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A Met hod And Apparatus For Determ ning Asymmetry In An
Image Field OF The Invention The present invention

w0 edoabzE1¢ 0 a net hod and apparatus for deternm PCT§G2005/000302

asymmetry in an image. In particular, the present
invention relates to an appar atus and net hod for
determ ning asymmetry in an ijmage such as a magnetic
resonance i nmagi ng (MRl) image1 for exanple, a
brai n. Background O The Invent| on There are a number
of conventional nethods for detecting abnormalities in
a brain froma study of neur0| rmges such as t hose
ob A MeARnod HIMé ARDAIE Pb bgtenmniIngAsY ‘
techni ques. One conventional nethod is based on the
%thé’fm}é- f34f cl asses and anot her conventi onal

00 IS Dase N the analysis of the symmetry
bet ween the two hem spheres of the brain by, for
Ehanpeeenikeinveation niplates uot armsthast ahdnapperatus for determining

0| n oint. int er 4 hem eric corresponde
Bl Reploimsie” a 1 HAEOUIEH epBiessRbIa/aHER Aiates to an
ap;béraarseéndem@mcm L) aet%rmnﬁhgsassjn%etr%ﬁﬁugn qh@?é%uch as a
for exanple, the paper entitled Validi
megeetic repnasce BRaomoTi4BRl imeeg @énfpaﬁxampl%w brain.
Vel t hui zen, R P., publ i shed by the Engineering in

iety, 1995, |EEE 17th Annual
d Hl?n@@ﬁ é’i 413 - 414. In this paper, a
method i s descrl bed \Nhl ch detects abnormalities in the
Pharienateya aiundyermf ctdmrenmbmai|mgth@ﬂss‘nakjbtadtlag9mmrﬂnammes in a

DATE Y 4 B0 Aol Skl gl il yanos

mgrfahc?%égﬁngt@ﬂﬂﬁftécﬁrﬁé&@ﬁ Dife ESRRIMtBHal ﬁueltﬁbds is based on
ubl i cat.i on
{I)we analysis of tissue classes and another conventional method is based on

the analysis of the symmetry between the two hemispheres of the brain by, for
example, extracting structures, 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., published by the
Engineering in Medicine and Biology Society, 1995, IEEE 17th Annual
Conference, V. 1, 1995, 413 — 414, In this papér, a method is described

which detects abnormalities in the brain by allowing the validity of small

classes, like tumours, to have a noticeable effect on the validity measure.

However, only three tumour data sets, and no normal data sets were tested
and reported in this publication.

Unsupervised Segmentation For Automatic Detection Of Brain Tumours In
MRI, by Capelle AS., Alata O., Fernandez C., Lefevre S., 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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Unsupervi sed Segnentation For Automatic Detection O
Brain Tumours In MRI1 by Capelle A S., Alata O,

wo-2naesder C 1 Lefevre S., Ferrie J.C, publi sherS@z05/000302

Proceedi ngs of International Conference on | mage
Processing | PM 2000, V. 1, 2000, 613 -616 describes a
mul tiple resolution segnenta%ionnethod in which the
brain is divided i nto honogefieous Gaussi an di stri buted
classes. In this nmethod, the maxi mum a posteriori
method is used to estimate the paraneters of each
class to detect the existence of tunours

maﬂuhdmnwhmhathe NrRainniggdivides) latm’epmsengow%%m dlistributed

Cﬁﬂ?ﬁ«ﬁgt %P.Eg{]-\%iﬂﬂf ﬁﬁaxﬂ-@ mﬂ’?’%wg{gr@ﬂ?ﬁe@wdﬁg%sed to estimate

tﬁé%ér@lﬁﬁété& bhkaskidlasoto tdeteitr the) exibichcet dfeturmaurseih a two-
tissues, this method_nmay segnent the tissues
dimensianal MR impge; ¢ A imeteg ko ey AN s sepmpatation of

I
GRATH g O VR G INERD R e to e
vyl ppiivee indkerssityi difi tognduings) awith ythes n@fmahtisswammlsynethod may

bet ween th he br ai [ ali .
@amsm t%?'éﬁﬁ?%i“?ﬂf%q@rl “His dfe? E}W?r[b PR, §'§§e g time
«% ng%ﬂtﬁbuﬁﬁ MoSRARAt6N (d Ql%hlw tHigpbpef bStheran time.

I secting the“brain, known as the m d-saggital pl ane
(MSP). These net hods are based on the assunption é{
A hembehwfhnmﬁ*erhaval heeny published geseiibingathesapalygis of the
abnar \ | sy
ORI, g R B e S Esrb P g Loy AU orafhs exhibit
aBt Apgroximite biaigralesymoostty glﬁﬂlﬂﬂB’EB[De@tl tmsthmmtten—bemlsphenc
such as changes in thﬁar%&a |ve hape ture

florgitdnalprispre bsacH ”8@90?? 8@ tnggltaﬂ plane
ﬁ%gﬁ’gl ewéskl ﬁl@th%gfs Aéfu%aﬂ)aéé?!f bﬁk’chb'és‘éuﬁ‘fﬁloﬁsﬂﬁmt Iﬁé’altﬁg human

erng an zheliner's Di sease, son
Mausssurodghl;lshmmmetn@al ad @Inoabnqrmaha/nrrm( bqvlgi@gaqt@i from brain

gg?%%ew EJ commgn way o?%%?ectmgwbnol?m\gﬁﬁes 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; Goldgof, D.B.;
Hall, L.O. which was published in IEEE Transactions, 1993, Vol. 12(4), 740-
750, it is suggested that, using a knowledge based approach involving an
estimation of the symmetry of cerebro-spinal fiuid (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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published in Cereb. Cortex. 1998 Sep; 8(6):492-509]. In

a paper entitled Know edge-based O assification And
wae@suzs4i@bel |ing O MR I mages O Human Brai n REUBGZ005/000302

| magi ng, by Chunlin Li; Goldgof, D.B.; Hall, L.OQO

whi ch was published in | EEE Transactions, 1993, Vol.

