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Abstract: In order to solve the problem of registration of spatial objects with unobvious same—name feature
points in the scanning at different sites or adjacent 3D field scenic spots, a point cloud registration method
based on the center of gravity feature transformation is proposed. Firstly, the gravity centers of the point
sets are calculated for the target point cloud and the point cloud to be registered, respectively. And then,
the distance from the point set to the gravity center is calculated and arranged in ascending sort. According
to the closest point and the farthest point, two feature vectors are constructed and the third feature vector is
synthesized. Thus, the point set features of the two scenes can be described as three corresponding feature
vectors. The rotation matrix is solved based on the rotation invariance of the matrix so as to solve the
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translation matrix and accomplish the initial registration. Finally, precise registration of the point cloud is
done using the improved ICP algorithm. The proposed algorithm is analyzed experimentally with a plurality
of registration algorithms, and the results show that the proposed algorithm is superior to the classic ICP
algorithm in registration speed and precision, and highly practicable since it can effectively solve the
registration problem of space targets with unobvious same—name feature points in the matching of point
clouds at adjacent 3D scenes.

Key words: Measurement; Point cloud registration; Space vector; Euclidean distance; Iterative closest
point
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(a) Target point cloud (b) Point cloud to be registered
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algorithm in Ref.[11] algorithm in Ref.[11] algorithm in Ref.[18] algorithm in Ref.[18]

&

(f) Initial registration by  (g) Precise registration by (h) Registration by classic (i) Initial registration by (j) Precise registration by
algorithm in Ref.[19] algorithm in Ref.[19] ICP algorithm proposed algorithm proposed algorithm
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Fig.4 Registration results of Bunny
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(a) Original point cloud (b) Initial registration by  (c) Precise registration by (d) Initial registration by (e) Precise registration by
algorithm in Ref.[11] algorithm in Ref.[11] algorithm in Ref.[18] algorithm in Ref.[18]
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(f) Initial registration by~ (g) Precise registration by (h) Registration by classic (1) Initial registration by (j) Precise registration by
algorithm in Ref.[19] algorithm in Ref.[19] ICP algorithm proposed algorithm proposed algorithm
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Table 1 Comparison of classic point cloud data registration

] Time/s MSE/mm

Algorithm
Bunny Horse Bunny Horse
Algorithm in Ref.[11] 35.13 37.92 0.087 2 0.085 6
Algorithm in Ref.[ 18] 49.35 51.45 0.0214 0.019 2
Algorithm in Ref.[ 19] 34.62 36.24 0.0154 0.012 0
Classic ICP 42.72 45.46 0.276 3 0.253 8
Proposed algorithm 24.53 26.37 0.012 6 0.010 2
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Fig.6 Two sets of physical maps
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(a) Original point cloud (b) Initial registration by  (c) Precise registration by (d) Initial registration by (e) Precise registration by
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(f) Initial registration by ~ (g) Precise registration by  (h) Registration by classic (1) Initial registration by (j) Precise registration by
algorithm in Ref.[19] algorithm in Ref.[19] ICP algorithm proposed algorithm proposed algorithm
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Fig.7 Registration results of Tea caddy

(a) Original point cloud (b) Initial registration by ~ (c) Precise registration by (d) Initial registration by (e) Precise registration by
algorithm in Ref.[11] algorithm in Ref.[11] algorithm in Ref.[18] algorithm in Ref.[18]
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(f) Initial registration by ~ (g) Precise registration by (h) Registration by classic (1) Initial registration by (j) Precise registration by
algorithm in Ref.[19] algorithm in Ref.[19] ICP algorithm proposed algorithm proposed algorithm
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Fig.8 Registration results of Cup
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Table 2 Comparison of registration of measured point cloud data

) Time/s MSE/mm
Algorithm
Tea caddy Cup Tea caddy Cup

Algorithm in Ref.[ 11] 63.20 60.74 0.095 2 0.094 9
Algorithm in Ref.[ 18] 85.47 80.29 0.029 4 0.028 7
Algorithm in Ref.[ 19] 62.18 59.22 0.020 3 0.019 1
Classic ICP 75.43 72.17 0.337 5 0.302 6
Proposed algorithm 53.84 49.19 0.0189 0.0177
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