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rel ates twadsaeps2ocessi ng of images. More 5 particul arly,pdimsGopoesent

i nvention relates to the processing of two-dinensional (2D) imges or the
processi ng of three-dinensional (3D) inmages, where such 3D inmges conprise
a plurality of 2D inmage slices. In one aspect, the present invention is
suitable for use in the determ natign of a plane of symetry in a 3D

medi cal inmage. For exanple, the present invention is suitable for use in 10
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15 Human brains exhibit an approximate bilateral symmetry with respect to

the inter-hemispheric (longitudinal) fissure bisecting the brain, known as the MSP.
However, human brains are almost never perfectly symmetric (R. J. Davidson, K.
Hugdahl, Eds., Brain Asymmetry. Cambridge, MA: MIT Press/Bradford Books,
1996). A characteristic of the longitudinal fissure is that it is filled with cerebro-

20 spinal fluid (CSF), which is quite dark in T1-weighted magnetic resonance (MR)
images and quite bright in T2-weighted MR images.

MSP detection is often the first step in spatial normalization or anatomical
standardization of brain images (J. L. Lancaster, T. G. Glass, B. R. Lankipalli,
H.Downs, H. Mayberg, P. T. Fox, ‘A modality-independent approach to spatial

25 normalization of tomographic images of the human brain,” Human Brain Mapping
(1995), 3: 209-223). It is also a useful first step in intrasubject inter/intramodality
image registration (I. Kapouleas, A. Alavi, W. M. Alves, R. E. Gur, ‘Registration of
three-dimensional MR and PET images of the human brain without markers,
Radiology (1991), 181:'731-739). Determination or exiraction of the MSP could

30 provide a powerful tool to detect brain asymmetry due to tumors as well as any
mass effects for diagnosis. In addition, extraction of the MSP is a prerequisite for
aﬁtomatically determining the anterior and posterior commissures needed by the



mass effects for diagnosis. In addition, extraction of the MSP is a
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‘Evaluatlon of a robust midsagittal plane exiraction algorithm for coarse,

pathology 3D images’ Proceedings of Medical Image Computing and Computer
Assisted Intervention (MICCAI 2000): 81-94, and ‘Autbmaﬁc bilateral symmetry
20 (midsagittal) plane extraction from pathology 3D neuroradiological images’
Proceeding of SPIE International Symposium on Medical Imaging (1998), vol.
3338: 15629-1539, respectively, have similar drawbacks.
The paper entitled ‘Automatic detection of mid-sagittal plane in 3D brain
images’ |IEEE Transactions on Medical Imaging (1997), 16(6): 947~952 by B. A.
25 Ardekani, J. Kershaw, M. Braun, I. Kanno presented a method purely based on
symmetry assumption via calculation of cross correlation of grey level distribution
around a plane, and took the plane with maximum cross-correlation as the
approximated MSP. The algorithm was very sensitive to asymmetry in the 3D
images, and could not deal with pathological images. The paper entitled ‘Fully
30- automatic identification of AC and PC landmarks on brain MRI using scene
analysis’ IEEE Transactions on Medical Imaging (1997), 16(5): 610~616 by L.
Verard, P. Allain, J. M. Travere, J. C. Baron, D. Bloyet presented a method to
extract the MSP via detecting fissure lines in each axial slice. The algorithm



| mages, and could not deal w th pathol ogical inmages. The paper entitled
"Fully 30. automatic identification of AC and PC | andnmar ks on brain M

usi ng scew® o3maed2ysi s' | EEE Transacti ons on Medi cal | nagi rgeT(Sk@2/09q0616(5) :
610-616 by L. Verard, P. Allain, J. M Travere, J. C. Baron, D. Bloyet
presented a nethod to extract the MSP via detecting fissure lines in each
axial slice. The al gorithm WO 03/060827 PCT/ SG&2/ 00006 3 failed in those
axial slices where the lateral ventrgcle was present. The algorithm also
failed if any of the fissure lines were not straight or too broad, as in
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wi t hout consi déring t | evel features of the fissure, or try to
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clinical application either due to excessively time intensive computing or due to an
inability to process the real clinical data with pathology or ubiquitous asymmetry
presented in axial slices.
20 Essentially existing methods either try io extract the MSP via strict -
symmetry assumption without considering the grey level features of the fissure, or
try to exiract the MSP via fissure line detection based on low-level image
processing techniques without considering the gross symmetry property of the
fissure. None of the existing methods meet the current clinical requirements in
25 terms of speed, accuracy, and robustness to clinical data. There is also a need to
meet real time requirements for image processing in so far as determining the
symmetry in an image.
OBJECT OF THE INVENTION
It is therefore an object of the present invention to provide a determination
30 of symmetry in an image, which overcomes or ameliorates at least one of the

problems of the prior art.
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In essence the present invention stems from the realization that a localized
characteristic rﬁeasurement of a line segment in an image at points adjacent the
line segment provides information at relatively low cost that can contribute to a
relatively accurate determination of the symmetry of the entire image. A further

20 realization of the present invention applies this localized characteristic
measurement with histogram analysis to reject image anomalies that detract from
a relatively accurate determination of the symmetry in an iterative manner that
omits these anomalies from further processing, which would otherwise provide
relatively low efficiency in image determination and analysis. In preferred
25 embodiments, a further realization of the present invention combines the localized
characteristic measurement with a further localised characteristic measurement of
points along a given line segment in an image which is particularly useful in 3D

image determination and processing.

30



25 enbodi nents, a further realization of the present invention conbines the
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each side of said pixel, said pixel pairs located on s%d line perpendicular to said
line segment and intersecting said at least one pixel; h) summing said grey level
differences determined in step g) and dividing this sum by the length of said
searching line segment.
20 In another aspect the present invention provides a method of determining
a symmetry plane line segment of a 3D image, the 3D image comprising a set of
parallel 2D slices, the method including the steps of: a) determine a first subset of
slices from the plurality of 2D slices in accordance with predetermined criteria; b)
for each of the first subset of slices, determine at least one searching line
25 segment within a predefined search area of the slice, the at least one searching
line segment including a reference point (x, y) at its centre and an angle 6 with
respect to a predetermined axis of the slice; ¢) for each searching line segment,
determine a first local characteristic in accordance with a measurement at points
adjacent the searching line segment; d) for each searching line segment,
30 detérmine a second local characteristic in accordance with a measurement at
points along the searching line segment; e) determine the symmetry plane line
segment in accordance with a calculation based on the first and second local

characteristics.



line segnment including a reference point (x, y) at its centre and an angle
O wth respect to a predeterm ned axis of the slice; c¢) for each searching
| i ne segmatq3/oeaeterm ne a first |ocal characteristic in agawGane®ew th a
measurenent at points adjacent the searching |ine segnent; d) for each
searching |line segnment, 30 determ ne a second |ocal characteristic in
accordance with a neasurenent at points along the searching |ine segnment;
e) determne the symmetry plane ling segnent in accordance with a
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sear area of sel | CeSy At ' [+St.0 Al j eak first
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segments having differences less than a first predetermined threshold; d)
calculate an approximate symmetry plane in accordance with the first set of line
segments; e) determine a second histogram of a second local characteristic of
20 the first set of line segments, said second local characteristic being determined
with reference to the approximate plane of symmetry, the second histogram
including a peak second local characteristic; f) determine differences with respect
to the peak second local characteristic for each second local characteristic; g)
determine the end points of a second set of line segments having diiferences less
25 than a second predetermined threshold; h) calculate the symmetry plane based
on said end points of the second set of line segments.
In another aspect the present invention provides a computer program
product including: ‘
a computer usable medium having computer readable program code and
30 computer readable system code embodied on said medium for determining
symmetry in an image, said computer program product further including:
computer readable code within said computer usable medium for:



to the peak second | ocal characteristic for each second | ocal
characteristic; g) determne the end points of a second set of |ine
segnent s wWavidrngostrf f erences | ess 25 than a second predet errdwsah2iohoeshol d;
h) calculate the symmetry plane based on said end points of the second set
of line segnents. In another aspect the present invention provides a
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conput er readabl e program code andy 30 conputer readable system code
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conputer pr raﬂa mhﬁﬁg %s{"@ﬁe LBsCHmGNBe seament aithineageddetinedde wi t hi n
sai d conput usa I um WO 03/ 060827 PCT/ SGOZ{ 00006 7 a)

det er ns@anch alteal ohsn Wnages Partisi; ge|atnéea§bgwn§e%ﬁ°hwgn ine eI ned sear ch
area of ort t

e udingng g AnLpUS) 2 5 Bher BTRNGR Ol RRDERITEL
resperrédét&m"pé@Qﬁé @fﬂﬁbﬁﬂﬁgé)pbﬁlonf the image portion; 5 b) for each

searching line segnent det er.m ni.n ara ri cin
accoPdance @l t h 19F nBacr SRRIRRING ¢ "B%l ﬁ?gmﬁﬂf aggfﬁ%'fr}ln@]séa?fé i ngédll i ne
segnment ar%l:tegi%hé | QoRIArcB SyiyATRbENrehbrt AEpbintgsljacen duosetadtsgwi t h a

cal cul a I'on base on the first local characteristic. 10 In a further aspect

t he pr éisesegingdient i on provides a conputer program product including: a

conput er le ' a & theamwyee iPr sordarcedeitand  conput er
readabl e sygfem @%{%Hﬁm g&&%yon said nediumtor determning a symetry

pl ane Icalzelatiogivased of thaetastiopalgmaraqi@nsyg i mage conpri si ng a set of 15
Corpli or 1 oMb ENED A8t AEre oy HRSAR proiies] a 'aehigutr plihard no
det er mppbdigt tcludirg: subset of slices fromthe plurality of par al I el 2D
Subser of ofi CEEIGKE AR AV BgR opiLe! Budhie thpbfim £R3S o | T0, TSt
wi t hi n 3niiesiefdaaaBlessrtemn ddeaembodibe ol baid, metinator da‘@rmmmg a
symmetry plane line segment of a 3D image, the 3D image comprising a set of
15 parallel 2D slices, said computer program product further including:
computer readable code within said computer usable medium for:
a) determining a first subset of slices from the plurality of parallel 2D
slices in accordance with predetermined criteria;
b) for each of the first subset of slices, determining at least one
20 searching line segment within a predefined search area of the slice, the at least
one searching line segment including a reference point (x, y) at its centre and an
angle 0 with respect to a predetermined axis of the slice;
C) for each searching line segment, determining a first local
characteristic in accordance with a measurement at points adjacent the searching
25 line segment;
d) for each searching line segment, determining a second local
characteristic in accordance with a measurement at points along the searching
line segment;
e) determining the plane line segment in accordance with a calculation
30 based on the first and second local characteristics.
In yet another aspect the present invention provides a computer program

product including:



one searching |ine segnment including a reference point (x, y) at its centre
and an angle O with respect to a predeterm ned axis of the slice; c) for
each sear ol i3gebs2ne segnent, determining a first |ocal clramedeod®6i c in
accordance with a nmeasurenent at points adjacent the searching 25 |ine
segnent; d) for each searching line segnent, determ ning a second | ocal
characteristic in accordance with a neasurenent at points along the
searching line segnent; e) determ ging the plane |ine segnent in
accordance with a calculation 30 based on the first and second | ocal

characteri sty L18r YighbIBHRENEN RRMRS EorpPateP T&sdRible brogearhi coderdrali des a
conput er prodggtznn{)u’[%%lduct I ncl udi ng:” WO 03/ 060827 PFC)JT/ SA02/0Q006 8 a

conput esonputel ecadebiasysiavi pefec empodiad P sdith medip deh SESEIBE@  conput er
readabl ¢ ie i doedy I bYoRL&SFuRheSyMmet ry
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i ncl udiipngludmgconput er readabl e code within said conputer usable nmediumfor:

a) deperm ni hg at | east, one se i.n i it hin. a predefined
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determ ni ng I ne segnent In accordance with a cal culation
based oaxi$ betheiglise; | ocal characteristic. 15 In another aspect the present

roct i havi ] congut T il JETRARSHE ! dolRRinkY X R R yetem
code entigthedristt inaicdordadce with armeaswemant aigocints adjacent the searching
line segment;

C) determining the symmetry line segment in accordance with a
calculation based on the first local characteristic.

15 In another aspect the present invention provides a computer program product
including:

a computer usable medium having computer readable program code and
computer readable system code embodied on said medium for calculating a
symmetry plane in a 3D image, the 3D image comprising a plurality of parallel 2D

20 slices, said computer program product further including:

computer readable code within said computer usable medium for:

a) determining a first histogram of a first local characteristic of line
segments within a predefined search area of selected slices, the first histogram
including a peak first local characteristic;

25 b) determining differences with respect to the peak first local
characteristic for each first local characteristic;

c) determining a first set of line segments having differences less than
a first predetermined threshold;

d) calculating an approximate symmetry plane in accordance with the

30 first set of line segments;



symmetry plane in a 3D inmage, the 3D inmage conprising a plurality of
parallel 2D 20 slices, said conputer program product further including:
conput er weamakbbse7code Wit hin said conputer usabl e nmedi umKaWSGRN0006
determining a first histogramof a first local characteristic of |ine
segnents within a predefined search area of selected slices, the first

hi stogram including a peak first local characteristic; 25 b) determ ning
differences with respect to the pealkgfirst local characteristic for each
first local characteristic; c) determning a first set of |ine segnents

havi ng di f f egencegetb@ifing @ Becchd hisRigraii &f et ssodntedcd] lohasdurribtic df
cal cul ati ngr an ﬁ&prom mate symetry plane in accordance with the, 30 first
S n
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set of thebrstsghehline segmenispsaldosecpatasah shawgirsistio beng determingd ng a

second Qjugt f e : I hsth) Ghef it et of line
cegnont S B o n At rREg Pl R g S g o er ence
to Lhe amll{jctmg arp}aak péconel lotaloparasteristict he second hi stogram including a

pea con oca har.act eri.stic: 5 L Ni | nth respect
o the peak SecortFPauanb”Bliherfies; nl; ESpEE"\d, 6 BRek, Feptioct

char act ehhgicietistigjor datk sstondigehlshaeauterjsticnt s of a second set of |ine

segnent s having I.fferences |less.thap a second edet er hreshol d; h)
cal cul ating ghe s‘?ﬁ’rﬁ@?'??gﬁﬁﬁﬁéﬁﬁé@fi Ogﬁ S&5P gﬁhgilme&esgng%rﬁ?ﬂg\tnﬂéo second
set of |diffeeeriRe B4y than kitc2bnd besdeternmedd thheshpidzsent i nvention provides a
met hod of extracting NMSP fromradiol '

) ogi cal i.mages, i ncl udi steps of:
det er ni ni ng Bki alcai¢ylating the Slﬂ@"’!ﬁ“@!c@é&% aﬁ?@rﬁ’?ﬁ@'dr EWe cﬂoﬂ'gg@inﬁ? maggs;
anal yigj Rgedhtfsd sk Bhe §ég%rﬁ§ﬁtsf‘ o determne fissure line segnents; and
cal culating p?ane equation of MSP fromthe fissure line 15 segnents. The

radi ol ogi cal In anejber espedidhe mupsentdgvastion RipYides PemefiochBuaXadlieg (e. g.
G e o T bl pReBh 3R 88 e By B e,
or i ent atieqmecdsard flo therradialogical images; analysing the axial slices to determine

fissure line segments; and calculating plane equation of MSP from the fissure line

15 segments.