12(4), 740- 750, it is suggested that, using a

know edge based approach invol ving an estinmation of

the symmetry of cerebro-spinal fluid (CSF)1 a tunour

can be detected only in the slices containing CSF. The

nmeasures used are based strictly on predefjned

ahotrensitiwas hsashed thatithe dimormappegr tor haveoiensly Dighgr than
toanother. ]t ass . the tunors appear to

thahad grey m%#%ffmfﬁf?gﬂ’&‘gﬁq%‘gﬁw@%? of grey matter on

T2-wei ghted i mages. A devel opnent of the

A aevbrpaeasetheakivwiadhedesedi agproanh tdascribed in the above-
abovenenti oned paper

wa blished in a. itl
aiibnch RapagowBey RERISIIEc T L8: MePeLo s itBRn aR Hrgh Hface
k- . é N4 . m nK kl
%’ Qéit%ﬂg?)}gﬁqﬁ% ﬁgg%sd}q "EEE Q'mye rgr%g?f ona Yéﬁg’]zg/%g%st 2 rrBWa
CSesti-Wieses (i eiietodinn Gark Bedlopulslished| as=EEBoInteysptiral buzzy

Sl i B, RPN o
g5 aLr?Wﬁs Q{a?ér Piefiod Whiéscribeidt WhereafukzgSFnieanshare used in

cerebrum this method, a symmetrical ma?tsure J)%%qplin the

shices lwentainingr CBF tpisepasaterairiimaiter, yyhitennatiengn

Fouri er descr.ipt i i ) :
caahtre, TR o Shelhpd, § sYRRfEkiar nfachrd Blsetd &R e number of
pgﬁélggnﬁinw&htqﬁvam\m Fobiier ddsgoiptarbris describatlad being used

I sadvant ages, for exanple, the guantifijcation.of
tncquantify $he Boisaaliivi of mgoesliogs of edyalnbaing sidid., fipwever,

bng h}:rﬁ 2o e HOHRT of LikdideantaRks Oforaskahifte, the quantification
I'Cal "neasure uses a | arge nunber of user
sehbragiityaisabased onlywbnchO aslised inf i cuprmal cands 12 gkngrmal 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, Buliitt 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 time. 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 Christensen GE, RD Rabbit, Ml Miller
entitled Deformable Templates Using Large Deformation Kinematics, |EEE
Transactions on Image Processing, 5(10), 1996, 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, Buillitt E. entitled
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In the publication by Joshi S, Lorenzen P, Gerig G

Bullitt E. entitled Structural and radionetric
wW@0oaees4te i n brain i mages, Med | mage Anal . 20BGI/SG2005/000302

7(2):155-170, structural and radionetric asynmetry was

anal ysed through | arge deformation i mage warping in

three di nensi ons. N ne turmlﬁr and four normal cases

were tested, however, there is no information given on

the running tinme. The second stage of the algorithm

described in this paper is based on a Christensen

war pi ng al gorithm which has an extrenely |o run ti
Strudtural aes cadibeetiinasyrameiydn DEgindRagese N@ﬁ@ge pppl 2003
Rabbjt . Il er . ' rmabl e Tenpl ates Usi ng
JEBfZ@ﬂéybﬁﬁat"Y%k '&B&é#&ﬁ%@%EEE Transacti ons on

| mage Processing, 5(10), 1996, pp. 1435-1447. Al the
Sifh igftRk IARéRtida nenti oned above, with the

exception of that described in the publication by
Joshi S, Loren

zen P, Ceri Bul |itt P
lengeneral SeFmst JF'QI PIgRPN a@'i"gh’é?? i E’:m&?)?%?nﬁhrey determination of
| ﬁﬁﬁﬁ lusirdP @3 ihfermationsl divérgénd® measike to
dls @%%ﬁ%@?@%@e%r}#&% of the Invention In general
datoulste the simpilariiy etweer e parts o fisEaagee
determ nation of asymetry in an inage by using an
i nformati onal divergence neasure to calculate the

SefdrhBly, t ¥mbolieSitst 0P thar irveptionherovidgea fastf andbagcurate
enbodi ments of the invention Br oVi d@t.a fast and h as MR
tackniriue for sliestinge andrlogaling: @PRGMAANIGS KL {TAGSS: SUc

abnornal i ties.i i LHBgeRsi hAB9SSpRiditEthe number
|H§§e§%§’i{{haen§%8r%%?§/él S o?fsés; trﬁ@,ewghgﬁfaor_ provi I ng
spatholobival sitegint thelvoyinedricsinage bieing Bidied.uret ri c

i mge being studied. The present invention has nmany

applications, for exanple in the:fiel - eld of
'ﬁ%rﬁf?ﬁ%@ﬁ fyen HB has { %nystqi[}abg%tf({r{‘)satfgg f%‘&me%e .|n the field o
fesRiAN§Hg! Bnd/ih tHER&e8y 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 relative shift along a predetermined axis between
the first histogram and the second histogram;



According to a first aspect of the present invention
there is provided a nethod for determ ning asymetry

WO pooa/0283hamet ri ¢ i nage the net hod conprising tPE/SGENS000302
of : determning a symmetry plane to divide the image
into a first part and a second part; determ ning
probability distributions of voxels against intensity
for the first part and the Second part; generating a
first histogramof intensities representative of the
first part; generating a second histogran1of
intensities representative of the

conpeaicdaiingya id IEepCe ¥alge;kasedin & qﬁ? @%Ween the first and

gregﬁaerm ned S between the first histogramand the
&2005/ 000302 cal cul ating a di vergence

val ue based on di stance between the first and se q
hi st gateafmingitl thet ealcilsted diverganceavalueatdgrea o than a

p%ﬁ\égei;%ggéc? \g’? o 9@ 3@%\2@69%%&%2@{ gfeaﬁ%leqﬁ%ﬁrtﬁb”ﬁ%determined
5 trﬁ%&%ﬂa Gdrer'rﬂéj1 V8 N sYniRéthg in 1l waddes endfindisgtiveof gne or
56 Can

I ndicative of one or nore
e @bmelmalites. For the purposes of the present

speci fication, the term vol urretric I mage is

hereinafter referr . thRCEeRRduBEntria image is
F%é%‘?]d""é@?)see@t O]I ﬁ‘ret ﬁgeslteﬁ\t/%z)telcioﬁﬁgt ere i s provided an
haRAA&RG e fdtoaedimageer for m a net hod for deternining

asymmetry in an inmage according to the nethod defined
A%k():gydeing to a second aspect of the invention there is provided an apparatus

10 arranged to perform a method for determining asymmetry in an image

according to the method defined above.

