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Wb'ﬂbda/d’"ﬂs)!‘ frerr et~ ~ *166166* Met hod and

Apparatus for ldentifying Pathology in Brain IPE§e2003/000284
Field of the Invention The present invention relates

to a nmethod and apparatus for identifyi ng —pathotogy

in brain imges, such as brain tunours in neur '
it

i mges. 5 Background of the I'hvention
Conput er - assi sted surgi cal planning and advanc

i mage- gui ded technol ogy are increasingly used in *166166
neurosurgery, as the availability of accurate

anatMethodlarid Ai atudfdr 168 ing ARLES B fRides
the spatial information concérning

f i rtant structures. In addition, 10 the
m&%@‘-@"—t%‘put er-ai ded di agnosis in

neuroradi ology is growing. At the sanme tine, brain
j d h I
Waé aprasest ﬁ{\%nﬁéﬁal’lﬁgéféé%f FRRY grjp?éth%'a g?\?eetﬂf%r@?l% fgy léentlfymg

anal g} e these i nmages Icie

Pathglogydr Shaisdmages, sycrogs Bssmﬁgmo]]l’@ml KR bidlg ’l&ﬂ‘ghgﬁes
of brain tunmours has conventionally been achieve

tation using know edge- based syst ens
BAER dléf g%j@aﬂ in Kaus MR et al "Automated

segnent at i on of MR images of brain tunours" Radi ol ogy

Qcﬁmut%ﬁ(s@ted 386gibalplabhrigc BRd a'd@ﬁﬁ&bd—%gé) ghldetd tr%‘hgology

omati.c Segmant ation of = non-enhanci ng

‘?rr‘? ﬁﬁﬁfﬁéﬁlf‘s Yr d&56ariB e NenERfaIrgens t BSi theal availabiity i @fermurate
MNefid 1 1- 43 and ar,
arﬁA?utt omﬁ}l I:ﬁ %@%&%ﬁggegﬁéﬁ St |rgﬁr%§?ngc%ﬂ‘§%rgg@e B‘@seépaﬂal

| mggmt@uecomemngrtaesmtmm;w of h‘hﬁbﬁ@fht SRR, 19 Widition,

nﬁﬂ 1%7 2 U S 4, 856,528 discloses a
TENCEA e‘f?éﬂ'?‘ét&r‘é‘l‘qeé’r@%ﬁﬁlsfl@rn%madlology is growing. At

it i, itaiel taaBb8 Grd NSoUAHINIEBiR ahHTRE LT STy 1o

CT .image data. A histogrami
Falysselhesqi imagesheficigatly, oupdrtioglady for large databases, is

progressmg

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.
Intefligence in Medicine 2001: 21(1-3): 43-63; and Clark MC et al, "Automatic

tumor segmentation using knowiedge-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

deternmi ned enabling determ nation of the volune of the
tumour. 11111111121121212 1 1 ' ! ! 1111121111112112111

*Cc00002* WO 02/43003 di scl oses a system for anal ysing

a brain image. The brain image is conpared with a

[ nd the image is |abelled accordingly,
\8[53 @ﬁ%@@féﬁs t¢e raeg?ygﬁn olPr i #alysisg anbrair iGwger The brain
il u : o] ;. ) - 20 :
e oy hppred it B aned s Wi by e aeporaingly,
anthanngiatddowislyyegipns lof sderest angar atesrestruipesof
di ffusion- weighted i mage data" Miier SE, Mamata H,
Mul kern RV, Dept. of Radiology (MRI), Brigham and
MmN Ragldr spad sl . bsh 9cho Frapci s
Street, k(g1%6%0@?*5?&%@9Lglg?ij(ﬁ?&tlgéés%?}aerg?t&r{zgﬂon of normal
bregulend brkira tahar patheslogatiyochi$quardesnparamhetantnaps of diffusion-

t hol pgic brain, tj b tifyi t he devi ation
BRLhdTbder Bie'. Maido§eohalints HoMuaon RaépBrBhafdRadiology

; br A r he .
e N i B fErd MeSfe Senafl 75, Francis

- Piicete§i2d 4P Borige VA1 Sndisaidsestahedest easults of a characterisation

7 LBRaGe FotaoBak HFaniissdn by aemmigRoatiA deviston of a
diffesibAfeRiteB LRI o bambnoblsoH rﬁla‘?;@fe’cggvvgrﬁ%rpﬁ‘&%lupgy over a

in |na%es. The nethod is particul ar ntageous Tn
ranga&f ibdastofper e there is a need to identify the
presence of pathol ogy before nodel - based approaches
may be applied. The pathol ogy may 20 then be | ocalised

Bl ppeER Nheentis & ﬁ@cﬁé&et@mﬂtﬁf‘hgoﬁatﬂﬁloﬁgcm FREfLal images
based approaches. Summary of the 1nVention~25

a0 HinmRfed oSGt interpretafiert This isheritisabswen searehinigolarge brain

' i de t ted.nethod for, identifyin

SAghEres AL GIED Ry eI IS phflod SRR Ror o
identification of pathology in images. The method s 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 an
automated method for identifying pathology in a brain image comprising the

steps of:

(a)  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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steps of: (a) determ ning the |ocation of the

- mdsagittal plane (MSP) by 30 calculating up to 16

approxi mated fissure |line segnents (AFLSs) and

renoving outlier AFLSs, the outlier AFLSs having a

| arger angul ar deviation fromthe MSP than a

predefined threshold; 3 (b) calculating the ratio of

t he n% er (ff outlier AFLSs to the nunber of inlier

AFLSHD) ¢ hetaleHiptng APessatipeihdhe BHeibeEr of ndisraAFLSs to the
devi ati on t he, pr [ hreshol d;

and 5 (c) ri%rﬂpﬂ%utr irtﬁglt 7 'rag i%’v&r{éhqgﬁ%ru?ﬁd%éis having & smaller

pr edet er niargulahdesiatibd froral tree M$R thahi theelsfRrdingd threshold:
the further predeterm ned threshold val ue when

pat hol ogy ¥ present in the brain i mage. 10
Preferably, the inmage conprises inmage data and the

met hq@) f urddiepaiedPihies e@atiot Mathst£Pfurfher ( g}edetermineﬁ threshold
reformatti nq the 1mage data to align the 1 mage wt

the MSP. 181 cthg 48lig exoeeding dhersfurthey predeterharededhreshold
usi ng vect [ Lon . .and the. mdsagittal plane
has an equ\g{l?%wﬂﬁ:ﬂoﬁhéﬁ%éﬁ* Brggser\?én $%B"ﬁﬂ} thaQk-e in

