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Hierarchical Mumford-Shah Model for Vector-valued Image Segmentation,
Denoising and Reconstruction

LIU Guo-Cai! WANG Yao-Nan'!

Abstract
reconstruct the data within a given vector-valued image such as a color image, and to handle important image features

A novel hierarchical Mumford-Shah functional model is addressed to simultaneously segment, denoise and

such as triple points and other multiple junctions, which can be seen as a hierarchical case of the Mumford-Shah minimal
partition problem for vector-valued images. At the same time, a new iterative tier-by-tier algorithm based on techniques
of level set is proposed to minimize the functional, which is more effective and more simply than existing algorithms such
as the hierarchical approach proposed by Tsai A et al. and the multiphase level set methods proposed by Chan T et al.
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Fig.1 Hierarchical segmentation, denoising, and recon-

struction of a noisy avocado image ((a) Original noisy avo-
cado image; (b)~(d) Reconstructed image u*® of the orig-
inal image and its corresponding segmenting curves super-
imposed on the top of the reconstructed image and the
original image respectively; (e)~(h) Denoised and recon-
structed image u> of the original image as p'! is 0.02, 0.04,
0.05 and 0.06 respectively; (i)~(j) Hierarchical level 1 and
hierarchical level 2 segmentation based on TYWM; (k)~(1)
Hierarchical segmenting curves superimposed on the top of
the original image based on HMSMyv with p'' = 1.2 at first

and then p?' = 0.06 )
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Fig.2 Hierarchical reconstruction of a color Doppler ultra-
sound image of the heart based on HMSMv ((a) Original
image; (b)~(g) Reconstructed images of the original image
based on HMSMv, u', u?, u®, u*, u”, u°; (h) Reconstructed

image of the original image based on TYWM)
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Fig.3 Hierarchical segmentation and reconstruction of a
color retinal image and a color optic nerve head image based
on HMSMyv ((a) Original retinal image; (b) Reconstructed
image u° of the retinal image; (¢) Green segmenting curve
of the optic disk superimposed on the top of the u?'; (d)
Cyan segmenting curve of the retinal superimposed on the
top of the u??; (e) Blue segmenting curves of the optic cup
superimposed on the top of the 4®'; (f) Purple segment-
ing curves of the blood vessels superimposed on the top of
the u?; (g) Original optic nerve head image; (h) Recon-
structed image u*® of the disk and cup of the optic nerve
head image; (i) Green segmenting curves of the optic cup
superimposed on the top of the optic nerve head image;
(j)~(1) Green segmenting curves of the optic disk super-
imposed on the top of the optic nerve head image, which
cyan, light red and green curves correspond with u??, 3,

u*®, respectively)



63 XE A% 2 )2 Mumford-Shah [ {8 E& /& .

Jo e 5 AR Y 607

RSl R ML B 18 16 3 ()~ (F) KRB, ==
HMSMyv Bl a] 73 FI40 R4 )5 P 15 b B S50E IR IS 7
Pz W BORLAE < RL PRI L AR AN = 2 1 B R
D, FLU, SR HMSMv 5% A3 Sk BHG k4T
LA MIRLARTE A Bk Febk F adt B 20 1, SEg 45 R
3(g)~(1) . Kl 3(g) A& 3(h) &M, (L&
DGR FENEIAAR, MR ZR1GA 24 T U2 HMSMyv )42
U AL AR AR R A B R I 3 (1) ~ (k) &8,
TE R DAY, ARl HMSMy {3
—UGEAERAS e B A R TS 1 2k, R
AU L B AR5 BV 28808, T HLAEHE 20 R
A A DG RREE, XA ) AT Sl HMSMy
L I GOF G T R AL BTS2 1 k.