The radiological images of the brain may be from different modalities (e.g.
CT, MR, PET, SPET efc.,) or pulse sequences (e.g., T1-weighted, T2-weighted,
flair, or proton density weighted), arbitrary scanning orientations (axial, coronal, or
sagittal), normal or abnormal brains.

20 In the preferred embodiment, the fissure line segments may be determined
by optimization of local symmetry index and fissure pattern measure. Further,
histogram analysis may be used to calculate the plane equation.

According to a further aspect, the present invention provides a computer
program product including a computer usable medium having computer readable

25 program code and computer readable system code embodied on said medium for
extracting MSP from 3D radiological images within a data processing system,
said'computer program product further including computer readable code within
said computer usable medium for: determining axial slices to be further
processed for fissure line segments; extracting fissure line segments in axial

30 slices by optimisation of local symmetry index and fissure pattern measure; and
calculating plane equation of MSP from the extracted fissure line segments via

histogram analysis.



sagittal), normal or abnormal brains. 20 In the preferred enbodi nent, the
fissure line segnents may be determned by optim zation of |local symetry
i ndex andwio ®®des27pattern neasure. Further, histogram anagrgssa2eeyebe used
to cal cul ate the plane equation. According to a further aspect, the present
I nvention provides a conputer program product including a conputer usable
medi um havi ng conputer readable 25 program code and conputer readable
system code enbodi ed on said nedi umgf or extracting MSP from 3D radi ol ogi cal
i mages within a data processing system said conputer program product

further i nchydigiaaCRRRYF Sepbaadinb! gresafieintehfiom provites comethed ofsabl e
medi um for: determning axial slices to be further  processed for fissure

line sempimiatilg explane envaticn Feny a pluigbtyselyAeiriniensgc ne $69ULNSes by

opti m sat,i on qQf try index and fissure pattern neasure; and

cal cul a{P‘FlH 'ngﬁ%%toq'é@béﬁfgé\@of MSP fromthe extracted fissure |ine segnents
via . histogram acalcylsiing aWBs(IE$109GB2 Bf herasge obeadsline segmeriandy f urt her

aspect,. the present inyvention .orovides a nmethod of calculating a plane
equatédwc;]%ﬁpa%mg'sﬂ\(f’i? %?pwgwgﬁﬁﬁ’er secting |ine segnents including the
fol | owi ng stBps: carllatiny Gnghs diffgrencts mtwéers tregpeals ahglei anel Wegligs of each

| i ne segnent and

5 findi K | f .the fi hi.st b
cal cul 2Angies ghgreh dine #ggb%gégnaggm%%tﬁBg%QQ%%EH'B{ei‘ESaWt‘ﬁgrﬁ?‘@rﬁ"‘e( ;ngl es
of eachyikh s BHEBhaR AbregamMhinGd bhgRantdsheldsegment s wi th the angl e

difference larger than a predeterm ned angle thr,e,shclzl d; éé’) %pproxi mat i ng
the plane edaht i @pPfeENatngheplang WW@%@%’%W'”T@ PR PEETFBR at i ng

di st gpces of, ,end Wy . S§MEhd| ' SIRGTEMAG linkGeghen&ppr oxi mat ed
pl anZBand ca(fjgul g?%gg"éggﬁsgéﬁ%% st od]gFgﬁqdo?pﬁliest ance gdi st reit‘f]but ion; (e)

fi ndi ngtoa thee appdiximaiede planet aed seadeiingi gt segand NSt9aram Of) ASIRAEP di st ance
differe Cﬁﬁ Eet,ween t he peak distance and the 15 cal cul ated di stances, and
renovi n@s Y88%end points of the remaining line segnents with the distance
di f ference (@} gerfindmgra pegl didianee of thedsedpsd histagram;

) calculating distance differences between the peak distance and the

15 calculated distances, and removing those end points of the remaining line

segments with the distance difference larger than a predetermined distance
threshold;

(g) calculating the plane equation based on the remaining end points of the
remaining line segments.

20 In still a further aspect, the present invention provides a method of
determining a symmetry line segment in either a horizontal or vertical direction in
a radiation image including the steps of:
(a)  determining a searching region within the radiation image;
(b)  calculating an approximate symmetry line segment;
25 (c)  determining a refined searching region;

(d) calculating the symmetry line segment.

Embodiments of the present invention are made possible using the novel
concepts of local symmetry index, fissure pattern measure, and a novel way to
calculate plane equation based on histogram analysis. The present invention

30 makes use of the geometric property (approximate symmetry measured by local
symmetry index) and may also make use of grey level (fissure pattern measure)
properties of fissure line segments on axial slices for accurate and fast
determination of fissure line segments. The robust approximation method to



threshold; (g) calculating the plane equation based on the remaining end
points of the remaining |line segnents. 20 In still a further aspect, the
present | woerstoeas27 provi des a nethod of determ ning a symmewsGohkionmesegnent
in either a horizontal or vertical direction in a radiation inmge
including the steps of: (a) determning a searching region within the

radi ati on image; (b) cal culating an approximate symmetry |ine segnent; 25
(c) determining a refined searchingjfegion; (d) calculating the symetry

| i ne segnment. Enbodi nents of the present invention are nade possible using

the novghiculafRPbnef edurtih SHYMBP! frymi Bdexted fissure dineasdgmentsBasure, and a
novel way to calculate plane equation based on histogram anal ysis. The

pr esent histagsami A1al3G atovssthesrresentiiReengioprie dept Wik H3EI90Iea] IHPESS nat e
symmetr oﬁ&&&%ﬁé}e@‘mé%ﬁ{orﬁflefH%%&Béfbe@?d&}niﬁét@ J¥Re 81 the xRl slidkse of grey
| evel (Tissure pattern neasure properties of fissure |ine segnents on
axi al sbincesthkoexinacted dissunding asagmerds enntheaei abnaymaf jslises avillibR segnent s.
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cal cupalSa B BBl 8 e EhoR i Bpe S e PRSP 0 o
via hi st ogr Acecrdiab)teishottidraspeti) ¢he pessent inveniont prvides alewdthod oh

pat hol ogi cal. i mages . correctly where either tunor(s),or ffects
domi nat gxtg%ﬁﬂego?ry pRinGlinejro, '%E’%g?n IRgesVigHa %Zﬁﬁ{h@dm%@g%?%c i ne
segnment symetiygegmabnormal slices will be 5 regarded as outliers and are
excl uded from pl ane equation determ nation o cordi ng to anot her

aspect, the PFedERg [hvehid JH“B‘P"O\?FB.%%F dh%ﬁr%ﬁﬁw‘sgf“"?gﬁ?'? FUPYHGS Imet ry
e B e e e T Lot ovi des 2
10 conptaasiable prgsam mogdaand ¢arapular rrpdablersysierarcadeambodiadionmaityi ng _
onEan gL SRR BRRLRL MG IR helapR iRl Sipiem came orbor oo,
data ppoocessinggsysies,esaid samputempiogeam mrodud fugherdinctuding eeraputencl udi ng
comput ©leadable code within said computer usable medium for extracting symmetry line
15 from radiation irhages via maximising the modified local symmetry index.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention may best be understood by reference to the following
description in conjunction with the accompanying drawings, in which:
Figure 1 shows a T1-weighted MR slice with tumor, superimposed with the
20 detected fissure line.
Figure 2 shows the ideal head coordinate system XoYoZo and the real
imaging coordinate system XYZ.
Figure 3 is a flow chart illustrating the steps for extracting MSP from 3D
radiological images according to an embodiment of the present invention.
25 Figure 4 is a flow chart illustrating the steps for determining the axial slices
to be processed further within given 3D radiological images according to an
embodiment of the present invention.
Figure 5 illustrates the concept of searching line segment Is(x,y,0).
Figure 6 illustrates a pixel (xs,ys) on the searching line segment Is(x,y,0),
30 and its associated 5 pairs of points on the opposite sides of the searching line
segment, for calculating the contribution of the pixel (xsYs) to local symmetry

index.



readabl e code within said conputer usable nediumfor extracting symetry
line 15 fromradiation imges via maxim sing the nodified | ocal symretry

i ndex. BRWEFDEBCRI PTI ON OF THE DRAW NGS The i nventi on naydresto2/oe06
understood by reference to the followng description in conjunction with

t he acconpanying drawi ngs, in which: Figure 1 shows a T1-weighted MR slice
wth tunor, superinposed with the 20 detected fissure line. Figure 2 shows
the ideal head coordinate system X0¥9Z0 and the real inmaging coordinate
system XYZ. Figure 3 is a flowchart illustrating the steps for extracting

MBP from 3D ng@?é@”r@gbﬁab(b)%aﬁah@ﬁwrdumes frPa 31 -REHABUTRRLSIES ahlie present
Invention. 257 Figure 4 is a flow chart illustrating the steps for

det er ni @i FywelgbtedMBR sliski ces to be processed further within given 3D
radi ol ogi cal gj fy a?ﬁllt% stdthQ%t 6{% 18 ocf flég?a? IiRE sbifmeRt 68 8Rtaxidiventi on.

Figure 5 illu es the conce of searc I ne segnent Is(x,y,O.
Fi gure Glmé amdiagersaaemboelime{nmf V‘@)preaemthlevwanchl ng I i ne segnent
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fi ssureghtipRirfts eMssur®hadeghéms. slice according to an enbodi ment of the
present invention. 5 Fi %re 9 illustrates the St@fg :I\/ﬁ@ Llul ate the plane
o

equation of Figmre 3ddeaaiMePcalcylatechiom ash Thwa MeWeiRgi on.
Fi gurg %Hekwélgélg@m rés@ﬁfﬁh@erﬁioﬂsed pol ygon fromall the remaining

end points of fissure e ments. S%gge 11 is an MSP cal culated froma
3D T1-wei ght Etgumwolsmrﬁows:h@g illugirating b dpteanipBgcsymmeie lipe esent

I nventi ®R @o%foﬁ an% éé_ a flowchart illustrating steps for determ ning
symetry M 15 9
Figure 13 shows a radiation image, superimposed with the detected
symmetry line.
15 DESCRIPTION OF PREFERRED EMBODIMENT
Head Coordinate System
Referring to Figure 2, the ideal head coordinate system is centered in the
brain with positive Xo, Yo, Zo axes pointing to the right, anterior, and superior
directions, respectively. In clinical practice, the imaging coordinate sysiem XYZ
20 (Figure 2, black coordinate axis) differs from the ideal coordinate system due to
positioning offsets (translations) and rotation of the head when imaged. With
_respect to this coordinate system, the plane equation X = 0 is the MSP of the
brain, and it is an objective of this invention to find the plane equation of MSP in
the XYZ coordinate system.
25 3D images and axial slices
Neuroradiology scans are 3D volumetric data expressed as a stack of 2D
slices.
The 3D images can be obtained in 3 different ways: slices that are
scanned along X, Y, and Z directions are called sagittal, coronal, and axial scans
30 respectively. The scanned 3D images are linearly interpolated in space so that
the voxel sizes are 1x1x1 mm®. Since from sagittal and coronal scans axial slices
can be obtained, all the scans may be represented by axial slices. From here
onwards, 3D images are isotropic in X, Y, and Z axes, with a voxel size being



fromradiation images. Figure 13 shows a radiation inmage, superinposed with
the detected symmetry line. 15 DESCRI PTI ON OF PREFERRED EMBODI MENT  Head
Coor di nat woBpakeszy Ref erring to Figure 2, the ideal head ccumsGuawensystem
is centered in the brain with positive X0, Yo, Zo axes pointing to the
right, anterior, and superior directions, respectively. In clinical
practice, the imaging coordinate system XYZ 20 (Figure 2, black coordinate
axis) differs fromthe ideal coordiqgate systemdue to positioning offsets
(translations) and rotation of the head when imaged. Wth respect to this

coor di nafe, ?ﬁrﬁﬁ..e%etsrbeckpéf@i?aﬁﬁpﬁfcbg'&s@wﬁo@ i alddeald@R: 8D vidngme.brai n, and
it is an objective of this invention to find the p]ane equation of MSP in
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X, Y, aguﬁsg(i@ rections are called sagittal, coronal, and axial scans 30
respectively. The scanned 3D inmages are linearly interpolated in space so

t hat ﬁhe_ vodeF Xsi%e€€are 1 x1 x1 mB.. Since fromsagittal and coronal scans
axial sli Ce%<gQ”{§%§e°bt ained, all the scans may be represented by axi al
slices. Fromhere onwards, 3D images are isotropic in X Y, and Z axes
with a voxelo sgzeZ%iee ng WO 03/ 060827 PCT/ SG02/ 00006 13 1x1x1 mmB. The ’

tack of 2 ' ' ' :
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The grey level at a voxel (x,y,z) is denoted as g(x,y,z). In case of a
radiation image, the grey level at pixel (x,y) is denoted as g(x,y). The two axes of
an axial slice or a radiation image are denoted as H (horizontal) and V (vertical).
Extracting MSP from axial slices

‘15 One embodiment of the present invention will now be described in relation
to extracting MSP from 3D MR images.

For each axial slice S, its intersection with MSP is a line that is physically
called a fissure line. Since different axial slices are parallel, so the fissure lines
are parallel as well. A fissure line segment is a line segment with two end points

20 on the fissure line.

