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| N 2D AND 3MO0RA@BEE FI ELD. OF THE | NVENTI ON The present invention relates to
the processing of inages. More 5 particularly, the present invention.
relates to the processing of two-dinensional (2D) inmages or the processing
of three-dinensional (3D) inmages, where such 3D inmages conprise a
plurality of 2D.image slices. In one @aspect, the present invention is:
suitable for use in the determ nation of a plane of symetry in a 3D
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the inter-hemispheric (longitudinal) fissure bisecting the brain, known as the MSP.
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However, human brains are almost never perfectly symmeiric (R. J. Davidson, K.
Hugdahl, Eds., Brain Asymmeiry. 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 extraction 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
automatically determining the anterior and posterior commissures needed by the




mass effects for diagnosis. In addition, extraction of thé8N8R2086a

prer equi si twOfdNeaszut omati cal |y determ ning the anterior and: posteri or
commi ssures needed by the WO 03/060827 2 18 July 2006 Tal ai rach franeworKk.
The Tal airach franmework is a particul ar nmethodol ogy that would be

recogni zed by the person skilled in the art. Due to the great inportance of
the MSP, its determ nation and extractz_i on has attracted quite a | ot of
research work. One paper entitled 'Robust midsagittal 5 plane extraction
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pathology 3D images’ Proceedings of Medical Image Computing and Computer
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3338: 1528-1539, 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, |. 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._Aiia.i.n, J. M. Travere, J. C. Baron, D. Bloyet presented a method to
exiract the MSP via detecting fissure lines in sach axial slice. The algorithm
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610-616 by L. Verard, P. Alia?n, 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 WO 03/060837 3 18 July 2006 failed in those
axial slices where the lateral ventricle was present. The algorithm also
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20 Essentially existing methods either try to extract the MSP via sirict -
symmetry assumption without constdering the grey level features of the fissure, or
try to extract the MSP via fissure line detection based on low-level image
processing techniques without considering the gross symmetry properly 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
symimetry in an image.

OBJECT OF THE INVENTION
It is therafore 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. |




meet real tinme requirements for inmage processing in so fal8&dydeder m ni ng
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localized characteristic measurement of a line segment in an image at points adjacent

t hese
n

the line segment can provide information at relatively low cost that can contribute to a
relatively accurate determination of the symmetry of the entire image. Embodiments of
the present invention apply 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 embodiments, a further realization of the
-present invention combines the localized characteristic measurement with a further
Jlocalised characteristic measurement of points along a given line segment in an image

~ which is particularly useful in 3D image determination and processing.




| ocal i sed characteristic measurenment of points along a gi (®dulyi2006 segnent
in an i mageYORKP@R2T s particularly useful in 3D inage deternination and
processing. WO 03/ 060827 5 18 July 2006 In one preferred formof the
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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 critetia; 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 (, y) at its centre and an angle 0 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 determine a second local characteristic in accordance with a measurement at

- points along the searching line segment; e) determine the symmetry piané line
segment in accordance with a calculation based on the first and second local
~ characteristics.




adj acent the searching |line segnent; d) for each searchi ngsligeosggnent, So
det erm ne aveexaemd2l ocal characteristic in accordance with a neasurenent at
poi nts along the searching |line segnent; e) determ ne the symretry pl ane
line segnent in accordance with a cal cul ati on based on the first and
second | ocal <characteristics. WD 03/060827 6 18 July 2006 In a further
aspect the present invention provi de§ a nethod of determining a symetry
line of a 2D i mge, the met hod including the steps of: a)determ ne at
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Symmetry e%rr?enns havmg differences less than a first predetermined threshold; d)

calcufate 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 symmeiry, the second. histogram
JIncluding 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 differences 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 compuier 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:
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conput er readabl e system code enbodi ed on said nedium for determ ning
symmetry in an inmage, said conputer program product further including:
conput er readabl e code within said conputer usable mediumfor: WO 03/060827
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pl ane | IR@S88HEBHt of a 3D inmge, the 3D inmmge conprising a set of 15

paral l el 2D g} i CegetefihfigC P WRIMERHO G affs PintdiaCin fadtbRRinck Nwiitvch ng:
comput er readable code within Ssaid computer usable nmediumfor: a)

det er ni Rlgylagionibased an Bdirspcalicheeactensim t he plurality of parallel 2D
S1hS9p 1D achPLdRmmer ‘é’sﬁébtﬁhgd@rté&fﬁf‘ fehifoh bigitads o bohPuciaiBghin L he first

subset” of slic etermnin east one searching |ine“segnent
wi t hi n prapuetiisciudéd): search area of the slice, the at | east one searching

o o heomeoL el bRl ERARALER RO Ay Mol MySFTLSR 887 Anoie
li ne segomplierdetdable rvysgna chile sembediad on said medium for determining a
| symmetry plane line segment of a 3D image, the 3D image comptising 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 i.ine 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:




characteristic in accordance with a neasurenent at points 1&8duba®6 t he
searchi ng W8 03Pae27segment; d) for each searching |line segnent, deternining
a second local <characteristic in accordance with a neasurenent at points
al ong the searching |line segnent; e) determ ning the plane |ine segnment in
accordance with a cal culation 30 based on the first and second | ocal
characteristics. In yet another aspeg the present invention provides a
conputer program product including: WO 03/060827 8 18 July 2006 a conputer

usabl e nediu ' QTP readabl e
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area of frkid#d:i mage, the at | east one searching |line segnent including a
ref erence poi nt af . its centre.gnd an angle, 0 wi.th respect to a

pr edet _gr i neocor‘_%éH)%gr é)adphlg @P?c‘!@{ﬂ"ﬁﬁ" f?’F‘BPteéé'gﬁg@éﬁ?@Hmﬁ_anl i ne segnent,

determ ning aa)f i I Hetdrbsifhg o RRIGEEHE Eb&Chhg e eMicNMMAING biedafif@asur enent

at points adjacent the searching |ine segnent; c¢c) determning the symetry
- h

i ne segh@HEN Areaeicibe &hbeagg, the at leagl enq saarehing divefegmenhmciugingt2 | ocal

h Corishi _ . . : .
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"age 1Donpr ing. 4o | SAGH | ISPraipabiy | rerseft. S8 ithg Bl clatlier
progr am ghigdstetisticin ideebrdaneé with ROmeaOurBkicat af BeABMdacpt havddaidhings ai d
conput er usabl e nedi um for:

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:

compuier readabie 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 fo the peak first local
characteristic for each first local charactetistic;

©) 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;




a) determning a first histogramof a first local charactegijalyi2ooef |ine

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

hi stogram including a peak first local characteristic; 25 b) determ ni ng

differences with respect to the peak first | ocal characteristic for each
first local characteristic; c) determning a first set of line segnents

~ having differences less than a first paz_{]edeterm ned threshol d; d)

cal cul ating an approxi mate symretry pldane in accordance with the 30 first

set of ling seg det er | aSecon st ogram of a

second Ioc% ch(gér%ac mn#%tﬁ%g&%ﬁgg@aﬁoﬁ Se°8%? [n8$| ‘Thgﬁ"gtes'g g? '™$ai d second

| ocal chbofdioe segraents, daiel segontbioeal mhmadeﬁsttcrbeir@fcmtanﬁrmdtvﬂth reﬂemnaem oxi mat e

pl ane > | S n a pea sec ocal

char ac?ﬁeerfl§ %%gt%)plaﬁgtoegﬁ %@% ?%P‘iﬁ%@@’%mt"ﬁ ﬁ‘é‘gaé’@e é°°5'Lak second
| ocal chamaetetigici stic for each second | ocal characteristi c g) det er m ni ng
the end poj nts f a.s set of |ine ment s havi I fferences, | ess
than a sec éﬂ@@??ﬁﬁg{f”?%‘g@h{ﬁsﬂedﬁ? ﬂl%?%%l ?fg%FﬂeChegﬁﬁ%ﬁﬂWfOb| ane
based mcbaedandrlmtapmafﬁcsermﬁcthe second set of line segnents. |n another
aspect the pres l.nvention prov t hod OE extracting MSP from

radi ol ogi c® i %@??ﬂ:l[ﬂﬁjleﬁe Ss"?s sseg??n get e ﬂi“?\ﬁ?@mﬁwfsama‘@ﬂ ces to be

procesaeﬁre‘nc@emesi than ra&db@ime@eaérm:ﬁ&lg%shcﬂ@al ysing the axial slices to
det er mi ne f| ssur e }I ne segnments; and cal cul ati ng pl ane equati on of NMSP

fromthe ff ssur“é‘1 %489% &lry aire pasedotnheaid £nd ipsiatieel tBe seeRidiehioh may be
f rom dinkfsegmaitsnodal ities (e.g. CT, MR PET, SPET et c.,) or pulse
sequences Tl - wei ght ed, T2- wei ghted, flair prot on density

wei ght ed) ,! h gihier 3?%?%‘&'8@#?5%" iByaniian Biovidas 2 rasthed ¢ of s %aewwMSPoFm@ag. ttal),
nor MejadilogicAPineigeB indiidigBe stdps R &leRir@frftd &ﬂai%‘ﬂ%@b%”'ﬁmc&sgé‘d fromsure line

segnents nmay be determned b optim zation of local symetry index and
fi ssuthe rpdielp@irs| imagasy aralysing the axial sices ieglelgrming figsyre; lise sagmenis;andd t o
cal cutdifatinh Plank 208atRAWRMS®From the fissure line segments.

The radiological images of the brain may be from different modalities (e.g. CT,

MR, PET, SPET etc.,) 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. _

In the preferred embodiment, th:e 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 program code
and computer readable system code eﬁbodied 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 the extracted fissure line segments

via histogram analysis.




