodel projection FIG 7b, the
ventral (bottom part of the inmage contai4ing the neck has to be cropped to
limt the ACimge to the brain only. 4. ldentify the central valley on
this projection. The | owernost point of the central 10 valley defines the
-position of the ACline. 5. Calculate the intensity profile along the AC
line.. In theydeHgs i i | Like.in FILG 10p. The
real profile di ff%? E&?’?'Sﬂ%‘l‘?ﬂé@%ﬁﬁ% eé‘gtﬁks%?%l? ‘%1%?%%&%@? PF‘Q{I‘EQ@CEWB
~effect, not imAgalanddke subsequegt aferdtions hreepeliedrsthisiimggdr ai n scol i osis. 15 6.
Traverse this profile. Any direction of traversing can be used, such as

starting dor r it he top).an e towards, the AC. ldentify the

second WM pe%éﬂrl%/ué%ttﬁ%}“ts% rafp 8%8’% ‘ggwA%“PFgFe?n Weatify;the dntensity sangssfrr 7.
For the i derthé térebroApinaefkid (0IFY, dréemakdr 'g@m d, can
be used for@hi S plﬁése. 1n(hgg?tglrc}ﬁrlnar, (ﬁ\@ﬂ%}?@‘}g@%ﬁ mg? @?%taglgérts@%dond

derivati Ve apghqrerim FlGoSsee FIG 6. 8. As the AC | andmark, take the mean
value of the start and end points of the identified AC peak. 9. Calculate a

partial verty q P orthogon rojectian of the AC |nage,
ventral ly f ro?&ﬁ#eﬂgﬁﬁ/gﬁé%%a@g%o (r%f’%t%“‘gfg oghgg%la Rrogsegon 9%)3’.‘3 MrECmage. of
this 25 projBetshepe ofthisprojectidnGs ad CFIG. 7MO 02/ 43003 20 PCT/ SGD0/ 00185 10.

I dentify the highest point on this projection. It corresponds to the

posi tion of vertical line passing through the inferior (I) landmark and
gi ves the sé%iq?‘fné&y & gﬂ{eygpnttﬁlé Rrojeghifielie lowermarst point of theheentral valkey
ventral l'y f defintdile MediDSdsHRIM Hithd ADS i-fent 6 Sk b peak. The peak
has to be wi de enough (%‘)Isor. i nstanécé?e%%\%q?ﬁ—ﬂﬁq%{év%?&s p?l(g}:"sgt;)tﬁ? gegb%ﬂ“%ﬁo t he
ci st ter nf1(3![ R_t"@?d@ééﬁfn@g ﬂmrsatgtfo@baﬁ;ntim‘i (he[rtghtt ﬂam]:iﬁ%tﬁgﬂc (I?t F@@gw&eﬁ%og%im oﬂﬁt% start
point o [ Y axjal extent o e andmar k. e anatony on
the PC | nager%hgg’g%%{%}]"?q%y#{%ne © sagitlal £Xiont of Eherle Janslmany (bo). Tn casarwhegh t he
PC line is diabid i3 dklristed Fobh the hecbif fbigk N b Qo L2
Optional |y, S{étract the brain fromt hel P 1%35&”@@3@%@%&61 “%tndar d
oper ati ons, <§a+the lefiang;right glopes ofghe prefrictionl definenthasagitabéxgrits of thepediat i ons.
The step is not mandatory, but it facilitates the subsequent steps and nmay

i nprove thesa f. identjfication. The exiracted brain is
treat e(rjrﬁ gs tsggfﬁg%?%te%iur}%gg,g @Rgletﬁ%n%ﬂﬁsé(;lfégﬁn%g@rtlé‘i }dtﬁﬂ]scaé‘?séhﬁﬂﬁ@]éd to
this i mdge. shauld JoolClike il FE@. THeETH shogAR afff: ' Lgeatisfy the
intensity values far the cerebro-spi na?Ir id er(rgéglg?ptﬂéﬁggﬁn(gltegoeelrcg%%\%f

fl ui
white mat t ePOERRAHRAGVHURR Giseh dot Bleabpositioning ioff thd Gnags, atd poSible (Hrgihe t he
vertical (dggsisientral) orthogonal projection of the PCimage. The shape
of this projectionis simlar to that in FIG 7b. If the cal cul ated
projection of the 20 PC i mage substantially differs fromthe nodel
projection Bl @ravemse thiseprodild. rAny (bettionndf pavdrsing chh®el RELSsIGRANAdtRAG t he

neck has to : dto |im he,jnmage to the brain only. 15 ldentify

the val | eys a@%”%?%gg o.‘ée_chw és t%‘}‘?(9‘6‘150\?8.rtﬁ‘FE?sfhep‘@‘}ldfﬁ’f’méfalQﬂge bty linal | ey

fjg; ![ ng)s(f% ?ﬁsdz@ﬁ@n ahd pesiet totard’fthé AE. ReddPane FRG méiﬂ)ﬁgm%b rtgmt(e?lfior he
gfong 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.



25 valley defines the sagittal extent of the right |andmark (R). The
| ower nost point of the right external valley defines the sagittal extent of

the left Mamommmsoks (L). In case when the brain is extracte PC
i mge, the external peaks/valleys do not exist. WO 02/ 4%%@Q@fwa?sa

PCT/ SG00/ 00185 Then, the left and right slopes of the projection define the
sagittal extents of the L and R |andmarks. 16. Calculate the intensity
profile along the PCline. In the ideal t®se, this profile should |Iook |ike
in FIG 11 b. The real profile differs fromthe ideal one because of 5

noi se, partial volume effect, not ideal positioning of the imge, and
.possible brain scoliosis. 17. Traverse this profile. Any direction of

traversing canviae @%ﬁénioxﬁuﬁllang%hékgf-% qglg%%ﬁsiaéllt&y (ﬁiexfitgg?pw;fi &%81?% e laTYe

towards the PC._ Identify the Secon from
-Take it as tPe TRke pusipeakbs the®PC Perk.t he i dentified PC peak, find its start
and end points. Any nethod can be used for this purpose. In particular, the

PG Fandnar k. 1aios RIS B BrulR S i en o pomstiodgmn frased
identified Pfrpigisurpbbe. 2R paftetlat,iBe %r&%%éﬁgic;fttﬁé see8hEMrivaBle Elfndudyd R

| andmar ks (as calculated in Step 15), calculate their three-dinensional
posi ti ons ba¥&d’1enb+ hei r definitions fromFIG 4. 21. Calcul ate the
horizontal (left-right inage) orthogonal projection of the PC inmage. 22.

