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Automatic Tumor Segmentation Method using Symmetry Analysis and

Level Set Algorithm in MR Brain Image
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Abstract
In this paper, we proposed the method to detect brain tumor region in MR images. Our method is composed of 3 parts,
detection of tumor slice, detection of tumor region and tumor boundary detection. In the tumor slice detection step,
a slice which contains tumor regions is distinguished using symmetric analysis in 3D brain volume. The tumor
region detection step is the process to segment the tumor region in the slice distinguished as a tumor slice. And
tumor region is finally detected, using spatial feature and symmetric analysis based on the cluster information. The
process for detecting tumor slice and tumor region have advantages which are robust for noise and requires less
computational time, using the knowledge of the brain tumor and cluster-based on symmetric analysis. And we use
the level set method with fast marching algorithm to detect the tumor boundary. It is performed to find the tumor
boundary for all other slices using the initial seeds derived from the previous or later slice until the tumor region is
vanished. It requires less computational time because every procedure is not performed for all slices.

Keywords : Medical Image Processing. Image segmentation, Level set, Fast Marching. Clustering, Symmetric analysis
I.ME dga Wi 1 A5 949 FE FFHL e FAG
89y AT e wuw YESI Fue wgoz L TAH AVTHIYMRDE FFE BT IPCDH
dste] WWL Auay ABdAY AJEE Fo] mny  HECN HeAM A WES wesy) ¢ s
AaA ST o 8 7|2 opgzaz Aaxw I 2 =RdMe o¥d H ¥ FAM, HFS
o] gxgz A@Ho] T g oz dAlo & Azse A2 AdnYEE AASaA drh HF ol
29w Bopmu olug 24 sMabe aad gu @ HAA BAGe mEAAA AxE gRisH FA2
AAL WAME AE, e 2 AW 3 a7 e ga g WM BASE 2E TS dAEed HE3%e JdddA
o} Thopst Ropo] MeH T Uuh olze chops waye]  H/ITEIAE AFH ©FEYE S <2 d4En ¥
FEI ol % 2 FHe BT W FUAIIIE &0l
e EAS 7Hx7] dEo] T4 Agd sHd A

* University of Texas at Dallas WAFESA tHil A7|29 940 2435 HEJ99 e 187 4
* ggdistm s Gguigm(mAARD e gutd oz 3A AXNEY, EFFE, T4 999 F
Fa 9 2011 6. 16 $A9E9A 2011, 10. 24 2, A8 §9 47k Aol At ol S4Fk

AASA LA : 2011, 11 1 2o} &byl wet 270 o) el HAe] shrhe) %A



EYER - A2 Be R 12 4 4 5% 2011. 10 / 268

o2 FAA #YHVE ok FA A E A7]FH
F4E IS5 A0 24 ¢ de A2 AAG
71 $1% AAE FAsH, peAdolY FRFS )4 T
gy 7iute] s dgely 23 T desty dia
& Wol ol &gk =g, deojo YA dHolHE HE T
o2 WEsy] ¢ 4 3H 5& st 5AFE &
AdXE HEFE HdEsy] AT Y U EYYPRE S
&8, stao ¥, He xHH B B4, F%9 ¥
H 2 9o BT 58 o)43d ¢ 999 A&dAq
Ae 29 S5HEL 7ivtez Ho Fzx3 EA B,
SVM(Support Vector Machine), 4179, s#jolA¢t ¢ag
%, 71tA A93HEM : Expectation Maximization) 9]
A4 W, k-3¢ LugE(K-means), FCM(Fuzzy
C-Means), PCM(Possibilistic C-Mean %9 #43 ¢x¥
&, B4 ¥4 md(active contour model), 49 &3 %
& ol gt Aoz FXa dANME A2 F¢
g disiA T e HRE ojgsld F o AY
& AAME BESAY BEed AEE AAS: AL
Fg3g 2 o FA4L tgFd #g. 2FqA= V&
o HFY A& 9 Y8 #48 dFE 280 3%
qA S o8 FTU Sola 2 FF TRIYA
=)o} A& 9 o] 7uto g 34y AA &elojad &4
B TF 499 AANE FEaE o st A
t 4FedAE A48 3 o Ao de) nRe F onp
Ao oA B =89 488 W=}
Im. 3 o7