According to a further aspect, the present invention provig@syaoe®nputer
program product including a conputer usable nmedi um havi ng conputer
readabl e program code and conputer readabl e system code enbodi ed on said
medi um for extracting MSP from 3D radiological inmages within a data
processi ng system said conputer program product further including
conput er readable code within said conputer usable nmediumfor: determ ning
axial slices to be processed for fissure line segnents; extracting fissure
line segnents in axial slices by oﬁk m sation of |ocal symetry index and

fissure pattern asure; and cal cul ating pl.ane_eqguat ] f MSP fromthe
extract edalpi %eé ﬁrfgﬁﬁ rnaégpggg%rﬂrgsen\gfné(eﬂtfoﬁ %’§Y'§‘?ﬁ grﬁ%}[{?fé‘:‘ é’fﬁca%g:la%ﬁgf 2006 10 In
yet a plant kquatesfent a plutditpofavaribterseeintt linersegmenis deduding bt Holtbwirfg
calculating a plane equation froma plurality of non-intersecting |ine
segmenf$Pfncl uding the following steps: (a) calculating a first histogram

of |ine an@)es @lcukdiadalfira GiskRene bt livnahdgléssiigagh lide prMlentaad éndiig t he first

hi st ogr a b) cal cul ating angle differences between the peak angle and the
line aﬁglﬁ'éé"%?"@‘hﬁﬁfsﬁ“ ttf,*’a'?ébrrent and renmpving those |ine segments with the

angl e di fpr erbﬁ@ulaﬁmgangt&meaenalged@étﬁém nad ﬁéelﬂ! engler ardolng; |i.6e?zj)
approxingting t ane equation fromrenaining |ine segmepnts;

cal cu|'a$éﬁﬁ@ i%"’l"gn sgem da%ifﬁ'i"g‘”w PRe RerercAMAgs| Y"ﬂ*é ‘B%g‘f‘&qlﬁs to the
appr oxiiffetente Riqun thanntbreddterlimid ahgletheer@add hi st ogram of di stance

di stribution; _ﬁ(oe%ﬁ) finding a peak distance of the second histogram (f)
cal cul ati rl§ di SPRRXEANY tEREATCSIuURAN M remaininglne sgogell§ce and t he

cal cul at eqdfli staRGREng ABENERH Ehd BoihtdRF theFBRAaRMIGNHS s€dmérite remrining |ine
segnents with the distance difference |larger than a predeterm ned di stance

t hr eshi the apppximgiediniane 3Ry celslafincgs second histasrern akdistanse distEbYeRaiI ni ng end

poi nts of @&he lshiiRg apeaRabRincd & t18d sddond nisighdigr aspect, the present
i nvention provides a nmethod of determning a final symetry |ine segnent

in either @ horcpledating distanger diffesainces rhedweasn the neak adisaneorandndle i ncl udi ng
the stgjeulated 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
line segments.
_ In still a further aspect, the present invention provides 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 searching region within the radiation image;
(b} calculating an approximate symmetry line segment;
(c) determining a refined searching region;
(d) calculating the final 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 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




s of p. (a)deternmi ning a searching region wthin the radignilpnodsrage;
(b)cal culating an approxi mate symretryline segnent; (c) determning a
refined searching region; (d)calculating the final symetry |ine segnent.
Enbodi nents of the present invention are nmade possible using the novel
concepts of local symetry index, fissure pattern neasure, and a novel way
to cal cul ate plane equation based gn hi stogram anal ysis. The present

i nventi on nmakes use of the geonetrié1 property (approximate symetry

measur e | ocal symmeiry |j and so make use, of qr | evel
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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 detected
fissure line. ,

Figure 2 shows the ideal head coordinate system X;YoZ, 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.

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 (Xys) on the searching line segment Is(xy,8), and its
associated 5 pairs of points on the opposite sides of the searching line segment, for calculating

the contribution of the pixel (X,,ys) to local symmetry index.




conjunction with the acconpanyi ng draw ngs, in which: Fi gugéuly20b®ws a
T1-wei ght edvO/B3/&d0BZ%2 Wit h tunor, superinposed wth the detected fissure
line. Figure 2 shows the ideal head coordi nate system X0Y0ZO and the real

i magi ng coordinate system XYZ. Figure 3 is a flow chart illustrating the
steps for extracting MSP from 3D radiol ogical imges according to an
embodi ment of the present invention. fogure 4 is a flow chart illustrating

the steps for determining the axial slices to be processed further within

gi ven 3D radi gagi im acsPIHY w-TpRE _L,rgﬁﬂ.& esent
I nvention. Fi gjﬁ'gégq’:(?)l ust rag es tﬁ%l @%Htéggt?&c;ﬁrgs}ggr C n%{?MFEr\%ESeE{SlEent
| s(x, Yy, (e T2eigitgt MR 6lidd.| ustrates a pixel (X5,y5) on the searching |line

t | , ' | at ¢ [ f. point th it
i des of ¢ ne S fifetie vBEGRELD BPaR BRI A IR 2ot ol Ton o
the pi xelslitXacstingtolsecathbsdinent aithé paeent MBQ60827 12 18 July 2006
Fi gures_7(a) -wei ghted MR slice and

d 7(b)..show the fissure lines in a TI
2 T2-weh ght ed TRRTEI ¥ dﬂustﬁt@,%[ﬁ@e gtans) iR epigtiade (fhe RierpSaalion C4MSPhe
fissure I4cRErdRRPIPAN efBoditaht bfdhe prbdeifird@AR6El N9 to an enbodi nent of the
present invention. Figure 9 illustrates the steps to cal culate the plane

equati on of MBEUracéolldstiries dowrtodapodi ¢lesad polygha fipne albilie remeningon.
Fi gure 1%“53#0“?%%&%@%%%8%%85@ a closed polygon fromall the remaining

- end points ssure 'ine seégnents. Figure 11 is an MSP calculated froma
3D T1 - wei ght EUR ok LeameMSH cajculdiod ttoen aedihdd-weighledddR vaiurbdrasingesent

i nvent Qj)qﬁ""r‘ E‘é%#f‘a'%%‘#ﬁ%ﬁ E}ﬁfhlsr?i’%ﬁ%ﬁ r@tyer'ltH ustrating steps for determning

symmet ngure 13 shows a radiation inage,

super i nposed Figuhe tizeisdetfilont eishr Hyuskaingystepddor doteRRiBiy KirhfbtrifinEREFERRED
- EVMBODI NEI}FEm sl'_all%?a(%io%)ignra %ieglat e System .
Figure 13 shows a radiation image, superimposed with the detected
symmeiry line.
15 DESCRIPTION OF PREFERRED EMBODIMENT
Head Coordinate System
Referring td Figure 2, the ideal head coordinate system is centeted in the -
brain with positive X, 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 from the ideal coordinate system due io
positioning offsets (translations) and rotation of the head when imaged. With
_respect to this coordinate system, the plane equation Xg = 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 respecﬁvely. 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




Referring to Figure 2, the ideal head coordinate system i 9g8gantaed in the
brai n wi t h wolshsase7 Xo, Yo, Zo axes pointing to the right, anterior, and
superior directions, respectively. In clinical practice, the imging -
coordi nate system XYZ 20 (Figure 2, black coordinate axis) differs fromthe
i deal coordinate systemdue to positioning offsets (translations) and
rotati on of the head when i naged. VW%% respect to this coordinate system
the plane equation X0 = 0 is the MSP'of the brain, and it is an objective
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vol unet r The &t aolam@rtemgroags@dslb&lého@fd ZdVoRk, ;S8 wnﬂih@ ﬁ@num g can be
obt ai ned i n i fferent vva%/)E slices that are ‘scanned al ong . and Z

“directiof® achgwatqse@&@i %E) EBrenay, 2adE asa al ngamam@oW@;%@cuvew
The scanggghs ﬁ,l;ql mages are linearly interpolated in space so that the voxel
sizes are 1x1 mB. Since fromsagittal and coronal scans axial slices
can bebobt ai n@dx «KBizehe scans may be represented by axial slices. From
here onwards es are isotropic in X, Y, and Z axes, with a voxel
si ze being V@éé’/?)ggag% 13 18 July 2006 1x1x1 mmB. The stack of 2D axi al
slices as a vhgle: ¥8ial so called a 3D volune. The 3D volune to be
processed is denoted as Vol (x, y, z) with x, y, and z being the
coor di nat es alVithdhese (rneiaiions, iee aumpey of antal slltmse[saZ&zaom)mi@lce&Ve
i'ntegers ti n < X < A 0.5, 75 ize Wth
t hese deﬁ'@t%@gﬁ%ﬁmﬁh‘gt%ﬁ%gr B‘f)fﬁ -it§|(0§ r'égé'%eé 32@ gce Me&npt tes are
count ¢g S*(Sm@, to Qélzgg anﬂl itidhe mtd?sédﬁo(\@f ?,zf,(ﬁhthelhe ldnalz slice is

denot ed as Fé’ , IS the i nt ersectl on of
Vol (x,Y, z) W-Eh‘? ¢ fﬂvﬁhé‘tf voxel (’F:Ii( )dﬁéiﬂﬂoé‘i‘ﬁblasag(xé/ RHox case wi A s
denot ed @ale%ﬁ. aéé th%gyr 9er03;t peel {2 .§tdo Biéd@eﬂ@ﬂx 3{) h?p%ﬁ&! akéygf at pixel

(X y i s denote The "t wo es an a Ice or a radiation
. image ar@n @élﬂ'oﬁtll@a 0&@ rﬂd(aﬁ@m irage ane)d@ntedﬁq blethrzam)al) 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 aré 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 extracting MSP once a scanned
3D image has been read includes the following steps: .

1. determining axial slices to be further processed for fissure fine 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 {80).
The above-described steps which can provide MSP as an output will be
30 described in greater detail herewith.




Extracting MSP from axial slices 15 One enbodi ment of thelpgely@006i nvention
wi |l now bevdesmosisbed in relation to extracti ng MSP from 3D MR i mages. For

each axial slice S;, its intersection with MSPis 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 segnent is a line

segnent with two end points 20 on tfﬁ fissure line. Referring nowto
Figure 3, a nmethod for extracting MsSP*once a scanned 3D image has been
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~to shce £Size -1, the system finds the first slice W|th an average grey level equal to
15 or bigger than the threshold & 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 tp and denotes the slice number as numy, (15). From the
beginning and ending slice numbers numg 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 S_sm,m will be processed further herewith.




slice ZSize -1, the systemfinds the first slice with an ageilggeogrey |eve
equal to 15woreshsegger than the threshold to and denotes the slice nunber as
nuno (14). Simlarly, the systemfinds the last slice with an average grey
| evel equal to or larger than the threshold to and denotes the slice
nunber as num (15). Fromthe beginning and ending slice nunbers nuno and
-nuno, the slice increnment is calculated to ensure the nunber of slices to
be processed is smal l er than 20 (16) 20 as less than 20 slices has been

found topR Qg SURLADYHIAD b8 NOfnd Suhifs, consumi ng but sti |
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slice nu G 30 snum = nuno + k * StepSize (k =
ﬁ?ﬁ f@t eﬁ}éx g(ﬁy%hﬁﬁ/ {/ Ssnu i
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herevvlth 3/ 060327 15 18 2006 Process axial slices to get the
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sear chi ng seaghihPandée d, th@ixe((%w)ls usauescaihleeséammgpamhm hererthat Not e here
that the rational to choose the |length of |ine segnment as 0.8 YSize is

that thethejigdopadl to|chaeseBrengngip ﬂd@ea'sagmﬁ@h s 0@ YSizenis Hat befigsien, and its
ext ensi Ofhd RohQANRhLaGoughly 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. Afl the searching points (x,y),
together with the specified searching angle 0, satisfying the following conditions
form the gross searching region:

. -10 mm £ (X-Xe(Ssnum) } < 10 mm
20 Y = Yo(Ssnum)
~10°<9 <10°
where mm stands for millimeter.
For a searching line segment Is(x,y,8), its local symmetry index Isi(x,y,0) is
a measure of grey level symmetry in its local vicinity. Specifically, for each pixel