the OX direction and d' is a constant, the inage

havi ng an origi nal co-ordi nate system OXYZ before

Fr)r@f%’lagﬁ/t’ thegnaae canmsises imageddate- anditheametlsyds futher comprises
tﬁ%?% f.efor matting conprising co-ordinates O X, OY

an 2 the step of 20 reformatting conprising: (i)
starting wwth an MSP equation ax + by + cz +d = 0, 25

wher ddil i seferpatting thedinzage (databtocdlignsthe magsivithe ISP,
vector of 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 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 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;
(ii) 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 B (xs, ys, 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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(ii) determning two points that are the intersections
between the MSP and the volune of the brain shown in
the i mage under exam nation, 30 denoting the two
points as A (XA, yA 0) and B (xB, yB, 0), both of the
two points being on the MSP;, §iii) when a is not equa
to 0, calculating A and B as follows: 4 XA =-d/a, yA=
0 XB = (dtg%y8|z -1))/a, yB =ySize-1 5 where ySize is
the numbAr R Vsl s in the Y direction of the
original volunme; (iv) when ais O, b should not be O,
angs ca(dtb(a8izeg! Waapg =pSae-fol lows: XA = 0, YA = -d/b
10 XB = x Size -1, yB=-(d + a (xSize-1))/b where
xSize is the nunber of voxels in the X direction of

th | ggpal;

or B85 P50 ey 2 ek e ARSI 5 i pngpvoume
or fivnat wheyst s, shoull Aot belts amai daloastiy A #Hd BRE follows:
co-ordinates O X' OY and OZ being cal culated in

thefollovvlcﬂ% er O X = (a, b, c) (nxi, nyi,
A= A—xB)/ | A-Bl, (YA - yB)/ | A-Bl ,0)
= (nx2, ny2, nZZ) OZ =0XxOY = (nx3, ny3, nz3)
25 wher gs FA 8Bizei-4, yhe -Fueld (kSire-d)ya ance bet ween

points A and B, the transformation between OXYZ and

SOX'VY' ﬁx %%Q def| g%u{%ﬁbcfiro f é%qﬁgﬁq;%ﬂé?? ’[J Lt fz tlhe original

volume; and

(iv)  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, Nz1)

OY' = ((xA-xB)/ |A-B|, (YA - yB)/ |A-B] ,0) = (nx2, Ny2, Nz2)

0'Z' = O'X'xO'Y' = (nx3, Ny3, Nz3)

where |A-B| is the Euclidean distance between points A and B, the
transformation between OXYZ and O'X'Y'Z' being defined as follows:
X=nxuX+nyuY+nsZ

Y'=neX+n2Y+npZ

Z'=naX+npaY+nzZ

O'=0.



10

25

30

35 5 In a preferred enbodi ment, the nethod further
conprises the step of processing one or nore slices
through the image to determ ne interhem spheric
symetry. 5 Preferably, the step of processing
conprises processing one or npre slices having a

pl ane substantially perpendicular to the mdsagittal

| ane. Pref rab ep of processi ng conprises

B & duslartec drhisiatall; cbE” menRy fgrer omensan dhe step of
protessiRg! SOﬂehe df dged ! telicep! afﬁ?ouﬂeftﬁéablwaa%et N  determine
i mge conprises data representing e brain

lb@cfk@lmdﬁmerlclsu‘ﬁgnemwa the step of processing
conprising extracting the background inmage data and

Bk aB gﬁlgtgé h&ﬁﬂaéf n%fo%ggglﬂgn&j)rﬂﬁrsige%be g?&cgés%mgpeogr more slices

Pre ge 1's conpr

I'[a\mazg a,plareessbstanidlly merbeadiculg t6 termigéaittaigdigne at i ng
a histogramof grey level of the inmage along a first

axis, for exanple the x-axis, agai nst t he nunber of

i finkh e examl e .
F?r'ﬁz@ﬂaﬁ 31)2' tsi;ﬂe sté N Bro%'egglgl caﬁ’\?ﬁlg }oséei%l i 8{‘83&‘5’&? slices
rfamgeel pdane Wblohnhmrsectsltlwrmﬁs@glnéﬁbliahé.e sl ope and a
negative sl ope, extrapolating the apprOX| mating the

£ t t th irst axis and
PRI 15 PR Gimbed 2Pl B S rrouna
itfagepaatd,i ke stepeof wrédeskhty fcohfdrisig Se)él%cﬁn{; hirfes rP)‘%nlcléground
grey level value. 25 In a preferred enbodi nmen
inage dtamndretaining the et sresentingsthe hraocessi ng t he
image to obtain a binary inmage by setting the pixels

F"'r@‘fér%ﬁlya ther %ﬁapﬁv‘% rﬁﬁ‘ﬁ%ﬂ t§ag hHgddr oph +<g|sg\rl\tgr\ré step of

l evel to 1 and The pixe ving a grey leve
Q)ﬁrm:tmgs:qnmrcmmmlcalogmaimgvalhjsaogmrﬁ) of Hrefriedeir afbthg, inidie along

3 TS eE e g€ koDt cadaiBr! istrimber i Arelacj the mage
AlGRgea Veddond akisUGbHId Sk eRNY-&fis, 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.



10

15

20

o
W

30

pi xel s and expandi ng the structuring elenent to fil
the image of the skull to produce a head mask. 6
Preferably, the nmethod further conprises cropping the
image to the head mask to renove the background data
visible in the image. Preferaply, the nmethod further
conprises calculating a histogramof grey level 5 of

rpfeen B o ing 1 Beak U GOmprBaso REPRBRG her Meaash to the head
AN ERMSe FHEOdRghSur sat% visiBR ﬁ%%&?@aggg ht o

hem spher e, corrparl ng t i stograns o
hem spheres by calculating the difference between the

ST o L e S A 48y v
&Qhé%ébé@oﬁg e ﬁé?éﬁ@%@{ih@l%b%fﬁﬁfﬂ"‘@? xS Eerat@quﬁ?age along

of the histograns grey |eve
& trecghflf exisnder feanit iemispbere, Bmoﬂungvﬁiwmlabgrain for each

m ni num val ue, the. ne dfurth conpri si.n i
TRIROTRs! grsing, HE BRSEPEina! st Bl erHEhates dunpaloulating
tMé'dhfféréﬁQe bBﬁvéBﬁ‘tH@#ﬁ‘ibt%@réﬁﬂ%ue exceeds a threshol d
di fference value to indicate pathol ogy presence in

the brain under exam nation. There are nore ways to
i n . val bet ween t he

S0 ] SRS L e L1221
Histbrings %nﬁﬁis@%%hl&@lﬁnﬁ%; o Affetdfce @uﬁcftf%rneﬂgﬁve%fn fh'%e{/élues of

areas 25 - normalized difference of thelr areas
thg mistogramst feei all guey |$Vﬁlad6’ireﬁ6mblybéie)rcbﬁemhcellfahcmtgw has a

