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WD 2005/ 057498 PCT/ S&003/ 000284 1 Method and
Apparatus for ldentifying Pathology in Brain |Imges

woe@sadsads t he | nvention The present invention Pel/SGES3/000284

to a method and apparatus for identifying pathol ogy
in brain imges, such as brain tunours in neurol ogica
i mges. 5 Background of the Invention
Conput er - assi sted surgi cal phanni ng and advanced

i mage- gui ded technology are increasingly used in
neurosurgery, as the availability of accurate

i mport nc of couer-éi ded di agnosf s in
Field ef it Rivesfions growing. At the sane tine, brain

at abases are expanding rapidly and the technology to
anal yse these images efficiently, particularly for, L
The geesentaisyention jrelates dgr as maﬁ%qd B iapparatusclri gentifying

L R SR e

or an atlas, as set out in Kaus MR et al "Automated

Backgrousid ofithef InMentiohges of brain tunmours” Radi ol ogy
2001;.218(2)- 586-591; Fletcher-Heath LMet al,

GRS TR S P RSE A8 Rl Wb
arB Wb&éiﬂ&lﬁ/z%éd 1 (Aedbsuferd 3 as?tfle Cadhifabiffityelof 2becurate

"Automatic 20 tunmor segnentation using know edge-based
aratomicpli e 3-diFEMSonals auodelss improvasii cansidetafilyg the9gpatial

i% 7 lépqu;?g%g” 'gug @8¢§h%§ﬁ§@ﬁgﬁql ideoor‘é@i,is?ructures. In addition,
tAdligpaitafad lof cOPimIter-aided diagnods ineQforadicld@Uls §loWihg. At
CT image . data. A histogramindicative of the nunber

the same timewibrainrdatabasegare expandieg sapidly and the technology to

analyse these images efficiently, particularly for large databases, is

progressing.

The identification of brain tumours has conventionally been achieved through
segmentation using knowledge-based systems or an atlas, as set out in Kaus
MR et al "Automated segmentation of MR images of brain tumours" Radiology
2001; 218(2): 586-591; Fletcher-Heath LM et al, "Automatic Segmentation of
non-enhancing brain tumors in magnetic resonance image," Artificial
Intelligence in Medicine 2001; 21(1-3): 43-63; and Clark MC et al, "Automatic
tumor segmentation using knowledge-based technique" IEEE Transactions on
Medical Imaging 1998; 17(2): 187-201.

U.S. 4, 856,528 discloses a computer-implemented arrangement for semi-
automatically determining the volume of a tumour from CT image data. A
histogram indicative of the number of pixels within the organ outline of
respective slices is produced. The distinction between the tumour tissue and
normal organ tissue is determined enabling determination of the volume of the
tumour.
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25 respective slices is produced. The distinction
bet ween the tunour tissue and nornmal organ tissue is

waledososidped enabl i ng determ nation of the vol urer/ed2005@00284

turmour. WO 2005/ 057498 PCT/ SG2003/ 000284 2 WD

02/ 43003 di scl oses a system for analysing a brain
image. The brain inmage is conpared with a brain atlas
and the image is | abelled acgordingly, and annotated
with regions of interest and/or other structures. Eur
J Radi ol 2003 Mar; 45(3):199-207 entitled
“Characterization of normal 5 brain and brain tunor

W25 SRS HistsEL2 Al BEEhBlySIRE3, Blaif iRt e brain
iPRiYe isoforpaicdl Wil a bidRh JatlaBrarghte mnagdMsTkibeied accordingly,
Hospi t al rvard Medical School, 75 Francis Street,

and annelalachwithegion of inferest aad/oh ethes IUCHNES: s of a
characterisation of normal and pathol ogic brain

%t:u;gUﬂaprl DDAt Mal Iﬁgg&{\@g‘j@’? ahtifldd C‘bh%r&&enz?tlon of yormal

usiron-relate om a nonoexponent
twhcmandetsametdmmrqrathologgr’nyectuéqtharbacparameté'mmaplsem‘edltfusmn-

wBlhled e et et s Maata . MilkBe B LhtoRf Radiology
(yr“]%ﬁ,t Eggﬁéﬂnt hirdwoReR’ ssﬂééﬁnmlngia'n%raqwg Rl Scﬁ@ﬁﬁ?@??ancus

resent i1nvention ains provi e a met
Staset, 031 ﬂﬂaastdn Mﬁt |Ldﬁ1Amﬁsqlmdsdheg§zst resuta. g a. chietacterisation

(%ﬁt hod ||s art og a@vanta eous | Sit tdo st f

gpenan, an e '&gu?.ﬁy IR e &l/1ation or a

dlﬁﬁéi@h%hét&ﬁ%i@h@l ff@ﬁ\eé nhﬂﬁﬁs&Paﬁ@ﬁm@éeé Whérpﬁleasured over a
plied. The pathology nmay then be |ocalised and

rgagmﬁtbefacmrsor to the application of such nodel -
based approaches 20 Summary of the Invention

ﬁg&j}%é}ﬂ utnperﬂ I%S&Iréc?%?g(s i®dntlifig PRR&BGy' |Hvrﬁgai'c3f‘|mages

e 1S provi
and automated scan lnterpretatlon This is critical when searching large brain

databases and the present invention aims to provide a method for fast
identification of pathology in images. The method is particularly
advantageous in situations where there is a need to identify the presence of

‘pathology before model-based approaches may be applied. The pathology

may then be localised and segmented prior to the application of such model-
based approaches.

Summary of the Invention

According to a first aspect of the present invention there is provided a method
for identifying pathology in a brain image comprising the steps of:

(@) determining the location of the midsagittal plane (MSP) by
calculating up to 16 approximated fissure line segments (AFLSs)
and removing outlier AFLSs, the outlier AFLSs having a larger
angular deviation from the MSP than a predefined threshold:;
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for identifying pathology in a brain imge conpri sing
the steps of: (a) determ ning the |ocation of the

worasagisg al pl ane (MSP) by cal cul ating up t ordBSG2003/000284

approxi mated fissure |line segnents (AFLSs) 25 and
renmoving outlier AFLSs, the outlier AFLSs having a

| arger angul ar deviation fromthe MSP than a
predefined threshol d; WO 2008/ 057498 PCT/ SG2003/ 000284
3 (b) calculating the ratio of the nunber of outlier
AFLSs to the nunber of inlier AFLSs, the inlier AFLSs
having a smaller angular deviation fromthe MSP than

the predef ; old: 5 0 '
Faci e « nedEitabig SpeCtato, o Mie nifnbef S BHeR, AEss to the
the ratio gebedidiginlibe ARUSS)etheprinlitet AFIISSetaving a smaller

threshol d val ue when pathol o IS present i he
brain i nag%'?gLﬂ’?’éfiéY'QBP@?r%éhgﬁ?ﬁ%B tggﬁﬁppggggpmmreshold;
data and t met hod further conprises the step of: 10
(d) refornatting the inmage data to align the inmage

wth the MSP. Preferably, the reformatting is

per f ofchred eomparing cther ratimivith aa i fartheanpredetermined threshold
m dsagi ttal plape has an eguation x' +d =O where x' s
 Coror i rialBes T, b BRoseliRy o ihen aredelsirindd thieshold
constant, (e WRHEAtAYIORY idPredchlinie Krairdintigeat e
system OXYZ beforgpreforgrgthi ng and a reformag{étaed

co-ordi nate systemafter 15 reformatting conprising
Reeferabihathes image comprisesd iwage, date spdpthg method further

Bt rising: (i) starting with an MSP
éog'hgﬁ{»%nﬂw:e@gégﬁpby + cz +d = 0, where d is less than
0 and (a,b,c) is the unit normal vector of the NSP;