Referring now to Figure 3, a method for exiracting MSP once a scanned
3D image has been read includes the following steps: |
1. determining axial slices to be further processed for fissure line segments

(10);

25 2. approximating fissure line segments in axial slices by optimisation of local
symmetry index and fissure pattern measure (20); and
3. calculating the plane equation of MSP from the extracted fissure line
segments via histogram analysis (60).
The above-described steps which can provide MSP as an output will be
30 described in greater detail herewith.



are counted fromO to ZSize - 1. The ith (0 -< i < ZSize) axial slice is
denoted as 10 S; (So, S1, ..., Szs;Ze 1), and it is the intersection of
Vol (x,y, zwom3tdaos2he plane z = i. The grey level at a voxa@CT{SGog/ago6i s
denoted as g(x,y,z). In case of a radiation imge, the grey |level at pixel
(x,y) is denoted as g(x,y). The two axes of an axial slice or a radiation
I mge are denoted as H (horizontal) and V (vertical). Extracting MSP from
axial slices 15 One enbodi ment of t4y¥@ present invention will now be
described in relation to extracting MSP from 3D MR i mages. For each axi al

slice S e{érﬁﬂ}émgﬁah@ﬁc%w b¥§fPobEssed i ne that is physically called a
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Determ nin e axial slices fo be processed Now re erqf\d$%1ﬁ1)o flgure 4 for
det er m Fomeacthslicex@idhe systeescaleliaies ihe ayesgs 9reY, Iaveb AVRH! Y- 4 %J'Pven 3D MR
vol u YiheZpi | treQBvel of 2@ thel dxidlodlicesl@t®). sets may
have Oé@&él?%egetge@%tggian? %f?ﬁée%gg'tga?%ngl ng or/and ending 5 partg_%)f t he

vol une, Onbé che dlisiogrdnbbas deenatetemined iha BEstepy GRUNS ithey acPWBYBLYE of  havi ng

det or i RSB A SRR Fanrefags Qv pietio RIE thaShoR hREIRLE
(excl udiegaciuaiulative/pensintage isldquaktot draabaove\dd%a il By Eregedal slca ¥l snal | er
than a tslpcreefgll%la q-1(,jﬁ1secsryis e%j fiH&!‘, 91\@ first slice with an average grey level equal to
15 or bigger than the threshold t, and denotes the slice number as numg (14).
Similarly, the system finds the last slice with an average grey level equal to or
larger than the threshold t, and denotes the slice number as nums (15). From the
beginning and ending slice numbers nump and num,, the slice increment is
calculated to ensure the number of slices to be processed is smaller than 20 (16)
20 as less than 20 slices has been found to provide a system which is not too time
consuming but still maintains accuracy. The slice increment, which is denoted as
StepSize, may be calculated as follows:
L = num, - numg
If (L>30) StepSize =L/15
25 Else if (L. > 20) StepSize = L/10
Else if (L > 15) StepSize = L/8
Else StepSize =1.
So the axial slices to be processed further will have the slice number snum
calculated as follow:
30 snum=nump + k* StepSize (k=0, 1, ..., L/StepSize)
i.e., only Ssnum Will be processed further herewith.



For each slice Si the system cal cul ates the average grey |level avg(sS;)

(11), then 10 cal cul ates the histogram of the average grey |levels of al

t he axi al wal 03me682¢12). Once the histogram has been det er mawsG2naoosy st em
counts the accunul ative percentage of the histogramfrom average grey
level 0 to a threshold to, so that the accunul ative percentage is equal to
or above 30% (13). Fromaxial slice O to slice ZSize -1, the systemfinds
the first slice with an average grqgy | evel equal to 15 or bigger than the
threshold to and denotes the slice nunber as nuno (14). Simlarly, the

Syst emg 1 5Reks 8 GEEtHY fids e linveaarergsey | evel equal to or larger
t han th%b?ﬁ$zggr§ d tosang denotes the slice nunber % From t he

. I .. as 'gum' (gIS\}
begi nni ng afer dheli agalssliceeSnuntierke PIRresaAd THERRY, feneeuel O ¥ aWerent s
cal cul gt t ur s}@algﬂgfﬁ @dow)-1 ces to be processed is snaller than
20 (16) Xcggs"!f@’ ?‘gé?”’@%gn S g(%gs Las been found to provide a system which
IS not ¢ ) BES, £ 0QOLVBRENP IR gikylshumi nt ai ns accuracy. The slice
incre&;nercl ,nUL] i ch i sgdenot ed a%’ StepSize, may be calculated as follows: L =

num - n f ? i = 25 Else if (L > 20) StepSize = U10
El se if'° S"”5'5 T%%L%t gé@%g@ﬁrﬁ?%&ﬁ&sﬁ&@epg zeS: I1 (So t he ;xi al ps: izces to

be processe r AN t he salé@eline 88gheste Wan beadrawhatTee fol | ow
30 gnum = ng:r'{éHé E&él @Af}}g[&%lgze Ei?um:’ S%{/é%ﬂlﬁw Ues?tgpSi ze Ie‘iw,g. oﬁlsy gsnavn\g
wi | | beinersegmsarddaking tthy) as s OaNter, WW‘D“%M‘G@BQW“W%@%?/W&%B 15 Process
axi al sli.ces t et the.fi | F ' [ S t

be. piBotaZacrid g fith SSHEI0 1P ARG I8 e O R e, Yo

cal cul adiRfhrAn Highre®V 1sBoK, 858 ¢alledthblsearchingy ing/segment/of bixeh () witnum) 5
L i ang b e b el o SO, RlShof it 11 <1102
the rational to choose the length of line segment as 0.8 YSize is that the fissure
line normally has a roughly vertical orientation, and its extension is around 0.8
15 YSize, however the length of the line segment is not critical in the sense that a
smaller length like 0.7 YSize can be used as well. All the searching points (X,y),
together with the specified searching angle 0, satisfying the following conditions
form the gross searching region:
-10 mm < (X-Xg(Ssnum) ) < 10 mm
20 Y = Yo(Ssnum)
-10°<60 £10°
where mm stands for millimeter.
For a searching line segment Is(x,y.0), its local symmetry index Isi(x,y,90) is
a measure of grey level symmetry in its local vicinity. Specifically, for each pixel
25 (Xs,Ys) On the searching line segment, the system preferably checks 5 pairs of
points at the opposite sides of Is(x,y,0) that are on the line perpendicular 0
Is(x,y,8) and passing (x,y) with a distance to Is(x,y,0) 2, 4, 6, 8 and 10 mm
respectively (as shown in Figure 6). Denote cos(90°+0) as cos908, and
sin(90°+0) as sin9008. The contribution of the pixel (Xs, ys) to the local symmetry
30 indexIsi(x,y,0) is
fabs ( g(xs+2c0s900, Ys+2sin908, snum) - g(Xs-2c0s906, ys-2sin900,
snum) ) + fabs ( g(xs+4c0s908, ys+4sin906, snum) - g(xs-4c0s900, ys-4sin900,
snum) ) + fabs ( g(xs+6c0s908, ys+6sin908, snum) - g(Xs-6cos908, ys-6sin900,



i ne segnment taking (x,y) as its center, wth the length of |ine segnent
being 0.8 10 YSize, and the angle with respect to the V axis being O, is
denot ed awd ®3(m698270) as shown in Figure 5. |s(x,y,0) is cadrssoioens
searching |ine segnment of pixel (x,y) with a searching angle 0, and pixe
(x,y) is called the searching point. Note here that the rational to choose
the length of line segnent as 0.8 YSize is that the fissure line normally
has a roughly vertical orientation,1gnd its extension is around 0.8 15

YSi ze, homever the length of the line segnent is not critical in the sense

that a sphom)ler fél%‘@t%?xsh%&%wy\@smoeaﬁmhﬁ) USSR -8c0s00b)] y.-#dihogdye
searching points (X together with the speci fied searching angl e 0;

sat | sf ylsngmb he + dalbvi g@stmsﬁw)nk{sﬂf)@lﬂﬁw hengmpss GPeatQsrpP, rivgi on: - 10

<10 mMm 20 vy yc(Ssnum -10<_ 0 <_ 10 where nm
stands ﬁ8§'n§$§ "%T)é For a search| ng Iine segnent |Is(x,y,0), its |ocal
SymTEtr)Whlei’éiﬁibsg?is(?he)/a&blméval@effm&ﬁlbhe Ry &r(gg( yL)emetheSs@Hreﬁmghn@ its |ocal
vicinity. Specificall for each pixel 25 E) t he searching |ine

segmerft segm@nggﬁéx %A, pherystesn ﬁa@H its; caalyi Bt'QJT tcbbﬁ'@ftyse)att 8MEMBHposi t e

passi ng STV A AvideG o sErEBl, beTiehgbrY 1o Ush Mo Ikl ety ©) 2n
respect Ilht@XMSl()@ﬁOﬁh@V\nhefbnlﬁh[abtbe:aﬁshlat@!si(ﬁwm)@s(90+0) as co0s900, and

sin(90+0Q) as sin900. The contribution of the pixel (xs, ys) to the |ocal
symet r yS(x360)i &Y. Dsi (x,y, 0 is fabs ( g(xs+2005900 ys+2si n900, snun) -

0 LRSS B i S B T3 ™
fsngrr) Q Xs 6c0s900, ys 6sin900, V\D 03/ 060827 PCT/ SGOZ/ 00006 16 snum) +
abs i+

f abs ( %@ﬁo@o%g sé/(% gls%)m n900, snun?(xg-(%?xs 132 &%é %m?%gl ngggun’) '

snun ) where. fabs(. ) |s t he absol ute val ue function. For aII (xs, ys) on

t he sea%fab@q ¢ (k3B co506% rEBHINI0S( BnymO) g iBeosICH, §eeendoe) sues )i+ s
contri b&®¥n to Isi(x,y,O, then sums

15 %fgps ( g(xs+8c0s900, ys+8sin908, snum) - g(Xs-8cos906, ys-8sin900, snum) ) +

Pﬁf%)s (g(Xs+10c0s908, ys+10sin900, snum) - g(Xs-10c0s900, ys-10sin908, snum))

where |Is (x,y,0)] is the length of the searching line segment Isi(x,y,0).

20 If the searching line segment is on the fissure line, then each pair of the 5
pairs of points should have similar grey levels, hence the local symmetry index
should be small. This means the local symmetry index introduced in this
invention captures the grey level symmetry property in the vicinity of the
searching line segment. Since the local vicinity of the searching line is around the

25 center (from the definition of searching area) and is quite far from the skull and
skin, it is insensitive to any asymmetry due to skull and/or skin. It is important to
note that the asymmetry due to skull and skin is very frequent in clinical
radiological images. Any inadequate handling of skull and skin could cause some
deviation of the approximated fissure line from its correct fissure line as skull and

30 skin in T1-weighted MR slices will have bright grey level or strong edges and thus
contribute to symmetry/asymmetry with a large weight if they are included in
calculation for symmetry. None of the existing methods based on symmetry has
excluded the influence of skin and skull. In addition, the implementation of local
symmetry index is much faster in nature than the global symmetry index where all



them up and divides the sumby the length of Is(x,y,O to get the |ocal
symmetry index Isi(x,y,0), i.e., the fornula to calculate Isi(x,y,0O is

JI s(x,y, OMo d3miegse7y, O = 10 X~s, fabs (g(xs+2c0s900, ys+2sSirAEG20MGE) -
g(xs-2c0s900, ys 2sin900, snum ) + s fabs ( g(xs+4co0s900, ys+4si n900
snun) - - g(xS 4co0s900, ys-4sin900 snum ) + x, YS) s fabs (g(xs+6co0s900,
ys+6si n900, snum - g(xs 6co0s900, ys-6sin900, snum ) + 15 , fabs
(9(xs+8c0s900, ys+8sin900, snum) - Pf{xs 8cos900 ys 8sin900, snum) ) + Xs,
ys ~sfabs (g(xs+l Oco0s900, ys+l Gsin900, snun) - g(xS 1 Ccos900, ys-1
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exhi Qigt e AR AL %Gl [ BR tHePStdridlard deviation of grey level as sd(xy.0), the

number of pixels whose grey level is above the average as npa(x,y,0), and the

number of pixels whose grey level is below average as npb(x,y,0), then the
fissure pattern measure at the searching line segment Is(x,y,0) is calculated by:
fpm(x,y,0) = 0.5(255-agl(x,y,0)) - sd(x,y,0) “0.8 YSize/ (3 npb(x,y,0) )
20 for T1-weighted slices, and
fpm(x,y,0) = 0.5agl(x,y,0) - sd(x,y,8) * 0.8 YSize/ (3 npa(x,y,0) )
for T2-weighted slices.
Here the point is, if the searching line segment is on or close to the fissure
line, the average grey level should be low in T1-weighted MR slices and be high
25 in T2-weighted MR slices, and the standard deviation of the grey level is low with
most of the pixels being either above (T2-weighted) or below (T1-weighted) the
average grey level. As a result, the fissure pattern measure fpm(x,y,0) around the
fissure line should be high.
Referring to Figure 8, the steps to locate the fissure line includes:
30 determination of gross searching region (21); calculation of local symmetry index
Isi(x,y,0) for each searching line segment Is(x,y,8) in the gross searching region

(22); calculation of fissure pattern measure fpm(x,y,0) (23); maximisation of the



5 normal slices. Figures 7(a) and 7(b) show the fissure lines in T1l- and T2
wei ghted MR slices. In Tl-weighted MR slices, the fissure line is

char act erwoeab/ostsz7its | ow grey level, with nost of the pixeEEsdiaviong a

| ower grey |level than the average grey |level of the fissure line.
Simlarly, in T2-weighted slices, the fissure line is characterized by its
| arge grey level, with nost of the pixels having a higher 10 grey | evel
than the average grey |level of the fg ssure line. In both cases, the
standard deviation of the grey level on the fissure line is small. To

quant i fyobhiesi sdfh 3 Il ERmete inddxsa fsdué barommaasLire tb Hetstimimsluced by
the presefit 1 nvention. or each searchi % i ne segnent Is(ﬁg}/o,&\%, its
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grey | eyftulhedalyove the average as npa(x,y, O, and the nunber of pixels

whose grey level is below average as npb(x,y, O, then the fissure pattern
meas ub ewa X,y Me= XY mvilsiecsBgnent 1s(x,y, 0) is cal cul ated by:
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i th t of the pixels bei ith b T2-wei ght.ed) . of. _bel ”

(1" 4B, e apyorimatecs s ne regmp el SRSty A SRt i el FES s ¢ or n
nmeasur egéé}%mgyaréa i@?g&#{&gg%’&rriéd SGUWRN Ixi iRGrepktNt ot catd ohincrBafeat ring to