HEEFE HAdA w43 7HF NEH AW F
oy, A71EW JAL HEIFE B 9 Fad I
Holw 1 Ao Xge o] Hi B
7] 98 AU dFE Ag 74 3w
A& o Utk gEHQ 2o zs Feodl
BA E= AZAH(mutual information) 9 JAAR
o] &% 943l AlR(automated image registration) %9 A
T BERE ol &3tE WY, WH A d ARE o gsE W
W Fol sio2l

BAARE of&HA HEge BFFI7] HaA o3
&98 A gUIgs ol4dy Faudy BR dndE
& o]&3 Wo] A¢EYLH Moonis et al[3], Clark et
all[4], Karan Sikka et al[5]5°] A|A& HA gnzEe
#8% Wy Prastawa et all6], Corso et al[7], Dou et
al[8], Sikka et al[915 o] AI¢rE F< 7lubel whio] glo
w, EF Lefohn et alll0], Zhu and Yang[1l], Ho et
al[12], Khotanlou et al[13]5 0] #l¢tst &2 slutel w
ol gk 49 7wte] BERREL 27)o] A i
& 7Iitoz BE AAo] APHAR] Wi FFe] A
BH Fegu 349 Ay YRE F
EA4E 7Hdh &34 7)dke] dy e
FY9 2L o2 2yl HAY 3}
A4g ¢EAHoz g2 2 48 ol

=]
=%

i

vk
or o
T

2243 A A4 & AJdE 5L sk

gurg oz 3a4 7] TH BEFES AFAHEE AA
HE 2719 A9H A 37 stereotactic space)CE WA H
tH14]. old, HAEH e AL AFAEZ Jjwrez A
FH(AC : Anterior Commissure)®]2He ¥ sj384 94
g V2o 4% AE Al g g 2 FoA o

EYYRINYLENEY
FhLANICUY 3YYAYHE
| H
! v
H
i " _ _ A%gay
| SYEUCHY  ZYANAZT canaz
ERE sy 5090 Fastmarching
{ e !
i nog: - Han
LEEELLES R i
somm ]
V4 azzaee
1 289 82383 o B e
i - i
Ul smsmsmanes (92 zgao0E) ]
[ H 3
3 ;
YUY 2AHER

39 1 AGsE HFS 28 e A Axd FAE
Figure 1. The system flow chart of proposed brain tumor
segmentation method
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Figure 2. Bilateral brain images with central axis
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Figure 3. Result images of clustering in normal and
abnormal brain images
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Figure 4. The system flow chart of tumor segmentation
algorithm
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Figure 5. Segmentation results of brain and tumor area

34. Y34 A3 FRFE o8 T A=

£ dexde 2¥8E T4 9499 BALE F&s
2 Ayt 219 62 24 9499 BAN A&
g A2g FAHEE Yehdt. $4, o)A A £8
H FY 99 o8 AAL AEE A% 27 AA
A4 278 289 $4% 499 TAHEE o188
o, o] of staghe #rist 4% 24FI99 *’é*ﬁ‘ ol <l
shawt o] §8ta FTFol BAEA FE FE I9L F
& 73741’& Fu AANA Agezn B 7‘42‘5} ¢
Aol 7hsdith ol A AT 27| HL2E o] &3
J,gi_‘;:__ oy wYg ALsle AL 27 A4 ABRE

®
r,;_gﬂr
S

mlm

t‘

o&

AFoz AQEH, ol KB WE $x2 AAME HE
37] Y8 ApgEnh aa HEAY BA ZEE Hd
A gy HegoRa Bt FYs T4 J9e AAA
& Adeid & vk e ol g X A
BRE Eory ol
¥
EN SO SR AN
gy | 5 v i ek e o o ‘.:‘;';::;::;m,,w,; o e
Z45 z& || tastmarching RIS NS || .;;ggga;;g;,ga
: i ELI XY
H i HARCZ OB
g APA P AAS MR g
: ! 5
i EYAA AHM 2AE

Eaukoye (vl
BYIRLBE

¥ 6 % 99 AAA e WY TR
Figure 6. The system flow chart of the tumor boundary
extraction method

AX Br7 AE2HYWE, d7 EFY UA o=
of el o ol old dAES FustA o, oA
EoolzoA HAEH HFT T 499 AL HE F
MY HEE o839 FH FoojiE LR FUY
AANE A&t 2B opF Wy ol dAA &

N o}

O



B8 E43 AEAE ol 88 AV U3B8] AT FF I B ¥E/ 211

R S o .

