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Abstract Cracks in concrete structures should be measured to periodically assess potential problems in durability
and serviceability. Conventional crack measurement systems depend on visual inspections and manual measurements
of the crack features such as width, length, and direction using microscope and crack gage. However, conventional
methods take long time as well as manpower, and lack quantitative objectivity resulted by inspectors. In this study,
an evaluation technique for concrete surface cracks is developed using image processing and artificial neural
network. Developed technique consists of three major parts: (I) crack detection (2) crack analysis and (3) pattern
recognition. To examine validity of the technique developed in this study, crack analyzing tests were performed on
the images obtained from various types of concrete surface cracks. The test results revealed that the system is
highly effective in automatically analyzing concrete surface cracks in terms of features and patterns of cracks.

Keywords: Concrete Surface Crack, Image Processing, Artificial Neural Network, Crack Measurement, Crack
Pattern
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Fig. 5 Local binarization and results

Fig. 6 Test results after 1st segmentation
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Table 1 Packing density with rotation each shape
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60 0.014 0.164 0417 0.094
90 0.014 0.169 0.443 0.096
120 0.014 0.151 0.484 0.096
150 0.014 0.164 0.417 0.094
180 0.014 0.169 0.443 0.096
ot 0.014 0.162 0.447 0.095
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Fig. 10 Diagram of algorithm for crack width
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Table 2 Desired outputs for learning

. . | Diagonal |Diagonal
Horizontal | Vertical (45°) (+45%) Random

node| 0 0 0 0
1

node| 1 0 0 0
2

node 0 0 1 0 0
3

node| 0 0 1 0
4

“(;de 0 0 0 0 1

Table 3 Results of recognition

Node number corresponding .
. Result of recognition

to the maximum output value
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Table 4 Test results for crack width
N Width by crack microscope Width by
Unit pixel length Measurement (mm) proposed algorithm (mum)

0.04536 A 0.3 0.33
(mm/ 3}4) B 05 0.51

0.04176 C 0.7 0.69
(mm/ 3}23) D 1 0.98
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Table 5 Results of pattern recognition of cracks by artificial neural network
Classifications by artificial neural network
Classiﬁf;;ins by Horizontal Vertical Di(zg;)l;al Dzii;?)al Random | Total Aciﬁ/lor)acy
Horizontal 4 0 0 0 0 4 100
Vertical 0 19 0 0 0 19 100
Diagonal(-45°) 0 0 7 0 0 7 100
Diagonal(+45°) 0 0 0 5 0 5 100
Random 0 0 0 0 3 3 100
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