Fi gure e“st eps e the fissure |ine includes: 30 determnation
of grosg° ethecirshpunddo dind(tha Youghapesitiert pbiissere lipe sPo@eRSCoYodndex
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Isi(x,y..O for each searching |] ghen , i Lt e sear chi ng
regi on T'("é’?)a,m‘gﬁ I'ﬁ’f’pérpog’ftg?ioégﬁ?@%plﬁ ‘Lé?éwrﬁ%r@a}shuerg%y#%ﬂ(éﬁv,g ?ﬁ 23) ;
maxi m sadfinen sehrdhitly NEBIdR4RAABR FoPEA¢SR)Z8)IA QIS refindd weagthirgrregion, of | ocal
symmetry index and fissure pattern neasure to determ ne the approxi mated

fi ssdbetheyrsatisignent (24). Here the wei ghted sum of | ocal
-3.0 mm £ (X-Xp) £ 3.0 mm
Y =Yo
-3.0° < (0-6g) <3.0°
The search in the refined searching region is preferably done with X
20 increment 0.5mm, and 8 increment 0.5°. The final extracted fissure line segment
at slice Senum is denoted by its two end points (xx(snum), ys(snum), snum), and
(Xe(sSNuUM), ye(snum), snum) (where the first point is the beginning and the second
point is the ending point of the line segment) and its angle with respect to V axis
0(Ssnum).  Since the extraction of fissure line segments may be wrong, all the
25 extracted fissure line segments are called approximated fissure line segments
herewith.
Calculate the plane equation of MSP
Referring to Figure 9, the calculation of the plane equation of MSP

according to an embodiment is illustrated.
30 The first step is to histogram the angles 6(Senum) (61). Suppose the peak

of the histogram is 0.



symmetry index and fissure pattern nmeasure is denoted as ws(x,y,O, and is
cal cul ated by 5 ws(x,y, Q. = fpm(x,y,0) - wisj*Isi(x,y,0 where w,; is a
positive wenstaos27whi ch coul d be decided by discrimnant acais@ieocand may
vary in the range of 5.0 to 20.0. Fromhere onwards, it is fixed as 10.0
for the preferred system The searching line segment |s(x,y,0) that

maxi mses ws(x,y,O is taken as 10 the approxi mated fissure |ine segnent
at slice Ssnum The searching in thfgggross searching area is preferably
carried out with x increment 2mm and O increnent 2 in the first round to

find the rough foshbishh Bftofcbfbﬁlé’i&tHe'él@eéa%?éﬁce%?demeé'r%@r)um) arkhen ar ound

t he rough position o ssure i ne se the system defines the refined
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< 3.0 q1ﬁgre§@g,lqlrgeq Waf‘ﬁeo Z@Z% ﬂe@‘g@rﬁ '%@19%6?‘8?‘? ?%Drﬁ%/'@'fyag?%%syredone with x
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segnent snum s denoted by its two end points (xb(snum
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seqrent Foasee PRSbL AR AouRM b Roricelcy gg%'?ﬁh el ecion o°
ferggﬁftebﬂ?lﬁ!?f If rtlssuf[ag glfgwélgailgmmwtm are remoned. al | the 25 ext ract ed
herew t h. eT %'H'Ed; ftseﬁe ptPa?'ReD §>&U§§’$gg&§%&@t Zﬁ@ﬂlgfhtg gr ﬁﬁ 9, the
ffi: ﬁgi ?g{)@’gxiﬂgaéé@rﬁlgﬁ#rlépg}eeﬁmem (tes) rI\]/IEFbmattxo:;]a; demgining appr@wmmmrent is
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The secgpgngih§hdittstd retgHbshing Slitde conabeiny Bheing mohss dtnsighbofidgGsnum  and
slices, and connecting the approximated fissure line segments in the two slices
with smallest and largest z coordinates, as illustrated by Figure 10. The system
may calculate the normal of the polygon by Newell's method (David Kirk,
15 Graphics Gems lll, p231-232, Academic Press, 1992). The approximated plane
takes the calculated normal as the plane normal, and passes the average vector
of all the remaining approximated fissure line segments.
The fourth step is to calculate the distances of all the end points of the
remaining approximated fissure line segments to the approximated plane and to
20 create a histogram of the distance distribution (64).
The fifth step is to find the peak of the histogram of the distance
distribution (65). Denote the peak distance as d*.
The sixth step is to calculate the distance differences between d* and all
the calculated distances, and to remove those end points of the remaining
25 approximated fissure line segments with a distance difference bigger than 1.0 mm
(66). After the removal based on orientation and distance histogram analysis, the
remaining end points of the approximated fissure line segments are supposed to
be the right end points of fissure line segments.
The final step is to calculate the plane equation of MSP based on the
30 remaining end points of the approximated fissure lines (67) by a similar method
described in step 63: forming the closed polygon from remaining end points,

approximating plane normal, and calculating the plane equation which takes the



0% and to renove those approxi mted fissure |line segnents that have an
angle difference larger than 1.0 0 (62). The rational is, nost of the
appr oxi mawe&h3foeesare |ine segnents are correct and hence rdsGrlowkd have
very close orientation, 5 while the approxinmated fissure lines in sone of
the abnormal slices will have a scattered orientation which should be
excluded from cal cul ati on of plane equation of MSP. In this way, the
outliers in orientation are renovedgg The third step is to approxi mate the
pl ane equation fromthe remaining approxinmated fissure |line segnents (63).

From t h@aﬁ@lé@@%ﬂﬁ&g a8 PIndBiGfhal 4Ad fiassey thel Averagegetiot sf all e syst em
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I nates, I y

| ar gest z coor as Il Tustrated Figure 10. The system may
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create ghhbatRuoaMm Fo sétondsEraaCSGHIOR sydwerhi with (1Eigs .1000e, 195 tMH=tep is to

find the peak of the histogramof the distance distribution (65). Denote
t he pealPyl, endi90 MB RAM. The sixth step is to calculate the distance
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For a searching line segment Is(x,y,0), its modified local symmetry index is
a measure of grey level symmetry in its local vicinity. Specifically, for each pixel
(Xs,Ys) on the searching line segment, the system looks for the closest pixel which
is on the line perpendicular to Is(x,y,0) and passing (xs,ys) (perpendicular line)
20 with a grey level smaller than a value below which a pixel is unlikely to be an
object pixel which could be decided by histogram analysis. Denote the distance
between the closest pixel and pixel (xs,ys) as do. Check 5 pairs of points on the
perpendicular line with a distance to Is(x,y,08) do+2, do+4, do+6, do+8, and do+10
mm respectively. The contribution of the pixel (xs, ¥s) t0 the modified local
25 symmetry index misi(x,y,0) is -
fabs ( glxe+(do+2)c0s908, yeH(dp+2)sing00) —  g(xe-(do+2)c0s908,
Vo(do+2)sin900 ) ) + fabs ( g(Xs+(do+4)cos908, ys+(do+4)sin908) — g(xs
(do+4)cos908, ys-(do+4)sin900 ) )+ fabs ( g(Xs+(do+6)c0s900, Ys+(do+6)sin906) -
9(Xe-(do+6)c0s908, Ys-(do+6)sin908) )+ fabs ( g(Xs+(do+8)cos908, Ys+(do+8)sin906)
30 - g(xs-(do+8)cos900, Ys-(do+8)sin900) ) + fabs (  g(Xs+(do+10)cos908,
Ye+(do+10)sin908) - g(Xs~(do+10)c0s908, ys-(do+10)sin906) )



20 cal cul ated nornmal as the plane nornmal and passes the average vector of
all the vertexes of the polygon. A working illustration of this enbodi nent
of the i nwensioees2rs provided in Figure 11. It shows the NeR/SEF02@0006
T1-wei ghted MR vol une (256x256x168 voxels) 5 extracted using the present
enbodi nent of the invention. The correctness of the calculated MSP is
assured via checking the extracted fissure line segnents as well as via
medi cal expert's know edge of the egpected MSP. The tine taken for the
extraction is 30 seconds on a S@ 02 systemw th m ps. 10000, 195 MHz CPU,
and 190 MB Ray a1+0(>!§,><tyg)a%h ETRBAIHING NRe | Sbgndrtdisly,0)) cdiegateThe present
i nvention can also be applied to extracting synmmetry lines in radiation
i mages. cohiribution thomisi(xiy:)nthenfsust theoe ap awlrﬂmdeyvhe adabyniheilength o) . Here

05 o R e R oo Rt Suphel dhaSR o B o ERHIRLS . ¢ (he

15 symmehicWiHie nididoeyiigrt el y vertical. For a searching line segment
ls(x,y,O, Its m)dlf'led | ocal symmetry index is a neasure of grey |evel

sym*retfrj/la(x;y;ebls‘nllstﬁ&we) wi cinity. Specifically, for each pixel (xs,ys) on
the searching line segnent, the system| ooks for the cl osest §)i xel which
is on the liibme fm%m%osﬁﬁ)ﬂar Y4-ORISI0K00) 906 dotdras99tis s Vefeh+R)5iRE00)s )

(perpenéﬁ Qul ar | i ne) 20 with a grey level snmaller than a val ue bel ow which

a pixel sis aHal i k@hyahMchoRn y.0@j+2Binom-y&-dmmeaiooanh-a)sieoglec) ded by
hi st ogr &anal ysi s. Denote the distance between the closest pixel and

Pl XCl1d %5, Yiups 8 (g(Qﬂj %8&8§‘y59 mﬂfe) @9'( Eéc&.go;gﬂgjo+e}%%§6’a€;nd')0m ar line

wth a ]tanceht Y R do+6 and d0+10d ][rm . |
T
22555“ oo e A S0 Rl bRt Pheh BT, o555, o5t
N + 00,
<3028 O GRS ) Ao ith 18l

+(do+6 900
)ixfsaés°(g%§§‘§ g F498 6*2:” %9‘1&"‘5"?%éﬁs?“@éé?fﬁ%iﬁg?d‘é?S?%??@éé'” )

ys- ( do+&nageaocyrding-to patnijodypent-ig dustraipdos900, ys+(do+10) si n900) - g(xS
(do+10)cosQOtheysreggﬂalm s[hgg%%}atl)on image, its gross searching region is
determined (100). For approximately vertical symmetry, the gross searching
20 region (x,y,0) is defined by
-15mm < (X=X ) <15 mm

2mm<(y-ye)<2mm

-20° <0 <£20°
where Xx; = XSize/2, and y, = YSize/2.
25 For approximately horizontal symmetry, the gross searching region (x,y,0)
is defined by:

2mm< (XX )<2mm
-15mm < (y-ye ) £ 15 mm
70°<6 <110°
30 The next step is to calculate the rough position of the symmetry line (101).
This is achieved by minimizing the modified local symmetry index at searching
points in the gross searching region. Search is done in the gross searching
region preferably with x increment 2mm, y increment 2mm, and angle increment

2°, The searching line segment Is(x,y,0) that minimizes the modified local



WD 03/ 060827 PCT/ S&2/ 00006 21 For all (xs, ys) on the searching |line
segnent [s(x,y,O, calculate its contribution to msi(x,y,0), then sum
them up awe® @iosiste the sum by the length of Is(x,y, O to rgaUSGheocesdified
local symetry index Isi(x,y,0). i.e., the fornula to calculate
Msi(x,y,0 is 5 1s(x,y,0)) msi(x,y,0 =Y, fabs (g(xs+(do+2)cos900,
ys+(do+2)si n900) - g(xs (do+2)cos900, ys (do+2)sin900) ) + (xs, ys) fabs
(g(xs+(do+4) cos900, y5+(do+4)sin900ys g(xs (do+4)cos900,ys (do+4)sin900) ) +
(xs, ys) 10 E fabs (g(xs+(do+6)co0s900, ys+(do+6) si n900) - g(xs (do+6) cos900, ys

(do+6) sj : . :
(4070 <Ll Iy oo o irinicynhens 200 st 431900 -

Eggi(l%dgﬁcgd@a&&)(n?&%)),ys+(do+10)si n900) - g(xs (do+10)cos900, y5
sin XS, VS IR : i . i
(do+10) sTnO000) kot S delFFHRE QSR YA R g 81 23 on ©
i 11 ustr adrpdd rédib® (x,y,8p@idrund (b )6 ) adthtiiain i mage, its gross searching

region is determned (100). For approximately vertical symetry, the gross
searching 28.G & én(X(Xo)é,%)S) M defined by -15 nm <_(x-Xc) <_15m¥1 :

-2mb(y-yc) < -20< where xc = XSizel 2, q =
AL R 9on e ze/2,"and yo = YSize/2. 25

For appr oxi symmetry, the gross searching region (x,y,0)
i s defined byo-2(ep) &x8f, :5 2 nm -15 mm (y-ye 15 mnm 700<0 <_ 110 30

(ngl)n Xt St A ston s 1 Astorming the TR §aamety IndT184)° AHETELENe |1 e
via calculating the modified local symmetry index in the refined region and taking
10 the line segment that minimizes the modified local symmetry index as the final
symmetry line segment. The search in the refined searching region is preferably
carried out with x increment 0.5mm, y increment 0.5mm, and 6 increment 0.5°.

A working illustration of this embodiment of the invention is provided in
Figure 13. It shows a thorax image with automatically computed symmetry axis

15 superimposed. The time taken for the extraction is 50 seconds on a SGI O2
system with mips 10000, 195 MHz CPU, and 190 MB RAM.

