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Evaluation model of pavement cracks damage

based on fractal dimension
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Abstract: In view of the issue that the calculation method of pavement crack index (PCI) doesn’t
take account of the cracks spatial correlation, the binary images containing only cracks and
background were rebuilt on the basis of the statistical calculations of damage in pixels. The
fractal dimensions of various cracks were calculated fast by means of grids algorithm, which were
regarded as the effective contribution of crack damage values. Then the new pavement cracks
evaluation index was proposed on the basis of the crack images fractal dimension (FPCI). The
error variance ratio and correlation coefficient were calculated to evaluate the spatial relationship

of different cracks, and the damage indexes of a lot of cracks images were calculated to build the
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pavement cracks evaluation model by taking the overall features and correlation of cracks into
account. The experimental analysis was conducted on 20 different cement concrete pavement and
asphalt pavement images. The results show that for the same image, the absolute value of
maximum difference between FPCI and the practical pavement cracks damage index (PPCI) is
0.5% and the minimum is 0. 1%, while the maximum absolute difference between PCI and PPCI
is 1. 3% and the minimum is 0. 4%. Therefore, FPCI method can depict the road surface damage
more accurately than PCI. The root mean square error between the PPCI and PCI is greater than
the one between FPCI and PCI, which demonstrates that FPCI can reflect the damage of
pavement crack more significantly than PCI. The relevant characteristics of the cracks and the
fractal dimension values of the cracks spatial geometric are taken into the design of FPCI based on
mathematical statistics theory, and thus the evaluated calculation is more reasonable than PCI and
can reflect the damage extent of pavement cracks more accurately. Besides, FPCI can be
popularized to the calculations of other kinds of damages such as pavement pits, subsidence and
cracking etc. 3 tabs, 5 figs, 15 refs.
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Fig. 1 Road crack gray image
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Fig. 2 Road crack fractal feature show
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Fig. 3 Road cracks recognition results image
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Tab.1 Comparison of PPCI, PCI and FPCI %
KEEE R PPCI FPCI PCI FPCI-PPCI | PCI-PPCI || El14 %5 PPCI FPCI PCI FPCI-PPCI | PCI-PPCI

1 1.3 1.0 2.0 0.7 0.7 11 5.8 5.5 4.5 —0.3 —1.3
2 6.7 6.9 4.9 —1.8 —0.8 12 2.3 2.7 3.0 0.4 0.7
3 2.1 1.8 3.2 1.1 1.1 13 6.5 6.9 7.6 0.4 1.1
4 1.8 1.5 2.2 0.4 0.4 14 2.1 1.9 2.6 —0.2 0.5

1.1 1.4 2.2 1.1 1.1 15 0.8 1.2 1.5 0.4 0.7
6 5.3 5.7 4.5 —0.8 —0.4 16 3.3 3.8 4.2 0.5 0.9
7 0.9 1.1 1.4 0.5 0.5 17 7.8 7.7 7.0 —0.1 —0.8
8 2.7 2.6 3.3 0.6 0.6 18 1.2 1.4 2.1 0.2 0.9
9 7.5 7.9 8.5 1.0 0.8 19 8.1 8.3 9.2 0.2 1.1
10 4.1 4.4 3.2 —0.9 —0.9 20 5.4 5.7 6.2 0.3 0.8
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Fig.4 Road crack image fractal feature
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Tab.3 Root mean square error proportions of PPCI,PCI and FPCI

2 PCI 51 )% bR E | FPCI 45 45
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Fig.5 Comparison of PPCI,PCI and FPCI damage degree
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