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WO 2006/126970 PCT/SG2005/000290 -1 BRAIN IMAGE
SEGMENTATION FROM CT DATA Field of the invention This invention
relates to image segmentation of the brain using computed tomography 5
wd Ymeansshata. Background Some of the biggest advancemgrtgdags/onnzon
medical sciences have been in diagnostic imaging. With the advent of
multi-detector CT scanners and fast&f scan times, CT has 10 become the
centrepiece for cranial imaging. It is the examination modality of choice

doganoraivE BRBLNR A RN RO B ccatons,

and offers rapid results and acceptably high sensitivity and specificity in
Eleiadipg iR/ pathologies. 15 CT has several advantages over
agnetic resonance jmaging (MRI), These include , short imagjng times
B JTCT BB EREES HRIERBHER T BRI IB Y- B8 2 B stagmosreshy
(Cfimahdietection of calcification and haemorrhage (especially
subarachnoid haemorrhage), and excellent resolution of bony detail. CT
is also valuable in patients who cannot have MRI because of implanted
kpERdevices or ferromagnetic 20 foreign material. The brain
Sansists thé g anatidratCpandwhitdinbtieicf\ddy inaluidkag in diagnostic
RPN ARSI LE LRI, IMAGEs. AR RERH3YP 1
g 'h@gf&itr%%&r%%glfgﬂgwe?%y GM. WM. cerebrospinal fluid (cs’F)ha_r?fi
bafomp hupranras s dae SR VEREIE sl ds e srarierdiqa ndal RaRfeehoice
Biivsiniansititote, GiaotalidVhaBenle foptavasi@d duged @i diseases.
imaging,.the slice thickness is normally large (>= t r t
IJg‘,u jerggglf .XSB%%}_EE&%) ?gleia?%q{f I_ﬁe_lﬁq{ﬁﬁfég?lsdr] 0 th@ﬁg%ggag%e%m %é
agsieablyhighisensidvifisad spryificity Blidelsaiagdnimreianialarsranmcsout it

cannot be assumed that the brain tissues as a whole will form the largest

' nnected component 30 as in the case of MRI with s slice thickness.
R BpSarecE, B S e BB G TR b Apardone HeRes

short imaging times (about 1 second per slice), widespread availability, ease of access,
optimal detection of calcification and haemorrhage (especially subarachnoid
haemorrhage), and excellent resolution of bony detail. CT is also valuable in patients
who cannot have MRI because of implanted biomedical devices or ferromagnetic

foreign material.

The brain consists of gray matter (GM) and white matter (WM) including in
cerebrum, cerebellum and brain stem. In CT brain images, bones have the highest
intensity, followed by GM, WM, cerebrospinal fluid (CSF), and air. Non-brain
tissues Iike various sinuses and muscles may have similar infensities to GM or WM.
Due to the invasive nature of CT imaging, the slice thickness is normally large (>=35
mm) to decrease the subject’s exposure to radiation. The implication of the large slice
thickness is that neighbouring axial slices have some relationship, but it carmot be
assumed that the brain tissues as a whole will form the largest connected component

as in the case of MRI with smail slice thickness.

Literature on brain segmentation from CT images is very sparse.
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WO 2006/126970 PCT/SC2005/000290 -2 Maksimovic et al 2000 used
active contours models to find lesions and ventricles in patients with
acute head trauma with manual drawing of initial contours. [Maksimovic
RicStarkesianS, Milovanovic D. Computed tomography imagecar@lyseFioozoc
3D reconstruction and segmentatiog?pplying active contour models - 5
‘snakes'. International Journal of Medical Informatics 2000; 58-59: 29-37.]
Deleo et al 1985 proposed a semi-automatic method to do brain

RRAERANQN 9 Th oGl UNRUSS HIREES WRIR e BRiER R R ans A sRIEStn
%eﬁ%%esentatlve points of cerebrospinal fluid (CSF), gray matter (GM), and

B WL} (GRS iReAL rBEIER 1S paBrah ARG WindRijil7oontours.
Ceinksoutwe RxidtstikesicloSyeBfibivenoentalhingtomtinird temivigledito auagd
Weﬂaﬁﬁﬁ@m&m}m&ogﬁa{e%&%%&ame&mﬁﬁ%%ﬁo‘@ BRBHR models —

SF, GM"and

specification of the representative C M to distinguish

IntospetigghAmvemahef rdisal dréomnerni208RihoRad safidus
problems for it to be considered feasible: manual specification is tedious

%g%gﬁ ol H%&ﬁptvﬁigc}gg& YaniRg, %B?z‘é ReAlma'ds 'upaqnc%ul%géx%%%ion from

ed, not a rain IS covered 1or categorization, an

frfoiinegrsn idlaers ewsTsitERaEstda iyl SHeRfi NG oS points of
stensilyinipalea WEFSCchwanizalvt: Gregsaydiwhitilafatr RADOPHI S region

