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Image Boundary Extraction Based on Pixel Coverage Segmentation and Chan-Vese Model
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ing, Jiangnan University, Wuxi, 214122, China)

Abstract: Aiming at the problem of unsatisfactory image segmentation effect for images with blurred
boundary by using traditional algorithms, a coarse-to-fine approach for image boundary extraction is pro-
posed in this paper, which is made up of pixel coverage segmentation and Chan-Vese model. Based on
modified coverage segmentation algorithm and active-contours method, images are firstly segmented by
using the original coverage segmentation algorithm and a multi-directions fuzzy morphological boundary
detection algorithm is used to extract the boundaries between different objects. Then an improved pixel
coverage segmentation method is applied to redistribute coverage values for boundary pixels. Finally, the
boundary extraction for refined images is carried out with active-contours algorithm. And qualitative
comparison of segmentation results, noise immunity tests and contrast experiments on the extracted
boundary are carried out. Experimental results show that the proposed method can obtain more excellent
boundary extraction effect than those state-of-the-art methods proposed in comparable literatures.

Key words: boundary extraction; coverage segmentation; Chan-Vese model

ESHA:EHEBARB R4S (61170121,61202312) BRI T H .
W75 B H#9:2015-09-24 ;81T H#F: 2015-11-02



A F kT REE S A e E S RARA G AR A BRI & 949

51

i

PR 3 B2 23 PR I 58— 25 2 TS HTL AN S 0 PR 45 AL B0 40 v ) — > S e A TRLAR 40 1
AL AR A 5 SROH P 00 BV 22 B B L HG R B B LA R B T AR AT 8 B R B A T SCRA N (Y
FRAE o PG A 3 7 v d T B L e LA R SO o R 3 S R L R xR AR Y
LA R ARk 25 Fh A RE TSR A e TG 2 R R 1 B 0k AR Y o R N LR AT AR R 5%
TR B R Ay BN Sk i PRl . B . — S A PR TR B O R BB SR . Lindblad 457 ) B
R m A TR E . Sladoje 551 e T AT 38 LA (915 67 43 1, OF 3 1 o 7 11 SR R T ROTAL B AT
B P2 T MBS A0 0 . 5 AL BOR) 2 I R b L BT SR 9 O ok B WA 2 SO SRR pR K TT LA ]
LGB T A TR 22 A O TS B = g R b R RS N ok, SR 1 4
TIENA — S 2 BT R L TR Wi 4. S ueREn . h T HBA 3R SGu B A A 24 4 B3
PN RE J) 5 Chan-Vese BORITE BG40 80 R BURLAF 1Y o SRR, B U5 S8 — SR A i R ) . be 2 4
T T EAOB TV R B R A

N TSR R B AR [ L A SO 1 R S I A A T R R ) Chan-Vese #5719 550 K45 7
s IR JE IR 265 2 300 G5 000 B 6 00 0 i 52 A ) A 0 S AR S 9 4% 255 O P Sl 1) 8 i 0 3k FE B O
SRR S« i P S ) % 2l e B R SR MU R B MR T B Y U5 1 5 0 B A B 1 S Y
FRA R R B

1 HXE=R

L1 BEBEHEER

B — D2 PR ER IR/ N=width X height, fE — DN EHUS 1, 1: 1, > R" . b LR KR
AR AREMRAE SO — A NXO MR I=[p. ] B—AT RN — MR AR — DI R 52
i — B R B B B H T — AN P sE . O MR WL R E T oG ) B

RE SRR m Iy R oy FVR AR W, e B JC s IR B A 1, B

W,,,:{w:(wl,wz,...,w,,,) e [0,1]"] 2 wLZI} (O
FEIEAR T B2 500 m 5853 W] LU — 41 7 0 Rk 2 » D

(G o) va@) | Ga ) € Tyva(i) € Wyt sali) a0 L2G2 D N Si]

| pGis )
Gy o ) HZHTIRBMB RN E (O NBRMBESRE H ST UV EEZGRA 2D M
9ok AR, EHEAGHT  BUESE BT FES , AR H , ZEAR A BGR B0E k Al 1t .

