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Cluster analysis of wheel tread defects based on gray-gradient cooc-
currence matrix
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Abstract ; Wheels are one of the key components of the running part of the train. Defects in its tread will
directly affect the safety of train operation. In order to accurately identify different types of wheel tread
defects during inspection,a texture feature extraction method based on gray-gradient co-occurrence ma-
trix is proposed. After analyzing the gray and gradient features of the tread image,image texture feature
vector is extracted according to the gray-gradient co-occurrence matrix. Then combined with the K-
means clustering optimization algorithm to cluster the characteristics of tread defects, thereby classifying
the types of tread defects,and displaying the classification results with visual data. The experimental re-
sults show that the accuracy of classifying and identifying different types of wheel tread defects is over
96% by using the above-mentioned algorithm,
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Fig.1 Tread image

23 X AN ] DX 3 A 04 ¢ RN 6 B 4 A it 2
Hral 20 % e 4 Ca) AT Ch) A5 HA TE 5 i g X 388 9 K
(e R 3 A BB B X 38 B A7 B K B (B IR S /N T OE
DI K L B AR DE R DX i R X sE
Qb VRS A B A 45 B AR L 6 T BB X B & i TR
T LB — FRCIE 50T K B X /0 IE H IX 8 A
B X3, 7E R BB X 8 [ 4 (a) (175—183 47) i T A
LR A1 e R N I s B o [ R

RESXE

Fig.2 Gray scale image
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Fig. 4 Grayscale and gradient distribution curve of wheelset tread defects
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Tab. 1 Distribution of gray and gradient characteristics of wheelset tread

) Internal features
Tread image

Edge feature

Gray value Gradient value Gray value Gradient value
Normal area high low — —
Defect area low high plummet surge
Shadow area lowest medium local enlargement medium
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Tab.2 Features of gray-gradient co-occurrence matrix

Feature amount

Expression

Small gradient advantage

Big gradient advantage

Inhomogeneity of gray distribution

Inhomogeneity of gradient distribution

Energy

Mean Gray Value

Gradient mean

Gray standard deviation

Gradient standard deviation

Correlation

Gray Entropy

Gradient entropy

Mixed entropy

Inertia

Moment of inverse difference
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Tab.3 Normalized texture feature values of different types of treads
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Tab.3 Clustering recognition accuracy of tread defect types

Clustering accuracy/ %

Texture
feature Tread Tread Tread
Tread peel .
bruise crack normal
T, 100 95 100 95. 24
T; 95 95 90. 9 100
T, 100 100 100 100
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Fig. 6 Cluster recognition accuracy image
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