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A Three-Dimensional Measurement Method Based on
Multiple Reflected Images

Xu Shunyu, Xu Xiao"
School of Physics and Optoelectronics, South China University of Technology, Guangzhow, Guangdong 510641, China

Abstract When multi-view structured light is used for three-dimensional measurement of metallic objects, the
structured light images obtained by each camera exhibit obvious differences because the reflected light intensity
significantly changes with the angle; thus, the degree of matching of images is reduced. At some locations with
strong reflections, stray light can even render the measurement of line structured light impossible. Moreover, when
the same parameter is used to match or process the image, the accuracy of the measurement is poor if materials with
large differences in reflectivity and reflection performance are simultaneously encountered. To mitigate these
problems, a three-dimensional structured light measurement method and an instrument calibration method based on
the formation of multiple reflected images are proposed. The three-dimensional structured light measurement
method solves the spatial coordinates of structured light image points by establishing a relation between the image
and spatial coordinates of the corresponding points of the multiple reflected images. Experimental results indicate
that to a certain extent, this method overcomes the problems of large brightness contrast and high reflectance
encountered in structured light measurement of high-reflection surfaces. Moreover, the measurement accuracy in
our experimental platform reaches the engineering requirement of ==0.1 mm.
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Table 1 Linear regression result of y about u and v
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Table 2 Measured tape thickness

No. Thickness /mm
1 0.08
2 0.11
3 0.12
4 0. 08
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6 0.11
7 0.13
8 0.07
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Table 3 Error of each rotation of translation stage
Number of rotations 1 2 4 5 6 7 8
Nominal displacement /mm 0. 331 0. 331 0.331 0. 331 0. 331 0. 331 0. 331 0. 331
Measuring displacement /mm 0. 3897 0.231 0.3103 0.3185 0.328 0.3362 0. 3444 0.3539
Error/mm 0.0587 —0.100 —0.0207 —0.0125 —0.003 0.0052 0.0134 0.0229
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Table 4 Measurement error of each rotation of left-headed translation stage

Number of rotations 1 2 3 4 5 6
Actual displacement /mm 0.331 0.331 0. 331 0. 331 0. 331 0.331
Measuring displacement /mm 0.3705 0. 3075 0. 2705 0.4057 0.2365 0.4248

Error /mm 0.0395 —0.0235 —0.0645 0.0747 —0.0945 0.0938
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Table 5 Measurement error of each rotation of right-headed translation stage

Number of rotations 1 2 3 4 5 6
Actual displacement /mm 0. 331 0. 331 0. 331 0. 331 0. 331 0. 331
Measuring displacement /mm 0. 3603 0.379 0.3162 0. 3549 0. 3202 0. 3063

Error /mm 0.0293 0.048 —0.0148 0.0239 —0.0108 —0.0247
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