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Abstract: This paper presents an effective automatic method of brain extraction through twice segmentations
respectively. The noise of the image is eliminated through anisotropic diffusion filtering based on Catt model while
the details of the image are kept. The over-segmentation problem of the watershed algorithm is solved based on the
merging of gray-scale similarity regions and the brain tissue is initially segmented. The edges of different
organizations of every brain image are fuzzy and the MRI data is vulnerable to be affected by noise, therefore the
non-brain region may be mistaken for brain region in the process of merging. In order to solve these problems, the
Level Set method is adopted. The outline of the watershed is taken as the initial curves of level set to realize the
automatic segmentation of brain tissue. The feasibility and practicality of this algorithm is proved by the results in
the experiments.

Key words: image filtering; watershed; level set; brain tissue segmentation; regions merging
o OE: R T AP MRIELE IR B 58 1 7 R 58] 52 D0 U B A A 2B 4R ) B3R IR 49 7 ik a8 A AR T Catt 9K

B K F kR T %) B, I T A KRk E) . b TR AR R R AR Z D S A &S
% B b o oh, 5B K RO AR T A IRAR I AL SR A ) IR B e, R K R 5 ik Ak 4 FI AT
849 IR L0 A B AR A A de 4 B wh 4K, SR IL T IR AL ARG B S F) R IR 4E RIGE T F k6 T AT M AR 52 R b

KEEIR:  BRIRM AR AL R - E] R IR AT

PEESES: TP39I CEKARIRED: A

Bl 5 27 S AR AE i DR L B S IS Y P 27 TR 23 B B 27 S AR AR BE-55 23 v A st A7 80 28 22, 2 S F) AE
T 12 2H 2 F A 25 SR A ME AR RN S8 B L O B AR I B ) LSS B0 A L IE B A2 v R R R E R R

« Supported by the National Natural Science Foundation of China under Grant No.60736008 ([ 5 H 4R Bl 22 4x)
Received 2008-09-25; Accepted 2008-12-15

WRPFRFFEF https/ www, jos. org. en




1140 Journal of Software #4324k Vol.20, No.5, May 2009

FITTE B AW T XA T7 3 30 5 ) ) — DI ) 289 A9 P R0 PG b (AN (] DX, e 26 077 1
Sy AL oy @) 3k 53 H 5 8 M A% DR R AN [ A SR DX TR) ) 3 2, I TR e T I LR
BUR LR, ST A B R . BOBIARBE . s g, BAFEHS . DEEIR . BUEHEZ . A SR B
SrEPR R H# iz

TN AR 2 AR AN R UL R AR . i R R rh ™ AR RS W3 AN B 2 P DL R
RO A8 Ji N 2 3 SR BT R AN DR i R 2R 01 23— TR R 2 P R Ak BEEOR AT S () A A A L BET (brain
extraction tool)! 5 725 S 4 iy A4 45 d5e ¥ ¥ T Ve R T D PR R AR AL 1 Dy vk 9 B MG AL 41 oy
# Battaglini % NPHg H BET J7 00 A GEUERG 2 %) tH M 412, 32 75 BET J7 i (ki Lo i #Ehd . IS5 1
R 6 1 £ 52 T I0 ZEL  F EAf 3 ) David 25 NCVBRE H 0 0 201 239 %0 572 A 45 P 45 4% 170 5 Y 98 %  Maarr-Hildreth
DR FIHBCF R HTBIE 3 AP IR.SPM 5 v (1 fibi 2 242 MR 70 3t A2 ) P HE fo P 45 24 i) 5 55 )
Talairach!) &I 1% 114 77 2% i i i 21 2 DX 450, 122 7 ¥ S 6 BT 1 AL, 4 8 0 S S 110 RSARE A — % — St e S
B4 EI00 b b S I AR AT R bR — 2R 90 e T A R e e e R g . A R R VSR T 43 7K e A 2 2 g v sk
LT T i A5 0 3 0 AL R 207 VR T e 4 M e S Xl i 20 2 DX A5 I 1 el R G AR R T —
P2 T FCM Al LevelSet (¥ MRI P2 27 (8145 73 51 75 125,05 B850 M 45 2 TR0 SR P A% O IR ) 42 e L 0 T
55 2 BYBUf 4y ). Kass %5 AU DL Snake #5284 by SRR 1) 23 500k 3= 2 0SB A 20 300 5o A8 34 filg ot de /A 52 D A
8 AR A B AR S o B i ol 2 T R Y 25 MR T VR AE DR R IL S RO D0 A R Ak 5 R P g S £ 0 K e B
500 70 FIGE RAT N 7K AR TT VA KRR W2, A D 1l 23 SR X 38R 15 O 1m0 2l A7 RSB T IR L4310 A 3 3R