25 (Xs,¥s) on the searching fine segment, the system preferably checks 5 pairs of
points at the opbosite sides of Is(x,y,0) that are on the line perpendicular fo
is(x,y,0) and passing (x,y) with a distance to Is{xy,0) 2, 4, 6, 8 and 10 mm
respectively (as shown in Figure 6). Denote co0s(90°+8) as ¢0s908, and
sin(90°+0) as sin908. The contribution of the pixel (xs, ys) to the local symmetry

30 index Isi(x,y,8) is |

fabs ( g(Xs+2c0s908, ys+2sin900, snum) - g{Xs-2c0s908, ys-2sin908,
snum) ) + fabs ( g{Xs+4c0s900, ys+4sin908, snum) - g(Xe-4c0s908, ys-4sin908,
snum) } + fabs ( g(xs+6c0s900, y.+6sin9006, snum) - g(Xs-6cos900, ys-6sin908,




15 YSi ze, however the length of the |line segnment is not cngfalgabosdn the
sense that WO osmeisker | ength like 0.7 YSize can be used as well. Al the
searching points (x,y), together with the specified searching angle O;
satisfying the following conditions formthe gross searching region: -10
mm _< (x-xc(Ssnum) ):5 10 nm 20 Y = Yc(Ssnum -10<_e _<10 where nmm st ands
for mllimeter. For a searching |ine fegnment | s(x,y,e), its local symetry
index Isi(x,y,0) is a rreasure of grey level symetry in its |ocal
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passi ng ( V\nthadlstancetols(xyO) 2, 4, 6, 8 and
respectiv in Figure 6). Denote cos(90+0) as cosQOO and

i n(90+0 i but i on.. of jxel he | ocal
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g( xs- 2chsBQ0ery 4s(2yi0)90%: systemalulates abmﬁnmimm%%@@% 9), tRerf8irRE00, snum

- g(xs- 4;85900 %% 4s5i n900, snu + fabs XS+6Cc0s , ys+6sl n900,
snum g( 2B 80d dividesstemin by thsefsiﬁ(?cm, ) kBgatihg lombeysmetry + fabs (
g( Xxs+8Cog9s | ?3 6 ys 8sin900, snum) + fabs
( g(xs+l 0c0398%’§y’§§'+'%8’2‘?'%‘8 : sFlouc aste s‘}@%ﬁ 5906 ys 10si n900, snun) )
wher e f aljis(x.y,0)] Bifxywo)bsol ute val ue functlon For all (xs, ys) on the

sear chi ng@l ine 5 segnment Is(x,y,e), the systemcalculates its contribution

to | si (x E’af)s(g(he:&cmﬁﬂe YsiR23in80B, angmili yideokbes, %mshwoehawd ngf.h of
I s(x, yl®© get the local symetry |ndexIS|(xy 0), i.e., theforrmlato

calc Iat is Jls(x I si(x = 10 E fabs Xs+2c0s900,
yS +2§ i n9 ,ys, %ﬂéﬁs cQeRan ’%i(ﬁ@)ﬂ/ﬁﬂe) §§Ufﬂ)s$ ﬂ@@@c)%ﬂ@ﬁr)ysjﬁlsm%ﬂ,aém% ) +

g(xs+4c03906 ys+4si n90e, snunm) - g(xs 4co0s906, ys 4sin909, snum ) + XS
YS) % fabs ( g{xs+6c05908, ys+6sin908, snum) - g(x-6cosI08, y,-6sN908, snum) ) +

15 gﬁ,fgps { 9{Xs+Bcos908, ys+8sin900, snum) - g(Xs-8c0s900, y-8sin9080, snum) ) +

gl(s,f%t))s (9(xs+10c0s908, ys+10sin908, snumy) - g{xs-10c0s900, y.-10sin908, snumy)

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

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 vicihity 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 skuil 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/asym_metr_y with a large weight if they are included in
calculation for symmetry. None of the exisling 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




t yaps (g(xs+6cos900, ys+6sin906, snunm) - g(xs-6co0s900, yg8G6liy290e, snumn))
+ 15 ; yapso 03/8dpss+8c0s909, ys+8sin900, snum) - g(xs-8cos90e, ys-8sin90e,
snun). ) + fabs (g(xs+l 0Cco0s909, ys+l Gsin906, snum - g(xs 1 Ocos900, y.1
Gsi n909, snum) Xs' where Gs (x,y,e)l is the length of the searching |ine
segnent Isi(x,y,e). 20 If the searching line segnent is on the fissure
line, then each pair of the 5 pairs, gof points should have simlar grey
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of the flssure Ine It fact ssure l'ine als ts grey
| evel f ebindrafsfigsure, Eflsauﬂenpatﬁe;’hmmur@usgmﬁexlum@)byaﬂﬁe mebgntsinesmtione fissure

I T1- d T2 wei.ght ed I ht h
i ssure Feneatt SeqiBlENER sBameR, Bul.v.0% s Rghls PRlsHIrvSastf Bty ' he
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fissure line. Simlarl y, in T2-welghted slices, the fissure PI ne is

char adbels(%»8) @B agkx.y.8) g@egs@yda@/@lewaupm tofngrey lovek B8 $ixe10% H¥ving a
ot castuRoR gl BBl ARE Gieh i SBot e RiBordr PR Btif tidre i he
is smal | pumhBefl 6 bty WHBkS grey level is below average as npb(xy,0), then the
fissure pattern measure at the searching line segment Is(x,y,0) is calculated by:
fpmix,y,0) = 0.5(255-agi(x,y,0)) - sd{x,y,0) *0.8 YSize/ (3 npb(x,y,0) }
20 for T1-weighted slices, and
fprh(x,y,e) = 0.5agl(x,y.0) - sd(x.y,6) * 0.8 YSize/ (3 npa(x,y,0) )
for T2-weighted slices. '
Here the point s, 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 resull, the fissure patiem measure fpm(x,y,8) around the
fissure line should be high. _
Referring to Figure 8, the steps to locate the fissure line includes:
80 determination of gross searching region (21); calculation of local symmetry index
Isi(x,y,0) for each searching line segment Is(x,y,0) in the gross searching region
(22); calculation of fissure pattern measure fpm(x,y,0) (23); maximisation of the




ki nd of fissure fissure pattern nmeasure is introduced by 18balypoesent

I nventi on. ‘?@S'P searching line segnent Is(x,y,e), its fissure pattern
neasure is ‘é’enote as fpmx,y,e). Denote the average grey |level of the
searching line segnent 15 I's(x,y,O as agl(x,y,(err)), the standard
deviation of grey level as sd(x,y,6), the nunber of pixels whose grey

| evel is above the average as npa(x,y,O, and the nunber of pixels whose
grey level is below average as npb(x,18,0), then the fissure pattern
measure at the searching |line segnent I1s(x,y,6) is calculated by:
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to Figure 8 the steps to locate the fissure |ine includes:
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i ndex | fdr(t¥e prefarrdPbyst@ph searching line segment |s(x,y,e) in the gross
searching region (22); calculation of fissure pattern neasure fpn(x,y,e)

(23); naxim shhe eaaishingHinelg:gmen I(BYE) \mmaﬂmwa(& Yol lgrtalseh asm of
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' symmet r yearohiny aed id pﬁaemalyp@trn@d @uﬂwaﬁbtr.ﬁcﬂeméiﬂ 2eiredans ovRtsementerr) ) ,
and is calculated by 5 ws vmse*IS|(xyO) where W s;

is a posfi fr\/témcf&ﬁfs'f%!ﬁﬂ ’fmmﬁﬁ%é@ugh n@smmpfvjwuwhm segmenhishto.adak ysi s and
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10.0 for the preferre he sear ch X,y,0) that
maxi m segfined segrching regionleaichalat for each (x,y,8) in the refined searching region,

15 they satisfy
-3.0 mm £ (X-%3) £ 3.0 mm
Y=VYo
-8.0° < (8-8p) <3.0°
The search in the refined searching region is preferably done with x

20 increment 0.5mm, and 6 increment 0.5°. The final extracted fissure line segment
at slice Ssnuy is denoted by its fwo end points (Xxy(snum), yu{snum), shum), and
(Xe(snum), ye(snum), snum) {where the first paint is the beginning and the second
point is the ending point of the line segment) and its angle with respect to V axis
8{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 8(Ssmm) (61). Suppose the peak
of the histogram is 6'.




10 the apprOX|nated fissure line segment at slice Ssnum TigguBemoehi ng in
the gross WweaBmhisay area is preferably carried out with x increnent 2rnm
and O increment 2 in the first round to find the rough position of fissure
i ne segment |s(xo,yo,00). Then around the rough position of fissure |ine
segnent, the systemdefines the refined searching region such that for
each (x,y,0) in the refined searchlnq region, 15 they satisfy -3.0 mm _<
(X-x0) < 3.0 M y=Yo -3.0 5 (O-00) 5 3 0O The search in the refined
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may calculate the normal of the polygon by Newell's method (David Kirk,
15 Graphics Gems i, 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 approkimated 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 orlentation 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 |




approximated fissure |ine segnents (63). From those renai n80g@ly®0p6 oxi mat ed
10 fissurewongogegnents, the systemforns a cl osed pol ygon by connecting
begi nni ng poi nts of neighboring slices, connecting ending points of

nei ghboring slices, and connecting the approximted fissure |ine segnents
in the two slices wth smallest and | argest z coordinates, as illustrated
by Figure 10. The system may calcul%be the normal of the polygon by
Newel | 's nethod (David Kirk, 15 Graphi'cs Gens 111, p231-232, Acadenic
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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 eéch pixel
(%s,¥s) on the searching line segment, the system looks for the closest pixel which
is on the line perpendicular to Is(x,y,8) 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) @s do. Check 5 pairs of points on the
perpendicular line with a distance to Is{x,y,0) do+2, do+4, do+6, do+8, and dg+10
mm respectively. The contribution of the pixel (X, ys) to the madified local
- 25 symmetry index misi(x,y,0) Is -

fabs (  Qgxs+(dot2)c0s908, ye{de+2)sing00) — g(Xe-(do+2)cos908,
Vs(do+2)sin900 ) )} + fabs ( g(Xe+(do+4)cos908, ye+(do+4)sin900) — g%
(dp+4)c0s908, ye-{do+4)sin900 ) )+ fabs ( g(xs+{do+6)cos908, Yet+{to+6)sin908) -
g(%s~(do+6)c0os08, ys-(do+6)sin900) )+ fabs ( g(Xs+(do+8)cos900, ye+(do+8)sin906)
30 -  g(Xs~(do+8)cos908, Yys(do+8)sin908) ) + fabs ( g(Xs+(do+10)c0s906,

Ye+{dp+10)8in906) - g(Xs~(do+10)c0s208, y-(do+10)sin200) )




wel | as via nedical expert's know edge of the expected NSRS Jilye0béne taken
for the extgexdsoean is 30 seconds on a SE@ 02 systemw th m ps 10000, 195
MHz CPU, and 190 MB RAM 10 Extract symmetry line in a radiation i mage The
present +invention can also be applied to extracting symmetry lines in

radi ation images. This is done via nodified |ocal symmetry index
msi(x,y,0). Here the searching |i ng.,segnment | s(x,y,0) will have a segnent
length of 0.8*XSize if the symetry |§ approxi mately horizontal, or

