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Fast B-ultrasound Image Segmentation Based on a Convex Relaxation Method

HUANG Jie! YANG Xiao-Ping!

Abstract One main drawback of active contour method applied to image segmentation is that the objective function is
not convex. The solution of a non-convex minimization problem is prone to get stuck in a local minima, and some fast
algorithms to convex optimization problems can not be used in a non-convex active contour model. Using a Bayesian risk
method, this paper presents a new level set model for B-ultrasound image segmentation based on a Rayleigh distribution.
The directly obtained model is not convex. However, we can get a new relaxed convex model by using a convex relaxation
method. The relation between the directly obtained model and the relaxed convex model is given by a theorem. Then, a
split Bregman algorithm is incorporated to propose a fast algorithm to solve the relaxed convex model. Compared with
the traditional gradient descent method, the proposed method can not only get a global minima, but also is quite faster

than gradient descent method.

Key words Medical B ultrasound, active contour, Bayesian risk, convex relaxation, split Bregman

Citation Huang Jie, Yang Xiao-Ping. Fast B-ultrasound image segmentation based on a convex relaxation method.

Acta Automatica Sinica, 2012, 38(4): 582—590

i B AR EARI A RE, UL B IS
ToEIERT S S B A AT A4 L, BB
B CBROB 2 Y IR S Wb B2 2 I PR S
SR AT I i B0 A AR RSB ZARI 5 B (1B AR S 14
Fio TR LA S AR BT DN B, A A5 B i 4127
o P Ty E I 10 B AR, DAL TR s £ 0
TS W AR 7 A7 B 2 1l PR . B2 B B o) )
RIWF 2 Aok — H A2 BINATH i B AL, o BI5E
WIR AT b i shFe BRI 5 120 B 5 o3
] AT AL R r ik, IS s R R TR 3T

Wk H39) 2011-03-26 sk H I 2011-09-14

Manuscript received March 26, 2011; accepted September 14,
2011

% AR R4 (11101218), VL9548 098 4 BB ik 4 (CX10B-
1297) %)

Supported by National Natural Science Foundation of China
(11101218) and Graduate Innovation Foundation of Jiangsu
Province (CX10B-129Z)

AITHEMZE 2

Recommended by Associate Editor FENG Ju-Fu

1. MR TR B e N A &R st 210094

1. Department of Applied Mathematics, School of Science,
Nanjing University of Science and Technology, Nanjing 210094

3 N IET IR GREE T X k. T s r EB
43 38 WO T R BB AR L, T T X 43
7138 W R FH AR OB AR Bk K 56 1 7 vk T 4
()45 A IR G TR E D 2, 48 o 3 - 2T
SRR i Kass 254 H B, tHFRIgAIAL. 4R,
7R I R B 2 F 45 S T IS i 26
. Caselles 514 Sk TiZAY, $1H TS sh 46 BRI
H 2R AT A7 25 v T e AT v oy B i O T2
H ) 1)

25 i () 3 T X8R 1 A3 BB D MS REARDT %
155 7R A1 0 R 2 N AR 3R K AL IR AN AH R T
2~ AR i W o AT B, R AR AR AR B K s
5 B — FIRR BRI MS BT )2 10
I, X A2 45— R (0 MS SRR A5 3%
A3 EIRF Bl /I FL 020 494 100 2 424 1) 3019 G R s A
LK G, N AT 2 0 MS BRI A
ORI By CV B, OV B B 4 iy
ST B A B A . AR S S o i AN AT
CV FERL [ o3 24 FAS R R BEAR O IR M. 18



41 AN TR T VERI B B BB D o) 583

W, T DI A R T S ) B L
5l A 2 BB AT A R S 7S N, T R A R IR i
Sy BB AT AR AN Reab 2 FEAR ) 3 B HOR. X T A
TR ARG E, W SAR. B BEIG%E, A4 KEM
ek B fUMEFE | RN 20 A, eI B S T
oy RN CV R BCRAE:. BRI EUR 2 A
BISETE, IR, — SRR R 43 A1 ) 23 TR B A 4
TR RASR 777 Gamma Fil Rayleigh 43
AR AN OL S ARO0 P — Bl gl A A SRR B
7 5 5 Jry K S 53 A 4005 TRy S AR Oy TV
SEARSEDY M s G = T —Ahag B
By BTk i S0 B b BN 38 A K B 1)
MRI Z3-#IRR.