3”7 3 99 AL A2 A

Figure 7. Tumor boundary detection in a sample case

g3 FF 499 FAPE ol &sd FU9 AAM o
g AEHA doly F7{E A7 A% B, 2 A
g g 2o
@A 1. ded 9 9499 S4HE 2789 A= §a
2 Z2AY F A= JF s, A= si9
HoAEL olRsl: FFA EgEE g,
H A= JAFFH o)k Hix Fige] TEE &
B2 #Ai9 grigte]l ofd 7R g NHAEE
A3, 1 71&7ige & 29 wogd o
FRHHLY HIFE ol 85 FA )
9A 2. A= Ao MRE a7 F7HEW, £ 49
BaE ol i Yol TG o) W F}
HE 4 39 3tk ge A9 16 B W
B9 71¢7] FoA Mg 2 goer BAg
@A 3. ol 4 AFe e T MF E & HAE
28 7 F4E A= JFez oF @
@A 4. GA 29 @A 3& wE S
olgld #HAAE FY3W, A= 29 T o] 49
Hee 718717t & w¥er 3o ZAAN #Adg 9
F AEHA 498 A ol¥A FEd A2HA
Adg Zivtez #Had HHe FE3to JA &elolxod
e AL AEe FYPg
A whEe 19889 S.J. Osher$t JA. Sethian[16]9]
8] Aoz &/E oJBoEH, Fo)H 79 FAS
o] &3t FE] FTEE £E2 EAY ZFAAAA £70]

(© "SI} E@s
SN

I 8 8% HWutdl AMS-E 94
Figure 8. Ground truth image with automatic segmented
image
E 2EE s A8 AgEE X848 wyoly,

MAFAL SYERVE 9% FRY 5 9D A4eH

it

#3l7l bssith dwbE e HdA S$de 0 Hde Mg
¥4 2E GEAS didA A E shot 3] WE
A3 AgAE 27de BARE HAG. oy d 4
He dsy] A dgoez, GAsE o ARG of
439 HAHez HAAFE FYsIE  FlY(narrow
banding) A&W4E ®ol g43a U € =EdAAME
BE 48 Aoz FEE A= JEH oj% 32 Y
9 258 M e AYE A9 1 Aol 3
o13el Hawre AgFgozM, Ynzh 32 FAgS A4
gto] dige] &t AREY 7EVHE o83 BAALE
Aegth 3g 72 olAGAgAN BEE 2% 999 F4
48 A= HAT F FY X EF U FH €
Zrolxol WA FYF 999 AALNE HET A8 YE
W},
V. 88 9 4587t

B =g AL Ax®e ddite  Core2Duo
30GHz¢} 959 XP A=< Aojr Visual Studio 2008
WAL o] §dd FHEAT AP AHEE EEFLS st =
o7l SPLAIA AFE Y% G4 dol"ullx[17] ¥
AA F 571 Alsle] 2HFPES YFLR sgey, &
oF BE 20, AAAEE BF 24, 2=ln AL H9 B
F Uiz A9, 2d3n 2947 549 TIARE A7
THEEE ol gden, Eeolae FrAE 15mmeoli,
349 AvlE 0.9375mmx0.937mmeltt. B =§dAE
FgAQ A/E 3387 A 2189 8% o] AR
A 2EE 9G4S o439yt 19 89 () ¥ I
olm, (b AL Whiez FUd 998 HAEE I9%S
yeldc 22ln 29 89 (0t FY¥ f9d dsiAd A&
b eAdoez B d4S HAFET B =EdAE
A5H71S Y8 THltrue positive) A5, Fp(false positive)
A4, ™AFte 3o (Jaccard's score), L& HEYAHE
i Grhsoh T 54 9499 stage] driy 38
A HAEHAJE=AE deEhE Aoz, 4 3 o] A9
g}

NTP

Tp= NMxl()O (3

M AE7 FAY o EEE FEF d9olnH,
Ny MG 9] shaE grdth Npe TF 9949 9
A BEs] HEE ka9 78 JEdY. e HEdE
F2EH HAARE TF 990 oJUAR FTIeR FR
A&9 25 9 v&2, 4 @9} Zol R,

N, .
Fp= —==x 100 4)