For the cal cyf a i jgetion, ldent.i he | pwer nost pQints of
the right ex%dr'eAni%é;?Fegﬂg[h%ka g%éy tl%fgj ﬂéé’ar}][ Kaug 2 éﬁgé%e?ﬂdofi’f‘é tpﬂlélt%ﬁgé}?fi or
(S) | andmar kidehtifiscla®¥@pedke 20 . brain is extracted fromthe PC image, the

ext ernal peak/val'l ey does not exist. Then, the right slope of this

proj ection defines, the superior (dorsal xtent of the brain. 23. For the
gi ven axi al g(tlzg)ﬁﬁlée e’ ﬁggléalal??dl(qonﬁ Qgﬂﬁﬁafkaéld(%éa@ﬁl%‘]ﬁﬂ seledlatenthgir dhreg- 1 ),
cal cul at e t h@iidentiBhASosttiBRNSIsONE) HRESHEhR; their definitions from
FIG 4. 24. Place at %t he1 PC tshat at aghg%%g P‘gﬁ’:@gam ch passes through

the PC (the axial atlas 25 plate 1 nmm above is taken, as the exact one is
not availlabl B, Calenlate cthe horizontaln grighityeft hemispherevdr RELANGHagd) orthogonal

PCT/ SG00/ 00 . t he, R- LSt anc The anterior, and posterior extrenes of
the atlas pljlgfgjggtg%q ?tﬁtgequ:e-f’ @dPS%%ﬁhEQF@?tOEt%‘F PEUECUQA i3S 1B 1P AYd- and
posterior (P) |landmarks. 25. For the given coronal extents of the A and P
| andmar ks, cH. durahe dahelated hoea@targRsons, iaRity itROIoWaaRE: BBinth6l fne

definitions from Flﬁl 4.
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.



5 1n the ideal case, the orthogonal projections of the AC and PC | andmar ks
in coronal direction are in the sane point, so only one of them nay be

cal cul at edwand/spdiaced accordingly at the counterparting i der to
enhance the accuracy of identification of the R L, S ang%%%ﬁgﬁgﬂ@%ks, t he
rel evant steps can be applied outside the AC and PC i nage i mages. In
particular, two 10 di nensional horizontal and vertical projections of the
whol e brain vol unme i mage can be cal cul atetb and the extent of the brain can
be obtained fromthese projections. In addition, the analysis of the
profiles corresponding to the central valley for all coronal inages, can
Jlead to an automatic identification of the PC inmage (in the above
algorithm th&rie feRBOE, | I ) er).. rhe,i deal
profiles outside 15 the ’i%iﬁggg%%ﬁé@%% %ta#é‘éipggﬁ ?\?A’i‘%gﬁ&?a@g bk
.cor r espondi ndineduring capabglitiescol | usum Therefore, by anal ysing the number of
white matter peaks in the profiles, the images wwth the AC and PC can be

peas. 2.3 2.7 R BRU0n B ACRR b cor PR e R PE it 19 Bird oeatist i ¢
respect to t (¥3RCedléulating B heiAhidhrafl! adhasibg (e el pgg;ﬁd c?[&%}]atﬁggeigsat a

i mges haye to be rotated, such that the PC li'ne"is vert an t he
al gorit hm%f orfFBiehtad plasing Heerpdhe Adi-BCelng dfhs cahartemeit may Iby ianpriasd)n
Simlarly tomxghalofisisentation, the rotation angle can be obtained by

anal yzi ng the orthogonal projections of the PC inmage and sel ecting the one
with the deepest central 25 valley (for T 1-weighted inages), as it

cont ai ns t he -rittep 8:C8ken TaleulatigtticohC awlle nhse@iaggﬁﬂé,gm%dthﬁcgf@g?%?eg%%dg n

the foll ow n? ségfsf ’g) 02/ 43003 23 PCT/ S0/

ort hogonal pr8} 85 HJhe erd PeiRkoihe Afmpeakyy masrihag % men apeo| fomithnstantipbinta

gi ven angl e silemstheopd : 2. Select t pr.oj ections
wi t h bi-nodal peaks %gr}gé%:tgﬂ ?gﬂ?ﬁ%ﬁl'igﬁggss%}%ﬁ%%%%g?JtithZ‘?t‘isg el ect
one with the deepest central valley, see FIG 8. 5 4. Cenerate nore

proj ecti dfs ofStem® wesitioreefehePEusad tehrestrictef detinposiaglaceh@H liniit $4nge3 fyi th a
finer angle i he r e.of the,given angle step. For instance, in the
range of +/-§’§?§’§%&é2§“&r%ﬁﬂaﬂF%&l%%?@éﬁ?6% selected in Step 3, the new

i mge projections are generated with 1 degree finer angle step. 5. Find the
projection w St hie ieanathlaidb |y PCT0AiIZAA &0 28 R W18 hiclYof ot
projection with the vertical line gives the rotation angle. T ooy

| magi ng nodal?eBC.dEherfad memt philgiR(gismetalithan? vepamiehas thestibpoingmkeas f or

axi al orient atd ( ittal erientatio 5 The_anato for
t)r(lle sagi Ittal az)érlf@eﬁlhteagtt%%&?%&g%%\%nm %ﬁgh‘f’%flgeléj?[l“ﬁ Foﬂli‘éq’réﬁ@amw i dentr?/fi ed

m dsagittal inmage, the T-N landmarks are cal cul ated autonmatically as
fol l ows. 19, ©Stapolfalif thereepre tae extrdime balidys for GO RRdThS Bk Ttﬁ@slec&ﬁfﬁ@&ﬁlefy{use

for that any,standard erations, such as region growi ng conbined wt
nor phol ogi caFaSsc;[geeﬁgfiv 18 $‘?ﬁw§e‘?8‘e§9@5 a-lng dH@tm@f&’ﬁgat ory, but it facilitates
t he subsequent steps and may i nprove the accuracy of | andmark
i denti ficati imaddiieh, ¥k atpS chal Rl dhtinS-dd ¢8} | dsagitLal image,
and the subsequent oper at iﬁ%)ns agr e dailbplpl e toﬁgha?kge’?}rlr%g\é\é R 1RERNS Edttunid