SR A% 558 B R FH I B 6 3R 2 T 1R kAT B 2 1
(10— A A Bk B gl 2 H A bR B ) T A, AT
1303 BNGE IR AE 5 b T i ik, i Hoe i 19— 28R
AV TEITRE. 53K, Nikolova 25131 47 H—Ff Ty
FASB IR 75, PTRERE € (R AR R 2R A 45 Ay A . IR oy
R R SR it 4 JRy e DU Ae. 1% v 1) = 2 SRR )
—A> [0, 1] DX TA] PRI 28 o R A0 Heaveside BRI,
B =AM ARSI, X7V G T MS B
[ PR SR e 4161 AR iR BRI 5 R bR
Moy B MR R AR R 0B S s T B E B
Iy AN, I B O USRI 4 RN FH S T 90 A
WHY CV B 3B AE. A e R I
T RS (R, 254 B O FE B4R Rayleigh 73
AMGETHRRAEDT18) 4t —FpiE & B @BIR K%
() o3 FIRE Y. Jd ik ] FRLE B, Nikolova S542 H 1™
FiA st k8] ay DLAE T BT R ) B AT Rayleigh 43 #i
()53 TR AL S6F T8 B AR s B Y R S & S o AR
Bregman J5i%, $#&H—FEET B G 1) PR 535
F%, GARG IR EE N B A L, B R 2
2Ry U, i HLORORHE R T o B

1 ETFNMETXE A B 8o 288
1.1 DIMETXURE o288

Casella 5191 fz LA U307 UBS: (¥R 23 12 1T )
X HAT A AR AR AR 3R AT 0 SR el b ik
R T S QAT H AR Q, IR S
Ji. JXFE, RHEE R AT LA T AR

Hy = AN H AR

Hy : 2 H AR

73 JEAS IR NS P s LA _E PR BB 2 7 IR,
IR a5 A L R PR AL :

Dy : 7 EHIE A HFRIX IR,

D, : 73 I HIE S H AR DK

FEIRXPHEBOR SR &, &5 & B M 73 2848 1 i w]

DESEIET S /RS

1) P(Dy|Hy) : 2SERrtE LA H AR X IR, 5)
FEEAAE T FIRE R )

2) P(Do[Hy) : ZSEBpfE BiA S H AR I, 73
R HE AL H BRI ks

3) P(Dy|Hy) : ZSEBrthHl2 H AR BN, 733
HE AL HBRIX I

4) P(Dy|Hy) : SEhrff il H AR BIN, 7338
AR T R E .

DS 2) FROh 25— SRR, FRCh “FE B0 4
e, P(Do|Hy) 424 Hy KA, S48 MM, K5
3) PR K, R “HUEh” Hik, P(Dy|Hs)
M H, ANRAR, A Hy R, IXRE
X Ry, DU S0 RS ] LR Ay

r = e, P(H;)P(D;|H;) +
o P(H,)P(Do|H,) +
(
(

Q

€3P HQ)P(D1‘H2)+
e, P(Hy)P(Do|Hy) (1)

b, P(Hy), P(Hy) 251365 Hy A H, KA
WA, P(Hy) + P(Hy) = 1, 55 HARDCICRE 51X
BHIN KNG I, 1, €2, €3, ea JBURESL, W
IHE, At e =es =0, ey = e5 = 1.

Horp, Q, HITA AR KA Dy, Q,
A 1A PR Dy, IXBE, 1 DL 357 KUK
H

. / P(H,) P(u|H,)dzdy +

/Q P(H,) P(ufH,)dxdy (2)

b UG KRS iR L
1.2 EF Rayleigh 278 B #897 E1&5)

Rayleigh 73 A B A& )32 47 45 T M T e 5 18
Brb, WAl SAR IR KR, B iR K55
Rayleigh 73 A [R5 3 5 bR 20O

2
pr(z) = —e 37,

0-2
Hrp, o WAL
e XA Q,, HbrX L Q, WG R
LRV, HArnl RN S HCh oF o2 1) Rayleigh
o)A, XFEEET Rayleigh 73 1S DL 7 GRS e
i (2) gtk Hrp

x>0 (3)

w2
P(ulH,) = %e‘ﬁ
K3



584 H | 1k 2% W 38 %
Pultl) = Lo 73 [ H@)dsay
0 o2 = 90 )
T i Rayleigh 4245 (38 K0B X, Rl 1 2/&—H@Mﬂ@
RO B2 515 0 U147 K z
P(H,), P(Hs) % Hy, Hy RAERERBERE, 5 H