(d) reformatting the image data to align the image with the MSP,

Preferably, the reformatting is performed using vector manipulation, and the
midsagittal plane has an equation x'+d'=0 where X’ is a co-ordinate in the OX
direction and d’ is a constant, the image having an original co-ordinate system
OXYZ before reformattirig and a reformatted co-ordinate system after
reformatting comprising co-ordinates O'X’, OY’ and O'Z, the step of

reformatting comprising:
(i) starting with an MSP equation :
ax +by+cz+d =0,
where d is less than 0 and (a,b,c) is the unit normal vector of the MSP;

(i)  determining two points that are the intersections between the MSP and
the volume of the brain shown in the image under examination,
denoting the two points as A (xa, Ya, 0) and (xg, Vs, 0), both of the two
points being on the MSP;

(i)  when ais not equal to 0, calculating A and B as follows:
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20 (ii) determning two points that are the
i ntersections between the MSP and the volune of the

wheasnsabown i n the i nage under exami nation, PBeEnsG2008/000284

the two points as A (xA, yA, 0) and (XB, yB, 0), both
of the two points being on the MSP;, (iii) when a is
not equal to O, calculating A and B as follows: WO
2005/ 057498 PCT/ S&2003/ 000284 4 xA = -d/a, YA= 0 XB
-(d+b(ySize -1))/a, yB =ySize -1 where ySize is the
nunber of voxels in the Y direction of the original
volunme; (iv) when ais 0, b should not be 0, and
cal qu(aj'.l@g Q\A.a d Bas follows: 5 xA =0, YA=-d/b XB = x
Size A ?d+a(x8ize-1))/b where xSize is the
nunber of voxels in the X direction of the original
X ufirb(¢Bide (M))/ahwrySige t-he ori gi nal coordi nate
system OXYZ to the reformatted co- 10 ordinate system
0 X Y.Z ., the uni ctors .of tRhe co-ordi es
Hhere Ve is W gt o ogpRARithe ShafBaRinial s Sridinah votume;
Q\/) whéﬁa i80 jB)shouﬁd‘ﬁbt) bé‘ﬂ(land‘éélbu@tlﬁg Aahé’B“aé ﬁ)l(ows

n),2, ny2, nz2
OXXOY' (nX3 ny3, nzZ3) 15 where A—Blsthe
Eucl |X.ieeé’nocyAs¥sdibe bet ween points A and B, the
transformati on between OXYZ and O X' Y' Z' bei ng defi ned

follo = 1 Z, Z
?('S:n)(:%& %ﬁnzz = ((;—(n%);(grlny?,vj/nbg?,z

where xSize is the number of voxels in the X direction of the original

volume; and

(v)  changing the original coordinate system OXYZ to the reformatted co-
ordinate system O' X' Y'Z', the unit vectors of the co-ordinates o'x,
O'Y' and O'Z' being calculated in the following manner:

O' X' = (a, b, ¢) = (nx1, Ny1, Nzq)
OY = (XAxB) AB ,(yA—yB) A-B 0)= (N Nyzs Nz2)
O'Z'=0'X'xQ'Y' = (nx3, Ny3, n23)

where A-B is the Euclidean distance between points A and B, the
transformatipn between OXYZ and O'X'Y'Z' being defined as follows:

x'=nx1 X+ny1Y+nz1Z
Y'=ne X+npY+npZ
Z'=nx3 x+ny3Y+nzaz

O'=0.
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20 O =0. WO 2005/ 057498 PCT/ SG2003/000284 5 In a
preferred enbodi nent, the nmethod further conprises the

WG b@p/081498 processi ng one or nore slices throughCt/ke2003/000284

i mage to determine interhem spheric symetry.
Preferably, the step of processing conprises
processing one or nore slices 5 having a pl ane
substantially perpendi cul ar t5o the m dsagittal plane.
Preferably, the step of processing conprises
processing one nore slices having a plane which
intersects the mdsagittal plane. Preferably, the

e S ; epkeES r
W BT MR RhECRitkhaY fRebliipfises the step of
PRIGRISIMgN Joe t farCtmbee t Isticdmc kigoaghd theé0 inmagee dat aletermine
and retaining the data representing the brain.
mteshemispReric $wnmgiye i s conprised of a nunber of
pi xel s, the step of extracting conprising calculating

By PRl, 8, Abp GBSy Stk oo Rmg el e sices
hiaviegsa ptbnesabstantjally pependicutardoribe axidsagittak plarenpl e
the y-axis, locating a first peak in the 15 histogram

REEATAIE titer L PaBoTag: SRy PR B RS g [l slces
Raingia/Slahk Aifich A6iseb® thetmidsagittal pranki rst  axi s and
taki g the value of grey level at the intersection of

the positive slope wth the first axis as a threshold

freferably.cthe\ignage. campesssy datarrepresantipgithefrain ard agkground

085S i h r ing
Fhagl SRS HIE O AR IR oy Alog SHERTREH Backoroune
ragedata and estainiwpthendatatrepreiskating thee braieshol d grey
level to 1 and the pixels having a grey |level |ower

R A S i TaetE ot P bt bt B step o
fe%fré&ﬁ{g comprising calculating a histogram of grey level of the image along
a first axis, for example the x-axis, against the number of pixels of the image
along a second axis, for example the y-axis, locating a first peak in the
histogram formed at the intersection of a positive slope and a negative slope,
extrapolating the approximating the positive slope back to intersect the first
axis and taking the value of grey level at the intersection of the positive slope
with the first axis as a threshold grey level value.

In a preferred embodiment, the step of processing comprises further
processing the image to obtain a binary image by setting the pixels having a
grey level greater than the threshold grey level to 1 and the pixels having a
grey level lower than the threshold grey value to 0.

Preferably, the image depicts the brain and a skull, the method further
comprising the steps of opening the binary image with a structuring element of
pixels and expanding the structuring element to fill the image of the skull to
produce a head mask.
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conprising the steps of opening the binary inmage with
a structuring elenent of 25 pixels and expandi ng the

wermsosu4es ng el enent to fill the i mage of the B&ISG2008000284

produce a head mask. WO 2005/ 057498 PCT/ S&003/ 000284
6 Preferably, the nethod further conprises cropping
the image to the head nmsk to renove the background
data visible in the imge. Peeferably, the nethod
further conprises calculating a histogramof grey

|l evel of the image along a first axis against the
nunber of pixels of the inmage along 5 a second axis

BB RBR Ry Boghind WRSFAGY 159D neac
Mask sPhehck the sadkgrowid dgta vidibledhtheirmage. bet ween the -

hi stogranms. Preferably, the step of calculating the
di fference in val ues between the Lﬂi st ograns conpri ses

Rreferablys thymethind fuitherComRAiReas cicyetR@ amIsiagrarm o gsey level
oo WphaRIgh TR M6indl et euhiRai A ALY aons

as a maxl nm
ari sgconth wrisufor eheh ne¢risphere,t bmoothingr thel inistogram for each

identjfying when the difference, between the naxinmu .
AT GEhatR COMPANG: e MDA Bk MBI BoTIARISTE by Caloulating
tﬂﬁ&.ﬁﬁ@ﬂ&gbgﬁ{lé@‘ iR mﬁ%ltg%g pat hol ogy presence in

al n under exam Ion. 15 There are nore ways to
calculate this difference in val ues between the

Prieferablyartbe step of acgitwating dhet differencebdn| valges between the

diff bet the. hi st - diff f
ohlonFarey GobriskS i i &I FRIPHR finglion BHREER Be vatues of
the- WistogkamBdbf aRfgréfeévelsUrBrefdtably, Mgl idifferancalinétion has a
calculating the histogramdifference, the histograns

mayimuse ¥allugneadnér imipimem yalueor thendvethod, fsgher comprising
ABKAING WRer B Giffef @ 5tivesh Thé Raximum value and the minimum

value exceeds a threshold difference value to indicate pathology presence in

the brain under examination.

