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Abstract In this paper, we proposed a hybrid coding method that includes both phase order and relative wrapped phase to
quickly and accurately obtain three-dimensional information of spatially discontinuous objects. Based on the traditional
phase-shifting profilometry, the phase order was modulated into the phase-shifting image using the De Bruijn sequence.
The length of the De Bruijn sequence used is the number of periods, where each code value corresponds to a phase period.
After calculating the wrapped phase, the code sequence corresponding to each period was matched with the De Bruijn
sequence to verify whether the location of the code in the De Bruijn sequence is the phase order. The proposed method
need not project additional images to encode the phase order as both the phase order and the wrapped phase required by the
unwrapped phase can be obtained from the projected phase-shifting patterns. The experimental results show that when
only four images are projected, the three-dimensional morphology of the objects to be measured can be reconstructed, and
the standard deviation of the reconstructed plate is 0. 319 mm.
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Fig. 1 Correspondence among wrapped phase, unwrapped phase, and phase order
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Table 1 Comparison of phase coding methods

Method Number of patterns Accuracy of wrapping phase
Four-step phase-shifting+ spatial phase wrapping 4 X
Four-step phase-shifting+ 6-digit Gray code 10 N,
Multi-frequency heterodyne 12 N
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Fig. 3 Wrapped phase and intensity of sinusoidal stripe after amplitude modulation. (a) Wrapped phase; (b) corresponding intensity of

sinusoidal stripe
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Fig. 13 Phase unwrapping. (a) Wrapped phase; (b) phase order; (¢) unwrapped phase
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Fig. 14 Comparison of the reconstruction results between Gray code combined with phase-shifting method and the proposed method
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Fig. 15 Reconstruction results of flat plate. (a) Reconstruction result of Gray code combined with phase-shifting method;

(b) reconstruction results of multi-frequency heterodyne; (¢) reconstruction results of proposed method
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Table 2 Accuracy comparisons between Grey code + phase-shifting method, multi-frequency heterodyne, and proposed method

Parameter Gray code+ phase-shifting Multi-frequency heterodyne Proposed method
Standard deviation /mm 0.232 0.198 0.319
Number of patterns 10 12 4
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