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Abstract This study proposed a differently scaled point cloud registration algorithm based on artificial bee colony
optimization that can improve the accuracy and efficiency of differently scaled point cloud registration. The scale scaling
factor, together with the three-dimensional rotation and translation parameters, was introduced as the variables to be
solved in the registration process, and the artificial bee colony optimization method was used to optimize the solution.
Furthermore, the proposed algorithm improved the Euclidean distance objective function based on the normalized scale
factor, which eliminated the errors caused by optimizing the scale scaling factor to effectively improve the stability of the
registration algorithm. Compared to currently employed methods, the proposed algorithm improves the accuracy and
efficiency in different model registrations. The experimental results demonstrate that the proposed algorithm utilizes the
excellent global optimization ability of the artificial bee colony optimization method and can therefore effectively realize the
high-precision and fast registration for differently scaled point clouds.
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Table 1  Point cloud data information
Point cloud Image to be registered Target /source point cloud Number of points Angle of view
Bun000 Target 40256 .
Bunny 45
Bun045 Source 40097
ArmadilloBack 0 Target 19283
Armadillo } 30°
ArmadilloBack 30 Source 12150
Bag_Kinect Target 11595
Bag Unknown
Bag SFM Source 21495
) Tsinghua gate Lidar Target 33721
Tsinghua gate ) Unknown
Tsinghua gate_ SFM Source 971436
} ) o Life science building _Lidar Target 761729
Life science building ) ) o Unknown
Life science building _SFM Source 1813056
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Fig. 2 Homologous point cloud data. (a) Bun000; (b) Bun045; (¢) ArmadilloBack _0; (d) ArmadilloBack_30
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B3 B =B () F L _Kineet; (b) Bl _SFM; (c)#if#81] _Lidar; (d) 41T _SFM; (e) ERHE Lidar; (D ERHE SFM
Fig. 3 Cross-source point cloud data. (a) Bag_Kinect; (b) Bag SFM; (¢) Tsinghua gate Lidar; (d) Tsinghua gate_ SFM; (e) Life
science building _Lidar; (f) Life science building SFM
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Fig. 4 Point clouds to be registered with different scaling factors. (a) Bunny, s,=20; (b) Bunny, s,=10; (¢) Bunny, s,=1. 25;
(d) Armadillo, s,=20; (e) Armadillo, s,=10; (f) Armadillo, s,=1. 25
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Fig. 5 Registration results of various algorithms for Bunny point cloud under different scale factors. (a) EBABC-RS-IR; (b) ICP;
(¢) Scale-ICP; (d) CPD; (e) proposed algorithm
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Fig. 6 Registration results of various algorithms for Armadillo point cloud under different scale factors. (a) EBABC-RS-IR; (b) ICP;
(c) Scale-ICP; (d) CPD; (e) proposed algorithm
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Table 2 RMSE for each registration algorithm with different
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Table 3 Time for each registration algorithm with different

scaling factors unit: mm scaling factors unit: s

Point cloud S, Scale-ICP CPD Prop(?sed Point cloud S, Scale-ICP CPD Prop(?sed
algorithm algorithm

20 1.425X10°° 2.127X10° 1.970X10°° 20 44. 280 91.110 17.120

Bunny 10 1.425X10°% 2.138X10°° 2.086X10° Bunny 10 43. 449 91.470 17.670
1.25 1.425X10°% 2.152X107° 1.985X10°° 1.25 43.452 88.928 16. 852

20 1.503X107% 1.652X107* 8.525X10°° 20 9.629 12.577 12.335

Armadillo 10 1.503X10 * 1.663x10 * 7.763X10 * Armadillo 10 9. 306 15. 457 11.416
1.25 1.503X10°% 1.629X10 * 7.758Xx 10" 1.25 9.598 13.499 14. 477
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(f) Armadillo, 30 dB
Fig. 7 Point cloud registration results under different noise. (a) Bunny, 20 dB; (b) Bunny, 25 dB; (¢) Bunny, 30 dB;
(d) Armadillo, 20 dB; (e) Armadillo, 25 dB; (f) Armadillo, 30 dB
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F4 ORFEIMETE TN PR B TR YRR 22
Table 4 RMSE of the proposed algorithm under different noise unit: mm
Point cloud S, 20 dB 25dB 30dB No noise
20 8.229x107"° 4.594x107° 3.799Xx10°° 1.970x10°°
Bunny 10 7.949X10°° 7.176X10°° 3.223X10°° 2.086x10°°
1.25 8.358X10°° 4.704Xx10°° 3.073X10°° 1.985x10°°
20 1.010x 107" 8.815x 107" 8.034x107° 8.525X107°
Armadillo 10 1.032x10°* 1.129Xx107* 8.155X107° 7.763X10°°
1.25 1.184x10°" 8.804x 107" 8.312X107° 7.758%107°
F5 RIS T YT 4R 5 AT ek ]
Table 5 Time of the proposed algorithm under different noise unit: s
Point cloud S 20 dB 25dB 30dB No noise
20 20.279 20. 879 19.432 17.120
Bunny 10 20. 289 20.099 20. 604 17.670
1.25 20.617 19.997 17.419 16.852
20 14. 045 14.774 14.308 12.335
Armadillo 10 14.931 14.570 13.654 11.416
1.25 14. 098 14.826 13.956 14.477

PIS BRI 25 A XE BT BAARAS L () 154 () WD T 5 (o) A RS

Fig. 8 Relative initial state of cross-source point clouds to be registered. (a) Bag; (b) Tsinghua gate; (c) Life science building
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Fig. 9 Local amplification effect of Bag registration
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Tsinghua gate point cloud registration results. (a) Main perspective; (b) prone perspective; (c) side perspective
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Fig. 11 Life science building point cloud registration results. (a) Main perspective; (b) prone perspective; (c¢) side perspective
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