R TR T e
I@ékﬁifymgf\pﬁén ¢i9é Ifferbhed beﬁ)@eérﬁ‘ ttfe Hﬁﬂlﬁhﬁ?q%ﬁ@b W‘hmlmum

the nethod further compri ses determnin ext ent
valus) gxpRedy ¢ thieshdd gh $rﬁm9ﬁo\éﬂiu%ignﬂwaeteopathology presence in

thE BF&haa%r ekmisith. Of

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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7 determ ning extent of pathology conprises _
determning the ratio of the number of slices with
pathology to the total nunber of slices studied.
Preferably, the nmethod further conprises deternining
the location of the 5 patholpgy. Preferably, the step
of determ ning the Iocation of the pat hol ogy

e R e Lo
MehBEMBiNdlices With wﬁéiogwo e Rotal R%Bg’é gfceg%tttl?dned

hem spheres of the b n under consi
tri-npdality existing for both hem spheres being an
Prﬁéﬁ‘r@%ﬁ otheomethegafurthes: rempgipes xietermining iwee lasation of the

ﬁlog}oﬁ?gfgréﬁge d}‘?{ sté dt (%tlgir%r &8 &Enblggﬂt%erbpf tﬂg pathology

conpri se ni ng
dwnpmm;eic&%tmg thet hbm:s;mm@ thdtdtt@rﬂhinﬁgpﬁ%wyogyreferably, the
exi stence therein and, if one or both of

ek %fpl?élagggl QOMBises MetrspHNingethe medaligy td’ﬁehlﬂt@@aannSyfor both

s, B SH 0P ilr <, O ST Xy, o v

remispbefesr bein arf indieatidri 0es wirfahli pathelody RN &Y Bﬁe or both
and. if it does not exist determning if the ratio of
NGRISRORERSr of the outlier AFLSs to the number of the
inlier AFLSs, is greater than the further threshold

LEY Lﬁﬁeie@rdd”dhfb@ﬁﬁné%ﬂ FHLRERNOd A f1RleR0Y et @Prﬁrhnd; f one or both

crossing the 20 interhem spheric fissure
afrthe hamaisphgresxissid trignodallindicating pathalegy wixistemcetiidrein and,

' .met hod .
D, PR R g P o
thé htslf@gr@br@%r odadhhesligd! |F°r‘é‘ferﬁ5|y55tﬁe° ﬁ\@ﬁloauzfﬁr%ﬁec[ofcomprises

inlier AFLSs is |less than the further thre
deiemeining ifigrmpadalitsxexdstsfee adifofpmehelnqe@ywuthmbboum hemispheres,

RS RNRIRS no ég&wc%t&gmh%gp }f0€1 ag ﬁ%gﬁ{r@lﬁ%of the outlier

present |nven 1 on erei1s

Al e 3 g dhé oupedrasfrene HigligreARDEs f @fgﬂe@@é}tt‘hbwtﬂg further threshold

t hol a brain imge defined above.
\}%ﬁlu © ogym icate  existence gof 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 third aspect of the invention there is
provi ded a conputer program product conpri sing
conmput er programinstructions readable by a 8

conput er apparatus to cause the conputer apparatus to
performthe nethod defined apove. The present

i nvention provides a nethod for fast identification of

at hol o 5 sucih as brain tunours in neuro inages.
S areF Shraralbaitfmiseolie RITPHE TRRPAERI tneriomm the method
dSmlcdrfsovel i nearity of the interhem spheric fissure
and i mage symmetry for both hem spheres. Brief
Description of the Drawi ngs 10 The present invention

i1l _be descriped by . of exanple and with reference
The reSerti COVBRIRT REOYHER S s oI Haskiden Hicatos of pathology
JuchW i 2ERMLFRBUNGNt RBURS XitigRRS ¢ | f
a 15 method accor di?}g th]) t he mvénﬂ%%??dg?g&%oﬁﬁﬂéntg of the
methedi fest rhyot ieatures, iinearityrafi thebeitehentzphénedissardand image
Fi_qur IS fl aw di agram showi ng the procedure
ﬁyrq%gfe&giori %OLBHQ”%'FR?Wegt ep illustrated in Figure 1
for locating a tunour. 20 Description of Preferred
Enbodi ments An enbodi ment of the present invention
Briefperssipdion £f the Brawingsi c, accurate and robust
nmet hod for extracting pathol ogy of, for exanple, a
human or 25 animal brain, fromthree-di nensi onal
Tresl prd it GrlentiBRUAR e8Bs@tbdel b{H égRbf' i
stegs constituting a preferred gr\% di rrgg%g@re ?ﬁg%th reference
tadhe @gcempanyingigures trhehichow di agram of Figure 1. The
net hod of the present invention wll be discussed in
nore detail after a brief discussion of these steps.
Fgurthe By eCHsRi BlaghadPSholving #hd aliedtdys tifead | Mbodiment of a

diagram of Figure 1 are as
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 presént 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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follows: 9 1. The first step is to calculate the

m dsagittal plane (MSP), for exanple, using the

nmet hods described in the patent applications

PCT/ SG02/ 00006 published as W03060827 and

PCT/ SG02/ 00231 published as &W2004034179 both by Hu
and Now nski. 5 2. The second step is to calculate the

]| gL 1 e e B! o S
M1 2he IdhetibeN dé!;%nﬁél&' Ir?rtﬁet eaie'h't' §;5§||cra%h§’ PéT?’é’@MQ/oooos

a certain threshol d.
pudlishet , asf rW@éBQéﬂﬁZ?t hearmirlgﬁ’ﬁab’S@DQtﬂé]Qwo tpublished  as

t e fourth step is, for

\@ggﬁ%ﬂﬁrgéﬁ@% b’(E‘)% P'QW"%‘@ head from the i mage;
g

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

t he backgr ound to zero; (c) calculate a histogramfor
Zeach Thensegsingt step igdo (aficudatecthie ratie afahe ulmieet of outlier AFLSs

LAECRAPRL SClEF LG Sa28B05 B0Bherial whente Hpatholoy
veHi @S BreColitligrsabliffers@atlo r@JéH@\Le b%ﬁbffﬁiHré‘éhoI35 (f)
conpare the histograns for the two hem spheres,

preferably with additional features and if thelr

Fhe ety Stef Balo, bR B adiohsa i obipingT 4565 o be
perbendietlar iepS0l ogy ratio.

