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A New Method for Laser Rut Depth Measurement
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Abstract Share-beam multi-channel laser ranging sensor is usually used to detect rut depth by measuring several
discrete points of the road which are used to form section information. The great transverse sampling distance causes
large measurement error. A new laser method to detect rut depth is introduced; it measures three-dimensional (3D)
section by integrating line laser sensor with 3D camera, which is used to resolve rut depth. 3D camera collects light
image in the form of line structure projected on the road by laser at a certain angle, obtains 3D section data and
rejects the abnormal value by the Pauta criterion. After rotating, translating and pattern recognition, left and right
wheels mark and maximum rut depth are achieved. A case study shows that repeatability and correlation of data are
over 98% . Compared with traditional methods, the proposed method has the better performance of short sampling
distance, high accuracy, low cost, versatility and widely promotional value.
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Fig. 1 Principle of laser triagonometric survey
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Fig. 2 3D original cross-section data
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Table 1 Measured rut value of road segment

Measurements a /mm b /mm ¢ /mm d /mm ¢ /mm f /mm g /mm h /mm
13.491 12. 399 13.225 13.097 13. 336 14. 310 12.908 13. 348

14.737 13.479 14. 211 14. 164 13.988 15. 276 14. 391 14. 477

30L 14. 143 13. 989 14.223 14.193 14. 323 14. 406 14. 388 14. 546
12. 816 13.531 13. 681 13.730 13.757 12.970 13. 968 13. 989

19. 000 19. 350 20. 050 18. 641 19.521 17.668 19. 598 19.792

20. 451 20. 588 20.033 20.163 20. 547 20. 236 20.173 20. 360

19. 605 19. 366 19. 308 19. 491 19. 247 19. 461 19. 450 19. 494

30R 19. 054 18. 653 18.625 18. 798 18. 486 19. 281 19.077 18. 804
15. 449 15. 545 15.174 15. 407 15. 658 14. 960 15. 541 15.942

12. 424 12.015 12. 431 12. 387 12.133 11. 808 12.504 12. 686

14. 668 14. 645 14. 400 12.720 14. 221 14. 356 13.551 14.005

15.049 15.199 15. 881 13.125 14. 378 15. 804 14. 239 14.617

50L 13. 864 14. 256 14. 745 12. 750 14.196 14.663 14. 236 14. 321
12.927 13. 245 13.519 13. 330 13.423 13.291 13.538 13.537

18. 250 18. 684 18. 609 19. 257 18. 639 19. 142 19. 291 19.177

20.113 21.514 20. 765 19. 882 19.763 19. 652 20. 031 20. 654

20. 428 20. 242 20.922 20.003 20. 327 20. 536 19. 982 20. 232

S0R 18.595 18. 443 18.116 18.524 18.321 18. 498 18. 447 18. 404
14.976 14. 948 15. 370 14. 404 15. 034 15. 878 15. 369 15. 306

12. 348 12.033 12. 827 11.972 12. 174 12.195 12. 266 12. 254

F2 LM AR EE N

Table 2 Measured rut repeatability

Left /mm Stdev /mm  Error /mm  RPT /mm Right /mm Stdev /mm Error /mm RPT /mm

1 13. 264 0.543 0.041 0. 9591 20. 319 0.199 0.010 0. 9902
2 14. 340 0.530 0.037 0. 9630 19. 428 0.115 0.006 0.9941
3 14.276 0.175 0.012 0. 9877 18. 847 0. 269 0.014 0. 9857
4 13. 555 0.437 0.032 0.9678 15. 460 0.298 0.019 0. 9807
5] 19. 203 0.761 0. 040 0. 9604 12. 299 0. 288 0.023 0.9766
6 14.071 0.199 0.010 0. 9902 20. 297 0.633 0.031 0. 9688
7 14. 787 0.115 0. 006 0.9941 20. 334 0. 304 0.015 0. 9850
8 14.129 0.269 0.014 0. 9857 18.419 0. 147 0.008 0.9920
9 13. 351 0.298 0.019 0. 9807 15.161 0.429 0.028 0.9717
10 18. 881 0. 288 0.023 0.9766 12.259 0. 261 0.021 0. 9787
3 bRE G B A R MR I
Table 3 Correlation corrections of calibrated data

System /mm  Manual /mm Fit /mm Error /mm || System /mm Manual /mm Fit /mm Error /mm
14.071 12. 630 13.018 0.031 20. 297 17.760 17.722 0.002
14. 787 13. 140 13.798 0. 050 20. 334 17. 160 17.761 0.035
14.129 13. 950 13. 681 0.026 18. 419 16. 930 16. 790 0.008
13. 351 12. 310 12.233 0. 006 15. 161 11. 580 12. 438 0.074
18. 881 18. 360 18. 261 0. 005 12.259 9.730 9.452 0.029
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Table 4 Contrast of new and traditional methods

Ttem Multi-sensor 2D Camera 3D Camera
Speed /(km/h) 0~120 0~120 0~120
Cross-sectional sampling <35 >1600 >1600
Longitudinal sampling /mm 1 10 1
Sensors >>13 sensors 2 CCD camera 2 CCD camera
Cost High Low Low
Expand Increase sensors Increase resolution Increase resolution
3D Road shape No Sample Full road shape
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