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BRAI N | MAGE SEGVENTATI ONFROM CT DATA Field of the
invention This invention relates to i mage segnentation
wWobRoobhesoo ai n usi ng conput ed tonography (CT) SPEnSGzins000290
Background Some of the biggest advancenents in nedical
sci ences have been in diagnostic imaging. Wth the
advent of nulti-detector CT scanners and faster scan
times, CT has beconme the centrepiece for cranial
i magi ng.BRAINIMAGE SEGMENTATION EROMCTDDATAI ce for
I nvestigating stroke, intracrani al haenorrhage, traumm
and degenerative diseases. It is readily avail abl e,
Fiemgafftﬁé"i tf&l, ndi cations, and offers rapid results -
and acceptably high sensitivity and specificity in
Thig énvsotiomrplates ﬁoamameamep@ﬂ%p%étﬁ&&ﬂ@ﬂﬁ&@f@é@éﬁ%mogfaphy
es over magnetic resonance inmaging (MI).
(Cﬁ%égme&%qﬁcl ude short inmaging tines (about 1 second per
slice), w despread availability, ease of access,
ogéi mal , detection of calcification and haenorrhage
Bagkgtahnd,| | y subarachnoi d haenorrhage), and excel | ent
Soth® ! ki KiBodt ddomtemedtaiih. médicalssdbmes \talvedizer inndiagnostic
. patients V\%o cannot have MR becausepﬁ inEI ant ed h
imagingreWith e alvpnicefanyii-deteptop Fdgiramnes put Esighsegtngsaf-T has
i ! i dhigty of choice
ool B B pReS o ity Bt e LA ey °f
for imvastigatingrstroke, iGQFadsamad]rhaewarybage, ionms dngdydegenmsatiyegfisepses.
intensity, .f.gllowe y . : e gnal., f:luj
It Rty ataty, BRE oy oioin eGP PRE st el and
accéptablyhigh Rasitivity had/spesifioity ar ddtettiag ntraceanislpatidlagics\i
Due to the invasive nature of CT inmaging, the slice
thickness is normally large (>= 5 mm) to decrease the

CT ?ﬁgjsfs%élsad%ﬁgééér&(eﬁ thapAdlicalebsHancd hﬁ_ag'iﬁg IV, Qhesf include

1e [arge slice thickness is that nei ghbouring axi ?I
shoglimegingtiaes (ot 1 second perslice) wigeppread avaiaiilitypgase 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 like various sinuses and muscles may have similar intensities to GM or WM.
Due to the invasive nature of CT imaging, the slice thickness is normally large (>=5
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 cannot be
assumed that the brain tissues as a whole will form the largest connected component

as in the case of MRI with small slice thickness.

Literature on brain segmentation from CT images is very sparse.
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assunmed that the brain tissues as a whole will form

the | argest connected conponent as in the case of M
wowdok/1z4ve0 | sl ice thickness. Literature on braP@r/$G2005/000290

segnentation fromCT images, is very sparse. Maksi novi c

et al 2000 used active contours nodels to find |esions

and ventricles in patients with acute head trauma with

manual drawi ng of initial contours. h@k& novi c R,

Masimvis, eical S00fused astivei contoursapegile tifind designsmgd Ventsigles in
patz Cn?é y‘il con%Pe fﬁe%ﬁ” Gt WRR 2?Hsﬂmﬁle g(ﬁ?gir%ta 1151'1]%&1 Yddheburs.

our S - '"shakes t1ona

[Maksimovic Bf $tbﬁkdwd S nM)Iolmtovus 1200@0@8&59 to@@gBphy image
Ieo t al 1985 ro osed onmat,i c mat ho

angfypefy 3D rreceRsiEAt  rRRE ARt TPl molels -

‘snaR&td eﬁﬁ&ﬂat{o%aﬂm?dl bﬂvfeaicepﬁlfdrﬁﬁﬁ@ssmmaswg poBnys of
cerebrosp| nal fluid (CSF), gray nmatter (GV), and white

matter in the region superior to the third

ol 18 SRS M poin i
CTh&nagesi n@lser'ﬁhw&emh oéqimstad go cmhmwlllat saledd axspresontativee points of

corgpta e (GFSiPR ribe, (O BHGVR B (R0 s tfethon

supEHbs toS the Lthir@ Vehi@is1es € baddscufive bkﬁhﬁhde@l 1dv¢est ond eontammg the

consi dered feasi bl e: nual hfl catio t.edi o h
thitg YPHEKGIg) (oA, DRt TAFFSNOIER &b S RLEd AP gD the
maﬁfi’d@@ éclf?&tleﬁ%‘i”tﬁéjregﬂ%ﬁntﬁtwe ¢oe d?Maéd@l WQ@‘&%@@M&E between