WK/ N W EAG] 8 m 28 W T I BRI B 35 0 I8 A= (o, v e, NIRRT
AR N e, €LOIM TR S, MESE. HFEC= [ ], WERFT Hrbe e 7 BAEH k
A R, AAEAR ST R ER R M EAE A

I~A-.C 3)

HAESZBRIE AL T X AR E 2 S BOE A5 TH RTS8 T % 088 Z A 1T, a i & W B iR
FEARFE. WX FAE 2, B I(D)~AC(2), f£ I=~A -+ CH,C 2, EFaiElRx —
KB MAREE AR I . A R I PR ZE X C )@ B AEE . R 2 5] DLk B 1R & — 1 e
R/ MER) R AR B R BT ROR A

(2

D(A)=|I—AC|;* 4
Ao | X k& M X ) Frobenius 78 %%, 1% 33 72 6] I 3% 4% 52 #6 )i 2 15 (Spectral projected gradient,



950 HIEREEHLA®E Journal of Data Acquisition and Processing Vol. 32,No. 5, 2017

SPGYM ISR AR
1.2 Chan-Vese &

2t Chan-Vese(C-V) # U gy 22 2 Chan il Vese 32 4 , & —F F| B Euler-Lagrange J5 3 3R f# (%) fai
b M-S AR (AR BE PG 43 80 5 i o RRT C- VB RYAE A8 B 43 K -4 D 1k b i SR /ML BB B2 bR S
ity 2 i v Al R b AR T R A S 2 A5 L T 2 T AR A R HTE‘EE{ZM*{*WTE
i AreaCinside(€)) .5 M-S # 1 i K )8 T Length(C) [ it 428 il 387 4k 21 35 8 40 0 W R i R <k . %
fE 72 BRI A
E(cis¢,sC) =y + Length(C) + 7 + Area(inside (C) ) + 2, J |1, (s y) — ¢ | *dady +

inside(C)

Az J | I, (xsy) — ¢ |2d1dy 5

KL (o, ) A FE 7 BB Length(O R 1 A 2k C 1K BE 5 Area (inside (C) ) Syl 2k € 4 &8 IX S8 1Y

TR s Y2050 00 >0 AU REL., FeZ, T LUE i o5 0 A BE 1t U2 R A5 2] 40 H1 48 B2k C I & B R
’MI%L’E:C19C20

E{C},qo,czo}:Minaw E(C,c,,c,) (6)

2 ETESZNINEIREBRENEGUFRREZ

AR SR H 19 320 G5 $ U0 vy A0 A 8 B — A R R TR SR B R 0 W SR X R AT R L B R e
TE 53 B GE R Al b AT R G 3R . O 1 S IRAL e 0005 AN AL 20 Sl Xk P A Sk e AT 1 ekt

2.1 BEBZHREB
BEXS Sladoje Y 3 T 2 M 73 1 15 R BT =8 70 B 5505 08 100 SRR AR 0 20 B ROR AN BRAE, B 1 45 2R
2 B 0 14 [ L AR SCTE RE ik 5 A vh S 0 — 7 A B 5 5K

7
H WM\\HAMH e

K NCA, ) MR E  JE 8- 4N T A R R A | NCA, D | Rk SR R A 8. W7 8 15
JSRUNEIN-I8 o)
JA D =[1-ACli+1B, (®)

Arbea 7 EAG SRR L &0k S5 E S 0. 05,

SR — MR E R AR SO R 3 B (DR Sladoje 4 H i) Ji f0 18 2R B 55 73 B 5 2k

E IR R 53 0 o3 BE — > 43 # 16 f e, o HLABBON YU BN 8K 2T S A &40 05 (2) ) 22 5 1) B8 T
7"‘%"12?%1‘4{W%{£(Mu1t1 directions algorithm for edge detection based on fuzzy mathematical morpholo-
gy, MDFMED)""* " {6 3l 1 % 22 BG4 R3S 1R 3 o B8 X SR ROZTR A 1, B m A~ sk 24
Wiksl . BB IRD B MR R AP 8 — WA DR =5 35007 A5 I 43 e B 9 46 5 (30 R 1 BGH#
A LR R IR R B B R E R A BOR SR R R B (E .