This invention discloses a method for extracting MSP of human brain from
radiological images. To gain speed, part of the axial slices in the volume are
automatically picked out for fissure line segment extraction. Local symmetry

20 index and fissure pattern measure are introduced to describe the grey level and
geometrical features of fissure line segments in axial slices. The approximation
of each fissure line segment is mathematically defined as locating the line
segment that optimises the weighted sum of fissure pattern measure and local
symmetry index. In order to tailor for clinical data and possible pathology, two |

25 rounds of outlier removal are applied. The first round is to remove those
approximated fissure line segments that have quite a large angle deviation (1.0°)
from the most probable angle of all the approximated fissure line segments. For
the remaining approximated fissure line segments, a plane equation is
approximated. The second round is to remove those end points of the remaining

30 approximated fissure line segments that have quite a large distance deviation (1.0
mm) from the most probable distance to the approximated plane. Both the most
probable angle and most probable distance are determined by finding the peak of
the corresponding histograms. After two rounds of removal, the remaining end



This is achieved by minimzing the nodified | ocal symetry index at
searching points in the gross searching region. Search is done in the

gr oss seawghi3rgos2regi on preferably with x increnent 2mm ydmwsGoeememws 2mm
and angle increment 2. The searching |ine segnent Is(x,y,0) that mnimzes
the nodified | ocal WO 03/060827 PCT/ S@2/ 00006 22 symetry index is taken
as the approximated symmetry |line segnent and is denoted as |s(xo,yo, Qo)
The next step is to determine the reggined searching region (102). The
refined region (x,y,0 is around (xo0,yo, @) such that: 5 -3.0 mm <_ (x-Xx0)
<_ 3.0 ts of Q{E%phi(ﬁ‘)afed ﬁssQJré”Fhe -ségfifentd ArBdmbined- 9 cEikiIdteniaé step is
to dete netheflnal symmetry |ine 8103 This is done via calculating
t he nodpfanedeqw@n efy ryThendé;%lolSﬁdtrﬁ@thPéW%GX‘i’@le M$P afr eliigahg 10 the
| i ne Se%[ﬁfﬁ% éB%ﬂrﬁé@Eﬁ%hW@O'%ﬁbﬁ%dd@f g ardwit8*sctgp t he final
symretry 11 ne Segnen earch 1n the rerined searching reglon is
preferatégardleas rof dide onatrivnidirnensiomof dherimagesr@as lgrgenas @pexR56x286m and 0

71 BB BB Sl YA, SR R el

conput edeanHim@tdrientations (kiak ucm'bnaﬁpose;dgltfﬁl)e mdrmortrMeor fpatholdgicadxt r act i on
is 50 seconds on a SA@ 02 systemwth mps 10000, 195 WMHz CPU, and 190 MB
RAM ThS4PiEA®ent i on di scl oses a method for extracting MSP of human brain

from radi ol 9ab GréfelrBBIRbodIRelRINGIURIRE & md)@ stepé: (ﬂ'}ﬁb@éﬁhﬂhmg@x@s in the
volune are automatically picked out for fissure |line se h extraction.

Local sylinastioybelarthagemecesrediips isuse e segMCHiSa &)raPPEdEM H'PQ SRRd to
deSCH'obﬁné kg H\%ﬁbéfhf‘a‘k%h sk %Sp{mts%h&ﬁbf fRal svrﬁﬁ]eﬁiz ihdSSHhEfisdUre segment s

in axia e appr oxi each fissure’line segnment is
mat hemapatteﬂnl ynebstirmeandhd3) calaulaiiggt the Iplane egqugligmioft MSP &9M rihes t he

el gt ed S ALich SaUp fBLbAERRARMIGARGAAARRL  symeLry Tndex. Ln or der

to tail A e taan 0ssI bl¥e pa two 25 rounds of
outlier rermWith slight mogificetibn, Tlmenfetm@i |srampiled|te exbraciingsymmatsy dne
appr oxi mat ed f{ ssure |ine segnents that have quite a | arge angle deviation
(1.0) in a radiation image.
15 As the present invention may be embodied in several forms without
departing from the spirit of the essential characteristics of the invention, it should
be understood that the above described embodiments are not to limit the present
invention unless otherwise specified, but rather should be construed broadly
within the spirit and scope of the invention as defined in the appended claims.
20 Various modifications and equivalent arrangements are intended to be included

within the spirit and scope of the invention and appended claims.



fromthe nost probable angle of all the approximated fissure |ine segnents.
For the remaining approximated fissure |ine segnents, a plane equation is
appr oxi mawed3/osbs27second round is to renmove those end poi rcI/sGo2i0h@®6

remai ning 30 approximated fissure |ine segnents that have quite a |arge

di stance deviation (1.0 nm) fromthe nost probable distance to the
approxi mated plane. Both the nost probable angle and nost probable

di stance are determi ned by finding $he peak of the corresponding

hi stograns. After two rounds of renoval, the remaining end WO 03/ 060827
PCT/ SQ0@{ A@§6 23 points of the approximated fissure |ine segnents are
conbined to cal culate the plane equation of MSP. The discl osed nethod can
extract MSP for clinical routine 3D MR images within 30 seconds under a

comon hard [F X i mges (as
| ar ge ali; ZS\QRéﬁ%tﬁg@gdegqumpﬁig@que c@?n?@% bb tr@h‘ﬁggﬁu'?'gdagp Etﬁeed flair,

or protsepdefisity wei ght ed), scanning orientations (axi aI coronal or
sagittal), and no odi nent
hel udes 3 il or Aagune A it ol oL FhopAL RN BeRnET )

eamont o ol ol cen by ont I Hicat o of Local sy f""*&““gﬁ‘eex"lgnhi "
fissur e'nﬁli{d!r&gr A rﬁ@&%ﬁ‘ﬁ%?"'&%@‘ (y%)at étélci,elﬁ‘Frﬁt?Wgarﬂ I?é"gfﬂ émTE‘e[ﬁ%B? ol? ¥f MBP from
t he gfe‘&’é'témﬁr‘?éh é*@%flfh% ,Hagg pORFENL S via hi stogram anal ysis. Wth slight
nodi fication, the net ied to extractin srmetr¥lllne in a

radi ation inblge. 06 A@Ch heep @Qnt"ﬂenv%?ﬁm@ﬁ rrﬁ?elﬁ'@'r@nb%d ity ilecadever al
forms . [ f t er| stics
of the. PhtaHergfAccbfiinct Wi heaBbiciorfly potfsrRiact flo GRACA

enbodi nima segmentnot to | m't t he present invention unless ot herW| se
speci fied, but shoyl d be ¢ nst 1.1 i aSpLrit and
scope of t he® |nve(5ﬁq?r5'ﬁ'ngs oy P 'é h@g E ﬁded @I\@g{)%acégﬁ\t}gréous

modi fi cailcelasiombdsadion wad first Ioealrohagmtamls. are intended to be included
within the spirit and scope of the invention and appended clainms. WO
03/ 060827 PCT/ SG02/ 00006 24

2. A method as claimed in claim 1 wherein, the first local characteristic is a
local symmetry index Isi(x,y,0) determined according to:

a) for at least one pixel on said searching line segment, determining
the sum of grey level differences for N pixel pairs located each side of said at
least one pixel, said pixel pairs located on a line perpendicular to said searching
line segment and intersecting said at least one pixel;

b) summing said grey level differences determined in step d) and

dividing this sum by the length of said searching line segment.

3. A method as claimed in claim 1 wherein, the first local characteristic is a
modified local symmetry index misi(x,y,0) determined according to:

a) for at least one pixel on said searching line segment, locating a
closest pixel having a grey level less than a value below which a pixel is unlikely
to be an object pixel and located on a line perpendicular to said searching line
segment and passing through said pixel, and measuring a reference distance

between said closest pixel and said line segment;



CLAIMS: 1. A nethod of determining symetry in an inmage, the nethod
including the steps of: a) determne at |east one searching |ine segnent
wi t hin a woe@coszed search area of an image portion, the PiT/S@asbvooene
searching line segnment including a reference point (x, y) at its centre
and an angle O with respect to a predeterm ned axis of the image portion;
b) for each searching |line segnent, determne a first local <characteristic
in accordance with a neasurenent atopoints adjacent the searching line
segnent; c) determne the symretry in the inmage in accordance with a

cal cul ati on ppsediopmat kst foneSpixélasrhbaid wapsHigy ling isegmient, Adenatmmgas cl ai med
inclaiml wherein, the first | ocal chargcteristic hs g of 4 m"retry

i ndex | dhg ﬁU'V of orepelevphdiffeienges frdY Riet Rairsipcaigd egch) on said
sear chi g;d P&@| ggﬁérqaéate&%rﬁrsgld”hﬁw ePﬂB?ndﬁM!HrOfo ga.aynr#@\éebrr@hf faﬂaences for

N pi xel pal ated each si | east one pixel, said pixel
pairs | dntersedtingsaid lait le@sb@mq)gmai,cul ar to sal d searching |ine segment and

| ntersecti 09¢p al dodh o |GOQEGVS§3§§L 'f@dﬁ”ﬁé i Ng {rﬁ%e i E%f/)l @X%hfiengt h of

di fferences et er M Nac 'S sum

sai d seaiividing thi$ sam metgmngth 8f sdid searebitigdisesegmestl i n claim 1 wherein, the
first local characteristic is a nodified |local symetry index msi(x,y,0)
determ ned according to: a) for at |east one pixel on said searching |ine

segment 4,1 ocAt mgthod a§|cfa$rﬂ§ti uﬁ)icmﬂn haxiengnaNge €y ahdvihe phed pairbaarea val ue
bel ow which a pixel is e,y to. be ﬁn obj. ect |er and | ocated on a
line perQriRfl 8d &b 6 8 a8 |1(S0 nYBiesReFiyeli %mséé‘gﬂre' RESLANE W%®si ng t hrough sai d
pi xel, and neasuring a reference distance between said closest pixel and
said |ine segnment; WD 03/ 060827 PCT/ SG02/ 00006 25)%)1 for at |east one

pi xel or. amptaedias klaiged imelaise §hareingli=p @ndi the Pixeh Bk A{IPCYREy | evel

di fferenges 4 @ ghaiy éehnﬁgldssseh@‘?éfé?ﬁ ﬁad?ﬁaﬁbQQfeQ{)ecﬁﬂrb@ Roitesaid &ai d pi xel

pairs | ocated on sali perpendicular to said 1ine sSegnent and
least one pixel.

6. A method of determining a symmetry plane line segment of a 3D image,
the 3D image comprising a set of parallel 2D slices, the method including the
steps of: -

a) determine a first subset of slices from the plurality of 2D slices in
accordance with predetermined criteria;

b) for each of the first subset of slices, determine at least one
searching line segment within a predefined search area of the slice, the at least
one searching line segment including a reference point (X, y) at its centre and an
angle 6 with respect to a predetermined axis of the slice;

c) for each searching line segment, determine a first local
characteristic in accordance with a measurement at points adjacent the searching
line segment;

d) for each searching line segment, determine a second local
characteristic in accordance with a measurement at points along the searching
line segment;

e) determine the symmetry plane line segment in accordance with a
calculation based on the first and second local characteristics.



intersecting said at |east one pixel; c¢) sumring said grey |evel
differences determned in step g) and dividing this sumby the | ength of
sai d sear ol i3gebs2zne segnent. 4. A nethod as clainmed in cl @aowstGozoerei n, N =
5 and the pixel pairs are |ocated at 2, 4, 6, 8 and 10nm respectively,
fromsaid at | east one pixel. 5. A nethod as clainmed in claim3 wherein, N
= 5 and the pixel pairs are |located at 2, 4, 6, 8 and 10mm pl us said

ref erence di stance, respectively, fmgmsaid at |east one pixel. 6. A

met hod of determining a symmetry plane |line segnment of a 3D image, the 3D

i mage compri & mattddsad cRime@iriblafh E2Wheieir; ake fitdtdocattcharhdteristicds ag t he
steps of: a) determne a first subset of slices fromthe plurality of 2D

slices ilpcal gppmegairdexisitny §) determinedReacEinderi a; b) for each of the first
subset of sliges, foq%ttEfé%t'lﬁ}?abix{al.e@ﬁ%aﬂr%ar&ﬁﬁ%(ﬁhé%ghié?\?, §&efRAIhgW thin a
or the sl ast

predefined search area ce, the at ne searching™line
segrment thesundohgrey leedledifeveacemifort N (pixel priratlo¢ated eash reideantisaid atangl e 0

with respect to.a,predeternne i |ce: f ar sear chi ng
e sedreeneiftlr e Prp foctiele b i betperiiayiitil Ria S3BAGCC " T
rreasu[]enmaltsegmenoam mt@dgaﬁ@rﬁaid heleastaonelpixad; |ine segnment; d) for each
searching |line segnent, determne a second | oc characteristic in

accor dance wiF h aglﬂmﬁ!;”& orey (??)‘fﬁ' rfﬁgerﬁp‘c‘)‘??g d?e}.%rrgréeg Jhi %[’%) e segment ;
e) det erqyimg ttlﬂ@sﬁh‘m’ﬁ?ﬂw&e@tﬁ@?séid%@a&ﬁﬁ?ﬁk Jegnpgor dance with a

cal cul ation %ased on'the first and second |ocal characteristics. WO

03/ 060827 PCT/ S@02/ 00906. 25 7. A nmethod as cl ai _rred in c! aim 6 wherein, . t he
first lqgal %hﬁgeﬂféoeéé %'i%iﬁleﬂsinaclaihp?%he‘-‘#iw Ly5 iangdeme! sikdpairsQredet er m ned
a or at t [

according to: east one pixel on said searching |'ine segnment,
det er m docajed at Aet, Sufhasid tiney, taspectivelys fremesaid at least Qdeppixell pairs | ocat ed
each side of said at |east one pixel, said pixel pairs located on a line
per pendi cul ar to said searching

9. A method as claimed in clam 6, 7 or 8 wherein, the second local

characteristic is a fissure pattern measure fpm(x,y,0) determined according to:
fpm(x,y,0) = 0.5(255-agl(x,y, 0)) - sd(x,y,0) *0.8 YSize/ (3 npb(x,y,0) )
for T1-weighted slices, and
fom(x,y,0) = 0.5agl(x,y, 0) - sd(x,y,0) * 0.8 YSize/ (3 npa(x,y,6) )
for T2-weighted slices,
where agl(x,y,0) is the average grey level along said searching line
segment Is(x,y,0), sd(x,y,8) the standard deviation of grey level along Is(x,y,0),
npa(x,y,8) the number of pixels on Is(x,y,8) whose grey level is above agi(x,y,0),

and npb(x,y,0) the number of pixels on Is(x,y,0) whose grey level is below

agl(xy).

10. A method as claimed in claim 6, 7, 8 or 9 wherein, the calculation of step

e) includes a weighted sum ws(x,y,6) of the first and second local characteristics.