ori zati on at1 al |n ormation is not

CSEmnoWlVéomdoWdéandvﬁi Thissiobiion dhas rsgrionse proffamesifor it to be
conﬁgitggeng%ﬁ@ﬁ B%élﬁgg s@é\élﬁc%%gw {e eg& CASF rdﬂe v@tﬁd ?Eraﬁ]mg,

er-.assis at egor zatl on o
the ﬂfe&hrhmmlgt@nhatdﬁ handted) mqihil the bumirsisicovered for categorization,

andCSpail anormntit il B R R oBh wiBE s R néfBhe; Bpriapped

 intdRdky.i TB@I&OQ‘M abchviie B, Gresef H, CCutke NERAHBPOrHSI. uter-

class variance criteria for dlfferentlatlng hard an

-assiststlt cafqgorigaion el bragsromBRcHeRdrioMostrPYiniYela inigcegrebrospinal

h t
ﬂul'lg1r ﬁﬁ@«?g*ag&ﬁ%ﬁ %gg!gr Wt&@ AR SO EA QR Y¥rch 1985; 18:
79-88.]

Ruttimann et al 1993 proposed to use maximum between class variance criteria for
differentiating hard and soft 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. [Ruttimann UE, Joyce EM, Rio DE, Eckardt MJ. Fully automated
segmentation of cerebrospinal fluid 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 contour. This is basically a
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limted to selected axial slices and no spatia
rel ati onshi p between nei ghbouring slices is

weomwsitgered. [ Rutti mann UE, Joyce EM Ri o DE, BCR&6ZIN5/000290
Mi. Fully automated segnmentsmtion of cerebrospina
fluid in conputed tonography. Psychiatry Research
Neur oi magi ng 1993; 50: 101-119] Soltani an-Zadeh and

W ndha 997 oposed to,fi.nd brgin contours in a,seni '
mafiyaC ol g T gt arrrot sEcieed ithlefifib B qidof aifiBack
[Séltdnfi i Eddeh B OVRidEarh JP DiAiltEesdiition dppRsach WSiecodt@e extraction

tracking to find contours, use nulti-resolution to
fromp by Enages KMadigd) Rhysics 1997 d4€3¥clisg-1863d poi nts to

pi ck up the desired contour. This is basically amanual

nmet hod, and the vast anount of user intervention is
Thietesaregtiogvevelr, eentaiic imithSonstta i Rascagnitg of Hhe hiadd Admagipfacss that

.oul.tiresol uti qn .approach ,f cont our, extracti from
ari i, g bin e Bf ey oSG el oS bl o BRoduce
nﬁégdg%OmSS.l]hefEPﬁrﬁ ﬁﬁﬁnh 'gholyr\ﬁm{ ,onC feret phﬁedrt]imdt p’_r‘dgﬂmamyt is a

.s¢anni ng f he head. e artefacts that, arjise due
coRtgpiRgiatHofar E@ﬁitﬁal%ﬁ%n%ﬁﬁﬁ isapob hiehe BHRNED RaifioBilye oF sement
varfaiRUShebrsl tRERE WaSquatePyi RBINGS h najdi @hRbAck WhéPSdBnEQ N image

burden on the patient” and pregnancy is a
progessinsanddegmentaion ifrguitedsue contrast is not high

enough to identify or segnent various cerebral tissues

adequately. This is a mmjor drawback when advanced
The peegentpnvanties isndireated ts egereomarig amatileast rdueing the diawbacks of
CTpresent i nvention is directed to overcom ng or at

| SEYUPNE WGAU9NE: ¢ he drawbacks of CT scanning mentioned.

Summary In broad ternms, the brain structure is

extracted from CT data.based on threshol ding and brain
SURHBRIYr opagati on. Two threshol d val ues are det er ni ned:

! b vall . A
In Bl imis AR ik e SytagRd il €T HBAILN B MR ehoing
andobrapapask propagatiohe Toeethoésholdevalpestara detenhisedina bight threshold

exchfts Byt s B AL P, il tpdit 8 CsP. Brain
mask propagation is the use of the spatial relevance of brain tissues in neighbouring

slices 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 interest;
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) for each slice in said data set:

determining a region of interest;
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The invention provided a nethod for generating a
segnented brain inmage froma 2- dinensional slice