2

r= / (lnP(HQ) +Inu—Ino? — u2) dzdy +
Q; 200
2

/ <lnP(H1) +Inu—Ino? —
Qo

[, A TS5 RIS B ot i, JAT 138 N 1 %)
Iy RS AR WAL A . XA, FRATTA3 20 N BT
Rayleigh 434 1) B 8 KIS/ E AR

QorrrllenUg {L(Qo,al,o ) = APer(Q,) +

2

/m (lnP(Hg) +1lnu—1Ino? - 212

2
o
2

) dxdy +
/ <lnP(H1) +Inu—Ino? —
Q, 2

1:72 ) dxdy}

)

Horr, Per(Q,) R rHIHARLG K, A WL
HBH, R RIS H AR G 1 — T4
1T [ Inudedy JEFEL T A 2%
R R, BATIT AR (5) KRB

min{ (6,02, 0 _A/\VH )|dady +

$,07,02

/Q[(m P(H,) —no? —

2

—)(1— H(g))+

UO
(InP(H,) — Ino? — %)H(qﬁ)]dmdy} (6)
Hrf H y Heaviside PR
)L §>0
H(ﬁ)—{()’ £<0 (7)

PATRK iﬁ( ) Jg DU 4 Rayleigh #i74. %=C (6) 1)
K fift Al SRRV, RT4ERSE Q,, Q= Q
- Q,, 02, ag 5K Qi Q, WS IS5, A
It o2, 03 AR FHARORASR AL T 73, BT RIA
A4

/qu(¢)dwdy
2 Ja ®
2/9H(<Z>)d:ndy

DB 5 XA RN O AEAR SO, BGE R H AR
DR AN 1 5 DR R RN e e A, Hy, Hy HATAH
[F RN, WA P(H,) = P(Hy) = 1/2.

X TEREM of, o2, FIHBEEE T RRIEKRE 6. h
TR (6) KT ¢ 1 Euler-Lagrange J7 2, il
oX H = igiEir, ik He. H, M e — 0
W, He DM XET H. X8 ¢ Prat s~
B3R A

o6 (V¢ ,
5 = H.(9) ()\dw <|V¢|> + P(H,) —lno? —
22;2 — P(H,) +Ino? + ;;2) (10)

2 BT ARt AR R IER K fE
2.1 MsshiRE

KT (10), HRASHA R 7R
2
H.(¢) (Adiv <\Vzl> + P(H,) — Ino? — 2123 -
o U
P(H,) +Ino? + 203) —0 (11)
ST (11), H, &A% 0, X (11) 5 LR JrRER
fi:
. Vo u?
Adiv <|V¢|> + P(Hy) — 207
P(H,) L, (12)

29 2
3 (12) R4 170 (11) Ll Heaviside BR
Mo o H . R, 5 (12) T’E?\J Euler-Lagrange
JIRERRY T — A?ﬁE’JE‘EE/Z
min{E(¢) - /\/ IVé|dzdy +
¢ Q
u2

/Q [— (InP(Hy) —Ino? — 203)4—

2
QZ;E)dedy} (13)
SRS AT @, 12/ IMb i) BEE 2 ok i, XA
li) 7 AT LA iy St Sl R o 1S 0 < ¢ < 1 T
P8l IRATHR H BL R 3T Rayleigh 20 i K145 43 %1

(In P(H,)

2
—Ino; —




41 AN TR T VERI B B BB D o) 585

{REVATILR e
)= )\/ |Vw|dady +
Q
2

min {E(w
w€el0,1]
u

/Q [— (In P(Hy) — Ino? — 202)4—

o

2

1;2 )] wdxdy} (14)

w BN B R RS R (14) SRR (5) 1%
ZAT LR E BT H

EE 1. N TAERSGEMN of, o2, R w £
gt fe) R (14) B)—ME, IAXAERE 0 € 0,1], Q, =
{(z,y) : w(z,y) > 0} 2R (5) B—MiF.