1. A method as claimed in claim 10 wherein, said weighted sum ws(x,y,0) of
said local symmetry index Isi(x,y,0) and said fissure pattern measure fpm(x,y,0)
along said searching line segment Isi(x,y) is defined by:

ws(x,y,0) = as* fpm(x,y,0) — az * Isi(x,y,0)



| ine segnment and intersecting said at |east one pixel; b) summ ng said grey
| evel differences determned in step f) and dividing this sumby the

| engt h of woaisdeesear chi ng |i ne segnent. 8. A nethod as cl aireadkdm/oedoai m 7
wherein, N =5 and the pixel pairs are located at 2, 4, 6, 8 and 10mm
respectively, fromsaid at | east one pixel. 9. A nethod as clainmed in claim
6, 7 or 8 wherein, the second local <characteristic is a fissure pattern
nmeasure fpnm(x,y, O determ ned accoraiyng to:  fpm(x,y, O = 0.5(255-agl (x,y,
0)) - sd(x,y,0) *0.8 YSize/ (3 npb(x,y,0) ) for Tl-weighted slices, and

fpm(x,y, 0) =wherad) (alhdy a, @e 'po‘éﬁ(/é floafihg ‘cofsBniéSttee/aré Watomiived by) ) for

T2-wei ghted slices, where agl(x,y,0) is the average grey |level along said
sear chi rc@eqrmréant@égtyéﬁt | s(x,y,0), sd(x,y,0) the standard devi ati on of grey

| evel f?g IaSfbitnbdds Fl(al?ﬂé’ci B‘S mebné %?CE?H%GIB of Hbfé'?rll hheitiddsy, 0) whose

grey le i s above a X,y,0 nunber of piXxels on
I s(x,Y, QJ)ermrmeélrgmA@Stem/ei dlfferebétesmiutlag?b (rwlugd)ng 10 A met hod as clained in

claime6, 7, or i.n, j t ) gq% a wei ghted

sum ws(x,y, 0 a)of ?%%}"S@ﬁgéﬁ aaﬁlrgpg%?%ﬁrégqaé@% Sgtﬁ‘é"?‘a%‘lt%&‘? 3res, H d A et hod

as claimgd in claim10 wherein, said weighted sumws(x,y,0) of said Iocal

symmetry index Isi(x,y,0) a S id ssure pattern neasure fpn(x,y, 0)

al ong sai d searchil &?d"h%é‘@ggﬁmﬁ;t)si MNy) is defined by: ws(x,y,0) = al*

fpmx,y,0) a2 * |‘€LE¥X WO 03/ 060827 PCT/ SG2/ 00006 27 where al and a2
const

are positive flo ants that are determ ned by discrim nant
anal ysis. 12. A nﬁ@ﬁécﬁ &l1®@lainmed in any one of clains 6 to 11 wherein the

T v 1 Y 58 oSSR B S 5160 oo besn Bt 09 (2
-10 nm _anghs- mefehisari naf) 27 Gonwstinyats #he(Essitiom) of said symmetry plane line
segment, where Xo(Ssnum) and Ye(Ssnum) represent the centre of said slice;
(b)  searching in a second predefined fine search area of a slice defined
by
-3.0 mm < (X-Xp) £3.0 mm
y=Yo '
-3.0° < (68-6p) < 3.0°
with a fine searching increment, given by an x increment of 0.5mm, and an
angle increment of 0.5°, where (xo, Yo, 60) represents the searching line segment
that maximises said weighted sum of said local symmetry index Isi(x,y,8) and
said fissure pattern measure fpm(x,y,0) in said gross search area with said gross

searching increment.

13. A method as claimed in any one of claims 6 to 12 wherein said first subset
of slices from the set of 2D slices are determined in accordance with the following
predetermined criteria:

(@) calculate average grey levels for each slice;

(b)  calculate a histogram of said average grey levels;

(c) determine a grey level threshold;

(d)  determine a first slice with a grey level equal to or greater than said

threshold;



-10<_ 0 <_ 10 with a gross searching increnment, given by an x increnent of
2mm and an angle increnment of 2, to estimate the position of said
symet ry ploasaebszne segnent, where xc(Ssnun) and yc( SsnupCTspres®nt t he
centre of said slice; (b) searching in a second predefined fine search area
of a slice defined by -3.0 mx_(x-x0)< 3.0nm y =yo -3.0<_ (0-00):5 3.0
with a fine searching increnent, given by an x increnent of 0.5nm and an
angl e increment of 0.5, where (xo, yg, Oo) represents the searching line
segnment that maxim ses said weighted sumof said |ocal symretry index
I'si(x,y,0) apy Sdtbrntihe aURSt ek tiiha BRASIBVE efqaamdr,@)eatemm ghigr 0ss
search area with said gross searching increnent. 13. A nethod as cl ai ned
in any dnweshgldans ns 6 to 12 wherei n said first subset of slices fromthe
set of 2D sl e t I

pr edet er m negfcr ﬁ%?mqﬁé?ghd%aﬁc} ate aﬂ?g%?éé’#vgen %\@ef@k fsg(\r!é gggh slice;
(b) cal caiddast sicdri st ogram of said average grey levels; (c) determne a
grey level threshold; (d) determne a first slice with a grey | evel equal
to or greater than said threshold; WO 03/060827 PCT/ SG02/ 00006 28 (e)
determ ng, a Aaﬁéthauiaseclmﬁdu i @iyeyné ef elaims|Bab tdwherejn dae syminedy sai d

t hreshol d; and det er slice ingrenent step size between said first
slice aRrlfnedines 9 t@qﬁ%;urq_ﬁne ﬁegm?%’g ajuedipal;l W@E ®in any one of clains 6
to 13 wherein the symmetry plane line segnent is a fissure line segnent of
a nedical image. 15. A nethod as clained in clabm 14 wherein, the nedical

i mage i 45a Homeead ias Flairged pposlgie ol yWhatgine e omediceb iMRIe HS Rol | owi ng

t echni qygRimetric image produced by any one or more of the following techniques:

a) CT;

b) MR
C) PET;
d  SPET.

16. A method of determining a symmetry line of a 2D image, the method
including the steps of

a) determine at least one searching line segment within a predefined
search area of a 2D image portion, the at least one searching line segment
including a reference point (x, y) at its centre and an angle 6 with respect to a
predetermined axis of the 2D image portion;

b) for each searching line segment, determine a first local
characteristic in accordance with a measurement at points adjacent the searching
line segment;

c) determine the symmetry line in accordance with a calculation based

on the first local characteristic.

17. A method as claimed in claim 16 wherein, the first local characteristic is a
modified local symmetry index mlsi(x,y,0) determined according to:

(@) for at least one pixel on said searching line segment, locating a
closest pixel having a grey level less than a value below which a pixel is unlikely
to be an object pixel and located on a line perpendicular to said searching line



a) CI;, b) MR; «c¢) PET; d) SPET. 16. A nethod of determining a symetry
line of a 2D image, the nethod including the steps of a) determ ne at

| east onewxe@rosbizng | i ne segnment within a predefined searrdr/ssreacmb a 2D
i mage portion, the at |east one searching |line segnment including a
reference point (x, y) at its centre and an angle O with respect to a
predeterm ned axis of the 2D inmage portion; b) for each searching |line
segnent, determine a first local ch2gacteristic in accordance with a
measur enent at points adjacent the searching |ine segnent; c) determ ne
t he symmsdgryenti ared passaing:cblm@agbesa‘rd fixety ared endastring abesfencerdisthrcd i r st

| ocal ch racterlﬁtCI rﬁ\ 8ﬂﬂas claimed in claim 16 wherein, the
first | oceVeenSpLGIsss P'ix8 ?'ﬁ%@' QIFEIE ocal symetry i ndex msi(x,y,9)
det ermi ned aqppr diftwat I@asl(@:)e bl ah daﬁtﬁ%bamﬁmgﬂlnéeéeg?ﬁemaddt@tﬂﬁf@' ng line

segnent, |l ocating a osest pi xel having evel less than a val ue
bel ow whif€rsUin S LEsy leyehﬁ?fﬁewms feropikel RSJ8 @65 gecRelide Rl SPidd@d on a

line perggadiigs!! Seirst lbcé@ddoﬁeﬁ@hinegpémﬂﬁdlmap%%ﬂ?%ﬁe W%MOOG 29

segnment and passing through said pixel, and nmeasuring a reterence distance
bet ween igtargeatingsast atjeastionamixelai d i ne segrrent (b) for at |east one

pi xel on sai dysearschiniig| L G88TEN AfiEAEE Ml 1P P Sy | eve

di fferences f pi xe iTs I eac sai sai d pixel
pai rs | odiviting tbis ssum Uythedengibrqcﬁeaidii sealrehing hnessaegﬂnéntne segnent and

I ntersecting said at |east one pixel; ¢) summ ng said grey |evel
differences determned in step b) and dividing this sumby the | ength of
sai d seat&hi nynidtinel aeglemméd lnl8ny éneref blaiins136 o di7retkrein Bysymmestpf cl ai s

1 r 17 rein n ry lin f | .
6o Iln\g}gaesymr}\ee Isr}/emTfea m)édlcal |meagles a symetry line of a medical imge

19. A method as claimed in claim 18 wherein, the medical image is a 2D
radiation image.

20. A method of calculating a symmetry plane in a 3D image, the 3D image
comprising a plurality of parallel 2D slices, the method including the steps of:

a) determine a first histogram of a first local characteristic of line
segments within a predefined search area of selected slices, the first histogram
including a peak first local characteristic;

b) determine differences with respect to the peak first local
characteristic for each first local characteristic;

C) determine a first set of line segments having differences less than a
first predetermined threshold;

d) calculate an approximate symmetry plane in accordance with the
first set of line segments;

e) determine a second histogram of a second local characteristic of the
first set of line segments, said second local characteristic being determined with
reference to the approximate plane of symmetry, the second histogram including
a peak second local characteristic;

f) determine differences with respect to the peak second local
characteristic for each second local characteristic;



19. A nethod as clained in claim18 wherein, the nedical imge is a 2D
radi ati on image. 20. A nethod of calculating a symetry plane in a 3D

i mge, the@D/oeorge conprising a plurality of parallel 2@p@iSGrespooshe
met hod including the steps of: a) determne a first histogramof a first

| ocal characteristic of line segnents within a predefined search area of
selected slices, the first histogram including a peak first | ocal
characteristic; b) determne differedites with respect to the peak first

| ocal characteristic for each first | ocal characteristic; c) determne a
first set of 9)i ne detgymine thehend pgints bf arsecord skksk lindaagmentsi liating

pr edet er gi d, C late. a imate symmetry plane in
accordangﬁefg%ﬂgﬁg[q%gt{'%q?g?&oggfﬂr%ﬁet‘%m@egé@pﬁgﬁ@@ e) determ ne a second

hi st ogram of ) secaldiati@dnd sypanetey elarsd based drheaidf ERgtpsiek 6 tHd ne
segnents, said second | ocal characteristic being determned with reference
to the aﬁﬁ%ﬂﬁﬁg{’@"ﬁ%ﬁ@%ﬁs-symt ry, the second histogramincluding a
peak second |ocal characteristic; f) determne differences with respect to
t he peak_second |l ocal characteristic for each second | ocal characteristic;

WO 03/ 068827 Arrfiindias dainws! insirig)2Qwberiein. e fnsblosakrhasagierstisfis thesecond set
of Iine SRARMLS iR&\se H)enﬁ'\nfitﬁer:%%rgéé’tstol ?jﬁg& Hni@eé%%f Qﬁ@%@fe%fégt ned

t hreshol d;” h) cal cul ale the sy try p ased on said end pornts of the
second stlicesand thaefirsbignedeatesmingd. thriesheldli dn angle! thieshdldiof 1cd°ai m 20 wher ei n,

the first local characteristic is the angle of a |ine segnment with respect
to a predeterm ned axis of the selected slices and the first predeterm ned

t hreshol2R.i s sammaihgl ead hulgifledl th airh. 20 32-21AwWRKEIAd tRe §dcah#erchn cl ai m 20
or 21 wh reicE .theﬁzec nd local characteristic is the distance from end
poi nt s dharqgienslicjsdhe disiancegomang palpls ¢ffline| segananis) pbesfinshselapld

appr oxi Mivee SaymeHts Y id! 386 aphréiRake CORmeRY PRy NhAGd I sslipld is a
di stance threshold of 1.0 unit Ienqth.
predetermined threshold is a distancethreshold of 1.0 unit length.

23. A method as claimed in claim 20, 21 or 22 wherein, the line segments are
symmetry plane line segments as claimed in claims 6 to 19.

24, A method as claimed in any one of claims 20 to 23 wherein the symmetry
plane is a midsagittal plane MSP of the human brain.

25. A computer program product including:

a computer usable medium having computer readable program code and
computer readable system code embodied on said medium for determining
symmetry in an image, said computer program product further including:

computer readable code within said computer usable medium for:

a) determining at least one searching line segment within a predefined
search area of an image portion, the at least one searching line segment
including a reference point (x, y) at its cenire and an angle 6 with respect to a
predetermined axis of the image portion;

b) for each searching line segment, determining a first local
characteristic in accordance with a measurement at points adjacent the searching
line segment;



23. A nethod as clainmed in claim20, 21 or 22 wherein, the line segnents
are symetry plane line segnents as clained in clains 6 to 19. 24. A

met hod aswd @ioeest7i n any one of clainms 20 to 23 wherein tlrETESGM®OGY pl ane
is a mdsagittal plane MSP of the human brain. 25. A conputer program
product including: a conputer usable nmedi um having conputer readable
program code and conputer readable system code enbodi ed on said nmedium for
determning synmmetry in an inmage, s8f d conputer program product further

i ncl udi ng: comput er readabl e code within said conputer usable nediumfor:

a) determ ni g at desamtiniogetheeayrotiiehy in tiee Smggenin \actdvidance pritidef | ned

search area of an i e portion, the at Jeast one searching |ine segnent

i ncl udi n%ﬁgul?%q@@g?ﬁb@gﬁqst@%al ﬁg‘arﬁ‘f’f’iel”tgéc'cent re and an angle O with
respect to a predetermned axis of the image portion; b) for each

sear chi | .o, i,k first local characteristic in
accorda%é‘ W ﬁé@%ﬂ%ﬁ@[ﬂgg%?ﬁrg%@t%h@@d.adj acent the searching Iline
segnent; WO Qﬁg@lﬁﬁﬁt%? u@%ﬁ]éS@cﬂbﬂDlF&iﬁﬁwg Bdrgpbnegeé&]‘ab%mb][@réﬂﬂecloﬁﬁmlﬂmry in the
i mage i n_accqrdanc ith a calculation based, on e first |oca

char act e‘fqrgﬁlﬁ@f r%i_eab% SHHBM €9 %PH&OQFﬁdpP'Bcﬁ?H medym fe éfet%{"%ﬂ%lﬁ er usabl e
nmedi um hg)ymmetrg pravét ki § | &t PBDYRGEC L3P Nfhags QBRPrRIng' £36eBf € system
code enbodi ed on said nmedi um for deternini ngf symmetry plane |ine segnent

» " a ] »
of a 3D Paralpl 2Dt slices pspifegERUATI PeTaRyPrRAYek Tugher iRglhdingel 2D slices, said
conput er prOg;roﬂfﬁlﬁélq‘éél&éblé%Hé‘ﬁfithln”é&id@érﬂﬁ?teﬂ?wé echiA%@P! € code within
sai d conputer usabl'e mediumfor: a) determning a first subset of slices
fromthe plurdl it @etgrmiing Rifiteissubset eicdlised diope thei plorgliteakbRralicesth criteri a;
b) for e heauf of . slices, determining at | east one
sear chi n%&?{dr%\c%g@%r%ﬁ%@ﬁﬂﬁ%ﬂ%nﬁrgdefi ned search area of the slice, the at
| east one sdmr chiforgebémef sthgnfinst subsétudi stices, rddtemdning abiledst (one y) at its

centre as%%r&rllng finéd lsggr%em \Fw hiha Bree%tefi;%é)d gegr[:ﬁdaeréae b .hrclaegic%z( i’[hse gtf letagte slice;
one searching line segment including a reference point (x, y) at its centre and an
angle 0 with respect to a predetermined axis of the slice;

C) for each searching line segment, determining a first local
characteristic in accordance with a measurement at points adjacent the searching
line segment;

d) for each searching line segment, determining a second local
characteristic in accordance with a measurement at points along the searching
line segment;

e) ~ determining the symmetry plane line segment in accordance with a
calculation based on the first and second local characteristics.

