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Recognition of fracture surface images based on fuzzy gray level
co-occurrence matrix and hidden Markov model
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Abstract: Texture is usually depicted by a gray-level distribution along with a certain spatial interaction. Gray level co-
occurrence matrix( GLCM ) is an appropriate candidate to depicted texture because of its capability of blending spatial
interaction with gray-level distribution, thus, it can be widely applied in texture analysis. When calculating GLCM, the
gray-level quantization would be needed in order to decrease matrix dimension, and certain information would be lose. A
membership function matrix is established whereby the distance which between the real gray-level and the mean of
quantization gray-levels area, and then, a newly co-occurrence matrix, namely fuzzy gray level co-occurrence matrix
(FGLCM) is proposed. After appropriate features are selected based on FGLCM statistics properties analysis, the hidden
markov model (HMM ) classification is applied to divide the classical fracture surface image to four kinds. It is proved
practically that FGLCM in this paper is better than the GLCM in depicting textures and the FGLCM combined with HMM is
efficient performance in fracture surface images classification, and the recognition rate is 98%.
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Fig.1 Classical metal fracture surface images
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Fig.2 Membership Functions(real line represented u,, dot line represented w, )
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Tab.1 The FGLCM correlation coefficient of fracture surface image

W, W, W, W, W, W, W, W, W, Wi W, W, W, W,
W, .00  0.62 0.42  0.94 0.73 0.35 0.37 0.64 0.90 0.28 0.5 0.05 0.33 0.33
W, 0.62 1.00 0.94 0.70 0.74 0.0l  0.03 0.20 0.41 0.87 0.98 0.68  0.46  0.40
W, 0.42  0.94 1.00 0.53 0.69 0.13 L1000 0.09  0.23  0.97  0.97 0.70  0.57  0.47
W, 0.94 070 0.53 1.00 0.87 0.13 17 0.77  0.94  0.41  0.60  0.02  0.29  0.26
W, 0.73 0.74 0.69 0.87  1.00  0.04 .03 0.68 0.77 0.67 0.73 0.13  0.08  0.08
W 0.35 0.0 0.13 0.13  0.04 1.00 .99  0.08 0.15 0.22 0.07 0.07 0.15 0.3
W, 0.37 0.03 0.10 0.17 0.03 0.99 .00 0.03 0.18 0.18 0.04 0.08 0.16 0.32
W, 0.64 0.20 0.09 0.77 0.68  0.08 .03 1.00 0.88 0.06 0.16 0.49  0.68  0.49
W, 0.90  0.41 0.23 0.94 0.77 0.15 .18 0.8  1.00 0.13  0.31  0.35 0.60 0.52
W, 0.28 0.87 0.97 0.4 0.67 0.22 (18 0.06 0.13 1.00 0.94 0.71  0.59  0.50
W, 0.51 0.98 0.97 0.60 0.73  0.07 .04 0.16 0.31 0.94 1.00 0.73 0.52  0.46
W, 0.05 0.68 0.70 0.02 0.13  0.07 08 0.49 0.35 071 0.73 100 0.93 0.83
W, 0.33 0.46 0.57 0.29 0.08 0.15 .16 0.68  0.60 0.59 0.52 0.93 1.00 0.88
W, 0.33 0.40 0.47 0.26 0.08  0.31 32 0.49  0.52 0.50 0.46  0.83  0.88  1.00
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Fig.3 The HMM training procedure of fracture surface image
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Tab.2 The right recognition rate of fracture surface

image based on HMM classification

SR YU

PRI REB %57 BIE s Rl

GRS I
GLCM 1 0.92 0.88 0.92 0.94 32.45
FGLCM, 2 1 0.92 0.92 0.96 0.95 32.25
FGLCM, 1 0.92 0.88 1 0.95 32.11
GLCM 1 0.92  0.92 1 0.96  35.47
FGLCM, 3 1 0.92 1 1 0.98  35.36
FGLCM, 1 0.96 0.92 1 0.97 36.72
GLCM 0.96 0.92 0.88 0.96 0.93 38.51
FGLCM, -+ 1 0.92 0.92 0.96 0.95 38.24
FGLCM, 1 0.88 0.92 0.92 0.93 39.02
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Tab.3 The right recognition rate of fracture surface

image based on the nearest classification
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TE STV
GLCM 0.92 0.76 0.68 0.76 0.8 11.23
FGLCM, 0.92 0.84 0.76 0.84 0.86 12.05
FGLCM, 0.92 0.8 0.76 0.8 0.82 11.48
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