WERR. 4G, ® X r(0?,0?) = Ino? +7'2 -
Ino? — 25, X T4 EM o,, o, HIEESM P(H;)

227

= P(H,) = 1/2, W (5) 24+

(In P(H,)

2
—Ino; —

min {L(QO) = APer(£,) + / TXQDdxdy}
Q

Qo

Horp, Per(Q,) % Q, WA, o, %7 Q, 1
B T w e [0,1], mARTRAR, 4

/ Veo|dzdy — / Per(Q,)dd (15)

/rwdxdy—/ / Xq,d0dzxdy =
/ / rxo, dzdydo (16)

Hrh, Q, ={(z,y) :w(z,y) > 0}. Kk, H

E(w) = /\/Q\Vw]dwdy—i-/grwdxdy—

1
/ [)\Per(Qo)—i-/rXQodxdy]dH:
0 Q

/0 1 L(9,)d6

AR Wk w 2 E(w) B—/MRIMERE, TIXT:
—0¢€ [O’ 1]7 Q, = {(ﬂf,y) : QJ(.’E,y) > 0} A Ji T
(5) I— M/ IMEAR. O
F 1. SO TR A R B AR S TR AL ot ) 8 (14)
(R4 SR e g, JEAERR IR (5) M4 R mAig, 15
D) A T S
2.2 9% Bregman 75 3% RVRIE K 2
A1 &0 )
min_ F(w) (17)

w€el0,1]

HHREGE N, BSA SR ZRIENATT, —
AP AT R 572 4 52 24 Bregman J7iE20
Eiifﬁﬁ@. 4344 Bregman J5 % [ BRI B A 2 oK 1)
R HE Ak B T ﬁﬂ%%AIﬁ A2 1 T 55 ), FH AR
SR TR AN SN A W R, T2 A
Bregman i%&ft[21 ﬁ/flﬁﬁj?ﬁ? ﬁﬁzztaf“/zf“
T3 RAR 2 (1 G ot BRI R 220 MRI
120 241 ] R ) B SR AR jJT%h’ﬁ'ﬁﬁ@ %
r(o?,0?) = —(In P(Hy) —In o2 ——) (In P(H)—

0?7 ?

Ino? — —) IXFE, N 534 Bregman J7 23R g X

(17) 2 B T 0 1 A8 AR, 5 p
MIRESE BRI

min Mv[—i—/rwdxdy (18)
Q

w€el0,1],v

st. Vw=w

b || R l1 {Qé& P H Bregman 1EAQK R
« (1

|-

8), A W, v, b, Bregman ELLFEUIF:
k+1 k-‘rl _ :

(w )=arg min {Ao]+

/rwdxdy—l—u|v—Vw—bk|§} (19)
Q 2
bk+1 bk (vwarl _ ,Uk+1)

H, b e 0B(w) A E 1E w IR h 3 —4
JCE. SR GR) T R HA 38 2 ) R T VAR L,
Bregman 77 7% FEA PR 1) Bregman %1%
WSO BEPR, e e 2 H bRz s A 1y 1E 4R
i 2) X TAL RS M HE 1 > 0, Bregman 1548
JIERERG I SRR A in) 8. 5C (19) HhEs— A2 AR
/N ) ﬂUﬁﬁﬁf%%4ﬁiﬁﬁf[2B], X, o
A LLAG 20 kA 2

(

Wkt = arg min /rwdxdy—i—
wel0,1] Jo

ﬁ]vk — Vw — b¥ 3

2
v** = arg min A|v| + %]v — Vwktt — bk
bk+1 — bk + (lec+1 _ U]C+1)
(20)
XA (20) A L AN TR, Bt a

r=pAWtt = V() = b))+ pVy (v —by) (21)

XA TR, v Gauss-Seidel J7 ik PRIE
SKAR. IXFE, TS 2T 1Y Gauss-Seidel £
W

k

1
k+1 _ L k k k
Wag) = g (wm §T Wiy TWig1 T Wi T
oF Wk

k
z,i—1,5 ZElj +U

y,iji—1 — Yyig



586 H | 1k

F {4

38 %

k k k k Ti,j
icay +0eiy = 0yijn Fby,, — L >
(22)

UL, H ] w MRG0 T RIF w (IR (AE
0,1] B i, PR HoBE

wi T = max(min(1, w),0) (23)

AR w KT 1, BREGER L Hw /MO
I, KB R 0; 4 w BT [0, 1] I, AMESCE.

X (20) WA 2 A b, AR A
Aty AR Bon Ik

A
V" = shrink (VwkH +b*, ,U) (24)

HHft, shrink 570 shrink(a,b) = & max(|a| —
b,0).

AT Rayleigh 73 A &5 P 73 1 55 1)
B 5L TIFSEvII

PR 1. Y6 w°, 00, 0° K 6 H.

