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Method of Space Point Positioning Based on Structure-from-Motion

*

Xie Zexiao™, Zhou Zuoqi”

College of Engineering, Ocean University of China, Qingdao, Shandong 266100, China

Abstract In view of the difficulty of full-scale measurement of large workpieces, a portable method of space point
positioning based on structure-from-motion (SfM) is proposed. First, the coded target with unique identity is pasted
on the surface of the measured object to achieve the stable matching of the corresponding points of each view. Then,
to avoid the cumulative error caused by the position transformation in different coordinate systems, a unified
coordinate system is selected, and a reference location algorithm based on the center of barycenter constraint is
proposed. On this basis, the robust estimation of the camera motion parameters is further determined, and the 3D
coordinates of the mark points are reconstructed by the multi view geometric constraints, and the global
optimization of the 3D reconstruction results and the intrinsic and extrinsic parameters of the camera is carried out
by the beam adjustment. The experimental results show that the method can achieve high precision measurement for
large workpieces. The maximum error of 3D measurement is 0.133 mm and the average error is 0.031 mm, which
can meet the requirements of industrial field measurement precision for large workpieces.
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Fig. 1 Schematic diagram of space point positioning method
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Fig. 2 Reconstruction for three corresponding points. (a) Only one mismatching point;
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Table 1 Contrast experimental results of reference positioning pixel
RP-TW RPNBC RP-BC
No. of group
Max Ave Max Ave Max Ave
1 5.210 2.339 0.693 0.245 0.384 0.118
2 3.220 2.470 0.596 0.280 0.272 0.130
3 23.208 14.187 4,732 2.494 0.524 0.181
4 5.097 2.215 0.823 0.823 0.204 0.103
5 5.558 1.960 0.8225 0.253 0.219 0.108
6 13.403 12.553 3.621 0.896 0.444 0.144
7 8.300 7.377 2.582 0.694 0.488 0.201
8 6.916 2.712 2.441 0.568 0.537 0.230
9 13.370 9.192 2.826 0.891 0.453 0.176
10 2.686 1.545 0.593 0.210 0.287 0.094
H2 RHEIRE R N
Table 2 Maximum and average value of back-projection error pixel

Before optimization After optimization

Algorithm for comparison

Maximum error Average error Maximum error Average error

Traditional (RP-TW) 5.220 0.442 0.206 0.0751
Proposed (RP-BC) 3.621 0.421 0.179 0.0688
3 B RN S B0 E 4 R
Table 3 Intrinsic calibration result of digital camera
f Uy Vo N, N, ko ko
24.744493 2140.735 1411.926 179.237 179.196 0.000098 —0.000001
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S5 B  U  45 2R v R g it R DR G, DA DG A )
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R4 SEQDR RS HT L IR A5 R (XTI 22
Table 4 Experimental results of positioning accuracy

analysis (absolute error) mm

Minimum error

0.00219

Maximum error

0.133

Average error

0.031
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Fig. 7 (a) Four samples images; (b) recovered 3D coded and uncoded targets and camera poses
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