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Multi-source point cloud data fusion method based on Gaussian process model
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(1. Key Laboratory of Optoelectronic Technology and System of Ministry of Education, Chongqing University,
Chongqing 400030, China;2. AVIC Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract; Multi-sensor measurement technology is considered to be a very effective solution in surface metrology. Aiming at the problem
of modeling and fusion of multi-scale complex data sets, this paper proposes a multi-source point cloud data fusion framework based on
Gaussian process. Firstly, a robust point cloud registration method with adaptive distance is proposed to unify coordinate systems of
different measurement datasets. Then, by introducing adjustment theory, the residuals between multiple independent data sets from
different sensors are approximated, and a Gaussian process model based on Matern kernel function is constructed. Finally, the method is
verified by simulation verification and practical application, and a series of comparative experiments with existing methods are carried out
to verify the effectiveness of the method. The results show that the method can fuse multi-sensor datasets with higher fusion accuracy and
faster computational efficiency.
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Fig. 1 Block diagram of multi-sensor data fusion method
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Fig.3 Point cloud registration flow chart with adaptive distance
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Table 1 Comparison of point cloud registration results
AR SRR

(iR RS FERT/s
0, l, Ly t,
TDM 0.152° 0.1025 0.0612 0.0125 19.7192
JrZi/ME 0.043° 0.0607 0.0303  0.0046 18.156 3
RICP 0.113° 0.0437 0.0172 0.0011 16.4156
BiEMEEE 0.009° 0.0105 0.0047 0.0005 16.448 7
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Table 2 Comparison of data fusion results

HP $diisE LP HidiE4E TDM-WLS AD-WILS RICP-GP AD-GP
MAE/um 6.2 11.4 10.6 7.5 6.3 5.7
RMSE/um 5.4 10.5 8.1 6.5 5.7 4.6
Time/s — — 10.5 9.2 7.1 7.3
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Table 3 Data fusion evaluation results

CMM FeHEHEX SHAE AD-GP
MAE/pm 6.8 22.4 8.1 13.7
RMSE/pum 5.3 20.9 7.6 10.3
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Fig. 11 The curve of u with the number of iterations
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Table 4 Performance comparison of algorithms

with different weight coefficients

ik MAE/pm RMSE/ um
X (4) 15.7 14.8
K (5) 17.1 15.2
#(6) 15.5 13.1
AR 14.8 12.3
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JTR AR SCAE B Matern % bR 500 4 BE A T At 9 Fif
A%, MAE RMSE 735149 14. 1 #0111, 7, R T4 =1
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Table 5 Performance comparison of algorithms

with different kernel functions

AL MAE/m RMSE/ pm

LM% 133.2 117.3
B 41.7 36. 4
Matern 1% 14.1 11.4
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Fig. 12 Comparison of error of different kernel functions
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