W 2. BE Wb, oF, bF O L TR B X
Q, = {(z,y) : W*(z,y) > 0}, H Heaviside pAEAT
RINN

1, (z,y) € Q
Oa (l‘ay) € Qi

(25)

H(x7y) = {

S 3. izt (8) M= (9), HHi 02, o2.
$8 4. i (22) ML (23), W5 WP
P8 5. i (24), T ML

(a) &t Rayleigh 4l 5
(150 18% x 150 14%)

(a) Synthetic Rayleigh distributed

image

(d) B2 B BRI (260 4% x 260 5%)

(d) A real ultrasound image

(b) Field IT FUl 75 14
(280 18 % x 320 15%)

(b) Simulated ultrasound image by

ing Fi

(e) SAR K% (256 152 x 256 B%)
(e) SAR image

P 6. HL (20) i —AFRIHE bR

W 7. AW AT I HEN s kAR
B, k— k+ 1, RFDSEE 2.

53K (10) WoBb R REIEAR L, DL RS, D
5 FULER 6 ¥l B ARBGH, Asminiiss
AREE, PR 4 h TR T Gauss-seidel PRk
AT, TR RS iy 138N 7 BRI L. 7P
A, W = s (2 S, W° S ANERL),
Hpu WEIHEER. 0 =0, =0,0 = 0.5, u = 2.
5 IEE N max |wk ! — wF| < 0.001.

3 KEERRSH

ENSREOGEA R E NSRS MUN R SRR ATIER
0L, DURT S0 A SO 5 B0 L R . I RIAR e A8
FRRVELL K CV BB EAT A, A ST E i S 56
¥J i Matlab 7.6 7ERCE M Core 2, 2.40 GHz, 2 GB
RAM A N\ HL 217

K1 rhashsese i - 18 1 (a) 1@ 150
B x 150 B ERBEE v, P ERHE NG R
MIRMNZHCh 62 = 0.3 1] Rayleigh 434, JLAM A
2%k 62 = 0.015 [¥] Rayleigh 434, & 1(b)
FIE 1 (c) b Field 1T 2372260 A2 ity BRI,
1(d) A—MREsk B HEEE, Bl 1(e) ME1(f) A
SAR FE1%.

a2, BATH AR IRIRIA 2 T, F KR
ARSI N AT R R SOR AL (5) 1
IEARH SRS H]. S5 G R B 1 (a), A =5. AWKl
A DUF 3 P Rh SEVEHS e A3 B AR B 2 H 45 2R, AR

(c) Field IT BB B4
(258 18% x 511 %)

(c) Simulated ultrasound image by

using Field II

(f) SAR K% (298 5% x 297 %)
(f) SAR image

K1 scpr e

Fig. 1

Images for numerical experiments



44y

AN TR T VERI B B BB D o)

587

I FBR FE R Bkl sy CPU IRy 15 BB 444, T
I HI RS, WS CPU I aANE] 1 7P, iesiis
JERN AR k. B b, prie ik ey 4
SR AE B AT A sl i, TR B R B AR AR A 2
SE NN R HATI AR 2, FRAR T ORI BBl RE L.

(a) SEHPTIEIIPIAG L (O k)

(a) Initial contour

(white curve)

(d) ACHEFHIGER (w > 0.5)

(d) Segmentation result of proposed

algorithm with w > 0.5

2

(a) H#IEER (w > 0.5,A =5)
(a) Segmentation result with

w > 0.5, A =50
3 X AEH ((a) AT (b):

(b) Corresponding
membership function w

A =5 WA [ ST

.
4%

(b) ®hJEE R BRIE sy T4 R

(b) Segmentation result by using

gradient descent method

(€) ARSTELINT IV ¥ 1 FA BR 2 w

(e) Corresponding membership

function w

(b) AR AR A BT w (c
(¢) Segmentation result with

w > 0.5, A =50

4

EFE 3w, AR ES L N 765 89 194E

H, o, B3 (a) Al 3(b) /N A, A = 5,
l 3(c) A1 3 (d) BRI N, X = 50. FATH0IE A
WA EIAG e R, WK 3 T LA, X T
l:% BUGIT A ARERIC/IN H bR Xk, TR /M)

