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Abstract;: Aiming at the projector distortion and the change of fringe periods and fringe series, a
calibration method of single period fringe and double four-step phase-shifting algorithm was proposed.
Designing and generating two groups of horizontal and vertical single period grating fringe images
respectively, the camera captures the single period grating fringe images which projected onto the
calibration plate with circular logo at the same time, and superposes the two phase master maps which
obtained by double four-step phase shift and unwrapping the phase master map. Then the pixel coordinate
of projector is calculated by the unwrapping absolute phase. Finally, the projector calibration is converted
into a mature camera calibration. Experimental results indicate that the maximum re-projection error and
the root mean square error of the projector calibration precision of simulation experiment are about
0. 4 pixel and 0. 132 96 pixel respectively. The maximum re-projection error and the root mean square
error of the projector calibration precision of simulation experiment are about 0.46 pixel and

0. 143 12 pixel respectively. Compared with the existing projector calibration methods of projecting
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fringes by tri-frequency phase unwrapping, 8 grating images can be reduced by the proposed method. The
shortcomings of projector calibration method by projecting grating fringes and the calibration accuracy and
the calibration efficiency can be improved.

Key words: Optical measurement; Fringe projection; Projector calibration; Double four-step phase
shifting algorithm; Single period fringe
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Fig. 1 Pixel-phase comparison of single period fringe phase unwrapping image
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Fig. 5 Reprojection errors of projector
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Table 2 Comparison of projector calibration results

Method of Camera error Projector error Number of Any additional Rely on the
calibration Maximal error Maximal error Mean error picture projected  equipment camera calibration
Falcao’ s method 0.5 1.6 0.8671 0 No Yes
Zhang S's method 0 0.9 0.2176 6 No No
Li Zhong wei's method 0 >0.6 0.312 24 No No
One period with double
step phase shifting 0 0.4 0.1329 16 No No
Huang S J's method 0 0.3 0.0704 24 Yes No
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Fig. 6 Experiment system diagram Fig. 7 Reprojection errors of projector in actual experiment
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