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Abstract Projector defocusing technique can eliminate projector nonlinearity in three-dimensional measurement of
grating projection. However, the high frequency harmonics produced by binary grating can weaken the sinusoidal
feature of grating and generate phase errors. A new method is proposed to generate binary grating patterns. Based
on symmetry and periodicity of sinusoidal grating pattern, this method selects a smaller binary patch. Then the
selected patch is randomly initialized, the binary patch is optimized through multi-pixels’ mutation, and the binary
grating pattern of full size pattern is generated according to the optimized binary patch. Finally, combined with
phase-shifting algorithm, required phase information for three-dimensional measurement is retrieved under the
environment of defocusing measurement for the projector. Compared with the generation method of traditional
binary grating patterns, the proposed method can certify high-quality phase information acquisition and suitable for
the measurement environment of different defocusing amounts. Simulations and experiments are carried out to verify
that the proposed method is more proper for three-dimensional measurement of defocused projection.
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Fig. 1 Binary pattern generated using traditional method. (a) Optimized 9 X2 binary patch;

(b) one period of binary pattern; (c) full size binary pattern
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Fig. 9 Simulation results of small size binary patches when fringe period T=18. (a) 5X2 binary patch;
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(a) Gaussian filter size is 5 pixel X5 pixel; (b) Gaussian filter size is 13 pixel X 13 pixel
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Fig. 14 Measurement results of the wall with the proposed method.

(a) Cross section of wrapped phase; (b) absolute phase diagram after unwrapping the phase
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Table 1 Phase RMS error of three methods
Method Phase RMS error /rad
Proposed method 0.0286
Traditional method 0.0333
Projecting sinusoidal {ringe pattern 0.0682
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Fig. 16 Three-dimensional measurement results of gypsum head statue. (a) One nearly focused fringe pattern;

(b), (c¢) 3D results of the proposed method and the traditional method when the projector
is nearly focused; (d) one slightly defocused fringe pattern; (e), (f) 3D result of the proposed

method and the traditional method when the projector is slightly defocused
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Fig. 17 Zoom-in view around mouth areas for three-dimensional measurement results.
(a), (b) Results of the proposed method and traditional method when projector is nearly focused;

(¢), (d) results of the proposed method and traditional method when projector is slightly defocused
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