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An Efficient Point Cloud Registration Algorithm Based on
Principal Component Analysis

Chen Yi, Wang Yong, Li Jinlong, Liu Dengzhi, Gao Xiaorong, Zhang Yu
School of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031, Sichuan, China

Abstract The classic iterative closest point algorithm is sensitive to the initial position and may fall into a local optimal
solution. However, if coarse registration is carried out first to adjust the position and pose, it will take a long time to
calculate. Thus, an efficient point cloud registration algorithm based on principal component analysis (PCA) is proposed.
First, PCA was used to identify the principal axis directions between the two point clouds. Subsequently, the coordinate
system was transformed based on the relationship between two principal axes. Finally, the distance between the contour
points on the axes was used for correction to avoid spindle reverse. Compared with the typical error correction method,
this approach greatly reduces calculation time. The experimental results show that the improved PCA registration
algorithm reduces the running time by 80% on average, and the computational efficiency is significantly improved for point
clouds containing more than 20000 points. Further, the algorithm addresses poor initial position and realizes the rapid
registration of the two point clouds under any pose. Moreover, the algorithm can be applied to the 3D point cloud
registration of train components to improve registration efficiency.
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Fig. 1 Stanford dataset. (a) bunny model; (b) armadillo model; (¢) bunny registration initial pose; (d) armadillo registration initial pose
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Fig. 2 Registration of bunny. (a) SAC-TA algorithm; (b) 4PCS algorithm; (¢) PCA algorithm; (d) improved PCA algorithm
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Table 1 Experimental indicators of bunny registration

bunny AR AT Ryvise t/s
SAC-TIA 16. 5739 0. 0530608 0. 00293281 1.29
4PCS 15. 0242 0.0548299 0.00111164 1.659
PCA 0.000126358 7.57978 X107 5.27204 X107 23.873
Improved PCA 0.000126358 7.57978X10 ° 5.27204 <10 7 2.571
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Fig. 3 Registration of armadillo. (a) SAC-TA algorithm; (b) 4PCS algorithm; (¢) PCA algorithm; (d) improved PCA algorithm
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Table 2 Experimental indicators of armadillo registration

Armadillo AR AT Riwse t/s
SAC-IA 4.71442 4.04072 1. 5096 12.131

4PCS 1. 09063 9. 86902 1. 95982 4.9
PCA 0.000122943 0.00036171 0. 000413456 27.007
Improved PCA 0.000122943 0.00036171 0.000413456 2.751
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Fig. 4 Train components. (a) Standard rail model; (b) bolt point cloud after denoising; (c) brake cylinder; (d) gearbox
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Fig. 5 Registration results of proposed algornhm for train components. (a)-(d) Initial positions of point clouds of each component;

(e)—(h) coarse registration results by improved PCA algorithm
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Table 3 Experimental indicators of train components registration DL AR B T B 5 2 S 1A % . T PCA K I 7 2
Train AR AT Rivse t/s ﬁm?k TE E,JT{ZE T:”:lgﬁ*ﬂu SE B .‘[HSXT 7%%71‘
components HUR R 5 H 4t
Rail 0.000273208 0.00802271 0.00698371 3.511 AN Y BB D 48 Y 2 MR AT T T 1 S A
Bolt 0. 000105868 0.00193686 0.0016199 5. 329 W MR 7R . B AR A 2877984 K =
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Table 4 Comparison of registration time of train components

Improved
t/s SAC-IA  4PCS PCA
PCA
Rail 98. 837 1.791 11. 066 3.511
Bolt 6.209 7.148  23.976 5.329
Brake cylinder ~ 41.156 4.09 23.325 2.03
Gearbox 22.019 1.435  22.948 2.751

P70 Bl o (a) KB HIORUR IO HURD A 0 25 B 5
(b)) 4y iz 8
Fig. 7 Point cloud data of sand-spreading pipe. (a) Point cloud
data of sand pipe after discrete points removed; (b) initial
pose
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Fig. 6 Registration of rail model by 4PCS algorithm. (a) 4PCS T D TC 7 B i E@a(ﬁ*ﬁrj_*ﬁ BTEAMNPCAR

coarse registration results; (b) ICP fine registration results /f B KB = o 3K 2 P O Bk i PCA B3 7 42
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Fig. 8 Point cloud registration effect of sand-spreading pipe. (a) ~ (d) Coarse registration results of SAC-IA, 4PCS, PCA, and

improved PCA respectively; (e)—(h) results of Fig.8 (a)~(d) by ICP fine registration
RS BCE LI 4E by

Table 5 Experimental indicators of sand-spreading pipe registration

Algorithm AR AT Ryvse t/s

SAC-IA 3.95155 33. 0466 1.63944 5. 37
4PCS 1. 20092 16. 9889 1. 28889 5. 656
PCA 0. 266965 2.00767 0.522078 23.934
Improved PCA 0. 000109283 0.000448835 0. 000605929 4.427
SAC-IA+ICP 0.194783 3.17572 0. 409967 1. 103
4PCS+ICP 0. 649496 16. 1011 0.653928 1.376
PCA+ICP 0.00464453 0.026082 0. 30726 0.682
Imp-PCA+ICP 0. 000341509 0.00201196 0. 000995685 0.464
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Fig. 9 Point cloud data of brake cylinder. (a) Brake cylinder 1; (b) two point clouds collected from perspective 1; (¢) brake cylinder 2;

) two point clouds collected from perspective 2
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Fig. 11 Registration of two point clouds from perspective of brake cylinder 2. (a)-(d) coarse registration results of SAC-TIA, 4PCS,

PCA, and improved PCA respectively
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Fig. 10 Registration of two point clouds from perspective of brake cylinder 1. (a)-(d) coarse registration results of SA(rIA, 4PCS,

PCA, and improved PCA respectively
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Table 6 Coarse registration time of brake cylinder

Improved
t/s SAC-TA  4PCS PCA
PCA
Brake cylinder 1~ 27.434 1.722 23.393 4.939
Brake cylinder 2 26.911  48.525  96.748 1.34
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