Computer- assisted categorization of brain computerized tomographs
e R L T B R AP e e
thitd Beotrieldicty Redddresan bagenige. 2flroslggdsrasetinsimvrtadabasgdpn the
ﬁ&ﬁﬂ%@c&ﬁé&ﬁ%ﬂ@ﬂ? WERBRRVARR d@g,sc%%MWW@Jﬁxd&guish between
re g har spft tissues, and | was segme using a
(et A VLR G SV R SR B B i be
pnidseinfydsils: linmiol kpesfmotiu ixisficksendnttoroopatini felativaiship,
@6%@&%%&%@%9@@%1&&@,%i%Eﬁgbﬁﬂtﬂm&%}éd%ﬁ@é{égo@ﬁﬁqn,
Rio DE, Eckardt MJ. Fully automated I‘égeégmem;atlon of cerebrospinal fluid
e

4R SRR Eh B OSBRI STENRA e a2l CHINEE S AR 19%3 180

. it€hsi§O] [_'.BEIS(D Mi&h&&dﬁm&nﬁﬂﬁﬁ}d lBNCdi9e Ny rBppspa ttGTindobnauter-
R Eﬁt@&ﬁgﬁﬁﬁ of brain computerized tomography pixels into cerebrospinal

fluid, white matter, and gray matter. Computers and Biomedical Research 1985; 18:
79-88.]

Ruttimann ef al 1993 proposed o use maximum between class variance criteria for
differentiating hard and soff tissues, and CSF was segmented using a local
thresholding technique based on maximum-entropy principle. The processing is
limited to selected axial slices and no spatial relationship between neighbouring slices
is considered. [Ruitimann UE, Joyce EM, Rio DE, Eckardt MJ. Fully automated
segmentation of cerebrospinal flnid in computed tomography. Psychiatry Research:
Neuroimaging 1993; 50: 101-119]

Soltanian-Zadeh and Windham 1997 proposed to find brain contours in a semi-
automatic way: manually specify the thresholds at different regions to binarize CT
slices, use edge tracking to find contours, use multi-resolution to resolve broken

contours, and specify seed points‘to pick up the desired confour. This is basically a
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automatic way: manually specify the thresholds at different regions to
binarize CT slices, use edge tracking to find contours, use

multi-resolution to resolve broken contours, and specify seed points to
H@I@'ﬂ’ﬁ’ tF&esired contour. This is basically a WO 2006/1285}‘; $2005/0002590
PCT/SG2005/000290 -3 manual nﬁ&ﬁod, and the vast amount of user
intervention is its major drawback. [Soltanian-Zadeh H, Windham JP. A

multiresolution apprpach for contour.extraction fram hrain image :
R PISHY B 0109 G F50 U A0 11555 ASTIRBHON B8, T et Jrarback
[SoitationsZesld Hs¥éndbag OF thé malidreTHutianefctachfor sAsiew fxingction
BeaBLAIdaniag and:RimaLRifcaure Lamie agllqysenough to produce

misdiagnosis. There is.a radiation burden on the patient and pregnancy is
a contraindication. The tissue contrast is not high enough to identify or
Shgmery hoavioas cetdhiahiistuestadel satelingldi shis leatajDhcdrtiofbetsithat

whenadvanesd Hﬁ%gﬁg%%@r%sggsm&ﬂﬂésmmﬁ ISR T e

present invention Is ercoming or at least reducing the

msdipgRass of Brere danmimyistianidMeder 815 asnisketh BREaBFRERRRSHS @
bopirnisidication ISThstmeieddonadTs data higbe dnongihnes ity @nstrait

ignRarlign. Tyl iRsghé hisiheashel
g%(%%(ﬁ%ég@ﬁegﬁgﬁlﬁte_n 'gyt%%t;{)e@%v é|IIge%g%{c?\fvd%%r%efé%bgﬁ eéélu%%‘é air anagb
rreesEgimndsegrosidipadammizsdne use of the spatial relevance of brain
tissues in neighbouring 20 slices to exclude non-brain tissues with similar

tensities..The invention provided a method f nerating a s nted
I AR o e R
datecamningonepkansg the steps of: (a) choosing a reference slice of said
CT data, and for said reference slice: 25 determining a region of interest;
getermining a low threshold value from intensity values of said reference

f n said region of interest; and determining a high threshold value
Indmoistrsity Vied hesrobtsaithre is extracted from CT data based on thresholding

and brain mask propagation. Two threshold values are determined: a high threshold
excludes the high infensity bones, while a low threshold excludes air and CSF. Brain
mask propagation is the use of the spaﬁafl relevance of brain tissues in neighbouring

shices to exclude non-brain tissues with similar intensities.