There are more ways to calculate this difference in values between the

histograms, for example, from the:
- absolute difference between the histograms
- difference of their areas
- normalized difference of their areas (e.g., by half of their sum)

In addition, before calculating the histogram difference, the histograms may
be aligned horizontally, for instance, by maximizing their cross-correlation.

In a preferred embodiment, the method further comprises determining the
extent of pathology in the brain under examination. Preferably, the step of
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In a preferred enbodi nent, the nmethod further
conprises determning the extent of pathology in the

whreasnsupgler exam nation. Preferably, the steprof/S@0o03/000284

2005/ 057498 PCT/ S&G2003/ 000284 7 determ ning extent of
pat hol ogy conprises determning the ratio of the
nunber of slices with pathology to the total nunber of
slices studied. Preferably, 7the nmethod further

conpri ses determning the |ocation of the pathol ogy.
Preferably, the step of determ ning the |ocation of

t he pathology 5 conprises |ocating the hem sphere that

I
G8BhANTR AL, 8FYpalfbRbg” ebhbristOodeIRRIAL HECRAIDI%GY the
ﬂmnhber dfestices dthesathblogh o thietotalimarbercofslicds IS&ldledl
tri-nodality existi ng for both hem spheres being an

BP0 g metasd ugh atcgﬁb?%?ée%'%%tw'@ﬁw henlocafien of the
@hsragxpmé@% q4Ré Step o 'a%tér mifing the @eétlbn %f tﬁ@%athology
em spheres is not tri-nodal t1 ng pat hol ogy
momﬁlﬁmbcahag d¢he hemisphére thaé contamﬁ !patholmgbe Preferably, the
W58 SR e D BRI B e o
?ﬁeféér bh ﬁﬁe GPMAT USRS coRfidIration nfn hfodbhty &ﬁi@ﬁﬂ\g tf¥r both
exists for all of the slices wthin both hem spheres,

hemispberes belng(ﬁslndmatlemcs‘ta aeralirpathelagy iaxisting ina@neyor both
O%{Qt Eﬁ %mer of the outlier AFLSs to the nunber of

rf ISPRPI %y AFLSs, is greater than the further

threshold value to indicate existence of pathol ogy

Wha phefefredr erabbdignerit@he imétBbl estnspisdsi determainini@ if drie or both
tr| nodal ity exists for all of the slices within both

ofe é}ﬂ%ﬁ@ﬁer e % NPt tr i"ﬂ“oéiéb@dlcéﬁnﬁ@ﬁt@m! existencedhgeain and,
PRORIY o 1 BEmGEEREL 5 BoP SLAER YoRetnl e Fighy o
thel histogh&inSs forseaets sslrcban Préferalilyr theerméthods furthiervedmprises
q&é A eal znemgal nce()eus?s fde' |Po# %%yshces wutthln both hemispheres,
and if it does not exist determining if the ratio of the number of the outlier
AFLSs to the number of the inlier AFLSs, is greater than the further threshold
value to indicate existence of pathology which is crossing the

interhemispheric fissure.

If tri-modality exists for all of the slices within both hemispheres, and if it does
not exist, the method preferably further comprises determining if the ratio of
the number of the outlier AFLSs to the number of inlier AFLSs is less than the
further threshold value to indicate existence of pathology in both hemispheres.

According to a second aspect of the present invention there is provided an
apparatus arranged to perform the method for identifying pathology in a brain
image defined above.

According to a third aspect of the invention there is provided a computer
program product comprising computer program instructions readable by a
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According to a second aspect of the present invention
there is provided an apparatus arranged to perform

wo b@soet4bod for identifying pathology in a brar@r/s@nos/000284

i mage defined above. According to a third aspect of
the invention there is provided a conputer program
product conprising conputer programinstructions
readabl e by a WO 2005/ 057498 8PCT/ SG2003/ 000284 8
conput er apparatus to cause the conputer apparatus to
performthe nethod defined above. The present

i nvention provides a nethod for fast identification of

BRDBAEF Boraralif 2els8 e LLAMES, afbdtaisa BB the method
fefmad ssovd.i nearity of the interhem spheric fissure :
and i mage symmetry for both hem spheres. Brief

Descripti.on of ,the Drawi ngs The, present  inyvention wll

PBS dRietentyBueRjonRyovide ametoch ar st idenificption of Raghology
c j i i jCh: iU i

%']h}g]wggi g@@%gﬁg’&é r%'g Lﬁﬁgoslﬁxéasytséps i%fegméae%@ob&dﬁ@ﬁtﬁtso? f the

methed tesd tevocfeatlires, linearitye of thesirtedveniispheérite fissdrgi angd image

tunours .in a.brain being examned; and Figure 2 is a

PyrBmedygr BMNSHRINISREC%. procedure i nvol ved in the

sixth step illustrated in Figure 1 for locating a
BrieP Desciiptidrs6f the DedwitlasPr ef erred Enbodi ments An
enbodr ment o € present 1nvention provides a fast,

automatic, accurate and robust nethod for extracti n?

phe peessy inentippwill bgrigssribad hyway ef exampleaand withfeference
1 - [mp% k .0l ogi cal i mages such as CT

éo:m%]ﬁ&BﬁfPaag’gs. lfe}ggtmeg@w&')nst ituting a preferred

enbodi nent of the nethod are

Figure 1 is a flow diagram showing the six steps in an embodiment of a

method according to the invention for identifying tumours in a brain being

examined; and

Figure 2 is a flow diagram showing the procedure involved in the sixth step

illustrated in Figure 1 for locating a tumour.

Description of Preferred Embodiments

An embodiment of the present invention provides a fast, automatic, accurate
and robust method for extracting pathology of, for example, a human or
animal brain, from three-dimensional radiological images such as CT or MRI
images. The steps constituting a preferred embodiment of the method are
shown in the flow diagram of Figure 1. The method of the present invention
will be discussed in more detail after a brief discussion of these steps.

The processing steps, illustrated in the flow diagram of Figure 1 are as

follows:
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20 shown in the flow diagramof Figure 1. The nethod
of the present invention wll be discussed in nore

waledogiok74a8 t er a brief discussion of these stepBCT/SGE03/000284

processing steps, illustrated in the flow di agram of
Figure 1 are as follows: WO 2005/057498

PCT/ S&003/ 000284 9 1. The first step is to calculate
the mdsagittal plane (MSP), 9f or exanple, using the

met hods described in the patent applications

PCT/ SG02/ 00006 and PCT/ S&2/00231 both by Hu and

Now nski. 2. The second step is to calculate the ratio

ft ‘
Pt | endikstep s Ptaq Y ridhaoltel Behd ST Y eRimple, using
that hoétbogs mbemelmutheu enaéertto -applicatipns r NGTFSE92/860@06 and

BePRIGRIAboENEBH WY Hu ard NGBk T Step s Lo Teformat,

necessary, ori gl ha Ices to be perpendlcular
to the MSP. 4. The fourth step is, for each inmage,
2.0 ( ayhesecend stepds h@aalculamhmeatimgbe rw)berrqumﬂm AFLSs

{oo B phtoef B pliet. AFLEE 0 RRoh 3 Bnflint BSishCE 6P Bathology
WREH s 8tiBiers-folinlisr@tib i BBo@@b%ﬁ@irﬁtﬂwr@Mﬁl@gf ams; 15

(e) calculate additional features of the hem spheres
such as intensity nean, nmonments, cross-correlation,

3nd nlhedhird rtep fattooreformat, donpesssanhethe ﬂla@aérﬁﬂcw)rto be

rdBe bR RIS Ut Ference i larger than a

certain threshold, signal the existence of pathol ogy;
20 5. TA&éourtH stepds pr each image,dal at e t he pat hol ogy

ratio.
(@) extract the head from the image;

