10

15

20

25

WO 2006/028416 PCT/SG2005/000302 1 A Method And Apparatus For
Determining Asymmetry In An Image Field Of The Invention The present
invention relates to a method and apparatus for determining asymmetry
wiendnageae In particular, the present invention relates to areéragparaitussoz2
and method for determining asymmetry in an image such as a magnetic
resonance imaging (MRI) image of, for example, a brain. Background Of
The Invention There are a number of cpnventional methods for detecting
abnormalities in a brain from a study of neuroimages, such as those
obtained using magnetic 10 resonance imaging (MRI) techniques. One
conventlonal method |s based on the analy5|s of tlssue classes and

between the two hemlspheres of the braln by for example extracting
stitieidro$ Toefimyientpaint-to-point inter-hemispheric correspondence and
cross-correlation. 15 A number of papers have been published describing

thernahsisaf Hsernonlaesmssies %W%dhﬁzﬁﬁﬁ%bﬁmth%dfyﬁb@l@rﬁfnmg
Guided ClusterlngEFor BralnB Pla'{%zur Se mentatlon Velthuizen, R.P.
|

pUASYNEE B, & ERGR%eri @Hféfm '%ﬁtcPE‘ﬁ%‘F&E; "WELHRY, iRdes to an
|EﬁearathsAanmah@mﬂefenmwnﬁnmggasmxe&mmlrathumqeemh as a

b
ﬁé:%%’rr?e is\% |ty %9‘%& {fdh &ﬁs%ses ﬁé@%ﬂgld%s%t g\?ép g%lgeable

ef ect on the \ easure However, only three tumour data sets, and
A tate Sets &4e5ted and reported in this publication.
Unsuperwsed Segmentation For Automatic Detection Of Brain Tumours In

25T ivere, a5 e dpenbeas! auavationbmatitrdsdor Idsieating almgraalities in a
Pubisiadassacednaspbingipationah RMRHBCERMABRU8INg magnetic

Processing
resonance imaging (MR!) techniques. One conventional method is based on

the analysis of tissue classes and another conventional method is based on
the analysis of the symmeiry between the two hemispheres of the brain by, for
example, extracting sfructures, or finding point-to-point inter-hemispheric
correspondence and cross-correlation.

A number of papers have been published describing the analysis of tissue
classes, for example, the paper entitled Validity Of Guided Clustering For
Brain Tumour Segmentation, by Velthuizen, R.P., publishad by the
Engineering in Medicine and Biology Society, 1985, IEEE 17th Annual
Conference, V. 1, 1995, 413 — 414, In this paber, a method is described
which detects abnormalities in the brain by allowing the validity of small

~ classes, like tumours, fo have a noticeable effect on the validity measure.
However, only three tumour data sets, and no normal data sefs were tested
‘and reported in this publication.

Unsupervised Segmentation For Automatic Detection Of Brain Tumours In
MR1, by Capelle A.S., Alata O., Fernandez C., Lefevre 8., Ferrie J.C.,,
published as Proceedings of International Conference on Image Processing
IPMI 2000, V. 1, 2000, 613 —-616 describes a multiple resolution segmentation
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IPMI 2000, V. 1, 2000, 613 -616 describes a multiple resolution
segmentation WO 2006/028416 PCT/SG2005/000302 2 method in which
the brain is divided into homogeneous Gaussian distributed classes. In

this ethmsesthe maximum a posteriori method is used to estrase:2the0o6302
parameters of each class to detect the existence of tumours in a two-
dimensional MR image. This method is based on the segmentation of 5
tumours using knowledge of the intensgy distribution. However, due to the
overlapping intensity of tumour(s) with other normal tissues, this method
may segment the tissues incorrectly. This iterative method may also be
time consuming although no indication is given in this paper of the run

tirmethoduimwaicly hepbraindv&lisisied dolsiSesraesenshpavE SR siibrted
the A0y MBI RENERE Rib mBsRIeRUSpBSEToR YR8 Ussin@estimate
brains exhibit an approximate bjlateral symmetry with respect to the

inf@ﬁkﬁﬁfﬁé’ﬂﬂ@%oﬁﬁ?@mﬁ A% %ﬁsﬁﬁ‘&‘ﬂ@&iﬁ T B?aﬂ%[,) VS Al Retwo-
migiraaggisakplatie idviae). Thisise mettitatidsaredsadedrorithesagsoenfitom of
that a healt u 0 ! | i -
AR 00 § B MR A o e

abmariaities ingibuehmrislwEeloeRdeEnR desyesniBiigginod may
asyggmehiemesushi RS GhRbaest P tharrjatymiRRapRaRd sagtueOiiBetime

hemispheres. Such a method is described in the paper eptitled Cortical
VAR SR PR A AT AR B0, by

Thompson PM, Moussai J, Zohoori S, Goldkorn A, 20 Khan AA, Mega
M%, suelieG\af, pRRAMIMRYSLbgeyLaklishestriassibing brednatisepl the

CoifamaRy b SRREGHE%:S WlmispherRebEIE el OWladgR-bRERS exhibit
Classification And Tissue I[abellin%,[Of MR Imaags Of Human Bl_r_%in

VIGhCAPRIGHTRISoy BRI oIt S55esh, 0 Rrlaf Wiseheri

pulishddina f Blsslranbaetoting, 80rafol. kaen 749 e 780]-k4dggital plane
SUBGERHI-iake FInm I P BALE PRTH SRRQRRPHBN ALY Healthy human
brain is roughly symmetrical and an abnormality may be detected from brain
asymmetry. A common way of detecting abnormalities using such a method
. is to consider local geometrical asymmetries, such as changes in the relative
shape and structure of the hemispheres. Such a method is described in the
paper entitled Cortical Variability and Asymmetry in Normal Ageing and
Alzheimer's Disease, by Thompson PM, Moussai J, Zohoori S, Goldkorn A,
Khan AA, Mega MS, Small GW, Cummings JL, Toga AW which was
published in Cereb. Cortex. 1998 Sep;8(6):492-509].

In a paper entitled Knowledge-based Classification And Tissue Labelling Of
MR Images Of Human Brain Medical Imaging, by Chunlin Li; Go[dgof,' D.B.;
Hall, L.O. which was published in IEEE Transactions, 1983, Vol. 12(4), 740-
750, it is suggested that, using a knowledge based approach involving an
estimation of the symmetry of cerebro-spinal fluid (CSF), a tumour can be
detected only in the slices containing CSF. The measures used are based
strictly on predefined intensity thresholds which can vary from one data set to
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estimation of the symmetry of cerebro-spinal fluid (CSF), a tumour can be
detected only in the slices containing CSF. The measures used are based

' edefined intensity thresholds which can vary from one_ data
@gﬁ%‘\%‘%ooalozsme PCT/SG2005/000302 3 another. IEWAS Sestimad 2
that the tumors appear to have intensity higher than that of grey matter on
T2-weighted images. A development of the knowledge-based approach
described in the above- mentioned p%per was published in a paper
entitted MR Brain Image 5 Segmentation Using Fuzzy Clustering, by
Ock-Kyung Yoon; Dong-Min Kwak, Dong-Whee Kim, KilHoum Park and

gHg{}%}?‘& InlEEE pisinptieaal RivgaYs §g§@£?§oqw€ﬁﬁf&%ﬂf¢ﬁ§l¢&iﬁ§§n

999, FUZZ-IEEE '99, Volume: 2, 853 - 857. In this paper a method is
ﬂ@&f&@%@?@?@i‘z@?c%mdd@% in slices containing CSF to

separate grey matter, white matter, and CSF in the 10 cerebrum. In this

mmbpdlpammtrﬂwm@am@eﬂmoaan@nqm@ﬁ@ibp@(é&,m%w~
tkﬁ&%%ﬂé% ANGLEPUREE dBSoRUNEES ﬁdgscggl}fé agRing Wird Beatamifye

e normality of image slices of the brain eln% studied. However, . thi

SearmeRtaHas HF0MbUFt HLaIRTIRaRY O R S e Rna ARk
of i IR{pRSENHYMY: ado shidepiblitinatnasl HEER latmoatiaidl FLazy

eighted studies, alsq, as the sym ic
e R AP IR o IO s S O {che 2T -
BaBlicatichidpdpsheSnetehiedescaeeiy @ Balfuzzy enranSAR e in