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



WO 02/ 43003 24 PCT/ SG00/ 00185 2. Cal cul ate the histogramof the midsagittal
image and identify the intensity values for the cerebro-spinal fluid (CSF),
grey nattevo (A3 white matter (WW) and background (B) as shovgnlddis! G S
3. Extract the white matter structures fromthe mdsagittal 1nmage. Any
operation can 5 be used for that, e.g., thresholding. 4. Identify the
corpus collosum (CC) on the white matter inmage. Any tenplate of the CC and
any tenplate matching al gorithmcan be ud@d. In particular, the CC tenplate
can be taken fromthe Electronic Ginical Brain Atlas (Now nski et al,

1 997), and the maxi m zation of the autocorrelation function can be used for
‘tenplate matching. 10 5. Define on the mdsagittal inage a rectangul ar
boundi ng boxiaage ; [ i tfromthis boundi ng
Pox by oxt ongy paie b0 kiel PrEs oF wiES oA Kndnbhll B o PERLNT orm B o
-hei ght of t hprojrstinnli Pignilacly, hndalgslating tiestwdidinteaiightl left-righe pGeition @fthe

i nterest. 6'w§f§l’ectl>]rlafitelt het hi stogramin tge region of interest, and get
fromthis hiStogramt hE S HeliPessn i tuany 5ess 6f thaé axkP epvimadksvae 7.
Extract the uthined fohi @fs sbfesdrir es within the region of interest. Identify
the fornix (Fo) which is the biggest connected structure bel ow the trunk of
the CC y thog{can be used to identify the Fo; in particular, the
structur i th ofptedesel imasser of pixel s can be taken as the Fo. 20 The
fornix is a symmetrical structure |ocated very close to the mdsagittal

| d, i ASBES 1irrd i i dsagittal sl i
Bhich 1o ncquiERthe SEPC imske Bt Wi RLBRAD i AL Bg e rirefon Rogléne 1 1
the midsagi thasltoibeaigfined akbthe daei ighigeshidvedoibeaertedl &ich B4t the aotPcand ;4 ocate

the fornix there. 8. t}t? n tt]e npst ventro-anterior %bottomleft nost) poi nt
of the Fo, ayidutalaid then theglggritbm formylated drsectiond. Db fg0the m@B-rotated case

PCT/ SQ00/ 00185 Be di¥eai f4pmiheriaC | ef t guadr.ant .wth a.s I
radius, Fig. 12. In pg.srlt i_F@uI % ?mt%hé&?tg%{ tﬁgg%a%ﬁlble)go?abq%n qlmbylﬁ?awzfmgnﬁi‘? hi s
quadr ant1® heerghogoral pugjectixins\ifiiticeA GERE enageeayiddsysseldetii theldheWig the deepest
ventroanterigr. one .. cal.culate.its center and take it as the new AC (di scard
t he previ ous&&@. 9@1eﬁﬂfor§f-r o4hted wmages) @S 4heorriay theamost CSFr T wetatiomwi t hi n
the region afngldis@sleskicdAMYorRRRARY e $WR for that, e.g.,

threshol ding Identify the nmassa 1i%lﬁlt er?redi 6\1 ?%/Iki’)éﬁéjv\hl ch is the only GM
structure within the CC bounding box, under the CC trunk. 12. Identify the
most vent r al - Scil¢ilate the grghagpnal mBojeeians of theehC-RG ireagderiyntaking HCpphesivng

t hrough the yps | it .of _the M .10 Fig. 12. 14. Starting from
this position, %8%4%?"35 eespege(ggr-lﬁslt%eSV%ré{lévﬁle%eeéfound the AC, and cast a ray
along this sem-line. 15. ldentify the first WM structure encountered by
the ray ion . Selectthe phjsdtimns evithrbdmddabpdEs (die ceatilivaledr . the di stance
ranging from1l7 mmto 3 5 mmfromthe AC can be 15 used. 16. Calcul ate the

center of t identified WM structure and take it as the PC
I‘ge. Frém tHese projections select one w1t% the ctieepest 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



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 |eft side) and
the P | antee2i3fosn the right side). Any direction of traveisqshlhisAC PC
| ine can be used. In particular, 20 when traversing this |ine from outsi de,
the first peak corresponds to the scalp and the followi ng slope to the
cortex (when the brain is extracted fromthe mdsagittal inage, the first
peak does not exist and the slope correspbnds to the cortex). 18. Draw a

| i ne perpendicular to the ACGPC |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 Thegresaitedealgorin0adf #3903 4R Mol SGRA Uiﬁ?ag ! -
parti cul ar, (}{{\/neg traver Sgl ng this line from oSt Si d[elggéiﬁgls fir {8 Hlogahty
~corres ponds endat.cEhg phapRy of e pmmcmmwgn@ Ipogides, astwell amrtheemdemhé nhé he

brain is ext i i the first does not

exi st and t hgetﬁ{seﬁlg%eglécsg‘?gr ]elggglr’:lnﬁﬁgg' edl:a? g;})the Sm%aht)to‘llsp ﬁhglogweh B al
extents of tireleStandingmits principle; Ut ad @trh@ﬁtf&rﬂfaﬁ?téj'aﬁgﬁtsit QBaln pﬁ’%ﬁél V\gnFQIased
on its definition fromFIG 4. 20. Measure the S-P dlstange he S

and PC | ahdniFtRuce, the stepsqyresgnise abevrewenki correcthe frurthe mages svhichaintenbicied ﬁf i
et ot Cop GRAAM sibhchitel ERRGRAS R 1R B 1 ieigBAd PR it

AG PC pl ane.(ag@thiFwill bhprobiblg thetbsticorxiontas®f Infdage bf TN G 1n?a%le§ %eat e
its three-di nsi onal 05|t| on b sed oan its definition fromFIG

