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Abstract In order to overcome the problems of poor robustness and low registration accuracy of the iterative closest
point (ICP) algorithm, this paper proposes an improved ICP point cloud registration algorithm based on fast point
feature histograms (FPFHs). Firstly, the point cloud feature is extracted based on the improved internal shape
descriptor and the change of the normal vector angle. Secondly, an exponential function is used to improve Euclidean
distance, which is used as the weight coefficient of the FPFH algorithm for describing the feature points, therefore
ensuring that the initial alignment estimation obtains more accurate positions of point clouds. Then the double
constraint and unit quaternion algorithm are used to complete the initial registration. Finally, in order to reduce the
iteration time and reduce the influence of bad correspondence in the registration, the bidirectional k-d tree is
constructed for the ICP algorithm, and the ratio of the Euclidean distance of a point pair to the maximum Euclidean
distance is used to calculate the weight of each point pair, which is used as a weight coefficient of the ICP iteration
error function. Experimental results show that the registration accuracy of the proposed algorithm is 2—6 orders of
magnitude higher than that of the ICP algorithm, and the proposed method has stronger robustness.
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Table 1 Point cloud registration results of Bunny model
Registration error /(10 " mm) Registration time /s
Algorithm
25 dB 30 dB 35 dB 25 dB 30 dB 35 dB
1CP 64. 8910 61.9821 65. 8834 0.28 0. 36 0.43
MR-TICP 7.6345 6.6025 5.3034 41.95 38.48 30. 28
NICP 0.1612 1.1372 0. 0597 112.04 92.54 56. 89
RICP 0.1615 2. 3085 0. 0597 114. 25 11.97 30. 18
Proposed method 0.1612 0.1051 0. 0597 147. 21 88. 34 56. 35
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Fig. 6 Registration results of Bunny. (a) ICP; (b) MR-TICP; (c¢) NICP; (d) RICP; (e) proposed algorithm
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Table 3 Registration time of Dragon model

Registration error /(10 " mm)

Registration time /s

Algorithm Algorithm
10% 20% 30% 50% 10% 20% 30% 50%
1ICP 77.12 76.73 76.69 76.65 ICP 2.05 0.68 0.74 0.55
MR-TICP 3.70 3.32 3.74 4.09 MR-TICP 74.61 60. 06 55.74 53.28
NICP 0.02 0.31 0.02 0. 54 NICP 82.91 137.44  244.57 106. 84
RICP 0.02 0.02 0.70 0. 64 RICP 320.29 178.41 71.38 92.96
Proposed algorithm 0.02 0.02 0.02 0.03 Proposed algorithm ~ 77.19  121.92 36. 84 73.53
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Fig. 7 Registration results of Dragon. (a) ICP; (b) MR-TICP; (c¢) NICP; (d) RICP; (e) proposed method
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Table 4 Comparison of registration for point clouds of

physical objects

Registration Registration

Algorithm error /(10" mm) time /s
Bottle Lion Bottle Lion
ICP 1.21X10"  205.20 1.28 10. 69
MR-TICP 3.79 357. 60 25.53  116.42
NICP 0.04 11. 87 9.57 5.04

Proposed
0.04 2.29 7.50 66. 33
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Fig. 9 Registration results of point clouds of physical
objects. (a) ICP; (b) MR-TICP; (c¢) NICP;
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(d) algorithm of this paper
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