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Three-Dimensional Point Cloud Registration Method with
Low Overlap Rate

Zhang Yuan, Li Xiaoyan , Han Xie
School of Data Science and Technology, North University of China, Taiyuan, Shanxi 030051, China

Abstract Aiming at the problem of high difficulty and low precision of two point cloud registration with low overlap
rate, a point cloud registration method combining clustering region partitioning with convex optimization problem is
proposed. First, the curvature feature of point cloud is used to establish multi-scale descriptor to ensure the
integrity of point cloud data and minimize redundant data. Second, the angle difference of multi-scale descriptor is
used to cluster and block the corresponding relationship to obtain the overlap area of the source point cloud and the
target point cloud. Finally, the point clouds in the overlap area and their corresponding relations are substituted into
the convex optimization problem to remove outliers and optimize the corresponding relations to achieve the coarse
registration, and then the iterative closest point algorithm is used to refine. Experimental results show that the
proposed algorithm can narrow the useful search range of point cloud registration, reduce the amount of registration
computation, and provide more advantageous registration accuracy and time efficiency for point cloud data with low
initial overlap.
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Fig. 1 Main flow chart of proposed algorithm
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Fig. 2 Registration results of Bunny000 and Bunny045. (a) Initial position; (b) registering using method of Ref. [11];
(c¢) registering using method of Ref. [21]; (d) registering using proposed method
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Fig. 3 Registration results of Dragon000 and Dragon024. (a) Initial position; (b) registering using method of Ref. [11];

(c) registering using method of Ref. [21]; (d) registering using proposed method
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Table 1 Comparison of point cloud registration results with high overlap rate

Point cloud Registration algorithm LCP Running time /s
Go-1CP 0. 760 73.00
Superd PCS 0. 861 31.25
Bunny000 and Bunny045 Method of Ref. [11] 0.930 10. 05
Method of Ref. [21] 0.964 12.98
Proposed method 0.979 12.27
Go-ICP 0.728 63. 50
Superd PCS 0. 803 23.74
Dragon000 and Dragon024 Method of Ref. [11] 0. 806 13.85
Method of Ref. [21] 0. 875 12. 15
Proposed method 0.920 11. 80
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Fig. 4 Registration results of Bunny045 and Bunny090. (a) Initial position; (b) registering using method of Ref. [11];

(c) registering using method of Ref. [21]; (d) registering using proposed method
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Fig. 5 Registration results of Dragon000 and Dragon048. (a) Initial position; (b) registering using method of Ref. [11];

(¢) registering using method of Ref. [21]; (d) registering using proposed method
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Fig. 6 Registration results of Happy048 and Happy096. (a) Initial position; (b) registering using method of Ref. [11];

(c¢) registering using method of Ref. [21]; (d) registering using proposed method
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Table 2 Comparison of point cloud registration results with low overlap rate

Point cloud Registration algorithm LCP Running time /s
Go-ICP 0.598 95.55
Superd PCS 0.676 35. 89
Bunny045 and Bunny090 Method of Ref. [11] 0.725 13.76
Method of Ref. [21] 0.783 12.23
Proposed method 0. 834 12.09
Go-ICP 0.479 83.43
Superd PCS 0. 559 32.96
Dragon000 and Dragon048 Method of Ref. [11] 0. 587 17. 49
Method of Ref. [21] 0.493 8. 34
Proposed method 0.756 13.92
Go-ICP 0. 399 67.05
Superd PCS 0.414 23.37
Happy045 and Happy090 Method of Ref. [11] 0.459 15. 86
Method of Ref. [21] 0.472 8.12
Proposed method 0.728 10. 45

3 Go-1CP ., Superd PCS FISCHA[11] = Fh 7 38 17 5
B B SRR 21 I ik is AT el R 0
H1 & 1 A3 2 v] DUAS AR SO VR e 8 A Al 4
T Y 2 T B RS B R B R REOR L G H R AR IR
B Y S CHE D T, AR SO A A D R
T E LA S . Go-ICP, Super4PCS H fif
FILRE T RAEN 2R M s B ER L L E S
R FLE R T B AR g L B A . AR SOy
A B/ TR DG ) Y A R A T
TR, L T 38 AR EE S R R 7 9k S
(@

BRC1T ][ 21 JH A e i e ME RO

BRItz Ah . R T G b R B AR SOk i
P, X AN geometryhub W 3 3545 14 9 41 52 Br = 48
T RO E AT B 0 E . X B ) IR R R
KR 40% ., SLwmas RwmE 7.8 i, Hi,
i Ca) L (b) 43 31l 2 AT A K [R] 19 0 £ 43 445 210 1)
)i 1 = Bt B Co R R AR SO kA 2 i =
Fl e g . B R AT LUE W R AR S0 ik R AT
DLKS FOAR G M C o . 1 34 A = B0 1 T o 1 BB
3 i,
©

Kl 7 Chairl 5 Chair2 BLHESSR . (OB = 1 (WD WIIR R = 25 (o) FI A SCT7 1 F i
Fig. 7 Registration results of Chairl and Chair2. (a) Initial point cloud 1; (b) initial point cloud 2; (c) registering using

proposed method
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Fig. 8 Registration results of Motobikel and Motobike2. (a) Initial point cloud 1; (b) initial point cloud 2;

(c) registering using proposed method
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Table 3 Registration performance of real 3D scan data

Point cloud LCP Running time /s
Chairl and Chair2 0. 804 12. 49
Motobikel and Motobike2 0.773 11.15
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