(b) crop -the image to contain the head only and set the background to

zero;
(c) calculate a histogram for each hemisphere;
(d)  smooth the calculated histograms;

(e) calculate additional features of the hemispheres, such as intensity

mean, moments, cross-correlation, and mutual information;

1)) compare the histograms for the two hemispheres, preferably with
additional features and if their difference is larger than a certain threshold,
signal the existence of pathology;

5. The fifth step is to calculate the pathology ratio.

6. The sixth step is to locate pathology.
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6. The sixth step is to | ocate pathol ogy. WO
2005/ 057498 PCT/ S&2003/000284 10 Figure 2 shows a

wo baarostisagr am of the stages involved in the sirCThS6200p000284

of Figure 1 for determ ning whether or not pathol ogy
exi sts in both hem spheres or |obes of a brain being
exam ned. The algorithmillustrated in Figure 1 has
six major steps which are setoout 5 below Step
|:Calculate the mdsagittal plane (MSP) The

m dsagittal plane (MSP) is cal culated using the

al gorithm described in the applicant's co-pending

EBHRSZ5h 05 5 MBhF iachiof e HaaBeTBGvar n e vty st of

Flgﬁtéwcfsr détérr&%m@wahetsorf ot shthelogy rexigds &ym&t hgmispheres

2D and 3D i nmm whi ch describes nethods for
efrebesPhakgain 'W@PxéFmﬁﬁhan brai ns from radiol ogi cal
i mges. The algorlthn1described in Internationa
u

B oA R RS o Bh ) AP o e AP BHE Bet out
lpelowi des a rapid, accurate, and automatic calculatlon
of the MSP and enables 15 deternination of the
he brain i mage data

" ; 8d, the up to 16
apprOX|nated fissure Iine segnEnts (AFLSs) are

Ehé hfigéfFittAslans GASH) is @él@ulavécﬁusuhg th@llgg?hﬁﬁﬁdes‘b‘ﬁbé& in the
fin

are then conpared with the cal cul ated V&
@mllcaats anforpending aAdptdnatione Matert wi appligatigAgul aymber

b
O ISEhPRObDR R ER 0 8AREn: 20020280 BRFSH | Ahogs and
apsaraflscfor afetedmihingr sﬁﬁm%ry |BtZ[D ahd 8Bl mdgﬁsé WHiieh describes
outllers to-inliers ratio (P{ The ratio (r)
u

th
mgtRds for dstarmiving the YIRE ¢fuean chfammfr@"ﬂsraﬂgologlca! images.
PRL CUIGrRAm described in International patent application number

PCT/SG02/00006, the content of which is incorporated herein by reference,

provides a rapid, accurate, and automatic calculation of the MSP and enables
determination of the equation of the MSP which divides the brain image data
into two hemispheres. By this method, the up to 16 approximated fissure line
segments (AFLSs) are extracted and used to calculate the MSP. These
AFLSs are then compared with the calculated MSP to find outlier and inlier
AFLSs. Those AFLSs with an angular deviation from the MSP bigger than a
predefined threshold are considered outlier AFLSs, while the rest are taken as

“inlier AFLSs.

Step 2: Calculate the outliers-to-inliers ratio (r)

The ratio (r) of the number of outliers to the number of inliers is calculated.
The existence of outliers means that some of the interhemispheric fissure line
segments may be far from one common interhemispheric fissure plane.
There are two major reasons for this, namely, an intrinsic curvature of the
(normal) brain and/or a pathology process that distorts the interhemispheric
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The exi stence of outliers neans that sone of the
i nterhem spheric fissure line 25 segnents may be far

wo pasosmes conmon i nt er hem spheric fissure pl aneCT/SGE08000284

are two maj or reasons for this, nanely, an intrinsic
curvature of the (normal) brain and/or a pathol ogy
process that distorts the interhem spheric WD

2005/ 057498 PCT/ S&G2003/ 0002841 11 fissure. To neasure
this distortion, the outliers-to-inliers ratio (r) is
introduced and applied in step 2.1, as follows. Step
2.1:Conpare the outlier-to-inliers ratio with a given

héméh%dm\égguré this 8.stdrhs¢ ech@rcﬁjtlﬂéisﬁ&tnlllie‘?é Fafi) gr) Fsh fMitroduced

|nterhenlsp eric 1r1ssure rorns | mrost an

phdepli€hin step@.heas tollods. i f r = 1 th| s nmeans that the
nunber of outliers equals the nunber of inliers and

SithS biet tht88nsid

experi rrent ally betvveen 0 and 1. When r is greater

Witsh Tr= 0,her@tdredns iduniadrs m@qh@nhieahem@ﬂh@t|ermwé forms
pat hol ogy. The processin the i mages continues to

Biaest anitiealplaghon yho Pthattarin s T His s that the number
Ff BS %F§3é Qf%d'thPoﬁhm%labﬁ%lfé?‘?%n'dnﬂ%?gBB@ thé"‘?ﬁ%trté%mispheric

oca I Sl n pat ho I's descri el ow.
Bsswréos lmatvadiad)ad'ﬁtmtmh atosyitathleadhreshoid (Tn) é$ set experimentally

PRIt el WIRER ¢t eoats bt T2 6 mitheel Analsya potenta

Bﬁ&fénfc@ i %atﬁcﬁo@y}’ a"l*tﬂ@br%cb@mﬁg R e uﬁ@?@eﬁ thtﬁﬂﬂe%rtot&eck the

t he orlglna g acq ui r ed a are not
p)emmﬂtwi @fuﬂh&rlmagelsheThVSN PHme@alt)acmdmom @S Béso used in step 6

e T

processing. The reformation of data may be carried out
Btep BeRéforimatidagaway so that the reformatted vol une
of the brai n under consideration will have an 20 MSP

?ﬁg %tnla omy of a %ormal Brain is approximately symmetrical with respect to
the interhemispheric fissure. To test the symmetry, images have to be
available in a plane perpendicular to the MSP. If the originally acquired data
are not perpendicular to the MSP, the data have to be reformatted.  Either
axial or coronal sections may be generated (or taken if they exist) for further
processing. The reformation of data may be carried out in the following way
so that the reformatted volume of the brain under consideration will have an
MSP equation X' +d' = 0.

If the original MSP equation is
ax + by +cz+d =0,

where d is less than 0 and (a,b,c) is the unit normal vector of the MSP, then
the following steps are performed.
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If the original MSP equation is ax + by + cz +d = 0O,
where d is less than 0 and (a,b,c) is the unit nornal

woewsos7408 the MSP, then the followi ng steps BEESG2003/000284

per f ormed. WD 2005/ 057498 PCT/ S&G003/ 000284 12 a)

Find two points that are the intersections between the
MSP and the original volune, then denote these two
points as A (XA, YA, 0) and 1B, YB00). Both of these
two points are on the MSP. Wen a is not equal to 0, A
and B may be calculated as follows, 5 xA = -d/a, yA=

0 xB = (d+b(ySize-1))/a YB =YS ize -1 where ySize

a)° t SN g 4R Boﬁis Yﬁg%@ th@ HlﬁsgctiﬂrfseBéWérpfhé WPSP and the
r|g|na en ais 0, b should not be O,

and Bar@malbmlmeethamwota thess hivd pointayas Ax(Xa,=y0 O)yemd (Xay

wher o8, BOEof w8h i oty afe2bitad MS% e X it ect i on

of the original volume. b) If the original coordinate
Wfﬁrﬁm%tzeq@al ¢hangethd B n@y peé c¥lcdiatet as foldws,
vectors of O X, OY and OZ are caI culated in the

fol |l ow ng manner: 0 X _ (a, b, ¢) (nxi, nyl, nzl)
15 OX&= %(MQB)/ AB, (YA - yB)/ AB .0) = (nx2,
ny2, n22) gz oOXxoyY (nx3, ny3, nz3) where

