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Abstract: In order to make a thorough use of the anatomical and functional information derived from cardiac
magnetic resonance images, the epicardium and endocardium of the left ventricle should be extracted in advance.
This paper presents a method for segmentation of the endocardium and epicardium of the left ventricle in cardiac
magnetic resonance images using Snake models. It first proposes an external force for active contours, which is
called convolutional virtual electric field (CONVEF). This CONVEF external force possesses the advantages of
enlarged capture range, noise resistance and C-shape concavity convergence and can be implemented in real time by
using fast Fourier transform since it is based on convolution. Considering that the left ventricle is roughly a circle, a
shape constraint based on circle is adopted for segmentation of the endocardium. As to locating the epicardium, an
internal energy based on shape similarity is proposed, and an edge map is coined to calculate the new external force
by exploiting the resemblance between the endocardium and epicardium in shape and position. With these strategies,
taking the final contour for endocardium as initialization, the Snake contour is reactivated to locate the epicardium
automatically and accurately. This paper demonstrates the proposed approach on an in vivo dataset and compare the
segmented contours with that of the GGVF (generalized gradient vector flow) Snake and manual collections. The
results show its effectiveness.

Key words: cardiac MRI (magnetic resonance image); image segmentation; Snake model; convolutional virtual

electric field; shape constraint
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H OE: AT AHAR BRI A % (magnetic resonance image, i A& MRI) ¥ £ F £ F 69 #F 2o o) 5613 &,
SIS F RN SRR B —AP AT Snake BIR G AT AN SMESE ik B IR B T Snake AR 49 KA
JE #3958 H4ER CONVEF(convolutional virtual electric field), iz 4 1 3% 4 B K. kAR, £ CH UK
R 594 LR oy m LA T AAE B R R Beik Fourier RT A Lot sk A2 BN IE G HF M s % L3
EZBGHREMA BT JINATAB Y RO ERN T EAEREIMNEG B ASIERT 2N, SMEBRE
SR DAE A s B E GG AR KA M3 T T RAR A ) B Fe — AN 09 A% B i A B R R T AT 6o 1 g AT AT R X
b SR A T R ) IR 6 5B 4 RATEAL, ST VA B 3. EF B SR B S — £ 4K 8 IE MR(magnetic resonance) B
1§ #AT ) AT T 4% 45 R A= GGVF(generalized gradient vector flow) Snake A7 44 25 45 R #4710 4%, 45 R A W
T R R A,

KBRS REAR AR IR B R B 4% F)  Snake AR A AR M5 0 37 K4 R

HEES S TP391 SCHKFRIRED: A

LMIE MRI(magnetic resonance imaging) & — Rl B/ APE B Rl 45 5 v AR R e AG L ER (5 4512 5 v 550 I
PRI AR A SRR 5 A R0 RE M B At i 0 . R T IR R 2 M A s 2 R A BT U I R i 2 — A T
7653 F 45 AR 0 435, N IR PR S Wi Bt Al . ELWLE 2% 1 e A 040 0 1 2 S BE G Py . ARV SR T
H T 0 U 132 Bl R LY 1) w3 2, PG 2 M 75 T A A0 IE MR UG 1 23 BTS2 — MELA RN S ) .

