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Research on Pavement Unevenness Grade Identification

Based on Tire Vertical Acceleration”
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Abstract: Targeting at the problem of road surface unevenness grade recognition,a BP neural network recognition method based on the
optimal characteristics of tire vertical acceleration is proposed. Firstly,the road surface unevenness model and the two-degree-of-freedom
vehicle harshness model are constructed ,and the tire vertical acceleration and road surface unevenness level are obtained through simu-
lation. Then,based on the vertical acceleration of tires,40 feature extraction schemes are constructed successively,and a random forest
model is introduced to evaluate the importance of each feature and preliminarily determine the optimal feature. Finally,40 features are
used as input to the BP neural network,and the road surface unevenness level is used as the output,a three-layer BP neural network is
constructed , and evaluation criteria such as accuracy are introduced to verify the optimal features. The results show that in the road sur-
face unevenness grade recognition task based on the vertical acceleration feature of tires,the optimal feature is the sum of the absolute
values of the second-order difference of the signal ,and the BP neural network constructed with this feature as input not only has a recog-
nition accuracy of 99% ,but also has low complexity and good speed robustness.
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®6 BIFMEEFRTHIRAERE 7%

FFAE R OFERR HJlR FILE
Sa 99.98 99.99 99.98 99.98
Ja 99.98 99.98 99.98 99.98
S 99.96 99.97 99.96 99.96
S 99.89 99.91 99.89 99.89
fas 99.58 99.58 99.58 99.58
S 99.50 99.50 99.50 99.50
Sa 99.30 99.31 99.30 99.30
S 99.25 99.26 99.25 99.25
Sa 99.10 99.12 99.10 99.10
Sis 99.10 99.12 99.10 99.10
S 98.80 98.82 98.80 98.80
Sis 98.80 98.82 98.80 98.80
Sio 98.75 98.78 98.75 98.75
S 98.75 98.77 98.75 98.75
Sfia 98.67 98.70 98.67 98.67
S 98.67 98.69 98.67 98.68
i 98.62 98.64 98.62 98.62
S5 98.62 98.64 98.62 98.63
i 98.60 98.61 98.60 98.60
5 98.45 98.49 98.45 98.45
S 98.30 98.32 98.30 98.30
Jis 98.22 98.24 98.22 98.23
S 97.85 97.9 97.85 97.85
fs 95.90 96.01 95.90 95.90
S 95.25 95.35 95.25 95.25
S 94.20 94.31 94.20 94.20
S 93.35 93.46 93.35 93.35
S 92.90 93.01 92.90 92.88
Jao 49.90 51.54 49.9 48.49
Jo 46.90 48.11 46.90 44.83
o 46.75 48.80 46.75 43.99
Jao 25.50 14.44 25.50 13.21
S 25.50 17.43 25.50 13.40
S 25.40 15.12 25.40 14.65
S 25.15 12.16 25.15 13.05
5 24.80 16.45 24.80 16.63
Sao 24.55 15.11 24.55 14.99
/i 24.50 11.66 24.50 13.19
S 24.10 12.66 24.10 13.45
/i 23.95 11.62 23.95 12.78
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fu fjﬁgfﬂ \2; x(n+2) =2x(n+1) +2(n) |
o ﬁiég—% :) [x(n+2)~2x(n+1) +x(n) ]2
S ﬁi;g% var[ x(n+2) =2x(n+1)+x(n) ]

fis ‘i%ﬁiﬁ%i max| ¥(n+2) ~2¢(n+1) +x(n) ]
f i\%%:f\{f min[ x(n+2) =2x(n+1) +x(n) ]
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I %iggi var[x(n+1)=x(n) ]
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Sis ﬁﬁigﬁ max {E\:Zl(;k[xl(n) xx,(n +k) ]}
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