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3D point cloud registration algorithm with IVCCS
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Abstract: In order to solve the problems of long registration time and low accuracy in the case of data lossing
and noise points existing in the traditional iterative closest point (ICP) algorithm, a new registration algorithm
based on improved voxel cloud connectivity segmentation (IVCCS) combined with weighted nearest neighbor
distance ratio was proposed. Double threshold voxel denoising was used to remove the noise voxel in the initial
seed voxel, which was caused by a single constraint in the original voxel cloud connectivity segmentation
algorithm (VCCS). Meanwhile, layered voxel cloud denoising was used to speed up the operation speed of
registration. The feature points in the point cloud were extracted by flow constrained clustering, and whether the
feature points were coincidence points was verified according to the nearest neighbor distance ratio. The
minimum objective function of ICP was optimized by giving different weights, so as to accelerate the registration
speed.Experimental results show that compared with the traditional ICP algorithm, the algorithm has reduced the
number of iterations, and significantly improved the accuracy and speed. Compared with the ICP algorithm based
on fast point feature histogram (FPFH), the algorithm has improved the registration accuracy by 8.5%-24.7%, the
speed by 65.6%-92.3%, and the number of iterations decrease by 16.6%-38%.
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Fig.1 Schematic diagram of spatial voxelization
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Fig.2 Schematic diagram of voxelization and meshing parameters
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Fig.3 Search order of stream-constrained clustering algorithm
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Fig.4 Schematic diagram of small threshold denoising
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Fig.5 Schematic diagram of large threshold denoising
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Fig.8 Visualization effect of Gazebo data registration
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Fig.10 Images taken by cameras with different viewing angles
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Fig.11 Point cloud images scanned by radar at different viewing angles
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Fig.12 Visual effect of car data registration
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Fig.13 Actual collected data of the library
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Fig.14 Visual effect of library data registration
T H AR AN FIALAA T R AR R AT S IR BE,
7 B 3 4 %5 . B ) .
b s i i ) 1 ST A S PN 15 B8 o 4830 STk 5 1648 1CP
ab.7 Statistics of library data results ~ - N . N

Y VA FPFHAICP 5532 R 47 06 He S, 477 3 T ML

Algorithm RMSE Time/s Iterations L .

- R G T NIE 16 3 8 FiR,

ICP 8.011x107* 84.828 59 A A sl o s2r < g
orice 620t 3 1es | fh 4 8 T, T A7 G 5 R AR 5 5
IVCCS+WICP 5.386x107* 0.945 20 @EY’EN, p'e EP%/%*E 54 ?E’fﬁﬁﬁ%/fﬁ@ﬂyﬁﬁﬁi

Hi 22 7 AT, A6 b 3R AL S B s = B B, SC
BRI RTY 1E s R A = N7 ALY ST Y e = S A
(P F, A% T FPFHHICP A BE £ i 1 13.7%, Ab ik
JE EIRT 70.1%, SRR EOE A T 35.4%.

() N T RAESC R AT RE Iy, DU
Sk, T8 ik B R Ry B8 TR, A W A

HA B8 A, LR AT R RS A 2 B30 T of )
-, AR T FPFHHICP K FE2 15 1 15.9%, Ab 3B |
PR T 65.6%, EAIREE D T 33.3%:

A S PRoR AR B AT 2 20 S, RS ATE
T FE AN [ AR | S 4Y A BB 25 % B 4 T A T e
RE T, S0 25 ST, SCHR Rk A T DL B LR
B R RIHRE % 5 8] R AF A FCHERCR . ML T ICP &

P15 e AR SR B

Fig.15 Actual collected data of the panzer
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* 8 EHEMIEERST SCHR BT BB A A A8 52 BUIC T S5, O e T M AE S
. e . - H 1 FH
Tab.8 Statistics of library data results P FH R (6 TR R B
Algorithm RMSE Time/s Iterations
B2k
ICP 2.199x10°* 31.116 38
FPFH+ICP 1.652x107 2.112 21 [11 Xiao J, Qu W, Jiang H, et al. Three-dimensional fractal
IVCCS+WICP 1.388x10°* 0.726 14 characterization of concrete surface subjected to sulfuric acid

B A GRS | L BRI B U I, A
HF FPFHHICP B3k, SR AL fe kG B e & 1
13.7%~24.9%, S L5 T 65.6%~75.3%.

4 4

EE XL S8 TCP 5392 16 e o 1 B R ARRE I I
B2 | 455 32 BINE TS S A (), B T —
WUHE IR 3R 2 3% 58 P 43 )5 AR ) BE S L ICP B
DRSS G R BCHE S, R SR (B AR R LR XT VCCS
BRI, PRUE T IE A 04 2 E R, TR A R XY
] Fgc T AR R S X ICP /N H A sREGHEATINAL, 42 5
TECHERE R, IR T ECAE R . SEIR SR oK, SO
4 558 ICP F1 FPEHHICP 34 M e B R EE B, 1%
KB | Z WS SN/ N3, AH LT FPFHAICP
B, BCMERS R T 10.6%~22.4%, ¥ iR T
87%~95.2%, IEACK LI D T 16.1%~46%; AH L T K
AR VCCSHCP Bk, MR = T 47.9%, 1
BT 0%, RS, FEER NS BR A 2 B0 e v ) L
AH LT FPFHHICP 553k, SCH S e 7ERs D7 T4 &y 1
13.7%~24.9%, ¥ B 42 5 T 65.6%~75.3%. - 55 ik W]

attacks [J]. Journal of Nondestructive Evaluation, 2020, 39(3):
39-57.

