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Abstract: Aiming at solving the problems of mismatch, long iteration time and low accuracy in data registration, this paper
proposed a random sample consensus-iterative closest point registration method based on feature point registration. The algorithm
framework consisted of voxel filtering down-sampling, key feature point extraction and geometric feature description, improved
random sample consensus and point-to-plane iterative closest point iteration. Based on downsampling, the key geometric feature
points of the point cloud were extracted and the key point neighborhood description was performed. We used the random sample
consensus algorithm for four-point pairs and the point-to-plane iterative closest point algorithm to realize the point cloud coarse
alignment and fine alignment. LiDAR and supporting equipment were used to simulate unmanned vehicles to collect point cloud data.
According to the experimental data, the point cloud images of different time intervals were selected, and the root mean square error
and the operation time index were introduced to verify the performance of the algorithm. In terms of coarse registration, the
registration speed was improved by 78.44% and 61.02% compared with sample consensus initial alignment and 4-Points Congruent

Sets algorithms, and the registration error below 100 frames was within 10 cm. In terms of fine registration, the registration error
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was 5.11 cm, 4.94 cm and 0.53 cm lower than that of coarse registration, normal distributions transform algorithm and traditional

iterative closest point algorithm respectively, and the registration time was 33.06% higher than that of traditional iterative closest

point algorithm.

Keywords: Laser SLAM; point cloud registration; key point extraction; random sample consensus; iterative closest point
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Table 2 Analysis of voxel filtering data under different thresholds

T s o o
PR /m B GRERWEZER | B GRERRaZE s
(0.07, 0.07, 0.07) 59 968 30 485 60 000 30 665 0.905
(0.10, 0.10, 0.10) 59 968 26 721 60 000 26 868 0.823
(0.15, 0.15, 0.15) 59 968 22 528 60 000 22 713 0.783
(0.20, 0.20, 0.20) 59 968 19 521 60 000 19 610 0.729
(0.30, 0.30, 0.30) 59 968 15 301 60 000 15 438 0.651
(0.50, 0.50, 0.50) 59 968 10 541 60 000 10 583 0.563
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Table 3 Feature point extraction under different thresholds
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(0.15, 0.15, 0.15) 1785 1817 558  8.155
(0.20, 0.20, 0.20) 1298 1309 363  7.858

(0.30, 0.30, 0.30) 733 731 192 7.595
(0.50, 0.50, 0.50) 364 335 88 6.899
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Table 4 Refined comparison under different grids
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0.20 363 7.858
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Fig.7 Point cloud coarse registration comparison experiment results
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Table 5 Comparison of coarse registration effects

RS S REFR/W BCERE/s BLfERZE/om
50 558.839 11.459
SAC-1A 100 561.491 12.037
150 530.620 20.726
50 418.818 6.119
4PCS 100 184.432 5.695
150 504.247 13.558
50 121.556 9.011
ENIE RS 100 120.494 9.850
150 113.929 10.417
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Fig.8 Point cloud precision registration comparison experiment results
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Table 6 Comparison of precision registration effects

ORI SR/ BCHERE/s FCHERRZE/cm
50 0.625 8.683
NDT 100 0.594 10.453
150 0.641 9.648
50 20.918 4.624
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150 24.317 6.066
50 10.941 4.447
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150 19.527 5.002
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