The invention provided a method for generating a segmented brain image from a 2-
dimensional slice computed tomography (CT) scan data set, comprising the steps of:
(a)  choosing a reference slice of said CT data, and for said reference slice:
determining a region of inferest;
determining a low threshold value from intensity values of said
reference slice within said region of interest; and
determining a high threshold value from intensity values of said
reference slice within said region of interest; and
(b)  foreach slice in said data set:

determining a region of interest;



reference slice within said region of interest; and 30 (b) for each slice in
said data set: determining a region of interest; -4- performing a
binarization of said slice components by use of said low threshold value
and said high threshold value to give foreground. connected components;
and excluding those foreground conpected components that do not satisfy
a spatial relevance criterion with reference to an adjacent slice. The
invention further provides apparatus for generating a segmented brain

image, COMPisiREnLR) AGARPLESH 5@@&@@@9%&8&%@{;%@&%@@&%@%

CT scan data set including a set of axial slices of a 3D volumetric CT
scan; (B SMEcsdus Ayt dtish Burheidsiahs Gigh aiprroindaarassed

set; forcamekaremseaslice of said CT data: determining a region of interest,

determining &.ay VeSAOYalG AT INEASIYAES Al SAId RIPLEACE o

slice within said region of interest, and determining a high thresho

from intBRaty YSTARE SricKion B eRisEcaie i85 SHEGion of interest;

and for each slice in said data set: determining a region of interest,

el . g i slice ¢ . S low .
AL O LS A OIS LR e
CoRMEEEE-components; and excluding those foreground connected
compargnts thatdapreisatishraspatialmelexanoe esieion Wit referenes set
to an adiacent slics: 3nd 7). display device o cisplay he non-excluded
foregrouna. connected components ifneac Said Slice 98 %aid segmented
brain irffalge. DERIERHHBH: of the drawings
generating 2-dimensional slice data from said data set;

for a reference slice of said CT data: determining a region of
interest, determining a low threshold value from intensitv values of said
reference slice within said region of interest, and determining a high
threshold value from intensity values of said reference slice within said
region of interest; and

for each slice in said data set: determining a region of inferest,
performing a binarization of said slice components by use of said low
threshold value and said high threshold wvalue to give foreground
commected components; and excluding those foreground connected
components that do not satisfy a spatial relevance criterion with reference
to an adjacent slice; and
(c) a display device to display the non-excluded foreground connected

components in each said slice as said segmented brain image.

Description of the drawings
Fig. 1 shows the flow chart of the disciosed method.

Fig. 2 shows the reference image which is an axial slice around the anterior and

posterior commissure with the third ventricle present and without the orbits.
Fig. 3 shows a flow chart for finding a region of interest.

Figs. 4A and 4B show the space enclosed by the skull of the reference image, and the

region of interest of the reference image, respectively.
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Fig. 1 shows the flow chart of the disclosed method. Fig. 2 shows the
reference image which is an axial slice around the anterior and posterior
commissure with the third ventricle present and without the orbits. Fig. 3
shewséaiflempchart for finding a region of interest. Figs. 4A apg#&:shi@%o0190
the space enclosed by the skull of the reference image, and the region of
interest of the reference image, respectively. WO 2006/126970
PCT/SG2005/000290 -5 Fig. 5 shows a flow chart for finding a low
threshold. Fig. 6 shows a flow chart for finding a high threshold. 5 Figs.
7A and 7B show thresholding of the reference image and the region of
Fie o ovsm o shatdre fadma a s sfidand high thresholds to get the
binary mask. Figs. 8A and 8B show brain candidates for the reference

%rl{/‘ﬁ?%%@ws ﬁ?}é%%&%%ﬁﬁ&&é@}%%ﬁé At inary mask using distance

eria to ex nd 9B show brain candidates for
another axial slice and its region of interest, determined using distance
priferia. &b FigsHdvigmefiomMplat kit ipiednsiskapecpdghtiesyibngs iftbrest
and.11B show the derivegg rain after | f(§) '@J- Jig. 12
Hows s SeREmatic Hock ?é’g"?é‘P?lg (&)L}%? %:%%nagﬁtgegr{h%re v{\%re ar§r§gct0re on
20 which the methods can be implemented. Detailed Description The

BRIIJINALY SHSIRSY brvE) srserhiter e dallenscihe stapdard fadigibgiedl
_conver%ion: X.runs fromkthe 5152)' ct's right.tq left 0 nterior to
i ¥ us g? eria Xe s

S RN R T RS ket

S iferior The intensi y of a voxel (X, y,
z) is denoted as g(x, y, z). An axial slice consists of those voxels with z

ﬁgmﬁ GRASIAN NG vk QUiRigCH Owt chather theudigsdesat methgaohlor
of producing prain segmentation images, and assumes a 3D volumetric
‘@ﬁ%%tg%%ﬁwmeﬁﬁt%%ner in the usual manner.

Fig. 16 is & flow chart of brain mask propagation.
Figs. 11A and 11B show the derived brain afler propagation of brain masks.

Fig. 12 shows a schematic block diagram of a computer hardware architecture on

which the methods can be implemented.

Detailed Description
The coordinate system (xyz) used herein follows the standard radiological convention:

x runs from the subject’s right to lefi, y from anterior to posterior, and z from superior
to inferior. The intensity of a voxel (x, v, z) is denoted as g(x, ¥, z). An axial slice

consists of those voxels with z being a constant.

Fig. 1 shows the flow chatt of the disclosed method 10 of producing brain

segmentation images, and assumes a 3D volumetric CT data set obtained from a

scanner in the usual manmer.