-1 000

-2 000

-30001

Energy

-4 000

-5 000

-6 000 . .
0 20 40
tis

(c) BREE FRRSR MmN, Hbrea%k (5) FrxtRy
i F o P ) 2 £ il 2

(c) Energy function (5) with CPU time

60

of gradient descent method
000

-3 500

-4 000

-4 500

Energy

-5 000 H

-5 500

-6 (000 L
0 0.5 1
(s
() ASCEERMRIS, Hbre&EL (5) Frxl g
BN ] A2 4k ih 2%
(f) Energy function (5) with CPU time

of proposed algorithm

FERA LA (A = 5)

Comparison of convergence time with A =5

(d) AR 52 rR A w
(d) Corresponding

) SHEER (0 > 0.5, = 50)

membership function w

AL (c) A (d): A = 50 AR R S 73 B 45 2R )

Fig.3 The effect of parameter A ((a) and (b): Segmentation results of the proposed model and algorithm with A = 5;

(c¢) and (d): Segmentation results of the proposed model and algorithm with A = 50)



588 H /I 4 e 38 %

HE

(a) P CV JiiktE A =1 It} ) N (c) thik CV JrikAt A = 10 i N B )
(5 FI 4 (w > 0.5) (b) SE5 (a) Frxf R )53 E4E R (w > 0.5) (d) 5258 () Xy R
R R w R R w
(a) Segmentation result of (c¢) Segmentation result of
(b) Membership function w (d) Membership function w

fast CV method with A =1, fast CV method with

of experiment (a) of experiment (c)

w>0.5 A=10,w > 0.5

(e) ASCHTHELE A = 10 Y (g) ASCHELE A = 100

B PR w B R w
(e) Segmentation result of (g) Segmentation result of
(f) Membership function w (h) Membership function w
proposed method with proposed method with
of experiment (e) of experiment (g)
A=10,w >0.5 A =100, w > 0.5

Bl 4 Aok ov ikt g
Fig.4 Comparison of the proposed method with fast CV method?!

-*

(a) PRH CV JHEE X =1 I (c) thidt CV J7idkAE A =10 i

5 EIE R (w > 0.5) (b) =5 (a) Fruf R {55 BILEH (w > 0.5) (d) 56 (c) FrRtRLm
BB PR AL w IR BRET w
(a) Segmentation result of (c) Segmentation result of
(b) Membership function w (d) Membership function w
fast CV method with A =1, fast CV method with
of experiment (a) of experiment (c)

w > 0.5 A=10,w > 0.5

(€) AITTHAE X = 10 WK (g) AICTTHEAE X = 100 W1

SSELEE > 0.5 (f) 525 (e) FTXEMIY INEILEL (b > 0.5 (h) 5256 (g) FrXFMiIL
IrEILR, IrEIER ( )
L RREL w J3% 5 R A w
(e) Segmentation result of (g) Segmentation result of
(f) Membership function w (h) Membership function w
the proposed method with proposed method with
of experiment (e) of experiment (g)
A=10,w > 0.5 A =100, w > 0.5

B 5 ASCrk G ov Jrkte! g
Fig.5 Comparison of the proposed method with fast CV method™?!



41 AN TR T VERI B B BB D o) 589

X i 3
(a) ASCHERL AL SAR T3 B4 11
NELEER (X =10, w > 0.5)

(a) Segmentation result of an SAR

function w

river image with A = 10, w > 0.5

(3

(d) AR f 500 SAR. iR R Y
DEIEER (A =10, w > 0.5)

(d) Segmentation result of a SAR sea
image with A =10, w > 0.5

(e) HePmxt B (i 53 R 4 w

(e) The corresponding membership

function w

<100

25 10 20 30 40
/s

(c) HAREREL (5) XbRAfE RGN ) £k
(c¢) Energy function (5) with
CPU time

(b) FCTXE IR A 7 PR w
(b) The corresponding membership

0

-2 000

TEY

& 4000

-6 000

80005 5 10 15 20

(f) FAREREL (5) XF V(K g B BE I (8] 2k
(f) Energy function (5)