3?%9?%91{%&@% %%%E]—Q@@rgglq,ggﬁe}\’/l QiR 268 18NaAnd 08P W the

tural and radi ' t lysed th h
ructural and radiomefric asymmetry was anagrsle r%u?ﬁf

e R efdmiBBonshag e e IMEiHaR eearHER SR RIVETR S0P
fOMEINQHBAlGRIAFANERE [epie G plue des dhisisr s ddsioitrad tamtgiirgnused

L
exiseahpiyttonchasne number of disadvantages, for example, the quantification
of normality is based only on 40 slices in."i normal and 2 abnormal T2-
weighted studies, also, as the symmetrical measure uses a large number of
user defined parameters, which are difficult to estimate.

in the publication by Joshi S, Lorenzen P, Gerig G, Bullitt E. entitled Structural
and radiometric asymmetry in brain images, Med Image Anal. 2003 Jun;
7(2):155-170, structural and radiometric asymmetry was analysed through
large deformation image warping in three dimensions. Nine tumour and four
normal cases were tested, however, there is no information given on the
running fime. The second stage of the algorithm described in this paper is
based on a Christensen warping algorithm which has an extremely long run
time and is described in the paper by Christeris_en GE, RD Rabbit, Ml Miller
entitied Deformable Templates Using Large Deformation Kinematics, [EEE
Transactions on Image Processing, 5(10), 1896, pp. 1435-1447/.

All the conventional methods mentioned above, with the exception of that
describéd in the publication by Joshi S, Lorenzen P, Gerig G, Bullitt E. entitled
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time and is described in the paper by Christensen GE, RD Rabbit, Mi

Miller 25 entitled Deformable Templates Using Large Deformation
Winznwaiisgid EEE Transactions on Image Processing, 5(10p¢986:688800302
1435-1447. All the conventional methods mentioned above, with the
exception of that described in the publication by Joshi S, Lorenzen P,
Gerig G, Bullitt E. entitled WO 2006/028416 PCTISG2005/000302 4
Structural and radiometric asymmetry in brain images, Med Image Anal.
2003 Jun; 7(2):155-170, work in two dimensions. Summary of the
Invention In general terms, the present invention proposes the

itonhirsog sadiomstinasymelvindyainymeass disaibnaasdnal. 2003
djvRr €58038LRI& ralst aiedreishyilarity between two parts of the

image. Preferably, embodiments of the invention provide a fast and

curate te iq&le for delglecting and locating abnormalities in images,
a € Inventio . .
the basis of an analysis of symmetry, and for

providing the number of pathological sites in the volumetric .image being
e of

diucasiertle trasenthif SR NRIN B oBIRRARSTS, 57 eXai)
figidramaeprvinaginmgandynutiestadyicfopatiiiog edickspimeed ireMRre fo
images, Accarding to a first t of esent invention there is
pcf%%\/g}‘gggeghr%esfﬁﬁgr ¥ %ﬁﬁ%‘?ﬁﬁﬁﬁiﬁ%ﬁ%ﬁrﬁeﬁ% a volumetric image
the method comprising the steps of: determining a symmetry plane to

divide isimaae BiRR ISt fatHaNdReRANS RAbIaierRiningd accurate
probability distributions of voxels against intensity for the 20 first part a
HRCRBI BR RS R AR AT Sl RS R A B e e BBt TR

afthedy sihnhe; basisarbéinaratedend syistogsayn afdrfersitiesing the number

rgp E%?ﬁ&%ag}%\églosfﬁghsein the volumetric image being studied.

The present invention has many applications, for example in the field of
neuroimaging, and in the study of pathologies displayed in MR images.

According to a first aspect of the present invention there is provided a method
for determining asymmetry in a volumetric image the method comprising the
steps of:

determining a symmetry plane to divide the image into a first part and a

second part;

determining probability distributions of voxels against intensity for the
first part and the second part;

generating a first histogram of intensities representative of the first part;

generating a second histogram of intensities representative of the

second part;

compensating for any refative shift along a predetermined axis between
the first histogram and the second histogram;
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second part; compensating for any relative shift along a predetermined

axis between 25 the first histogram and the second histogram; WO
YHE8MS8%16 PCT/SG2005/000302 5 calculating a diverge M8 $§i2085/000302
based on distance between the first and second histograms; and
determining if the calculated divergence value is greater than a
predetermined threshold, a divergenée of greater than the predetermined

5 threshold being indicative of asymmetry in the image and indicative of
one or more abnormalities. For the purposes of the present specification,

the term yolumetic Knagels. Weienatier el ipd sn asnlnpne focquiion.

EIReRTon thete is provi e an apparatus 10
ssrgedistopenfarmamimethod for determining asymmetry in an image
according to the method defined above. According to a third aspect of the

inventigaitheraiig Provideccalsortpdtedrgsace prallisctisogreatingtten a

bl di havyi dahl -
B e M Dot oy RS e didmined

detasnaningiag Sydicatiny ol asgrorsitivénttieeitnagsisnsddiiisaiya ahang of
segr%ng%)%%%%%ﬁcomputer program product further comprising:

gg)mpu errea e code within said computer usable medium for:

determining probabijlity distributjons of.voxels against i i t :
et BB B HERe B AP et el Sl g is
repeasemtativfeoéthie iistipage’generating a second histogram of

intensities representative of the second part;
According to a second aspect of the invention there is provided an apparatus

arranged to perform a method for determining asymmetry in an image
according to the method defined above. ’

According to a third aspact of the invention there is provided a computer

program product comprising:

a computer usable medium having a computer readable code and
computer readable system code embodied on said mediumlfor _determining a
symmetry plane to divide the image into a first part and a second part; said

computer program product further comprising:
compuier readabie code within said computer usable medium for:

determining probability distributions of voxels against intensity for the
first part and the second part;

generating a first histogram of intensities representative of the first part;

generating a second histogram of intensities representative of the

second part;
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WO 2006/028416 PCT/SG2005/000302 6 compensating for any relative
shift along a predetermined axis between the first histogram and the
second histogram; calculating a divergence value based on distance
PéErsemestirst and second histograms; and 5 determiningeift/s& 2005000302
calculated divergence value is greater than a predetermined threshold, a
divergence of greater than the predetermined threshold being indicative

of asymmetry in the image and indicattve of one or more abnormalities.
According to a fourth aspect of the invention there is provided an

apparatus 10 for determining asymmetry in an image, the apparatus
comprising: a device f determlnlng a gmmetg plane to d|V|de the image

into a_fff8 Fa"f’ﬁ&i‘ﬁ NPt RIRdgiRTRIRd axis between
hitraifish éietogesnecti/ iy, %a‘.iﬂf\ddaéti:fgﬂatﬁrmlnlng probability
distributions of voxels against 15 intensities for the first part and the

second pad,RERNEIG R fhes Vel KhedH S BRgrRE HIEaAIHE Sirst and
representative of the first part and a second histogram of intensities

rSERh A9 B TSe 28 cond part; a compensator for compensating for
any relative shift along a 20 predetermined axis between the first
histogratetenaiiagatong Hislogried adivirornoe forbicisatiiigader than a

b&%{ﬂﬁ@ﬁﬁ.Mamm%ﬁacprhdtﬁmasnl@stw%?é%ﬁ'rfﬁtaﬁnﬁhée%aetermmed

hlstograms and a device for determining if the calculated dlver%ence

ol RO AR PeIAS YR Yrife & 206 AT EIERBY § apae o
thanrdwamr@@lmmmned WO 2006/028416 PCT/SG2005/000302 7