I AESR 6L IE MR(magnetic resonance) B {5 1) 43 1 E 4 SR #8412 BT 5, 3% 28 77 ¥ K 30mT B4y B6F 3D
B3 A FIE T 2D BRI AE 16 7535, i Kaus 25 ABURI Beichel 25 AR Hy (2L T 3D ASM/IAAM HE7 f1) 43 %1 5
45 3D A EI AR E AL 28,1 H ASMIAAM 5L 75 LI 5, 43 1 45 5 U G5 RE A (8 3 A R 22 /b A1 56 IR
LT 2D UG 14> BT AR & —Fh = BEBFFY 735 H iT,2D (04> ) 5 1 2 SR i /e B BRI | AR S R
B4 B RN JLAT 50 % ER A Yt Hong 25 A BSR4 T Lagrange 3 1232 1 B ££4% Snake #5171 Sk $12 JiUA- 55 B
P 5 Jolly 25 ATV 5 ST A K 68 S0l 4 A7 1o 31 2 2 e pAY P K B30 138, O ] Snake A5 7R $RE Y A 5 B Y
i Makowski % \IR 4Bk Snake 45570 e 43 1] /45 B Py 5, BE T T 4 1 1A 5 1KMWk 5 138 2 452 1) 7. Niguyen
2t \ %5 f4 45 Snake,GVF(gradient vector flow) Snake F1 3k Snake 71 73 #1| 25 BE A 55 1 45 SRAF T L %G, 9T 5
F T/ B 0 8 BEHEAT X LR AIE, He b GV Snake #5751 i 5 4. Lobregt 25 AW 3 T JE T B ke BEB R (1) A 5
R 381 5 3% AR (¥ P ik E 2 5t 23 e, A0 e U e R L O A5 A T w3 e DU T 2 R 1100 6 5 1 K v
A 3 Nikos™ LKt LA =5 B 6 0 FH - A 5 B 1A L4 ) £ it 28 (S Ak S Bl v 8 T A2 SR R TR AT S
PRS0 0 JUE P45 1 2 St A SIS, 0 SCRR[100 46 1) GV Snake KRR 4301 7 3 BE A B IS 318t T ) SCRORI R J&
SRR 4 N2 1 4k Snake BP0 J0E PRI 25 1, 3 P S AR S90S gt B B2 R 1) R AR /IS 25

Je ZBES B R 0k B R 3T T (1) BB BEAN 1513 b K PR AN 3 mT 5 2 S AR R o S AUk v 17
TP o b3 R AN At T R I 9 A Bl B O WUBE 3 R 1K.(2) FLE LA T4 — Rk U, FLAEWLS5 O WL
T2 (3508 53 5 A A e O JULEK 38 4, T 957 6 I3+ D358 20 M A A A OV UL — 3843 .(3) B T A s BE S A4
S RE T ) ] JE Al A % (U ) 5 K T R BT, T B 5 34 I I, B T T B R R A 1) R AT O A A R A i
DU A 2 S A G o 32X 28 ) 0 R AT 384 2t — 1 JEIR 20 s GVF Sniake B84 14 2 361 46 g T30 3k — 4 ) e s
HUAS T 80 1A 45 SR ABAF AR B0 B R B I B R ROK . TR R BUE S U 2 25 R 2 SCHR[L4] R4 H T — Fh &
AR R R AT 3= 3 B A TR (1) /5 R P S 43 5 125 AR PSR 40 SRR BB A & o 32 Bh 6 6 (1 B i 2 ok op T B —
AN (1) 25 SRR Ak E A [ 110 25 55, 10 LT 1 H (R0 A 2 0 [ 4 6 7 ) b 2005 e 0 — B AR SR T Bl T
B B EL AN TEAR 20 K Snake A58 1) 43 B 7 vk 15 S 3 T 2k T4 BUR BTIK A0 ) BERL %40 ) 3% v S R i B
05 BB, 7 R U] D 6 20 b o ) ) A R A B T A7 R SR P 5 R R 24 S I8 8 A U 1)
P AE S (9 240 AT AR & 76 2 S AR BRI it i bR b AN P2 00 T A0 SR Y L AMBAR AR M3 T
— Pl IA TER R M A S RE Py L AN B L IR AE OGO AR R T T K30 Gk SR H BB K A6 D0 35, 9 R A 43
E g FORAIER b, SZBLANII 1 3h 53 ) SRR — S al AR AL, B b WE b R o A R Y L AR