EiE 1 MG RE SRS HRE

A B or H MR 4 B 2R HL

i - gy ) 2 2R

(DRI IAEE C B I A;

(2)F]F§ MDFMED #%£ £ 7] fE 1R 513 = 4& B;

() M C Y 1{E (Fuzzy C-means, FCM) B9 B 56 B4 A ;



A F kT REE S A e E S RARA G AR A BRI & 951

(4) /I SPG BiELALHE B A;

)R YEHL I A 3 FIER .

BL 1 2B RE S B AR R R R R L B T WA g R RS — A & FCM
BREEY 5 —A 0 B SCiR B SPG Bk .
2.2 HEF Chan-Vese {#&EI 115 FIZE

AR BE S ERR ), FEMHOEE B TR, 5 2 5 AR Chan-Vese #7 [1)
FERl b 255 T b 26 1 Bl 48 B (Geodesic active contour, GAC) 15 8 (1% 45 B2 {5 5 R 45 21 58 I v 5% 1) 43 %1
B, Chan-Vese A 2 He T ER X A 5 L A SO ATk 19 Chan-Vese £ RIXF 5 58 1 oh 153 32 19 Jy 78
X IRAF B AT HE— 20 B A0 4350 DT AR A5 B 4 1) JRy 3 43 4

He R i1z bR EBE LN

E(c e 59) :pjg(l',y)(S(go(x,y) ) ‘Vgo(x,y) \dxdy—}—ng(r,y)H(go(x,y) ) dady +

J |1, (x.y) — ¢ [P H(gp(xsy) ) dedy+ 2, J |1, (xsy) — ¢ |* (1 — H(g(xsy) ) ) dady (9

ﬁFHGAUf;-ﬁ”EPH’J Z LI @Iq(z,yﬁﬂ“ﬁ%ﬂzﬁﬂﬁ T 2k ¥ A 10 K R I A e B A A . 3 %
155 1k BRI SN
1

r — r 10
14V, D [ (o

KB G, o % R AL
o7 FHY A 2 R AL 5 i B ML SR de /ML BE R IZ 0 E (o vco 5 ) S FF AR 20 0 FT B BB 2 07 7 de/ME R » 7
I BRAL - B A% B3 H J7 A

Juo (x,y) H (p(x,y) ) dxdy

a (@)= a (1D
JH (p(x,y) ) dxdy

o]

Juo (x,y) (1 — H(p(x,y) ) ) dxdy
¢, (@) =12 (12)
J(l—qu(x,y) )) dady

E .
@:—5(50) Eu~d1v< VSD‘)*}/*A] (I xsy) —c) X1 dlx,y) —c)° } (13)

S Ja A bR A B 22 43 1 %0 O R AT AR A
&%k 2 ity Chan-Vese Biffl,
A ERL (s y) s 2250 2 [ A 26 AR R T 26K Az
Bt R BN SR A5 R T
(DRI REL s 754054
(2)WHILE
TR RRRL-hi A B H 7 A=K
FHARBE T B Dy vk 5] A B A a] 24«
FOH KT 5 R AL ¢

k=Fk+1

END WHILE

(3) u=u,



952 HIEREEHLA®E Journal of Data Acquisition and Processing Vol. 32,No. 5, 2017

3 XWHERSHM

3.1 EIWmidiE

SHAE Windows8 #:4/E R4 T Matlab R2013a #F 47 4% SCH H 14 3 Uik £k 1) 56 8 580 1% 40 45 43 51 A4
WWiL . 551 R TR R o o WV B R AT 40 8156 2 20 43 B 45 2R 0 10 % T 3l B Jo A 7Y 4
W e, 75 3 g 2 S B 2