According to a fourth aspect of the invention there is provided an apparatus
for determining asymmetry in an image, the apparatus comprising:

a device for determining a symmeifry plane to divide the image into a
first part and a second part, that comprise left and right hemispheres
respectively;

a device for determining probability distributions of voxels against
intensities for the first part and the second part;

a generatar for generating a‘ﬁrs’t histogram of intensities representative
of the first part and a second histogram of intensities representative of the
second part;

a compensator for compensating for any relative shift along =
predetermined axis between the first histogram and the second histogram;

a calculator for calculating a divergence value based on distance
between the first and second histograms; and

a device for determining if the calculated divergence value is greater than a
predetermined threshold, a divergence of greater than the predetermined
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threshold being indicative of asymmetry in the image and indicative of one
or more abnormalities. According to a fifth aspect of the invention there is
provided a scanner comprising the apparatus defined above. 5 Brief
ViBeywafiERicof the Drawings Preferred embodiments of the iggayiiemoniibosoz
now be described by way of example and with reference to the
accompanying drawings in which: Figure 1 is a flow diagram showing the
process steps in a method according’ to an embodiment of the invention;
10 Figure 2a is a pair of histograms from a normal brain showing the
distribution of the number of voxels in an MR image against the grey

level; Figure 2b shows the pair of histograms of Figure ftey. shif
s ?@@uf@@@%ﬁ%wwgmmmﬂ@agﬂﬁﬁ SR sl one o
petvesndhasrie®f histograms of Figure 2a; 15 Figure 2d is a histogram
showing the absolute difference between the pair of histograms of Figure
S SrIHEE & IS aRpraspartion wbihvee caascpdie M iBhsliced of abaaiter
showing multiple bilateral asymmetrical brain metastases (SPGR). The
aombrs B ARPPRENS SaIA LW erable surrounding edema (arrows).
20 The tumor in the right parietal lobe measures 10x10 mm. Figure 4 is a
Fabee Bevsictipti of fofd e raiw X8 tumour cases. These are the
F?éé%}%%s EREERAHID BreROhERFEAUIAIMalchethrsbnsmalitiemy of
arrows) were detected using the J-divergence method. WO Oq16/028416
PWB@@@GB%@W@@'G@%@B@%@Q%W&ﬂg@wi&gﬁ\}g Slices of
tumour cases in which the abnormalities (arrows) were too small to show
Fyumentisy afidwdiegnat sbmeitesl thsnyeress GlrRY EhadvhtiRg pecording

to an embodiment of the invention;

e
-

Figure 2a is a pair of histograms from a normal brain showing the distribution
of the number of voxels in an MR image against the grey level;

Figure 2b shows the pair of histograms of Figure 2a after shift reduction;

| Figure 2¢ is a histogram showing the absolute difference between the pair of

histograms of Figure 2a;

Figure 2d is a histogram showing the absolute difference between the pair of
histograms of Figure 2b;

Figure 3 is a representation of three consecutive MRI slices of a brain
showing multiple bilateral asymmetrical brain metastases (SPGR). The
tumors are low in intensity with considerable surrounding edema (arrows).

The tumor in the right parietal lobe measures 10x10 mm.

Figure 4 is a representation of five MRI slices of tumour cases. These are the
examples of cases with true positive results in which the abnormalities

(arrows) were detected using the J-divergence method.
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5 Figure 6 is a pair of MRI slices of a false negative case in which multiple
tumors of similar intensities (as indicated by the arrows) are on both sides

Alfoteshrains Figure 7ais an MRI slice showing a large tumopc, %Q}%'t%'}'ﬂ’(ﬁ)saz
7b is a histogram showing the absolute difference between two

histograms representing the differences between the two hemispheres of
the brain illustrated in Figure 7a; Figuge 7c is a graph showing the

intensity contribution of the image of Figure 7a to the J-divergence; 15
Figure 7d is a series of MRI axial slices, separated vertically, showing a
large tumour; Figure 8 is a graph showing the intensity contribution from
ariyiiRzirhaga ofprasmitativthef fdydrifd neizcigiirendans ansesidhshibéch the
through the brain MRI of Figure 8; 20 Figure 9b is an MR image of the
arsisuoalitivsitiagewte fivetpdar siiowhin showrapworeigurarst mgwenot
9c is an MR image of the areas contributing to the second peak shown in
triéetaelsd ssingine Bdixrsnes/0mEed PCT/SG2005/000302 9 Figure
10a is an MR image of a further axial slice through the brain of Figure 8;
Figure 10b is an MR image of the areas contributing to the first peak

%?ﬁvgl%% Tigeagra% o?fi\ﬁ Ps‘? & Ff'gau%l%c 5 aart't\'/\élaR |mgqe g\}; Fhuft iple
ting @ the secon pea Rowin i t igure ure

éﬁﬁ%@%%@@%é?k@t@é”(%tfﬁ%ﬁ@@ 531?%]1@‘ EH‘&%&WsSh&rQ @H‘B?Jtr{: LS of

the brain;

Figure 7a is an MR slice showing a large tumour,;

Figure 7b is a histogram showing the absolute difference between two
histograms representing the differences between the two hemispheres of the
brain illustrated in Figure 7a;

Figure 7¢ is a graph showing the intensity contribution of the image of Figure
7a to the J-divergence; :

Figure 7d is a series of MRI axial slices, separated vertically, showing a large
tumour;

Figure 8 is a graph showing the intensity contribution from an MR image of a
brain to the J-divergence;

Figure 9a is an axial slice through the brain MRI of Figure 8;

Figure 8b is an MR image of the areas contributing to the first peak shown in
the graph of Figure 8;

Figure 8¢ is an MR Image of the areas contributmg to the second peak shown
in the graph of Figure 8;
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Figure 11b is an MR image of the areas contributing to the first peak

shown in 10 the graph of Figure 8; Figure 11c is an MR image of the

areas contributing to the second peak shown in the graph of Figure 8;
Wiye/1241ts an MR image of a further axial slice through thechyadnmé coozoz
Figure 8; 15 Figure 12b is an MR image of the areas contributing to the
first peak shown in the graph of Figure 8; and Figure 12c is an MR image
of the areas contributing to the secon@ peak shown in the graph of Figure
8. Detailed Description of Preferred Embodiments 20 In a preferred
embodiment, the symmetry of the brain is analysed from the point of view
of information theo If the brain were absolutely s trlcal the
a”d%hﬁt%ﬁ‘fo%&‘i TRERA AdHshedel it He s*gﬁtB‘ath@BFéWe
ig;usually regarded as being roughly symmetrical. However, brain
abnormalities may cause changes in images obtained by MRI techniques.
Wi O QBlO R84 RARGH: a%?%@%%@%&&rﬁﬂﬁiﬁéat@m@ RIPEBEURGRR in
may belaong to one ar both of the following categories: mass-effect, in
WREPraRD 86883 Fissue displaces healthy tissue; and infiltrating, in

which healthy tissue has become diseased. Mass-effect brain tumors
dapseestictis sadiRinisaga pidibe aeingsh caniybutinge i tbes saegnch peak
réﬁb%ﬂ‘?ﬁ'ﬁ\@ﬁ\fﬁﬁﬂ?ﬂ’?ﬁh?@@‘:em normal structures due to edema.

