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Abstract: To address the issues faced by traditional Iterative Closest Point (ICP) algorithms in handling
complex point cloud spatial features, such as noise interference and data loss leading to slow convergence,
low registration accuracy, and pool robustness, this paper proposed a point cloud matching algorithm
based on adaptive local neighborhood conditions. Initially, voxel grid filtering was used for data prepro-

cessing, and the curvature of neighborhood surfaces was defined based on the distribution of nearby points

s B 8 :2023-11-29; 1&4T H #5 : 2024-02-20.
HEWH : FHRHARBEE 4 (No. 41876105)



510 M 2T AR BT A S N R AR A T A A = IE 1607

within different radii. Considering the distribution of normal vectors and neighborhood curvature features,
more accurate feature points were extracted. Subsequently, the most significantly changing curvature fea-
ture points in the neighborhood were further extracted using the least squares surface fitting method.
These points were described using the Fast Point Feature Histograms (FPFH) , and similar feature point
pairs were matched using a sample consensus algorithm with a set distance threshold. This calculated the
key coordinate transformation parameters to complete the initial registration. Finally, a linear least squares
optimization point-to-plane ICP algorithm was used to achieve more accurate registration results. Compar-
ative experiments demonstrate that, under conditions of noise interference and data loss, the proposed
method improves registration accuracy by an average of 45% and increases registration speed by 38%,
compared to existing algorithms (ICP, SAC-IA+ICPK4PCS+ICP) , thus confirming its excellent ro-
bustness in handling large-volume, low-overlap point cloud registrations.
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Fig. 7 Influence of different thresholds on registration
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Tab.1 Comparison of registration results of different algorithms for Bunny point cloud
- 5 1CP ik ISS+SAC-IA+ICP K-4PCS+ICP A S
RMSE/mm  Time/s RMSE/mm  Time/s RMSE/mm Time/s RMSE/mm  Time /s
=0 0.232 32.47 0.152 25.85 0.339 23.35 0. 035 18.01
¢=0.001 0.487 45.21 0.363 31.54 0.525 32.90 0. 040 22.35
c=0.02 1.127 59. 64 0. 526 40.79 0.894 40. 53 0. 049 26.07
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Tab.2 Comparison of registration results of different algorithms for Dragon point cloud

- 1552 1CP 1 1SS+ SAC-IAFICP K-4PCS+ICP A
RMSE/mm  Time/s RMSE/mm Time/s RMSE/mm Time/s RMSE/mm  Time/s
0% 0.201 76.96 0.076 43.62 0.139 85.13 0.038 30. 25
20% 0.458 80. 70 0.201 39.16 0.242 22.09 0.036 28.12
50% 1.524 36. 86 1.312 47.57 2.567 6.71 0.040 25.85
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Tab.3 Comparison of different algorithmic alignment assessment metrics
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