Bl 1 J7R T LA USC-SIPT B 5 FE i i) — i RG-S 0 8 ] 1 58 B i S 3 il . &1 1 Ca) g SE 50 B
FHRE RNy 256 2K X256 {83 . HT 2. 1 15 $& 0 A 40 3810 55 0o R 40 S B L R L 1 K i ot 3 2%,
Gy EIZERANE L) fir R . 438153807 R s R T B9 R T 2.2 9 $R Y i AR IO VA SR IBUR B Y
NG B LA RN A 1o FiR M4

(@) (b) HAIEI T 3 B3R 251 R
(a) Original image (b) Results of coverage segmentation (c) Results of edge extraction

P A ST $ A TR 45 0 % 4 HUSRE 0 1 S 6 0 A S 7R

Fig. 1 Experimental procedure of the proposed algorithm for image boundary extraction

3.2 WIFM

R T VO BT B SR R R B B aE BT 32 BRI NN K2 USC-SIPT B e A 5 A B AR LA &
— e 2 T R A3 0 S 30 0 G 43 iR AT 3 ) S 50 25 R 00 o P PG A 43 SR R e T 5 R 4 T
NGRS . Db A 2 SR BT Y A RS R L R 55 1 R 2 Sladoje 3 3C R 9 ¢ B
WG 56 2 A0 B RLRE 00 A 0 o TG TR0 5 TR (8 i) 5t ) B I RO 5 3 A . 38 4 IR
LA ANBIGIC B3, 1 EE B R & XU BHR R 55 5 8 . S50 45 JRAIE 52 1 3% 07 10 i B RO i
2 38 38 R 38 .
3.2.1 BESHEBIFN

TG X R I PR A T 2 S N S R AR SR HE A i 4y FI VA 5 Sladoje 2009 4R K 2012 4R
P 18 3 v 1 B 3 A ) SRR LA B S I X B IR 22 0 1) B T S A T GG T 5k R So-
bel B LA AL GG A5 24 0 G AR WU A AR X b, g5 B & 2 v . i B 2 Ca-o) 0] LA L 4 30 1) B
NFIAE V2 BH B GG B 20 5 EHG EAR A ELIE 2(b) 81145 i e ik o (H e i I R . oy
S Sobel i1 Gk A6 55T, 1% 58 1 T8 25 2 101 G K6 W 58 7 RN A SCAR i A 81 ) MDEMED, Lk 30T fig 19 TR
BARFEEE 20d-D N T4 B 55 (5 25 K. oI RUE B, B BBk 8T W, B B R
AR A SCHE 1 O SRR AR B T A i Ay N A R B iR

R P SRR R A SO W e BV — A EEE . ERN S G IR2E e =
%Z |ACp) — ACp) | "0, eyt 24 g 3y Mo 75 598 fi osf A0 75 o 2 i 1) 245 SR 1 25 41 e vb B 38R i £l b

reB

M R EE N NES B B A () A A BIIRE p BT LR A S PR 51 .
K 3 Bon 1 24 M 7S b g iR R 0 B 5 40 B A AR, nT DL PG M S &5 R L B ) R T R T



Bm F AT RIS E SRR AR D SRR X 953

- B -

(b) Sladoje" (¢) Sladoje” @ Sobelﬁ‘? B (e) 4%3&%?&%%21 A
3% sk P LA S
(a) Original  (b) Method proposed (c) Method proposed ~ (d) Image boundary (e) Traditional (f) The proposed
images by Sladoje™ by Sladoje” extraction using morphological method
Sobel edge image boundary
detector extraction

B2 A B 20 30 0 i R 1R

Fig. 2 Comparison of segmenting results using different coverage segmentation methods

AR SCELGRAR N 2 2 W 75 e £ AN SRE R R BT . N 3Ch) AT LAFE L A B i S R R R 2 L
SR - S A X 1R 25 E T L A R 0 L PR A

TEXT 25 G v iy R AT 0 1) S 30 R b s B T — 2B 4 FIRSCR R BRAR I 0 T 4 R R OR T
PR3 EN 25 ORI I B0 . 55 1 478 USC-SIPT EUE i — i 5 1 B th T R 201 5503 Wb« i 5 75 5%
FRB B L A SCHR i etk 18 55 Sladoje 18 SCHE Y 5806 X 4 B S 30 S5 RO A T WA X 5555 2 15 R
A 7L A BRI 4% SR BRAR el b S vk 0 A B S5 R L R LR Sk A it v B i TR TR R it
2 Btk 5 T SR AR SR TC R AR R A% R b B A 100 43 ) Ok . 3 U8 B AR SO M 43 ) A AR Ak
P TR SOR KB % i R A L
3.2.2 %I E I

