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Abstract With the development of the digital projection technology, the three-dimensional (3D) measurement
technology based on fringe projection is being widely used in many fields. However, in most application
environments, there are various periodic light sources in most application environments, which cause interference to
the imaging process of grating projection. Nonlinear errors are introduced in the phase extraction process, thus
affecting the accuracy of 3D reconstruction. To solve this problem, the interference factors of the ambient light
source are analyzed in the time domain, and the light source model is established by collecting and analyzing the
images affected by the periodic ambient light. For this reason, a high-precision phase compensation algorithm is
proposed. Experiments illustrate that the proposed algorithm can effectively suppress the phase nonlinear error
caused by the environmental light sources.
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Fig. 1 Schematic of three-dimensional measurement system and grating fringe patterns. (a) Three-dimensional measurement

system of structured light; (b) binary grating {ringe pattern; (c¢) binary grating {ringe pattern after defocusing
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Fig. 2 Plaster pictures collected by camera. (a) 1™ picture collected; (b) picture collected 2 ms later;

(c¢) effect of magnifying gray difference of picture by 10X
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Fig. 3 Influence of presence or absence of ambient light on phase under different phase shift steps.
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Fig. 4 Processing results of picture pixels. (a) Average gray-scale sequence; (b) Fourier transform results (local)
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intensity noise; (e) grating fringe pattern at 10 ms; (f) phase of grating fringe pattern
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situation; 3 steps phase shifting collection, (e) no ambient light source, (f) fluorescent lamp situation
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Table 1 Standard ball measurement results and residual error analysis

Radius stanard Radius max Radius
Method
error /mm error /mm measured /mm
18 steps with no environment light 0.032 0.143 50. 8098
3 steps with environment light 0. 350 1. 640 50. 6811
3 steps with environment light and proposed method 0. 220 0. 950 50. 7481
3 steps with no environment light 0. 200 0. 820 50. 7683
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Fig. 10 Standard spherical point cloud and fitting residual distribution. Without ambient light source, (a) 18 steps phase

shifting reconstruction results, (c¢) 3 steps phase shifting reconstruction results; with ambient light source,

(b) 3 steps phase shifting and reconstruction by using proposed algorithm after compensation results, (d) 3 steps

phase shifting reconstruction results
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