Pl ace at the’™P¢ PhdpPO§ ‘F ald BEanaICY)] &t Be mRslcmiqaivg e E1G nP sbghs tthe vm)célt he
atlas axi al gbrt Aoy the ex els
not avai | abI%)ﬁ tg‘lplnéofrlﬁgﬁ:scaI giglmtag H%g%éa&frws &&*ﬁgts to @lﬁﬁg %‘%Iﬁa@leﬁogﬁ%a

| at eral &t rtbmags:fmtfﬂﬁs Tait Theesprpiciile oﬂﬂfelahg)rttlilﬁ reagin tled sagnd, ek vey, tﬁehe

left (L) and e.given sagittal extents of the

L and R | anacr?é{rr% df:g%tgm%gtvgﬁ‘?yﬁeqr?pnfsﬁ%%|¢£:n§1 dhaveighyed timages) ishedd ten
their defi nlr‘epl@éb%i By tfhmcExht@\l a{’rd ektenﬁr E@a'ks h%gx%gé}ﬁﬁg%;od‘@hfg g}é{%ﬁ&& l&a%%s%

identification of the A, | and mensi t he
rel evant st €958enFHe abrﬂndeHGc c9 t&mlﬁarm,gﬁe d:quveog pesitssird FIGH e shelgadiet t al

image. In p mu rsal .ex t of the S [ andmark can be
sear ched asq?éla%%ebg[tkg% c@ﬁap?%éwﬁ%’fcé’s%é 1 not only for the PC
point. In asimlar way, the | |andmark can be searched on the imges
out si de 1he 13.2sGgohiladrientEige . wo 02/ 43003 27 PCT/ S0/ 00185

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.



The accuracy of the landmark identification in three dinensions can be
enhanced by cal cul ati ng two-di nensi onal horizontal and vertical projections
of the wheleodsaisn vol ume i mage and obtaining fromthese ng%&ghhgﬂg t he
extent of the brain in axial, coronal and sagittal directions. 5 3.

Label ling Labelling consists of two major steps, |abel assignnment and | abel
pl acenment. Label assignnent determnes the | abel, or |abels, for the

poi nted | ocation. Label placenent is thelSay of displaying the |abel, or

| abel s, on the imge. Labeling can be done in two nodes, a single |abel
node and nufti-|abel node. 10 3.1. Label assignnent Label assignnment is
.done in two steps. First, for a pointed data | ocation, the correspondi ng
atlas | ocat i BnCalsulal thelltegranSeC el imbs aad Gllereily 3hd AedMGAARR, fo f | aDe!
is determ ned. Wen a ﬁursor is placed over the data i mage, the coordi nates

cof the i magetTEeEPHal B (GSH)earey anditer (EMo ovhitiermeates (OYM) hrad deckgspahdi ng

atlas plate @gs v Afef sbased on the inverse registration
transformation. I'n particular, this may be the inverse Tal airach

transformation. For a given atlas location, its |abel can be determned in

two ways. WibrCalctlatel the cohplete oritah{doas-ventabesttogbsal asropstiém of IRIAC

r epr esentati.gn table is.constructed 2Q with caqlqor-structure

cor respo deﬁ%@?ge’rﬁlée glbqp rOfftggdprngcp% I %rRkeE do [t dp (36 (Thd&ths aatdubatedabl e

and gives thgojeaiih 6f tHehRCARIaPL SebsBFikES H | 3sed d-in

geonetric rg'grjeésent ation, thggstrusct ul?lg};s grfEéS ?\egﬁhgb %&ggﬁggcrt\’?)guﬁ? (7§ets of

poi nts). Eveny vewral qbottdm)parhef the Singgreconaining ahp neuti eg)to Perdispped & @Rd t hi s

assi gnment itgeét(f)r ed it‘?ﬂ;[g Eg(ii(r:loso{r]n our-structure table. A given atlas |ocation
ga

is 25 checke st nce of the smallest contour containing this
| ocation, and WO 02/ 43003 28 PCT/ S0/ 00185 when the contour is

i denti fied, 4.tdémifexis cédiml GalMyOUS 115§ HEGEMUOR. TADIGwaRdst B&int 8P8le deiral
produce 3.2 ng@lﬁpl acenent The | abel'ing can be done Tn two nodes:

si ngl e ﬁgbelvaﬂﬁﬂ ths pasitiqngighe AGdme. The 5 single | abel node is dynanic,
while the multi-label node is static In single-Ilabel node, the name of the

structure i t; j: e ra . articular, ~.jt can
be pl aced i ?Sj agi&frrégfgﬂ%f] &gn%liggl ﬁ%aﬁ%ﬁé?hérﬁg: Flg‘%)zlﬁ the lasﬁr%‘é%éﬁlsdv’ﬂﬁlﬁ cally
such that i showdlloels likben b b@p. Ciheseal. profilerdiffeis-fr@h @he MHREEond B&ali&ess can

| ace interactively, multiple |abels on the imge. The
P noise, pa}/tlariruvotlurge effect, not ideal pos1t10n1rg1]g 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 see FIG. 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.



10 user clicks the inmge, drags the nouse and draws the arrow pointing to
the structure, releases the nouse, and the |l abel is displayed at the end of
the arrowwdWemsothe clicked |ocation is not |abelable (whigh. oeans no |abel
exists for it), the arrowis not drawn. The sane nethod of producing the

| abel on the imge can be used when the user 15 searches for a structure in
the image by selecting the nane of the structure in the anatom cal index
(list). 4. Regions of interest The regi ok0of interest can be drawn by the
user as a geonetrical object related to the | abelled structures. In
general, the region of interest can be any closed polyline; in 20 nost
.cases, however, this region will be rectangle or ellipsis, FIG 13. The
regi ons of i10. qa&sity @ hie r QVi i t onal.. di ostic
i nformation. The u;stf}ér céﬁhﬁpgﬁtggg@ﬁyﬁgc\#@%ép @ﬁ&?@#@ggé tt]}enqog}tg)tc?fgcﬁa

