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Abstract Aiming at the problem that the Gamma nonlinear effect of the projector and the camera will cause periodic
errors in the unwrapping phase results, a phase error suppression method based on the mean template is proposed.
First, Fourier transform is performed on the unwrapping phase to calculate the period value of the phase error.
Then, a one-dimensional mean filter template with variable length is designed. The length of the template is related
to the period of the phase error. Finally, this template is used to perform mean filtering on the unwrapping phase to
eliminate periodic errors. Experimental results show that the proposed method reduces the periodic error of the
unwrapping phase by an average of 94%, eliminates the distortion ripples that appear when measuring the depth
information of flat objects with structured light, and improves the accuracy of phase measurement and depth
information measurement without complex mathematical models and increasing fringe patterns. The proposed
method is more suitable for practical applications.
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Table 1 Experimental result of phase error restraining

Phase error Maximum /rad

Minimum /rad Average error /(rad + pixel ')

Withoutphase error restraining 0.2079
1st restraining (T =284) 0. 0526
2nd restraining (T =42) 0.0471
3rd restraining (T =28) 0.0253

—0.2076 0.1019
—0.0488 0.0127
—0.0597 0.0075
—0.0548 0. 0057
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Table 2 Statistics of results of 5 phase error restraining experiments

Average error /(rad « pixel ')

Decline rate/ %

Experiment No. Without error

o LUT method Proposed method LUT method Proposed method
restraining
@ 0.0998 0.0179 0. 0034 82.0641 96.5932
©) 0.1021 0.0203 0.0057 80. 1175 94.4172
(®) 0.1065 0.0231 0. 0089 78.3099 91. 6432
® 0.1068 0.0218 0.0049 79. 5880 91. 6667
® 0. 1060 0.0211 0.0076 80. 0943 92.8302
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Fig. 9 Three dimensional (3D) point cloud measurement results (height from carton to reference plane). (a) 4 step

method; (b) 4 step method with error compensation by LUT method; (c¢) 4 step method with phase error

restraining; (d) 16 step method
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