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Calculation error analysis of detecting lateral offset of

vehicle on rut depth
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Abstract: In order to study the impact of vehicle lateral offset on the rut depth, transverse rut
profiles were established based on 13-point laser data. Through MATLAB programming, the
vehicle lateral offset was simulated. Absolute errors and relative errors of rut depth before and
after vehicle wandering were used as indexes to analyze the changing law and reason of rut depth
errors with low and high severity levels when lateral offset happens in different directions and
with different distances. The results show that with the distance of vehicle lateral offset
increases, the value of absolute and relative errors will become as much as 6. 4 mm and 29%
respectively. The depth absolute error resulted from lateral offset will underestimate rut severity
levels, and may lead to the mistake of road condition assessment and pavement maintenance

decision. The degree of rut depth errors are mainly influenced by the location of deeper rut, rut
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slop and hump width/height. Therefore, the vehicle lateral offset should be detected in the

direction of deeper rut and bigger slope so as to obtain the shape of deeper rut and then minimize

the impact of vehicle lateral offset on rut depth measurement accuracy. 3 tabs, 6 figs, 20 refs.
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Fig. 1 Lateral distribution of laser displacement sensor
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Tab.1 Raw data of 13 points based laser rut detection equipment
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Fig. 2 Calculation error of rut depth caused by lateral offset
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Fig.3 Two shapes of real rut section
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Tab.2 Absolute and relative errors of symmetrical rut shape

I
TR JEEAES | SR /mm +100 mm 4200 mm +300 mm 4400 mm 4500 mm
AD/mm| 8D/% |AD/mm| 6D/% |AD/mm| éD/% |AD/mm| 6D/% |AD/mm| 6D/ %
6 ® 10.5 —0.9 8.6 —0.3 2.9 —0.9 8.6 —0.8 7.6 —1.2 11.4
7 7% 12.9 —0.8 6.2 —0.5 3.9 —0.9 7.0 —0.6 4.7 —1.7 13.2
8 ® 14.3 —0.5 3.5 —0.4 2.8 —0.7 4.9 —0.8 5.6 —1.1 7.7
9 H 18.5 —0.7 3.8 —0.8 4.3 —1.2 6.5 —0.8 4.3 —2.8 15.1
10 H 21.9 —1.4 6.4 —1.0 4.6 —2.3 10.5 —2.6 11.9 —4.2 19.2
Fim%
17 Ve 2 5 P e 377 S VR BE / mm —100 mm —200 mm —300 mm —400 mm —500 mm
AD/mm| éD/% |AD/mm| 6D/% |AD/mm| 6D/% |AD/mm| éD/% |AD/mm| 6D/%
6 7] 10. 5 —1.1 10.5 —1.6 15.2 —2.3 21.9 —2.6 24. 8 —2.8 26.7
7 7] 12.9 —1.2 9.3 —1.8 14.0 —2.0 15.5 —2.9 22.5 —3.6 27.9
8 7] 14.3 —1.7 11.9 —2.6 18.2 —2.9 20.3 —3.5 24.5 —4.0 28.0
9 iy 18.5 —1.6 8.6 —2.4 13.0 —2.9 15.7 —4.3 23.2 —5.2 28.1
10 iy 21.9 —1.5 6.8 —2.1 9.6 —2.7 12.3 —5.2 23.7 —6.4 29.2
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Tab.3 Absolute and relative errors of upheave rut shape
ZE i #
187 T 2 5 FEESES | SEINEE /mm +100 mm +200 mm +300 mm +400 mm +500 mm

AD/mm| 6D/% |AD/mm| 8D/% |AD/mm| 6D/% |AD/mm| 6D/% |AD/mm| 6D/%

1 7 12.5 —1.3 10. 4 —0.9 7.2 —1.2 9.6 —0.2 1.6 —1.1 8.8

2 £ 14.7 —1.3 8.8 —0.8 5.4 —0.3 2.0 —0.4 2.7 —0.7 4.8

3 LS 16.5 —1.8 10.9 —1.2 7.3 —0.9 5.5 —0.5 3.0 —0.9 5.5

4 H 18.1 —2.3 12.7 —1.1 6.1 —0.8 4.4 —0.3 1.7 —0.7 3.9

5 H 21.6 —2.1 9.7 —1.5 6.9 —1.1 5.1 —0.6 2.8 —1.2 5.6
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187 1 2 5 RS | FIMEE /mm —100 mm —200 mm —300 mm —400 mm —500 mm
AD/mm| 6D/% |AD/mm| 6D/% |AD/mm| 6D/% |AD/mm| 6D/% |AD/mm| 6D/%

1 ® 12.5 —2.0 16.0 —3.6 28.8 —3.0 24.0 —3.3 26.4 —3.8 30.4

2 ® 14.7 —1.9 12.9 —3.2 21.8 —1.8 12.2 —3.1 21.1 —2.5 17.0

3 H 16.5 —3.5 21.2 —4.1 24.8 —2.9 17. 6 —4.5 27.3 —4.3 26.1

4 H 18.1 —4.2 23.2 —5.0 27.6 —4.9 27.1 —5.3 29.3 —5.8 32.0

5 T 21.6 —4.4 20.4 —5.1 23.6 —4.0 18.5 —4.9 22.7 —5.6 25.9
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Fig. 6 Effect of right upheaval rut shape characteristics on lateral offset
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