A-B i dean dist ,ereq ween points A and B.
c) TheB tra wér'?mtl@ ’kygtﬁn OXYZ and OX' Y Z is
thus defined as follows: 20 X = nx, X + nyi Y + nzl

where ySize is the number of voxels in the Y direction of the original volume.
When a is 0, b should not be 0, A and B can be determined in a similar way:
Xa =0,ya=-d/b

Xg = X Size ;1, ys = -(d + a(xSize -1))/b

Where xSize is the number of voxels in the X direction of the original volume.

b) If the original coordinate system OXYZ is changed to O' X' Y'Z', the unit
vectors of O'X', O'Y' and O'Z' are calculated in the following manner:

O' X' = (a, b, ¢) = (Ny1, Ny1, Nz1)
O'Y' = ((xA-xB)/ A-B , (YA —yB) A-B ,0)=(nx, ny2, Nz)
0'Z' = O'X'XO'Y' = (ny3, Nya, Nz3)
where A-B is the Euclidean distance between points A and B.

c) The transformation between OXYZ and O'X'Y'Z' is thus defined as

follows:
X'= nx1 X+ ny1Y+ nz1z

Y'=nx2X+ny2Y+n‘ZZZ
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Y' =nx2X+ny2Y+nz2Z WO 2005/ 057498 PCT/ SG2003/ 000284 13
Z'=n.13 X+ny3Y+nz3Z 0' = 0 Step 4: Process | mages The

wo pabsesdoml axi al or coronal images are procesBenSGm03/000284

determine 5 interhem spheric symretry. Processing

i ndi vi dual inmages increases robustness in conparison
to processing the entire hem spheres. Step 4. 1:
Extract head Firstly the heatBis extracted fromthe

i mage. The background i mage area (outside the head)
IS set to zero. The head may be extracted through 10
thresholding and nor phol ogi cal processing for

I e, scrzbed in the applicant's co-pending
}I?nt g?’n%tr d'r§1 éatzent appl i cati on nunber

PCT/ SQ03/ 00043 f| | ed on 27 February 2003 and entitled
OMethod and apparatus for extracting the human
cerebral ventrr cul ar system fromimges", . the content
p o or at ed herein by reference The
i mage is calculated and the first
peak of the histogramis |located. The use of a
Thé airglividtial agxial oXdrnmebeoridie rrh'agwgafﬂn pturessed otmd deteemine

peak of the histogram roducet ottom of the
'aeememﬁph%'st VRGBS | drieasordnaVidigs nmgges  Moreases

ggtﬁ%'és n"f‘c@ﬁr‘b% 58 té’PrdHe'%@fn 3RE'ePRFd ﬁéﬁué{'@gﬁ@é may be

I nst ea atriangle or thi's purp
Threshol ding the imge to produce a 20 binary image
y setting all pixels with a grey
| evel greater than the threshold to 1 and the rest to

sl BeBlh WUBBlerPHERER Q20 158ty ik ares
(owtgide vihehhead)isrset tor zevour i@ ¢leadentayobe egiracted through
thresholding and morphological processing, for example, as described in the
applicant's  co-pending International patent application  number
PCT/SG03/00043 filed on 27 February 2003 and entitled “Method and
apparatus for extracting the human cerebral ventricular system from images”,
the content of which is incorporated herein by reference. The histogram of
the image is calculated and the first peak of the histogram is located. The use
of a triangle to approximate the histogram shape around the peak of the
histogram may produce the bottom of the peak and that value is taken as the
threshold. However, a Gaussian or other appropriate method may be used
instead of a triangle for this purpose. Thresholding the image to produce a
binary image may be achieved by setting all pixels with a grey level greater
than the threshold to 1 and the rest to 0.

The morphological processing applied to the binary image after thresholding
comprises opening the binary image with a square structuring element of, for
example, four pixel sizes, to fill small broken skull. The largest component of
the binary image is located and the holes within this image are filled to obtain
the head or head mask.
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exanpl e, four pixel sizes, to fill small broken skull.
The | argest conponent of 25 the binary inmage is

wo omabedoand the holes within this i mage are frd1/eQ2008000284

obtain the head or head mask. WO 2005/ 057498

PCT/ SG2003/ 000284 14 Step 4.2:Crop the inmage to the
head The image is cropped to the head fromall four
directions. This is to elimtate, firstly, a
potential influence of the background on the histogram
conpari son due to, for exanple, the non-central

| ocati on of the head within the inage, and 5 secondly,

Sfé?@.??@rgﬂftﬂé‘ﬁnﬂﬁé%ﬁhé%a@f the histograns by
St ng € er pr xel s processed. Step 4. 3:
Cal cul at e hi st o%ramfor each hem sphere For_each |eft

Hielimagmis ¢reppe e the head firat @lbmmlrgcagm% uThisdi to eliminate,

4.4 Hi st S h
WSE £ poteah i B eBPe S Heb oty BhThYiSBepaih comparison
dliesmmraénamma‘pmei mcemrmllma@mthmam\mmin tlee &#hage, and
is applied by usin for exa rocedur e .
6end edO.S,pqqqieupet ?rg%ﬂﬁrﬁvo%%t@% m&%gmﬁm decreasing the
in the applicant's co-pending

%@géﬁéﬁ%ﬂgﬁg%‘%%%? appl i cation nunber

PCT/ SQ03/ 00043 f| I ed on 27 Febr uary 2003 and entitled

& g g S h lremisp .u' human
cerebral ventri cuI ar syst em from i mages” t he content

ﬁ&ﬁ%ﬁgﬁéé‘ﬁafﬁﬁiﬁ&&%@%ﬁ”ﬁ%@%eﬁﬁ%pr .o ca by

the applicant that symetric hem spheres should have

Step 4.4 Histoigramesmonthingprpar i ng hi stograns is a nore
efficient way of 20 matchi ng hem spheres than

KSieneE8 mascoontatics elimbye of Felieatiuegoundses Prigr RbBtbaram

comparison, a histogram smoothing operation is applied by using, for

example, a procedure employed in the ventricular system extraction algorithm

_ described in the applicant's co-pending International patent application

number PCT/SG03/00043 filed on 27 February 2003 and entitled “Method and
apparatus for extracting the human cerebral ventricular system from images”,
the content of which is incorporated herein by reference.

Step 4.5: Histogram comparison

It has been appreciated by the applicant that symmetric hemispheres should
have similar histograms and comparing histograms is a more efficient way of .
matching hemispheres than comparing the images pixel by pixel.

A fast histogram comparison is achieved by calculating the difference
between the histograms being compared. The difference between histograms
is computed by calculating a difference function betWeen their values for all
grey levels. The minimum and maximum of this function is determined.