Choose a reference image g(x, ¥, zg) {(step 12)
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Choose a reference image g(x, y, zo) (step 12) WO 2006/126970
PCTISG2005/000290 -6 The reference image is a 2D image obtained
from the 3D volumetric CT data set to be binarized. The reference image

shoudshayedhe following characteristics: it has WM, GM, C/F;@iq89)8hoasn
skull tissues present; it is easily extracted from the volume anatomically;

the proportion of GM and WM shouid be stable. One suitable reference 5
image is the axial slice passing through the anterior and posterior

%ﬁ%ﬂﬁ%ﬁﬂ&&%ﬁﬁ%@é 688‘&5%@ %mg%ﬁ%ﬁﬁl@fﬁg SFIAIGRY be

an axial slice 30 with third ventricle present and without eyes, as shown in

Pigazetn d e efaraeedtmassheu  ibas: iy Sellonying haseciemsiissids el Y,
dﬁﬂp@@&g(xmd 2oyl QsBetepmieaty dgion abinterasidste fénAthd isolbeic
n '[ISS 'S Wlthln th fi ion of S
R o T O N D O et
tHeen énthenauinl shercpasding ausfeli® %?%Fééti{‘ﬁ@wwﬁfﬁ@lﬁ@ﬂi@vegl
Prietigh the ftalpiRd skl SiRRDassihoxmiteE By 3nkxik) Fiod t0ewith third

threshold to bipari e ference I|ce (st m th nsit .
Ais ?m@[% R\resfa%e v%lumé) g(xye f)s assn‘y egln%en y in §14rs]l(t:eus é%gber ®

é@éﬁ@@%ﬁdlﬁ@@%ﬁﬁf@@@ &Mﬂﬁ@@ﬂﬂf&ﬂ@ FEE) ugig known fuzzy

C-means (FCM) clustering, with the first cluster having, the smallest

' sify. The maximum ity of the first cluster plus a constant of

B (S A S 0B 2) Binativd ot 3. 20} to ot it

Aedtd s tizshragk GRMMER withio fhafiskgl, tratde pibinteresiichetagidrack®ieatee(ROD

SEHIMEfer¥n 20} SEBEL DR KQJQ:HEQEe@W%%%uﬁkHﬂMQcXHZ@Mé §elad

to 1 (foreground) p 42), 2 3) Find th%‘a est foreground ¢o neé:%ﬁ

RBp HENE BN Skul A S426) S 4a5: R B reREEns CORPEEtedhe
ﬁdimpmg@nbh&pm@tﬁmmgeﬁtmﬁmber of foreground pixels.

1) Find the threshold to binarize {he reference slice (step 40). From the intensity
histogram of the volume g(x, y, z), classify the infensity inte 4 clusters
{corresponding to air, CSF, WM/GM, and bone) using known fuzzy C-means
(FCM) clustering, with the first cluster having the smallest intensity. The
maximum intensity of the first cluster plus a constant of around 5 is denoted as
‘backG’.

2) Binarize g(X, v, 7o) to get initial head mask ‘skullM(x, y, zg)’: if g%, ¥. Zo) is

smaller than backG, then skullM(x, y, zg) is set to O (background), otherwise
skullM{x, vy, zp) is set to 1 {foreground) (step 42).

3) Find the largest foreground connected component of skullM(x, vy, Zo) (step 44),

being the foreground comnected component having the largest number of

foreground pixels.

30 4) Fill the holes within skulil\ff(x, Y, Zo) (step 46). Any backgrdund component

completely enclosed by foreground components is considered a hole and is set to

foreground.
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30 4) Fill the holes within skullM(x, y, zo) (step 46). Any background
component completely enclosed by foreground components is considered
a hole and is set to foreground. WO 2006/126970 PCTISG2005/000290
wWdndkigaay, all pixels enclosed by the skull are located. FGMaHSIEEING 200
(i.e. step 40) is used in preference tg curve fitting of the intensity
histogram, as the former does not assume a Gaussian distribution and will
be valid 5 even in the presence of heavy noise and other artefacts. Fig.

4A shows the reference i 50, and Fig. 4B shows the corresponding
Ié‘et Fed T ngl%ﬁeo in greg?%ﬁ ffei?) %&% culate low threshold (step
16) The low threshold value is used to exclude air and CSF from the brain
HoRpeARHds ¢etatiines Ryutee foljovringnseiosians shawsrointrignbndy

From the intensjty histggram of the reference image. ,.2Q).inthe skul
RIS AN 9730 LGN AT i B oS

¢ocaimahelptSeSef Weiwy@dikeamd wbereaxstept$s0). Cluster 1 represents the
air and CSF components. (The smallest intensity of the fourth cluster is
denoted a s ‘minBone’', which will be used for determination of the hi &1
Figedhorhonrdy 3@%@1&%&&&\9&&%&% o) i‘g‘%o%"éeé%’ﬁa’tne%
dstemin) apidawlmesksRP0 $ApanCj + at*sdC1, where meanC1 and
sdC1 are the mean and standard deviation of cluster 1, while al is a
constant in the range of 0 and 3. When it is required to have less brain
Calsuletedrasditiedrold (éa-bPain tissues, al should be small, say, less than
Theathe mishoifi g Btetested:iolskpdraidg 8 ificiio therlonid faingtisaub &