0.8*YSi ze if )mn% i.mat rti.cal, EQr sear chi ng

| i ne segment FBE Bﬁ) S ti’ ﬁ:bed F’?PC@ é*ﬁ? gme( E;()fyfh)axcz-ﬁgulglg ﬁ@asure of
grey | evebnspoms fo)/mlsﬂ(xlyt@, tre@aduny ke 'uPyandSHlﬁiﬁéfth@ @hﬂnyby frieNeis@Abf P xel
(Xs,ys) on the searching |ine segnent, the system|ooks for the closest

pi xel whig{ky.8) do get the m¢d1f¢eqolﬂcpbﬁymmﬂh’armd@< Iy, 8), 0., dnel fpaasa g (xs, ys)
- (per pendi )., 20 with a grey level smaller than a val ue ‘bel ow which
a pixel gféﬂﬁlt? E’éﬁ'@%@ 'Be an obj ect pixel which could be decided by

hi stogrsaq‘r] |B)1~°nhl§1(x Pepete the distance between the closest pixel and

pi xel (xs, y6 ? as do. eck 5 pairs of points on the perpendicular line

with a dESt apse (g(}ks-ﬁ(d}(a)boég{)@) 99@%2)3&4%@)49 &%{Q?}OSQ@@"B méjsn 9}10)

respecti ¥ety. The contri but'i on t he pi xel to the nodi f| ed | ocal

B Y miehaar i e B

ys+(do+4)si n900) - g(xs (do+4)co0s900, ys-(do+4)sin900 ) )+ fabs
g( xs+(190 £6), c@%@OG(9(>§ss(‘i’#§l§®89%\{sﬂ%@§m909)g{(¥e§ bt DersEPolsOHInoapE - (do+69 si n900)
) +f abs (g(xs+(do+8)005900 ys+(do+8) si n900) 30 - g(xs-(do+8)cos900,

ys(do+8) i n900Yabh(gtk.HdodsoM(ydds(8)siat) sing@08cosa0ey(d@sidpe) n900). -
g(xs (doflﬁ)cosgoo ys (do+10)sin900) ) WO 03/060827 18 Jul'y 2006 21 For

al | y )fabﬁ(g(xsﬂéo%@aq’saaﬁ yagddr1 eEng9elgment  Iged-fdei1 ORPsE0T AN (w1 etir@08)) S
contr ut |on to m5|§ then sumthem up and divide the sum by the
|l ength of | siggfefring) tq Qj’é@ 1?h§1%atra¢t&m phogrmmeyiser fomraiasdiption x,y, 0) .

e thendgy dBoRiin@io &RbBbANRMISHlgrate®) 15 5 Is(x,y, Q1 nisi(x,y,0)
After reading in the radiation image, ils gross searching region is '
determined (100). For approximately vertical symmetry, the gross searching
- 20 region (x,y.0) is defined by
-15 mm < (X-X; ) <15 mm -
2mm= (YY) <2 mm
-20°<0 £20°
where X; = XSize/2, and y; = YSize/2.
25 For approximately horizontal symmetry, the gross searching region (x,y,6)
is defined by: -
2mMms X% )<2mm
~15 mm < (y-y; ) £ 15 mm
70°<0 <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




E fabs (g(xs+(do+2)cos900, ys+(do+2)sin900)-g(xs-(do+2)co9900ly 2066

(do+2) si n9®) 03r060827( Xxs. ys) E fabs (g(xs+(do+4)cos906,

ys+(do+4) si n900) - g( xs- (do+4) cos900, ys (do+4)sin90e) (xs. ys) 10 E fabs
(g(xs+(do+6) cos900, ys+(do+6) si n900) - g(xs (do+6) cos900,ys (do+6)si n900)

(xs. Ys) E Ys) fabs(g(xs+(do+8)co0s900, ys+(do+8)si n909)-g(xs (do+8)cos90e, ys
(do+8)sin90e)) + 15 E vs) fabs(g(xs§édo+10)c05909,ys+(do+10)sin90e) - g(xs
(do+10) cos900, ys (do+10)sin900)) Referring to Figure 12, the extraction of

Y Tost r sy RT3 o e ARARORERET Arfthehd R STURERTRAL 7,

regi OR i@ena@Uggng'(m(,do),OO). For approximately vertical symetry, the gross
searching 20_region (x,y,(err)) is defined by -15 mmx_(x-x,.) < 15 mm -2
mm 5(y- y0) <_2khe nepbgiep is toodetpaing the refinesl seprshingnfedien L1885 ;B1® 25 For
appr oxi ' t LASS searching region (x,y,0 is
defi ned%me&igﬁn@@?&ai%éwk%%@g@@t@a@) S15mm 70SO < 110 30 The next
step i § to calguma & (xke) Ko8gmposi tion of the symretry line (101). This
is achieved by minimzing the nodified |ocal symetry index at searching
points in the3f oR<{ENe)chidQMBgi on. Search is done in the gross searching

region preferg Dy<@i_é{$<x3idacrerrent 2mm vy increnent 2mm and angl e
increment 2. € Ssearching |ine segnment Is(x,y,O that mnimzes the
modi fi ed | ocafhdfh&3es B RY d@2miBiedbé Yindlodnragmyrtine y{103)dekhis ds tameen as t he

D T oY vl RISl g FEI B b0 g ) The et
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 imége 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
radioclogical 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 pattém 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 thosé 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 correspoﬁding' histograms. After two rounds of removal, the remaining end




refined region (x,y,0 is around (xo,yo,00) such that: 5 -13.JQlyp006_ (X-X0)
3.0 nm - 3. Wommob@2¢y-yo) 3.0 mm -3.0 5 (0-00)< _ 3.0 The final step is to
determne the final symmetry line (103). This is done via calculating the
modi fied | ocal symetry index in the refined region and taking 10 the line
segnent that mnimzes the nodified |local symetry index as the final
symmetry |line segnent. The search in e refi ned searching region is
preferably carried out with x incre t 0.5mm i ncrenent O. 5rrm and 0

et o b R A0 B RIS B BT
conput ed. signeretquationi MSP. s Tper disglosed methed tdaﬁeeitﬁié@m&ﬁrfgfa %ﬁm@élfj r igg i on
an

is 50 seconﬁs l§GI 02 stemw th s 10000, 195
RAM Thi s/ ’\Vé%{b % d'i”?&eés‘ﬂé hig 36 SRERNSHNERE RaRAMmgN M dWareh SARIP br ai n
from radieghRidgsabs HERARX -dr%@ﬁidﬁ §Pﬁ%dim r:%f ‘a}é}g a@xéﬁxz?é)lﬁ%fa' n the

volume are automatically picked out for f segnment extraction.
Local syriHise pearnaescil 1avrighieds hi2avaightedr ﬂalne@rsmmradensﬁytwelgmedh to

descri be e re L egnent
oo al SR Bgbp@Aons” (el SRS o Sadifa) G e BF el O °
mat hemat istdddoys.def i ned as locating the line segment that optimses the

wei ghted sum flssur tern peasure and | ocal try jndex. In order
to ? ai l or forqj(l,"le' bﬁ%i re%dg'?'hogmnﬁ&‘i‘i'c{ﬁ gﬂﬂ"f”ﬂﬁﬁ%@?' aﬂﬁ gP'/‘F"BEn%]%a lof
outlier retiosyw b@fmrmlpkac@dsed' foe f‘BSuréthnéCﬁé@ﬁlén% (9) &S3rBXifhating HiSsure
approx_ldml.tlaedfls ellge segnents that have wtealar ge angl e devi ation

(1.0) ﬁﬁeﬁg‘ {n Bpilige b&r?@“@!%?ﬁtoamf I@%S&tquw ina%anql issliee |ine
segment s.paligfn :ﬁ@&,m@rrahal(sg mnamwm&%@hegs ugtion "6t REETRIT hé pl ane

equat i on i approxi nated.  The second roun 0 renove those end points
of the r SPRINIAgeddisapis:ling seaments via distegramanalysifent s that have quite a

Large <t ancoyieid niRuichy, IndbATd SRS SRR B fyehalfe o e
di stancellaﬂéafdi@h@iumagad by finding the peak of the corresponding

2;355 alglrSagg 0 6A§\Eefh Wpeseﬂ{" Wer@bn - ey e Ao difod STl orr]rgs Vn\%?thoo:l)’.x/t 060827 23

departing from the spirit of the essential characteristics of the invention, if 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
w_Ithin the spirit and scope of the invention and appended 'claims.




points of the approximated fissure line segnments are conbiiggdiytxmosal cul ate
the plane ¥§UBG6e270f MSP. The di scl osed nethod can extract MSP for
clinical routine 3D MR inages within 30 seconds under a comon har dware
setup regardless of the matrix dinension of the imges (as |arge as
256x256x256), 5 pul se sequences (Ti-weighted, T2-weighted, flair, or proton
density weighted), scanning orientatspns (axial, corona! or sagittal), and
normal or pathol ogi cal subjects. The preferred enbodi nent includes 3. nmjor
steps: (lgLApiermning axial slices to be further processed for fissure

|l i ne segments, (2) approximating fissure 10 Iine segnents in axial slices
by optim sation of |ocal symmetry index and fissure pattern nmeasure, and

3) calcy ati I i A anproxi mat.ed fissure
[ he' cegnent s Ty rictfio o BcieftiRy SRRl ah i ey e ARROEHATBHTS i "ot hoa
i s appl i edepoolextracting symmetry line in a radiation image. 15 As the
present invention be e died in several fornms without departing from
the spirit of ¥he %ﬁ%ﬂ?@%g@ﬂ%%{& é??@%i“&gl"’@f sqgraent Wik aopredefinaghoul d  be
under st oagafdiataréd eofaBA Vitnaes poribed 1R BB bhie 2&urBifthg tife! E%@eﬁhe

ou e

present invention unless otherw se specified, but rather sh
const r uedBHRE| § refaraneerpadimdXsyi af its aeatrs esdeamangln® witk gespash tas def i ned

in the mgg&gﬁgﬁ}eai%dofﬁﬂ?% i di fications and equi val ent

arrange ntende incrdded within the spirit and scope of the
i nventi on and bappeifatedeadhai semrchi 0BhO6@83mMenY Coldrivime 18 Jithly RGAG 1. A
nmet hod of term.ni.ng s try..in _an imge, the nethod including the steps
of :” a) dgpgfa,ﬁ??{@ﬂgtm %Eﬁéggﬁ%e%@bﬁwsmje’ﬂ?'ﬁt@t?@%ﬁglaﬁ?‘i‘tﬁh‘ﬁ Sﬁarﬁg@ﬂefi ned
sear ch alinge sehnpt:i nage portion, the at |east one searching |ine segnent
including a reference point (X, at its centre and an angle O with