W@ oop2@d t onogr aphy (CT) scan data set, conprPGI/AG2005@00290
steps of: (a) choosing a regference slice of said CT
data, and for said reference slice: determning a
region of interest; determning a | ow threshold val ue
fromintensity values of said reference slice within
sai d r egporomiing atbinasigationefsaitbslinerdoninegents hiygise of said low

threshol d, val ue fr [ ' '
ror Opeel ¥t anlsPil 10 BREble ¥ALUES aive Rtbiound comected
(b) céaporemeiapdi ce in said data set: determning a
region of interest;perfornmng a binarizatio sai d..
slice po%@ﬂ%ﬂ@%? Qﬁgg"lﬁ‘?‘l %@Pﬁ“?%W‘flﬂ?lée?ﬁoﬁa&s/oaﬁuﬁesgmfy a
and gSaiafrdidvaicd EHiBSRPw AN YeRtrefod 16 adliadfackiiistigs.ound
connect ed conponents; and excluding those foreground
connect ed conponents that do not satisfy a spati al
Thé %&e\ﬁﬁgﬁefuﬁfl&l gxroklft‘l@s %ﬁaﬁ?ff&r géifé‘fa ARcAHLREE Bain image,
sl'rce.” The T nvention rther provides apparatus for
cogprigingt i ng a segnented brain image, conprising: (a) a

ted t h ' .
dar Blset 3 coppris foniekanly €13 aBhef g iGhE i by BERLer
sli 03 gag?r%deiggmsgi ? da.t a set; for. a re; ere?ce slti ce

f sai ata:_ determ ni regi on, i nt erest,
det er m nERFTRMEAIIEORE HoR 416 SOM WA etz et ¢y
val ues O?o%%ﬁa{sﬁéeeﬂﬁé‘ 68 salll iCaedht dtBmSAin gz{/ ?ﬁldﬁ%ﬂiﬁterest,

i nt erest, 1 ni a high threshol ue from_.

etermnin
i nt deteinyipingzd Msthmshsléi\fdlglllpém@i Bvensity|valuss wf s selrenee slice
regiQ

0L P 98 SSRERBL SR b e o

intensity values of said reference slice within said region of interest; and

for each slice in said data set: determining a region of interest,
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 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 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 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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perform ng a binarization of said slice conponents by
use of said | ow threshold value and said high

wo booealra val ue to give foreground connected PCT/SG2005/000290
component s; and excluding_%hose f oreground connect ed
conponents that do not satisfy a spatial relevance
criterion with reference to an adjacent slice; and (c)
a di splay device to display the non-excl uded
foreground connected conponents in each said slice as

. sai nt ption of the
Flgd?é?&? %%Wﬁﬁgq?érﬁﬁol@éﬂ% ﬁhg\?vﬁé:iﬁart of the disclosed
method. Fig. 2 shows the reference i mage which is an

. axi al rJ Oor d posterior
Flgcgﬁ'ﬁ‘i“g%"b %W\fﬁg?‘%%?rﬂ‘@ %ggﬁf’ﬁlﬁo@qe present and
W thout the orbits. Fig. 3 shows aflow chart for

flndln(gareglon of interest. Fig $d4B shqw t he

Figs i end i@ sbese hreshoidies efdhe Fefigenedigiogs dEEIoPhe anterest
g

R e i i

I owthreshol d Fig. 6 shows a flow chart for finding a

Figs.,7Aand 7 h

FiggfEh i B SRk b ichlre AL A BRCIpak BRA R B |
intdrbgt froad fie Bhrey maElgesiyg distaheveriterih toiegbludaskgdhol ds to

get the binary mask. Figs. 8A and 8B show brain

candi dates for the reference inmage and its region of
ick NH KT Gxft o8 " ja3t<Hee aandr ité @édien of
Flgb 58 ﬁﬁl %I}g s‘i’mvt Bf'anp Fggﬁaaégga?gdaggwg hagtw brai n e
mt@mpﬁmmwdmmgahﬁmmﬂmaal slice and its regi on of

interest, determ ned using distance criteria. Fig. 10

is a flow chart of brain mask propagation. Figs. 1A
Figan@lisld flovs bl o traidenaskgdopngation. af t er propagati on of

brain masks. Fig. 12 shows a schenmatic bl ock di agram

of a conputer hardware architecture on which the

FigSEl1204R 0#®sH theRkevaIb:8#-after propagation of brain masks.

Fig. 12 shows a schematic bléck 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 left, y from anterior to posterior, and z from superior
to inferior. The intensity of a voxel (x, y, z) is denoted as g(X, ¥, ). An axial slice

consists of those voxels with z being a constant.

Fig. 1 shows the flow chart 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 manner.

Choose a reference image g(x, y, zo) (step 12)
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Det ai | ed Description The coordi nate system (xyz) used
herein follows the standard radiol ogi cal convention: X

WO 20vs/12690m t he subject's right to left, y fronPenseriosn00290
to posterior, and z fronlsqperlor to |nfer|or The
intensity of a voxel (x, y, z) is denoted as g(x, VY,
z). An axial slice consists of those voxels with z
being a constant. Fig. 1 shows the flow chart of the

Thyireferense imegstin 8 @D1gnage opiebigd diomy ther3R Yplg@@m@"aﬂa@rﬁet to be
blﬂag?al nTE@P& AEGHUTRSe Shottd H&Ueucﬂgﬂlio‘evu%_anner bs: it has WM,