%%3 shoelélg b& bj %%ﬁ}én%%h%tﬁ?égs’%%%a% g@.csllate high threshold (step

S meﬁftlo%e. ! ue serves to exclude bone (that js
Bri§reser theaintapsity Gistogramafahe trfereacs dreee 8. th deh Bs e skulmesk
volymeaHeet, it callassify the intensity inte 4 clusters corresponding fo air and
CSF, WM, GM, and bone {step 60). Cluster 1 represents the air and CSF
components. (The smallest intensity of the fourth cluster is denoted as ‘minBone’,

which will be used for determination of the high threshold value.}

2) The low threshold value (lowThresh) is now calculated (step 62) as: lowThresh =
meanC; + qq*sdC,, where meanC; and sdC; are the mean and standard deviation
of cluster 1, while o is a constant in the range of 0 and 3. When it is required to
have less brain tissues classified as non-brain tissues, oy should be _smaﬁ, say, less
than 1; otherwise, if more interested in separating brain from non-brain tissues, o

should be big, say greater than 2.

Calculate high threshold (step 18)
As mentioned, the high threshold value serves to exclude bone (that is brighter than

both GM and WM). Due to. large stice thickness and partial volume effect, it can
appear that the bright bone is spatially adjacent to GM and WM, though physically

" bones are not exactly adjacent to GM or WM. This spatial relationship is utilised to

determine the high threshold.
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appear that the bright bone is spatially adjacent to GM and WM, though
physically 30 bones are not exactly adjacent to GM or WM. This spatial
relationship is utilised to determine the high threshold. WO 2006/126970
RfeTa68%6 510 0 0 29 0 -8 The high threshold value is detgrpyines {iRMoe
pairs of pixels in the reference imageg§o. Each pair of pixels is
8-connected. One pixel is bone while the other pixel is either WM or GM.
The high threshold value is obtained through the following sub-steps,

%Iﬂg‘ﬂ&l’ﬂ}ﬁéghtﬁd Qaﬁe\%'ml-mﬁlmm SKUINME g QRFNE image 50.

reference image find all pairs OfQEE s satisfying: a) the pair is

BacBriuctb B iRSsrRery bf Ohe PaIishone Wil S s dierhiiessitber

Wespﬁﬂd|fmet(hlghmm}mkbb)amdmﬁtmmemwmﬂthé‘oﬁmh.engsssmaﬂm
but greater than lowThresh (corresponding to a GM or WM

%@xel step 70). 10 2) For all the pairs of pixels found in 1), calculate the
herhgre ongsi Ui ctinb & deleaneimags FRdetheairof

deqﬁ%ﬂi @ﬁa&fy@@t/hygf@m 12 B-cotmelasty, K)atﬁulaiteﬂki@mmtwavemget

of Rixe w intensities sma Ier han, mi Bone

s T S S I LB B e AR 1 e

brighbanig smalles)dapnipgongde ar@gtarémwmw@aﬁgwmﬁa 3Gt

thegz0RMPR$DIGA brgin tissue is greater than the cost to include
non-brain tissue in the segmentation, a should be greater than 0.5. If both
costs are equally important or a minimum classification 20 error is

Rl vz shotidolbens isldporieylawitioniwmar s Gepdo)vith
Bingrizatien isparpimedan hesnginalClcvetdme S0oighioetdher).

‘ blngr %Lllar%s,kca atg( ﬂ}/e &?z}’sftr}eai%ggg"é’"%? Il;?xre 8 wn% intensities smaller than

minBone, and denote it as darkAvg (step 74).

3) The high threshold is determined by highThresh = o brightAvg + (1-o)darkAvg.
Here «is a constant in the range of 0 and 1. If the cost to exclude brain tissue is
greater than the cost to inciude non-brain tissue in the segmentation, o should be
greater than 0.5. If both costs are equally important or a minimum classification

error is required, then o should be 0.5 (step 76).

Perform binarization (step 20)
Binarization is performed on the original CT volume g(x, v, z) to get the binary mask
binM(x, y, z) by the following formula

) 1, lowThresh < g(x,y,z) < highThresh
binM{x,y,z) = o
0, otherwise
Binarization yields the foreground and background pixels. Fig. 7A shows the

reference image 80, as Fig. 7B shows its resultant binary mask 82.