(%, y) , . and :
respect to a Cbred@?@t”ﬁm‘i‘ecﬁh%ﬁyﬁ"ﬁ@rx he ihmdagesr it cecomsiancer wihch
sear chi nalchiion 8B8lon tHE RS Molfcifirddibdig 0cal  characterstic in

J

. accordance with a neasurenent at points adjacent the searching
2. A method as claimed in claim 1 whersin, the first local characteristic is a
local symmetry index Isi{x,y,0) determined according to:
_ a) for at teast 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;




line segnent; c) determine the.symmetry in the inmage in adggudenoe with a
cal cul ati onV®a¥EE82IN the first local characteristic. 2. A nmethod as cl ai ned
inclaiml wherein, the first local characteristic is a local symetry’
index Isi(x,y,(err)) determ ned according to: a) for at |east one pixel on
said searching line segnent, determining the sumof grey |evel differences
for N pixel pairs |located each side dgi5 said at |east one pixel, said pixel
pairs located on a |line perpendicular to said searching |ine segnent and

intersecting $3i d fir didaadt one piekeh ,sa@ séaremhggméage@n&rrﬁydét@mhm
differences determned in_step d) an dividing this sum }/ t he Ien th of

sai d searlBRiSHE 9figray @&hﬂﬁ?m@%,&oh@tﬂ*ﬁ%%@ &Cétef%@:ﬁqhnﬂ@ﬁ@ fid Fw%r ein, the
first | ocgly ;@h@ ‘i@rl'oééﬂe o% id TRd 5&%@&@&1 t&)éggagié@%( gggﬂﬁem an

msi(x,y, (err) eterm ne according to: or at e pi xefj on said
sear chi ngnlerassting gaidrat Jedsbone pirgl;a cl osest pixel having a grey level |ess

| ocated on a Fine Surpiural Sy sebtindEhdes s PosBReal iy passi ng
t hrough giiding ithis sumandthedesgthiofigaid seaefohirerive sbigafenice bet ween sai d

cl osest pixel and said |ine segnment; WO 03/060827 25 18 July 2006 b) for at
| east one pixel on said searching line segnent, determning the sum of

grey level di ff gicgifeas fcﬂrmbldnhwmpelwmrémcw ect %ﬂahhélmaiqu@aard pi xel,
said pixel pairs located on said |line ﬁer pendi cul ar to said |ine segnent

and i nt dpaded piy 4 & 8 and 10seid: resRectrlelromegaid atinpsipredielgr ey | evel
differences determned in step g) and dividing this sumby the | ength of
said searching line segnent. 4. A nmethod as clained in claim?2 wherein, N =
5 and th&. p%mth@h% slagmed in daim 8dvharein, N4= 5 @ndahapikel paing aredepadedi vel vy,

LS and the & Ror ol TR Blys sap BeftRiieednte TPy HE Rl 45 &
r ef er encdeadi shapiel. respectively, fromsaid at |east one pixel. 6. A
. method of determining a symetry plane |ine segnent of a-3D i mge,
6. A method of determining a symmelry 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 atleast 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 0 with respect o a predetermined axis of the slice;

c) for each searching line segment, determine a first local
characteristic in accordance with a measurement at poinis 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. |




the 3D image conprising a set of parallel 2D slices, the metUtgaodscl udi ng
the stepswdos/@mpsxetermne a first subset of slices fromthe plurality of
2D slices in .accordance with predeterm ned criteria; b) for each of the
first subset of slices, determne at |east one searching |ine segnent
within a predefined search area of the slice, the at |east one searching
i ne segnent including a reference popgit (X, y) at its centre and an angle
O with respect to a predetermned axis of the slice; c) for each searching

line segnent, Mgie@idl BS chimbd$h cl0926 wf@F@:ﬁ amberrrstszbbsx dHardGiemsidagee With a
neasurenment at points adj acent the searching |ine segnent; d) for each

sear chi ngotalsymseiryentdex BxyByidaterpninasbanegrding:  characteristic in

o) “det ormi ne. @he s it Poo s, Bhel B el RestPink eSSttt SosetyPfha 0"
cal cul atipg duasefl gagy lehel alﬁemmca@dos Bicpm@l Iimaxbcaﬂear@adhemdetaf &aid M0
03/ 060827 26 18 July 2006 7. A netho clainmed in cl f%??'a wherein, the

first | odadstangrrixelepaiginbelpairg logate Pnﬁlffﬂ?eﬁ?r?epﬁjﬂi'élﬁr $PANNGet er mi ned

accordin t telsBaf! Q,ﬁ@ap@ég{ igglt d searching |ine segnment,
determ n?’rﬁgqseg eg gﬁ?nﬁ%? Sgrea/g evel di f?@r‘%nces for N pixel pairs |ocated

each side of i d aummingzsaid @iey Jeyell diffsgngedidaermpaed dn| gertfeden a |ine

“per pendi Cﬁb‘%@f‘&%’?@&&%ﬁéﬁi@?’éSé’#}%"’f@@ﬁ'ﬂ{cﬁ %Iﬂ'?élﬂt ersecting said at

| east one ences determned in step
f) and -dividing this sumby the |l ength of sai d searching |line segnent. 8.

A net hod sclal d n claim,7. erebn., N [ r are

| ocat ed régho% W'%M%@’%Zc‘@’%fgw grﬁr@er% |§.13I @% ggne pi xel .
9. A net h@@ht@@aﬁéadl S drd mrﬁmrrre%pezmwiy,&omnelameatshmespmend | ocal
characteristic is a fissure pattern neasure fpn(x,y,0) determ ned according

to: fpm(x,y,e) = 0.5(255-agl (x,y, 0)) - sd(x,y,0) *0.8 YSize/ (3 npb(x,y,O0)
) for Tigwei ghtghnsli &€laifBE in claim 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, 9)) - sd(x,y,0) *0.8 YSize/ (3 npb{x,y,0) )
for T1-weighted slices, and '
fpm(x,y,8) = 0.5agl{x,y, 0) - sd{x,y,0) * 0.8 YSize/ (3 npa(x,y.6) )
for T2-weighted slices,
where agi(x,y,0) is the average grey level along said searching line

| segment Is(x,y,0), sd{x,y,0) the standard deviation of grey level along Is(x,y,6),

npa(x,y,0) the number of pixels on Is(x,y,6) whose grey level is above agl(x,y,0),

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

aglx.y)-

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,8) of the first and second local characteristics.

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

ws(x,y,0) = a1* fpm(x,y,0) — as * Isi(x,y,0)




fpm(x,y, 0) Sagl (x,y, 0) - sd(x,y,6) * 0.8 YSize/ (3 npa(ulyp08§ ) for
T2- melghtedV@pP@@§T7mhere agl (x, vy, 0) is the average grey |level along said
searching line segnent Is(x,y,0), sd(x,y,0) the standard deviation of grey
| evel along Is(x,y,0), npa(x,y,0) the Nunmber of pixels on Is(x,y,0) whose
grey level is above agl(x,y,0), and npb(x,y,0) the nunber of pixels on

| s(x,y,0) whose grey level is below @zgl(x,y) 10. A nethod as clained in
claim6, 7, 8 or 9 wherein, the calculation of step e) includes a weighted

sum ws(x, y, 0) wierehe &nd sb @r@%@ﬁﬁ@nﬂbétmgaéor@faﬂ@ﬂieﬁrarétdié-’térmlﬂaéd Hy met hod
as claimeg in claim 10 wherein, said weighted sumws(x,Yy,QO0) sai d | ocal

symet ry SRGARINARE analysif) and sal d fissure pattern neasure fpm(x y, 9)
o,y ofs * ab MR b RipealE Bhy obkil (s G°11 IfCptindidnaa B C 25
are posi tperormedan IWf-gST@Qan dnfﬁeeertt negolutions drefusing: ned by  di scri mi nant

| | wh th
method 15 perfor meatire LR EresRrARY oBRS sardudefiotcn s dettithg. (o)

searchingwin a first predefined gross search area of a slice defined by -10

mm _< (x-x(Ssnum) <- (Ssn -100-<O S 10 with a gross
sear chi ng mcrerrentw'Bm/g&B}Smmﬂi nt of 2mm and an angle

i ncrenent of 2, t oge.%tc( Bt e t he posi t ion of said symretry plane |ine
segnent, where xc(Ssnum and yc(Ssnun) represent the centre of said slice;
(b) searching in a1$8cdhd tedefined fine search area of a slice defined by
-3.0 mm <_ ( X'w)?tﬂ)a gfro%s %egmhiﬁé:ir\l{greh%n% ghfen(l%i gﬁ) 2( ;II”ISCI‘eangnt of 2mm, and an
angle increment of 2°, to estimate the position -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 érea of a slice defined
by
-3.0 mm < (x-Xg} £ 3.0 mm
Y=VYo '
-3.0° < (-0g) £ 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, 8) represents the searching line segment
that maximises said weighted sum of said local symmetry index lIsi{x,y,8) and
said fissure pattern measure {pm(x,y,8) 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 fo or greater than said
threshold; '




with a fine searching increnent, given by an x increnent qfJQiyam% and an
angl e increwenBoei2D. 5, where (xo, yo, Oo) represents the searching |line
segnment that maxim ses said weighted sumof said |ocal symretry index
isi(x,y,0) and said fissure pattern neasure fpmx,y,0) in said gross
search area with said gross searching increnment. 13. A nethod as cl ai ned
in any one of clains 6 to 12 wherein id first subset of slices fromthe
set of 2D slices are determ ned in accordance with the foll ow ng

pr edet er m-ned iteria:. : r r slice;
(by cal cul ate @ ni SpisimsieEafier QA28 B8 St o0 B BHusPiafEhld ne o
grey | evehrdshokishndld; . (d) determine a first slice with a grey |evel equal
to or greater bhan s%i d. thrﬁshol d; WO 03/ 0608%7 28 18 égjé %_006 e)
determne a |48t sOPEEM{fe4 sicqingiemelkpiepdig Peyesn pid e SRS ai d

t hr eshol dgai@pdt bifcs. determ ne a slice increment step size between said first
slice and said last slice. 14. A nethod as clained in any one of clains 6
to 13 wherein the symmetry plane |line segment is a fissure |ine segnent of
a nmedi cal4j m : |al P ' (7<) di cal
imge is 1a4' v%ﬁrjnr?ehﬁq % ?@%@"3%9bf%ﬂﬁ@%@%‘%ﬁ?%o@e{%%@é% tﬁ% %%.’Wré’%?ﬁom ng

t echni qugdanalineFggmait isirfissure JinPEBgmed) of3PBEdicabimagenet hod of det er m ni ng
a symmretry line of a 2D image, the method including the steps of a)
determ ne at | east one searching line segnent within a predefined search
area of axD iAragsthpdrdd emimbdeinatldimass wherelrsathe himedidal Nimagegre At

! gg'pgg't Mgt image pradubad by any bnd or more SFihe folcwing Bermies: © M 1"
a) CT;.
b) MR
¢  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 0 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; ‘

) determine the symmeitry line in accordance with a calculation based
on the first local characteristic.