4, The fourth step is, for each image, to:

(a) 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;

) 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 pathology. 10 Figure
2 shows a flow diagram of the stages involved in the
sixth step of Figure 1 for determ ning whether or not
pat hol ogy exists in both hem spheres or |obes of a
brain being exam ned. 5 The glpgorithmillustrated in
Figure 1 has six nmmjor steps whi Clh a:re set( Ngg; 18el_l_(ﬁw
t e .. Cal culate the mdsagittal plane ) The .
TR iBag: $haFs 7 4R’ i oF e sgeBanusivag hthe sixth step of
F%@l‘érﬂtfemd@f‘é:rﬁﬁhigg%hé‘tth%r R bdth %gseﬁé:}'s%rb%tﬁ]%emispheres
I nternati onal patéent application nu r
rEThes04 DORI0dgind Ekameddas W03060827 filed on 18
January 2002 and entitled "Methods and apparatus for
determining symmetry in 2D and 3D imageg' whi ch
B et B C3E T ! Ml S, WA are st out
hedewr i bed in International patent applicati on nunber
PCT/ S&2/ 00006 published as W03060827, provides a
rapid, accurate, and automatic calculation of the MSP
steg tenchlcafate 466 RiidtapkaIPlané (Wep)equation of the MSP
WNI Ch divides the prarm rnmage gata I nto two

i spheres. By this nethod, the up to 16 approximted
%%;n i %Q'ﬁtﬂemééeéybﬁ%dﬁscaémtsg)uan@ tbatalgwﬁ o destribed in the

cal cu he - F are_then.
di%%ng%'?%d V\dﬁb%en al Cﬁzﬁgrtngggﬁég t?a#‘%ﬁd OSPPF(@B'OQnd number
R@T/S£02/66088 . published Al $¢00B060827 ditglloy 16eyarldrp002 and

fromt MSP bi gger than a_ predefined threshold are
%‘ﬁ%ﬁ’dﬂ\ﬁ%ﬁm@&t ANdr apparaius \fipri |dstemminings syaestnakien2@sand 3D
ih 3l eF ' I 1 .
IoRBb oy it Hospior Fetfogs fof UeRFPB e s of wman brains
frambeadiobgimat | imagest oThéealgorittern 0ésdridddens indernational patent

SRIEAS, il BT RRoR o bheg 3o WOBL0bESr “omces «

rapid, accurate, and automatic calculaton 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 outfier and inlier
AFLSs. Those AFLSs with an anguiar deviation from the MSP bigger than a
predefined threshold are considered outlier AFLSs, whiie 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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30 segnents may be far from one common
i nterhem spheric fissure plane. There 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 sphericy; 11 fissure. To neasure
this distortion, the outliers-to-inliers ratio (r) is
i ntrodyced and plied.in step 2.1, as follows. Step
fisSurofip dneasife Bl istartion. e PufisTs-tenderd rafica ryiis emfroduced
1 = there are no outliers and the
%ﬁﬁg?@&%?@ﬁﬁgngnfﬁggwggSTornB al nost an ideal plane.
On the other hand, if r = 1 this means that the nunber

f liers eq%als tt'ehe nupber of inliers and therefore
é’!&g é-i@mgﬁﬁ%rﬁ&ut r-torinlierssafiq witl g givesrthershald t ed.
A suitable threshold jr) is set experinentally 10
between 0 and 1. Wien r is greater than Tr, the method

Whenat = &,ptitezat aral noemhﬂibmcmwd)fth@ahtw}ﬁ@@i’sphﬁﬂi@ fissure forms
rocessi, f the | es_continues to check the
AesEan,dea pirac; Raghe Sther haneR i i fickinis yneansithatdhe number
dfSodlliens ERdld thet i&RCahkSi 0 i ;
i oBliBRs LSERIS e JRRnder, SR TBlieRCank B 1RE Perngmispheric
fiasareny avfved wordistortedaisn suitableptroashait Ty) &y geelexpeentally

PSR, AT WS o B R oo
StBRBE!IF PatholbBy I TRe \pBcedding tﬂ%'ei%%lsl %’%r@%gg%ggdcheck the

data 20 are not perpendicular’to t
svaveetry dfetheeimagest tTdds NESPhimeariyicminditioncier alal used in step 6

sections .may he generated (or taken if they exist) for
Wi #&F‘Q‘S'ﬁp&ﬁ%@g%w%'sr %"hﬁéi%@rlp%-f data may be
carried out in the followng way so that the
reformatted vol une of the brain under consideration
Step|3:Refermat daf@sp equation x' +d' =0. 25 If the ori gi nal
MSP equation is

The anatomy of a normal 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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ax + by + cz +d = 0, 30 where d is less than 0 and
(a,b,c) is the unit normal vector of the MSP, then

the followi ng steps are perforned. 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 B (XB, YB 0). Both of these two

oints are on the NMSP en a is not equal to O,
dnd B Ad Yyt POHItE Hhat @aeatgef ptersegtionsxpetweey) dhe \MSE and the

XB = or(di'rTQ(\)bﬁuﬁS theh %éﬁote%ﬁesé(%m{)fp%nvséq s ece(xgﬁ{ 3}) and B (xg,

ySi ze i's the nunber of voxe
t he oys, 0).rEdth\ofltheee twd\peintaaresol théMgmul d not be 0,
A and B can be determ’nedinasim’lar way: 15 XA =

i ze-1))/b

%er é Qé]ogg%ugﬁ%% Ar\t?ﬁé% nlﬂ‘y %%nglai "ﬁd ?ﬁz&f@"tﬁ ‘rection

of the original volune. 20 b) If the original
coor dXpatd/asyst@m OXYZ is changed to O X Y'Z', the
unit vectors of O X, OY and 07 are cal culated in

the folL i,
nzr) X5 RSB ?@2{@; 1o PXSHE: tyayey 1 A B |0) -
(nx2, ny2 nz2) Oz =0X xO Y' (nx3, ny3, nz3) 30

wiheneey Size Bj themumberamfwdmm ithieSYt dmeetidlebmerbrmélt\@uﬁme.
and B. c¢) The transfornmation betvveen OXYZ and O X Y VA