Find brain candidates (step 22)

For all axial slices, their head masks are found as described in step 14. By the process
of step 20, for any axial slice z, the foreground connected components of binM(x, y,
7) (i.e. having value = 1) are found. The boundary pixels of the head mask are those
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to, 1, lowThresh <_ g(x, y, z):5 highThresh binM(x,y,z) = otherwise
Binarization yields the foreground and background pixels. Fig. 7A shows
the reference image 80, as Fig. 7B shows its resultant binary mask 82. 30

addwaisseandidates (step 22) For all axial slices, their heag pasks@réozoe
found as described in step 14. By thg process of step 20, for any axial

slice z, the foreground connected components of binM(x, y, z) (i.e. having
value 1) are found. The boundary pixels of the head mask are those WO

&&%95&853%30@@/ %Q@ZQQgﬁﬁoi&f%%)%ﬂePéx%ﬁé"%'%{h%%%3011@

ne bourhood where there is at least %(ne background pixel. When th

pentbre hotheiE shtitachdad %?%&%&?&F@%ﬁéﬁ%@?é@s axial
e]inwg hartfvamsbgic dimp dnetimpaphskulbt\Widh WhenhHestallistaticerter to

& NaachaiRs ol %Sa%i?éeﬁg ‘i?réér'ﬁ{&%{ 69&&&€&Q§t§ﬁ%§%ytﬂeoc8ﬁﬁﬂbnem

t e component 5 Is taken as the brain candidate; if 0 herW|se then the

i6 fekr ah he SR dai el RIh Ry fBEh (oG gro SR GRIBRIBIAIR 5ot ©
Bacb}@ﬁaiﬂs @ §he sefetencre brage Adiding bigthBBadhens ey dit, and Fig

idat fthe R ws the brain candidates of an axial
ggchm e?%:% & rg g?%ﬁ@é%rﬁgg)fgfo 100, and Fig. 9B shows the brain

candidates of the ROI 102. Note that in Figs. 9A and 9B, for axial slices
inferor &ﬁowa@ ﬂ@‘%@ﬁpeaimﬁg@s brese arlIstiiboansiaindisbeesfelbie image

100 ad %ﬁé%%?'”&&ﬁf aneand eﬁyzprﬁogeg (e Drai.. o
ma‘sl%‘% (3%5 he non-brain regions can be remove rough Bin
mé%pwﬁbneﬂp&mtm Ihe wefenigach iziagsa fefitparesssiiftnon-beaindpesues

aheedanserulivaly-sharting Hopaalieamalinles As shown in Fig. 10, in

slice zo+l, all the foreground components are checked in the following
way: 1) For a foreground connected component at slice z0O+1, suppose the
Boprizare dforams29 (s@ndiiate pixels is N, and the connected component

ﬁ%?ﬂ-’ﬂ&ﬁﬁtfeﬁgﬂ?XﬂHﬁ&oved through brain mask propagation. Specifically,
all the brain candidates with z > 7 are checked consecutively starting from slice zg+1.
As shown in Fig, 10, in slice z¢+1, all the foreground components are checked in the
foilowing way:

1) For a foreground connected component at slice zg+1, suppose the number of brain

candidate pixels is N, and the connected component is a point set:

Ux;» 31,2, +1) .

For all {x;, yi), count the number of brain candidate voxels (xi, i, 2o} at slice zp and

denote it as N; (step 110).

2) IfN, is smaller than a proportion of N, then the connected component at slice zg+1
is very different from the brain contents at the superior axial slice zo, and this
foreground connected component at slice zg+1 is turned to background (step 112).
Specifically, when N is smaller than 8*N, the foreground connected component
at slice zg+1 is turned to background. Here § is a constant in the range of 0 to 1,
typically it takes the value of 0.5.
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I For all (x;, y,), count the number of brain candidate voxels (xi, yi, zo) at
slice zo and denote it as Ni (step 110). 25 2) If N1 is smaller than a
proportion of N, then the connected component at slice zo+l is very
diffesanifgng the brain contents at the superior axial slice zop@Rethiss 00290
foreground connected component at,glice 7g+1 is turned to background
(step 112). Specifically, when Nt is smaller than A*N, the foreground
connected component 30 at slice zo+l is turned to background. Here (3 is

1%% ;% %% @ge‘?ﬁx&%%%%é%%&&%w%%%ﬁ SAMERL- ﬁxe";‘(x@cess

10 Amer all'the foreground
émﬁ%ciﬁéfasé@méaerﬁgqrw:ﬂ?@é%mgf@%@wéah%ﬁé@?b&g@eﬁ%é@agg
Hiclige rastBic thapionetiferas pechimed imsligeczess wﬂemateﬁmtamﬂ@
S|IC ol asl the co erence t t ThIS onti

R L R N e T e
?é%@lﬁétﬁ@ Pé@rféﬁwhigﬂb tissns chisgidddesushd heshem ﬁh?sgwt\% Brafm imagey
1483 shardheomentpabiindiagRsadAQiide haflanie iyaia pragagation
of the axial slice shown in Figs. 9A and 913, Computer hardware Fig. 12
is a schematic representation of a computer system 200 suitable for
exuputndgondvetsmputer software programs that perform the methods

ﬁ@s@.@tbseg Jaﬁétﬁai&eﬁﬁ&éﬁauatﬁféw&@%@wt ngtalumdsm sSuiahig.

