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Texture Segmentation Using Hierarchical EM Algorithm

Tazo ANAN,T Hirovuk! Kupo T and Tsuneo Sarro 1t

The framework of modeling the textured images by using the two level Markov random
field (MRF) and applying the maximum a posteriori (MAP) estimation for the image
segmentation has been developed by various researchers. Unfortunately, their algorithms
require that parameters of the image models are known prior to the image segmentation. To
develop an unsupervised texture segmentation algorithm, we apply the mean field annealing
(MFA) to search for an optimum solution of the maximum a posterior (MAP) estimation
and use the EM algorithm to estimate parameters of the image models from an observed
image. In addition, to implement the EM algorithm with moderate computational require-
ments, we introduce a few reasonable approximations in the E-step and accelerate the
convergence by using hierarchical MAP cost function. The performance of the proposed
algorithm is demonstrated with both simulated and actual textured images.
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Fig.1 Segmentation of a model textured image.
(a)regional image (8=1.0)
(b) textured image
(c) segmentation
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Fig.2 Segmentation of a model textured image.
(a)regional image (8=1.6)
(b)textured image
(c)segmentation
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(a) ML estimation using the model of eq. (2) (¢=1)
(b) ML estimation using the model of eq. (30) (¢=5)
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Table1l Parameter estimation by the hierarchical EM algorithm.
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texture_0 c(1,0) c(0,1) c(1,1) c(—1,1) o
true parameters 0.45 0.0 0.0 0.0 1.0
estimated 0.438 —5.38%1072 7.32x1072 —2.40X10® 1.02
texture 1 c(1,0) c(0,1) c(1,1) c(—=1,1 o
true parameters 0.0 0.45 0.0 0.0 2.0
estimated —1.43X10"2 0.435 —3.11X10? —1.94x103 2.02
texture 2 c(1,0) c(0,1) c(1,1) c(~1,1 ¢
true parameters 0.0 0.0 0.45 0.0 3.0
estimated —2.20X107 —4.63X1073 0.443 3.49x103 3.06
region parameter B
true 0.994
estimated 1.063
R2 BEBELEM7VTYXAZE B89 A—FHERE (2D 2)

Table2 Parameter estimation by the hierarchical EM algorithm.
texture 0 c(1,0) c(0,1) c(1,1) c(=1,1) o
true parameters 0.45 0.0 0.0 0.0 1.0
estimated 0.453 2.86x107° —1.46X102 —3.97x10°° 0.99
texture 1 c(L,0 c(0,1) c(L,D) c(—1,1) o
true parameters 0.0 0.45 0.0 0.0 2.0
estimated 1.03%x10-2 0.441 —8.81x107? —6.86Xx10"3 1.99
texture 2 c(1,0) c(0,1) c(1,1) c(=1,1) o
true parameters 0.0 0.0 0.45 0.0 3.0
estimated —1.75X107? 1.30X1072 0.448 —7.70x10 3.1
region parameter g
true 1.60
estimated 1.36
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Fig.5 Convergence behavior of the region model parameter
B for three different EM algorithms.
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Fig.6 Change of window size in the hierarchical EM algorithm.
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Fig.7 Segmentation of an actual textured image.
(a) texured image
(b) segmentation
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Fig.8 Segmentation of a model textured image.
(a)regional image (8=1.0)
(b) textured image
(c)segmentation
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Table3 Parameter estimation by the hierarchical EM algorithm.
texture 0 c(1,0) c(0,1) c(1,1) c(—1,1) ¢
true parameters —~0.119 0.110 0.123 —0.108 1.00
estimated ~0.109 9.70Xx1072 9.19X1072 —6.60x107? 1.02
texture 1 c(1,0) c(0,1) c(1,1) c(—1,1) o
true parameters —0.119 0.110 0.123 —0.108 3.00
estimated —0.130 0.149 0.126 —7.68x10"? 2.91
texture 2 c(1,0) c(0,1) c(1,1) c(—1,1) o
true parameters —0.119 0.110 0.123 —0.108 5.00
estimated —0.109 9.96 X102 0.102 —=0.117 4.83
region parameter ¥
true 0.994
estimated 1.008
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Fig.9 Segmentation of an actual textured image.
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(b) segmentation
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