with CPU time

6 SAR K%

Fig.6 Experiments on SAR image segmentation

A, F h EER BN H AR Al B K A

B 4 g5, RATHERRGE CV S R
AT AR R SR Bl SRS By B
Bg & B4 FE 5t EHEEGOA AR X T,
ik CV ki fiai R, MHEEREBAAR N FA
SOTER S EIGR. I, 1B 4 BHU T AR 44
(K] BB, B4 FHBATA LA, 2B A
(Pl OV BRI X = 1, ASCHR A A = 10) 1,
PR BT K 7 B L Z AR ARG, H.
PIRRITEBIR BEAS B RN 2 FI A R IR A
I (PR3 CV B X = 10, ASCER X = 100),
PRk CV ik A gean It — MR AR, A SCs
AT AT Rt E PSR, 1 5 D sEs B OB
JIE VA5, FE A I D 23y A A I, SR B A
ARGy, DB A B O I DX P RLA HH, bR
OV JEERAI N (N =1) KA (A =
10) IFEIANREAT R PRI X Sk, 1y e $8 7 A4
BUNE X N BESRIUBNRAR (WLIEL 5 (e) 72 EJ7),
IMAE X BRI, R ERCECR H AR 1.

B 6, FA TR pr i S AN T T SAR &
B &, 2o, B 6 (a) ARG EI, 1B 6(b)

NIEFRER &, PR B GEAT 5 I SAR B8
Hobw, XA TR G AT, SEbs b, proesisy
LS BA Rayleigh 20 A & A 2> H1 44 &
FHTE.

4 it

AL B IR BB FIH &, 3T Ak
T DU 3 RO 43 S 1 4 FA5E 8 B DLy Rayleigh
RS gk A AA ot 5 v S 5y %4 Bregman 5%, $#¢
H P2 DU Rayleigh #5078 [ R 43 1) 574
HTFRAH T BGOSR IE, 50 /%50 CV B
RUMH L, AR o RIS N s BE AU S N B R R
rEL BeAh, A ALEREHET B — % L Rayleigh
AT NG Sy E . 0T R AR B B R B R 1)
B oy E) ) @, Prde Syksy pe s S 2l Bl g 1, 5
TSR PIBE BE T FREAR LG, ORFRAR T 2051 I (7).

Buigt

S P N AR TR 2 T i DX R s g TS A
Peog TRERHEAE B B2 K & B iR 2 Wi

b BL
[ERS N



590 H ) (4 £ E{: 38 %
References 16 Nambakhsh M S, Yuan J, Ayed I B, Punithakumar K, Goela
A, Islam A, Peters T, Shuo L. A convex max-flow segmen-

1 Zhu S C, Yuille A L. Region competition: unifying snakes,

10

11

12

13

14

15

region growing and Bayes/MDL for multiband image seg-
mentation. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 1996, 18(9): 884—900

Paragios N, Deriche R. Geodesic active regions and level set
methods for supervised texture segmentation. International
Journal of Computer Vision, 2002, 46(3): 223—247

Kass M, Witkin A P, Terzopoulos D. Snakes: active contour
models. International Journal of Computer Vision, 1988,
1(4): 321-331

Caselles V, Kimmel R, Sapiro G. Geodesic active contours.
International Journal of Computer Vision, 1997, 22(1): 61
—79

Mumford D, Shah J. Optical approximations by piece-
wise smooth functions and associated variational problems.
Communications on Pure and Applied Mathematics, 1989,
42(5): 577—684

Liu Guo-Cai, Wang Yao-Nan, Duan Xuan-Chu. Knowledge
based hierarchical Mumford-Shah model for vector-valued
image segmentation. Acta Automatica Sinica, 2009, 35(4):
356—363

(A, Em, BEw. T H0R0 2 2 Mumford-Shah [ &
G FIBRL. [BEEAR, 2009, 35(4): 356—363)

Chan T F, Vese L A. Active contours without edges. IEEE
Transactions on Image Processing, 2001, 10(2): 266—277

Zhong T, Tagare H D, Beaty J D. Evaluation of four prob-
ability distribution models for speckle in clinical cardiac ul-
trasound images. IEEE Transactions on Medical Imaging,
2006, 25(11): 1483—1491

Sarti A, Corsi C, Mazzini E, Lamberti C. Maximum likeli-
hood segmentation of ultrasound images with Rayleigh dis-
tribution. IEEE Transactions on Ultrasonics, Ferroelectrics
and Frequency Control, 2005, 52(6): 947—960

Liu Bo, Huang Jian-Hua, Tang Xiang-Long, Liu Jia-Feng,
Zhang Ying-Tao. Combining global probability density dif-
ference and local gray level fitting for ultrasound image seg-
mentation. Acta Automatica Sinica, 2010, 36(7): 951—959
(xIil, sedlte, IR, X5, KOWE. e RMRE R ERY
R B IR R R 4R B AR, 2010, 36(7): 951—
959)