operatin stem Instalied,on uter, sys na

S e g R e e e S

qmﬁnﬁiwl arrsgEpss 16 dduésconden rreststdfieh emﬂpatesysyste msRdBdnoludbe
gm&%&%@w ‘éﬁ&%éf%@ﬁ%u@ﬂ%ﬁ%@%@oﬁ&xﬁﬁ&%&ﬂ%?eqm

The'computer 200 includes a processor 240, a memory 250,
dﬁ’c? RS HnNg RATREAEREPS60, communications interface 265, a video

mterfat_:e 245, and a storage device 255. All of these components are
%@fﬁ@ﬂ%&ﬁ%ﬁ%?{ﬁg LR ERRL6 AR a2 MW RRHS W36 CORAPRNEA S0

and mouse 215, and a video display 290. The computer 200 inclndes a processor 240,

a memory 250, input/output (I/O) interface 260, communications interface 265, a
video inferface 245, and a storage device 255. All of these components are
operatively coupled by a system bus 230 to allow particular components. of the

computer 220 to communicate with each other via the system bus 230.

The processor 240 is a ceniral processing wnit (CPU) that executes the operating
system and the computer software program executing under the operating system.
The memory 250 includes random access memory (RAM) and read-only memory
(ROM), and is used under direction of the processor 240,

The video interface 245 is connected to video display 290 and provides video signals
for display on the video display 290. The displayed images include the various axial
slice pixels/voxels described above. User input to operate the computer 220 is
provided from the keyboard 210 and mouse 215. The storage device 255 can include

a disk drive or any other suitable storage medium.



10

15

20 computer 220 to communicate with each other via the system bus 230.
The processor 240 is a central processing unit (CPU) that executes the
operating system and the computer software program executing under

170 ongralng system. The memory 250 includes random acgessMeHasY:o0
(RAM:) and read-only memory 25 (ROM), and is used under direction of
the processor 240. The video interfadk 245 is connected to video display
290 and provides video signals for display on the video display 290. The

displayed images include the various axial..slice pixels/voxels describ
B PO HTP LA AT PG SO S e s

keyhiaarde? 18ians cnonsei2dniherstdi2ife device 255 can include a disk
drive or any other suitable storage medium. WO 2006/126970
PCT/SG2005/000290 -11 The computer system 200 receiyes datahfron%ha
T sommvir 3887 DB IR RFOIFSOTHES fch SRBETE A, Such a8 the
SOMPRUNIGRECIF Shannek? 85 ThteraamyitiiehsofimpueEprygamdaysioeg the
ecprd a storage iy ' ]
e A B R i e R o figen
fhvowsmpusr 3 BherRiEifte WSHHORe rae FRETET ATHIFORE iRy oFPHRE !
SRS 22 0m Puipgiepey alion cihespsfaresinsttivatinntopthessomisiiier
software program are loaded to the memory 250 for execution by the
processor 240. 10 Other configurations or types of computer systems can

Do uatifmnsliosedransteeliRoBPHBLLPSHRE IafBEl kIl used to
hplamentinaithedacaniones seaesibedrpspishtfng bl stohnilibes described

Embodiments of the invention are advantageous in that they are

beifiPhatic and can handle various artefacts well to provide a robust

segmentation. PCT/SG2005/000290 Received 9 Match 2007 -12 Claims:

Conclusion
Embodiments of the invention are advantageous in that they are automatic and can

handle various artefacts well to provide a robust segmentation.



1. A method for generating a segmented brain image from a
2-dimensional slice data in a computed tomography (CT) scan dt&§&G2005/080250
including a set of axial slices of a 3D volumetric CT scan, compreseiyeh@ March 2007
steps of., 5 (a) choosing a reference slice of said CT data, and for said
reference slice: determining a region ®f interest; determining a low
threshold value from intensity values of said reference slice within said
re?jlgﬂng;f interest; and determining a high threshold value from intensity
values of said to reference slice within said region of interest; and (b) for
eakh slicé iMEkad FamPuiingcrer M £ Ty BT frmrastJFammsith §ise
bidatri Zatieongfussi thshgeonFirentsiby sedidajdal ot o ftuddbildswfludD
ang,saidkuegh thigshpid:vabgdagive-foreground connected components;
is and exgluding hose fore{%r;i)un ,cont%ecéed compoglfnts, at.do no
i(

satisfy a $Hatial FEEETCE TSRO fetite 5 407 SHGLERTROSRER"
A method accorditgmoickirediondiantsressaid foreground connected

components zZoRFGHIRSE SOIMPORRRERBaVINE SfoiRtensHyy aldrdalbn Omid
between said Ia%.thre?hold vagu? and Saf';lid high threshold value. 3. A
TCICICRCE SIICe W 381G 1eglon O erests an . . . .
metho AECOrding 6 C alﬁﬂ 2 wlﬁerem said spatial relevance criterion is
based on the ndaiaivitgorbjbufacemhcmias Hiva|snensiiy LHgesbelinygid
10 gredgientbarcampriapadiorsRh of ifpsrgrauad connected pixels in said

adjacent &Bce. 4fo@egaﬁgﬂ99g?§a§8@iggep claim 3, wherein said excluding
r

step includes determining brain candidate components from said
" foreground conrfSiEEeh3FeHRneE BiPS%kcluding those foreground
connected comperfenttifhabareitass: thhnid giedetapminedgovsisifingé low

from G sl AGINGH apRdeatlaRthe YHaNEDRIR ARG S nents;

spatial relevance criterion. 5. A method according to claim 4, wheréin said
5 heH§ mask boundary is determined with reference to those foreground
-pixels witkinlthiegrbighfoaghood oftpbetd swinppoediehat do not satisfy a spatial

relevance criterion with reference to an adjacent slice.