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

program product comprising:

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

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

determining probability distributions of voxels against intensity for the
20 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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According to a third aspect of the invention there is
provi ded a conputer program product conprising: a

W@ 0vpM2s316 usabl e medi um havi ng a conput er readedi/8GHOS@00302
and conput er readable system code enbodi ed on said
medi um for determning a symmetry plane to divide the
image into a first part and second part; said
comput er program product further conprising: conputer
readabl e code within said conmputer usable nediumfor:
determ ning probability distributions of voxels
against intensity for the first part and the.s condb tw
par t ;cafeprisatingorany felativg @?'ﬁ@'&?ﬁ BPre t@ﬁ?ﬁ"@ﬁe@“s etween

thE RSB Brfiint BBedhd Plateibin, Jenerating a second

intensitres representative of the second
part; conpensating for any relative shift along a
pr edaticutiting aadivergertawalictiased ors distanaedptuieearibe firgt and

second .hi st ogra cal cul ating a divergence val ue based
Qﬂ?oﬂfjﬁ'ﬁtﬁ%a'ﬁ%t%agen the first and second hi stograns;
and determning if the cal cul ated divergence value is

gr eat gtehding iPrihgetalikuisied divermnekbd vamediis egrgaterethan a
of greater than the predeterm ned threstgol d, bei

n .

predtermined dhresboidne AVareRGR: Of rIGALSE AN HPc FgEtesined
ne_.or Rl ] ' A

BE5uRii BRiY, BARRHIR of GsFmay L HTEnddh nd Mdaive of ne or

moefe ebhermalitlesg asymetry in an inmage, the apparatus

conprising: a device for determning a symmetry pl ane
to diyide the i i nt fi \
praraing fa adonpReperEpf ik invenal htrs BBy EEE K apparatus

for determining asymmetry in an image, 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 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

betweén 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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respectively; a device for determning probability
di stributions of voxels against intensities for the
WO peos2§3a¢t and the second part; a generator fRET/SG2005/000302
generating a first histogramof intensities
representative of the first part and a second
hi st ogram of intensities regresentative of the second
part; a conpensator for conpensating for any relative
shift along a predeterm ned axis between the first
hi st ogram and the second histogram a cal culator for
cal cul ating a divergence val ue based on di st ance
theshate: beinigeinticaive P %@%?“Q%ﬁﬁ&a’&?fc%“e or
for getewérrnng if the cal cul ated divergence value is
mgreaPRPMALESa " pr edet er i ned threshol d, a di vergence
of greater than the predeterm nedG005/ 000302
ALSSERTO IS Pdifthg aspeticaf ithe ioveatigmitberey is rprevided naggeanner
and i ndicative of one ot Bore abnormalities. According
compesinpithe appgERtus eTiped @8PAYRnti on there is provided a
scanner conprising the apparatus defined above. Brief
Bt Pddiridtib bf il DPawindgs Preferred enmbodi ments of
=t Wi now be descri bed ﬁy maé of.eéaﬁphﬁa of
Pacidretit embetineniseof the fieventiepnyih{ioig Par dGFHIPEY y
whi ch: Fi,gure i ' ; | hewhidhcess
exrapls rrd Ml aNol o M S B D e P e
invention; Figure 2a is a pair of histograns from

a .
FiQUre®] iss o aievamgstidwinglitise pragesscsteps in gemegthaskacesrding

voxels in an MR TRge c%%i nst the grey |level;
to an embodiment of the invention;

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 2c 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 MR 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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Fi gure 2b shows the pair of histograns of Figure 2a
after shift reduction; Figure 2c is a histogram

WG bawiozsy1d he absol ute difference between the pe¢T/SG1005/000302

hi stogranms of Figure 2a; Figure 2d is a histogram

showi ng the absolute difference between the pair of

hi stogranms of Figure 2b; Figyre 3 is a representation

of three consecutive MRl slices of a brain show ng
multiple bilateral asymetrical brain netastases

(SPGR). The tunors are lowin intensity with

consi der abl e surroundi n% edema (arrows). The tunor in _
Riperer bgsta [epresaniation 9é TiveMdi alican el temeH{ CaRgR /i which the
is a representation of five MRl slices of tunour
sremalifitegarraws) t herextaopsewllofo shewsasymmetyyand were not
positive results in which the abnormalities (arrows)

JEEEtedaishty 81d Jdiveggdnte methodr gence met hod. Figure 5

IS a representation of five VMR slices of tunour cases
in which the abnormalities (arrows) were too small to
show asymmetry and were not detected using the

- di vergence . s FLgure Bl ki MR whidemultiol
St BLRCE Bt MR sl oF e, BBl Basith WhicteRultile
simlar intensities (as-indicated th r e._:
smnastaf sinpsinignsitics %{salinﬁgca%% ﬁyég%grﬁogv S?m”{r%ﬁf'} BPyT.gides of
showing a large tunmour; Figure 7b is a histogram
thiedwiaiy t he absol ute difference between two histograns
representing the differences between the two

hem spheres of the brain illustrated in Figure 7a;
Figure 7c is a graph showing the intensity

ﬁ@réggg%hgg{lﬁf Slil:CheeSI’ilOnVI\?iﬂs aofaré:é %gur?a to the

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 7c 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 9b is an MR image of the areas contributing to the first peak shown in
the graph of Figure 8;

Figure 9¢c is an MR image of the areas contributing to the second peak shown

in the gfaph of Figure 8;
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Figure 7d is a series of MR axial slices, separated
vertically, showing a large tunour; Figure 8 is a
w@em@pl2s&howi ng the intensity contribution fronPERSER0S/000302
image of a brain to the J-divergence; Figure 9a is an
axial slice through the brain MR of Figure 8; Figure
9b is an MR i nage of the are%s contributing to the
first peak shown in the graph of Figure 8; Figure 9c
is an MR inmage of the areas contributing to the second
peak shown in the graph of Figure 8;Figure 10a is an
MR i mage of a further ax al slig
meg@rkogqals 70 MR dnagg of & hﬁhﬁ%ﬁi&@ &@Haﬁ gﬁgggam bt Figure
8rriontrlbutlng to the first peak shown in the graph of
igure 8; Figure 10c is an MR i mage of the areas
contributing to the second peak shown in the grap

Hfgmr’wtsls an YR énage of theaarewm gonddeutig o theifirs F?Qﬁkt mqwn in

axi al e th ough the brain of Figure 8; Figure 11b
th& oiapiar Flont

of the areas contributing to the first
peak shown in the graph of Figure 8, Figure llc is an

ieTape i8f ah MRameRfe ©ortheidrets nepritrbuting $edbadsqueald peak
ovvnlnteg Ehof Figure 8 Figure 12a is an MR
Sihmgblnomeegrﬁg f9uRBal slice through the brain of

Figure 8; Figure 12b is an MR i mage of the areas

g0k 1RYtiENeh MR iGgbidisA i FtirtREP¥RIal Blice through the brain of
Figure 8;

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 to 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 obtained by MRI techniques.
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the graph of Figure 8; and Figure 12c is an MR i nage
of the areas contributing to the second peak shown in

wo b@ogesaph of Figure 8. Detailed Description oPCT/SG2005/000302

Preferred Enbodi nents In a preferred enbodi nent, the
symetry of the brain is analysed fromthe point of
view of information theory. 4 the brain were
absolutely symmetrical, the ‘anount of information in
bot h hem spheres woul d be the sanme. The brain is
usual Iy regarded as being roughly symetrical .

