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Improved ICP Fast Point Cloud Registration Method Based on Feature Transformation
Combined with KD Tree

TANG Jialin, LIN Shounan,ZHOU Zhuang.SI Wei, WANG Tenghui and ZHENG Zexin
Beijing Institute of Technology,Zhuhai,Zhuhai, Guangdong 519088, China

Abstract Point cloud registration is the key technology of 3D reconstruction. Aiming at the problems of slow convergence speed,
low registration efficiency and long registration time in iterative closest point (ICP) algorithm, a fast point cloud registration
method based on feature transformation combined with kdtree is proposed to improve ICP. First of all. the three-dimensional
SIFT key points are obtained on the differential Gaussian model by down-sampling with voxel mesh method. Secondly,fast point
feature histogram(FPFH) is established. Then sample consensus initial alignment(SAC-IA) algorithm is used to realize rough
registration. Finally.according to the obtained initial transformation matrix and improved ICP algorithm based on KD tree.accu-
rate registration is realized. Experimental results of Stanford data registration show that compared with ICP algorithm, the pro-
posed algorithm has higher registration accuracy and time utilization.and can select a better initial pose for accurate registration.
To some extent, this study avoids the local optimal phenomenon existing in point cloud collocation,and provides an efficient me-

thod for subsequent target recognition and matching and 3D reconstruction.

Keywords Feature transform,Consistency of sampling,Fast point feature histograms.Iterative closest point
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Fig. 1 Point cloud registration algorithm flow
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Table 1 Comparison results between the proposed algorithm and ICP,3DSC+ICP methods
ICP 3DSCH+ICP Paper method
Point Regi ; Regi - Reei -
strat trat trat
Cloud egistration Time/s egistration Time/s egistration Time/s
error/m error/m error/m
Bunny 1.0348X10°° 96.71 2.0658X106 69. 83 5.5918x10° 8 6.59
Dragon 5.1881x10 6 20. 38 1.3290x106 42.57 7.1110x10°8 4.96
Happy 1.5601x10° 26. 30 1.4322x10 6 58.37 1.2980x 108 6.43

BRE K ACEOT SR IR b X 2 o
BEFT TR AIT - 1 68 T 4 32 IR | WA 38 88 49 Y [ A, 201 T
BT RHE R 454 KD RISk ICP M PR sl s BCHE . %
7 W A SR A B A T R L R 22 20 s BT R R R T
3DSIFT 5 x1 9 s e 5 R AT 07 1B P45 & il ke — 2K
A ) 200 200 T 9 TS SR A R A A L S BT R O 5 A R
Ji KD Bk 9 ICP ik SCBURS BOvfiE . 929 4 R R WL AR 3C
71 T LAY RO = 4 2 TG VE RS R B 5 B R L (HL TR
90 4y TC ¥ 5 R A 5 3 03 4 4 R TS A TE R R [ I i R ik
TEN BLAE b oy S B0 2 5 4 75 2 Bk — 2 i Ak .

2 % x o

[1] GUO Y,WANG H,HU Q.et al. Deep Learning for 3D Point
Clouds: A Survey[]]. arXiv:1912. 12033,2020.

[2] HUANG X,MEI G,ZHANG J.et al. A comprehensive survey
on point cloud registration[ J]. arXiv:2103. 02690,2021.

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

[4] YAO Z,ZHAO Q.LI X,et al. Point cloud registration algorithm
based on curvature feature similarity[]]. Measurement, 2021,
177(11):109274.

[5] LIUY Z,ZHANG Q,LIN S. Improved ICP Point Cloud Regis-
tration Algorithm Based on Fast Point Feature Histogram[] ].
Laser & Optoelectronics Progress,2021,58(6) :611003.

[6] YUE X F,LIU Z Y.ZHU J.et al. Coarse-fine point cloud regis-
tration based on local point-pair features and the iterative closest
point algorithm [ J/OL ]. Applied Intelligence, 2022: 12569-
12583. https://doi. org/10. 1007/s10489-022-03201-3.

[7] LI Z,ZHUKUN L. Virtual Namesake Point Multi-Source Point
Cloud Data Fusion Based on FPFH Feature Difference[ ] ]. Sen-
sors,2021,21(16).

[8] CARVALHO L E,VON WANGENHEIM A. 3D object recog-
nition and classification: a systematic literature review[ ] ]. Pat-
tern Analysis and Applications,2019:1-50.

[9] LU J,WANG W,SHAO H.et al. Point Cloud Registration Al-
gorithm Fusing of Super 4PCS and ICP Based on the Key Points
[C]//2019 Chinese Control Conference(CCC). 2019.

[10] MATTHEW Y,CHRIS P,JOSH M,et al. Sparse point cloud

230100028-4



FEAEAR, 45 5 T AR ME AR #2454 KD B slc ik ICP A9 P 5 = e v 5 1

[11]

[12]

[13]

[14]

5

]

registration and aggregation with mesh-based generalized itera-
tive closest point[ J]. Journal of Field Robotics,2021,38(8).
LOW D G. Distinctive Image Features from Scale-Invariant Key-
points[ J/OL]. International Journal of Computer Vision 60,
2004 91-110. https://doi. org/10. 1023/B: VISL. 0000029664.
99615. 94.

RUSU R B,BLODOW N,BEETZ M. Fast Point Feature Histo-
grams (FPFH) for 3D registration [ C] / IEEE International
Conference on Robotics & Automation. 2009,

ZHAO M, HUANG Z,SONG T, et al. Point cloud registration
method based on sample consensus initial alignment and itera-
tive closest point algorithm[]J]. Laser Journal,2019,40(10) :45-
50.

SHI X J,LIU T,HAN X.Improved Iterative Closest Point
(ICP) 3D point cloud registration algorithm based on point
cloud filtering and adaptive fireworks for coarseregistration[ ] ].
International Journal of Remote Sensing, 2020, 41 (8):3197-
3220.

SHI X J, LIV T, HAN X. Improved ICP Point Cloud Registra-

tion Algorithm Based on Fast Point Feature Histogram[]]. La-

ser & Optoelectronics Progress,2021,58(6).

[16] DAMODARANS, SUDHEER A P,SUNIL KUMAR T K. An
evaluation of spatial mapping of indoor environment based on
point cloud registration using Kinect sensor[C]// 2015 Interna-
tional Conference on Control Communication & Computing In-

dia(ICCC). Trivandrum,India,2015:548-552.

TANG Jialin, born in 1982, Ph.D, asso-
ciate professor, is a member of China
Computer Federation. His main re-
search interests include artificial intelli-

gence,data science and computer vision.

LIN Shounan, born in 2001,undergra-
duate, bachelor degree. His main re-

search interests is computer vision.

230100028-5



