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Table 1 Comparison of registration errors for blade point clouds under different sampling rates
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Fig.7 Point clouds of the three experimental samples
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Table 2 Registration error of three sets of generated point clouds under different algorithms
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Fig.8 Registration results of three sets of generated point clouds under different algorithms
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Fig.9 Comparison of registration results of different algorithms under varying allowance thicknesses

62 MiAHIEEEA - 20264E 5695 5 1610]



Visual Measurement and Inspection mﬁmﬁkjﬁm

®3 BHEMRNESRZEAEIRE RIZITHEIRT L

Table 3 Comparison of registration errors and computational time for measured point clouds

of remanufactured blades

(=R7S D/mm D/mm RMSE/mm IEATET ] /s
1cp™ 0.326 0.188 0.727 28.6
vMM?! 0.216 0.194 0.262 26.1
WPMVAM™ 0.218 0.185 0.436 27.9
FRICP"" 0.172 0.121 0.286 383
BWVM 0.154 0.110 0.251 373
ICP VMM WPMVAM FRICP

10 BHEHFNERAMREREBER

Fig.10 Color map of registration error for measured point clouds of remanufactured blades
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Robust Point Cloud Registration for Remanufactured Blades Based on
Bilateral Weighted Variance Minimization

ZHU Dahu'?, ZHANG Hongyou'?, ZHOU Zhilei"’, WANG Jing'?, DING Tao"’
(1. State Key Laboratory of Light Superalloys, Wuhan University of Technology, Wuhan 430070, China;
2. Hubei Key Laboratory of Advanced Technology for Automotive Components, Wuhan University of Technology, Wuhan
430070, China)
[ABSTRACT]

and machining allowance calculation of remanufactured blades. Existing fine registration algorithms often suffer from

Registration of model point clouds to measurement point clouds is crucial for the precise positioning

insufficient robustness when facing geometric deviations caused by additive allowances, which may lead to registration
tilt. To address this issue, a novel robust point cloud registration algorithm based on the principle of bilateral weighted
variance minimization (BWVM) was proposed. First, a difference feature truncation weight and an abnormal distance
suppression weight were established based on the point-pair total variance category difference and the point-pair relative
normal distance, respectively. Then, the two were multiplied to obtain the weight coefficient of the objective function,
forming a bilateral weighting scheme that considers both local feature consistency and distance constraints of point pairs.
The difference feature truncation weight excluded abnormal points in the repair area from the optimization process of
the objective function, while the abnormal distance suppression weight further applied secondary suppression to weak-
feature outliers caused by factors such as measurement noise in the remaining points, thereby enhancing the robustness
of the algorithm. Finally, ablation experiments verified the outlier identification capability of the proposed algorithm. The
measured point cloud registration results showed that the average registration error of the BWVM algorithm was 0.154 mm,
which was reduced by 28.7%, 29.4%, and 10.5% compared with advanced algorithms such as VMM, WPMVAM, and
FRICP, respectively. The algorithm can effectively achieve precise registration of point clouds for remanufactured blades.

Keywords: Point cloud registration; Bilateral weighted variance minimization (BWVM); Remanufactured blades;

(Dtgh &)

Registration tilt; Robot visual measurement
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