© PEBRABRGAFIFURT  httpy/ www, jos. org. cn



1178 Journal of Software #kf+%3R Vol.20, No.5, May 2009

1 HETFEFRISnaketR B 11 35——EFR E HUE% .37 (convolutional virtual electric field, & #R
CONVEF)#& %!

1.1 Snaket&BY fy K 7K R 38

Snake AL E b [ T0 ) R 10 BB S AT 7 i B AR 8T i Je VA UL A 5 Snake BERE TT DL il £k
c(s)=(X(s),y(s)) (s [0,1]) 2K 5 3¢, X S LAY — AU 9K A DAy 25 55 1 i £ 3 0 08 32 Tl WAk 1 1) RE 02 bR oK
T € H AR5 B

E©) = [, Zlale @) + A1) F1+ Ean(c)ds W

o — B S Oz T 2 ) A A R R B A T O T £ 0 e e M A R 1 I
L IX P IR B Snake 15578 (1) P4 5 e £ Eew(C) /2 Snake BEAY [ AP R AE I, 2 Wk 5] Snake #8555 H AR 12 30,45 78 B 4
[EST A E (D)
Eea(C)=—|VG, ® 1(x,) " (2
o G bR UE 22k o) v T R L V N R B AR @ O AR U AR AR 4 v IR B, B i Y2 o 2K (L) 1R B Mk T LLE
iR Ag R Euler J5 A5
c(s,)=ac”(s,t)-4c""(s,t) —VEext (3)
275 R 3) I MR SR 45 2 T 457 43 B B AR (058 583X I, v LA Snake #2 BRI shid BEE LN 47
- I, e (,8)—c" (s, ) B A Snake HE2Y f) ) ), —VE e B} h He A1 g . Snake #8822 42 ! T 20 4F, H B Kk
JE AR RS SE FLAEARE E l EE RY F  AR BR AE E  AN R A N R AR SO I T T A0 B 4 B R T T
1 F4D 1) R S i ke 7 9.
12 HBIRENFHEIHIRE

AbJIAE Snake T[R4k i R 5B PR AR T 6 A D0 U2 Snake ASERLE UK — AN E ST T BT 30(2)
I Snake LTSN g 370 KL T BEGORE BE 1, DR b SHL A 4 3 T /) AS B b N IR R T IX 3k, 0] 4 A BBUR 5 o X 45
R TR 5B L (GVF) Ah 1y R 70 1Y A i i i e 13X 4 ) JL HL GVF 7 388 A 4 PR 45 L s AR SR AR — i
5y 07 R VSR AR K Park 2 A HE 1) K2 00t 7 (virtual electric field, fi#R VEF) 4k 7 MOV &5 bp s fig v 7 31
BB FIVE RS 2 18] O F J&  BE B GVF HUAR 5, X AESZIN 14 78 VEF R0 b (5086 FF B vh s — S B0 B Tl —
A R, 5 R A 2 7E LA M 5 e AR A K A e Ay P B8 B A B, S B A AT 22 A e A )
e FE BT A s LA T 2 A A DI R={0xY) IX—Xol <, ly—yol <d} 1 BIT A7 5 HLAF £E (Xo,Yo0) 4b 7 7E (KT HLFA Ay

E(oYo)= 2, q(zx’ 2 2 *)
S R RO

A(X,Y) 2 R (X,Y) Ak 1) HE i 5 8 2 S b B (Xo,Yo) PT LAIE B 1 45 A 545 3
E(XOl yo) =K' ®q (5)

KVEFZ%,rZ [X2+y2 (6)

X
FVEF(XOIYO):VE(meO):(7F®qx*%®q) (7)