1 P EGIRR

SRR BORAE 23 0] 73 38 L SRIBCHRE AN W LE 7 A 1 AR K 5t il 36 U B B MOAR 32 B 5 R BE AN
S MR SRR 3R (R S LK 6 DR R R T L R PR A R A8 T T 1 S SOR AL R 2 Tk R R
A5 1) e AR 53 B3R P (L R 350 (L I8 X W 7 R A SR AN N X 43 2% ok g 7 1 ] Bt A7 1 15000 2 AR 1
RN e ST D — e ) 2 SR AR 5 1 [P PR 47 S 25 W 530k, A~ i e P G ) gt e 10 45 v e T B A 3
R AL B AR B RS RSO T0) £ 18 K, P 3 A ok I ASOR) B I PRI ) R A8 3 ~F P44 AR i, R 6 T
53 7 R R % 1) S5 A R 2 W D77 92 AT A 9 AR e 75 £ T I DR 455 PR AR R AE 15 R
1.1 P-Mi/ 8185
Perona FI Malik!™#5 T R 5512 FL 5 7 57 SOBE RS0 0 4 48 SO R B o 7 MR R FE I S 2 56 .
au(x,y,t)y .
— =divc(X, y,t)Vu(x, y,t)] o
u(x,y,0) =u,(x,y)
o ug(x ) 0 IR B8 div A BB ST, VO BR BE ST AL 3 R R c(xy D SRR R L 2.
c(xy,D=g([Vu(x,y,nl).
Persona fl Malik 15/ i T PRI M3 5L R £00R 25
g(VI) = eIV 2)

1
g(VI):1+(||VI 17K)? )

P-M LA 5B BE ORI SR AU/« 7 B8 , DR 3 5 A8 P BORR FE BN I R BOR . 7 B EK,
PR AR, T S B 1 5 1 Pk (K09 e

1.2 Catty #4&E5
HoF T P-MA B 5 A SR Mg 7 1 45 R R AR ||V |1 e v A T G, T B K] Ay e S X3, T i 4 A T K B
FEL, UL 75t gl 1 R R 0 PR A T R 53— U7 THLL FR S b P-MUE B 3 25 10, 7 A ) e — Pk RN AR 1S

© PERRERAAAFIIFUR  htpy/ www, jos. org. en



BA IR S omh IR PR B AR IR 4L 4R B BhIRIR 7 ik 1141

R R, 0 W16 205 A DA 19,63 PO R 1 R % 30 L. 0, Catté % A S T Car
B
SOV — aivtg | 76, -u pvue.y.0)] “
U0, Y,0) =4y ()
SEAh AL XN O W AIERH SR PM BT T SIS 2 M0 R (1 A
T W S A TR, B AR 0 A
O3 CR B g B 2B 1R300 ORI B W B9 024

%%ﬁﬁm%%¢%&ww&m&%%%%ﬁ%ﬂ@ﬁk&ﬁ%%?%ﬁﬁﬁn%@m&ﬁumﬂ{H%j
T BB )R
13 KBLHR

15 P 5% 0 e 1) I 3 45 SR B 1 B s G s ARIEC 200 U I T3S 24 0.05,ko=10. Catt A5 70 75 25 i B 15
W 75 ) [ I 78 23 DR AE T R 1K 40715, 58 38 5 i 2 280100 0 ) A SC I8 93 i N B A5 R At B 1) 25 O i 402 22 (root
mean square error)fl135) 5 {5 1 Lt (signal to noise ratio)fF kY 11k BE VT AN AR YL, 38 3 45 Vil WA 11 A% 104 36 40 7 v <]
GO TN W 75 T LG 2 e 95 BRI 7 9, R i b B A % P gk D7 v A 5.
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Fig.1 Results of head image filtering
1 i e 45 e e 45 2R