However, brain ab [iti h [ .
Ratage@mble, < Mgainoiumeds [k RelbRlstomaRsc L ARIE of g, faligwing
e ' fs i . .
CHPR L RaSELARN, R 1 it ietle gl ety tosue
atics nfatcating) eial whicht healthy, tiasue ihalsi beecemendiseasedinMegs-effect

Egimol g e R
rgg?‘l Easd 'rﬁaié?TetﬁBdanéﬁySﬁl alfoenet morenaissinuettirgs idue to

acent normal structures due to edenm. Infiltrati n%
edemoasiriittating wimarerhave a diffesert radiometisyisspopse ffom healthy

heal t tissue. .Both O L: i

e Bhn pERRG et dRm S RS Aoty

that by conparing the probability distributions, that

it has eshogpprasiated tiatdylwomnparing the probabilityedistsibutions, that is,

det ' h l
St of e Drailt i Byse HIP 43 deteraliom g CAllp/f goympmetry and
éét%m g?ﬁomm@g_ to another and the manifestation of

rarn tissues n MRl also changes from one scanner to
anot her. There are nunerous protocols which also
Thé | brairc disshe volumeeisoflifigreniHromagee perspnetp gnothessand the

VRSB BBl lReth, B0 SR S AngesRgh, of Rcamer o
BRSIRE! Therd aRdhuihfitbas prstesslewhich 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 illustrating the steps 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 Wieslaw L. Nowinski, published by Neuroimage,.
“A rapid algorithm for robust and automatic extraction of the midsagittal plane
of the human cerebrum from neuroimages 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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is difficult. In such situations, self-normalisation

of an MR image on the basis of intensity distributions
Woroosimes4nem spheres provides, in some sense, aPCT/SG2005/000302

uni formed representation. Figure 1 shows a flow

diagramillustrating the steps according to an

enbodi nent of the invention. After obtaining an M

scan of a brain, the first $tep 1 is to start the

anal ysis. The next stage 2 in the analysis is to

determ ne the m d-saggital plane (MSP) using, for

exanpl e, the nethod described in the paper by Q ngnao

T %\'}%Egﬁgﬁ 9%3% gsrv‘ﬁo w V\fhgsl{flgt'l vBliPhé Hi8 dh&XwbHEmisPRERS of the

or ro st and automatic extraction
bPdin! e Fighs agid teft mmgm@-ésthangumaramebyuthef MSFP. The

orsy <P tngyeof Yexe adsnet eetied e i bEfained o each
hgﬁ %&%rbqg %E?ft%y m?@trﬁé’c%biﬁ?\ﬁ] bk fr‘érbr@%eﬁlr ng ﬂﬁ@ﬂ@ﬂ: hemisphere

es an ng a 3 e to the set of data
aplttherutticfTfeprosanting thgerighi bemispiers.ddt ha bern Gbsaived that

sy i A Y o

@fﬂ'@ 94 I PheteShad ButsHiftiSn afie \studies wigee netad coﬂs were used.
| ntensities are then obtai ned:-for_ each gem S
¢

Tdveeshifs waeoolm@w@nmtm daireobtajsiessieem sigdiefd %the by coil
em i
whifh 3t BichY debfedch HE iBRAaGRQiOaRe Sblier hoad coll

THiS thir ammlchdee explamei:h |bfyt radio-fieguencye (RIF) ycaibingssuniformity,
shown at Figure 2a. The

e 8 B S b1, 5y S i
hg el‘l;jd’“‘%f"v%w aﬁrﬂﬁﬁlcfdf 'Eﬂ|§ts%‘?h %Sléé§'tﬁﬁn tHhgreyolyeoin! 8 bit data.

egree of RF inhonogeneity than the
ér&rmhsiaﬂi redxu¢tlonT¢f cs'lg;mlfhlst@gmrﬂs by B%ipg egngelalstggram and

o eSS SRR, 4 Rl MU Yy vl gytictent o
tﬂgté}sbgﬁﬁeﬂ‘ﬂt %Uéu%l' @fative position of the hlstograms J dlvergence 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 to 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 6 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 to be normal and no
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the field of view Enpirically this shift is |ess than
5 grey levels in 8 bit data. W performshift

w0 ewaoed4on of original histogranms by fixing oneCT/SG2005/000302
hi st ogram and noving the other horizontally in a given
range of 5 grey levels (sufficient for the cases
studied). At every relative %fsitiOn of the histograns
J-di vergence is cal cul at ed. ni rum of J-di vergence
represents the relative position of the two histograns
with the |least influence of shift. It corresponds to

maxi mum reduction of influence of the RF inhonpbg S'ei ta/
fartiiergaction s teqsiredr afternativelye if dhe ¥allerplythe pg erdence

f th | h f. t [ ]
STt 5 A, S8 o305 Siaeaars f be on
ifHiSARIH R oo a%cﬂh‘faﬁtyZ@aﬁbEen fobind in trelscan and libg résidts are

o oeaios ) Rt 9t S YA b bnca)

s@y{m%aﬁ@llﬁ L{'hgtf d% chdd éﬁﬂ%@cﬁsgﬁs‘”ﬁ?ﬂvﬁlm theyp corrﬁspond

rgence provi des a corrparl son of
Thaker tissiues ke comsidened dd behthe mmmn;rlhuﬂ@lsrtpkibeu aysnmetry.

Thrapdcass thar age i Bnat Siasean aie Bie BhutGmalEnkl be studied
fHﬁﬁW&S%fﬂeﬁHé'n%ﬂﬁefd?rth@@lbtbdiédl"abﬁbﬂﬁ@l&y The val ue

Ivergence Is then conpared in a further
stage 6 with a threshold val ue,

ﬂ(ahe val ue of thgEhh left

Rigdies 2aghoves tl"tﬁebNmtht@QJ@@éﬁjC@Wé' ated @sneRTEesRARMIng: i the e
d |

anit (80 BPFigherss By HE bR (A Rpaied, Fgify 2;sHEIE the two

Hislodearnib Ocliﬁf F%u}etﬂavqrwntbﬁ@fmstmféby fixirg ome bmgrgm amﬁi goving

i's considered in a further . i ndi

(BRaethen NaBRORIALY 1t 1 Hdengeah og [efhe COUF Ao FHS the

%t?s%llht{asdlﬁéfeﬁc@e& tﬁ@adl\hbsi‘ﬁgtdgﬁ‘aﬁhsséﬂ Flbuf'él Qbhaﬂd EI@@@ 29| shows

determne the maxi num (principal) summands in th

thedabsoigtendiffermdetdidhe itwoukistagsamsi - lﬂﬁ@zboﬂ\a&ﬁa@f@r shift

These tissues are considered to be the nain
eNCHPBut ors to the asymetry.