When the difference between the maximum and minimum is beyond a given
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bet ween the hi stograns being conpared. The difference
bet ween histograns is conputed by calculating a

waoledosesamce functi on between their val ues for edT/SGHN&Y00284

| evel s. The m ni mum and maxi mum of this function is
determ ned. 25 When the difference between the maxi num
and mninmumis beyond a given WO 2005/ 057498

PCT/ S&003/ 000284 15 threshtid Th (which may be
determ ned experinentally for normal brains), this

i mage i s marked as pathol ogi cal and the nethod signals
the exi stence of pathol ogy. The hi stogram conpari son

thPeshild ?ﬁr(ﬁﬁhﬁthﬁlaS/Cbeadé’téFrhin%@e@@hﬁient@lﬁl fR@Brmal brains), this
hi st ogr ans. Thefe are nore ways to cal'culate this

lmag‘eetSemaarkedm asapatiolegicaleand the methodogigasts, theoexistence of

RO 8. Mitigram. AR SBnclr G SRESIVRTH vblifal shin

sétiveenaisegrimé hei r areas (e.g., by half of their sum
10 I'n addi ?I on, before cal culating the histogram

di fference, the hi stograns may be al i gned
Haﬁrpzarﬁ ampr;se ways thsalavate s diffarance g VAlep between the

r hﬁ’;ﬁb sophi sticated conparison of
fsbt@g ﬁr:‘Q {0? oo ﬁjvrgméa Gaussi ans

ans nmay I nvo Itting nultiple
|nto these hi st ograns and conparing their nean val ues
and ahsohdardiffefencabiebmeen the kistogpdmesof such a
technique is described in the 15 applicant's
co- pep in Int rnati onal patent application nunber
PCT/ gr ???theac?n 27 February 2003 and entitled

" Met hod and apparatus for extracting the human

cerebigrmaliged diffareace of tHefmareas (@ .giegEsalf of thedr suen) ent
of which is incorporated herein by reference. Prior to

lh\o%cs&) ehmgéfgg |clu§artm ttp\eﬁe%g@%rga &ﬂle)l?en%%r rtﬁg thlgogt%rms may

be aligned horizontally, for instance, by maximizing their cross-correlation.

A more sophisticated comparison of histograms may involve fitting multiple
Gaussians into these histograms and comparing their mean values and
standard déviations. An example of such a technique is described in the
applicant's  co-pending International patent application = number
PCT/SG03/00043 filed on 27 February 2003 and entitted "Method and
apparatus for extracting the human cerebral ventricular system from images”,

the content of which is incorporated herein by reference.

Prior to histogram comparison, the image may be corrected for non-

homogeneity, if necessary.

Step 5: Calculate pathology ratio

The pathology ratio is calculated as being the ratio of the number of slices
containing pathology to the total number of slices studied. This ratio gives an
extent of pathology within the data.
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Step 5: Calcul ate pathology ratio The pathol ogy ratio
is calculated as being the ratio of the nunber of

WG koos@s749€ 0Nt ai ni ng pat hol ogy to the total number/Se1003/000284

slices studied. This ratio gives an extent of

pat hol ogy within the data. WD 2005/ 057498

PCT/ S&003/ 000284 16 Step 6: Pathol ogy | ocation
After identifying pathol ogy, 1&n enbodi ment of the

nmet hod according to the present invention provides
addi ti onal information about the | ocation of
pat hol ogy. The first step is to |ocate the hem sphere

%6??3:0% R8t8ebA9Y- 5 The histogram for a normal

T ara un?lha'r'ﬁhr ee distinctive peaks, one peak

for cerebrospinal fluid, one for grey matter, and one :
After vderttn@ynngtnaéhologhean tmnkmlmﬁm of dhet methad, aceonding to the
consi der e

ReeabHBveRden Poxichs) S50 hag! ibiTRIRoDo SPRIC thgalgeation of

patholByy. hiﬂﬁé firétodtep §X BMRIcate MR Kslisphenathapeaktaidd patheiogy.
sub-st'éps for determ ning the |ocation of pathol ogy

Zhe histogeam doea@ normalebrain anaignay ham threerdislinetive peaks, one

A eGP, b 670 AR A (e

backgrdenditsedito Zefo tis Inoltnwﬁbidbvedéxl Fhis lsoterimetin'tri- modallty A
hem spheres, then a small pat hol og%/lsem sts in, one or

B@vmrﬁnh@ﬁe Spithe pasholpgy JRay oLl b ahist Rwdeb P HBAYhave, for
g%rﬁP dad?fﬂiona]rgeéﬁ be tri-nodal, then pathol ogy
exl s ereln an e nodality of the histograns for

each sl | ce showi ng pathology is determ ned. If
The -subesteps yoredetermirﬁm the loasitioo exf mtholiogytareﬁllustrated in the

T BIETE ot ELGHP P T e SHPrated 1 @ efFtnies G HETalny o

%lgh@blhugtdg@anbw bdth Herhis I df\thél Ofsin Uidef sbAsidéRition.
of the slices within both 20 hem spheres, and the

outller to-inlier ratior is greater than the
FHrizsadalily mxists for both hemispheres, then a small pathology exists in

one or both hemispheres. [f one or both of the hemispheres is determined not
to be tri-modal, then pathology exists therein and the modality of the
histograms for each slice showing pathology is determined.

If tri-modality exists for all slices within both hemispheres the data are normal
and it may be assumed that the threshold Th (determined in step 4.5) was
probably too low. If tri-modality does not exist for all of the slices within both
hemispheres, and the outlier-to-inlier ratio r is greater than the threshold Tr
(determined in step 2), then pathology exists which is crossing the
interhemispheric fissure. [If tri-modality does not exist for all of the slices
within both hemispheres, and the outlier-to-inlier ratio r is less than the
threshold Tr (determined in step 2), then pathology exists in both
hemispheres.

The next step is to locate a pair of lobes containing pathology. Sub-steps 4.1
to 4.5 described above are then repeated for each pair of all lobes as
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(determned in step 2), then pathol ogy exists which is
crossing the interhem spheric fissure. If

wopiosoedas i ty does not exist for all of the slPCESG2003/000284

wi thin both hem spheres, and the outlier-to-inlier
ratior is less than the threshold Tr (determned in
step 2), then pathology exists in both 25

hem spheres. The next step it7to |ocate a pair of

| obes contai ni ng pat hol ogy. Sub-steps 4.1 to 4.5
descri bed above are then repeated for each pair of all
| obes as WD 2005/ 057498 PCT/ SG2003/ 000284 17 opposed

«%&%déé% tBQHB|c%H§>fIéV]%El%adRe bhfiﬂ% Bpéfaﬁfohgrfﬁ)rﬁ FRIGrE! DH8rS pair

or a palr es ena Ies ecting the e or
ovfdbbss enablepaelattiagythe Kbe olohes with pathologyent i on may
be suppl enented with other features used instead of

‘ﬁ}i@,%’%ﬁ{)g g{j thtﬂéegﬂ%p%éﬁgfe{ %Jnﬁpelgn-[\g%teoc} (fth iRa Yedtires used

iPBRY- 606F BGRithemMwitIRE MHistogfites. MItHEAbtHaRf febftRés MRay include
cal cul ated for both hem spheres. This enables the

weapaintensitybkaluee Prow-eorrelatipr pRaneentso asd maytpal dnfgrmation
@?ﬂlﬂggegi%ﬁ@otﬁ W\%ﬁﬁsﬁtﬁé}ég gﬁﬁgzég%grh ﬁg%u?tanggn befween both
Imewhisphegem@ bé @lferfoﬂnéﬂ esserany oirtmeskl)aetdawreadcamf i |f neg@dt ot be
an_enbodi nent of the invention is able to identi 0
HHF%{BBWM € BISIPIrameaid VaiRHs Ways P£€a'FHﬁa§'"§é'P%ﬂt§é§e"°e-
with respect to hem spheres and | obes. The nethod is

The InYethbd UERbdin@NE artembolirhe6f tHNAVLAROF ¢ @R Y identify

of a large nunber of brain inmages for pathology, in
pethologyl #r tyeli imagesuand inocalise:t thisi pwtbo@gyl Mitht irespect to

henBoBHRIC P At feun beatielish i 25BBRRE s Ve fast and

ENADIEE24WSEMAG 287 a 1dkge number of brain images for pathology, in
particutar brain tumours.