Foma scanner 1 n the usual oose a
GM;ef(Iﬂrlbrmg amdnsjenlly (ixsuey preséit; (it iepasily) @imctedf Gomnthe volume

engf RSy R proporhch St VENEHeBRLAERRlS, e STBAiG fegertce
mﬁg’ R thbexi#® |s11@é’\t£’s§m§rtﬁfo@§ﬁ Hd Sriteicy aﬂdtpdﬁﬁﬁloy\b’bmﬂh’hsures In
air, tissues present: it is. e

il
prasies, dhiseiefarensem image oA AR IBHCaPY 92 aKik s ﬁ a@ﬁ PYifhy phird
veﬁﬁc@éﬁ@%t%%%ug ?é% 8t ahdven i .Sui trblaQidl &figs abf®er is

i's the axi al I ce passing through the anterior
delmwﬂmt and e reforentsdige sdenpiedps g0t ivewm) this reference
i mage can be approxi mated by an axial slice 30 with
third ventricle present and w thout eyes, as shown in
DeEr@mleeng:hQ»fWk@kt(Sﬂepbﬁ nurrber is denoted as Z , and

t.he erence sljce Is ted
At dhe it feBrom DR s i of Bifieh t}aéfqgeorfgﬁpwgest ROI)
of ﬁfe%feréﬁc%% e BoLiH e %a@e &kslpdsl:d ahe kol fand A4 641 the ‘head
t he region o intere he reference i.mage 30

maple’ hh@u@ﬁsee The |Tezien qunmests{&ﬂ)l) caiin e j achieoyed cthrqugd the
The region of interest (RA)
follo%ﬁ'% aﬁevggSW%ng the follow ng sub-steps as
1) Stinduthé thréshgld & bm)m:&‘a thet refeeerich rsbsdn Gitep 40). biFnemithe intiesity
reference S 40 e i ntensi.
fotte; Relufisy Bk b 2 §egf” ohd 48BN inrg 4 cluster
B&g?bhding b %id CSR! SWM/GI\(IC@:M @aﬂ@nﬁbn@ m@wﬁlmzzﬁs:mems

and bone) usi ng known fuzzy C-ne
(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, y, zo) to get initial head mask ‘skullM(x, y, zo)’: if g(X, ¥, 2o) is
smaller than backG, then skullM(x, y, zo) is set to 0 (background), otherwise
skullM(X, v, zo) is set to 1 (foreground) (step 42).

3) Find the largest foreground connected component of skullM(x, y, Zo) (step 44),
being the foreground connected component having the largest number of

foreground pixels.

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.
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(FCM clustering, with the first cluster having the

small est intensity. The maximumintensity of the first
Wwekwstizo7pl us a constant of around 5 i s denot eBICEHSG2005/000290

"backG . 2) Binarize g(Xx, %} ZO) to get initial head

mask ' SkU IMX, y, Z0)': if g(x, y, zo) is snaller

t han backG then skull Mx, v, zO) is set to O

(background), otherw se skull Mx, y, Z0) is set to 1
In thfsovaggalb pixd)s ehslosel Uplhe sl & hebatede | ar gest f or egr ound

connected conponent of skull Mx, y, Z0) (step 44),

bei ng the foreground connected conponent having the

chte%@eﬁngvm%poﬁoﬁ Rresd (ihlpfbfabmﬁsl ®. cui')'e Eitting ofithehintemsity
W In s

ull Mx, vy, Z0) (step backgr aun
hisiograsbrisrihe fmsT Kokt JokHENBEE pich o @&%ﬂh@% valid
Seie foreground.In this
eve&é@fﬁ%ﬁ{as%géeie Ige te;ghﬁlg se téet hefatg%ul | are | ocated. FCM
clustering (i.e. step 40) is used in preference to

fitt f th
Fiey A Shot b eferad il R0, Bt 18 P8 BcPne, Bnepponding

detmﬂdle&%gibﬁldf%temetrrmmszme presence of heavy noise and
other artefacts. Fig. 4A shows the reference i mage 50,

and Fig. 4B shows t-he correspondi ng determ ned region

Cai%&éa beﬁ,rt shdlR@ep2s) Cal culate |ow threshold (step

owthreshold value is used to exclude .air an

Theolom mmimldn@hm rauused tragrsluda sir and GRF Siom ETap ippge, and is

R 5. 1) Fromth

detry m%l%mr@ Rk g‘?nbg?%p Gobulip g 50 m)stgeIr o(x, V. 70)

1) iFporhhike fktersity ﬂmté(graimbﬂ M refergncezimage @(acs izl it the Yculf mask
ok 3, ceub S g i Sl RAMGY Sotrfsrhlling ) aix and
tdxF, aviv,aclls,Cald een® qagmt@) (Clustes rmlrépeesentsnthen&r tand of SF

en

the’fourth cluster d
components. (The smallest mten51ty %’ﬁw tﬁl urth {Huster 18 dehoted as ‘minBone’,