.l abel the styajdeallios passing throughrthe Mfebom@) laudhyrk H@ @vessthe seafiall gtk ofhe
rel evant pard . Fathe image first and then enconpass It within the regi on of
interest. The g gég}?éﬁt of 25 regions of interest is optional. WO

02/ 43003 29 5. Mensuration PCT/ SG00/ 00185 The user is allowed to nmeasure

di stances and.ahgiese o I hee dadtmlly B8 She G.C %@M&&Ealglﬁkf‘eogﬁdf grﬁ{lﬁlg{)é)gcégl:

i mages prepar eg by the neuroradiol ogi st can be save
processi Rg BFa6t HisrPsE dee i bywiskeeaguainforsinstae, fvesillimeaters)enconespondpes es

two ways of (gayi %];ﬁé - ed i e r.. in the extrene case, the
atlas itself), ggw%td\%e éirlllggﬁllglgﬂ)? %S’eangrfgoﬁg? %§ 79 gyri-Aihg, stark poinke

at | as- enhancddhis pegjegives the eial extentwethedNatdealif or mat such as XML are

sui tabl e fox web-enabl ed applications, while stored in DICOMfornmat they

can be saveg];ﬁn 10 Picture Archival and Conmuni cation System (PACS) and
used in Dic Y ethg gy i10ae¢ dhshovgyéth FXG. | bali andoibe cakrespondinggploal
wor kst at i onghicRbh tHE O ERe Y & ' N Ists,. neyrosurgeons and
ot her nedi cal prgof essi ongﬁs, &ﬁgpi@lm?‘he d@bggﬂasﬁl?sﬂ? %ilo%es can be
saved se aratelr%ﬁ.as two corresponding inmages or as a single imge with a
user - deflPned 2arentionaldy, eiteactlithey bivén iwen thidC ihaed| Use 5 tHat WS T MriSrd@

t hod of i tl -.enh ed i i Di f t. The | abel
(Lonts and DPBehd S da8eER RGRE B iaes BoINEIR iRt Brfeiorand
t he nmensur atis netsmaidatAvRd it fcilibh@and iftseq Rt stgsgétﬁc'%{‘r,{g%ﬁ{nlln&)ﬁq @?E%%@Oxx) .

The atl as, rgﬁresent ed as a color image, can b mu com
overlays (t9&randmask igengficetinamThe extracied braim ipaedtedus dre, ndv PChienaBe bird

i ndexed col i . colors),. ch. 20 atl as byte corresponding to a
gi ven | ocat %ené@gﬁg (%gagleog‘gﬁﬁ a@i’&ﬁ‘ﬁ%ﬁpﬁdma%%rl ays.
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.



When the atlas is in geonetric representation (which neans, as a set of
contours) the contours can be saved in a single D comoverlay.

Al t er nat i wed y2/430be contours can be saved in D com contour p(\é-ﬁg W{)oqtg com
SOxx). The atlas enhanced data can be stored in any web-enabl ed marKkup

| anguage. In 25 particular, this markup | anguage can be XM. eXtensible

Mar kup Language). The atlas and data i mages can be saved then as bitmapped
i mge el enents (which neans WO 02/ 43083 30 PCT/ SR0/ 00185 as | ayers

whi ch subsequently can be bl ended), while the |abels, regions of interest,
annotations, nensurations, and/or atlas in geonetric form (set of contours)
.can be saved as vector graphics. Vector graphics data can be saved, for

i nstance, asThon. thef lefrent sightlepes ofivhe frofetion demidip shaRWRERs dfShaD and
application gl Ii>5£<J\/L 5 References The content of the foll ow ng references
-are incorpor g W\aék%i nintheir entirety by reference. 1. Davatzi kos G,
"Spatial transformation and registration of brain imges using elastically
def or mabl e npgletaleul&RMBL L i rSt kne,. \Vol,. 66,.,10 No.
2, 1997, 207-222. 2. Hoeﬁﬁtreen%ﬁystﬁ@,m%%%ﬁ%%ﬁ ar‘tlﬁf:ﬁggéeg?ﬁa%éng"%ﬂ?ﬁl?

Spri nger - Ver $hayld laskdétebiariG. 1985Th@reaNomifids Kiffad flom tHarigéd) die HdcausRaghavan

R "The ect r:oni i.ni cal in Atlas. Miltiplanar Navigation of the
Human Brgdl n"‘T‘& ipérntgl Vﬁé‘\‘ﬁ’%gﬁ& ne E‘F?lg%?sét}onil%?? thesimage;and ppssitie braimnd
Tour noux P. &§dotiofth.anar Stereotactic Atlas of the Human Brain".Georg Thi ene
Ver | ag/ Thi eme Medi cal Publishers, Stuttgart - New York, 1988. 5. Brummer

M E. "Hough H %msform detection of the longitudinal fissure in tonographic
head i mages"!{-EEBVeFFQHYa PLefdRsABy dinsetiarapf iraeaysing cavdie useq, Sioh ab, staviing h

1 991, 84-81. 44 2 [ / /001 . A é{g@d 0
anal ysi ng an ir?r%{tge@otm ggl()%?%??a]nn,d%‘ﬁéeer%ne“g%dP?%ﬁpfq%gﬁg'gﬂl‘F ﬁ%cogg Eﬁak from
recei vi ng datha tefedlong tig AC fihe éRak-ditwenké POakalt. mage of a brain; conparing the
received data with a brain atlas to generate a three-di nensional mappi ng
bet ween e | e and t in.at]las; using the mapping to annotate the
r ecei ve d+ Og at ia%{r%%ﬁ the genttl]heedblgél peak, ﬂn?l its start at?d end pointrs).pAnyg 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



witing said annotated data as one or nore data files. 10 2. A nethod
according to claiml in which said data is received froma file in D com
format. 3w@emBndzod according to claiml1 in which in said Wf/%(ﬁ%ofstsep t he
annotated data is witten in Dicomor a web-enabled format, such as XM
format. 4. A nethod according to claiml in which said step of conparison
is performed 15 by the steps of: (i) identifying a set of first features in
said i mage corresponding to respective sggond features in said brain atlas;
(ii) defining a first direction in said imge, and a plurality of first

pl anes in the image perpendi cul ar to and spaced apart in said first
.direction, each first plane 20 containing one or nore of said first
features, ang GORL ' : ' ond ne.in the hrain atlas
cont ai ni ng the cgr???ggﬁg{?ﬁé %}ltgn%%{e\éﬁagﬁgﬁ@%sa@hﬁ%@as( plpteydefine the