The method has applications in a number of fields including, for example,

neurosurgery and neuroradiology.
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Cains 1. A nethod for identifying pathology in a
brain imge conprising the steps of: (a) determ ning

wo b@slosmag i on of the m dsagittal plane (MSP) bpCT/SG2003/000284

calculating up to 16 approximated fissure |line
segnents (AFLSs) and renoving outlier AFLSs, the
outlier AFLSs having a | arger angular deviation from
the MBP than a predefined tht€eshold; (b) calcul ating
the ratio of the nunber of outlier AFLSs to the

nunber of inlier AFLSs, the inlier AFLSs having a
smal l er angular 10 deviation fromthe MSP than the
oerdefi ned threshold; and (c) conparing the ratio with
a further predeterm ned threshold value, the ratio

exceedi ng the further. predetermped {hreshold val ue . :
ohen AdnaB0gger: epHtviigh paieIagis Il 3 PR HeRge SomRrising the
g{gg‘%g{d as clainmed in claim1, wherein the inmage

conpri'ses imge 15 data and the nmethod further

conprises the step of: reformatting the inmage data to

al i gr(a) he detegmining ithe hlecaliars aafi thealmidsagitial @ane (MSP) by
nmet hod ,as clainmed jo claim?2 erein. th i

s peieiaing WP 18 sbbRfaed e ik SedRaRtyFSY] ana
met hadnisvigd Uikt AFLSk At DudlierSAFLBST Bavinghg larger angular
m dsa(g;t_tal tpI ane has_an equation x' +d' =0 where x' is

a co-daviation somtheMSBthan ginredefingd tresheld; s a

constant, the image having an original co-ordinate

syst e@?OXYélaﬂéﬁﬁei]th§efé?fo”Bf th8Indhber JrEbRIIBRIAELSs to the
co-ordf nat € Sys after refornmatting conprising
co- orlimbée of Ghilér, AELSSs, dmel idief' AFL8e bawipgod smaller angular

Lg—?r i Qr%f@@%ggé‘?ﬂgﬁ'tﬁéﬁ the p\{\f%dze%ggé Qr?réé gld; and

(c) - comparing the ratio with a further predetermined threshold
value, the ratio exceeding the further predetermined threshold value

when pathology is present in the brain image.

2. A method as claimed in claim 1, wherein the image comprises image
data and the method further comprises the step of:

reformatting the image data to align the image with the midsagittal
plane.

3. A method as claimed in claim 2, wherein the reformatting is performed

using vector manipulation.

4. A method as claimed in claim 2 or 3, wherein the midsagittal plane has
an equation x'+d’=0 where X is a co-ordinate in the O'X’ direction and d’ is a
constant, the image having an original co-ordinate system OXYZ before
reformatting and a reformatted co-ordinate system after reformatting
comprising co-ordinates O’X’, O'Y' and 0'Z, the step of reformatting
comprising:
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19 (i) starting with an MSP equation : ax + by + cz
+d = 0, where d is less than 0 and (a,b,c) is the unit

woososmb74vect or of the MSP; (ii) determ ning tweCpSGIns/000284

that are the intersections between the MSP and 5 the
vol une of the brain shown in the inmage under

exam nation, denoting the two points as A (XA VYA 0)
and (xB, YB, 0), both of thel@wo points being on the
MSP; (iii) when a is not equal to O, calculating A and
B as follows: xA = -d/a, yA= 0 10 XB = - (d+b(ySi ze
-1))/a, yB =ySi ze -1 where ySize is the nunber of

q)oxel fhgWigh ggqh%p u%ﬂoﬁf the original vol une;
en TS oul'd

not be 0, and calculating A
and B as follows: XA =0, YA=-d/b xB=x Size -1, YB
= - (daxt+dyxSczed-=10)/ b 15 where xSize is the nunber of
voxels in the X direction of the original volune; and

bl dRIBRRRAT0 2E' @) i Lk PEh e VEREBREAIRE,

unit vectors of the co-ordinates OX, OY and OZ

(h)al ngdeteimmirajmb pmntshthat afé the imgersacﬁmfs b&Ween the MSP and
X abc?} nx1l, n nzi OY‘_S&;(AXB/AB rgg
WMeJum@_as the)brain( qy@ i u tafigggdencting the

zsé%é’?%"\?\ L7 Qe S, S e i ons on o

M8Ppts A and B, the
(i)  when ais not equal to 0, calculating A and B as follows:
xa=-d/a, ya=0
xg = -(d+b(ySize —1))/a, ys =ySize - 1
where ySize is the number of voxels in the Y direction of the original volume;
(iv) whenaisO,b should not be 0, and calculating A and B as folldws:
XA =0, ya=-d/b
xg = X Size -1, yg = -(d + a(xSize -1))/b

where xSize is the number of voxels in the X direction of the original volume;

and

(v)  changing the original coordinate system OXYZ to the reformatted co-
ordinate system O' X' Y'Z', the unit vectors of the co-ordinates O'X', O'Y' and
0'Z' being calculated in the following manner:

O' X'= (a, b, ¢) = (Ny1, Ny1, Nz1)

O’ = ((xA-xB)/ A-B ,(yA—yB) A-B ,0) = (ny, Ny, Ny2)
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transformati on between OXYZ and O X Y' Z' bei ng defined
as follows: X =n., X+ny,Y+nz,Z 5 Y =nx2 X + ny2 Y +

WO 2z@5857438 =nx3X+tny3' ' +nz3Z O =0. 5. A net hod PCT/AGHI08/000284

to any one of the preceding clains further conprising
the step of: 10 processing one or nore slices through
the image to determ ne interhem spheric symmetry. 6.
A nmet hod according to claimZ wherein the step of
processing conprises processing one or nore slices
having a plane substantially perpendicular to the

m dsagittal plane. 15 7. A nethod according to claim5

Oz’ & WREBIFYN= gn)g al ?Hfa?)f processing conprises

processi ng on ces having a plane which
intersects the mdsagittal plane. 8. A nethod
\wibersr diArB t ds dhp Ewelidear|distance betweamhdqiaints fheand B, the

RGP aERn13kT7 FRLOR T BablefieRl b By

conpri si ng extract| ng the background i mage data and

X'et Aj K Rohy Yhengd a representing the brain. 9. A
rrethod accordl ng to claim8, wherein the inmage is

io ed o& rinber of pixels, the step of
XT ¥;¥ o'hﬁlﬂl ing calculating a histogramof grey
Ievel of the i mge along a first axis against the

érxq.f ?yx.eh%z)f the WD 2005/ 057498 _
PCT/ G20037 000284 21 i mge al ong a second axi s,

|ocating a first peak in the histogramfornmed at the
Pht 8k section of a positive slope and a negative sl ope,
extrapol ating the

5. A method according to any one of the preceding claims further

comprising the step of:

processing one or more slices through the image to determine

interhemispheric symmetry.

6. A method according to claim 5, wherein the step of processing
comprises processing one or more slices having a plane substantially

perpendicular to the midsagittal plane.

7. A method according to claim 5 or 6 wherein the step of processing
comprises processing one more slices having a plane which intersects the
midsagittal plane. |

8. A method according to any one of claims 5 to 7 wherein the} image
comprises data representing the brain and background image data, the step
of processing comprising extracting the background image data and retaining
the data representing the brain.