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

ot
-

2) The low threshold value (lowThresh) is now calculated (step 62) as: lowThresh =
meanC; + ay*sdC;, where meanC; and sdC; are the mean and standard deviation
of cluster 1, while ¢y is a constant in the range of 0 and 3. When it is required to
have less brain tissues classified as non-brain tissues, oq should be ‘small, say, less
than 1; otherwise, if more interested in separating brain from non-brain tissues, 04

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 slice 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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which will be used for determ nation of the high
threshold value.) 2) The | ow threshol d val ue

W@ b@w/ikesh) is now cal cul ated (step 62) as: |pellh6E®E000290
= meanG + O 1 SdCl, wheregreanQ and SdCLl are the nean
and standard deviation of cluster 1, while a.\ is a
constant in the range of 0 and 3. Wen it is required
to have iess brain tissues classifi.ed as_non:brain

The ihigh fheesheld walyp i deerpinednisom paiggl pigel o ﬂwgﬂfeieme image 50.
Eatl EEE) Frels' it 8%51?663%& eﬁ Pg&‘ébis"bb on@RAiR! thB Siifeh Piste] fig Sither
non- pr S

a n tissues, say greater than
WL oiGaMe ulThe bighi thtesheld eslvs igl optainegd t g@)lghéhqrﬁfﬂlol“@% gub-steps,
hthe hIfL threshold val ue serves to exclude bone (that
Shqven iy g er than both GMand WM. Due to large slice
1) tWiithien ieshead dngsirsku M (x,0, U of filicendforende maapeafopkall pairs of

e 3o e o Aot wea@gafw
tsqnéﬁ& Bfan B oRd &oﬁfe%dnaingrtslaaﬁdn@%ﬂmaﬁ@cyﬂlb lih@gdtyt 6f the

determ ne the high threshdl d. The hl_ﬁg t hreshol d_val ue
i athefds ernaﬂqnél@nfmmﬁppgbwsgrgefterﬂm@logv esh{gorrespanding fo-a G

f I 8- ted. On
pW?s %Eﬁ%mmﬂ; ?heplo;(ﬁe? Ipisxel ciogngict (I?]er V\Meor
GM The high threshold value is obtained through the
foll qw . t
2) [Bal RS P oot ot cagunek i ety A6t by piie it

dhienfifibs foOkmpllerettan SRinBdngl gl daot Hie dsablﬁghtAvg (step 72).
8 connect ed; b) the intensity gf one pixel I.s

Iy, qalglatetheRBenSIY SVFIR8D O Bixel amt?eﬂ@% ?%@llir than

is smaller than
mn g)r%eé &délgiuggf%g&%t fvﬁ?%v%resh (corresponding to a

GM or V\Mplxel) (step 70). 2) For all the pairs of

3 g RS o, Eolplebih, - R A PL AR

desreods atcoﬁs'taxb il g’fetpﬁnge 650 apd T2)If thsicokt tardxylude zbram ftiague is
the inten averalgg I xel.s wit |ntensE

reaterdhan r?ost to inclide non— rain tissue in the segmen ation, "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, y, z) to get the binary mask

binM(x, y, z) by the following formula

1, lowThresh < g(x,y,z) < highThresh

binM (x,y,2) =
inM (%, ,2) {O, 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, v,

z) (i.e. having value = 1) are found. The boundary pixels of the head mask are those
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m nBone, and denote it as darkAvg (step 74). 3) The

hi gh threshold is determ ned by highThresh = a
whreioghtédvg + (|- a)darkAvg. Here is a constant PCTSGH®5/000290

range of 0 and 1. If the cast to exclude brain 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 inmportant or a mninu
foregraund fpixelsi withiar thsr 3x8 neighhiopeheod; Wlarea thave LﬂSda‘béeaét gpne

ba&c;*g&&ﬂl di8kel. R%gé&p@ &étalfeé 't&ﬁf t%qsn&&p%? tﬁ@}mﬁ M3k @.ﬁﬁs%m

ffor ned ume g(x

sliggeis lm’ge ehouphy; vhensthk cdmpdubprt, is yot skulloyWihbe ﬂiecﬂmailnstngstance to
f | .l.owTh Thresh
Ty o RS SRE 5k oY 5B e sponen

is faﬁéxﬁﬁ!s’ ﬂiéﬂﬁaﬁ%n@iﬂ@l‘égif QtHeewide ﬁhérStheFfb&gr&ﬂidew&p&nbﬂas set to

ref erence |nage as Fig S resulta
bagkgroungd. nfEgKS ézshows the tyaiai qm@éﬂa% ag\ﬁ%sre%f‘éwﬁ 15Yge 5@ and Fig
S rogad masks are found as
8B§mscrﬁgﬁ%alﬁh%?gme§gﬂh h}tihe process of step 20, for
any axial slice z, the foreground connect ed conponents