B, Ny A4 999 d4h5E dAdn. Npt %
qede) st oA ¢ 9902 A%
€ el

Tp9 Fpe A5R$3HA 4597 AFz o]43Unh



{5 SRR -

A2 B Rk 1248 4 5 201110/ 272

E1 T8 Fp A4 A%597)
Table 1. Performance evaluation of 7, & F,

Azuy 7.%) Fo%)
FPCM 90 9.08
& 93 7.58

Rlotsr ure 95.9 6.9

AE E0f, A9 d9o] Mo FFE& A3 THIEAN M
d99 28] 272 FEHAYR ARE @ 9 AFHZ
& AMEE 100%2e 237 Y& AT o] =xgto
2 gdste A& 100%a HYsride i oy
ol A7) wEe AES HFHNE FYsy] A6AM Fp
g AdstA Ak g4 A8 499 22 AS e A
=8 AL BHY, 50%9 AR vElA so AEew
Aed 99 FoA 50%9 dge] R HAEY AHY e

BAE 5 ok 28ER 19 F.8 37 o489 He
HYrte sY5H, Boh & 45AVME FPE 5 U
X 12 57PX¥«] AEHES tdeR Aokt Wy H
Khotanlou [13]9] W3izte] T, & Fp x5& o]&3ty
£ 2 A7tE 230 J5Ht
Table 2. Jaccard's score
ey J %)
HX 23 ¥02E 70
g 2ngls 85 ~ 93
_}dEE HEH HASVM) 60 ~ 87
Rigkst ghy 85.7

A5g¢ ®lx Hrielgd. H Khotanlou So] A

FPCM d33 4 didix Fdstgen, & 414 o
B vho} o] Atd Wol o U AAE Ryt

AFE z230|(NHE HEJI g8 2g€d $Y% 993
AMzge s A% B¥E F4 9999 FH AEE &
Aste Rer A 6)9 2ol HFoHr),

Nop _ANM
Npp+Nept+Ngy  AUM

Mg AE7 el $34]0) o8] 23%Y FY Jgoiny, A
£ Azdd g8 Asorn AEd FFY 498 vEa
. Nppe 383 A9 $% 999 3ha9 Foln, Np
B 3% 999 g7t ofyxw 4o HEd 39

Folth. 2 Npys TF 9499 saolAg HEHA
B3 g9 5 vepdic

¥ 2¢ 3¢ 99& A& Y8 o&E g3 &
WAEFHS] AJtE 230 FAFE v FrEg &
2014 & 5 gixe] A<¢te whye 57k AF At o
qA A 857% A=Y Heg pyen, 7Ee A7
v2gd u 55 ol A3dE By ASF HEdE 4
F99 FAAN HES 9T 2789 AFY AAH o3

J=

5

.g.

o

P

A dyge g BYen, JAE v fdA dag
Z& ojggozH B FUE AAL HEo] 7Tk
& 71E PHETY F% A& AYAd & A
o Frhsrgoh AL wEe F 5o 4F At
of e FFAeAeR, o 18 e LaANTE BY
52-‘13, 71&e A EY vasHe W e AsE BA
t} ol F%o] EASE Felolze wWE B4, F¢ I
g9 27z e HA, 282 BF FH o]l
3 weE AAM A& dndFd 984 s

V. d &

=0 B]

2 =2 Ared A4 ez 3 4ueF
o] 5A4E ol &8 Ho qAEE BYsa, ¥ 999 A
T AAY & 2 BE¥e BEe Adsdd 228
AUAAL AYT FF AAL AeRFE T 3344

BEUl EAlste T4 AAN HdEe i 180039
1 ¢, AZAA ok B%e 7,

R
o~
2L
>
o
i
A
a
o7
ﬂ{'_l‘
t
%

E 3 AN o) o2 A5t
Table 3. Processing time

) aB NE | 2K
so 2y
bk 200 =)
HI 2EENE) 2y 5 16
NEEEE 018 HIES Aol
el e 1 %0
OIEEAR 0128 SHE Y 20 10
Hioret G 5 T

, ok 7%9) F, A&, 282 9 8% A= 2 Fo)
—??5& Ay 278 vehgo] TY¢ 499 A& [E
AAZ 27 AAAL Ao o8 AL AAL AE
7bsd He AFIErh

Olrl _>~LJ

J

daEd

{1JA.Robert, Noveline, Squire’s fundamentals  of
radiology, Harvard University Press, 2004.

[2]JGMoonis, JLiu, JKUdupa and D.B.Hackney,
"Estimation of tumor volume with fuzzy-connectedness
segmentation of MR images,” American Journal of
Neuroradiology, vol.23, pp.352 - 363, 2002.

[31S.Dickson, B.Thomas,
auntomatically detect brain tumours in MR images,”
International Journal of Neural Systems, vold4, no.l,
pp.91-99, 1997.