. partitioni ngeasensth extentstof fHeaaméerion(4) areiciategiol 6F) 15etidreNs based on said first
features; WO 02/ 43003 32 PCT/ SG00/ 00185 (iv) for each first plane,
applying a 14 nsformation to h section to transformits

di nensi ons t%feb%&éﬁcﬁ%gfveflocof%&x%f‘ts Eﬁ@%p”é@fl velandmarksgealewlate abeir dhreof t he
cor r espondi ngjneasond ppbidoes baadtlod kirdREhHoRY Bt FANSS OF Mation of the

spaci ng between said first plane which makes 5 the spacing of the first

pl anes equal_ t tc%g spaci ng of the correspondi ng second planes. S. A nethod
accor di ngut Jnctﬁ%li hcqsg, i iosthogenal peyegtions of thepaCiand PQ ngmefkeriedrdayl t he
steps of: (igjrd VA .of first fe res in_sai rain atlas

cor r espondi n%réfg&?tg}sep%lcﬂtﬂ?\fgmg tgbn(r%]ﬁsc* 8%@&?'[550%% IR gy Pﬁé’@gu afeg a4 plagest i ni ng
a first directodinglynatghe coubterpaitiag iragpe. and a plurality of first planes in
the brain atlas perpendicular to and spaced apart in said first direction,
each first ﬁl an(gercont aining one or nore of said first features, and

corr espondi 1§ FET 40 FRAAYEE the\ascwraey, pfidgntification of the R,iadh 200 hiaidnianks, thee
cor respondi nglePaf sRbs bR 5 SHHESND anlgidA ). partitioni ng.each first
pl ane into rect ar_lguF%r -sec%jii’onsg%%@g o%ésaéllgc]ijq ll)n?a%f’ nggq‘segWP%é%“?aI( %9 for
each firl8t plimarsionabpbrizantal and ivaeial propotboy ofahé meIecm@ﬁhc\rblbﬁﬁ@lﬂaQ%% ¢
transformit i i 0 to.b ugl to those of a respective rectangul ar
section of tq%ec‘d’féﬁ'ggpe sﬁ?gﬁl&ﬁ ?féefgé’%gﬁﬁﬂﬁpéﬁ'ége abfgined froguthess prgjcetions.
transformation of the spacing between said first plane which makes 20 the
spaci ng of tihedfiition} the! @AGRiCOHUMe frofildSosRaIHAR r ndi.n
second pl anes. 6., A netho accordi%g to é’nyﬁgﬁ‘ecéﬁc’n‘tggﬁﬁeg%% ‘?arilf%&hﬁgﬁﬁgsai d
step of ann&PENALIEESS, 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.



performed by selecting regions of interest on the inmage, and deriving from
the brain atlas information associated with this region of interest. 7 A
met hod acews eb/f3gox 0 any preceding claimin which said Ste%g&ﬁ?@@k&ti on 25
i ncludes placing text on the brain inage. WO 02/ 43003 33 700185 8
A nmet hod according to any preceding claimin which said step of annotation
i ncl udes pl aci ng nensuration on the brain inage. 9. A nethod according to
any preceding claimin which said step of3annotation includes |abelling of
one or nore regions of interest based on | abels associated with 5
correspondi ng portions of the brain atlas. 10. A nmethod according to claim
-9 in which a user selects said regions of interest successively, and the

| abel s at any, CAail@Bth<oH Qs r i selection,. 11..

met hod according to any p%ogggﬂ%tegf%l?%f?% I\r/(ﬁ?{g%égdwu@g?gﬁ@? ﬁrtojsecg?nsc‘fvit@ks
-any st ruct ur@givan angle stepdfor instanes sverpSydegmns), at the pointed | ocation the

| abel of the 10 said structure is being generated, while when clicking and
dragging th the .line is,drawn, and the | abel of the said structure is
pl aced at tﬁze'rge%;l%c%?%)f’ P{?JSC%"&’Fa“ﬁ*ﬁd%mdfgpe%&sgﬂer&?at%@élﬁm ng to any of clains
7 to 11 conprising a step of generating a | ookup table defining a nmapping
bet ween t he hdirdmahsse phojedidnk 6AER oAb Fithah ' ] kiedigces, said

| abel s bei ng gener at e(;p l]]si ng the table. 1%8%.%4%\6%2%%{%%%%%1? |'r§g to claim
12 in whi%h %g}e user can npke each of said selections using either said

i mage or ‘by WO OIS eUQs; of the BCdmage awund theeprjedtior sadectiidiig step 2iny
precedi ng clwitpi i Is t i IS sed on a plurality of
| andnarks in !ttﬁ]g ﬂlhrer%\mge@@i%ﬁ lﬂt}%eﬁ%%g%@g%%iaﬁgﬁas CR: ARG ESHNCE 1B 06 TANgY an
exi sting br afit/afidegiees AwuBd tepiojttion Bplettsd Ny Stope3, SheRow Hnagd brojdleBhi f Vi ng
a set of first feat u(ges i.n, sai q. i mage corresponding to respective second
features in BRPEFAE] Withl degreedines aggle stepng a first direction in said
imge, and a plurality of first planes in the inage perpendicular to and
spaced apart5,iFingahé drbfestiord wAfBC iHe0 C (W p e 02/ 43003 .34
PCT/ S&00/ 00185, cont ajﬁnifng olﬁgﬁ%r mr?o?eeepgg gaé{e ) ??‘Fs eﬁ?ﬁ&gg?%ﬁﬁam ﬁus

cor r espdfdi rigoieetion wisk geciertical Heegives b aotatiomaridie brai n atlas cont ai ni ng

t he correspondi ng one or nore second features;

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.