Inflltratlng tumors have a different radiometric response from healthy

th of the te gries incre inter-hemi phere 2
o e M e e e S I SR Rl
Hisgogedins, of the braln |t is possible to determine the value of asymmetry

and 10 detect abnormalities.
Figure 11b is an MR image of the areas contributing to the first peak shown in

the graph of Figure 8,

Figure 11c is an MR image of the areas contributing fo the second peak
shown in the graph of Figure 8;

Figure 12a is an MR image of a further axial slice through the brain of Figure
8;

Figure 12b is an MR image of the areas contributing to the first peak shown in
the graph of Figure 8; and

Figure 12c is an MR image of the areas contributing to the second peak
shown in the graph of Figure 8.

Detailed Description of Preferred Embodiments

in a preferred embodiment, the symmetry of the brain is analysed from the
point of view of information theory. If the brain were absolutely symmetrical,
the amount of information in both hemispheres would be the same. The brain
is usually regarded as being roughly symmetrical. However, brain
abnormalities may cause changes in images cobtained by MRI techniques.



The brain tissue volume is different from one person to another and the
manifestation of brain tissues in MRI also changes from one scanner to
another. There are numerous protocols which also influence the nature of
anoltesiwage. In view of these factors, normalisation of imageswiiihesmeosez
respect to a 15 standard brain structure or structures, or with respect to a
particular scanner is difficult. In such situations, self-normalisation of an

MR image on the basis of intensity digtéibutions of two hemispheres
provides, in some sense, a uniformed representation. Figure 1 shows a
flow diagram illustrating the steps according to an 20 embodiment of the
invention. After obtaining an MRI scan of a brain, the first step | is to start.
thd o &xaepiehe Nesair 1B iRy feiprdsie @ngefiripe ¢hdhe following

mi ia: mmléﬁﬁ) éHWﬂa{th%@ﬁ@ﬁ@d&%éﬂ%}b@@!ﬁ%@@Mﬁy tiseue;
aper n IngMma u | aw.L. NOwINSKI, publis

T DB G 12 e I Tt D Tie S, Mass-ciect
mitlesigitiainoianea2B o fstinechus aas gemmsiomifyodisplaniognbeg@ii g aéssieon and
Iocrﬁg?yg%uggyrg&gnfg{ﬂl?rgméﬂr};%ﬂ(@a%&ée%?]&ﬁmﬂi‘i%m&m% due fo
exploits t

e extraction of symimetry lines in axial or coronal 2D slices and
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P Gib&ae 2995/ 0002tk ddiR o xrstrgards-tefilplectiecabitietyme into

the two hemispheres of the brain, the right and left hemispheres being

seRaaLegL i MBI RO L IROB BN U BTN, trt i,

Intensities are then obtaine isphere to create two

hishisgearme o tepRaiihliiyrAtsiaie iR fripraiednsvpiHe etfsymmetry and

repesRntinadhadrBE hemisphere. It has been observed that sometimes
these histograms have some shift in the intensity values as shown at

T e s Scine e e the
coimanifestation of brain tissues in MRI also changes from one scanfer to
another. There are numerous protocols which also influence the nature of an
MR image. In view of these factors, normalisation of images with respect to a
standard brain structure or structures, or with respect to a particular scanner
is difficult. In such situations, self-normalisation of an MR image on the basis
of intensity distributions of two hemispheres provides, in some sense, a

uniformed representation.

Figure 1 shows a flow diagram illusfrating the sieps according to an
embodiment of the invention. After obtaining an MRI scan of a brain, the first
step 1 is to start the analysis. The next stage 2 in the analysis is to determine
the mid-saggital plane (MSP) using, for example, the method described in the
paper by Qingmao Hu and Wieélaw L. Nowinski, published by Neuroimage,.
“A rapid algorithm for robust and automatic exiraction of the midsagittal plane
of the human cerebrum from heurcimages based on local symmetry and
outlier removal’, 20(4):2154-2166. This method exploits the extraction of
symmetry lines in axial or coronal 2D slices and fitting a 3D plane to the set of
data obtained.
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which has a higher degree of RF inhomogeneity than the smaller head

coil. 10 This shift could be explained by radio-frequency (RF) coil
non-uniformity, gradient-driven eddy currents, and patient anatomy both
Wwsidaandsesitside the field of view. Empirically this shift is |egsitbemdsooosoz
grey levels in 8 bit data. We perform shift reduction of original histograms
by fixing one histogram and moving the other horizontally in a given

range of 5 grey levels (sufficient for 15 the cases studied). At every

relative position of the histograms J-divergence is calculated. Minimum of
J-divergence represents the relative position of the two histograms with

the least influence of shift. It corresponds to maximum reduction of

. uence of shif. It corresponds to mexin
B e A Pt drz0

ibtesirs| tyheistigbt v Jefig hasminiesass BRnGySMEGRENRY of B 2a, The
gﬁ‘r%"ba?&iﬁyr SRustianhasPRseRIIsHASHessHbe aDen Sittainedtistageh

the method embodying the invention, as shown in Fi
CanIRRae o My i e O S SR G M [alfisphers

vergence
PERMidas atBenearissentifhthéfightctiemisptereniohaschatmsbpemed that
distribytions.jn the le ' ' givien i TSR AAFYa =R Ta TN
B R e e Do I R et e sour

hatrifégireras, Thesawae optRBIl-thvibRyshistas waere (RRAeRf T Wahterd
stade S.with-a shreshald,yahued fishepiaisiokshe shetier gmie iteeisodgtcoil,

o A A A
isTeiguine: Adtednativelplifitiel vajueafitHeetraiverydRte gqge@@_;g-wgormity,
BRI h S0 o ci IS B e A A PR and e
attadySeld iof aigtill fomhiicelhgthis whifbierensdine ARVURYRIRILH A sata.
SYRMAINSNG dsdiaisieBeeAgiAdNRidiegHanm o Wikt ey distsgrand and
moving the other horizontally in a given range of £5 grey levels (sufficient for
the cases studied). At every relative position of the histograms J~diverger{ce is
calculated. Minimum of J-divergence represents the relative position of the
two histograms with the least influence of shift. It corresponds to maximum
reduction of influence of the RF inhomogeneity and gives us histograms for
the left and right parts of the MRI which reflect the real interdependence of
intensity distributions. Figure 2b shows the two histograms of Figure 2a after

shift reduction has been applied as described above.

The next stage 5 in the method embodying the invention, as shown in Figure
1, is fo calculate the J-divergence between the two histograms. J-divergence
provides a comparison of the informational content of the intensity
distributions in the left and right hemispheres given in the MR image and is a
general indication of the distance between distributions for both hemispheres.