9. A method according to claim 8, wherein the image is comprised of a
number of pixels, the step of extracting comprising calculating a histogram of
grey level of the image along a first axis against the number of pixels of the
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approxi mating the positive slope back to intersect the
first axis and taking the value of grey level at the

wo miosnsaet i on of the positive slope with the fPCBSGHNS/600284

as 5 a threshold grey |evel value. 10. A nethod
according to claim9, wherein the step of processing
conprises further processing the inage to obtain a
bi nary i mage by setting the1pi xels having a grey

| evel greater than the threshold grey level to 1 and
the pixels having a grey |level |ower than the
threshol d grey val ue to 0. 10 11. A nethod according

ih'%g;e'u%l%ﬁé %%ec%@ra‘%' ur t 'ng ; OHESQR fil thel m&d@?ﬂn%rrﬁ@@' at the

the netho rising the steps of
infezsectipnt o€ i pramgrve istepee and @ aegativet slopag extrapelating the

STt R SRR ogR bR 1 Pl 8%, ARt 2R g faking the

vietue Of gﬁiﬂ@de%’c‘lﬁé Ghteesectiofi lofitia pdsitile! sidpey witle e fisst agis as
croppi the image 15 to the head mask to renove the

a)ﬁUEganidlgljewlmV&l VaIQBbI e in the inmage. 13. A nethod
according to claim 12, further corrprl sing cal cul ating

f& hi t,g.‘%&@gt cé’%?](ﬁ |F0Vg¢a|ﬂ-fl o bg%]ﬂfﬁ% WGp dof 'd’r@&essmg

i mage al

@rﬁﬁﬁﬁmﬂfmhe‘s grocessiad tﬂlmmnageeoeobtamatmnmg! mﬂge by settmg
hi st o%r am for each he

wfesmzs pdiying argrevi! %T @gate%ﬁh@aﬁgggéf%ﬁf) pray lavehlp 1 and
j)égédé i‘\%(/ﬁ\g;cﬁP@ EENoWBEtHYNSthedhAEholdl ‘bfreﬁvﬂl%bﬁ@@)

Ing t arm 13, wherein the step of cal cul ating
the di fference in values between the histograns
tbnprAsmethodl aagoadingdozclaim flfewbeteinfthadmage depigiscthe brain

a0 2 Rl 308 grtifig oateF (Porsa, fia s pt b, thl pinary

'frr\idltjét with. Bastractuifg Nelesnin ofapinelsaad aexparidingntial steucturing
the nmet hod further conprising identjfying when the _

elenent én filk theeimagaof the skl itorpraduge R haad Mask. ni ni num
WD 2005/ 057498 PCT/ SG2003/ 000284 22

12. A method according to claim 11, further comprising cropping the image
to the head mask to remove the background data visible in the image.

13. A method according to claim 12, further comprising calculating a
histogram of grey level of the image along a first axis against the number of
pixels of the image along a second axis for each hemisphere, smoothing the
histogram for each hemisphere, comparing the histograms of the two
hemispheres by calculating the difference between the histograms.

14. A method according to claim 13, wherein the step of calculating the
difference in values between the histograms comprises calculating a

difference function between the values of the histograms for all grey levels.

15. A method according to claim 13, wherein the difference function has a
maximum value and a minimum value, the method further comprising
identifying when the difference between the maximum value and the minimum
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val ue exceeds a threshold difference value to indicate
pat hol ogy presence in the brain under exam nati on.

w@a600shs5Teet hod according to any one of clains 1BCT/8GAH3/000284

wherein the step of conparing the histograns
conprises calculating the difference in area of the 5
hi st ogranms, or the normalized difference in area of
the histograns. 17. A nethod®aaccording to any one of
claims 13 to 16, further conprising the step of
aligning the histograns al ong an axis before conparing
the histogranms. 18. A nethod according to claim17,

WIGE eBeddie athRi3hBId BiﬁeQéHJégvéIUS to Wﬁileéﬁet ﬁﬁhél&w presence in

conprises maxi msing the cross-correlation of
theddraigrader ex@miratiort. hod according to any one of
clains 6 to 18, further corrprl sing determ ning extent

¢ b PartBe eghelids &9 Bnf ot FrpufiRTHE R 187 igin the step of
&ﬁhﬁér"ﬂ@th&h%ﬁ@ﬁhs mmpﬁéépb@laulaﬁﬁgwme HifferéALS IMaféddf the
the ratio of the nber of slices wth 15 pathol ogy

matogrwnsmramemmlzm differenrce irargn&f the histogragisaod
according to claim19 or 20, further conprising

%: er MALigy Oé&g)rélgﬁ 3{)% %e Bﬂglaﬂ'ﬁg ha ﬁgﬁ’G ﬁﬁthe‘b‘ comprising

accor erelrnt step

tdetetem of redighimg theodvstograms dlomg pant ml@ggefommnwmg the
|.ocati ng the hem sphere that contains 20 pathol ogy.
Qtogﬁ?rﬁgt hod according to claim22, wherein the step

of locating conprises determning the nodality of

8.5t 0g" @Bthddacksidih QH‘ S8eTEE Rhetdi§ théaét%ﬁ B dfgning the

consideration, tri-modality existing fo
histogsame ncemmseagn@nmlsm@thmcm@a -oorredationedf thp distogragys.
existing in one or both hem spheres. WO 2005/ 057498

& S%Qﬁ/ogog&:%?‘dinae’to any one of claims 6 to 18, further comprising

determining extent of pathology in the brain under examination.

20. A method according to claim 19 wherein the step of determining extent
of pathology comprises determining the ratio of the number of slices with
pathology to the total number of slices studied.

21. A method according to claim 19 or 20, further comprising determining
the location of the pathology.

22. A method according to claim 21, wherein the step of determining the
location of the pathology comprises locating the hemisphere that contains
pathology.

23. A method according to claim 22, wherein the step of locating comprises
determining the modality of histograms for both hemispheres of the brain
under consideration, tri-modality existing for both hemispheres being an
indication of a small pathology existing in one or both hemispheres.
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24. A nmethod according to claim 23, conprising
determning if one or both of the hem spheres is not

wo peosoedas | ndi cati ng pat hol ogy exi st ence there¢TS@md3/000284

if one or both of the hem spheres is not tri-nodal
determining the nodality of the histograns for each
slice. 5 25. A nethod according to claim24, further
determining if tri-nodality 2%¥xists for all of the

slices wwthin both hem spheres, and if it does not

exist determning if the ratio of the nunber of

outlier AFLSs to the nunber of inlier AFLSs. 26. A

2p! hoAl rAgthied ckgrdifly % Rlafhasb, domifiri¥hig deterfififiond or both
tri-nodality exTsts for all of the slices thin
dfdhé heenisphrTes és notitiemiotial indibating pathalagy existence therein and,
determning. if the.ratio of the nu r, of _outlier .
RBDSST R RE tie, heRisiliersn iy opt FihoeBF bermiting (FG odatty of
thedRstBpring forastichadligeof the preceding clains, further
conpriSing the step of cal culating one or nore

addi tional features of each 15 hem sphere, conparin

Zhe ohamethasAECering it nalpim <2 fusther sgterminih 1t tri-modality

) o i i e _ q '
S oBF SO e S0 P oeP SRR S W kot o
determiningpif tloe catio of he nwinbeebhoutlier 2F¢Ssofo thel murhber ofinlier
&ge or nore features conprises calculating one or

k¥Sof intensity mean, nonents, 20

cross-correlation, and nmutual information. 29. An

2¢Par Rt fetiRyd %g:@&%ﬁg) toCElarh 24 RN ddéteFmirfieg tif ftr%fjrﬁlﬂiality

pat hol ogy i n brai'h i mage according to any one o

exigts pfioe @lldointhec blidass witB. bathc bemispheres,ognduifi frdagscnot exist

SRR (i PRI B e B%BEL of BRlieL LSS B3GRRBeP &t iner

App8satus to performa nethod according to any one of
clains 1 to 28.

27. A method according to any one of the preceding claims, further
comprising the step of calculating one or more additional features of each
hemisphere, comparing fhe one or more additional features, and if their
difference is larger than a predetermined threshold, signalling the existence of
pathology.

28. A method according to claim 27, wherein the step of calculating one or

more features comprises calculating one or more of intensity mean, moments,

cross-correlation, and mutual information.

29. An apparatus arranged to perform a method for identifying pathology in
a brain image according to any one of the preceding claims.

30. 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 one of claims 1 to 28.