(i1i) partitioning each first plane into rectangul ar sections based on said
first features; 5 (iv) for each first plane, applying a |inear
transf or nsto @m3ves each section to transformits dinensiongwﬁ%ggﬁﬂﬁﬂgal to

t hose of a correspondi ng rectangul ar section of the correspondi ng sécond

pl ane; and (v) defining a transformation of the spacing between said first
pl ane whi ch makes the spacing of the first planes equal to the spacing of

t he correspondi ng second planes. 10 16. 24 nmet'hod of nappi ng an existing
brain atlas to an image of the brain, the nethod conprising the steps of:
(1) identifying a set of first features in said brain atlas corresponding
-to respective second features in said inmage; (ii) defining a first

di rection i r2.sGdleilite ahe hBtdgasn of sk Riddasii@l | fil in the 15
brain atlasjgergendi ul ar, Fo and sBacedg%pag%%¥%%£5F%§§?E@%ﬂﬁﬁyi RS each
first plane ©brit&isreRge-erigalofluifo(€SEr gray dnatiers(G¥Mpathite smagerd(WM) and
CorreSpondi”ﬂwk@nﬁh&ﬁﬁ%ﬁ%ﬁ&%ﬁn§ﬁ Qg pl ane in the i mage containing the
correspondi ng onhe or re second t'éatures; (iii) partitioning each first

pl ane into rectangul ar sections based on said first features; 20 {iv) for
each first pl.dixeactahpiwhitegnattdrisnaeturesfams ey ABdshsiftall BhaBaC %gﬁg,iaggn SR
transformits dinensions tQ be equal to those of "a correspo ng

rect angu art?@@?ggﬁﬂgﬁ’?ﬁeaEﬁEPE@ﬁbnding second pl ane; and (v) defining a
transformation of the spacing between said first plane which nakes the

S aona ol anon HaED e omB oA, (0L b B RAT M inlelE, RELITIRAT G AR (o
Ic| aid s &5 orC4 end ﬁn)v\kﬁnmiatfsmalclﬁ@algoﬂﬂmotgﬂ hegi;dﬂlagi.%pa’:l:ﬁ&g&, me@@@ﬁma%
andnar ks. rin mappi ng bet ween a brain imge and a
brain atlas j‘:é{l ﬁét%bﬁgogn ﬂﬁc‘?@gfqﬁg C?}nﬁéfgmlﬁ@“és Nenwizpskit af abf”%)m%n@lthcs in
the i mage, saaximlizaticref the ab@b&@elﬁﬁé&fﬁh@ﬁ(ﬁ%éﬁ%e%e@f&%&nﬂ@% nlYeﬁl L.eys of a
a i

graph of the density profile of the imge nmeasured alo ?‘Ilg ind/ or
peaks aqg vgl beﬁs of a projection along a specified direction; formng said
mappi ng ' Based P5Hn¢ A. thoomidsagigalisrree aofectangulpoisiuniding boafarswiddthd €4, aashar ks

in the braig,d s ing.landnmarks in the brain atlas. 19. A
met hod accor@}(ljéi n g)?lodlf‘clf‘%fér:rs? ?ﬂgﬁfﬁﬁ)ﬁﬁ?ﬁxqﬁo nﬁ)ﬁgxtlegcﬂp&ét IRvepiral dippstionoln A
met hod accompditieglat,daled thierdoiBlefheighi @F thddusdidptbdk MaRe % ad 6 We{gi'lY.bfﬁxet he
posi tion of _the PC line froman antero-posterior projection-o €

i mge. 21. ﬁ\e%@gateé‘??éordi ng to claim20 in which the position of the
AC-PC line is 15 defined using the location of the central valley of the

ant er o- post 6r CalcuRfeOih8 HiétO8tall inl RS 1l i thod according to claim
18 in which i nacuRiethS Hisodtall in '!.Hnéé%rgﬁt%ﬁé‘?‘%éﬂfﬁﬂ%get Hof SR Hist Sratn 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 us;d 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.



23. A nethod according to any of clains 18 to 22 in which the orientation
of the 20 inmage is determ ned by obtaining a projection of the inage at

each of awbuyaopsy of angles, and orientation (the rotati J s
derived fromthe projection for which the central depr essig(?l'r/lg(gwc/f@esﬁest.

24. A nmethod according to claim23 in which the orientation determned is
the axial orientation, the plurality of projections of the imge are at
each a plurality of WO 02/ 43003 36 PCTES@00/ 00185 angl es, and the
rotation angle is derived formthe projection for which the central
depression is deepest. 25. A nmethod according to claim23 in which the
.orientation determned is the coronal orientation, and the plurality of

proj ections 9fDiahefrbBBEAD £bcHonRAG \nRfirAt @itﬂla%é?a:lli rﬁ%g];Fﬁg?%leﬁf%ﬂﬁ%g?rﬁ‘s

met hod according to any of clains 14 or 17 to n
.include the eradips eandierf ramght R | andmarks on the axial image, which are
cal cul at ed based on the locations of the right external valley and the |eft

T0 27, A ot hod A8 Sy Gkt e AGBLERE BRRG Gl dealind G i mircrerime

10 27. A nethod accor to any

| andnar ks i nadteriter dnhpcaboullae ito terderamd /gl ip%&@h&@%@gdi%@d‘%éﬁe\@&st axi al
i mage which are cal cul ated based on the | ocations of the right external

val | ey ar)od t éﬂgfthﬁxte nal yalley in the horizontal (Left-right)

proj ecti on of tHE A hHyeWBS ang giey; MgHerattrstaen yithin theyregionodfantesesidAny 17
to 27 in whigderdth® dagd MWNRE& SorkiRat G/ [ : nd/or |eft | apndmar ks
on the coron%% i mage which ar eﬁ%ﬂélg'gﬁll{g!f%(sa@}@g élg@%th@tt %n}agwfeawgéiaf(leﬁhe

| ef t ext er naWhighlis &y onlydGMheruciugh tvithict the 00 botakingybokuidae theard kot
(dorso-ventral) projection of the image. 29. A nethod according to any of

clainms 14 or t in ich the | and ks include the superior S
| andmar k on %édeggl%ﬁlglmqsﬁgggm\m?@ﬁofl@e ‘cul at ed based on the 20 |ocation
of the right external valley in the horizonatal (left-right) projection of