The value of the J-divergence is then compared in a further stage © with a
threshold value. If the value of the J-divergence does not exceed the
threshold, the scan is considered in a further stage 7 fo be normal and no
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These tissues are considered to be the main contributors to the
asymmetry. The process then ends in a final stage 10 and the results
wonaydhmatee studied further to determine the nature of therdatecbods/oosoz
abnormality. Figure 2a shows the two histograms calculated as
corresponding to the left 10 and right hemispheres of the brain being
studied. Figure 2b shows the two higtograms of Figure 2a corrected for
shift by fixing one histogram and moving the other horizontally in the
range of 5 grey levels. Figure 2c shows the absolute difference of the two

histograms of Figure 2a and Figure 2d shows the absolute difference of
funben@plistogareseredgurdiEsnatively, dfidhenitalds RigthgichdiNgrgence

dnentinnedaovanafter ehifiseduativas heen applinddagee Sajoutaiean

LG R RACH AR SR e 5 e T
th@@\@ﬁ@lysedhe itk doetel thia @ Intcodeigeniziey thadeduides (principal)
h'St frely 2%8%&:%{&%8%”8#? Pl St%fsh'lss“@B'Mﬁhtﬁ%@eEHF&b%%

epen denice of t ntenS|t istributions. The J-divergence may

"ﬁmmémas fsRowssiderRdd mdﬁaﬂwﬁﬁﬁ@ﬁ&oﬁlé@@ﬁaﬁﬂ@meﬁw

BpideRd &ﬂé}?@&@tﬁ@%&y@t@womnw reqRSeniinthiredeftudied
hemls here and th other %5 r?# he ri ht hemisphere, the

HARSIBEHY R %5’?}3'7' iORYéf values that voxel

mtensmes take on these parts may be conS|dered to be the probability
a@mmaoabwwgéw@éwﬁaaaWaﬁ@écwﬁﬁ%@arsﬂaragﬂ&y Radanibes et

%‘ﬁ oflhb i E&WQW%W@W/QBMS the two
PCT/ 2005/ 00302 13 41 robablllt es of occurl_rI nce \%1;
histogsRms A IR SE99 ?ﬁ% iy bﬁ BRGORES egt’f:\’/erﬁ AVoxa' e

theinrgha v abinentdiicinistbaangallebttBigtiey dmre&le st dsesahpans dha

S AMERSI9Na LIPS o histograms of Figure 2a and Figure 2d shows
the absolute difference of the two histogramé of Figure 2b, that is, after shift
reduction.

As mentioned above, after shift reduction has been applied fo the calculated
histograms, at every relative position of the his{ograms, J-divergence is
‘calculated. The minimum of J-divergence corresponds to a maximum
reduction in the influence of the RF inhomogeneity and provides histograms
for the left and right parts of the MR! which reflect the real interdependence of
the intensity distributions.

The J-divergence may be calculated as follows:

A three-dimensional volumetric image may be considered to be a union of two -
parts, ohe part repre-senting the left hemisphere and the other pari
representing the right hemisphere, the two parts being divided by the MSP.
The distributions of vajues that voxel intensities take on these parts may be
considered to be the probability distributions of a discrete random value.
These probability distributions may be denotad as p = {p} and g = {g, where
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The quantity log(1/p;) is termed 'surprise’ or ‘'unexpectedness'. If p, =

then an 5 event is certain to happen, and zero surprise is expected if the
VR M3 occur. If the event is nearly impossible (p; 0), tlﬁﬂ§?€$§&ﬁ‘§ﬂ?ﬁ¥02

there is infinite surprise if the event does occur. The difference in

unexpectedness for these events may be denoted as (1og(1/pj - 1og{1/q;

)). Averaging over all the intensities b¥ves a divergence of

unexpectedness which may be expressed 10 as: I(p/q) _ E P tlog(p,Iq,)

The above function I(p/q) is known as the Kullback-Leibler' divergence or

B gsg?ggg%%e AR o LR NRURRLIB L UBR TG RA YR RERY # B the

IOﬂS P and ggn other words, it is a measure, of
tlmﬁ distariglot I@ﬁememm@lmﬁrmn% ine @ teplutish sk issthe smallest

NGRS setNBIPhGadiditka Byl S04 BrsegiFenaidhal ivrigered

embodlment of the invention, a symmetric measure is used which is

ua %ﬁg athﬁ nle?/f a@(éqg%rm gpgn%gg BPLRESL %OdAéBSQ) For 4 feh lan

rovides a'comparison o rmational contents of
intemsity mes&amutmhgnneme asf aﬁa:rgwpﬁ'&ﬁs!%ﬁaﬁ%mn‘fa% SVEBranes

%u? uﬁﬁtﬂ%' f}élyeﬂﬁo\’;é'gfe’%%elﬁiﬁ&%‘}@é)we eO)thﬁﬂél stiduiptisafotrasthis

0 e nemispneres lvergence Is a

VTS SRR o PHEA B8P B U 19 (IS B Vbl b EeReg for

&ﬂe]sé@%ﬂ@ﬁﬁab@@@@ﬁ&d@é@ﬁ@(%@ﬂ&?ﬁﬂSﬁmmweualf the
e A el AR R AL BRURESk e ARkl Ssed

I\Wée {fgﬁ/\/%’%?ff%rente 3

o6 sequences. The similarity of roughly
sggnmetrical structures may be estimated using the J-divergence as an
indication of the measure of similarity of the two distributions.

Ip/g) = Y. pilog(pifa)
i

The above function /{p/y) is known as the Killback-Leibler’ divergence or the
cross-entropy. It gives an information divergence measure between the two

‘probability distributions p and q. In other words, it is a measure of the distance
between the distributions. The function I{p/g) is non-negative, and additive but

not symmeitric.

In the preferred embodiment of the invention, a symmetric measure is used

which is termed the J-divergence which may be expressed as:

Jp,q) = I(p,q) +I(q,p)

This measure provides a comparison of informational contents of intensity
distributions in the left and right parts of an MR image of a brain and
substantially provides the distance between the distributions for both of the

hemispheres.

J-divergence is a sum of I{p,q) and I(q,p). These values depend on the ratio

of pi and q; but not the values themselves; so J-divergence has a self-
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5 As mentioned above, abnormalities change the radiometric response of
tissues, and this affects the probability distribution, of intensities for the

whemisehgkgs so, using J-divergence, it is possible to measpgg i as/000302

dissimilarity. By virtue of the roughly symmetrical nature of the brain, the
cases with a value of J-divergence measure greater than a predetermined
10 threshold value may be considergd as suspicious for abnormality. In a
preferred embodiment, the empiric threshold To which has been
determined to minimise the sum of false negative and false positive
(wrong) results is approximately 0.008125. A study has been conducted
SonmplicHa e naly sislivEareydberpaythef bssid in3hsbevasigeatias peMR
inferior part.of the h t'fml--‘W' '
#@%Ii’y gﬁma?igﬁaﬁge%%%%gg%t 7 et?tgert%\s{ |cle@ FH[E:‘" Epfgn _(:ar_riL(;e%rLﬁ(])lbfﬁ@ﬁd§l
straictualy imalicbstesyinEiechisiRadtempbstyarganei AR NRRIR RGTBR
ol %gm@@g%@_qhg%qethg%q;ifgemg@gyrces and comprised 165 studies
0

7 patients. In real 20 tumour cases, J-divergence may sometimes

etect a tumqur with a di r.of a boug: = X
SRoe e Lt n AR e e S’éﬁ@ﬁ% D bigie rai:Jf;

tisswam etichthininfactastee carebrbiity. HirtriRuwRsrsArdRNSHISS5it
Wé‘i%i&ﬁﬂé}gsfaéﬂ,e %migdifg@@@ﬁ%(lamow).pﬁbﬁamm inrtflmsigm the
p_arlgata obe measures X mm. n tumaQur case C .
PRI ae BB 1 R HBH P HE GRS S e e
eaBLEbWiehta thelrs o theivggbtine heedsphe resaien haneaseredetermined

-di WQ 2006/0 TISG the 1
i DR R PG, by
ditteertmmibogiiesit ghesamaiiretiezsheld Ry, wiieh bagiResHgtermined to

invesiigatieR atgrshaivrise TaBRdae Vg false positive (wrong) resuits is
approximately 0.008125.