As mentioned above, after shift reduction has been applied to the calculated
histograms, at every relative position of the hisfograms, 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 MRI 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, one part representing the left hemisphere and the other part
representing the right hemisphere, the two parts being divided by the MSP.
The distributions of values 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 denoted as p = {p} and g = {q}, where
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The process then ends in a final stage 10 and the
results may then be studied further to determ ne the

wWmaio60zs4od t he detected abnormality. Figure 2aPGHBG&)05/000302

the two histograns cal cul ated as corresponding to the
| eft and right hem spheres of the brain being studied.
Fi gure 2b shows the two hi stiegrans of Figure 2a

corrected for shift by fixing one histogram and novi ng
the other horizontally in the range of 5 grey |evels.
Fi gure 2c shows the absol ute difference of the two

hi st ogranms of Figure 2a_and Fi

d sh
caBBagIastarecthetspbRpilties Of ARUTTRITCR fﬁ 7 OYA@‘F"E#PEGP%Y fin the
Ig@ @é”’@}t rrtsalfe"s?%ctin-:l t (ISPélcﬂél aﬁﬁuﬁ‘i@r\hhi@ﬁqg the smallest

re ctlon has been applied to the
distireulistzte bozishapadpartaif stheeg-dirabpsipnal image:-i on of
t he hi stogranms, J-divergence is cal cul ated. The

fJ
T odl SIS B BharapbRrRoRBEE iy~ tgn an
éi{]e‘h‘f' é’%‘értﬁirﬂd’%b?fi’énf 8Rhd tZefo lsafprisenis expidteghdf the event does
ect the real interdependence o tth(ﬁ
mammnsifttped&!\@trﬁlIBLﬂQ&ﬁWslmmﬁé' bje c(Pver(g @‘és ha ere is
|pﬁggegl ﬁ%ﬁ%gjﬁ' %\}egw‘ﬁiogéo%gﬁ eThs 'aﬁfe?reﬁé’é"in Mﬁékb&‘tédrfess for

ere € a union of parts,
PieSe R¥EAtY PR SEedéndtgd tabe(ldgff/b,}hemme)r)e Pamﬂaglhg over all the

ot her part representing t hems

iptgnsitiasegivgs R AEEERSE Pﬁ ScteRcys e‘%ﬁ?‘f‘%ﬁ%% essed
% Iues that voxel intensities take on these parts may

€

' considered to be the probability distributions of a
di scret e random val ue. These probabi ity distributions

2&91@(@pﬂq,)p {pi} and g = {q}, wherePi and
are

e probabilities of occurrence of the voxel
vvlth intensity / in the left and right parts

ﬁéﬁ%‘fg&%"fﬁh%oﬁnﬁ%% KREWR %N HIBa ik &iBIdrsdivé®ence or the

cross-entropy. It gives an information divergence measure between the two
probability distributions p and g. 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 symmetric.

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

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

J(p,q) =1(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(g,p). These values depend on the ratio

of pi and g; but not the values themselves; so J-divergence has a self-
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di sti ngui shabl e box-shaped part of a three-di nensiona
i mage.. The quantity log(1/pi) is terned 'surprise' or
WO cvexpsats edness' . If p,- = 1 then an event i SPCESGZI05000302
to happen, and zero surprise is expected if the event
does occur. If the event is nearly inpossible (p,- 0),
this nmeans that there is ini&nite surprise if the
event does occur. The difference in unexpectedness for
t hese events may be denoted as (log(1l/pi} -

log{1/qi)). Averaging over all the intensities gives a

di vergence of unexpectedness which ng e expressed
nasmaﬂ'swoakfeablré,u-ﬂrd?\l%ﬁem%%ﬂéﬁy be UeRBUA 'E@ GaiBideration of MR

Kiill.back-Leibler' di c 2 ' dtrical
dghe, sdRafTeIET e SHOUEDERGE IR sy oFoBOhlyoRymmictrica
struBuPEO Ry b tastithated i g dns Jadisergeqcelas snhipdicatieaf the

I't 1s a measure of the isiﬁ?a{]ce bet ween t he
mgasure of similasity ahbettwecRIsBRUIPDS-q) i s non-negati ve,

and additive but not symmetric. In the preferred
' | i iradiometric ere f

ASTIPRER Sho B oLMTEISS, hampeunty Lot essrone
tiespessand this affgefsy)the prgbagjlity: |§fq|pg§|omrpslrﬁg§§| gs for the

rovid [ ' ti '
HeerehEF Ry Pat PEBOL | SHTeIRe Toit BRRoPgne paersus; e
ogébiﬁﬁaﬁwagsﬂirtaekwfaiwe polh iy ey rmnetiieal patureifdibe bradn, the

I stance between the distributions for b hh of thg termined
dmses syitfe eevalug- of JslivRiaerce neasyis, yrater 3 g afgeae

' | iERLSOfoP! Y

thirerivt vAlE o PRARRERL 2R S8y e T " @
;ﬁﬁférrw émgbdiaiémmwe?ath}gw?g,thrbsdhpiﬁgw??@ vag/been detagmined to
the consideratiagn ta w | e :
ol s St o fANesGrtus S ats BSHRRE @G resutts 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 slice has

been carried out manually in the study.

The method embodying the invention was tested on phantqm 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 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.