the image. 3[B. Dyxawet fonel- 18R iR AT AR5 e WiroGh1R 1SN 7 | Pyywhi ch
t he Iandlgar@ include inferior | Ig(rjl%rrarﬁ Ol’cl) %he cocrkgryg{ltr%irpé)gg Oﬁ’?écﬁ/ui S
cal cul at'ed 8ett-on the | ocation of the highest peak in the partial

vertical (dorso-ventral) projection of the AC 25 image taken ventrally from
the AC hori ZP!US?drtilllg {#6m 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



w0 02/ 43003 37 PCT/ S0/ 00185 31. A nmethod as clainmed in any one of clains
18 to 30 in which each reference to a "peak"” is replaced by a reference to

a "val |l eyWwo engogach reference to a valley is replaced by etoa
peak. 32. A nethod according to any of clains 14 or 17 to@ﬁﬁmmﬁgh t he

| andmar ks 5 include the superior S and inferior | |andmarks on the axial

i mge which are cal cul ated based on the scaling of the brain atlas. 33. A
met hod according to any of clains 14 or 267 to 32 in which the | andmarks

i nclude the anterior A and posterior P |landmarks on the coronal imge which
are cal cul ated based on the scaling of the brain atlas. 10 34. A nethod
.according to any of clains 14 or 17 to 33 in which the Landmarks include

the AC | andnme& Iarpatthsildy] ehadirhvebing MR BndMRlos okitSid ?a{hglﬁrﬁ ?{ gn the
anal ysis of the boundi ng box around t he corpus co osuma Py

below it in Pﬁhﬁ ﬁ?éh’s%ﬂﬁléﬁ%fontoégmg)ﬂomm@ th@sqrtaxdmﬂuemﬂmrhremumxmddefrdfﬁ&lﬁ@r
structure. t aGgeco n of .cl ai 14 or 17 to 34 in which
t he | andmar ks i@lﬁﬁc#ﬁ%e’ ﬁ%ef%t:p? 31?@ %’f%@@@sé@?‘? carresneage tavilaech i s

cal cul at ed byprtdx)awi ng a sem -1ine fromthe AC to the bottom of the nassa
intermedia, and rotating this line clockwi se unit the first white matter
structur |s e tered. 36. A nethod according any of clains 14 or 17 to
35 in Whl ch Phdof éﬂ ﬂﬁ’reRsa’ﬁlﬁcWR!’és phéheafitlandmarkAcaladaisoitt ereodinRsimndimar ks

on the m dsa@ifiof hatddBes MUY AN cul ated by drawing a |ine passing
t hr ough the%%lcsj and PC | ansdmar E}so%aﬁ:dg%%@{l fying the extent of the cortex. -

37. A nethod according to any of clains 14 or 17 to 36 in which the
Landrar ks i ?éh Measurpéhesirperdistancs betwrmbmahckS and PGdantingislagi ttal i mage is
calcul ated by drawing a |ine perpendicular to the AC-PC | i ne and passing

t hrough t he tdentifying the 25 i.nterse n of this line with the
cort ex. V\lﬁcgﬁi gglatfgtﬁggx %ﬁ%&gygwggw ’Pﬁar ERBQPOMHMW@ regpeghip of
clai ms 14 orthd Fl4s0 I3 paititulh @Re tRCadiANGREY 63 thO§! %ﬁl]gn
| andmar k _on the sagittal image which is cal cubaté ya&lg'gg §?§37‘{*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.



brain atlas. 39. A nethod according to any of clains 14 or 17 to 38 in
which the landmarks 5 include the left L and R Ilandnmarks in the sagittal

t hree- di mwis0m3a03 brain i mage which are cal cul ated by scal pdgséddolsai n
atlas. 40. A method as clained in any preceding claimin which an image of
the brain is any nedical imging nodality inmage. 41. A conputing apparatus
arranged to performa nmethod according to any 10 preceding claim 42. A
conput er program product conprising conp2fer programinstructions readable
by a conputer apparatus to cause the conputer apparatus to perform a net hod
according to any of clains 1 to 40. . A
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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
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3.2. Label placement

The labeling can be done in two modes: single label mode and multi-label mode. The
5 single label mode is dynamic, while the multi-label mode is static In single-label
mode, the name of the structure is placed on the image next to the cursor. In
particular, it can be placed in a circle of 5 pixel radius. The label is refreshed

dynamically 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.
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The atlas-enhanced images prepared by the neuroradiologist can be saved for further
S processing by other medical professionals. The present invention proposes two ways

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

The atlas-enhanced images stored in a web-enabled format such as XML are suitable
for web-enabled applications, while stored in DICOM format théy can be saved in
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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Claims

A method of analysing an image of a brain, the method comprising the steps
of:

receiving data defining a three-dimensional image of a brain;

comparing the received data with a brain atlas to generate a three-dimensional

mapping between the image and the brain atlas;
using the mapping to annotate the received data; and
writing said annotated data as one or more data files.

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
by 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
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;

(ii)  partitioning each first plane into rectangular sections based on said first
features;

10
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5. A method according to claim 1 in which said step of comparison is performed
by the steps of:
6)) identifying a set of first features in said brain atlas corresponding to respective

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;

(iii)  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.
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S  corresponding portions of the brain atlas.

10. A method according to claim 9 in which a user selects said regions of interest

successively, and the labels at any instant correspond to the corresponding selection.

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 eithér said image or by selecting one of said indices.

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

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:

1) 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
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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:

@) 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
15 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;

(i)  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

(v)  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.
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a plurality of landmarks.

18. A method of forming a mapping between a brain image and a brain atlas, the

method including:

5 defining a plurality of landmarks in the image, said landmarks being
calculated using peaks and valleys of a graph of the density profile of the image
measured along a line and/or peaks and valleys of a projection along a specified

direction;

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
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coronal orientation, and the plurality of projections of the image are at each of a

5 plurality of angles.

26. A method according to any of claims 14 or 17 to 25 in which the landmarks
include the left L and/or right R landmarks on the axial image, which are calculated
based on the locations of the right external valley and the left external valley in the

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.
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’ calculated based on the scaling of the brain atlas.
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.

4l. 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.