A study has been conducted comprising the analysis of only the part of brain
above eyes, as the inferior part of the head starting from the level of the
paranasal sinuses is highly asymmetrical. Detection of the start sfice has
been carried out manually in the study.

The method embodying the invention was tested on phanto_m and real data
from different sources and comprised 165 studies of 97 patients. In real
tumour cases, J-divergence may sometimes detect a tumour with a diameter
of as small as about 10 mm. Figure 3 shows three consecutive MR slices of a
brain showing multiple bilateral asymmetrical brain metastases (SPGR). The
tumors are low in intensity with considerable surrounding edema (arrows).

The tumor in the right parietal lobe measures 10x10 mm.

In tumour cases a complex of fumour tissue, edema and distortion of
neighbourhood structures all contribute to the asymmetry of the hemispheres
and increase J-divergence.
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Measures True positive False True negative False positive negative 4/55
=7.27% J divergence 35/42=7/42 = 16.7% 51/55= (Shift 83.33% 92.72%
veduasdpd ikable | Figure 4 shows five MR images of exampies @tHana0wiz02
cases where abnormalities (arrows) were correctly detected using the
method embodying the invention. Figure 5 shows five MR images of
tumour cases in which the tumours wigre 10 too small to show asymmetry
and Figure 6 shows a pair of MRI slices of a false negative case in which
multiple tumours of similar intensities (as indicated by the arrows) are on
both sides of the brain and which therefore manifest in approximately the

Sameoiviyeirt B grstiemingnaidaied &% werpheathigHisnis. 4adrhe were

ﬁ%@ﬁt‘é’%ﬁﬂ'&ﬁf@@?ﬁ%F&fntbstﬁéégw iea ofskttentuRiseTsequsnite of the
ere calculated. All the infar atlﬁg& he normality of the data was

KpyeRtigatiphA A M DifatIR ins studied included different types

of tumours, neuroma, multiple metastasis, haematoma, meningioma..and

hyideseephalus] Turesbokivéor théls@paration cﬁrﬁéﬂﬁ&Béﬁ%bﬁ@ﬁﬁﬁosmV&

cases is defined 20 empirically. N84REY&udy _the empiric thredhpld T wh.%__
Q

Weditergrnes midigHes the sum/éH3aTstbeat alse pagitve = 47 %
\iﬁbrﬁtg) results @%téé/exmatey 0.008125. W&E%?égfozsme

the

da
vvvvv ||||ut|u|| of I.II UCLCbLIUII UI

abnormalities usmg the method embodylng the invention and different
pulse sequences in the
Table 1

Figure 4 shows five MR images of examples of tumour cases where
abnormalities (arrows) were correctly detected using the method embodying

the invention.

Figure 5 shows five MR images of tumour cases in which the fumours were
too small to show asymmetry and Figure 6 shows a pair of MRI shces of a
false negative case in which multiple tumours of similar intensities (as
indicated by the arrows) are on both sides of the brain and which therefore
manifest in approximately the same way in the probabiiity distributions of both -

hemispheres.

The values of J-divergence for the 165 studies of different pulse sequences
were calculated. All the information on the normality of the data was known a
priori. Abnormalities in the brains studied included different types of tumours,

neuroma, multiple metastasis, haesmatoma, meningioma, and hydrocephalus.

Threshold for the separation of normal and abnormal cases is defined
empirically. In the study, the empiric threshold T, which was found to minimise
the sum of false negative and false positive (wrong) results is approximately
0.008125.



scanner is provided. Table 2 is based on cases, not patients; so if patient
has several cases of different pulse sequences and abnormality was
detected 5 only for some of the patient's cases, other failed cases have
beemaaohsded in the FN column, even if abnormality were netiatilestackoz
in the particular case. Cases with detected abnormalities Modality

Number of cases Detected Detected (108) correctly Incorrectly TP (77)
FN(31) 71.3% 28.7% Flair 11110 P{¥321 SPGR 835 SPGR

localised 945 T129236 TISECE 28208 T2 28 20 8 Cases without
detected abnormalities Modality Number of cases Detected Detected (61)
correctly incorrectly TN (56) FP(5) 8.2% 91.8 Flar000 PD330
SkGFRaie 2 belows Rivieamten o0 hevesiamion aaagnormalities using the

PLERGRRHNIRY thé Tidvéntidn and different pulse sequences in the

scanner is provided. Table 2 is based on cases, not patients; so if patient
has several cases of different pulse sequences and abnormality was detected
only for some of the patient's cases, other failed cases have been included in
the FN column, even if abnormality were not manifested in the particular case.

Cases with detected abnormalities

Modality | Number of cases | Detected Detected
(108} correctly Incorrectly

TP (77) FN(31)
71.3% 28.7%

Flair 11 11 0

PD 3 2 1

SPGR 8 3 5

SPGRIocalised |9 4 5

T1 29 23 6

T1SECE - 28 20 8

T2 28 20 8

Cases without detected abnormalities

Modality Number of cases | Detected Detected

81) correctly incorrectly

TN (56) FP(5) 8.2%
91.8

Flair 0 0

PD 3 3 0

SPGR 47 44 3

SPGR Tocalised | 0 0 0
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TISECEOOO T2871 TOF 110 Table 2 The contribution of different
intensities to the J-divergence was analysed and the maximum (principal)
vsanmsanes determined. These summands 5 correspond to #6/4856t8% 00302

which contribute mainly to asymmetry. All non principal intensities were
removed from the image (that is, they were set to black colour). Figure 7a
shows the localisation of a large tumgmr. Figure 7b shows the absolute
difference between left and right histograms (not shown) generated 10
from the image of Figure 7a, after shift reduction has been applied. Figure
7c¢ shows a plot of the intensity contributions of the left and right

Rdmispheres of thebrain shown in Figlire 7a to the J-divietgence. It will

thrat thepigy—of Figure 7t tag gnty one farge pegiky Figure 7d 1sa
series of axial slices of .the brain of Eigure 7a, maving up-tawards the

drédwn of the head!ffom which 15 the oferall shape and Ibéation of the

gmermality may nejdeduced. Figuré 8 ghows a plot of thegntensity
contributions of the left and_ught_he.musphenesgi-a—wﬁhjhﬁam—bang—

studied to the J-divergence. The scans from the brain of Figure 8 were
Gaided2red further and various additional scans were obtained. These are
shown in Figures 9a to 12c. In 20 each case, the images 9a, 10a, 11a

and eRRdes efidinalslichisiagrsas elaingddrgsanshaeaansiysEdeand
second images, 9b, 10b, 11b and 12 ﬁ:;‘,hg%v*/gareas contributing to the firs
a

pBSk MAKTPB: JPENSIRES. SHEH "RG aread BifesBINEIRGCS
tocinespecanth fhaktissthes phdtich Fignhéb8iaMGaR0960 284 hGnetry.  All non-

1/ CR05(O00307. 15 L1 /U WOl I RIS el e PO S8F o

n informational divergence
black colour).

Figure 7a shows the localisation of a large tumour. Figure 7b shows the
absolute difference between left and right histograms (not shown) generated
from the image of Figure 7a, after shift reduction has been applied. Figure 7c
shows a plot of the intensity contributions of the left and right hemispheres of
the brain shown in Figure 7a to the J-divergence. !t will be seen that the plot
of Figure 7¢ has only one large peak. Figure 7d is a series of axial slices of
the brain of Figure 7a, moving up towards the crown of the head from which
the overall shape and location of the abnormality may be deduced.

Figure 8 shows a plot of the intensity contributions of the left and right
hemispheres of a further brain being studied to the J-divergence.