Wﬂeh%)ur?é dj%féﬁbqﬁld Azt bg%l | AOYRd B n>i>e def(érmlned |r¥é Slml|al’ 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:

0' X' = (a, b, c) = (nx1, Nyi, Nzi)
= ((xA-xB)/ |A-B, (yA-yB)/ |A-B} ,0) = (nxz, Ny2, Nz2)
0'Z' = O'X'xO'Y' = (nx3, Nys, 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:
XI= Nx1 x + ny1 Y + Nz1 Z

Y'=neX+n2Y+nzoZ
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Y = nx2 X+ ny2 Y + nz2 Z 13 Z =nx3X+ny3Y+nz3Z 0' =
O 5 Step 4: Process |Images The individual axial or
coronal inmages are processed to determ ne
i nterhem spheric symretry. Processing individua
I mages increases robustnessign conparison to
processing the entire hem spheres. 10 Step 4. 1: Extract
ZEead Flrstky thgzhead is extracted fromthe i mage. The
area (outside the head) is set to

zero. The head may be extracted through 15
Q@' eshol di ng and nor phol ogi cal processing, for
exanpl e, as described in the applicant's co-pending
International patent application nunber

I4SBPGEeLG bl i shed as V®2004077359 filed on 27
: entitled "Method and apparatus for
extracting the human cerebral ventricular - systemfrom
Tiheagiedividughie axialt qyr agorohalt hlmagasgears pedaesbat edo amfdtermine

Rl PRG o FA Ao RESHS  HNduseim Siages ncreases

rab@éth8sd Mechfpirisdn tsrdakssing rtﬁ'é”eﬁﬁb’e REM ré@e
bottom of the peak and that value is tak as the

t hreshol d. However, a Gaussi an or other appr opri ate
0. edinstead of atriangle for this
st Il{i .QHX ol ding the inmage to produce a binary
i mage may be achi eved by setting 25 all pixels with a

Farstly ﬂheVIaanrneaéﬂracttbdnfrd:dnetl‘tdmmsbd drHed bhcR@fbunbdeimage area
rest t hol ogi cal processing applied to the

h
BFﬁéﬂ'ey éa '%r &th R sERIPdi '@F '&%‘l‘ﬁ)rﬁn@es 8péxniragtedhéhrough
tﬁl‘é%ﬁbbdlﬁd"%gﬁ r‘NoH)hcf\oéii‘& EPO %IL %Qfaﬁ'lpg é o%sf(:rn};e’é_ in the

exanpl e,” four pixe en SKu
aijd;caraﬂsgestcoemHmim@nt kmfteraétld)lhlaﬂ bl patenti magpplication number

REFRE5 80643 BEbither a8 WB2B046Y 7288 RS & 57 Rabreary 3003 and

entitled "Method and apparatus for extracting the human cerebral ventricular

system from images". 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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the head or head nmask. 14 Step 4.2:Crop the inmage to
the head The inmage is cropped to the head from al

four directions. This is to elimnate, firstly, a
potential influence of the background on the histogram
conparison 5 due to, for example, the non-centra

| ocation of the head within the i nage, and secondly,

9, 3Psed UP t he_generation of the histograns by

HER rop Y Mmage My e B30 vel s processed. Step 4. 3:

avaionbial 2 D
Cal cul ate histogram for each hem sphere 10 For each

Thef image iy teippedetoi thphesl from il F600HERSEHOSC Thi|sa{celliminate,
Hi st.ogram snpot hi ng 15 A hi st ogram nay

f'?%ﬁfaﬁél }P%éefmﬁjﬁd@ ugpces of ithe RARkoreumthiose thephistegram comparison
] ' [ ! hi ng..o. t.ion
&deslto‘?g(f)r?ée'}darﬁefég?ﬁén §8Hice‘?1tljé'(leic;ac%glﬁg?afiﬂgﬁ%e@'ggﬁplglgethg image, and

I's ap , for (
seephdlyedoi spedie upetie igenkedtiohy of i eisfRFaM8Nby decreasing the
| gorithm described in the applicant's co-pendi ng

a
n R{tRIXRIBIPTPRASSRE- appl i cation nunber
PCT/ S@&3/ 00043 publ i shed as W2004077359 filed on 27

Stepra.3r Gakiliatd isté@ant iriddchtheriRpRefk and appar at us

for extiracting the numanm cerepral —ventricul ar system

rom i es". Step 4.5. Histogram conparison 25 It has
'%%&?Cbﬁ%&@@ﬂd{iﬁ@@l?%ersm higtogramriacaloptatedr i ¢
hem spheres should have simlar histograns and

Step i Higtdyrakrogmabting a nore efficient way of

mat chi ng hem spheres than conparing the |ma%es pldxgl
by.pixel. A fast, histogram conparison is achieve y
ROXISIOIEM HPY REMAN PonRBET OSGPIiEEWDEN @ REISe STty taristogram
A\ <SRTPar di e hi I S:
e Mot SoRkEG? SRR 3 BB G cPuekfing. for
exdgipie valprosedure einploygdein thevedraricdlbe spstemerirastibn algorithm

' [ [ [ i ned. Wen
JEREHEEE" C|)r§ %hheI Sa;f)p E:%tn%'g : clo-spedne n% mInternational

patent application
number PCT/SG03/00043 published as WO2004077359 filed on 27 February

2003 and entitled "Method and apparatus for extracting the human cerebral

ventricular system from images".

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

threshold Th (which may be determined experimentally for normal brains), this
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the difference between the maxi numand mnimumis
beyond a given threshold Th (which nay be determ ned
experinmentally for normal brains), this 15 imge is
mar ked as pat hol ogi cal and the nethod signals the

exi stence of pathol ogy. Thelbi stogram conparison is
not sensitive to a vertical shift between histograns.

paffcs Bl As etidipliBal Aot 1% SnéBod Honak; Mimasence of
palBsbgy.€ Thef fRsteg & bebmpaRsbheishingt 0Ossive 18 2 vertical shift

difference of their areas - nornmalized difference o
behween Aistegrams. g. , by half of their sum) In

addi tion, before calculating the histogramdifference,
the histograms may 15 be aligned horizontally, for

THesé agRe mbe Wysitd | ClichIBRS Mhi AFfer6REs ehathRiés Between the
nore sophi sticat'ed conpari son of histogranms may
histograres.ffpt exangpleuffonpthe: Gaussi ans into these

hi st ograns and conparing their nmean val ues and

st andard ATtk O fW%’é ; technique is
descri beddﬁ%\r/fbt tgﬁ%rgﬁg‘? |S§an @tﬁhlggﬁgﬁ‘ﬁa

