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Abstract: The pavement anti-skid performance directly affects road traffic safety, and the evaluation methods
based on pavement texture features currently have problems of poor interpretability and low accuracy. Herein,

185 sets of pavement texture data were collected by the portable 3D laser surface analyzer with an accuracy of
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0.05 mm. The pavement friction data in the speed range of 0~80 km/h of the corresponding road section were
obtained with the dynamic friction coefficient tester. The comprehensive fractal dimension index representing
the complexity of the pavement texture space, the cross section, and the depth direction was constructed, and
the random forest evaluation model for pavement skid resistance performances at speeds of 10 km/h and 70
km/h. The results show that, the comprehensive fractal dimension has the ability to describe the complexity of
texture independently, but there is no linear relationship between it and the pavement dynamic friction coeffi-
cient; the prediction accuracy of comprehensive fractal dimensions for dynamic friction coefficients at the 70
km/h speed is 0.78, which can be used to evaluate the skid resistance of pavement under the condition of rapid
sliding of tire rubber; the spatial, cross-sectional, surface, shallow, and deep profile fractal features in com-
prehensive fractal indicators jointly affect the pavement anti-skid performances. In the evaluation of pavement
texture morphology, comprehensive analysis of texture features should be conducted from multiple spatial per-

spectives.
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Fig. 1 The 3D fractal schematic diagrams
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Fig. 3 Schematic diagrams of the effective tire-pavement contact area
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Fig. 4 Cross section diagram of pavement at different depths
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Fig. 5 The maximum texture depth
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(¢) The texture shallow layer binary image (d) The texture deep layer binary image
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Fig. 6 Cross section schematic diagrams
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Fig. 10 The pavement dynamic friction test results
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Table 1  Correlation of dynamic friction coefficients at different speeds

dynamic friction coefficient

DFT70 DFT60 DFT50 DFT40 DFT30 DFT25 DFT20 DFTI15 DFT10
DFT70 1.00 0.99 0.98 0.95 0.90 0.85 0.74 0.51 0.26
DFT60 0.99 1.00 0.99 0.97 0.93 0.89 0.78 0.55 0.29
DFT50 0.98 0.99 1.00 0.99 0.96 0.91 0.81 0.57 0.30
DFT40 0.95 0.97 0.99 1.00 0.98 0.95 0.86 0.63 0.36
DFT30 0.90 0.93 0.96 0.98 1.00 0.99 0.92 0.72 0.46
DFT25 0.85 0.89 0.91 0.95 0.99 1.00 0.97 0.8 0.56
DFT20 0.74 0.78 0.81 0.86 0.92 0.97 1.00 0.92 0.73
DFTI15 0.51 0.55 0.57 0.63 0.72 0.8 0.92 1.00 0.89
DFT10 0.26 0.29 0.30 0.36 0.46 0.56 0.73 0.89 1.00
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Fig. 11  Schematic diagram of the random forest regression algorithm
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Table 2 Hyperparameter of the random forest

hyperparameter meaning explanatory note

the default value is 10, a model with too small n ;... is prone to

T egtimator number of random forest learners

underfitting, while conversely, it requires a too big computation

default value be not limited, and adjusted based on the sample size
d s maximum depth of the decision tree )
and feature size of the data
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Fig. 12 Some nodes of the example decision tree in the random forest
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Table 3 The intergroup correlation between the comprehensive fractal dimension number and the pavement friction coefficient

F3D FSur FS FD FZD
DFT70 0.215 6 0.097 5 0.006 2 0.037 5 0.000 5
DFT10 0.079 6 0.001 4 0.058 5 0.003 7 0.045 9

®4 BB N EAR S

Table 4  The intragroup feature correlation of comprehensive fractal dimension numbers

feature Fyp Fsu Fg Fy Fop
Fip 1.00 0.004 9 -0.23 -0.23 0.45
Fg, 0.004 9 1.00 -0.29 -0.6 0.4
Fy -0.23 -0.29 1.00 0.6 -0.51
Fy -0.23 -0.6 0.6 1.00 -0.56
Fyp 0.45 0.4 -0.51 -0.56 1.00
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T 0~ 1 ZI], B 1 FC B 400 A AR AT s RMSE {1 /MR 2B 780 [KG B8 B v At FH B S B0R AL I 1
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Table 5 Random forest model predictive evaluation indexes

10 km/h 70 km/h
evaluation index
training set test set training set test set
R? 0.87 0.66 0.91 0.78
RMSE 6 0.029 6 0.043 6 0.023 1 0.040 5
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