2 HHBSKIEE XS EIRNER

2.1 HKIEEX

43 K W 532 (watershed) 1 Vincent A1 Soille! ™ i - B {5 kb B v 2t — il ik 1 By JB 25 24 i AR 2k vk 20 0 7
BRI R AR T 0 P A X I ¥ A v R PR e A T R T DX st 8 A L U A LA 2 b
AEULE VG TP 1) 38 AR AN AR T o — AT AR W 3R T A5 N30 v, I 4 R B /ML T 2R, 7K 2 3883 7 996 25 AN AN [ 1) L
A 2 b2 R 08 T A 7 b PR 7K B I IR0 P A 2 b TR) S N7 S A . B o X A o R R 4 8, A B 45 R B A
Je AR /MBS 4 S I 58 A G T T A S R SR AU R L IX AN G 3 K e 5T 20 K08 AR 3 1 UG o B T R LR
THE SRR L or BRI = A s A I BB AE AR KRR & AR T T SR vk B34 2 1 R IO B 5 55925 Vineent 47
H— PR AR 2 HE e ) SR T, R B . &5 SRV S50 0, 020 3R 23 b HE P R s S PR A B4

L HEF A WA v 1R T b K PR 38 4 I BEAE AT 0,459 31— AN BT 5 4R 38 2K B 81 3 45

FEVE B0 B n] DL 2 U T3 2R 8 0 ) & A% 38, 3o 4.
2. VAT G 0 B G K BEAE T U ) B — MBS — AN JE K 28 b 43 TR A ] P b i . A 2
A BRI B /MER B T U6 53 TCFR A, R U B FH S 3 56 PR 008 5 Wy Sk dr J b aod 9 2R 7K 2 .

© PEFREBAEHIITUN  httpd/ www. jos. org. cn


http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&possible1=Catte%2C+Francine&possible1zone=author&maxdisp=25&smode=strresults&aqs=true

1142 Journal of Software #4+3 4% Vol.20, No.5, May 2009

2.2 BUHHS KIS EEE

ko
B I 2 28 R 20 53 K S04 23 1 Ko AN /NI R =Ry SRy %o 43 %1 (1 R34S IX 438, (num gray) /2

i=0
I Ry A . 5 90 7 A A 604 R JR BE1, gray, —nulm[’ ]z P,.], P, 275 Ry B S 415 32
R 1 5 K W 10 2 A3 30 L, 75 S 3 0D 20 75 5630 o 00 3 8 3
O ) 77 B, AR AL ICET . DR AT kAL )77 A I % 3, BB, S P SC
(077 LS B AL L6 120
() S35 032050 6 00 5 LA L A4 £ -
(2) 3L 51 2 5 5 PR 4 5 40 0 L By B0 7 8, 9 15 2 B A/ B b, 5
BLTE .

B LI 15 0 Ot B Y Ky AN £ I S, ELHE B 8 0 245 516 55 10 D 4 )7
TR 0 4 50 6 RS T80 0K JE % 50 0 066 B, A SCH 7 6 D B0 G MR 15340 5 H
L 2 KU PLH) B SO AR A % R Ry A 7525 JEIRMEN. 52 SR 50 R Ry

e(R,R;) = [[gray, - gray, T /(1 — 1)’ - Range(i, j) )
1, RAFIRAH4E
0, RAIR AHHAR

W 1O =1, <T ,
- 0, Ja -1, >T @
Herp gray;,gray; 73R R R Ry IR FESSIE 1,1 43900 49 Ry Rl Ry DX 45k S 6 J85 (1 96 J32 35 41 .