I nternational patent application nunber

PCT/ SG03/ clitergnpaisf theiedregs W2004077359 filed on 27
February 2003 and entitled "Method and apparatus for
extract | n%&ﬁ%li?é@ﬁﬁf&éﬁ@é’ﬁ?{h%ﬁé}%’éb?é‘.l T bySHE 6Pl Wm)
i mges". 25 Prior to histogram conparison, "the I mage

may be corrected for non- honogeneity, if necessary.
Step,.b: | cul at t hol ogy .rati o 30_The pathol og

¥ iqelfon, Bafort caelitns 588 ThiSGREAT S TEresIce, HBS rusiograms may
bR alffreBforiZoARIRL firEstBAES Ob %xﬁrﬁiz‘ﬂbelhteﬂt(ﬁ‘bs%%n@fati%.
slices studied. "This ratio gives an “extent o

pat hol ogy within the data. 16

A more sophisticated comparison of histograms may involve fitting multiple
Gaussians into these histograms and comparing their mean valueé and
standard deviations. An example of such a technique is described in the
applicant's co-pending International patent application number
PCT/SG03/00043 published as W0O2004077359 filed on 27 February 2003 and
entitled "Method and apparatus for extracting the human cerebral ventricular

system from images".

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 6: Pathol ogy | ocation After identifying

pat hol ogy, an enbodi nent of the nmethod according to
the present invention provides additional infornation
about the location of 5 pathology. The first step is
to | ocate the hem sphere thatigcontai ns pat hol ogy. The
hi stogram for a normal brain anatony has three

i Std. Ei%e y aks, one peak for cerebrospinal fluid,
'8P and one for white matter (the
background set to zero is not considered). This is

Afesrniidntifying padesiogy, anAemlbe)ﬂlrﬁ@rﬁtebﬁ tM\étr’ﬁeﬂﬁid“éb@&idlng to the
may not fit to this nodel nd may have, for

REQBPRI dNVelHiond Rrovisies! qﬂé&tv@narh@f@mamrzepebwr the Iocatlon of
||
FARORED "0 R el Y BOHORD 6l 8 oy

Tt thistdgtaer fone hhﬂnﬁbdﬂémta’nmémyvﬁéwtﬁrdé HADCHVS pfe‘éks one
bot h. hem spheres of the brain under consideration.

R&aks for Cﬁfﬁ)tapﬁﬁlf)aleﬂwgt onedpr BERhMRlter spmdioas, for Ménteamatter (the
bl S 992 It B S50 TP TLARAET gty

Hemnisphemddth, patiesiogwt inal ogyt €ikitet shis hmbaen and tmAag have, for
nodal ity of the histograns for each slice show ng

Podfy aAditigrakPeaked. 20 If tri-modality exists for
all slices within both hem spheres the data are nor nal

By sub-si@pys s @éfé‘#ﬂﬁﬁﬂn hﬁé Ibbﬁtldmb?%&o%{? are |Ilu?trated in the

(determ ned in st es was probabl
flaw diagram of Faws otTf’@xfI&t subrstapl lsofo tilaterEdlme:ebe modality of

VA BY L AR b koA S

(determ ned in step 2), then pathol ogy exists which is
IE tossoarity fexists rfoerbutini sphispherds, shanea drhall pathology exists in

s A ROBLb el 65 G trnt e Hareisphatame datermined not
BFEk0 frrhqdeshot gauidey | oSS lel, 481 BErBedi) of
r'nslstorg).)rams for eachpshce sho%\ylng pathology is determined. P

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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30 The next step is to locate a pair of |obes
cont ai ni ng pat hol ogy. Sub-steps 4.1 to 4.5 described
above are then repeated for each pair of all |obes as
17 opposed to the conplete head. Repeating operations
fromFigure 2 for a pair of 1jhobes enabl es sel ecting
the | obe or Iobes wi th pathol ogy. The method of the

i nventi on max ? | emented with other features used
GPPORER 43 4 LLBIPIR B 1650 R aRaRNg IRPaFR LR rame I0WTR.2 for a pair of
Igb&eEndinat %Pe%nggxhé 'Edéis'relobgegﬂwu guapﬁdl y val ue,

cross-correl ati nonment s formation
cal cul at ed for bot h hem spher es. This enables the

tween ot h m spheres to be perforned
T PR SR BYen T ae o Rpmegian Mot oher features ussc
|hét€bﬁe@|f 9F‘|tb5?ét‘ﬁe¥ REititsé %éﬁ@%@@gr@%&% 4ared dnaé include

calculating Their difference d acco
mearanln&ﬂmtdl wvahte, ofrosheormeatitn, omdnsertb) earidd rmdeat i iformation

e Rs o Jerfishieee 2 Aratiesie compaRepRGEEen both
I'féﬁlblﬂhér‘étsoﬂ@bécpémﬁm\é@wsnﬁ@ ng;ggﬂ}&%a a Oﬁcé'rﬁoeﬂ:rfq%d not be

a | arge nunber of brain pat ogy,
|II'5tE{§’a®m|V¢QJ the hbﬁ@ranmvano%wayebhodlcbmmg their difference.
applications in a nunber of fields including, for
exanpl e, neurosurgery and neuroradiology. 20 25 30

Mﬁ%t%@%cc@dlﬁbaﬂo"ﬁn émbéﬁin?éﬁt%fafh%dlﬂ\r/%h&’ﬁ if Uble to identify

identifying pathology in a brain inma
pathology in brain images and localise thls pathology with respect to

hemispheres and lobes. The method is fully automatic and very fast and

enables screening of a large number of brain images for pathology, in
particular brain tumours.

