%41 %% 34 T RREFR Vol.41 No.3
2018 4 3 A Journal of Chongqing University Mar.2018

doi:10.]1835/j.issn.1000—582X.2018.03.010
28 BV-L2 3R CV 5y K AR

FEAI G RV e R R AR

(1AL ER &SR BFR, P Bk 445000;2. XX K F HF 5% F K%, & X 430072)

FE :Chan-Vese(CVHBEA A THR G ABFZE N REFA— LG SHE 223 TREF T
FEMBL.CVERFRAEBRFFOSIHAR, EFECLT-EE M CVER  ZHT —AH8
BAign B oA, ZRBLELSBV-L 5 WA CVER, TALAEFEBBRGRN XRS5 4,
RRARB SR EFFHBERRFEBE, AAZEE A ARBAR AN FR R BET AR S 8
HA o G, WP, AP FR BRI R TREFFLEEMGL. 52846 CV R Ff VFECMS
A A RBERES> B R T EH— 2 MHRH,

K8 B4R 4 %) ;Chan-Vese(CV) A, BV-12 45 B8 L2

FESES TP391.4 MHktRERD A M EHS:1000-582X(2018)03-082-09

CV variational level set model combined with BV-L?decomposition
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(1. School of Science, Hubei University for Nationalities, Enshi 445000, Hubei, P.R.China;
2. School of Mathematics and Statistics, Wuhan University, Wuhan 430072, P.R.China)

Abstract: Chan-Vese (CV) model is robust to noise to some extent due to the using of global image
information. But for the image corrupted by strong noise, CV model cannot get satisfactory
segmentation. In this paper, we propose a variational level set model that combines CV model with
variational image decomposition. The proposed model integrating BV-L? decomposition into CV functional
can achieve image denoising and segmentation, simultaneously. An alternative and iterative algorithm is
applied to numerically solve the proposed model. Experiments on some synthetic and real images
demonstrate the efficiency and robustness of the proposed model. Moreover, compared with the well-
known CV model and VFCMS model, the proposed model can get better performance for the image
corrupted by strong noise.
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() B A2 5K 0.85,0.70 F1 0.55,

EILIEIE]

(a)CVarHIgER (b)CVAEHIGR  (c)VFCMSAHHIAR  (d)VFCMS 4B R

(e)ROF-CVAMEIZEE  (HROF-CV {HEISE (g)ROF-CVIRBIZKFEE  (i)ROF-CVEIRE B

JC =

1 NERFEGHNSEER(BFEHFEZ 0=10)

Fig.1 The segmentation results of synthetic noisy image (noise variance 6 =10)
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(a)CVArEIgs R (b)CV_ A HILE R (c)VFCMSAr #4537 (d)VFCMS—{H/r 3145 R

(e)ROF-CVAFHIZER  (DHROF-CV G4 HIZEE  (g)ROF-CVIBEIKFEEE  (i)ROF-CVEIEE B

B2 NERFEGHIBEER(BRFFE 6=230)

Fig.2 The segmentation results of synthetic noisy image (noise variance 6 =30)

(a)CVAHEIER (b)CV_AHS»HISER (¢)VFCMSIFHI 53 (d)VFCMS {4 #1550

(e)ROF-CVAMEIZEH  (HROF-CVAEHLER  (g)ROF-CVISEAKTLE  (i)ROF-CVEME#
3 ANEREAEGHNASEER(BEFE 6=50)

Fig.3 The segmentation results of synthetic noisy image (noise variance 6 =50)
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LI 3) i1 T4 & T R WA TRIR A0 BV-LE S BF LUBORLE T He VECMS UL CV 08 5 0 1 4 1
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o AR R g T LA 2 R PR A S PR i) DL 1 B ET 3 i de i — IR IR . SR A
] DUA BRI AT AR G5 3t L BRI P L A5 25 LB i R LR AR

R1 BE1~E3RXEERE JC T DSC L&
Table 1 The comparsion of JC and DSC of the results in Fig.1~Fig.3

K 1(c=10) & 2(6=230) & 3(6=50)
FEE A
JC DSC JC DSC JC DSC
(% 0.994 4 0.995 7 0.934 2 0.940 1 0.897 5 0.902 4
VFCMS 0.994 2 0.995 2 0.993 5 0.994 3 0.947 4 0.947 8
ROF-CV 0.993 9 0.994 8 0.993 7 0.994 5 0.982 3 0.987 5

2 T EIE 3 rENLE L, 3 MR CPU W), il i i 18] P B AT LA L B i T
CV BRI EES T BV-L2 A2 0 o0 fift T AT R R R S8 B T Al CV BB, 75 200 2 iy as A7 i E] . fE—AH
X T A5 A B RIS A VECMS LAY, AR fE T3 B b A BRI #

x2 1~E 3 B3£I/ CPU B [ bk &

Table 2 The CPU time of the expeximents in Fig.1~Fig.3 /s
Bl K 1(c=10)  2(c=30)  3(c=50)
CV 1.35 1.37 1.37
VFCMS 2.86 2.91 2.94
ROF-CV 1.89 1.90 1.93

33 BREBREGHSE

B4 JEZR T 2 MR AAS ] W 7 7P f) HEAH A& 5 (P e B8 el 3 s 0 i 8 ) 181 4 Cad FTIAT 4 Ch) 23531 2 T
AT 72 o 30 Fl 50 Ay e 7 M A O MR A P45, g AR TRLR AR T I8 1— 18 3 P NiE RIR & T 2 1)
SR AR o BIME LR . LA A EIE O S0 X R JE 7R ROF-CV AR TR A5 73 ) Mg 7 P 45 v 26 B e s
] i PR 4 40 3T R BE T

(a )M 75 E 45 ( 0 =30) (b )7 E {8 o =50)

B4 MikESEREARSK

Fig.4 Noisy “Cameraman” image
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iR R T VECMS BB AT DUFE — E T BE T HEBR W A5 10 52 W) A5 21 B8 14 0 05 28 O L 4R 39 48 58 ol LA
PR B R T . ROF-CV BRI F45 5 T K MEAE AR 98 19 BV-L2 20 BT 7E3X 4> 3 4> IR HL b, Xof g
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9 2005 42
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(¢)VFCMSA 51455

(e)ROF-CVAFHIZER  (HROF-CVAHAHEIZER  (g)ROF-CVIEE K T4 (i)ROF-CV Z: M [l %
5 BERBABGHNIEER(BEFAE 6=30)

Fig.5 The segmentation results of noisy “Cameraman” image (noise variance ¢ =30)
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6 BEBEAEGHNIILER(BEHZE 6=50)

Fig.6 The segmentation results of noisy “Cameraman” image (noise variance ¢ =50)
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