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Point cloud registration method for deformed thin-walled parts
based on on-machine measurement of structured light

LI Maoyue” , TTIAN Shuai, LIU Shuo, ZHAO Weixiang
(School of Mechanical and Power Engineering, Harbin University of Science and Technology , Harbin, Heilongjiang
150080, China)

Abstract : Combined with the local features of point cloud and Octree optimization search,an automatic
registration algorithm of 3D deformation point cloud for machining process measurement of thin-walled
parts is proposed,and the displacement deviation is effectively calculated. Firstly, the data of the point
cloud model of thin-walled parts is preprocessed to remove the invalid points and noise points in the main
body. The normal vector and three feature elements of the point cloud are calculated as the input of the
point pair feature net (PPFNET) feature learning method. The deformed local features are aggregated
into the global features by using the maximum pool layer. Through the in-depth learning of the global
and local feature descriptors, it can find out the corresponding relationship between disordered point
clouds and complete the rough registration process of point clouds. Then,an improved precision registra-
tion algorithm based on interative closest point (ICP) is proposed. By increasing the threshold limit and
filtering the influence of chatter during machining deformation,the registration accuracy is 98. 58% and
the registration efficiency is improved by 10%. Finally, Hausdorff is used to calculate the distance,and
Cloud-Compare is used to analyze the displacement deviation. The comparison between the analysis re-
sults and the experimental results shows that the mean absolute percentage error (MAPE) is 2. 32%.
The simulation results show that the proposed method meets the requirements of real-time and measure-
ment accuracy of machining deformation.
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Fig.1 Influence area of fast point feature histogram
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Fig. 4 Improved ICP fine registration process
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Fig. 10 Registration effect of thin wall part:(a) NDT-ICP registration; (b) SAC-IA-ICP registration;
(¢) PPENET-ICP registration; (d) Improved registration algorithm
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Fig. 11 Force model and analysis of thin-walled parts
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Fig. 12 Analysis of finite element results in milling process:
(a) Finite element analysis of cut-in process;

(b) Finite element analysis of intermediate processes;

(¢) Finite element analysis of cut-out process
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Tab.3 R and T change matrix

State R and T change matrix

0.997  0.073  0.017 40.144

) —0.073 0.997 —0.012 —14.884
Cut-in
—0.018 0.011 1. 000 1. 646
0. 000 0. 000 0. 000 1. 000
0.999 0. 050 0.020 60. 430
—0.049 0.998 —0.028 —47.729
Intermediate
—0.022 0.027 0.999 0.212
0. 000 0. 000 0. 000 1. 000
1. 000 0. 005 0.011 25.227
—0.005 1.000 —0.016 —15.370
Cut-out
—0.011 0.016 1.000 —0.369
0. 000 0. 000 0. 000 1. 000

0.194557
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Fig. 13 Displacement deviation diagram: (a) Cut-in
displacement deviation; (b) Intermediate displacement

deviation; (¢) Cut-out displacement deviation

Ye BB X - B S 2022%F H33%

Maximum displacement/mm

0.00 T T T T T |

Time/s

B 14 MIEZESEAREREBHLE
Fig. 14 Curve diagram of machining process maximum

deformation displacement

x4 ZIRUBREHFTRIRE

Tab. 4 Root mean square error of actual displacement deviation

State Root mean square error/mm
Cut-in 0.017
Intermediate 0.012
Cut-out 0.018
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