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Abstract: Aiming at the fast and accurate measurement of rail wear based on 3D structured light scanning, this paper proposes a point
cloud registration algorithm based on 4PCS (4-points congruent sets) and SICP (sparse iterative closest point) , which is used to quickly
and accurately register the standard rail point cloud and incomplete worn rail point clouds with noise. Since the wear rail data obtained by
one-time scanning of the three-dimensional structured light scanner is usually incomplete and contains noise, 4PCS with good robustness
for low overlap point cloud registration is firstly used to coarse registration of the rail point cloud, which provides a good initial
transformation matrix for accurate registration. Then, the SICP with good robustness for noisy point cloud registration is used for accurate
registration. Finally, the rail head wear is calculated according to the accurate registration results. It quantitatively analyzes the influence
of different levels of down-sampling on registration accuracy, time and calculation accuracy of rail head wear, which demonstrates the
advantage of 4PCS and SICP in fast and accurate registration of incomplete and noisy rail point clouds. It is concluded that different
levels of down-sampling have no influence on the calculation accuracy of rail head wear. Meanwhile, the robustness of SICP in accurate
registration of worn rail point cloud with noise is verified by quantitative comparison analysis of the point cloud registrations with different
levels of noise.
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Fig. 1 Rail wear inspection system
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Fig.3 Flow chart of rail head wear calculation
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Table 1 Wear values under different down-sampling

M 81 095 72 043 66 583
BEFE/mm 1.03 1.03 1.03

55 247
1.03 1.03 1.03 1.03 1.03
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Fig. 10 Accurate registration time and RMSE comparison
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Fig. 11 SICP registration results under different noises
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Fig. 12 ICP registration results under different noises
200 o _ 1A BV I T o FL A M7 O 25 P e 15 T
gy o ICP AP AE R (ER T H A 25 25 B Y T o 2 5 () A B A 31

1.6

BT HRR 2 /mm

e
o
T
|
|
L]

0 0.002 0004 0.006 0008 0.010
TR 7 AR 2

P13 W X C NS B 1

Fig. 13 Effect of noise on registration accuracy
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