VEF (EH™ I H2 30 Bl o 3% 32 111 B DX 358 ) A SR DA A 268 ) LR GVF AT AR (1 1 B0 A i, ey %
LIS S5, R AR Fourier 224 ] LLSICIN o5 B BATTAERE 5T b A DL, VER o e A5 UK ANRERE A C T 1M
B DX O FRATT AN 2 2 (5) s 2 2(6) H K K VEF B il — AN SU0RE 1 45 BT 51 300 4 3 5 4 2801 4 B K 1 58 VEF
I RE. H T8 K8 B A 1 AT 23 5 (4) DT AR A A0 B S, TR b AT 1308 e w153 380 08 1) 811 0 3 o 26 R RE U
71 JER X — S Iy AL B 2 s R HT (AL A
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I CONVEF :]/rhn’rh _ /Xz +y2ah? (8)
TX T, 25 (Xo,Yo) b PRI A5 LR 0L L3
X
| CONVER (X1 Yo) :[_rnﬂ(@q,—ﬂ}iz@q] 9
h

h

A (6)FI A 2 (8), Hi A BUZ 5B AEE &8 v N 7 — /M BRI AN B R R x4 SRR 27
TR BROK, 45 BT R T R A n bR AR 1 AR R — AN TR I S n B H A A B PR T B A
PR, A BE G B B IO BEAF S A8 S50 0 4 TRATHE 25 2,980/ n WIREAE Snake #& BRIFAIEAN C M
B X . 2 T T AR L B IX A S RO 45 S S, B L R T E 1D BRI KEONVER SR BB h A n ARk
T LR 23 3(4), KEONVEF £ x=0 4b #4758 X AHN T VR B8 K JLAE U x=1 4o fE. B 1@) 4 T2 n=1
IS h A8 Ak 55 0 B R BRATT AT LA H, 24 b 338 K K CONVER 8 55 30T x=0 (18 s R A 4 4% /N, T 328 B x=0 1) 1 H
JUF AR, IS T B30 500k 45 SR 0 5 i A 45138 1 52 im0 2. B 1) 45 1 7 2% h=0 B n ZB AL 45 4, AN
B o AR i G om0 KOONVER o 5 8 0 0 18 KT B A G AN T B8 K T R A 5 R I S L IX R A 1R
CONVEF Snake B A 1E N C T MR X 45

1.0

0.8

0.6

X N4

0.4

0.2

O 1 1 1 |

-10 -5 0 5 10
X X

(a) Analysis of factor h (b) Analysis of power n
() XFIAF h 4T (b) XIRAREL n (4T

Fig.1 Analysis of parameters h and n in CONVEF
Bl1 CONVEF HZ4 h #1 n [f 500 43 47

2 EEBAEMSE

XFT0E MR BB & L) & 32 2 b 0 JULRE 38 B 1) B4 5% (artifact) 6 5 L& (10 UG K LAY . FLARL

S R AR P R A TV R I PR 2R 1 5 o, FRAT T I T B R 1 D v M T T R BRI AR TR IR

FEPRTEAR AL — Tl R P R 2 W, A R T o I PRI b PR i 7 AEL 2 2 0(0) v B 3 OR — B 09T 2 IR Snake 5

TP fiE I A 20 W 2 1) M RD ' i v 5 SR M R, Snake 8 36 R T B Z 96T H AR TR 0 42 R (5 BT AN RE AL

20 B ) AR 58 0 A 5 B AR [ 76, 3RA T 8 5 )N B T 24 s s 13 4145 Snake 6 85 46 35 A5 b 3L 4 )
TERAS B EF %R BT R

Eoge =§ [.(R(9)-R)ds (10)

1, R(s) = (X(8) = %) + (Y(S) = Vo) X, = j:x(r)dr, y, = j:y(r)dr, R= j;R(s)ds,ﬁﬂxﬁT: T Snake #5557

