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Performance prediction of asphalt pavement based on grey

relational analysis and support vector machine regression
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Abstract: Asphalt pavement performance prediction is complex and nonlinear when it involves multi-
factor. In order to overcome the defects existing in traditional prediction models, a long-period and multi-
factor prediction model with high precision needs to be established, on which the dimension of each factor is
reduced by grey relational analysis, and the important relational factors are selected for nonlinear prediction
by support vector machine regression. Accordingly the performance prediction model of asphalt pavement
based on GRA-SVR was proposed and the measured RDI from Guangyun freeway were collected as an
example to validate the proposed model. The results show that GRA-SVR model has better accuracy and
maneuverability compared with GM(1,1)and PPI models. It can be used in long-term process and provide
model reference for large data maintenance decision-making.
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Fig. 1 Structure of support vector machine system
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Fig. 3 Flowchart of the GRA-SVR modeling process
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Table 1 Datasheet of RDI and various influencing factors of Guangyun Expressway(2011—2017)

b g RDI i M F V4 AR R B R [(E355] H IR
FRR/a Bk /T TG /C /C /mm /h
2011 94.0 2 1214 000 323.08 —3.4 38.9 1667.7 1891.1
2012 90.2 3 1504 000 80.72 —2.5 37.8 1490.5 1 .898.3
2013 90.1 4 1 600 000 815.27 —2.5 38.9 1 647.6 1 667.9
2014 90.4 5 1 860 147 635.26 —2.7 39.2 2 224.5 1 505.1
2015 89.8 6 1 984 464 786.35 —3.8 39.6 1752.5 1 896.0
2016 86.4 7 2173 909 854.86 —0.1 39.0 1 645.6 1 895.4
2017 84.6 8 2 386 925 800.00 —3.7 40.4 2 321.0 1 502.0
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Fig. 4 Scatter plots of rutting depth index(RDI)versus main influence factors
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Table 2 Relevance of each influencing factor
Y 0.806 0.955 0.919 0.774 0.889 0.996 0.906

H b AT A PR ) G ORI S R AR O <y < <y <7 <7< BIVIRAR IR B <f AR PR <<
TR <<H BR<FRP 9 & <Yk <<FE . UL, S BR DG HE R /N Y B A IR B S i AR B, FRATT T SVR
U,

3.3 HIE\IEA—
X AR 24 1) 500 5 AR AT U — AR AL 3 25 R Ik 3,
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Table 3 Standardized data after normalization

Ay RDI ER N ELE AN A o 1o i (S| H 1
2011 1 0 0.313 0.611 0.241 0.982
2012 0.500 0.302 0 0 0 1
2013 0.495 0.402 0.949 0.611 0.214 0.414
2014 0.526 0.673 0.716 0.778 1 0
2015 0.447 0.803 0.912 1 0.357 0.994

2016 0 1 1 0.667 0.211 0.993
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Table 4 Comparison of predicted and actual values of RDI

GRA-SVR GM(1.,D PPI
0y JEUU6 1
B e o xR 22 SRR (e o X R 2 T LERORE

2011 94.0 94 94.0

2012 90.2 90.26 0.067 91.4 1.330 94.0 4.213
2013 90.1 90.10 0 90.3 0.222 93.9 4.218
2014 90.4 89.82 0.642 89.1 1.438 93.6 3.549
2015 89.8 89.74 0.067 88.0 2.004 92.2 2.673
2016 86.4 86.45 0.058 86.9 0.579 89.5 3.588
2017 84.6 85.57 1.147 85.8 1.418 85.8 1.418

M2 4 AT LA X T 2017 4F RDIfH . GRA-SVR #UE A9 46 X% 5 2% 4 1.147.GM (1, 1) F1 PPT Hi (&
B2 0T iR 253 R 1,418, GRA-SVR 525 (1) 48 X 15 22 Fe /0N, P0IKS B o i .

H & 6 A LU % T g s B £ 4l GRA-SVR S 42 38 )5 46 8008, GM(L, D BRI 2, PP B AU 5 22, %
B i 25 1) B) (9 4B GRA-SVR 1 T AF B2 AR A6 AS I 17 b 455 760 DU i 25 15F 00 1) 4 % T0000005 B2 B AIK . BT L
GRA-SVR AV A] DA 1 1o I 3% 1o 4 FH 14 6 .
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Fig. 6 Comparison of the values of rutting depth index(RDI) predicted
by different models and the actual RDI value
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