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Abstract A novel hierarchical Mumford-Shah functional model is addressed to simultane-

ously segment,denoise and reconstruct the data within a given image and to handle important

image features such as triple points and other multiple junctions, which can be seen as a

hierarchical case of the Mumford-Shah minimal partition problem. At the same time, a new

iterative tier-by-tier algorithm based on techniques of level set is proposed to minimize the

hierarchical Mumford-Shah functional, which is more effective and more simple 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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W 1 ℄<7ibs9rWA�d HMSM R�
�W��R�q{?�#�(a) E! Alumgrns W��(b)

HMSM q{W� q
9, (c) %y!Hd HMSM q{W� u

2, (d) pR Alumgrns W��(e) {4d HMSM q{W� u
9, (f) %y!Hd HMSM q{W� u

2

Fig. 1 Simultaneous segmentation, denoising, and reconstruction of a alumgrns image based on HMSM by

level set methods with an iterative tier-by-tier algorithm. (a) Original alumgrns image, (b) Reconstruction

image u
9 of the original image, (c) Final segmenting curves superimposed on top of the reconstructed image u

2

of the original image, (d) Noisy alumgrns image, (e) Reconstruction image u
9 of the noisy alumgrns image, (f)

Final segmenting curves superimposed on top of the reconstructed image u
2 of the noisy alumgrns image

4.2 �2-B9>5C+#U 2 W$= HMSM ~R_*0�U~Q�	�pz=�"(��9�Umi(�+N`D R_*0�U~[9] do TYW pzU~[9] C HMSM pzU~ u9; i��+N`

W 2 R�
�T`+2�W�q{?�#�(a) E!T`+2�W��(b)TYW q{W��(c)HMSM q{W� u
9, (d) %yT`TlE�l?��!Hd TYW q{W��(e) HMSM q{W� u

21, (f) T`Tl��lE��!H|y (A7ib), pnK�|ybT`TlE�l?��bsd!H�I�|ybT`Tl?�lbsd!H
Fig. 2 Simultaneous segmentation and reconstruction of a brain pathology image of the human brain. (a)

Original brain image, (b) Reconstructed image of the original image based on TYWM, (c) Reconstructed

image u
9 of the original image based on HMSM, (d) Final segmenting curves superimposed on top of the

reconstructed image based on TYWM, where the yellow and red curves segment the image into the

background, white matter, and gray matter. (e) Final segmenting curve superimposed on top of the

reconstructed image u
21 based on HMSM, where the white and gray curves segment the image into the

background, white matter, and gray matter. (f) Boundary curves (zero level sets) between the background,

white matter, and gray matter based on HMSM, where red and green curves segment the image into the

background, white matter, and gray matter$xR_SkCÆk=�� G TYW pzU~[9] C HMSM U�pzU~ u21 doR_Sk�ÆkC�� G{x (�6ha), omJ�{x`R_SkCÆk=��ar G�H�{x`R_Sk=Ækar G�PM�"m�} µ11
0 = 0, λ11

0 = 1.0, -
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0 = 1.0 -Wb u21.G(db(I&�0`UmR_Skzm����� “Gz ” CJ�&a(N{R_Æk=R_SkzS|f�<���D- [9] mdbt7GZ	Z$�[U
2 &R HMSM bt7_Z	Z$��3Æ�NqVLb_ u21, oz3 G=�l G.℄�zQ ("P<	(0qVb_^�z3 G).

5 �3���D1�[;6har8qV?� HMSMb8�hQ�~�8 T�U~ GY(�NZk�,U~ G�zU~	��"��Q=pz� HMSM mD= Mumford-ShahU~�"U�.+.;U~ G
m (��U~H|) Gl�0�b~�<ÆU~ GU~	��"� HMSM &mD=6ha��wK0U~ G{x!P<Bm�?=�FGl����
Y,| HMSM X5_�;dU~ (�5�U~��P`U~), ,,WbHA�"�9�
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