Ko /™ DX 35k ) B A5 & 91 R 1 4R 2 Bl (region adjacency graph) F#0HE 45 #0 #ii8 RAG A G=(V,E),H:
V={1,2,.. Ko} 5 AN B 0, A7 B TS FABI S Ry A Ry 2 1471 e(ReRy) < E, W1 3L e(Ry,Ry) i A2 30 51 58 0,0 2 36 73
A DRk, 7] BN FE A 1 DX sl PR 0 R o S0 DX 3 ) R S e(Ra,Ry). 12 A ) R B0 R AR e T X B I
FPE I N AH AR X3, 18 AT 7 AR X SR S AR R A R T R A e 2 A R A R R L R R AR
25 S N AL G W0 B I A8 I 8 I E s R AL 2R 45 LT o DX e By 4 g 0% T8 X 3
FEAH AR DX 5k, 55000 56 B R i 45k B A i 2 21

=RFRIIE TV S I

(1) FR 4k 2 i P i P v A 1 T4

(2) Geih & R A 0 B3 D0 MEE 28, I K B0 5 L 4% I/ 21K IR I 4 371,

(3) HRHE 437K 0 Bydofs P Fii P&l 45Kl 43 S AN [ 49 DX 3, 1 3% 5% DX 338 () o7 8 L 1) 43 X 4, 3 57, RAG .

(4) V1B DX 3 4 40 53 B B A I AT X B e(R R B /NI IX 38 R, R; FF4A & FF. 101 0<e(Ri,R))<4,

W 33 2 4 AR IR DX 3 R, Ry, [ B B8 45 9 I 7 X 3 K45 S0 22 RAG &1 01 SR A 140 50 A 200 DX 3 Ay /)~ DX 4k
(T AR /N T B, D) B 32 5 P A DX 38 (AT LA R0 X3 145 B AE D 5 9 5 8T IX 31 45 2
(5) HXIHA 45 10 I L GBI 0 o B AR T o 0T A AT 2R 45 LA 43 X 38, L B
5 R DX 3 I AH A0S DX ek, 75 380 1 e DA 32 L 1K 3 R O i 2 234 1) 25
K ARSI s 45 S an e 2 frow.
2.3 FEMNLHLRIR & FRRY )RR

FEANAR XI5 Il R v, — 77 1 p T 52 P BB R AR e a6 AT P8 A B3 T 1 1 ok 240 i £ 2030 2 K A J6 45 Pt
g P XA A PR A TR 2 i T AN DR o K A I AL 2 A i 2 R X s A O 5 O T T I AL ZUA 5 45
ey PR A2 P AR A R YRR 1) 501 R BB I 20 T 21 2 5 AR AL 2, IX AR 2 S B0 20 BRI B0, 1 1 3 Bl A

Range(i, ) —{ (6)

© PERRERAAAFIIFUR  htpy/ www, jos. org. en



BA IR S mh IR PR B AR IR 4L 4R B BhIRIR Tr ik 1143

Wb R A0 ST 53 K W S0 DI A O i 1R 8 8 e 0 LA K A R S (/I (R DX B O 1 S5 (8, R s S R 15
HFJii PR i L A SR e A DA KT SR 5 VA AT AR Fe JER e, S IL 1 Wl L K TEAff 20 3 7 i T KSR T i il
TEN TV B A6 58 B 2 10 1) AL, ) It 3 5 17 22 0 (A A A T 52 S50 i 2 2 DX 35 5 9 1 1 i, S B T
LR ) TE Al 235

(a) Original image (b) Catt model filtering (c) Gradient image
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(d) Over-Segmentation (e) Region merging (f) Segmentation result of brain tissue
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Fig.2 Segmentation processes of improved watershed algorithm
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(a) Original head image (b) Segmentation result of the watershed (c) Segmentation result of watershed
method with the image of median method with the image of the Catt
filtering as input image model filtering as input image
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Fig.3 Brain tissue segmentation results of the watershed algorithm
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(a) Result of the water shed, containing (b) Contour of the initial segmentation (c) Result of the brain tissue
non brain regions as a result of is taken as the initial curve of segmentation
the wrong merging Level Set algorithm
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Fig.4 Segmentation processes of level set algorithm
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