17. A method as claimed in claim 16 wherein, the first focal characteristic is a
modified Iocél symmetry index misi{x,y,0) determined according to:

(a) for at least one pixel on said searching line segment, Iocating. 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




predeterm ned axis of the 2D inmage portion; b) for each sda8mdali2006! i ne
segnent, deV@POHPHE27a first local characteristic in accordance with a
measur enent at points adjacent the searching |ine segnent; c) determ ne
the symmetry line in accordance with a calculation based on the first

| ocal characteristic. 17. A nethod as clained in claim16 wherein, the
first local characteristic is a nodi£2%d |ocal symetry index
msi(x,y,(err)) determ ned according to: (a) for at |east one pixel on said
sear chi ng SPOWENt agedassingobspuaiysaid pikels asd meamiringax iraprendgyr @tanevel | ess

than a val ' L.xal _1s.unlikely to be an object pixel and
| ocat ed oﬁgﬁv%n%}é@%%%meﬁﬁégSFIS’S'E‘&SEQEI:?Q’chi ng |ine WD 03/ 060827 29 18

July 2006 segntit afodapiesst ngetpixslughssidiséaping] linéREgMRAS W ég ir?n ef erence
i and said I'Il ne segnent; (ng‘ or at

di stance efween said c st pi xel

| east one"gel élg? Cgrgrgﬁi?%'eL aiﬁa&‘?’ﬁ"%ﬁ iPr Rek By Ipcatedetaghnsidp nj saichpixelum of
grey | evebaidi pikelr paiee Sodasd RinX ShidP CLLig| 1.d_ pi xel
said pi xelal a’?lrs ocat eg odn@gg?%[dl @%ﬁggﬁggfﬁgﬁﬁ?ﬁ‘ é%;%alg%g'ﬁ%ea@%gnent
and i nt el4&IESNG sl at lpastasepixelne pixel ; c) summing said grey |evel

di fferences detyerm i 2P di vi d IS sum by t | epgt h of
sai d searchi ngé)l i negagrg?;lh n%lgl . A@{r)r%t ﬂ@;ﬁ}éggéggjaﬁtt%gﬁn?i "&rfifel?)gﬁ Qﬂopcl ai s
16 or 17 dliMising thistsven by theelength ofisaixl searehisy imesasgméntne of a nedi cal i mage.

19. ‘A nethod as clainmed in claim18 wherein, the nedical imge is a 2D
radi ation i mage. 20. A nethod of: calculating a symetry plane in a 3D

i mage, th#8.3D A meglod aookimed rgany phelbitlalrys 96 oﬁqv%haﬁbinztﬁe%l%hﬁfé the
met hod i nlﬁ'g?u?' nﬁ% thet steps, of: @) determne a first histogramo gfl r st
| ocal chab%dt &YEIMeinglng ofamed 98- within a predefined search area- of
selected slices, the first histogram including a peak first |ocal
characterjstic; b(_)émdeterm' ne differences with respect to the peak first

| ocal chitactemelbed apoplaimpd in iclaim 1% ediereinathec tredicad iimage 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 I.?istogram 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:

) 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; -




c) determine a first set of line segnents having differend8July6t han a
first predé’?‘érﬂ?fp(ﬁ’éaﬂj threshol d; d) cal cul ate an approxi mate symmetry pl ane
in accordance with the first set of line segnents; e) determ ne a second
hi st ogram of a second | ocal characteristic of the first set of line
segnents, said second | ocal characteristic being determned with reference
to the approxi mate plane of symetry, 30he second histogramincluding a
peak second | ocal c(gatrac,ter'hsti c, f) determine differences with respect to
the peak second | oc8F*eTRRa AR 18Fi RAlhls afct seewl seicafnline segrherthamsinger i sti c;

WO 03/ 060@8feraibelfestithvn 4226084 SER dﬁ'n 5@2@_ points of a second set of

| ine segnents having differences less tha ond predeterm ned

threshoi d; h) Wl cutakewatenibes gymetetly plaasebiwssie dnosnid aéril @RMPSFNhs Of the

second setoQfndd E%H 21. A nethod as clained in claim20 wnerein,
the first ?ocal égﬁ)gﬁlg% |§'%tis‘c is the angle of a line segnent with respect

to a predeterm ned axis of the selected slices and the first predeterm ned
threshol d,i s | e threshold of 1.00. 22. A nethod as clainmed in claim
20 or 21 Gier %H%}ﬁﬂ a§8%‘5ﬂ?f?lrb@%‘m 2@ wheraindhe dirstdogad chawactiristicaisdee f r om end
poi nt s of angle ef s dite Neyntint tith fddpett &8 ' ents, to said

appr oxi mat.e symretrgm?elgane and th gecotr?dB;egrelteéci@ﬁgr%an%ga‘gftWPe Hielis a

di st ance YPRSREIte Hist pregletarminaddthirsholis anfamgis thoesiatd 6f omed i n cl ai m 20,
21 or 22 wherein, the line segnents are symretry plane |ine segnments as
claimed in clainms 6 to 19. 24. A nmethod as clained in any one of clains 20

to 23 whe?di n A hreethpdnas rglain@ldaie dlgima 20 dsagi Widre! aRe MaRna' qthF hurman

brain. 2 oput.er, program product including: a conputer usabl’ée nedi um
havi ng c?#8@@3?@@5%5’5?9‘%@&#3%%9%@ ofciinepsagsnents of dne rsé gst ein code
enbodi ed line ssigthatsli wn 548 dgipRsiinatdd mgg;g,t [V [ e..sal
conput er program product further incl udis%rg: C nﬁ?‘t’ﬁ ?Q%dgﬁgesﬁ% W thin
sai d Conﬁﬁ?‘%ﬁ%@agﬁ rrehpld 8 & distance threshold 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, v} at its centre 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; '




a) determning at |east one searching line segnent withinigangyedsdi ned
search ar eg%&‘}ﬁ?\”?nﬁge portion, the at |east one searching |1 ne segnent
including a reference point (x, y) at its centre and an angle 0 with
respect to a predetermned axis of the image portion; b) for each
searching line segnent, determining a first local characteristic in
accordance with a measurenent at poi ik adjacent the searching |ine
segnment; WO 03/ 060827 31 18 July 2006 c) determning the symetry in the
i mge in accor@ancé&et@rming tha) Sumeetrninb e dmege t ine abeordanceorith a

char aCteréﬁéﬂlﬁionzt@aseﬁo‘ﬁcﬂwggs‘gFoeo%E)BHéxﬁE?eﬂét?od“Ct i ncluding: a conputer usable

medi um havi ng conputer rea rogram code and conputer readable system
code enbodi ed on said nmedium for determining a symetry plane |ine segnent

of a 3D igmgep wﬁp@b%ﬁ??ﬁdmfck%ﬁ%@ﬁset of parallel 2D slices, said

conput er program product er 1nc g: conputeéer readable code within
sai d conput er aueBpenysaienasiuma)avitet emputen geaglabler plogram sotie alnds! i ces
fromthe ' 2 .ces,in ,agcqrdance w th predetermned criteria;
b) for eac@hﬁ{)“'?éd {?eé\dg |Blre SBSZ%s%q%eo?wpﬁlgasqn &@idem‘?fjﬁﬁ"ﬁéo%fieieé@%“%ﬁe

sear chi ngyhimeinsplgnerine wieghient of Br 30lehh g6 ths BT fhage eampfisih e ?éti ge, the at
‘least. ong %%iaééhln%s I Iﬁr}]\f segment including a reference point (x, y) at its
centre amg” r?&? Jus "Rl Hiehprgram ProgHa dether ichedingixi s of the slice;

c) for each seamphictteddaBR GREEHIn sgﬁtc%rrﬁﬂd?éﬂ%aﬁlefﬁnéaih[ﬂ g2l
- characteristic in accordance with a nmeasurenent at poilnts adjacent the
searching |ifk scgplenpining)a figst sulRet of slieesniron the miuralityrafiaD slitetseinmi ni ng a

second | aeadrdafBER AR b de?érhﬁné'd‘criigﬁgrdance wi th a neasurenent at points
al ong the searchin I ne segnent; €) ' determining the symmetry plane |ine

segnent in ackbrddeceasht of the fisstcallbmet @i dizeed determiving iatskasnansecond
local  charashfl! ik Siment wifﬁincgrﬂ?gcﬁgf{nears% THLRACHRS siligcg,lt giar% sast

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 iine 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 symmeiry 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




a conput er usabl e nedi um havi ng conput er readabl e progr amigdals 2806
conput er r S%H4HPE8Ty st em code embodi ed on said nedium for deternining a
symmetry |ine segnment of a 2D image, said conputer program product further
i ncl udi ng: conputer readable code within said conputer usable nediumfor:
a) determning at | east one searching |ine segnent within a predefined
search area of the 2D inmage, the at | 88st one searching |ine segnment
including a WO 03/060827 32 18 July 2006 reference point (x, y) at its
centre anéPigiengagoint ¢y wh its esplee rnd anaanglcedl editarresperd to axirsdetbrmtihed sl i ce;

b) for ea ching line segrent, determining a first | ocal
char acter?gﬁ%gﬂl{enaig%bordance with a neasurenent at points adjacent the

sear ching | ink) segoensactt)satatiangi Mhad sbiifichi, NAcRIGAR kN RGCRsRNCE Wi th
a calculatjon hased on the first |ocal characteristic.”28. A conputer

pr ogr am pPRiacerFicinAscatiange Witk MeasyreRIsnbahreintsradiacsnh thecerapeitiey

readabl e pogs@Remode and conputer readabl e system code embodied on said
medi um for calculating a symretry plane in a 3D inmage, the 3D imge
conprising a pHur aldeigminingathel ling segmesit i ic esccosdanbec withuhecalpulagsam.

pr oduct f%%%nofh@qg%qé%thgﬁ%%ﬁé readabl e code within said corrputer

usabl e ne ermni first histogramof a first |ocal
characteristic of line segnents within a predefined search area of

sel ected &g i cq@c%@ggtgggfﬁ%ﬂ%&gﬁt?@[%dg .I uding a peak first | ocal

characteristic; r s wth respect to the peak first
| ocal  char actée¢orpiter Lisable aneditunr savihe cahpuleareadablé prdgramcdoddei@r M ni ng a

i o S PRI R 0 SRS SR8 o, Ak e 1
* accor dancgyrwietny plase irf RI3EX inse, tie sbn@agggmpriﬁihg@ pIE ey HF gHrAIR 2psecond
hi stogr angiigés,asésig %grrﬁ%u{e?%?clagrgrr}lapgrggfxgtrﬁlxrstigér?nc?uding:

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 t:haracteristic;

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
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;