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

neurosurgery and neuroradiology.
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conprising the steps of: (a) determ ning 'th_e | ocati on
of the mdsagittal plane MSP by 5 calculating up to

16 approxi mated fissure |ine segnents AFLSs and LLOYD WISE

renovi ng outlier AFLSs, the outlier AFLSs having a

| arger angul ar deviation frogmthe MSP than a

predefined threshold; (b) calculating the ratio of the
unber of outlier AFLSs to the nunber of inlier

Cﬂ?[%% the inlier AFLSs having a smaller angular 10

deviation fromthe MSP than the predefined threshol d;

fand (An) sowpatedgnidifod aforo idérithyiagf BaiH¥Egy in a brain image
predeterm ned threshold value, the ratio exceedi ng

q%orfwsmer pieedéfer mi ned threshol d val ue when
pathology is present in the brain inage. 2. A nethod

as cl@) mredydtBrrfinttign the WHESRIAN &hec EMR98s S EHfiEI?ﬂe MSP by

i mge 15 data and the nethod furt er conprises
st ep asflculatinorupate i 16y appeoximeded dasard dinel sggmehes AFLSs and

th the d it t A et hod as
Erg?ﬁ%ﬁ‘%"ﬂ{‘gu%tﬁ%fzﬁ%ﬁ ret'f PHB'etref\glhﬁﬁt paypg; @ larger angular
per f fgURstionUFBomahy AFSP th AR B mh@%.h@&‘tmréé’hé\g A met hod
as claimed in claim2 or 3, wherein t saglttal

| ane uatjo +d' =O where x' is
(F:)o- orl8 Pnatc@ qtﬂatﬂ tbexra’qﬂ rdcthe nnwnbey: of; @Uﬂler AFLSs to the

constAphbert ¢ IPI"@fg?\F'l@Q NGB IRy ﬂFggg ﬁ%{l%ﬂét ?T&%Iler angular

system OXYZ before reformattlng and-a refornat
co- ordfiviation fsgmttben\dSP dham Hie praddfined thieehpld: Sindg
co-ordinates OX, OY and OZ, the step of

refor tt| £ ri g LQY! SE 19
st art| p]p an eé%ié |‘6Vr'1tlr1 %[@%ﬁr Lprede %ﬁmngd 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 O'Z', the step of reformatting

comprising:
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where d is less than 0 and (a,b,c) is the unit nornal

vector of the MSP; (ii) determ ning two points that LLOYD WISE

are the intersections between the MSP and 5 the

vol une of the brain shown in the inmage under

exam nation, denoting the twe points as A (XA, YA 0)
and B (XB, YB, 0), both of the two points being on the

[ en LS hot .equal to O, calculating A and
#%”'PQ\/%VY.“‘ aﬁ(ﬁ"éﬁ RO A= 0 10 XB = - (d+b(ySi ze -
1))/a, yB =ySize - 1 where ySize is the nunber of

voxelax + bytthez ¥dci 0ecti on of the original vol une;
(iv) when a is 0, b should not be 0, ‘and calculating A

@éfe Bies YT pn B P8 Yol bmaL Yol R ety

voxels in the X direction of the original volune;, and
(V) oledegnining tveo poings bat areothd mﬂreest}mtgbe@)ééb tma MSP and
hhe refor ted co-, ordi nafe systemQ X Y Z

i YOITRE Yy Deopralth $heyNoiNg s fRageyugder @xgmlr&@,tdpn (992‘0'“"9 the
t%l pﬁ‘tﬂn&aéé?l‘\' (&keﬂai 'd) én'?)er Oé ﬁwwgbmwggm? t%&_@l%ts‘bélﬁ‘g on the

c) = (nxi ((XA-X
M§R1y8)/ | A- B 0) (n 2, ny2, nz2) LLOYD WSE 20
oz OXxOY (nx3 ny3 nzS) where IA-Bl is the

fycl iviean adé abrBg&al

(t ?Ian V?or mat% on ggt V\ggn@/\%%f d@%s%%lel ng defi ned
as follows: X = nxi, X + nle + nle 5

Y =n>8§2\><5rrﬁ/§¥%ﬁ292 Z' = nx3 X+ny3Y + nz3z

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)  when ais 0, b should not be 0, and calculating A and B as foliows :
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 volumé;

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:
0'X' = (a, b, ¢) = (nx1, Ny1, Nz1)

= ((xA-xB)/ |A-B|, (yA-yB)/ |A-B| ,0) = (nx2, Nyz, Nz2)
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O =0. 5. A nmethod according to any one of the
preceding clainms further conprising the step of: 10
processi ng one or nore slices through the imge to
determ ne interhem spheric symetry. 6. A nethod
according to claimb5, whereinothe step of processing
conpri ses processing one or nore slices having a pl ane
bs t perpendicul ar to the midsagittal plane.
qg t@% "éc'&’@rﬂ?kg to claim5 or 6 wherein the
step of proceSS|ng conpri ses processing one or nore
MiéreesA#levimgtma pEadcliestni Oth'?]tiagber mgéem heoints A and fB the
ittal ane. od _according to a one o
Earthasion oM RRE QR Y Za Page beeieidies sicliows
representlng t he brain and background i mage dat a, the
Xt=ep, 2G- ofiYpF ag@ssi ng conprising extracting the
background inage data and retaining the data
Qpreéfntl brain. 9. A nethod according to claim
i héh? ge is conprised of a nunber of
pi xel s, the step of extracting conprising cal cul ating
2 =his Dogyataf.sZgrey | evel of the image along a first
axi s agai nst the nunber of pixels of the LLOYD W SE
L pmage along a second axis, locating a first peak in
he histogramforned at the intersection of a
f£05|t|ve sl ope and a negative slope, extrapolating the
ppr dki methaory adnordiogi tovenyl ope bhcinet preceding eclairmbe further
co k ts d %aklng the value of grey level at the
Hyg gg%r] eBﬁ)the positive slope with the first axis
as b5 a threshold grey |evel value. 10. A nethod

accorpioo%sumg cbae mod, mdrer elices hihrougp tfe PiRRRS Stondetermine
ri se further%t?{ocesm ng the image to obtain a

' He F'SPREGE SYPRTY-i ng
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 or 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

LLOYD WISE
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the pixels having a grey |l evel greater than the
threshold grey level to 1 and the pixels having a

grey level lower than the threshold grey value to O. LLOYD WISE

10 11. A nethod according to claim 10, wherein the
I mage depicts the brain andxg skull, the nethod
further conprising the steps of opening the binary
[ ewWwth a struct.ur{oiré%.ele ent of pi xel s and