[4IM.C.Clark, L.O.Lawrence, D.B.Golgof,
FRMurtagh and M.S.Sibbiger,

using knowledge-based

"Using neural networks to

R.Velthuizen,
"Automatic tumor
segmentation techniques,”
IEEE Transaction on Medical Imaging, voll7, no.2,
pp.187 - 201, 1998.

[5]K.Sikka, N.Sinha, PK.Sin and A.K.Mishra, “"A fully



H38 £43% AEAE o] E8 AFE HAY) AF TF I £E ¥d/ 273

automated algorithm under modified FCM framework

for improved brain "MR image segmentation,”

Magnetic Resonance Imaging, vol.27, pp.994-1004,
2009.

[6]M.Prastawa, E.Bullitt, SHo and G.Gerig, "A brain
tumor segmentation framework based on outlier
detection,” Proceeding of the Medical image
computing and computer-assisted intervention, vol.8,
no.3, pp.275 - 283, 2004.

[71].J.Corso, ESharon and A.Yuille,

segmentation and integrated Bayvesian

"Multilevel

model
classification with an application to brain tumor
segmentation,” Proceeding of the Medical
computing and  computer-assisted
vol4191, pp.790 - 798, 2006,

[8]W.Dou, S.Ruan, Y.Chen, D.Bloyet and ].M.Constans,
“A framework of fuzzy

image
intervention,

information fusion for
segmentation of brain tumor tissues on MR images,”
Image and Vision Computing, vol.25, pp.164 - 171,
2007.

[9JK.Sikka, N.Sinha, P.K.Sin and A.K.Mishra, "A fully
automated algorithm under modified FCM framework
for improved brain MR image segmentation,”
Magnetic Resonance Imaging, vol.27, pp.994-1004,
2009,

[10]JA.Lefohn, J.Cates and R.Whitaker, "GPU-based level
sets for 3D brain tumor segmentation,” technical
report, University of Utah, 2003.

{111Y.Zhu and H.Yang, "Computerized tumor boundary
detection using a Hopfield neural network,” IEEE
Transaction on Medical Imaging, vol.16, no.l, pp.55 -
67, 1997.

[12]S.Ho, EBullitt and G.Gerig, "Level set evolution with
region competition: automatic 3D segmentation of
brain tumors,” Proceeding of 16th International
Conference on Pattern Recognition, pp.532 - 535, 2002.

[13]JH.Khotanlou, O.Coliict, J.Atif and IBloch, “3D brain
tumor segmentation in MRI using fuzzy classification,
symmetry analysis and spatially constrained
deformable models,” Fuzzy sets and systems, vol.160,
pp.1457-1473, 2000,

[14}]. Talairach and P.Tiumoux, Co-Planar stereotactic
atlas of the human brain, 3-Dimensional Proportional
System : An Approach to Cerebral Imaging, New
York, Theme Medical Publishers, 1988.

[15]A. Tuzikov, O.Colliot and IBloch, "Evaluation of the
symmetry plane in 3D MR brain images,” Pattern
Recognition Letters, vol.24, no.14, pp.2219 - 2233, 2003.

[16]J.A.Setihan and A.Wiegmann, “Structural boundary
design via level set and immersed interface method,”

Journal of Computational Physics, vol.163, no.2, pp.
489 - 528, 2000.

[17IM.R.Kaus, S.K.Warfield, @ ANabavi, P.M.Black,
F.A.Jolesz and R.Kikinis, Automated Segmentation of
MRI o Brain Tumors, Radiologylonline], vol.218,
no.2, Available :
hitp://www.spL.harvard.edu/Special: PubDB_View?dspac
eid=16%(August,2010)

71 2 Z(Bo Ram Kim)

20039 A8 HFEFTEA(FEHA}

20058 4ol HAFE T AT HHAD

2010 Ao AFEFHF A

2010 99~ #A : ¥ University of Texas
at Dallas A8 83 Al 79

DA, AR, s gAY

i 21 % A(Wook Hyun Kim)

’ %é%ié%‘%m AZAZF G A(F A
983d AEu FAFTFIHFHAAD
9939 QB mynlst g IF A
) 198333 ~1993d FFAAFHNATY Add+<
1994 ~ 9 A dgdista AFHFEHR Ay
D AR R A, G4
vt 2§ (Keun Hye Park)
| 200sd 9 RREIAHEHAD
| 20109 99y AFEI LI FAAD
| xFoARe}: YA, AVAY




