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Optimization and performance verification of high efficiency

ICP registration for laser point clouds

Wang Jianjun’, Lu Yunpeng, Zhang Jiyun, Bai Chongyue, Hu Yanwei, Li Xuhui, Wang Jiongyu
(School of Mechanical Engineering, Shandong University of Technology, Zibo 255049, China)

Abstract: The conventional Iterative Closest Point(ICP) matching algorithm for laser point clouds had problems
of slow convergence and poor robustness, therefore, a point clouds registration method combining multiple
optimization methods was proposed. Firstly, point clouds were de-sampled using voxel grid filtering and key
points were extracted by ISS operator, then feature extraction algorithm was performed to obtain Fast Point
Feature Histograms(FPFH) features of key points, and the multi-core and multi-thread OpenMP parallel
processing mode was operated to improve the speed of feature extraction. Then, based on the extracted FPFH
features, the Sample Consistency Initial Alignment(SAC-IA) algorithm was used for coarse registration of similar
feature points to obtain initial transformation matrix between point clouds sets. Finally, the ICP algorithm was
used for fine registration, and the K-D tree nearest neighbor search method optimized by Best Bin First(BBF) was
used to accelerate the search speed of corresponding point pairs, and dynamic threshold was set to eliminate the
wrong corresponding point pairs, so as to improve the speed and accuracy of point clouds registration.
Experimental research on two sets of point clouds shows that the optimized registration algorithm has obvious
speed advantages and improves the registration accuracy.

Key words: laser point clouds; Fast Point Feature Histograms(FPFH); Sample Consensus Initial

Alignment(SAC-IA) ;  Iterative Closest Point(ICP) algorithm;  point cloud registration
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Fig.l Block diagram of optimization scheme of point cloud registration
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Tab.1 Comparison of effect of ISS on point clouds registration

Experimental point clouds Algorithms Original points Down-sampling points Euclid score Time/s
SAC-1A 112586 17677 0.0086 12.061

Building
SAC-IA+ISS 112624 17640 0.0087 6.797

iC 7 TR s 353 B (], 77 5 9 i ) 240 9 20 3 — 24
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(a) SAC-IA MHECHE S = RCERE
(a) Point clouds results with
SAC-IA coarse registration

(b) ICP KiiCHE s = HER
(b) Point clouds results
with ICP fine registration
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Fig.5 Point cloud results with SAC-IA coarse registration and ICP fine

registration respectively
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Tab.2 Comparison of registration evaluation parameters for three algorithms

Experimental point clouds Algorithms Original points Down-sampling points Iteration number of ICP  Euclid score  Time/s
Conventional ICP 112586 17677 45 0.0041 8.297
Building SAC-IA+ICP 12 0.0041 7.586
112624 17640
Optimized SAC-IA+ICP 5 0.0040 6.986
Conventional ICP 290545 5938 33 0.0058 2.042
Corridor SAC-IA+ICP 14 0.0057 1.566
290608 5942
Optimized SAC-IA+ICP 7 0.0057 1.496
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TR R 6.986 s, 249 17 5 H ICP 11 84.19%; 1E55 —
g, Ak B SAC-IA+HICP (13 3R 3 K 1.496 s,
29 5 % W ICP 1 73.26%. i fk SAC-IA+ICP 7£ M 41
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