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Abstract Aiming at the key point description and repeatability in the method of key point detection of three-
dimensional (3D) point cloud is not strong, and the number of detected key points is small, we propose a novel
algorithm of key point detection. Firstly, in order to improve the efficiency of the algorithm, the uniform sampling
method is used to reduce the number of points in the 3D point cloud that can reduce the complexity of the 3D point
cloud. Then, we use Signature of Histograms of OrienTations (SHOT) descriptor to describe the points uniformly
sampled in multi-scale, and analyze the uniqueness of the multi-scale SHOT descriptors at each point, and select the
SHOT descriptor with larger discreteness of points as the key points. The proposed method uses the descriptive
SHOT descriptor to describe the neighborhood of the key points, and enhances the descriptivity of the key points.
The experimental results show that the uniform sampling is highly efficient in time and meets the time requirements
of the keypoint detection. The proposed method has better reproducibility than Harris 3D, scale invariant feature
transform (SIFT) and internal shape signature (ISS) key point detection algorithms in the key point detection.
Therefore, the proposed method can detect high quality key points in the 3D point cloud model and scene effectively
and quickly.
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Table 1 3D point cloud uniform sampling point information and the time of uniform sampling

Number of Rate of Time of Efficiency of
Number of
Point cloud uniform sampling  uniform sampling uniform uniform
original points

points points /% sampling /ms sampling /ms
Bunny 35947 7778 21.63 83 0.0023
Armadillo 172974 12348 7.14 202 0.0012
Dragon 437645 40409 9.23 1185 0.0027
Chef 176920 12176 6.88 327 0.0018
Chicken 135142 9573 7.08 183 0.0014
Parasaurolophus 184933 13987 7.56 218 0.0012
Scenel 167414 40145 23.98 592 0.0035
Scene2 202248 47897 23.68 1076 0.0053
Scene3 234564 55670 23.73 577 0.0025
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Fig. 2 Detecting results of key points

F 2K 3D ALz Ay SCBE A B A FE B I (8]

Table 2 Number of key points in the 3D point cloud and the time consumed

Number of Number  Time of Time of Time of Time of
Number of Number of
Number of SIFT of ISS proposed Harris3D SIFT 1SS
Point proposed Harris3D
original detecting detecting detecting detecting detecting  detecting
cloud ) detecting detecting ] ) ) )
points key key  key points / key points/ key points /key points /
key points  key points ) )
points points ms ms ms ms
Bunny 35947 3384 664 108 479 12127 3279 1079 1934
Armadillo 172974 5896 983 150 2299 29005 41815 4718 12945
Dragon 437645 19486 3300 265 12012 73260 85938 9030 35215
Chef 176920 4362 569 29 1422 25049 45310 3233 16569
Chicken 135142 3331 556 139 1333 20591 35569 3389 28615
Parasaurolophus 184933 4945 1004 171 2466 29270 44330 4466 21497
Scenel 167414 18311 3553 1103 2326 92480 45798 9160 22704
Scene?2 202248 18886 4274 1139 2845 98087 61916 15102 29471
Scene3 234564 24485 4934 1372 3274 142315 95050 18434 67658
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Fig. 3 Anti-noise analysis results.
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