PG5 RIPRG A RRCU BEBERENG @ Wit Reakdn fhe histogrammiasmed at the
Aoy Y 2 PoBiogl Sop® e L Ticgatle, SOdEE Bffapoiping the

according to claim11, r co I'si'ng
appagematifigt het pesitiendiopestadiots atersect fiee it kaxi®und taking the

data visible in the image. 13 A nethod according to _
"&?‘éﬁ ot gEey %XP! ﬁéihecmﬁggﬁ'% of 1< pesitiva glepe wﬁbttgg fiigh axis as
Hthreseid ey elevel vaIGe. | mage along a first axis against

t he nunber of pixels of the inage along a second axis

or each hem sphere, snoothing the histogramfor each
mi phBIEEO oRsRATING tReClAidt Syr wiherein the step of Oprocessing
) Sfae Y, t4.no I f nce .bet ween the :
Ei sit ogr aﬁgﬁe?fr%%é%bﬁc}gga'& d?gﬁg&ﬁ%ﬁc?:t?'ﬂ?@'&'mage rby setting

thbepieela hdwingtepreyf laval guéater nhai ke tHidsheleBfs) idvel to 1 and
etween the histogranms conprises calculating a

val ue !
tB?ﬂ"@ﬁ%Héé‘"@tﬁweﬁydﬁ%'é?w&é?hqm@ reshwldgrayhealue to 0.

hi stogranms for all grey levels. 15. A nethod according

110 clARimethdd dbsurding tohelathf 1@ ahefeih UAe! i'rr%ghﬁé %ﬁs £ brain
maxi mum val ue and a m ni nrum val ue, the nmetho art her

arshpr skilhghei mﬂtl od W’“?‘ir“m-mp-"“mgd‘{”fo@é@ﬁgé hmgm@z' the binary
. m . an e .m Il num . .
'{?Iagl‘éﬁ gwétlg gléeggrﬁgﬂfwﬁeghe@%ntd io? fRIKGSC 6"5 aftRARYNG n‘i‘iec gtrycturing
glamnbat ofill hesirriyeeof the skik td producensRbad reddinat i on.

16. A nethod according to any one of clains 13 to 15,

. : i 8
et B ERadhe 45 R 77 sidierceampviaa, coppring the image

tbithé gbaMasiOlo dhfovROthBEldokgFbuH I
t he hi st og?sarrg. 17. A net hog?’oLﬂid‘&ﬂaeﬂQSIe' i tﬁé%a&%’f

according to any one”of

%_ai J'y %%ti%gd 1§dcofrclllirntgh% c(‘f‘lggmrllil r}‘%rther 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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the step of aligning the histograns along an axis
before conparing the histograns. 18. A nethod

according to claim 17, wherein the step of aligning LLOYD WISE

the 10 histogranms conpri ses maxim sing the
cross-correlation of the histpgranms. 19. A net hod
according to any one of clains 6 to 18, further

C risin determ ni extent of pathology in the _
BT PxCReds 2 TRt Serense Yelkg thoadieta patfieioay presence in
tabdrainlshadren@iniiniish step of determ ning extent of

pat hol ogy conprises determning the ratio of the

unber of slices with 15 pathology to the total -~
fﬁm’oe‘ﬁ naethed; aceerdipgdpeany ome o glaimsod3 de cidr awheyeirothe step of

i m: i.Sj .det, .0 N t.he
bR o oo U SRR MR 8 TiBhBlen fraren or e
hostaignards, omherrermalibed siiffpente deaRsadithe Gidtbgrams.

| ocati on of the pathol ogy conprises |ocating the

' t.h talns 20 pathplo 3.. A _net hod o
L Corai el St et Shelieh ot ARISELL & 1o dukharg comprising
thenBtapSes algiieg Nhei RestdGrRnI® dAbhg YaRT aXls SheRK&EorhBhring the
bot h hem spheres of the brain wunder consideration,

RIBIOOF#BE! i ty existing for both heni spheres being an
i ndication of a small pathol ogy existing in one or
Bt h Aemetdter feording O S&, \%ﬁlare%ﬁtﬁé g}g;h%ql aligning  the
according to claim23, conprising determning |If on
histogoarns sbmprises meaxisysing dise ceossatortetatiorndédhe histograms.
i ndi cating pathol ogy exi stence therein and, if one or

th pf hepi r [ r iziodal . deter.m ni n -
fipth ATbeASERSERES 7 o 08 o 4oL (LR HIMBL Bomprising
deterninit) extent df pathblogyliaitine Béain fundehexamaiioni ni ng i f
tri-nmodality exists for all of the slices wthin both

ﬂ?m S/Ql?'ﬁét%%d ?cfb%r(jjiﬁgitg (ggl?‘n'? 1@0\th8?(eiir?tthe 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 modaiity 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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determining if the ratio of the nunber of outlier

AFLSs to the nunber of inlier AFLSs is greater than LLOYD WISE

the further threshold value to indicate existence of
pat hol ogy which is crossing the interheni spheric
fissure. 10 26. A nethod acconding to claim 24,
further determining if tri-nodality exists f0|(r]I al |l of
e s|]ices within both hem spheres, and if it does not
?te‘ﬂu st t%e?' RCARPITENG fo elgdm Zéf icomprrising=dat@mining if one or both of

t | e
B FlopRPle i Pl A6 ARG oRathE A halidyaPRsteheec iean and.
|bbnpa:trhlmd>tbg(yf thienhératsphleesd Bsphef Bﬁrdnoﬂél Blt_éterﬁm Ph@\t@hmodallty of
ccor an e of the preceding clains, further
tgsﬁiﬁtngagBS?%@%heﬁlcef cal cul ati ng one or nore
addi tional features of each hem sphere, conparing the

2616 ok metitodiditicordingl td eadint €84, ARthdrf dbfé#ﬁﬁmn% if tri-modality
difference is larger than a predeternined threshol

iR alor iy of Hee eslices awighin opothphemispbgyes,2an¢ 8f ltAdoes not exist

TEPRAMAL FInG o s of BEHEL AREE B Rumber of inlier

Mall.$slllatgmte€me1aﬂ therfartkr ithisshold WwalRano mammé Sexistence of
cross-correl ation, and mutual infornmation. 29.

%ﬁJB@P@VW@"é‘F fsaﬁﬁéﬂ'ngdhﬁémtﬁﬂ’ﬁﬁ"éph@lﬂ%fjﬁlsdr@r i dent i fying
pathology in a brain imge according to any one of

2dhe paeprthdt &dcdidifg &P cHim AL OfMHSR" dBIRETR |f tri-modality
pr oduct Ianrl si ng corrput er program instructio
9

exastg afior e éh@mpas e\mtlapptamtat bsrruspf\eaessean@ef atodpes @rot exist
%qgﬁﬁn@ ribs fgtﬂﬁsrs{lf Vi'the nr[ler% er of'64 él('lerll—q_ésotane %ﬂ?nber of inlier
AFLSs is less than the further threshold value to indicate existence of pathology
in both hemispheres.

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 the 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.