27. A computer program product including:

a computer usable medium having computer readable program code and
computer readable system code embodied on said medium for determining a
symmetry line segment of a 2D image, said computer program product further
including:

computer readable code within said computer usable medium for:

a) determining at least one searching line segment within a predefined
search area of the 2D image, the at least one searching line segment including a



c) for each searching line segnent, determning a first | ocal
characteristic in accordance with a neasurenent at points adjacent the

sear chi ngwd a3neoseegnent ; d) for each searching |ine segnmemCr/s®enesni ng a
second | ocal characteristic in accordance with a neasurenent at points

al ong the searching |line segnent; e) ' determining the symmetry plane |ine
segnent in accordance with a calcul ation based on the first and second

| ocal characteristics. 27. A conput &2 program product including: a conputer
usabl e nedi um havi ng conput er readabl e program code and conputer readable
syst em creferencdpdine k, ghatits centedancharh angléed witinrespegt © a pyedeidrmndd ne
segnent of, aé i.mage, said conputer program product further including:
conputera’f‘%a B1SUC&0ode within said conputer usable nediumfor: a)

det erm ni ng 3(% | egst aph %@éf&mgqghdé n@eg‘?ﬁé}ﬁenéleté’rrﬁlhir@; ag PfiRdefdcapd search
area of the 2D image, the at |east one search mgt I ne segnent including a
g

WO 03/ 06@'@2@“?@7@@@%@9@0@ WB*Z%@?MW@@”WM&' ﬁdJ%Vl‘)?nh eiseardhéit re and an
angl e 0 wddbdrfsipect to a predetermined axis of the slice; b) for each
searching 111me segnent, determining a first local characteristic in
accordance wigh adetaaginiegrehe lite segmest dnlj aasordanchewdBaa cealeigatian ne

segnent ; { egnent in accordance with a calculation
bdaeg U5t BRI A% RS alenge

based o r'st ar ac eristic. 28. A conputer program product
i ncludi ng: a conputer usabl e nmedi um havi ng conput er readabl e program code

2 syrmery i EEPAk Broptah RS ReRRE, T O S Sing a plurality of
paral | el 2D asbmmpster snaamleamqwmehawmg)gmmpuipr oeadabld pragiam gadel andi ng:
ot or m v OB BT b Rodd SRR o edlh et o Pabiteeng™s | e
symmetry plane in a 3D image, the 3D image comprising a plurality of parallel 2D
slices, said computer program product further including:

computer readable code within said computer usable medium for:

a) determining a first histogram of a first local characteristic of line
segments within a predefined search area of selected slices, the first histogram
including a peak first local characteristic;

b) determining differences with respect to the peak first local
characteristic for each first local characteristic;

) determining a first set of line segments having differences less than
a first predetermined threshold;

d) calculating an approximate symmetry plane in accordance with the
first set of line segments;

e) determining a second histogram of a second local characteristic of
the first set of line segments, said second local characteristic being determined
with reference to the approximate plane of symmetry, the second histogram
including a peak second local characteristic;

f) determining differences with respect to the peak second local
characteristic for each second local characteristic;

) determining the end points of a second set of line segments having
differences less than a second predetermined threshold;

h) calculating the symmetry plane based on said end points of the
second set of line segments.



segnents within a predefined search area of selected slices, the first

hi stogram including a peak first local characteristic; b) determning

di f f er ence® asiobbB2r espect to the peak first |local charact exdresdGoe/ob@s each
first local characteristic; c) determning a first set of |ine segnents
having differences less than a first predeterm ned threshold;. d)

cal cul ating an approxi mate symetry plane in accordance with the first set
of line segnments; e) determning a ¥xond hi stogram of a second | ocal
characteristic of the first set of |ine segnents, said second | ocal
characteristic being det erm' ned wth reference to the approxinmate plane of

Shareet 29.o1 A maisotiet SR MISR BY & AT BB nages PRdNGak second

local qRak@psesti stic for each second | ocal characteristic; g) determning
the end points of a second set of |ine segnents having di fferences |ess
than a secon(ﬁa)pre@@teémiﬁ"ﬂﬂa(ﬁxt%r%@ﬁ%lt& be)) PregessedafrPiy Sﬁﬁe’%@‘h‘ﬁ@@?&/ pl ane
based on V%g%% end points of the second set of line segnents. WO 03/060827
PCT/ SG02 6 33 29. A nmethod of extracting MSP of a brain from

radi ol ogi cal (Prmagepalysiogsaidraxialistieessiofeiersiine {isgureléine pegmenig; and al sl i ces
to be proces dfr i i ( i id axial
slices to det? rm ne Iﬁgfggpfaﬂﬁl %ggg&é'grgr@rq?gwm %a'df ur%'\ﬁ" uﬁ% n}am ane
equati on of MSP fromsaid fissure |Iine segrrents 30. A net hod as claimed

in clal in the said.ra s ,of ral can be from
di ffere 2{; e?hc& 8' %’l" %ﬁn Qggwﬁe'gﬁig‘a ??fd r?d'8f‘)> g‘éag?e%uences
(e.g., Blameztaahb@dronﬁ %ﬁmmhﬁe@hht*bbqerg. G, MRpPerr SEET btc W@'ﬂts@d)

arbitrary scannin ent axj rona agi.ttal rmal or
S bnor o SbaAL (g5 TTRNEBIN T2 WeIofar dTAm O | BIPINogo Y CHabRISR. mher ei n

sai d fi sibiff@in} kB&hning orientations (axial, coronal, or sagittal), normal or abnormal

brains.

31. A method as claimed in claim 29 or claim 30, wherein said fissure line
segments are determined by optimisation of local symmetry index and fissure

pattern measure.

32. A method as claimed in any one of claims 29 to 31, wherein histogram
analysis is used to calculate said plane equation.

38. A method as claimed in any one of claims 29 to 32 wherein said axial
slices to be processed are determined using the following steps:

(a) calculating average grey levels for each slice;

(b)  calculating a histogram of said average grey levels;

(¢)  determining grey level threshold;

(d) determining a first slice with grey level equal to or greater than said
threshold;

(e) determining a last slice with grey level equal to or greater than said
threshold; and

1) determining slice increment step size between said first slice and
said last slice.



segnents are determ ned by optim sation of |ocal symetry index and fissure
pattern neasure. 32. A nethod as clained in any one of clainms 29 to 31,
wherei n hwkt@gwesrr anal ysis is used to cal cul ate said pl amETesgabima. 33. A
method as clained in any one of clainms 29 to 32 wherein said axial slices
to be processed are determ ned using the follow ng steps: (a) calculating
average grey levels for each slice; (b) calculating a histogramof said
average grey levels; (c) determnirmgggrey |level threshold; (d) determ ning
a first slice with grey level equal to or greater than said threshold; (e)
det er mi ndfhg A Ineethod lascataimiedhingsiaiyn B8weliereinusaid ttresholdrie adcial thde sai d

oo g T A 0 e B o o

cl ai med g!gr@afe'riﬂilem 3®wherein said threshold is equal to the smallest grey
| evel h an accunul ati ve percentage of said histogramequal to or
greater than 30% 35. A nethod as clained in claim33 or claim34, wherein

sal d sligg hiARY as %fgﬁﬁ’e&lnzﬁ ih$ 388k %{a%’ﬁdwﬁ%%?n Shidtsiied ]Jr’ﬂfrer‘neﬁﬁ axi al

slices are processed od as clained in any one o alms 29 to 35
further stepbkizeiingetenminegsuck $iat@0 atdessraxialislicessaredrocassade | i ne segnent s
via the steps of: (a) calculating | ocal symetry index al ong searching |ine
segnents; (b) calculating fissure pattern nmeasure al ong said searching |ine
segrrent S36.( ¢)A Inmthod ag daimddfin sswraend ohelapesy@8rio Idyfuirthedinoludireg thesear chi ng
l'ine um of. saltg? cal .symretry index and

sai d @8&?%3 &4#éefaa?lf‘aﬁﬂ'd\q%gf%l'“ﬁeﬁe}g&}?”é% Vig| 83 Oit, claim 36, wherein
said | ocal sy@ayret crlcuiiting fdcabisyahieirpjridex along searching line segments;

(b) calculating fissure pattern measure along said searching line
segments;

(c) 'Iocating said fissure line segment by finding said searching line
segment with maximum weighted sum of said local symmetry index and said
fissure line pattern.

37. A method as claimed in claim 36, wherein said local symmetry is
calculated by:

(@)  for any pixel on said searching line segment, summing grey level
differences for pixel pairs located either side of said pixel, said pixel pairs being
on a line perpendicular to said line segment and passing through said pixel;

(b) summing grey level differences of each said pixel on said line
segment and dividing this sum by the length of said searchihg line segment.

38. A method as claimed in claim 37, wherein .five said pixel pairs are
summed.

39. A method as claimed in claim 38 wherein said pixel pairs are located 2, 4,
6, 8 and 10 mm from said pixel.

40. A method as claimed in claim 36, wherein said fissure pattern measure
fpm(x,y,0) along said searching line segment Is(x,y,0) is calculated by:
fom(x,y,0) = 0.5(255-agl(x,y, 0)) - sd(x,y,0) *0.8 YSize/ (3 npb(x,y,0) ) '



(a) for any pixel on said searching |line segnent, summ ng grey |evel
differences for pixel pairs |ocated either side of said pixel, said pixel
pai rs bei wg 03mao27| i ne perpendicular to said |ine segnent POITRGIRSHSI06]

t hrough said pixel; (b) summng grey |evel differences of each said pixel
on said line segnment and dividing this sumby the I ength of said searching
line segment. 38. A nmethod as claimed in claim37, wherein five said pixel
pairs are sumred. 39. A method as c3@ined in claim38 wherein said pixel
pairs are located 2, 4, 6, 8 and 10 mmfromsaid pixel. 40. A nethod as
claimed in clfal ’-8@ighiedslisies, aad d fi ssure pattern measure fpm(x,y, O along

05 255. agl (A7) ST, Bhsdls v G E3SHE M Br20) ) "0 oby osos27

PCT/ SQ02/ 000G6rT25vd'gﬂted'§hd@eI ght ed sI | ces and fpm(x,y,0) = 0.5agl(x,y, 0)
- sd(x,y,0) * 0.8 YSIze/l (3 np for T2-wei hted sllces wher e
agl (x,y, 0) i wheig agllxy)ds @ﬁeﬁ)fereé}ﬂegrewl@«%ab@gcﬁa! h@%@jﬂ@ﬁﬂwy@) y, 0),

d 0 0
the mumSaGeF 176 SRS AIAOR O oElovsl ind RS " it ™) Yo
and npb(nunb@) of pixelsnenmisedy,0f whbseehey dvel s Abouclaglishyo®e apd epbeye) - i s bel ow
agl (x,y). 41. A nethod as claimed in any one of claims 36 to 40, wherein

sai d wei §ihe BEMbeY,Ph RIX§!K Op JeX.y ) whepe graydaveldy kalenragldex |si (x,y, 0) and
said fissure pattern neasure fpnm(x,y,0) along said searching |ine segnent
Isi(x,y) is defined by: ws(x,y,0) =a,* fpmx,y,0) - a2 * Isi(x,y,0) where
ai and a¥l.ar A pwihad e clained inrapycanesofaaiaimst 3tito 40, evikeeirsaichedigbied

discrim t | WSS Arrethdascl n oeofcalms36to
41, wher® "653?3%‘# adé%g%ailqsymrg Ot Indexys! %X%l)rearﬂ(ﬁs%' d TISSHIR BPEIM n two
st eps ofmdaédr@rf@ﬂ(xye)s@bﬁg saxa%eardhmsgamé deiinR WiK!Y) ROddfhed Ky 0ad regi on
defined by - nm < (x-xc(Ssnun
WS(X y,0) = ar* fpm(x,y,0) — az* Isi(x, y,e)
where a; and a are positive floating constants that are determined by
discriminant analysis.