Fig?-];?é%b %ﬁ%i’prﬁxpx gﬁgldgt]cs f’ﬁ%ﬁ ﬁ)giay gﬁc% wferflol‘ 16 "tfe I‘e‘féi%gce image
100,hedefigr ¢1y showsl thel dreinscandititesiof ﬂre B@B lﬁ?e.l Oulten thah m)ngs 9A
and 5! G ] S it ey et oot Bl Bl o e
(1ﬂ<%>@xﬁ1ao&ilérqﬁuéc§esj ALB&iRNAUEHIn chfleiBatefie conponent is not

When the smal |l est di stance to the head mask of
the aX| al slice is larger than a constant (say, 10
C s taken as the brain candidate; if
Pm mebr}gm'%;ﬁgEﬁ%}fwﬂ)foreground conmponent is set to
Thé ﬁoxh@gramu ragiorfsi qgn b8 Aerménadghongh brain maslapmpdgatw Spetifisally,
r.ef-erence

all %mm&ag@datpg fnﬁtg iﬁonag% ('::Ille%kg co%ggc\:l\'%lveﬂf Stal{l %om slice zy+1.

As shown in Fig. 10, in slice zq+1, all the foreground components are checked in the

following 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:

UGx;s ¥552 +1)

For all (x;, y;), count the number of brain candidate voxels (xi, i, Zo) at slice zo and

denote it as N (step 110).

2) IfN; is smaller than a proportion of N, then the connected component at slice z+1
is very different from the brain contents at the superior axial slice zo, and this
foreground connected component at slice zo+1 is turned to background (step 112).
Specifically, when Nj 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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Fig. 9A shows the brain candi dates of an axial slice
inferior to the reference i mnage 100, and Fig. 9B shows
wo b@ohe@rm candi dates of the RO 102. Note thaPCT/8G2005/000290
Figs. 9A and 9B, for axial ;glices inferior to the.
reference imge, there are’still non-brain tissues
(l'i ke extraocul ar nuscles) remaining as brain
candi dates. Propagate brain masks (step 24) The
Afievall recforegragidoesnecied enannoasmsy @dsltqffrZotg Brepshgrkedadhnprocess

oA 2 P AR, Ao BE PR PRCKARES i

sh@l AEkagzthe &om@@mﬁ‘remde tb-cgut N}, This pbiese camtiiues ahtil all the
foreroundc nts are,c k efollovm
Loes, 1f5r £rgatet; PR 2o HATE R5R Ee{i%ﬁ ﬁﬂlﬁdSﬂ@ﬁP ImApIpg pain
cmﬂmﬁies a‘fé*ﬂ%ﬁmt H&uBUTE’ 104 BAAIB dendikadventiakblat iBages

and the connected conponent is a point_set: Far
12QaI1?-2 efigr, the brain piepasatien of thetseial shicershawvh i Kigs YA pd 9B.
voxels (XJ, yi, zo) at slice Z-and denote it as N1
(step 110). 2) IfN 1 is snmaller than a proportion of
Cobiputehkardwnee connect ed conponent at slice zo+l is very

.different fromthe br.ain.conte
Flga;]é‘ 4 §°Trl1’1e i6 fepresentatinn of § sompy n‘%r Sr}'g{ conneg‘#&gie B excouting
IR R taré e drforen thérmetlodsoddsariket heweih. ( Computer
o 112). Speci f(ig'gl ly, wﬁen Nl is srrct;l | er thga /3*'\};} tﬁ}gue
ﬂw%gqr@grﬁ@s(:@fﬁ%@t sBdoApBable areraing: syem, insalied, G fhe

corﬁ;%téllas?j.&s I B thdught 698 E 3BliedtidndTSofidARLinBirudlions

p|caIIy|t takes the value of 0.5. After all
for ithplefmentang partichlasiensct ed conponents in sI ice Zo+l are
checked, the process proceeds to slice zo+2. The
procedure as performed in slice Zo+l is repeated,
Thé edthpvgests iof ma@tﬂpm slylstem@00Tiaclidec. cahputen220, adkeyboard 210

and\/ﬂ%???-gglg,(%g? Ceﬁ?ch isp gaﬁgvg nti i l&gbh 1?1%.? aprsolcés%gr 240,
a nse%%tytzesot ﬂlﬁi%hffiuﬂ qUo) %t@rfﬂ@n%(ﬂ &Joﬁﬁnﬁﬁ@atidﬁ@ ifedfiabe 265, a

tissue. g and’H B show the eventual brain
vid¢qragfesface 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 central processing unit (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.
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15

120, 122 after the brain propagation of the axial

slice shown in Figs. 9A and 9B. Conputer hardware Fig.
wda2o0ed2@76chemat i ¢ representati on of a conmput ePCEHYE200H100290

200 suitable for executing gonputer sof t ware prograns

that performthe nethods dddcri bed herein. Conput er

sof tware prograns execute under a suitable operating

systeminstalled on the conputer system 200, and may
ThB BotaPetegistedf 200reaeive datx fiomna OT ssafntwi28(eviamstonuguiiostipns

for 1 nplenmenting part.icuj ar ps. The conponents of
intenface2OAMSING @ COIPEIEIGAHOD CRPBL P2 3 conmput er 220, a

keyboard 210 and nouse 215, and a video display 290.