AN I AN 20,111 (Xe,Ye) A Snake 58 BE [ 0y, X — BE Sk £ = T Snake #8585 L1 21 5 30 (X Ye) s 20 R
15 2 7] ) 22 S A 5 DU AT LA % Snake %6 5 RT3 TR 152007 5 52 B W1 AR %6 56 1R 552 1, 53 119 R0 /NAS 52 B il 3
Af LARAIE i e 724 D1 VB T 8 HARI2 30,24 Snake 4858 A 5240 3 1B HI I 1% fig 5 0K A Snake %6 5RO 32 4 [ JE.
FR P A 43322 Jg R, 28 2 (L0 S I 1) R r 5 R
{ﬁ(x(s) —x, —Rcos(2ns)) =0

_ (11)
A(y(s) -y, —Rsin(2ns)) =0
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IR BN

{ﬂ(xi —x, —Rcos(27i/n)) =0 12)

A(Y; — Y, — Rsin(2zi/n)) =0

R R :\/(Xi %)+ (% = Yo)P %, :%nifxivyc :%fyirizo ----- =145 23 3 (12) T8O I T35 AR HE 2T 3R
i-0

Nizo i=0

fifh I R 2 O 15 3

Tti + A = A(x +R'cos(2mi/n)) =0

WESVE L gyt (gt + Resin(2ri /) =0
At 1 C

B 149 00755 8 A ET Snake BRI 41 i 4 SR (O) 2 T 4 3 0t 2 2R(3) 1 52 TR0 6 R (L) 36

[l g5
3 EEEBINEHSE
BT

3T B GO BE 1 Sy v 2 3 B A RN A LT BT T Snake S8 E ih
S Y T, R 2 LI 0 Tk 520 USSR BE 05 b, O T 4 0 S SR, FT B T 3 A7 T AT
PR 13 (1) T OB 43 15 S AL, 1 30 50 2 3 OB (2). U « AJBE A0 A 0
2 M0 A7 53(3) RUPH P SMBAR 160 BLYE K337 14920 5K 3 1 Sake 8 616 e A R 4 2 3 119
SRS o, BRATIE SR T 35 3 A7 T 1013 8, S0 T 2 S AR 118 43
31 FiHI N5

FT A 2 1 O 0 30 4 P P R ) A AR R AU L 32 80 ) (CONVER) i, i 5 BE PN i — e B /s 5, Snake
B AL T B s x4 1 3E 8, TGk 4R 2 B L /e A BE AL LK R T AT T T Bk b g g S R £ i) A
DU, D 1 BE W% 4k 22 09 351 7 =5 BE A BE, A 0 265 0K — JR AR /s o A b e S BE AR 58 At [ T L Y IR £ 23 1

(13)

ZxVh Snake f& B BT 00 [ X ISR A0 G L B0 O, it A1 17 A 5 B DN 300 5 (B B W 7 ), PSR DI — 5Bl i)
AL RV SAN 337 A 2 o, 2 A H R 34 2k B BRI 0 2 B R UL LA A0 0 G IR, 20381 7 3 B AR IR 0T
I Ur 5 8 10 SR 55 A )2 1K) 0 45 VL ek I (14 b 3 3 3K 83 & 3 3 A5 e e 20 i ' B A7 B SR P G AR
K373 H1 45 R AT a6 A, 5T LA 32 1 FCAMBEL X AN BT ) 41 ) 37 B8R EDRT U S (H el T AR S CONVEF 52 4 T
PRI Fourier 22 i), v 55380 B2 PR, V5508 BN AN K. DAL b A SO0 34 25 P R 3K — DAl gt 74 40 b e ke 17 e 38 BE AT B
(¥ 19 2 73 1 i) L

Fig.2 New edge map and the associated CONVEF external force
2 HriiA s 3 CONVEF 4117

3.2 ETFRARMBMERIAEE

R A, H TR R N A B AN 55 3 TR TR, B (R AR D035 I AN SE S XN 1) Snake 5 6 T AE 2% kIR BG
BEAN A T S MRIX — [, i 2R S I N B 20 52 b R IE B B A R L AR TR B R — 5 AU,
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PR B LA A EE PR P 4% TR s A TR i RSS20 Smake %6 38220
Ew =2, (R(S)=R) = (r(s)=T))"ds (14)