In tumour cases a complex of tumour tissue, edema and distortion of
neighbourhood structures all contribute to the asymmetry of the hemispheres
and increase J-divergence.
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structures may be estimated using the J-divergence as

an indication of the neasure of simlarity of the two
wale®boedans i ons. As nentioned above, abnornal i t PEESG2005/000302

change the radionetric response of tissues, and this

affects the probability distribution of intensities

for the hem spheres so, usi J-divergence, it is

possible to nmeasure the dissimlarity. By virtue of

the roughly symmetrical nature of the brain, the cases

with a value of J-divergence neasure greater than a

predeterm ned threshold val ue nmay be @i(‘)ns ered a‘ire
Oﬂhquiltheom&ﬁ fstudie® consdered;. 59 rW%reph@P ¥ PalERiS-af were

enqi.r | thr ; :
At et ofis Sl BraR oYt TahfSsoa s MIRL TTHS Rt the
idv%ﬁ@&]odﬁ@%ﬁcﬁvnmmmédmemml y 0.008125. A study has

been” conduct ed conprising the analysis of onIy the

part of brain above Q\I? MS t heipfe

Messures art | hEUS Pesitivea,e of th r}ngr%ggﬂgfa %Isé ?‘Bsmve
is highly asynmetri cal n%&iﬂ/@ti an bf the start

Jhiigergenoe caBbi42¢ out npAYAF 6i7Yet hel/Sbady. The‘r/ﬁéf‘ﬁgt?—/%
(SRigodyi ng 188.33%ent i oh was test ed 9A7gMant omjand real
rédiced)r om di fferent solrces and copprised 165 Istudies

of —97 patients. In real tunour cases, J-divergence may
sometines detect a tunmour with a dianeter of as small
as about 10O mMm Figure 3 shows three consecutive MR
Tableeds of a brain showing nmultiple bilateral
asymmetrical brain netastases (SPGR). The tunors are

IJ(I@\‘e' 4 sb&fv%rf“% MR %5§e§ BE ék%bﬁiﬁ &F tRHOUP easé S whedema

he tu e ri parietal | obe
dasmatides (ridvshwerkcori@etiy ﬁeg@@@@ ugingdhginesthed qmedying

ti ssue,. edema and di stortion of
the invention.

Figure 5 shows five MR images of tumour cases in which the tumours were
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 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, haematoma, 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.




nei ghbour hood structures all contribute to the

asymmetry of the hem spheres and increase
wQ22asezdgence. Qut of the 165 studi es consi der eRCT/S562005/000302

were healthy patients and 42 were patients with

di fferent brain pathologies manifested in MRI. The

results of the investigation.are shown in Table 1

bel ow. Table 1 Figure 4 sho five MR i mges of

exanpl es of tunobur cases where abnornalities (arrows)

were correctly detected using the nethod enbodyi ng the

invention. Figure 5 shows five MR jnmages,of tu

J ur .
I aEatdlei 2 hetowh infaemation @ns thee detedions ﬁb“PH“@ﬁDlﬁﬁ using the

as tr iqur 2 f ' i
FEEE Rt ig (B, nnGpand, el plidl Shiphodt! i the
stafhbAls provided.t | Fablead is bdseditordcases, ot patients) sarié patient
on both sides of .the {)r in and which th reforﬁ detected
hasrsauesal GasesRhdiferent BHyesREUSHFRS GRY aBTofRaty was |
> ! ) . o teh: . uded i
P R Sorhb D Ihe palichs s e IO Ch e na e bedRincluded in
tHie AN colimm even ifabnemmedity werenotimenifasted.in the parigular case.
information on the nornmality of the data was known a
riori. nor,mgl i ti i.n _the brains studied included
(S??‘?sewghébelt%@ agpoﬁﬁ?ﬁ[% s, neuroma, nultiple

met ast asi s, haemat oma, neni ngi oma, and hydr ocephal us.

WIBEERGO! 0 Tor [tRembepaf cddesn | Metactednl and alielectad

cases is defined enpirically.l In the study, age

enpiric threshol1@8Y0 whi ch WASOTETHY to ni ni| MUY

sum of false negative and fal|sgp itive (wn B1

results is approxi mately 0.0C812gﬁ?n Tabl e 2¢Eglo%4

i nformation on| the detection [6f1.3%nor nal i ti e28u&%ng

t he nethod enbodying-the invhnﬁfon afe—et-fHfgrent—put-se

E@ifuences in the

PD 3 2 1

SPGR 8 3 5

SPGR localised |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
(61) correctly incorrectly

TN (56) FP(5) 8.2%
91.8

Flair 0 0 0

PD 3 3 0

SPGR 47 44 3

SPGR Iocalised |0 0 0

L
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. Figywe &5 Shows thedocaligation of a farge tumour.

scanner is provided. Table 2 is based on cases, not

patients; so if patient has several cases of different
woelse2seguences and abnormal ity was det ect ed PCil/§G100§/000302

some of the patient's cases, other failed cases have

been included in the FN colum, even if abnormality

were not manifested in the ertlcular case. Cases with

detected abnornalities Cases w thout detected

abnormalitiesTable 2 The contribution of different

intensities to the J-divergence was anal ysed and the

maxi mum (principal) summands determ ned. These

Tdunmmands corr e2pond to the t é_sues whi ch confri but e

mainlyv to acur ufr\: All

! —AH—ReAPEAE pai Tt enshtTes Wer e
T1§ﬁ9%d from1 Qe |mage (that|r's, they were sgt to

jack—cotour) T gFigure /a shopg the localisafion of a
large tunmour. (Figqure 7b_shows the ahsolute difference

T@eFween left ard right hi sto;ﬂams (not showns)
tho |

Hrage—ot—Fgure—7a, after st ft
reduction has been applied. Figure 7c shows a plot of
-ﬁmeizntensity contributions of the left and right

em spheres of the brain shown in Figure 7a to the

T raniin ohdlespgennlior e -yerd e, Brp drdfpba and

:,élpgngLﬁ\gs §|f|né|B %H}R&f]d Qer‘?m?r?bd MOVTREsé P summands

ovvno fromwhich the overall
@d‘r%@o@ﬂdtd mmussuesowrucb’re cahtriuta Imainlyntg, agﬁnu@tm;e&ll non-

Figure 8 shows a plot of e intensi
NP mtﬁmltlﬁwﬁ feyfemeved Smhe b (Rt Ry, GBR set to

‘éb dofd died to the J-di vergence. The scans fromthe

rarn o Flgure 8 were considered further and vari ous
addi ti onal scans were obtai ned. These are Fc.hovvn b

igure 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. It will be seen that the plot
of Figure 7c 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 to 12¢. In
eaéh case, the images 9a, 10a, 11a and 12a are the original slice images as
obtained from the scanner. The second images, 9b, 10b, 11b and 12b show
areas contributing to the first peak in the plot of Figure 8. The third images

show areas corresponding to the second peak in the plot of Figure 8.
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each case, the inages 9a, 10a, l1lla and 12a are the
original slice inages as obtained fromthe scanner.