2. A method according to claim 1, wherein said foreground connected components
20  are those components having an intensity value falling between said low threshold value
and said high threshold value.

3. A method according to claim 2, wherein said spatial relevance criterion is based
on the number of foreground connected pixels in said slice being greater than a proportion

25 of foreground connected pixels in said adjacent slice.

4, A method according to claim 3, wherein said excluding step includes
determining brain candidafe components from said foreground connected components by
excluding {hose foreground comnected components that are less than & predetermined
3¢ distance from the skull defined as 2 head mask boundary before applying said spatial

relevance criterion.

5. A method according to claim 4, wherein 'said head mask boundary is determined
~ with reference to those foreground pixels within the neighbourhood of pixels where there

35 is at least one background pixel.

Amended Sheet
PEA/AT



as is at least one backgroun_d pixel. Amended Sheet J[PEA/AU PCT/SG2005/000290
PCTISG2005/000290 Received 9 March 2007 -13 6. Apparatys,[af. .4 9 March 2007
generating a segmented brain image, comprising: (a) a computed
tomography (CT) scanner producing a CT scan data set including a set of
axial slices of a 3D volumetric CT scgf; s (b) a processor: generating
2-dimensional slice data from said data set; for a reference slice of said
CT data: determining a region of interest, determining a low threshold
value from intensity values of said reference slice within said region of
inferest, ARRREBRERTETMSTERS T ERFE S ARAST ERPREESIty values of
sqig .to iarpire shesitiiiCisttegofraiinieresT and foreachdlidedn
said mﬁ}&g%ﬁr%q}&%m%gnterest, performing a binarization
of said slice components by use of said low threshold value and said high
5 thf®sholdPEIRRESEH give foreground connected components; and excluding
those fopegatmelefimerdied domptntotsstirbéadoseipt satisfy a spatial
relevancecriferipn it jisseferanca-te anadiseankalice; agebicha disiay
device to_display the non-excluded f%ﬁro nd conn c%ed compon ts ira
edEtrLiirg ideatesig i syhs iage 7 Apparatus accorang to
Claigios ofvhieih gaidiproteemnr Highetinisheldsenlde oo rigreitiplues of said
10 CoBRestediceRaneaisig e thasessaumponents having an intensity value
falling belggee%crh% 1'0%_"7‘"@ ﬂ&rﬁgthqsla .véue arilg Saai*% hdgr&thr e@&%ﬁe\%%m%
Apparatus accor mg’fb A&7 “Wnerein Said protessor determines salt

sphtaizadeviised elite dompsaasy e heRAteY SrrshaliySeHe e isd
pixelginsaideios wdainggivataliand papaienlidrogrmdi those
CONNSCIES DIXSIS. Iy S3id %‘Qéﬁ&f%ﬂitsdb‘%ﬁé 209 LS. AEEQIINICIREIR Wt
wheréin said processor excludes brain candidate

5 reference to an adjacent slice; and

{c) a display device to display the nom-excluded foreground connected components

in each said slice as said segmented brain image.

7. Apparatus according to claim 6, wherein said processor determines said
20  foreground connected components to be those components having an intensity vaiue
- falling between said low threshold value and said high threshold value.

8. Apparatus according to claim 7, wherein said processor determines said spatial
relevance criterion based on the number of foreground connected pixels in said slice

25 being greater than a proportion of foreground connected pixels in said adjacent slice.

9. Apparatus according to claim 8, wherein said processor excludes brain candidate
components from said foreground connected components by excluding those foreground
combected components that are less than a predetermined distance from the skull defined

3  as ahead mask boundary before applying said spatial relevance criterion.

10. Apparatus according to claim 9, wherein said head mask boundary is determined
with reference to those foreground pixels within the neighbourhood of pixels where there
is at least one background pixel. '

35
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components from said foreground connected components by exclygtpg:cag05/000290 -
those foreground connected components that are less than a8 peceived 9 March 2067
predetermined distance from the skull defined 30 as a head mask

boundary before applying said spatial relevance criterion. 10. Apparatus

according to claim 9, wherein said hédd mask boundary is determined

with reference to those foreground pixels within the neighbourhood of

pixels Whers:thaee cisied isaskenghaskeropdubielcatidgbe deddheeny

IPEA/,%L{ PC‘;/%(;ZOOS/OOOZQO Received 9 March 2007 -14 11. Image

daty Cafrfed®ona Storage medium produced according the method of any

one of claims 1 to 5. Amended Sheet IPEA/AU
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