The conputer 200 includes a processor 240, a_nenor
Th& B6mpitep software puograd 1@y berenofded om® sorags rWRﬂ%P@aF‘il%‘n%s the

I nterface, 265, a video jnt ¥ Te ino the
stoffEy SR> Ay Sosf A uieel i e s Syl 200 Hing
keyoarl 210 Md xa?mhme o bpara23he tampitbsofivare program executing on

conmponents of _the co ter 220 10 cQ Is \
thee QHPYER @20 | QUIR ‘anaﬁ% figs Softgppre fﬁ%?@@%?ﬁ ht Jrzl’z?BC‘p“t‘?r
softwar@ gg&g%ﬁl%e BLARES The Kiembiyt 250GBEExdehiddn ek thepresessdr@40.

operati’hg system and the conputer software program

executing under the operating system The nenory 250

i ncl : e 240 ef BaA1INHEIL used to
Oﬂ?ﬁgrr%o%ﬁ%?ﬁg%oqggan #séﬁgéﬁﬁﬁ%g dir é:??id)ons%g 1? he . ;
exquuee esmpute? 40Rwaibethaf dssists in amplementing the tecknimies dpsqriped

vi deo di splay 290 and provi des video signals for
hergifsy) ay on the video display 290. The displ ayed i mages

i nclude the various axial slice pixels/voxels

descri bed above. User input to operate the conputer
Copolgsios provi ded fromthe keyboard 210 and nouse 215.
Emmﬁirﬁ&% ag ﬁgdﬁ%rﬁﬁ)nzaﬁé afhtageehd fethat teyhkare mitomatic adycan

other suitable storage nedi um The conputer system 200
handle sinims adafatsfvahioproide & rahwsl seggontigien. o '

conmuni cations interface 265 using a conmmuni cation

channel 285. The conputer software program nay be

recorded on a storage nedium such as the
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storage device 255. A user can interact with the
conputer system 200 using the keyboard 210 and nouse

wQ1i®et1ze9oper at e t he conputer software program PXRESGLIOHF00290

on the conputer 220. During operation, the software -
i nstructions of the conput 2-sof twar e program are

| oaded to the nenory 250 for execution by the
processor 240. Ot her configurations or types of

Clfifjgeut er systems can be equally well used to execute

conputer software that assists in inplementing the

t echni ques descri bed herein. Concl usi on Enbodi nents of
t.he i nventico i %%ﬁ&ﬁ&yﬁr iDinldpRrdnh 8)2-dikensional slice
dot ?@835%‘{.]862%‘%“@%3 Var | ous ardt%_f acts well to

pr ovdreguted toptgsiphy¢GipstadaeseCeamprsing thestepsood f or
genegat i a. segnent ed .braij.n_.i L{) : lice:
2- diFens FAPSIMEA TFCETED F}b(i?tog g %gar‘ta a%x)'c}f‘ f?ICSIH)I d referoncp slice
set, conpétemhiffhela8gich 0piteéést; (a) choosing a reference
slice of said data, and for said reference slice: .
det er ni ndﬁg@%gﬁoﬂ?wpﬁhfpﬂlogf é@f‘}e gré‘f‘br’?ﬁepﬁll gvgiule%v?f said
tr es hot fEnfBLHE 1A reAs pinkilsuamaol sai d

reference slirce wthin said region of interest;_ and )
det er ni niletgrmainhiggh hiph dbteshald vedlue from rinfensibn dalugs of said
val ues of said ref.eren ' Lthingsaid regi on of

i nt er &§ ,fengﬁaﬁ“(%‘yﬁﬁ%ﬁa‘gge %ds?ﬁgié&%% aglgi d data set:

det @)m Nfdi@aéh siRgiwsidlataséter est; perforning a

bi nari zation of said sli gg cq’n'ponents by use of said

| ow t hr edetermining areeigR f WieTEhi gh t hreshol d val ue to

gi ve for ?&"f&ﬁﬁﬁg 6 DRGSR SRERDERR®mpanehte by uselbfigaid low
t hose fofeground connected con(Ponents tha% do no& d
sat thsésholl value and said high threshol value to give foreground connecte

components; and

excluding those foreground connected components that 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 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 of foreground connected pixels in said adjacent slice.