wab@oszsaond | mages, 9b, 10b, 11b and 12b show BECE&62005/000302

contributing to the first peak in the plot of Figure
8. The third i mages show areas corresponding to the
second peak in the plot of Hggure 8.1n summary,

enbodi nents of the invention use an informational

di vergence neasure to calculate the simlarity of two

di stributions corresponding to both hem spheres of a
brain to estimate brain asymetry. The er{bodi msmis.of
lnrRuImmaant eRogimanty of dhe dév%ﬂtha’é{ H8@ ghpfnformational divergence
' Iof doCadl iRfidkity 8 | iBOAGHS BoIrésSEndifly to both
e LA aRARY" 6] 1A At iBliNT RO *ﬁ§7 Lhe
Hetviepherms off 2bpzin &eestimatenbein asypenetantTher embpedisgents of the

et hods enbodyi ng the inyention ovi-de. a techni .
oL o SsoRe andabbE oL AR, RERHHSS L ofhation o
AURHASIIA8s iR ehBaddrebRim an Farakithbre, Ohes tiBiddsy emBlying the
present 1 nvention has many applications, for exanple
inmenticn aiecpulseseqeencs imdgpagderind i n the study of

pat hol ogi es di splayed in MR i mages. Using a Pentium

I%;\é;?r%ﬁéé %%tpgég %@%&WM mvertib 3 brovidé abéﬁﬂ?ihgg T8 detecting

secon using a e _
Aed Wchiting Anamaditiboih teatVRfintayesi o dhe ibasist of podaalysis of
the normality of the data being studied. It will be
Spmedivat ed that the scope of the present invention is

not restricted to the described enbodi nents. Numerous

?ﬁ%e;%r.eggﬁ{ filventibANBas Thang efpplivatiom, | isexample in the field of
su

stitutions and equival'ents will therefore occur to
nbaroémagingl end imthersiudy of pathededies displayadyni¥Bimages.
spirit and scope of the present invention.Cains: 1. A

t hod S or. det\erdr, Ak ng Y i , d that it
bAoA it 2 h R AIU:, A M, RS bddound trat
takes less than 3 seconds using a method according to an embodiment of the

invention to judge the normality of the data being studied.

It will be appreciated that the scope of the present invention is not restricted to
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.
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determining a synmmetry plane to divide the inmage into

a first part and a second part, that conprise |eft and
WO p@ho2d3eén spheres respectively; determ ning PCT/SG2005/000302

probability distributions of voxels against -

intensities for the first part and the second part;

generating a first histogragyof intensities

representative of the first "‘part; generating a second

hi stogram of intensities representative of the second

part; conpensating for any relative shift along a

predeterm ned axis between the first histogram and the
Gaesd hi st ogram cal cul ating a di vergence val ue based

on di stance between the first and second hi st ograns;

and get 1 1 [ i | e &€ Npgage! Hee idethod
1gr ea erﬁitégﬂzsfjrﬁj %Bréﬁ%ﬂg}%%}éﬁ@gg olﬁg,ﬁz di vgg‘gence
cofnmiséey the stbps of:the predet ermined threshol d being
indicative of asymmetry in the image and i ndicative of

one of ,nor.e. abnormal i.ti I ck

ol ai etSiAisees averestot B3ng o ablif M e g s hrithérand a
JERBhAParf thdieonpride 1Bt Shagighthahtisgheres despectively; ni ned
axis to align said first and second hi stograns al ong

said axis to receive mnigum di stance, bet ween tensities. for th
hi st siptarmainig mebabiitn distrutionsial yoxsiscaggiRstintesilies; fr the
e} Bf B0 CR OS2 "ol ane of “an § mage of a

brain. 4. The nethod of claim1, wherein the step of

cal cujerterating bdirsti histogean of intensities rgpresestaiue of Ehenﬁrﬁbpart:
probability distributions of intensities for the first

generating a second histogram of intensities representative of the

second part;

compensating for any relative shift aloﬁg 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

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.

2. The method according to claim 1, wherein the step of compensating
comprises moving of the first histogram along said predetermined axis to align
said first and second histograms along said axis to receive minimum distance
between histograms.
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part and the second part and cal cul ating the
J-di vergence val ue according to the follow ng

weowavesand J(p,q) =1 (p,q) + 1(qg,p) where | (p/BYT/86G205/000302

| (q/p) are the Kull back-Leibler's divergences for
intensity distributions q and p of the first and

second parts respectively. The nmethod of claiml,
wherein the step of determnii'ng if the cal cul ated

di vergence value is greater than a predeterm ned
threshol d, conprises conparing said divergence val ue

With a threshold value of around 0.008125. 6. The . .
aret hétheomathed mceording toelaimoipmherely RSIEPY determining a

det er mi ni ng. one ' iacHRpal ey
VARG Bl Falfafber Sefstiihs i} Rt sq0RA ity BT e nage of
ABifR the summands correspond in the i nage being

studi ed, the summands being indicative of main

contributors to_asy try betyeen, the firsk.an A
$ar t sTheymetipea %ngnﬁfwﬁ?rﬁ' > SRy efh%qjc'@%wsq ?}ﬁ ﬁg’éﬂ]&ence
168 B i IHEEdEibanena 8y intensities for the first
\gdcl)l?éf)gg%{gﬁlg?%Ig%%ﬁgdslﬁggp@gbégcj li talt e 't?1e | ocati on of |
pare andthesecond partTared calchtadingfthanlydivamence adue according to
refﬁﬁtg}li\liga cl aj.ns, wherein any one or nore of the

&R'12HBY be i npl ement ed using sof t ware and/ or
har dware. 9. The net hod of any one of the preceding

cl ai mh:er ig) H g ppt ep of determ ning a symmetry
pl angy({)o di \9?32 trlglkgp?rrage into a first part and a

SR B COTBEI 568 et BB Do R
bistitutBRTGSRRED f He firsPhAtiReBORd Pafts FesbAEREN.

b. The method of claim 1, wherein the step of determining if the
calculated divergence value is greater than a predetermined threshold,
comprises comparing said divergence value with a threshold value of around
0.008125.

6. 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 contributors to asymmetry
between the first and second parts.

7. The method of claim 6, further comprising displaying the principal
summands and any corresponding tissues to facilitate the location of the

asymmetry.