HA R, R UK 1, T B8 X5 (L0) KM R, R LN A = BEAMEL I, M0 1, T 5T X6 A B o B I 1 AR
PEAR 53 0 R, 23 2K (14) X B Euler J7 FE I B HUE A
p(X = X" —(R-T)cos(2ni/n)) =0
{p(yi —y™ _ (R —T)sin(2ni/n)) =0
%77 FE AT LLSR T AL T 20 2 (13) 1) S mes SR SR A A5 4 3 (10) —#F, A (L) & — A2 Rl Bk % T A2
SBE P L ANIETEAR I HR LU FE 20 1 72 3 BE SN I IR, Snake A A1 P9 7 B 4 2 (3) 0 S BN A s (A8) L R w g
A0 77 000 Eh B 30 G B A 3.

4 SRERERS

TEARTT SIS AT SG L CONVEFR HI VEF 721 A 6] . C T8 1M1 B X 358 43 31 45 7 10 PR 1R 5 88 5 TR 7 4
/e BE L AN AR A A 20(10) A (L) MBS B350 0 MR B4 EEE Bk 4 F15mE, 5 F
T3 () 4 kAT i B L, 3T 5 GGVF(generalized gradient vector flow) Snake #578 fi) 73 1 45 B3R 47 2 M L4
KR MR EHE B SIEMENS 1.5T IR R 404, 55 S 800 R J5tdh B R 192x156, 1) Jr JE R 8mm,
ST I ] (TR)=29.16, [l % I 7] (TE)=1.08, 43 #i % 1.82x1.82, [1]%% #1 (flip angle)=50, #1. % (FOV)=81.25. 5 & 1 1 J1]
NS HHN a=1.0,4=1.0, 1=0.3,p=0.1; 715 CONVEF 14 X 8 oh B 14n=2,h=2.7F HH 554 Matlab
6.5,CPU 1.83G,RAM 512M, Windows XP Professional.

34 T /i G K% CONVEF H1 VEF [¥1: Be LL 4% e 3(a) /& — i 52 1 7 g e 1R 5 i 1% e L 2 1,
Kl 3(b)/2& n=1,h=4 W) CONVEF #}J13% & Snake W SGLFE, B 3(c)2 VEF 47135 % Snake W8I 2. L4
CONVEF il VEF A3 Hi,CONVEF St #0545 1 Hh %0 1 H b5 1 TR, Snake & B 1 78 16 A i SiCEI H
Wil 2%, 0 VEF WA REAif 11X — s [ 3(d) & — 1k C JE &, & 3(e) /& n=0.5,h=0 i ] CONVEF 41 J3 4% & Snake I
S i & 3(F) & VEF 4137 & Snake W s %, CONVEF BEMS I F) i3k A V11 X 15, CONVEF Snake 4 i i F) it
SAF H brili 2k VEF Snake U7 GEE A TUIRA R 732X Ui B, B 12240 h A1 n 194 I ,CONVEF Lt VEF B & i, Pk
R 5 i B K.

(15)

(a) Noise image and its edge map (b) CONVEF and segmentation result (c) VEF and segmentation result

(a) " EME R A 5 & (b) CONVEF K H.gy#45 R () VEF Je o> E145 51
SRR A 5 R
e AN I S A B e :ﬂ ,’:/W rﬂ T
= N
AN f R P f’f”fﬂ\\\m\"“
AR, =N R
S = s
= =
RS N T \\ﬁt\\ 4
S \\§\\\ pr ey i //.!j s
S S N e
G LN e N S
e BRI s SRR R
(d) C-Shape image (e) CONVEF and segmentation result (f) VEF and segmentation result
(d)C EH (e) CONVEF K Loy 3 (f) VEF Ry Hlgh 1