ISR S B S SRR T S T B R A i AR T B 5 BRSOt A 40 B B ek S RO 40 ) A 4y
B 48 5 ) HEAT T SRR UM LB s 5 X ik E 19 Chan-Vese #5525 it Chan-Vese 1 T 7 i1 2% 4% B
GE PR ], S AE RS TR . LA 5Ca-c)3 B4 5k Bk ) Chan- Vese 155 7 32 B 6 {4



954 HERELS L Journal of Data Acquisition and Processing Vol. 32,No. 5, 2017

30
—
25
. 20 1
Sasp
@ I
10 f Sladojeit LBV
—o— Sobelf FIHAMIAE
5t —— RV EFINGIRAE
= AXH
0 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
th 75 / %
(@) “HHL UG R IR o \
4378 i 4 4 R (b) NIRIME PSSR NG R PR R 2=
(a) Original and partial coverage segmentation results (b) Average absolute error of coverage values of object pixels
with different noises for “pepper” image with different noise levels

B3 g0 Sk O e 0 A 45 2R X b

Fig. 3 Comparison of robust test results

(@) RHE (b) Sladoje 1%
(a) Original images (b) Method proposed by Sladoje (c) The proposed method
B4 AN [ 25 00 %0 7 ik 5 0 B AY S BRARL Y 43 B 45 SR 0 He

Fig 4 Unsatisfactory segmenting results using different coverage segmentation methods

Sladoje 5 35 4 15 i P2 19801 4% SC B 51 95 43 05 01900 30 4 4R IR 25 5L 0 5.Cd) 9104 B Chan- Veese #2
T HA SR G O B S T 5 o) B RE G T L 8 o 3 17 B 3 A 0 RO
o 1 FE1 1900 R M) o 55 S AR 75 0T 0 140 30 5 T A0 0076 40 80 0 1 30 0 45 SR 0
S5 T BB 5 ) B0 14 L B0 5 (o) 5132 56 41 6 2 5% 5 WA BT 5 e ) G 41014 X8 G T B A i
JER) Chan Veese BUBR S T 392 5 LU R T BE . ML T 30 A ) 26 30 08 o DR MG A SC R 1 19 30 4% 40 B B o
St LA B R 0 19 LA S RO

T BRI ST PR e 1 B0 T 5 Cb-d) 3 BT A5 E A0 35 S0 BR A M0 K . ol e T
SR A AL o A SO 1 R B 15 0 19 R T o
W CEME A, R AT I R B R UORR B Chan Veese BB A B 5¢ BUES 4K 0 52 46 BLIK .
BEAEFE 1 AT I 5 (o) A1 AR B 5 () 9195 K I UL
3.3 BHEK

TESTI Ao BB VE S LA R T S TS 0 B 2 M08 B 5 A B B —
L 4R 1443 0SRS5S B

VL 6 45 1T 3 T 41 2 M T S B 4 (D FCM 0 th 40 K 2 B B 50N 1. 5~2.5 B 0.1 %



955

(a) 2503k Chan-Vese 17 (b) Btk Chan-Vese s A 4 (c) B3k Chan-Vesefi 47 (d) JR% Chan-Vesefi &I $7