The scans from the brain of Figure 8 were considered further and various
additional scans were obtained. These are shown in Figures 9a fo 12¢. In
each case, the images 9a, 10a, 112 and 12a are the original slice images as
obtained from the scanner. The second images, 8b, 10b, 11b and 12b show
areas confributing to the first peak in the plot of Figure 8. The third images
show areas corresponding fo the second peak in the plot of Figure 8.
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measure to calculate the similarity of two distributions corresponding to
both hemispheres of a brain to estimate brain asymmetry. The

w8RBegiments of the invention provide a rapid method for ideplficaiioneses

and localisation of 5 abnormalities in the cerebrum. Furthermore, the
methods embodying the invention are pulse sequence independent

~ Preferred methods embodying the iqgention provide a technique for

detecting and locating abnormalities in the MR images on the basis of an
analysis of symmetry. 10 The present invention has many applications,
for example in the field of neuroimaging, and in the study of pathologies
[dispiayadrn MbodagersisUsingeaiPerhion e AGHBpratisns rdRapRNce
ReaMd bR hesaouo diatdldp ke iR D Bisre aar ushiaRd I,
accordingto an embodiment of the invention to judge the normality of the
hizmispbieks s eivicerainsta effirpata riciakymmatth ol SeopaRedinmsts Liihe
iinveRiian isrokiEeskigigsido nfendesadbediemiredianiandl uwes tiothest

modifications, changes, variatio ubstitutions and equjvalents will .
R N TR At e e R
andrizaparehiisgsegsattaviedipent@MCSLLP Claims: 1. A method for
determining asymmetry in an image, the method comprising the steps of:

HrIfRiRI Rkt sy BhBapIRg aHe Riviseithedrdde nieenhfilgupddratteatiby
second part, that comprise left a %t hem'SRh:EEe?) reséngté\ﬁel A llg{gis of

AetelPRIRg BRACABRIVERIR BRNE IAYER AL ARsPR

eneities fof
#ystrpathand the second part; generating a first histogram of intensities
representative of the first part; generating a second histogram of

FHensiiReAERRoeRtAlivaL ity ssraitbagtfor example in the field of

neuroimaging, and in the study of pathologies displayed in MR images.

Using a Pentium IV, 2.4GHz processor, RAM 512M, it has been found that it
takes less than 3 seconds using a method according to an embodiment of the
invention to judge the normaiity of the data being studied.

It will be appreciated that the scope of the present invention is not restricted fo

the described embodiments.. Numerous other modifications, changes,

variations, substitutions and equivalents will therefore occur to those skilled in.
the art without departing from the spirit and scope of the present invention.



compensating for any relative shift along a predetermined axis between

the first histogram and the second histogram; calculating a divergence

value based on distance between the first and second histograms; and 15

determining if the calculated divergence value is greater than a

predetermined threshold, a divergena® of greater than the predeterminedMCSLLP

threshold being indicative of asymmetry in the image and indicative of one

or more abnormalities, wherein the step of calculating the divergence

value comprises determining 20 probability distributions of intensities for
Clladérfisst part and the second part and calculating the J-divergence value

according to the following equation: J(p,q) = I(p,q) + I(g,p) where I(p/q)

and |(g/ppane dae Kelibadishaibies s dpragaess for Aptepaity, distiutigns,
1'q and p of the first and second paérts r(;ggéec%\?glyf Amended Sheet ©
coUSisimg e atape ehethod according to claim 1, wherein the step of

compensating comprises moving of the first histogram along said

predefeagingsinis WalioBtSAbiTstat i fecend hirigerams 20R9 saifand »
axis to receive minimum distance between histograms. 5 3. The method

5 secesrunryidhalinemniiaedst and dlepidraaisphmipigraseasivelyy plane
comprises determining the mid-saggital plane of an image of a brain. 4.

The meihethpfis@ivrcbanheyeisthie iepLbiowmninghihtieneaRtiRetor the
divergence \iﬁ#e i?:ﬁ%@ater than a predetermined threshold, 10

fiERarsRRct &8 ivergence value with a threshold value of
around 0.008125.
generating a first histogram of intensities representative of the first part;

generating a second histogram of intensities representative of the
10 second part;

compensating for any relative shift along a predetermined axis between

the first histogram and the second histogram;

calculating a divergence value based on distance between the first and

second histograms; and

15 determining if the calculated divergence value is greater than a
predetermined threshold, a divergence of greater than the predetermined

threshold being indicative of asymmetry in the image and indicative of one or
more abnormalities, wherein

the step of calculating the divergence value comprises determining
20  probability distributions of intensities for the first part and the second part and

calculating the J-divergence value according to the following equation:
J(p.q) = I(p.q) +1(q,p)

where I(p/q) and I(g/p) are the Kullback-Leibler's divergences for
intensity distributions g and p of the first and second parts respectively.

Amended Sheet
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5. The method of claim 1, further comprising the step of determining one
or more maximum (principal) summands in the calculated divergence
value and any tissues to which the summands correspond in the image

being 15 studied, the summands being indicative of main contributors to MCsLLP

asymmetry between the first and segond parts. 6. The method of claim 5,

further comprising displaying the principal summands and any :

corresponding tissues to facilitate the location of the asymmetry. 20 7.

The method of any one of the preceding claims, wherein any one or more
20f theTiethoetistep s coaydireyirmp leimentdd whing:pofnargemdidrcompensating

hardware. 8. The (—;l‘gho of @nY one of the grec.e in%ﬁ% ims, wt&erein g;re i
C%@BTW%B?BPHKIH@ SyIRBP TR BoNdide e 38%‘{8% P&t et 9™
saidfipst2zmelesendriphHisiompeiiss s iteigreaining s symatelivephaingtiamiititance

trﬁz&iema e [nto a first part representative of a first hemisphere of a brain
bg gggé%hgrﬁﬁ'ts‘representative of a second hemisphere of the brain.

Amended Sheet MCSLLP 21 9. A method for determining asymmetry in a
3magnétie msdharcadatadmg( MR O ziom priside thinntie¢hstkof ahyleissroining a

eding claims. 10, r I

S e P e I P g o
agrsitl. A computer program product comprising: a computer usable

medium having a computer readable code and computer readable
asystemepdaambedisd epmic MedRIRT IRCTIRINGR SUBMAIKG if the

plane to divide the image into a first part and a second part; that comprise
CriguRiedigHVesEREpRec YB s PR caVRRicsalfizBmpursegrigrarined threshold,

comprises comparing said divergence value with a threshold value of around
0.008125.

5. The method of claim 1, further comprising the step of determining one
or more maximum (principal) summands in the calculated divergence value
and any tissues to which the summands correspond in the image being
studied, the summands being indicative of main contribufors to asymmetry
between the first and second parts.

6. The method of claim 5, further comprising displaying the principal

summands and any corresponding tissues to facilitate the location of the

asymmetry.

7. The method of any one of the preceding claims, wherein any one or

more of the method steps may be implemented using software and/or
hardware.

8. The method of any one of the preceding claims, wherein the step of
determining a symmetry plane fo divide the image into a first part and a
second part comprises determining a symmetry plane to divide the image into
a first part representative of a first hemisphere of a brain and a second part
representative of a second hemisphere of the brain.