1)] 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. '




the first S of |ine segnments, said second |ocal charact dgiJstyi2o0bei ng

det ermi ned "\ PANEf erence to the approxi mate plane of symetry, the second
hi stogram including a peak second | ocal characteristic; f) determning
differences with respect to the peak second | ocal characteristic for each
second | ocal characteristic; g) determning the end points of a second set
of line segnents having differences [38ss than a second predeterm ned

t hreshol d; h) calculating the symmetry pl ane based on said end points of
the second set of |line segnents. WO 03/060827 33 18 July 2006 29. A nethod

of extractkigng e 1 Ql ogi.cal I es jncludi.ng . the steps
of: (a) de2f[9 érmwﬁ:ﬁﬁgiogg?g%ﬂgﬂ}[@ggiggé%;ﬁgggcggé@%@ﬁ?g%@eﬁdﬁg%'%i cal

i mages; (W)esiepbpEing said axial slices to determine fissure |ine segments;
and (c) calculgtin | ane equati on of P fromsaid fissure |ine segnments.
30. A net hod 'aL"BcI aﬁ‘ﬁ%&ﬁ”}{l%%ﬁﬂ%&‘g@emﬁ PrPeRESed | oM athid| fagiokasical mages of
brai n canirbagds;om di fferent nodalities (e.g. CI, MR PET, SPET etc.,) or

pul se sequenc&i (e.g.., .Tl-weighted, T2-weighted, flair, or proton density
wei ghted), ar®Vtr a?'gaf\o‘%%ﬁ@'ﬁ@x@}ﬁl@ﬁﬁéf? Hetesminadisatre linersegalenisyandagi ttal ),

normal or abnogyal cAE@ ' d laim 29 or claim
30, wherein saﬁl’cgafi%surgmﬂ prigﬁe g@fy&n@h? anasr?‘ifrghfée&ﬁ%ﬂ#é@e ﬁ@gﬁ%qm?ﬁ't%ati on of
| ocal synmetry index and fissure pattern neasure. 32. A nethod as clai ned
in any ongpof glai .31, eln histogram. anal ysis is used to
cal cul at egos'ai ;ﬁ%ﬁg’dg%ug%r%# 'nggé.iﬁ]Aé 5%1”3@9 @P%a@!?){qg'f-’aéwa@??e"t)f “cl ai s
Zﬁ __t](c) i3|2 e oam b@afrdrgmﬁffaﬂert a1|oida;btmst (@.QJGC'D,FMGESIET! gnpl_er @]?S.Srdi‘ipﬂu;]ﬂ?; :.ISi ng
the follo ; cal.cu ng.average grey levels for each slice;
(0 cal oot RngS iat Syt ot aidhled Gy oryProware omsiy( wponisehr i i g
grey | evedrbitfargseahding orientations (axial, coronal, or sagittal), normal or abnormal

brains,

31. A method as claimed in claim 29 or ¢laim 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.

33. 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;

(c) determining grey level threshoid;

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

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

()] determining sfice increment step size between said first slice and
said last slice. |




(d) determining a first slice wwth grey |level equal to or igrlahtx06t han said
t hreshol d; V&)038easeTni ning a last slice with grey level equal to or greater
than said threshold; and (f) determning slice increment step size between
said first slice and said |last slice. WD 03/060827 18 July 2006 34 34. A
met hod as clained in claim33 wherein said threshold is equal to the

smal l est grey level with an accunul at i3ve percent age of said histogram equal
to or greater than 30% 35. A nethod és claimed in claim33 or claim 34,

wherein s84d shimetiolc4€ BRI, oSl s determned such that 20 or |ess
axi al sl iges are processed. %%ﬂ iﬁ}r@tﬁwhﬁ?"&lsﬁ%ﬁkﬂeﬁh@fcﬁmew tofthel ai ns 29

to 35 fur PREHSSLEERY IavRGWinen apeunehtive porehrigs dTisas 8b8a 83 S b

segnent s yicatdMRasheps of - (a) calculating | ocal syme Pbng
searching |line segnents; (b) calculating fissure pattern neasure along said

searching line segnents; (c) locating said fissure |ine segnent by finding

sai d searshin i se nt w th maxi nrum wei ghted sum of said | ocal
symet ry ﬁde% @r%ﬁ%%ﬁﬁggm%%m@am A8 op stairardd, whidreih samtdres i'%?erﬁlaﬁti med in
or an

cl ai m 36 stepeizeiis deinlineasabh BATB G YodSa i Gal.cul ated by: (a) y pi xel
on said searching |ine segnent, surgﬁy%égad?agf"?%fapf@ﬁeﬁﬁ .ences for pixel

pairs |l ocated either side of said pixel, said pixel pairs being on a line

er pendi &8l ar At esisy i nd ssi ng_t hrough said pixel; (b
E umgi ng SHetled c&ﬁné@%ﬁﬁ y é’i'ShOfg ?'H’SpEQéCP 35rf8§la$rdnbmgiag thegEre)nt and

%rcﬁﬁy | evel differences o
di vi di ngPf e§39§ﬁ|ﬁ’fwﬂ'ﬁ!ﬂm$Eéd|§s$ureﬂiné%b§m%ﬁ%r\ﬁ5'iﬂg.gstéﬂ)g' .Segnent. 38. A
met hod as cl a'(d)ed bt':ﬂclﬁéﬁdgﬂbgﬁ wherein five sald prxel pairs are sumed.
39. A nethod as clainmed | Eilé"ymnﬁ%%\!ﬁgﬁ’éﬂiﬁ’nga'edrqhingdinem@gn@n@{;e | ocat ed 2,
4, 6, 8 and () medledatirgaifidswox phttern measure along said searching fine

segments;

©)  locafing said fissure line segment by finding said searching line

s.egment 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 i
calculated by: al symmetry is

. (@)  for any pixel on said searching line segment, summing grey level
differences for pixel pairs located either side of sajd pixel, said pixel pairs bein
on a'line perpendicular to said fine Segment and passing through said pixei; ;

{b)  summing grey level differences of each sajd pixel on sa,id line

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

38. A method as claimed in claim 3

| 7, wherein five said pix i
el i
N . p pairs are

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

40. i i i
A method as claimed in claim 36, wherein said fissure pattern measure

fpm(x,y,6) along said searching fine segment Is(x,y,6) is calculated by:
Pm(:y.6) = 0.5255-agl(xy, 6) - sd(xy,6) “0.8 YSize/ (3 npbixy,e) )




0. Anethod as clainmed in claim36, wherein said fissure 18duly006 measur e
pm(x, y, e) ¥WPAAE6esaT d searching |ine segnent |Is(x,y,e) is calculated by:
pm(x,y,e) = 0.5(255-agl (x,y, 0)) - sd(x,y,e) *0.8 YSize/ (3 npb(x,y,e) )
WO 03/060827 35 18 July 2006 for Tl1l-weighted slices, and fpmx,y,0) =

0. 5agl(x,y, 0) -.sd(x,y,0) * 0.8 YSize/ (3 npa(x,y,e) ) for T2-weighted
slices, , where agl(x,y,0) is the av@eage grey. level along said |line
segnent |s(x,y,e), sd(x,y,0) the standard deviation of grey |level along
I's(x,y, (err)), laigdeweighey slibes, andnber of pixels on |s(x,y, 0) whose grey

| evel i s above Y, nd npb(x,y,e the nunber of pixels on

| s(x,y, 0) mhosféﬁ’g(#(é@)l“e@é?gﬁ)%y’tﬁér@&ﬂ%b)( X0 $)YSizg/ (3mpabtneH) as cl ai med-in
any one of cl afdi‘ﬂ'23ﬁejFﬁteﬂQ5,ﬁcé{g’lerei n said weighted sumws(x,y,e) of said
| ocal synmetry jndex |si(X,Y, 0) and said fissure pattern neasuré€

fp(m( X,y ,O)e) al oWB?@aﬁgi(xge@rra mmgvera?egmgemg;ak\il\rh@ aid Yihe 'sé%ﬂééf |95<§,, y: N
ws( X, Y, =18y, e), 5 a2 * i(Xx,Y, ere ai and a2 ar ositive
f1 oating CS(?@Y’QH@%%%%{G%%’ed%yéi'zt@ﬂnf’ﬁ@éebﬁe‘fe(ﬂiEﬂ@lﬂﬁl isfranfl), apalywsoks thet2. A
met hod as raindared pixalPay | } . , rej,h determning said
fissure line s%rrepint S is S?g?’rrgr ijg{] g?b@ti%eféfgééveow ’¥’P)eraé‘ﬁt”prb§§3bﬁhti ons,
nanel y (a)heBEMBRT alpikels ants(sxb) mégiso greleivaids bBlbw a&lﬁ(,w .5 (x-xc(Ssnum
):5 10 mMmy = yc(Ssnun) -10 5 e 510 with gross searchi’ng i ncrenent (X
increnent 2mm and angle increnent 2) to estimate the position of said

fissure 14he degmimd aswlaintedin(dHuHY o 65@“@,\, the centre of
sai-d sli C%I- b%; s&ilr%hiq%? in a refined reg]i)é%l e |’ne'£?$%§/]es%ﬁg&8'gﬁ%d:5
(x-) O<<3. “h-f‘H Xy) of sait local syowyetsy index Isi(x,y,8) and said fissure pattern
measure fpm(x,y,8) along said searching line segment Isi{x,y) is defined by:
ws(xy,0) = as* fpr(x,y,6) — a, * Isi(x,y,9)

4
f
f

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 resofutions,
namely

(@  searching in a broad region defined by
=10 mm < (X-Xe(Ssaum) ) < 10 mm
Y = Ye(Ssnum)
-10°<0 <10°
with gross searching increment (x increment 2mm, aﬁd angle increment

2°) to estimate the position of said fissure line segment, where Xs(Sgnun) 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=VYo
-3.0° < (8-9) < 3.0°
with x increment 0.5mm, and angle increment 0.5°; where (Xy, Yo, 60)
) represents said searching line segment that maximises said weighted sum of




with x increment 0.5mm and angle increment 0.5, where (xQ8 Jyl,2006)
represent s ¥8i%/061837 chi ng | i ne segment that maxim ses said wei ghted sum of
WO 03/060827 36 18 July 2006 said |ocal symetry i ndex and said fissure
pattern neasure in said broad region wth said gross searching increnent,
43. A nethod as clainmed in any one of clainms 29 to 42 wherein said plane
equation of MSP is calculated from apggsoxi mated fissure |ine segnents via
hi st ogram anal ysis i ncluding the steps of: (a) calculating an angle

hi st ogr anPdf! le¢a]Isysrasinf inslsxnad IshiefiseemBatist o py-vel lices and

det er mi ni fgL ggﬁkﬁggﬂsg %](1 saj d anﬁl e h?i?ogégn@é?%‘féé'gﬁ@@bz%?‘ﬁée%\% e

di fferences DEtween Saf( ’gﬂdﬂ‘&mﬁ © said peak angle, and renoving those

sai d approxi mated fissure |line segnents having an angle difference |arger
| ane equation fromthe remaining said

than 1. 00'3(c) ?_Egthoai mat i ng pl

appr oxi meted A iNepd as ol Hedis ong of ckatewtRto ag whabAnsss ppine! | end
poi nt's ofeaitign r RIS NG [ ed fissure |jne segnents to said

appr oxi mgt.ed pl ane and _ca(f cu| at?I nfg&ht%%m%'maé?f&é'sﬂi'@tU&fréﬁgmentShaiadi st ance
di st ri butMgAgrame analypigiimejudingtheesiépglofst ance of sai d di st.ance hi st ogr am of

di stance - di stty but.L@nNi.s calcul.ati ng the di stance differences between
sai d peak di sgéa)nce%g%g’anéé %nggp@%ng@ phndles obfirsurs lirnsbgneeniy forg t hose

end poi ntgiddigalidesppd detomairtth pddicsigeol éd?@aﬁé%{%ﬂ%ﬁrg i.th a distance

di f ference | apger .0 mm (g) calculating equati on of MSP
based on remag i ng‘t:%ﬁ@a%'ﬂﬂ)@ﬁ@@ éi%e@apas depresn saideandlés andesdid peagegnent s.