8. The method of any one bf the preceding claims, wherein any one or
more of the method steps may be implemented using software and/or
hardware.
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representative of a second hem sphere of the brain.
10. A nethod for determ ning asymretry in a magnetic
W0 e®oMztate i mage (MRI) conprising the nmet hod oPCESG2005@00302

of the preceding clains. 11. An apparatus arranged to
performa nmethod for determ ning asymetry in an inmage
according to any one of clai 1to 8. 12. A conputer
program product conprising: "a conputer usable nmedi um
havi ng a conputer readabl e code and conmputer readable
system code enbodi ed on said nediumfor determning a

symmetry plane to divide the image into a first, part
and alheeceatbop of tanyt ong %éh%rn@éeqﬂegtclalmf,rwlgmper the step of

i soh ti i
TR & sHOMRES, pifie)to, Bide AAETHIe RIGH AR part and o
StcoRtimartemprisas itietermirihy @ syametnyfalane tedivide thenipage into
probability distributi 0{13 f VOQ%{S cﬁ;gai nst d part
a fitsrart reyesentatiyr of Ariyst Bsmls et HeA SEUB RN 3rgecond pa
r%gpﬂéﬁé & 6 d 5& n%é?%?:h@l:@ 8f tHehafpi ties

presentative of t st part; generating a second
hi stogram of intensities representative of the second,
tar t ; Acuethedster ideterfnining rgsymanatryve & magnedicgggoaance image

et erm ned,axi t WS ' nd the
BUE o BB G oo B AS
on di stance between the first and second histograns;
#nd dahergpparatosi fartahgedaltoulparfoindi aemgethod \far udetesmining
greater than a predeterm ned threst}ol d, a gol ergence
BIYRNEAYAR ANHRIRILRSCAFAURG IR ARY P88 ATHAMSo] 1P Bei ng

i ndicative of asymmetry in the i mage and i ndicative of
$5€ OA computer program product comprising:

a computer usable medium having a computer readable code and
computer readable system code embodied on said medium for determining a |
symmetry plane to 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;
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nore abnormalities. 13. An apparatus for determ ning
asymmetry in an i mage, the apparatus conprising: a

wa@leasozs4i®o©r determ ning a symmetry plane to di RETEGL®000302

image into a first part and a second part; that
conprise left and right hem spheres respectively; a
device for determining probapjlity " distributions of
voxel s against intensities for the first part and the
second part; a generator for generating a first

hi stogram of intensities representative of the first
part and a second hi stogram of intensities

r epr ecadeulating @ divergeace ¥abiedoanad on ditangrhshyesn thefirst and
co sati o) ny relative shift along a
ﬁﬁpgggﬂﬁ%ﬁéﬂgaéﬁ@ between the first histogram and the
second histogram a calculator for calculating a

di vergstamainiig Ui¢ thes edlontated sdivergerivet walie tinegfeatest than a
and secqnd, hj st ns;,.and a device for.,detgrmning.if .
TRee T (BGOSR 0g e o Gogi R FirnPipdetdrinined
@;@&ﬂ&g@gﬁ*\dﬁ&%ﬁé%' é%%nﬁnéwﬁ{ gRNFRagy apdeAdieativdefone or
e predeterm ned threshold being indicative of
meyerabhogmalitieshe i mage and indicative of one or nore
abnormalities.14. The apparatus according to claim 13,

erejn the S i Vi e t
050 ohB MRS B b SRR B Rl 8 goperaue
eoRgasiagm ned axis to align said first and second
hi stograns al ong said axis. 15. The apparatus

32? 2{ gr;c?ﬁ%ofﬁggétgmlq@ﬁqq%gy%e%&e%{gﬁ%hégﬁ\;ia% the image into a

ARt 54 NEnd g B &bAYRrt dhat 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 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

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.
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pl ane of an inmage of a brain. 16. The apparatus
according to claim 13, wherein the calculator is
W@ eoan2pad t o det erm ne probability distributi oPGI/862005/000302
intensities for the first part and the second part and
to cal culate the divergence value J according to the

follow ng equation: J(p,q) =.l(p,q + I(qg,p) where
| (p/q) and | (g/p) are the Kaﬁlback-LeibIer's

di vergences for intensity distributions q and p of the
first and second parts respectively. 17. The apparat us

of: claim 13, wherein the device for deterninin% i f th? .
1dal c(ihet egpaiales gosording| tgeclaingi dawdiereiRathe; compensator Is

redeterm ned thres ' i .
i argdndRovacts O enenol Mkt Reeena eeRrng dong said
He888Amedldkis Thaliginsaitdirstsaraf sedamidrhist®graros ateng said axis.

conprising a device for determ ning one or nore

' i ncj pal in th | cul :
i orthenCAPRATALE. ARFORIY0: 135 BN, o S PEl S he taondgvise for
%e&éfn%ﬁ%ﬁ?ﬁyh%t&?%eb & Berahbtditeddetehnireu tamdd-saggital

ng I ve of” contributors to asymmetry between
plhre bF antimage of adwaih. parts. 19. The apparatus of claim

18, further conprising a device for displaying the
i ncipal sunmands and.any. coht: o] ihssies tor i
Fci TS oA PSR tof RAAEE R Wiral Wt CodlEulator s
&l w5 defermime pRébalility! distiibufiéng of Iitensities don thenfirst part
one or nore of evi ces, ener at or

the d he . t:}e 0 to th
ahfinseeand pavteDf torelednie iha GYeWE)CBYalyR, Breatding to the
in e and/or hardware. 21. The apparatus of
HRONBEERBNS: e 15 to 1

aims 13 to 19, wherein any one or nore

J(p.a) = i(p,q) + I(a,P)

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

17. The apparatus of claim 13, 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.

18.  The apparatus of claim 13, 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.

19. The apparatus of claim 18, further comprising a device for displaying
the principal summands and any corresponding tissues to facilitate the
location of the asymmetry.
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of the devices, the generator, the conpensator and/or

the cal cul ator may be inplenented in a conputer. 22.
wab@capias at us of any one of clains 13 to 2 1, PGBGZI0H000302

the image is an inage of a brain having a |eft

hem sphere and a right hem sphere, said first part

conprising the left hem spheye and said second part

conprising the right hem sphere. 23. The nethod of any

one of clainms 1 to 10, wherein the inage is an image

of a brain having a left henisphere and a right

hem sphere, and wherein the step of ?eterninin

Zﬂym(;rﬂfhwa[pjt\amﬁl_sc@rﬁim e ofj el I 19 19gTH BRI ?E%’ gf‘ﬁﬁ’é more
i Vi n ' | S

3% e it BORHR R SolfisTisaRRandibie SaipGaldrinay be
implEraehedasintfsofwareantdor bandprarei ng t he appar at us of

any one of clainms 13 to 22.

21. The apparatus of any one of claims 13 to 19, wherein any one or more
of the devices, the generator, the compensator and/or the calculator may be

implemented in a computer.

22.  The apparatus of any one of claims 13 to 21, 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. :

23. The method of any one of claims 1 to 10, 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.

24. A scanner comprising the apparatus of any one of claims 13 to 22.



