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Direct dual method of Chan-Vese model for multiphase segmentation

Liu Cunliang'”, Pan Zhenkuan®, Zheng Yongguo', Wang Guodong”, Ding Jieyu’
1. College of Information Science & Engineering , Shandong University of Science & Technology, Qingdao 266510, China;
2. College of Information Engineering, Qingdao University, Qingdao 266071, China

Abstract: The multiphase image segmentation is modeled as a minimization problem with characteristic functions defined
by level set functions, which leads to solutions of some gradient descent equations with low computation efficiency. This is
improved via the dual method or Split-Bregman method using binary labeling functions and convex relaxation, thresholding
techniques. In this paper, we propose a fast direct dual method (DDM) without convex relaxation and thresholding tech-
niques. First, we design the DDM for the two-phase Chan-Vese model, which results in a binary solution of the primal vari-
able in analytical form and a simple iterative formulation of the dual variable by using KKT ( Karush-Kuhn-Tucker) condi-
tions. Then, it is extended to the Chan-Vese model for multiphase image segmentation. The experimental results demon-
strate that the proposed method has a better performance, and is more efficient than the gradient descent method, the dual
method, and the Split-Bregman method.

Key words: multiphase image segmentation; Chan-Vese model; binary labeling function; convex relaxation; dual method
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Fig.1 The segmentation results of a brain MR image using different methods
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Fig.4 The segmentation results of Fig. 3(a) using different methods
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Fig.5 The segmentation results of Fig.3(b) using different methods
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Table 1 Comparison of iterations and computation time using different segmentation methods

X ) BARREL P ]/ s
BRAWRES

B 1(a) [F3(a) E3(b) E6(a) K7(a) FEl(a) RE3(a) KE3(b) E6(a) RE7(a)
GDM 90 220 285 70 920 5.14 46.13 145.47 731.21 1241.03
DM 28 70 43 12 17 1.86 21.28 41.22 247.17 397.48
SBM 15 54 33 10 14 0.95 14.30 24.95 186. 69 319.94
DDM 10 18 25 7 9 0.58 3.97 12.06 88.70 164.77

Jb 63.81% 81.52% F188.71% , XULWI AL T GDM, HAEUIE N A, GDM I A 2 fx
BANREGL TSR], DM (SBM H1 DDM #Rtie 1869, (HE UK SR £, H E 2 RN E AL S K -F
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Fig.6 3D segmentation and reconstruction of an artificial palace
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Fig.7 3D segmentation and reconstruction of mandible and teeth

© v [H R BT AR BT A



986 hEEREIE S www. ¢jig. cn

17 %

TRE AR R 3 A R S E A, KRR
/N 191 x 151, 2B 105 15, E6(a) ME 7(a)h
P& 3 AE N 43 50 28 HURY 3 iR B0 2 4 K144
XFF LA b A SI2 56, 18 B TR 4R S Sk oy B E (B
UG BT UL 4 R ik 0y o B 45 AL, X B H 25
tH T DDM (1 2 #4558, 1 B R 1 50 oo
K16 (b) A7 (b) 53518 % FH P A5 i pR AL 53 )
JRE S5 IS Hr 9 y =0.000 5 x 2557
F10.001 5 x255%, [6lkE, W32 1 tp Al LUIfS 4, DDM
FEEACRECR T3 B (8] J7 T B 55 A0 3 Fhor kA
R

4 & B

HETZAH Chan-Vese ARV 7, $2 1 T
— BT R 43 i, BB 4 6 % (DDM)
P27 I T A R Ak T A ) AR Y
AR, ORI T - E I ROR . SR
B HE T DDM N fE P 23 5 A TR  H Aw X
[ ) ELAT BB 9 3 BSR4, DDM iy AR
SEMAL BRI T SCHR [T ] B KKT SE30 073, X AEAR
KFERE L ARIE TIZ 5 807 2k i E i

FEASC T AR B SERH 138 ] I R gt — 4 BBt
FEAFE 1) KRGS R BN T SCEk[17 T m A
BUE 1 8¢ -1 A9 EFRiC BB A3 EI R R 5 2) H%
SEIRME) B 2 A0 BUZAE 3 3 B B AR 43 B

&% 3Lk ( References )

[ 1] 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.