RIS R B 1510 % 1Y SladojeFV: E& 0 BUA U R0 % BUAS U R %

(a) Boundary extraction for (b) Boundary extraction for (c) Boundary extraction for (d) Boundary extraction for
original images using the segmented images with segmented images with the segmented images with the
improved Chan-Vese model  sladoje algorithm using the proposed algorithm using the proposed algorithm using the

improred Chan-Vese model improred Chan-Vese model original Chan-Vese model

K 5 Chan-Vese i1 $ BU 2 A [A] 58032 43 31 I 00 G 10 2% 1 25 TR %) L

Fig. 5 Comparison of different boundary results extracted by Chan-Vese model

AR B TN St 0 K A T B A 2 A S R AR AR A AR s (2) (7 AR B AR RE DT B R AL A A
0.01~0.1 LA 0. 01 Jd§ KAk b Tb 20 5 MK 42 I A 135 3l 48 B 2k i) K B2 AR AL 25 2R . NI 6 Ca) AT LU )
LR K E 2.0 i IR KR IEIHAE TG S8R T 2. 0 )5 . RARARIBARE A PV m L,
{ELS2 56 P T A BT 16 2 DR 064 T A 23 DXCRE R AR 8 J0BE O 2. 00 8T 6 (h) BB 2 MK, 52 56 45 21 A9 15 30 48
FER 2 2 B (H i DR P A B 2 5 B0 A0 AN 0 BRI S0 L BT L A=0. 05 2 P A AR A 1 4

1 SEBAMBENREENKELL

Tab.1 Comparison of different contour lengths in Fig. 5

% RAp /8% K 5(h) K 50  5(d)
B E 189189 1647 1457 1422
RZHE 172X172 318 738 852
i ] 172X 172 4838 3631 3912
i ic & 552X 552 3150 1740 1906

K El 256 X256 1936 1 832 1 828




956 HIEREEHLA®E Journal of Data Acquisition and Processing Vol. 32,No. 5, 2017
15208 1 6505
1510 | ™y

= 1500 2 1600

| 1490 s &

g% 1480 gm 1550 o

E¥ 1470 “u te 2

Has 1460 " B 1500

BN 1450 R L B, ~

G-~

1440 oY 1450 el gm

B 1430 = =4
P71 Y S S 00—

15 1.6 1.7 1.8 1.9 2.0 2.1 22 23 24 25 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
oy RS R HR 4 K@) AL EAR BIRHT by A E

() FCMEEE AP 73 D HE B I i 50 52 S B

(a) Exponential determination of partition matrix in FCM algorithm (b) Determination of the position information weight

K6 SHELRER

Fig. 6 Experimental results of parameter setting

(b) £ B AR RIS 1 E K36

4 HRIE

AR SCHRE T — Bl oE A 1% 28 35 23 BBk A Chan- Vese BRI 45 & M0 SR BB 3L . FIINA T 42
ARSI 73 ) Sk 25 W PR 2 B A T RE R TR A 1R AR SR TR 0 T (. 5 Chan-Vese BERLEE /) 1 45
R BRI . SR A5 ORI T 07 B R IR AR 3R B i 40 0 A B A R S O
EPRTE S AR T 2 19 Chan-Vese #ERI 4R 5 13 S ERE HUCAORG B B o R UL L AR SCHR Y 19 07 3k X T i B 6
WA 5 B S 0 G R A R

S E Wk

(1] AT, R IE, T AL T A8 4 KV A i B 4 B R[], R AE S AL B, 2014, 29(5): 704-712.
Tang Lim, Huang Darong, Li Keren. New model based on variational level set for image segmentation[ J]. Journal of Data
Acquisition and Processing, 2014,29(5): 704-712.

[2] ®BMS, £x8. —FRESEEBEGSRIRR] BRE SR, 2015, 30(1): 192-201.
Zhao Shengnan, Wang Wenjian. Fast mean shift for image segmentation[ J]. Journal of Data Acquisition and Processing,
2015,30(1): 192-201.

[3] Sladoje N, Lindblad J. The coverage model and its use in image processing[]]. Zbornik Radova, 2012, 23, 39-117.

[4] Zhu R, Yao M, Liu Y M. A two-level strategy for segmenting center of interest frompictures[ J]. Expert Systems with Ap-
plications, 2011, 38(3): 1748-1759.

[5] Sladoje N, Nystrom I, Saha P K. Measurements of digitized objects with fuzzy borders in 2D and 3D[J]. Image and Vision
Computing, 2005, 23(2). 123-132.