4. A method according to claim 3, wherein said excluding step includes
determining brain candidate components from said foreground connected
components by excluding those foreground connected components that are
less than a predetermined distance from the skull defined as a brain mask

boundary before applying said spatial relevance criterion.
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spatial relevance criterion with reference to an
adj acent slice. 2. A nethod according to claim1,

wob@caed7aai d foreground connected conponents BCESGH0S@00290

conmponents having an intensity value falling between
said | ow threshold val ue add-sai d hi gh threshol d

value. 3. A nethod according to claim2, wherein said
spatial relevance criterion is based on the nunber of
for RQALQURMA GOCNERECEH Riaka! 8, Whefdi dahl ihesd hahskg boundary is
greater than a proportion of foreground connect ed

pi xdsterminedswith refajeaceter - £0-i%e. 4. A nethod according

to claim3, wherein said excluding step includes

determ ning brain candi date conponents fromsaid

fGr Agparatnd fogenenting 2 segmantesthrainimpags, COMPrNEEL: hose

foreground connected ¢

pregﬂterﬁfﬂ@ﬂuﬁggIﬁﬂ?@ﬁgﬁgﬂﬁg% lﬂﬁﬁ?a%églne 5@8&3%&
brafyg) magprdeestagary before applylng said spatla

rel evance criterion.5., A.ngth ccor dj claim 4,
wher ei n g@ﬁﬁiﬁgéhdﬁﬁ§ﬁ°ﬁﬂnﬁ ﬁ ‘t&ﬁ?ﬁ%d with

ref er encey t0reforeddd slice of saltf‘l@ﬂaﬁ&'%{l Ltfetérﬁﬁmﬁg raekgiohrtzf iftterest,
segnented brain 1 mage, conprising

t ond@emnhmg(m)v theeshold valye diue mﬁglsas(r waluge aﬁsaaifeie@ew slice

(b) rocessor 8 fr
froﬁlﬁgﬁﬁ T 5?%0%(3?%}?&@5 aaﬂ(?e egglr%?sl |%(1151:1§er§1§)3(|1@afu om
dat mtendRy eﬂnemmumefagm slicf withineaidgegiod of érteresti sl a

| ow t hreshol d, val ue, fro. t ensi val ues_o [ .

ref erenc s?arcbe%ﬁet H ﬁa‘g]a?i‘ga S@é %%e nn%[ Jegfo% g f Jnterest
det ﬁ&?drﬁh aabl’iiaﬁﬁaﬁchf o8 haldd sh@l vempomens dyensd oy sa1d low
val Ues of said reference slice within sai

!t tresbold v o SacHE Firestolh VAR 40 @i icepgoud oSineoted
det g&ﬂé(g}{eﬁ%h %m? %%lﬁgmgft hbdat ﬁfe%&md%&xﬁ@ét&l R8mPonents that do

bi n 't ce components by use_ of said
| ovnotisatisyalsgatialirelevand chterion withheferanee Foatiadjagegbslics; and

gl V&)f ors q{lsplfz%}j deiee &5 t<ﬁsp1ay the non-excluded foreground connected

components in each said slice as said segmented brain image.

7. Apparatus according to claim 6, wherein said processor determines said
foreground connected components to be those components having an intensity

value 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 being greater than a proportion of foreground connected pixels in said

adjacent slice.

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

before applying said spatial relevance criterion.



conmponents; and excl udi ng those foreground connected

conponents that do not satisfy a spatial relevance
wa@eiobaedoom with reference to an adjacent sl i cePCEHRG2008)00290

a display device to displaﬁ t he non- excl uded

f oreground connected conmpd &its in each said slice as

said segnented brain inmage. 7. Apparatus according to

claim®6, wherein said processor determ nes said

f oreground connect ed conponents to be those conponents

having an intensity value falling between, sai \ '

t19r égg@aﬂ‘sv%qcﬂ@i% do sgll"”an ’gWIhF'I"?%b§ﬁlgl e@alrﬁaés% b&%dary 18

Appastatnifie®C §Sthdi RferékeC| 8l Nthdse Woedgebunds apistelsr owithinor the

determ nes said spatial rel evance cri&erion basgg on

t heneighlnarhasrl of pixelsrwhere thegmis gt leagt opp Packeroyndpixg-

slice being greater than a proportion of foreground

connected pixels in said adjacent slice. 9. Apparatus

ddchnafiendats camciediom B stovdgermedinmapradyged pseerdingethe| methed of

brain canqigﬁ%e éogponents fromsaid foreground

confCELIEHIBSANPs by excl uding t hose foregr ound

connected conponents that are less than a

predeterm ned di stance fromthe skull defined as a

brai n mask boundary before applying said spatia

rel evance criterion.10. Apparatus according to claim

9, wherein said head mask boundary is determ ned with

reference to those foreground pixels within the

nei ghbour hood of pixels where there is at |east one

background pixel. 11. Inmage data carried on a storage

medi um produced accordi ng the nmethod of any one of
clains 1 to 5.