Fig.3 Performance comparison of VEF and CONVEF
3 CONVEF 1 VEF [ftkfg b5
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4 SR T TAR LA I A ALTZ L 45 R rp, 2300 108 00 #802 BEAT R T AR 20 AR 45 SR A7 10 52 R AR
AR LI AR S5 R B 4(a) 1] 4() & 2 A (L0) S A 5 BE A IBE 2331 AR5 i AR ATl DA H - ey 80 R TR
ARZY 3R, Snake F& B ANH 2 52 LIS ML W 75 1) T30 (A B 4(a) T 7s), i LG A0 s e 0 ) MRS L B (A P 4(b) BT )
AER L9 I (10) i AR IS P i RBUASH 2 1 At e, 6] 4(c) s P A(d) U2 249 SROIT(14) % i = BE AR IR 4] 1 5 W) A 1 A
Gy e S BE RS, B TR I A 3 JF AN 5 35, Snake B8 H IR, (ELSE I 24 RO (14) 5 B B A e T A
le) 50, e v, P 4(d) A R A0 a3 T 2 5 R 23 BT .

papitiang]

(a) Effect of shape constraint on papillary (b) Effect of shape constraint on initialization
(a) TARLY SN FL S 52 (b) TEAR L ST RIAR 1 1 5% )

(c) Effect of shape constraint on epicardium segmentation (d) Effect of shape constraint on epicardium segmentation

(C) TEARLYHONS HMBE 7> 1 (¥ 5 1 (d) JEARZI AR SMEESr TR 52 00
Fig.4 Effectiveness of shape constraints on segmentation of the left ventricle
Bl 4 JEARBE B o % 50 F 52
KA HLA R T7 5, FADR — B D JIE MR R BT 70 BLX B RMR WS 5 NEBZE B EHRZ A4 — AL
SRR 21 BRI S T 1R )R (R 8 LRI 5k 0 R K 20 45 R

Fig.5 Segmentation results of the left ventricle using the proposed method
K5 A FASC iR 0 2 E RE Ay B 45

ADxE 7 TG R T T 0 FUSE R AT LU, R 24 200 B 1 (mean absolute distance, fiif /i MAD) &
Z 1)1 2 5090 % Snake %888k S, T 14 #I45 o MU

19 1&
mad(S,M):O.S(n;d(si,MHk;d(mj,S)j (16)
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Horp S={sq,....5nhM={my,.... m3I> M # R Snake %Eﬁn%ﬁeﬁuﬁ’m,d(si,lvl)zmjin s, —m, ||.5 T
BT 5, 20 ZEE B 1-38 MAD B8 0.77 183 56K 15 FF T4 %0 45 FAH ) ALY 735 MAD {8 1.32 5 3%,

7, Snake ¢ BEHIE I 20 5 T DL — 384 F AT 138 il GGVF Snake HERL4r % T IX £ EIME, B T 7 GGVF
Hp 20 S RE Y B AN R BRI /N a5, DRI L 20 B0 A 8 BE W I I, TS vk Ak 2 1 80 o0 0t L AR IS R A el 0 LA
T X I L ) A R A IS T AT AR RORS R IR D a4k, Lt 2 U6, GGVF Snake BTN AE [ B 43 EI AL 5 B A8 L.
BRI B ATT 25 HH T GGV Snake 43 % 47 %5 B8 Y IR IK 45 5, 1 18] 6 . JAIE] 6w ] LG Y, GGV Snake BEZY B T
ANTie E By oy F) A 2 BE A LAAT A5 43 T 2 5 B PSSR 52 L 5 LR 6 75 1) 53 il 1 1R K, A7 BN AR AR A B e S8 10 A
S50 TR EUER.

Fig.6 Segmentation results of the left ventricle using GGVF Snake
6 il GGVF Snake 7 5k 53 45

ASCHR T BT Snake BR[O AL AR P 5 2o S BE A L AR RK 23 7V Snake BT A b
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