[6] Sladoje N, Lindblad J. High-precision boundary length estimation by utilizing gray-level information[]J]. Pattern Analysis
and Machine Intelligence, IEEE Transactions on, 2009, 31(2). 357-363.

[7] Malmberg F, Lindblad J, Sladoje N, et al. A graph-based framework for sub-pixel image segmentation[ J]. Theoretical
Computer Science, 2011, 412(15). 1338-1349.

[8] Sladoje N, Lindblad J. Pixel coverage segmentation for improved feature estimation[ C]// International Conference on Image
Analysis and Processing. [S. 1. ]:Springer Berlin Heidelberg, 2009,5716. 929-938.

[9] Lindblad J. Sladoje N. Coverage segmentation based on linear unmixing and minimization of perimeter and boundary thick-
ness[J]. Pattern Recognition Letters, 2012, 33(6):728-738.

[10] Lidayova K, Lindblad J, Sladoje N, et al. Coverage segmentation of thin structures by linear unmixing and local centre of

gravity attraction[ C] //8th International Symposium on Image and Signal Processing and Analysis (ISPA) . [S. 1. J:IEEE,



iR

[11]

[12]

[13]

[14]
[15]

[16]

[17]

(18]

(191

[20]

[21]

M FATEZ LA E st AR AR A BRI & 957

2013. 83-88.

Malmberg F, Lindblad J, Nystré I. Sub-pixel segmentation with the image foresting transform[ M ] // Combinatorial image a-
nalysis. [S. 1. ]:Springer Berlin Heidelberg, 2009 201-211.

Tandcs A, Lindblad J. Sladoje N, et al. Estimation of linear deformations of 2D and 3D fuzzy objects[]]. Pattern Recogni-
tion, 2015, 48(4):1391-1403.

Wang X F, Huang D S, Xu H. An efficient local Chan-Vese model for image segmentation[ J]. Pattern Recognition, 2010,
43(3): 603-618.

Chan T F, Vese L. Active contours without edges[J]. Image processing, IEEE transactions on, 2001, 10(2) . 266-277.
Xia R, Liu W, Zhao J, et al. An optimal initialization technique for improving the segmentation performance of Chan-Vese
model[C]// 2007 IEEE International Conference on Automation and Logistics. [S. 1. ]J:IEEE, 2007 411-415.

Birgin E G. Martinez ] M, Raydan M. Nonmonotone spectral projected gradient methods on convex sets[J]. SIAM Journal
on Optimization, 2000, 10(4): 1196-1211.

Birgin E G, Martinez ] M, Raydan M. Algorithm 813: SPG-software for convex-constrained optimization[J]. ACM Trans-
actions on Mathematical Software (TOMS),2001,27(3): 340-349.

Mumford D, Shah J. Optimal approximations by piecewise smooth functions and associated variational problems[]J]. Com-
munications on Pure and Applied Mathematics, 1989, 42(5) . 577-685.

Hu D, Tian X. A multi-directions algorithm for edge detection based on fuzzy mathematical morphology[ C]//16th Interna-
tional Conference on Artificial Reality and Telexistence-Workshops. [S. 1. ]: IEEE, 2006: 361-364.

Zhao Y, Gui W, Chen Z. Edge detection based on multi-structure elements morphology[ C]// The 6th World Congress on In-
telligent Control and Automation. [S. 1. ]: IEEE, 2006, 2: 9795-9798.

Nock R, Nielsen F. On weighting clustering[]J]. Pattern Analysis and Machine Intelligence, IEEE Transactions on, 2006,
28(8): 1223-1235.

EEEN:
I 7 38 (1990, %, Wi+ PR (1968, H. L. REF (1978, Z. ¥ L. Al
WF9E 7 1)« B AR AL 3 HRZ W TT I AL AR AL AE PR BT I AR SR
P % o ) % . E-mail: udy 4 4L P 4, E-mail . jzliang S o
1215@jiangnan. edu. cn, @jiangnan. edu. cn,
Z= 4 (1990-), &, 1 &, #f
= FET7 1) BT AR AL L

TR



958 HIEREEHLA®E Journal of Data Acquisition and Processing Vol. 32,No. 5, 2017