[2] ChanTF, Vese L A. Active contours without edges [ J].
Transactions on Image Processing, 2001, 10(2) :266-277.

[ 3] Zhao HK, Chan T F, Merriman B, et al. A variational level set

IEEE

approach to multiphase motion [ J]. Journal of Computational
Physics, 1996, 127(1) :179-195.

[ 4] Vese LA, Chan T F. A multiphase level set framework for image
segmentation using the mumford and shah model [ J]. Interna-

tional Journal of Computer Vision, 2002, 50(3) :271-293.

[5]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Bresson X, Esedoglu S, Vandergheynst P, et al. Fast global
minimization of the active contour/snake model [ J]. Journal of
Mathematical Imaging and Vision, 2007, 28(2) :151-167.
Goldstein T, Bresson X, Osher S. Geometric applications of the
Split Bregman method: segmentation and surface reconstruction
[J]. Journal of Scientific Computing, 2010, 45(1) :272-293.
Chambolle A. An algorithm for total variation minimization and
applications [ J]. Journal of Mathematical Imaging and Vision,
2004, 20(1) :89-97.

Goldstein T, Osher S. The Split Bregman method for L1 regular-
ized problems [ J]. SIAM Journal on Imaging Sciences, 2009,
2(2):323-343.

Li F, Shen C, Li C. Multiphase soft segmentation with total vari-
ation and H1 regularization [ J]. Journal of Mathematical Imaging
and Vision, 2010, 37(2) :98-111.

Wang Q, Pan Z K, Wei W B. Split-Bregman method and dual
method for multiphase image segmentation [ J]. Journal of Com-
puter-Aided Design & Computer Graphics, 2010, 22(9) :1561-
1569. [ LB, WIR5E, BLAE I ZAHER 5B/ Split-Breg-
man J7 ik RP T [T]. HHEALE B B 5 BB 2224 4
2010, 22(9) :1561-1569. ]

Brown E S, Chan T F, Bresson X. Completely convex formula-
tion of the Chan-Vese image segmentation model [ J]. Interna-
tional Journal of Computer Vision, 2011, 98(1) :1-19.

Pock T, Schoenemann T, Graber G, et al. A convex formulation
of continuous multi-label problems [ C]//Proceedings of the 10th
European Conference on Computer Vision. Marseille: Springer
Press, 2008, 3:792-805.

Goldstein T, Bresson X, Osher S. Global minimization of Markov
random fields with applications to optical flow, CAM Report 09-77
[R]. Los Angeles: University of California Los Angeles, 2009.
Li C, Xu C, Gui C, et al. Level set evolution without re-initial-
ization; a new variational formulation [ C]//Proceedings of IEEE
Computer Society Conference on Computer Vision and Pattern
Recognition. San Diego: IEEE Press, 2005, 1:430-436.

Liu C, Dong F, Zhu S, et al. New variational formulations for
level set evolution without reinitialization with applications to im-
age segmentation [ J]. Journal of Mathematical Imaging and
Vision, 2011, 41(3) :194-209.

Han S, Tao W, Wu X. Texture segmentation using independent-
scale component-wise Riemannian-covariance Gaussian mixture
model in KL measure based multi-scale nonlinear structure tensor
space [ J]. Pattern Recognition, 2011, 44(3) ;:503-518.

Lie J, Lysaker M, Tai X C. A binary level set model and some
applications to Mumford-Shah image segmentation [ J]. IEEE
Transactions on Image Processing, 2006, 15(5) :1171-1181.

© I B R BT AR ST A



	01.pdf
	fm.pdf
	ML.pdf
	ML.pdf
	YML.pdf


	0979---刘存良.pdf