Amended Sheet
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10 product further comprising: computer readable code within said
computer usable medium for: determining probability distributions of
voxels against intensities for the first part and the second part; generating1

a first histogram of intensities representative of the first part; 15 CSLLp
generating a second histogram of intensities representative of the second
part; compensating for any relative shit along a predetermined axis
between the first histogram and the second histogram; calculating a
divergence value based on distance between the first and 20 second
histograms; and determining if the calculated divergence value is greater

han o predERniRcHEHEEHING. aDVERRERdbRgReagaeliafegrnance image
(medptermprthdhieshaldhsing M@ﬁ%@f@m@@éﬁ@um@age and
e

indicative of one or more abnormalities, wherein Amended Sheet

CSLLP 22 the s{eg of calcula{ginr? the di{}éeréghence value comprises .
stermining' oAty HISRBEEonS o RfEERieSroMRERE: pakt ARlgRining

ssconktariread icaioalatingidied 1diwergenesofaliigragcordipg to the
following equation: J(p,q) = I(p,q) + 1(q,p) 5 where I(p/q) and I(g/p) are the

uIIbaﬁ L eibler's di S for ,intensity distributions g and p of the
mét andkcs%%g)n%e;rﬁrﬁ? éega:rgg’s{%dgfﬁt f?%ﬁéﬂgaratus for determining
asymmetry in an image, the apparatus comprising: a device for

deternﬁnﬁ%‘@gﬁm@?}?'@aﬂﬁ@(ﬂ@mihévﬁlﬁ@ iragerinuter Teddstparcade and
GRfaRed RatdhRA someRsedsl andbrad e miSBRFIRSdium for determining a

symmetry plane fo divide the image into a first part and a second part; that

comprise left and right hemispheres respectively, said computer program
product further comprising:

computer readable code within said computer usable medium for:

determining probability distributions of voxels against intensities for the
first part and the second part;

generating a first histogram of intensities representative of the first part;

generating a second histogram of intensities representative of the
second part;

compensating for any relative shift along a predetermined axis between
the first histogram and the second histogram;

calculating a divergence value based on distance between the first and
secend histograms; and

determining if the calculated divergence value is greater than a
predetermined threshold, a divergence of greater than the predetermined

threshold being indicative of asymmetry in the image and indicative of one or
more abnormailities, wherein
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respectively; a device for determining probability distributions of voxels
against intensities for the first part and the second part; a generator for
generating a first histogram of intensities representative 15 of the first part

and a second histogram of intensities representative of the second part;}aCSLLE

compensator for compensating for any relative shift along a
predetermined axis between the first histogram and the second histogram;
a calculator for calculating a divergence value based on distance 20
between the first and second histograms; and a device for determining if
the calculated divergence value is greater than a predetermined

thresl'{%d_,sqegévgrfgggﬁ%l%fuggqﬂ t@% gnBée%‘g.gn%?ﬂgpg%%h@gtermining

being Indicative of asymmetry in the image and indicative of one or more
pectipripititalidisstiuiévem ol rindeasitl Shiset thrc st Papi3ane Hacstmondspart and

T B Y AL R BB ™

according to the following equation: J(p,q) = I(p,q) + I(g,p) 5 where I(p/q)
and 1(¢fP)are ¥R B8R} Leibler's divergences for intensity distributions
g and p of the first and second parts respectively. 13. The apparatus

accorgingrt ¢laim) LanwhEegl) thecompeRsMiesde-oaiBRIRI EVBRENeBE for
_or other of the first and secor}% I]t_i%%grams along said predetermined axis
REERRGY SEHTRIIIRSBEER HidhSyihnh8asbRg-SHId BRILS T8SPACHNE'Y-

apparatus according to claim 12, wherein the device for determining the
1gymmeatryappassisiarfandetetondetes naingtineatnid inaggitahage, the apparatus

comprising:

a device for determining a symmetry plane to divide the image into a
first part and a second part; that comprise left and right hemispheres
respectively;

a device for determining probability distributions of voxels against

intensities for the first part and the second part;

a generator for generating a first histogram of intensities representative
of the first part and a second histogram of intensities representative of the
second part;

a compensétor for compensating for any relative shift along a

predetermined axis between the first histogram and the second histogram;

a calculator for calculating a divergence value based on distance
between the first and second histograms; and

a device for determining if the calculated divergence value is greater
than a predetermined threshold, a divergence of greater than the
predetermined threshold being indicative of asymmetry in the image and

indicative of one or more abnormalities, wherein
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plane of an image of a brain. 15. The apparatus of claim 12, wherein the
device for determining if the calculated divergence value is greater than a

predetermined threshold is 15 arranged to compare said divergence MCSLLE

value with a threshold value of around 0.008125. 16. The apparatus of
claim 12, further comprising a device #gr determining one or more
maximum (principal) summands in the calculated divergence value and
any tissues to which the summands correspond in the image being 20
studied, the summands being indicative of contributors to asymmetry

betwegq thgifitsandiseconshBats 1d 7ddRemAPRA BleD ahHEIMILEifliiBRE of
comprising a device for displaying the principal summands and an

iatsineltsohdRig HRBulssto Raflitaleth G0 SRFANEF hRrhsRfnderycaloulate the
dive SHRR! MERPringd &hd RAIGRRATABHE SiGRY one of claims 12

to 17, wherein any one or more of the devices, the generator, the

compensator and/ rtq calculator may be implemented using software
and/ofhﬂﬁﬁ%’fbf i% paratus of any one of claims 12 to 17,

wherein any one or more 5 of the devices, the generator, the
compavizater Hpdjpr amel chlgiiatarendideKiniplerhdntdolen . chvepgteices for

20 The f e | 210 19, wherein the image s an
e P N TR AR ol PR BBl
first part comprising the left hemisphere and said second part comprising

tBe righbel @ pBaAiRipEe RCCIATE ¥RetiRitnofl Znyvineraircl dimscomapensator is

é’k’:‘é‘ﬂ%@?ﬁ the ipogeisARimags ﬁi ORI NN R SHENGTUSHRGRE A8 said

right hemisphere, and wherein t

predetermined axis fo align said first and second histograms along said axis.

14,  The apparatus according to claim 12, wherein the device for

determining the symmetry plane is arranged to determine the mid-saggital

plane of an image of a brain.

16.  The apparatus of claim 12, wherein the device for determining if the
calculated divergence value is greater than a predetermined threshold is

arranged to compare said divergence value with a threshold value of around
0.008125.

16.  The apparatus of claim 12, further comprising a device for determining
one or more maximum (principal) summands in the calculated divergence
value and any tissues to which the summands correspond in the image being

studied, the summands being indicative of contributors to asymmetry between
the first and second parts.

17.  The apparatus of claim 16, further comprising a device for displaying

the principal summands and any corresponding tissues to facilitate the
location of the asymmetry,
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step of determining a symmetry plane comprises determining a symmetry
plane to divide the image into a first part comprising the left hemisphere

and a 15 second part comprising the right hemisphere. 22. A scanner "
comprising the apparatus of any one of claims 12 to 20. Amended Sheet CSLLP

24

18.  The apparatus of any one of claims 12 to 17, wherein any one or more
of the devices, the generator, the compensator and/or the calculator may be

implemented using software and/or hardware.

19.  The apparatus of any one of claims 12 to 17, wherein any one or more
of the devices, the generator, the compensator and/or the calculator may be

implemented in a computer.

20.  The apparatus of any one of claims 12 to 19, wherein the image is an
image of a brain having a left hemisphere and a right hemisphere, said first
part comprising the left hemisphere and said second part comprising the right
hemisphere.

21. The method of any one of claims 1 to 9, wherein the image is an image

~ of a brain having a left hemisphere and a right hemisphere, and wherein the

step of determining a symmetry plane comprises determining a symmetry
plane to divide the image into a first part comprising the left hemisphere and a

second part comprising the right hemisphere.

22. A scanner comprising the apparatus of any one of claims 12 to 20.
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