42. A method as claimed in any one of claims 36 to 41, wherein determining
said fissure line segments is completed in two steps of different resolutions,
namely
(a)  searching in a broad region defined by
=10 mm < (X-X¢(Ssnum) ) < 10 mm
Y = Ye(Ssnum)
-10°<8 <10°
with gross searching increment (x increment 2mm, and angle increment
2°) to estimate the position of said fissure line segment, where Xc(Ssnum) and
Ye(Ssnum) represent the centre of said slice;
(b)  searching in a refined region defined by
-3.0 mm < (X-Xg) £ 3.0 mm
Y=Yo
-3.0° < (8-6p) £3.0°
with x increment 0.5mm, and angle increment O.5°; where (o, Yo, 60)
represents said searching line segment that maximises said weighted sum of



y = Yc(Ssnum) -10<_ 0 <-10 with gross searching increnent (X increnent
2mm and angle increnment 2) to estimate the position of said fissure |ine
segnent, Wwoenaess2(Ssnum) and Yc(Ssnum represent the centra/sgozeeiod slice;
(b) searching in a refined region defined by -3.0 nmmx-(x-x0)<_3.0 nm Y=Yo
-3.0<_ (0-00) <- 3.0 with x increnent 0.5nm and angle increnment 0.5, where
(xo0, yo, Qo) represents said searching |ine segnent that naxi m ses said
wei ght ed sum of WO 03/ 060827 PCT/ SGB& 00006 36 said |ocal symretry index
and said fissure pattern neasure in said broad region wth said gross

sear chi rapid kcabsynmetrt3ndek aret $aid figsurel pEitterd measaryincsatd bfoad r@igloh 29 to 42

wherein said.plane equation of P is calculated fromapproxi mted fissure
SRS RS sebderil Bhrednenty (=)

line se ysi s including the steps of:
cal cul ating an angl e hi stogram of angles of fissure line segnents for said

axi al sljces and determning peak angle of said angle histogram (b)
cal cul at43ng &ﬁa]eéh‘d:ﬁ £F Slaime éﬁt?é‘cyvmogﬁﬁaﬂn%u?@l os4 hesinpasb planeangl e, and

renovi NGduaRse SrAMEFERP RIS E dronh SHOFGimbRY FSSUB N Begéneﬁtsaoia angl e
difference larger than 1.00; (c) approximating plane equation fromthe

remai ni rysteaam awy%iﬁiiﬂﬁﬁtdéfld theisiensr@f: | i ne segnents; (d) calculating
seament s to 481 d Sa5uRBhGER abisTRDalRE! Sdleh oFRRLR RGOS T, <t Sor am
of the il axialslides and deteimiming poalkfanytk ofsaithanglediistdgmmgnce of said
i 1 or ences. 13t woaHcuafihd sBEE drElexivel Baeh, shid oS rBLrdl aipeh ot ances.
and r emanigiey andosencirg thaisetsaid bpprixina@p rizsureating segments having an
angle difference larger than 1.0°;
(c)  approximating plane equation from the remaining said approximated
fissure line segments;
(d)  calculating distances of all end points of said remaining
approximated fissure line segments to said approximated plane and calculating
the distance histogram of the distance distribution;
(e) finding the peak distance of said distance histogram of distance
distribution; ’
) calculating the distance differences between said peak distance and
all said calculated distances, and removing those end points of said approximated
fissure line segments with a distance difference larger than 1.0 mm;
(g) caleulating said plane equation of MSP based on remaining end
points of said approximated fissure line segments.

44. A method of calculating a plane equation from a plurality of non-
intersecting line segments including the following steps:

(@)  calculating a first histogram of line angles of each said line segment
and finding a peak angle of said first histogram;

(b)  calculating angle differences between said peak angle and said line
angles of each said line segment and removing those said line segments with
said angle difference larger than a prédetermined angle threshold; |

(c)  approximating said plane equation from remaining line segments;



fissure line segnents with a distance difference larger than 1.0 mm (g)
cal cul ating said plane equation of MSP based on remaining end points of
sai d apprwa osakest7fi ssure |ine segnents. 44. A nethod of mamsdeaniong a
pl ane equation froma plurality of non- intersecting |ine segments
including the follow ng steps: (a) calculating a first histogramof |ine
angl es of each said line segnent and finding a peak angle of said first
hi stogram (b) cal cul ating angl e di f82rences between sai d peak angl e and
said line angles of each said Iine segnment and renoving those said |line
segnment s wi t Hd) saicalcaleding distahasesfcand poigeroftdad remginiaddinersdgneshtangl e

threshol d; (c¢) approximating said plgne equation, fromremainjng |ine
segment si© 9&5%%?@56@%%@#@%%0@56@&“@7%( §pcend higtagrany Oaicgﬁtg?ﬁ?es of end
poi nt's odisgidution;emai ning |ine segnents to said approximted plane and

cal cul ating a second hi stogram of distance distribution; (e) finding a
peak di stancdebf JRAMIRRRATIHARER gt sagl seegncthiptogrami ng di st ance

di fferences t we ' b Sii indagal LS ces, and
removi ng t_hogg en%ﬁgfdrﬁiggp@?bgg% ?ﬁ%ﬁﬁgﬂ@aes&ge%@?féﬁﬁ%hérgd;i d

di st ancesaidl calstiatec distanges, anthreraoying dwserenchpdintsi eft said gemainingslind d; (g)

cal cul aty Ld,, o) e ni i of said
e seqad® dul 385, BRUARE MARRGE Atk Yiah SRR Hafhe, g

t hr esholttirashol; 00. 46. A nethod as clained in claim44 or claim45, wherein
sai d di stanc threshold is. 1.0 unit length. 47., A nethod of determning a
final symret §9) | i ﬁé%g%élﬂgﬁ?lqlwag?t% b gﬂ?ﬁq 9B h& rergRIng: #7E RPN r ect i on
in a radfaaiding segeentscl udi ng the steps of: (a) determning a gross
searching region within said radiation inmage; (b) calculating an
approximate symmetry |line segnent; (c) determning a refined searching

region; 4gl) GRhfethcd ad'8amfddiniddhdl 44 WHERSIA ¥ald 41R)IS B98I is 1.0°.

46. A method as claimed in claim 44 or claim 45, wherein said distance
threshold is 1.0 unit length.

47. A method of determining a final symmetry line segment in either a
horizontal or vertical direction in a radiation image including the steps of:

(a)  determining a gross searching region within said radiation image;

(b)  calculating an approximate symmetry line segment;

()  determining a refined searching region;

(d)  calculating said final symmetry line segment.

48. A method as claimed in claim 47, wherein said gross searching region is
determined by:

for vertical symmetry

-15 mm < (X-X; ) £15 mm

-2 mm < (y-Ye ) <2 mm

-20°<6 <20°

for horizontal symmetry

2 mMm< (XX ) <2 mm

=15 mm < (y-y; ) £ 15 mm

70°<6 <110°



48. A nethod as clainmed in claim47, wherein said gross searching region is
determ ned by: for vertical symetry -15mx_(x-x0)_15mm -2mx_(y-yc)<_2mm
-2050 < 20O @mroetmari zontal symretry -2mb(x-xc) _2mm - 15 mea/§G029e006 15 mm
70<_ 0 5110 WO 03/060827 PCT/ SG02/ 00006 38 where xx = XSize/2, and yc =
YSi ze/ 2, and XSi ze and YSize are the nmaximum X and Y coordi nates. 49. A
nmethod as clainmed in claim47 or claim48 wherein said approxi mate

symmetry line segnment is determned 8 mnimzing nodified | ocal synmetry
index in said gross searching region with an x increment 2 mm vy increnent
2 mm and 0 winereexgert XSizef). andl yet=h¥Sizes2,chd €Bizé rancl ¥Bired arenttss ei n sai d

nodi fi ed_| ocal r .ndex of a searching line segnent is defined by:
(a) for @Qéﬂ"%ﬂ%gﬁk cégrcii"%%%rchi ng |line segnent, |ocating a closest
pi xel having a grey level less than a val ue bel ow which a pixel is unlikely

to be an __object pixel whjch coyld be deci ded by histogram anal ysis and
| ocated H% a /f‘i"ﬂ%fgoﬂé}sp‘élﬁm%l”aaa% 4Za?rd°|§%r4§h‘%‘/’h%rem ﬁ%ds%‘?@ﬂ'ﬁ‘a%d passi ng

Lhrough sahslen) e sedflentRagélbinified 1P hAfiRARg HhadiNed ok Ryl d

cl osest pixel and said |ine segnent; or each said pixel on said

sear chi n§dex e sgisyaions searphinthedinreith |asn, s ineremeat @noes Y Berapient|2 pai r s

| ocat ed '%H t&%rd esiingfenﬁg t§ai d pixel, said pixel pairs being on said |line

per pendi cul’ar "to sal e segnent and passing through said pixel; (c)

summing grey level differences of each said pixel on said |ine segnent and
|, i.n ment. 51. A

L1095 1 50 SNBSS SR 5 SRl
index of a searching line segment is defined by:

(@)  for each pixel on said searching line segment, locating a closest
pixel having a grey level less than a value below which a pixel is unlikely to be an
object pixel which could be decided by histogram analysis and located on a line
perpendicular to said searching line segment and passing through said pixel, and
measuring a reference distance between said closest pixel and said line segment;

(b)  for each said pixel on said searching line segment, summing grey
level differences for pixel pairs located either side of said pixel, said pixel pairs
being on said line perpendicular to said line segment and passing through said
pixel;

() summing grey level differences of each said pixel on said line
segment and dividing this sum by the length of said searching line segment.

51. A method as claimed in claim 50, wherein five said pixel pairs are

summed.

52. A method as claimed in claim 51 wherein said pixel pairs are located said
reference distance plus 2, 4, 6, 8 and 10mm respectively from said pixel.

53. A method as claimed in any one of claims 47 to 52, wherein said refined
searching region is defined by

-3.0 mm < (X-xg) £ 3.0 mm

-3.0 mm < (y-yo) £3.0 mm

-3.0° < (0-8g) < 3.0°



summed. 52. A nethod as clainmed in claimb51 wherein said pixel pairs are

| ocated said reference distance plus 2, 4, 6, 8 and 10nm respectively from
sai d pi xeWo @Bsosa7net hod as clained in any one of clai ns #CTSGBA00sNer ei N
said refined searching region is defined by -3.0 mm<_ (x-x0) <_ 3.0 mm
-3.0 Mm_<(y-yo0)< 3.0mm -3.0_5 (0-00)<_ 3.0 WO 03/060827 PCT/ S@&2/ 00006

39 54. A nethod as clained in any one of clains 50 to 53 wherein said final
symmetry line segnment is determneddy the steps of:-(a) calculating said
nodi fied | ocal symmetry index in said refined searching region; (b)
searching in said refined region with x increnent 0.5mm y increnent
0.5mm and O jncrenent 0.5; (c) locating said_searchi l.ine . segnent with
mi ni mi sefrsaift "ﬂﬁiag&aédclamﬁ&ém amPBer9f ¢lRids, 5058 5% Ut%’l’igg@gr am
product éyhﬁhé'ﬁyﬂ%%@ﬁ%ﬁé@éteﬁﬁﬁ@ﬂ%ﬁﬁgbwﬁsfﬁv' ng conputer readable
program code and conputer readable System code enbodied on said nediumfor

extracting M&®) fr 6alcoBtingdsaid ogrdilipd i leaale symmetivn indeyaina sajst definss ng

system ié%ir&iﬁg?@ﬁﬁr program product further including conputer readable
code within sar d conputer usable nmediumfor: determining axial slices to

be processed (bpr fsesrching lin ngaid exgfined sregion rwith i xgintlegwamt e0.5mme, yegnents in

axial slices timsation of cal symmetry index and fissure pattern
neasure;'n%rﬁmengélﬁpa?ri‘ g"ﬁ“lr%m%medqﬁati on of MSP fromsaid extracted fissure

li ne segment gcyi alodatifg %fcﬁ@éaa&ﬁh%ﬁihé-se@ﬁenﬁmmhommiséa flidigeifiddn cl ai m
55, wherein said axial slices to be processed are determ ned using the
fol | owi rigcalS¥pEmetyindeX| cul ati ng average grey levels for each slice; (b)
calculating a histogram of said average grey levels; (c) determning a grey

| evel threshold which is the snallest grey |evel ) _
55. A computer program product including a computer usable medium having

computer readable program code and computer readable system code embodied
on said medium for extracting MSP from 3D radiological images within a data
processing system, said computer program product further including computer
readable code within said computer usable medium for: determining axial slices
to be processed for fissure line segments; extracting fissure line segments in axial
slices by optimisation of local symmetry index and fissure pattern measure; and
calculating plane equation of MSP from said extracted fissure line segments via
histogram analysis.

56. A product as claimed in claim 55, wherein said axial slices to be processed
are determined using the following steps:

(@)  calculating average grey levels for each slice;

(b)  calculating a histogram of said average grey levels;

(¢)  determining a grey level threshold which is the smallest grey level
with an accumulative percentage of said histogram equal to or greater than 30%;

(d)  determining a first slice with grey level equal to or greater than said
threshold;

(e)  determining a last slice with grey level equal to or greater than said
threshold; and

® determining slice increment step size between said first slice and
said last slice, such that 20 or less axial slices are processed.



wi th an accumul ati ve percentage of said histogramequal to or greater than
30% (d) determning a first slice with grey level equal to or greater

t han sai dwadsroeed2ol d; (e) determning a |last slice with grreyr/s@embooequal to
or greater than said threshold; and (f) determning slice increnment step
size between said first slice and said |last slice, such that 20 or |ess
axial slices are processed. WO 03/060827 PCT/ S@G2/ 00006 40 57. A product
as claimed in any one of clainms 55 #Q 56 further including the process of
determning said fissure |ine segnments via the steps of: (a) cal culating
local th Ayhpidmdle?(aalcmgedaaanhidng_dfio’v@n&ewramssl;fugy?rf ihblndfngrthfany ]E)I xel
on said searchi i ne segnent, sunmm n e eve erences for five

pi xel parq)ges%ggggednmmgl,sg’lg?lsgurgﬁ;aefggl%lﬁﬂ{sr\é%ﬂgeaw@ps Bf:xel and on either
side of said(gi xebalcgiatifg mcé@yrrﬁaéwinaex Bﬁ)ln@rb,e_%rdhirﬁy?line?@ég@%iﬂs;w ar to said

| i ne segnent and passing throu said pixel; (ii) summng grey level

di fferences of eath safofl apy piel oA s2ifl gearchiag lvegRgmMetineumiMiNGIg®Y t his sum
by the | engt i J i t 4 i iHssure
pattorn moasie) AfarehcBERtelha) plfe IRBRIPSA & B afP) G dofens 3
fissure |inepieymsdtomeithendidegoissdid pixelr shicngixel pairs S@ingean ailingB naxi num
wei ght ed su f L Sy mE i : I J; | ine pattern.
5. A et nodPBrBliriF Se B n! TR Mol sAdPREE os Vi &

maxi m sing the ntii f i summbeedrey lavekdiffgrencds rf each said pixel on said line

segment and dividing this sum by the length of said searching line

segment;

(b)  calculating fissure pattern measure along said searching line
segments;

(c) locating said fissure line segment by finding said searching line
segment with maximum weighted sum of said local symmetry index and said
fissure line pattern.

58. A method of extracting symmetry line from radiation images via maximising
the modified local symmetry index.