44. A meehgie, ahd aahmviraf iHose 2apl 90 froma plurality of non-
i nt er sect i@ jine se nrglt s incl ugPﬁé&%é# 3'??%{% m‘f §$@B§@t3(®)""@aﬂ@ul ating a
first hi&B é '8nce [aigerdhan £9°0f each said |ine segment and finding a
peak angl e of(sai | ' ra b). cal cul ati ng angle differences
bet ween sai d (CZakdazﬁr%P@ngﬂ@é%ﬁﬁ eﬁ]"ﬁéo from the remaining sa?d approximated

fissure iine segments; _

(d)  caleulating 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 calcutated distances, and removing those end points of said approximated
fissure line segments with a distance difference larger than 1.0 mm:

(@ 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 iine 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: |

(0 approximating said plane equation from remaining line segments;




angl es of each said |ine segnent and renoving those said liI80gly®9geents w th
sai d angl e MPPp/6¢082te | arger than a predeternined angle threshold; (c)
approxi mating said plane equation fromrenmaining |ine segnments; WO
03/060827 18 July 2006 37 (d) calculating distances of end points of said
remai ning line segnents to said approxi mated plane and cal cul ating a second
hi st ogram of distance distribution; ge) finding a peak distance of said
second histogram (f) calculating distance differences between said peak

di stance and &Ri d catulatiri gea g ing. thase end points of
sai d remgji g% line _set%rrr?nt?ﬁfﬁ%ﬁ'ﬁ%%?ﬁ%ﬂ%@%w%w e $eUMRBYS t han a

pr edet er m n&adPEPEERATEE Hhlag @nd: calgylating cailsatbng Habetap JREGEHS | On
based on dibeibugomi ni ng end points of said line segments. 45. A .nethod as
clainmed in claim44, wherein said angle threshold is 1.00. 46. A nethod as

claimed in cl dem 44ingingct peak difianekef eaio seebrH Hispafge threshold is 1.0
unit | ength. A{ A l a final Synmetry |ine segnment in

of. .deter ni n
either a horizont acgﬂdlibqﬂgr@?téﬁcfe ﬂ?&%@'ﬂ'%b?we&nr%ﬁiﬁaldahrﬂibmge dnac! udi ng

the stepdaii calculterbtistaricas,ahdereBiciitg i ngreai.on. W thi.n. said

radi at i on| H?e%?s' iﬁ"b%‘] glal .c%lﬁati I’_lf? an agg)r%%%}lrg; e'ﬁg'?lérf% WW?’H@Q?@&nent; (c)
det er ni ni ng & retfite g2l drtenes Jliffergnes largey than @ beddetaymiraicd dfstigk symmetry
l'i ne segieshold8. A nethod as clained in claim47, wherein said gross
searching regign is determ ned by, for vertical symetry -15mx(x-x)_15mm
2mx(y-yc) <onid) - 2BRlcyating gaid MaﬂmeQQMMawﬁmtﬁeyrema?rﬂﬁﬁ%d@oﬁ%@“

of said line segments.

45. A method as claimed in claim 44, wherein said angle threshold is 1.0°.

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

47. A method of determining a final symmeiry line segment in either a

horizontal or vertical direction in a radiation image including the steps of:
(8  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-y:) <2 mm
20°<8 <20°

for horizontal symmetry
-2mm < (%%, ) <2 mm
-15 mm < (y-y;) <15 mm
70°<8 <110°




-15 mMm : 5. (Y-y. 15 mm 70<e 5110 WO 03/060827 38 18 July 28Q6lygwese xc =
XSi zel 2, amdoyfeesSi ze/ 2, and XSi ze and YSize are the maxinmum X and Y
coordinates. 49. A nethod as clainmed in claim47 or claim48 wherein said
approximate symetry line segnent is determned by mnim zing nodified

| ocal symmetry index in said gross searching region with an x increnent 2
mm y increment 2 nm and O increnengg2. 50. A nethod as clainmed in claim
49 wherein said nodified | ocal symetry index of a searching |ine segnent

is defined by: whale ko'= oatin/B] ¥l yQn- %@/@,eahaw&e'aﬁbewaﬂé 1u'11é ocating
a cl osest I xel havi Q{g %é%re | evel |ess than a val ue bel ow whi a pi xel
i s unlikeMAXBUREX aRd Yoiosdipatesxel whi ch coul d be deci ded by hi st ogram
anal ysis and |l ocated on a line perpendicular to said searching line
segnent and passing through said pixel, and neasuring a reference distance
bet ween séPd cAovetiwdpiselairaed irs alatn|47ner slegneitt whékgin baid agwbxisaia pi xel
on said s .ng.line se nt, . summ.n rey . level differences for pixel
pairs | oc%@%&t lﬁger Sggﬁgﬁﬁs ggﬁe&nmegel%{ g@'ﬂ%ﬂz‘ﬁgx@m’ﬁ%j rlgca?b'ﬁ’m{ﬂet&h sai d

l'i ne per piewidi dulsald Yossajedrdhime rspawrh &NY IRGBHIGNY 2L AR YoihcRMht Pi xel ;
(c) summing grey |evel differences of each said pixel on’'said line segment
and di vi dﬂ%@y 'my%mé’[ﬁﬁ‘wzthe | ength of said searching |ine segment. 51. A
met-hod as clainmed in claimb50, wherein five said pixel pairs are sunmed.

52. A nethod as clainmed in claimb51 wherein said pixel pairs are |ocated
said ref@d.ench raetbodraseclpiniesd i claimel9 @hereth $8idnmodiipd dbcal edyynrhetom sai d

e oo o BER SRR GER P RBOBOB or kT s o %8
15 (y-yo) < 3.(&) mmfor 8ath Pixed-olodaid sdafing 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 sald 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.

62, 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-Xo) <3.0mm

-3.0 mm < (y-yo) £ 3.0 mm

-3.0° < (6-6p) < 3.0°




WO 03/060827 39 18 July 2006 54. A nethod as clainmed in ang Jjaeooé clai ns
50 to 53 wh&P&PM682T1 d final symmetry |ine segment is determned by the
steps of: (a) calculating said nodified |local symretry index in said
refined searching region; (b) searching in said refined region with x
increment 0.5nmm y increnment 0.5nm and O increnent 0.5; (c) locating said
searching line segnent with mnimsed3gaid nodified l.ocal symmetry i ndex.
55. A conputer program product including a conputer usable nmedi um havi ng
conput er readabl e program code and conputer readable. system code enbodi ed
VSP from 3D radiol ogical images within a data

on said I umy f tracti.n

processi %st?ﬁ e@]gthg@i %igc?jﬂ’fﬁgq &P AWoRfienf SHBE R0 fBBhwhelsht baidi fingl conput er
readabl e sydmeiytinesegmiont BaisRstimied B HetstgRdbum for - determi ning axi al
slices to be oces?e for fissure |I'lne segnents; extracting fissure |line

segnents in axidl @GUAnggaigpmagifiogh lenal sfymroey isgemsn rsaid nefirecand
fissure psgdretiing ghre; and calculating plane equation of MSP from said
extracted fissure Tine segnents via histogram analysis. 56. A product as
clained in cl dPin 55eaigdigiin saitldrafiedl region ewith ox bicRImASRS BEImanRe

det er ni | 0G othe f ] . | cul ati | evel
For “cach SemerA Oyl ol BAFRBBERBS: 05 am of sai d aver age ory | evel st
(c) determinir) a dscagingesend sedriinh i insdht At ARl €84 i ©ve

a

with an nul ati.ve. percentage of said histogram equ toor g gter t han
30% (df’sﬁﬁﬁ%‘m?ﬂ'yn'ag%fi rst slice with grey level equal to or greater
than said threshold; (e) determning a last slice with grey level equal to

or “gr eat \el's'réet hgg said threshold; and (f) determ ning slice increnent step
si ze bet Wen SafYNPHieE pragramepragict inclitding ascorapliter usstike mddnah hélingr | ess

axi al sl ic@%u@éﬁeﬁﬂ&ﬁ@ﬁ@ﬁam%agaén%ﬁgo%uter readable system code embodied
on said medium for exiracting 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; exiracting 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 seg}ments via
~ histogram analysis.

58. 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;

(6)  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. '




40 18 July 2006 57. A product as clained in any one of cl d8faly39060 56
further inclV@BAEP%Rhe process of determning said fissure I'ine segnents
via the steps of: (a) calculating |ocal symetry index al ong searching line
segnents; by (i) for any pixel on said searching |line segnent, summi ng
grey level differences for five pixel pairs located 2, 4, 6, 8 and 10 nm
fromsaid pixel and on either side ofjgsaid pixel, said pixel pairs being
on a line perpendicular to said |line segnent and passing through said

pi xel ; (i bY. suAmiradugray clagwed idary enendt etivk 558056 dinthdr ineludpg thai d | i ne
segnent an%}) di vi gi ntg this sumﬂb%l tﬁe | ength of said searching |line

segment ;. PYFEESPEURRIMINGG $ad fissure ing spgmarisdin theatenfoisai d searching Iine
segnents; (c) catddnslilSicdoa i o rndi ! ear chi ng
| i ne segnent d\/E\i/?)t h maxi rrur%1 \OAB?ISWQ% tgdﬁngeﬁggggi@%alﬁﬁg]glImgygr%‘ge@;t/gibﬁdex and
said fissure |ine {Patt dphanppixelomseidoteasthieg finasegmgnt yaumening dreye from

radi ation i maggge|\difer@R¥sdGor 08 pixkSaifPRLhaD 062k AUTELLY rhidsy
pixel and on either side of said pixel, said pixel pairs being on a 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; :

(b)  calcuiating fissure patiern 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 pattem.

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