Han Shou-Dong, Zhao Yong, Tao Wen-Bing, Sang Nong.
Gaussian super-pixel based fast image segmentation using
graph cuts. Acta Automatica Sinica, 2011, 37(1): 11-20
(Whsy 27, B4 T5, BSCI, SR, Tl AR K tkiE Graph Cuts
Blg &0 AshesaaR, 2011, 37(1): 11-20)

Li C M, Huang R, Ding Z H, Gatenby J C, Metaxas D
N, Gore J C. A level set method for image segmentation in
the presence of intensity inhomogeneities with application to
MRI. IEEE Transactions on Image Processing, 2011, 20(7):
2007—-2016

Nikolova M, Esedoglu S, Chan T F. Algorithms for finding
global minimizers of image segmentation and denosing mod-
els. SIAM Journal on Applied Mathematics, 2006, 66(5):
1632—1648

Bresson X, Esedoglu S, Vandergheynst P, Thiran J P, Os-
her S. Fast global minimization of the active contour/snake
model. Journal of Mathematical Imaging and Vision, 2007,
28(2): 151-167

Goldstein T, Bresson X, Osher S. Geometric applications
of split Bregman method: segmentation and surface recon-
struction. Journal of Scientific Computing, 2009, 45(1—3):
272—-293

17

18

19

20

21

22

23

24

25

26

ics

tation of LV using subject-specific distributions on cardiac
MRI. In: Proceedings of the 22nd International Confer-
ence on Information Processing in Medical Imaging. Kloster
Irsee, Germany: Springer, 2011. 171—-183
Wanger R F, Smith S W, Sandrik J M, Lopez H. Statistics of
speckle in ultrasound B-scans. IEEE Transactions on Sonics
and Ultrasonics, 1983, 30(3): 156—163
Burckhardt C B. Speckle in ultrasound B-mode scans. IEEE
Transactions on Sonics and Ultrasonics, 1978, 25(1): 1—6
Casella G, Berger R L. Statistical Inference. California:
‘Wadsworth, 1990. 373—413
Goldstein T, Osher S. The split Bregman algorithm for L-
regularized problems. SIAM Journal on Imaging Sciences,
2009, 2(2): 323—343
Osher S, Burger M, Goldfarb D, Xu J J, Yin W T. An it-
erative regularization method for total variation-based im-
age restoration. Multiscale Modeling and Simulation, 2005,
4(2): 460—489
Setzer S, Steidla G, Teuber T. Deblurring Poissonian images
by split Bregman techniques. Journal of Visual Communi-
cation and Image Representation, 2010, 21(3): 193—199
Setzer S. Operator splittings, Bregman methods and frame
shrinkage in image processing. International Journal of
Computer Vision, 2011, 92(3): 265—280
Cai J F, Osher S, Shen Z W. Split Bregman methods and
frame based image restoration. Multiscale Modeling and
Simulation, 2010, 8(2): 337—370
Jensen J A. Field: a program for simulating ultrasound sys-
tems. Medical and Biological Engineering and Computing,
1996, 34(S1): 351—353
Jensen J A, Svendsen N B. Calculation of pressure fields
from arbitrarily shaped, apodized, and excited ultrasound
transducers. IEEE Transactions on Ultrasonics, Ferro-
electrics, and Frequency Control, 1992, 39(2): 262—267

H

® T T K 2 2 o 1 B
RIEWIIUAE. 2007 ER M HTEL TR
Hepbifs B S E R R AL B
WFFET7 1) Ay A8 53 Bl 43 T3 RE TV 0
UG AL SRR | SRR I #T, BR8]
14403, E-mail: colourfulhj@163.com

(HUANG Jie Ph.D. candidate in
the Department of Applied Mathemat-

HEine

, School of Science, Nanjing University of Science and

Technology. He received his bachelor degree from the De-

partment of Information and Computing Science, Nanjing

University of Science and Technology in 2007. His research

interest covers modeling, algorithms, and their theoretical

analysis in image processing based on variational and par-

tial differential equation (PDE) methods, and medical im-

age processing.)

MEFE o, WL FEOFRUT L
T3 Hr ARZ ML Tk 73 75 R A B R AL B
E-mail: yangxp@njust.edu.cn
(YANG
Ph.D..
geometric analysis, nolinear PDEs and

Xiao-Ping Professor,
His research interest covers

their applications in image processing.)