4 LERVE

Zr BTk, ARSI HMSMyv J&—FheE
FRK S 2 Ty STt ) ) AR B R A ) el A
W AZFEER Gk K T Mumford-Shah #5858 4% [A] B
SERCEG oy E] . AN R A kR T
Mumford-Shah EZ 7> FIA R AU T B0 545
B (L EGRREE) e i, T LI HAT 3R 95 KR
N2 G A BEEAT 43 %15 R] I B A 7K P A T vk [
1) E Bl Ak 3 G 0 S iith Se e Ak 72 v (1) 43 24 5 il
B BFE A T B R IEAR R AR T AR e H
H T MEBGO S E S R e BB Ih GX—
PR IA SRR I 2 AH R G 2 81 2 b5 E i)
. AT EH HMSMyv BB N 1 BAT 3 B 22 4
Wz Wi E R Lk B MM B S il 5 5y
#. o, AT, ASCHrigH ) HMSMy AT
ARSI GG 200 Eg . 2 iE KR 5%
(R RI IS ] e g T HL n) 2 T A S B 1]
BAB B R G . tbAh, BT, 550 415 R OK B SK
I 45 BCEA e i, FEFH T HASAEE IR,

References

1 Mumford D, Shah J. Boundary detection by minimizing
functionals. In: Proceedings of IEEE Conference Computer
Vision and Pattern Recognition. San Francisco, CA, 1985.
22~26

2 Mumford D, Shah J. Optimal approximation by piec-
wise smooth functions and associated variational problems.
Communications on Pure and Applied Mathematics, 1989,
42(4): 577~685

3 Liu Guo-Cai, Wang Yao-Nan. Hierarchical Mumford—Shah
model for image segmentation, denoising, and reconstruc-
tion based on level set methods by an iterative Tier-by-Tier
algorithm. Acta Automatica Sinica, 2006, 32(4): 534~540
(CE A, FRER. T KPR ZEUSEM £ )2 Mumford-Shah
B E L 2 5EARR. B3R, 2006, 32(4): 534~540)

4 Chan T, Sandberg B Y, Vese L. Active contours without
edges for vector-valued images. Journal of Visual Commu-
nication and Image Representation, 2000, 11(2): 130~141

5 Osher S, Sethian J A. Fronts propagating with curvature
dependent speed: algorithms based on Hamilton-Jacobi for-
mulations. Journal of Computational Physics, 1988, 79(1):
12~49

6 Osher S, Paragios N. Geometric Level Set Methods in Imag-
ing, Vision, and Graphics. New York: Springer-Verlag, 2003.
75~193

7 Tsai A, Yezzi A, Willsky A S. Curve evolution implemen-
tation of the Mumford—Shah functional for image segmen-
tation, denoising, interpolation, and magnification. IEEE
Transactions on Image Processing, 2001, 10(8): 1169~1186

8 Gao S, Bui T D. Image segmentation and selective smooth-
ing by using Mumford-Shah model. IEEE Transactions on
Image Processing, 2005, 14(10): 1537~1549

9 Sethian J A. Level Set Methods and Fast Marching Meth-
ods. New York: Cambridge University Press, 1999. 165~349

10 Li H, Chutatape O. Automated feature extraction in color
retinal images by a model based approach. IEEE Transac-
tions on Biomedical Engineering, 2004, 51(2): 246~254

11 Lowell J, Hunter A, Steel D, Basu A, Ryder R, Fletcher E,
Kennedy L. Optic nerve head segmentation. IEEE Transac-
tions on Medical Imaging, 2004, 23(2): 256~264

12 Chrastek R, Wolf M, Donath K, Niemann H, Paulus D,
Hothorn T, Lausen B, Lammer R, Mardin C Y, Michel-
son G. Automated segmentation of the optic nerve head for
diagnosis of glaucoma. Medical Image Analysis, 2005, 9(4):
297~314

U= b i AN o SN SR =P S W e
R HEZ. EERTF7 10 o B, T
MU BE NG 27 G AL B AR SCIAR AR
E-mail: 1gc630819@sina.com

(LIU Guo-Cai  Associate professor
at College of Electrical and Information
Engineering, Hunan University. His
research interest covers image recogni-
tion, computer vision, and medical image processing. Cor-
responding author of this paper.)

B3 3= I PN I R = S W e
R, 1994 FARWI R S T
LI, 1995 4ER1 1997 4-45p 75 A
P Bl R 2745 BRI Ak B R 7 R
[0 SN Y ES 7 E g i e O T (
TEWFFIT o) A R e, UG AL HR
Aedl#s A, E-mail: yaonan@hnu.cn
(WANG Yao-Nan Professor at
College of Electrical and Information Engineering, Hunan
University. He received his Ph. D. degree from Hunan Uni-
versity in 1994. He was a postdoctoral scholar at National
University of Defense Technology in 1995 and was sup-
ported by Alexander von Humboldt Foundation. His cur-
rent interest covers intelligent control, image processing,
and intelligent robotics.)