[2] Xu S Q, Jia X L, Choi Y, et al. Three-dimensional scanning
technique in the congenital microtia reconstruction with tissue
expander [J]. Chinese Medical Journal, 2021, 134: 842-844.

[3] Peng Y, Zhou Y, Yao J, et al. Three-dimensional shape
reconstruction via an objective function optimization-based point
cloud registration method [J]. Optical Engineering, 2017,
56(11): 113108.

[4] Aldoma A, Marton Z C, Tombari F, et al. Tutorial: point cloud
library: three-dimensional object recognition and 6 DOF pose
estimation [J]. IEEE Robotics & Automation Magazine, 2012,
19(3): 80-91.

[S] Hu Yanwei, Wang Jianjun, Fan Yuanyuan, et al. Lidar-based
three-dimensional modeling and volume calculation for space
objects [J]. Chinese Journal of Lasers, 2020, 47(5): 0510001.
(in Chinese)

[6] Lu Tieding, Yuan Zhicong, Zheng Kun. Super 4PCS point cloud
registration algorithm combining scale invariant features [J].
Remote Sensing Information, 2019, 34(5): 15-20. (in Chinese)

[7] Liu Jian, Bai Di. 3D point cloud registration algorithm based on
feature matching [J]. Acta Optica Sinica, 2018, 38(12):
1215005. (in Chinese)

20210491-11



ISk A2

29 www.irla.cn

(8]

[10]

[11]

[12]

[13]

[14]

Blais G, Levine M D. Registering multiview range data to create
3D computer objects [J]. IEEE Transactions on Pattern
Analysis & Machine Intelligence, 1995, 17(8): 820-824.

Huber D F, Hebert M. Fully automatic registration of multiple
3D data sets [J]. Image & Vision Computing, 2003, 21(7): 637-
650.

Besl P J, Mckay H D. A method for registration of 3-D shapes
[J]1. IEEE Transactions on Pattern Analysis & Machine
Intelligence, 1992, 14(2): 239-256.

Rusu R B, Blodow N, Beetz M. Fast point feature histograms
(FPFH) for 3D registration[C]//IEEE International Conference
on Robotics & Automation. IEEE, 2009: 3212-3217.

Rusu R B, Blodow N, Marton Z C, et al. Aligning point cloud
views using persistent feature histograms [C]/EEE/RSJ
International Conference on Intelligent Robots and Systems.
IEEE, 2008: 3384-3391.

Weber T, Hénsch R, Hellwich O. Automatic registration of
unordered point clouds acquired by Kinect sensors using an
overlap heuristic [J]. ISPRS Journal of Photogrammetry &
Remote Sensing, 2015, 102: 96-109.

Xiong Fengguang. Research on registration technology of 3D

point cloud[D]. Taiyuan: North University of China, 2018. (in

20210491-12

[15]

[16]

[17]

(18]

[19]

[20]

Chinese)

Lin Junyi, Wu Lei, Yang Meiying, et al. Rapid robot vision
positioning method for large free-form surface parts [J].
Computer Integrated Manufacturing Systems, 2021, 27(7):
1951-1958. (in Chinese)

Papon J, Abramov A, Schoeler M, et al. Voxel cloud
connectivity segmentation-supervoxels for point clouds [C]/
Computer Vision & Pattern Recognition. IEEE, 2013: 2027-
2034.

Jiang Yuanyuan. Research on supervoxel based region growing
segmentation for point cloud data[D]. Xi'an: Xidian University,
2017. (in Chinese)

Liu Xiaoni. Research on 3D data segmentation method based on
supervoxel[D]. Changchun: Jilin University, 2019. (in Chinese)
Zhou Shengtao, Liu Xuelian, Wang Chunyang. Non-iterative
denoising algorithm based on a dual threshold for a 3D point
cloud [J]. Optics and Lasers in Engineering, 2020, 126:
105921.

Wang Jianjun, Lu Yunpeng, Zhang Jiyun, et al. Optimization
and performance verification of high efficiency ICP registration
for laser point clouds[J]. Infrared and Laser Engineering,

2021, 50(10): 20200483. (in Chinese)



	0 引　言
	1 基于双阈值体素去噪的VCCS
	1.1 VCCS算法
	1.2 双阈值体素去噪算法
	1.3 算法流程

	2 加权双向最近邻距离比ICP
	2.1 双向最近邻距离比
	2.2 加权优化最小目标函数

	3 实验与结果分析
	3.1 理想数据配准
	3.2 含有噪声数据配准
	3.3 实际数据配准

	4 结　论

