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Robust phase-coding method for absolute phase retrieval

ZHU Haojie', WANG Yu', MEI Fangfang', ZHOU Chuangi', WANG Yujie', HOU Wenhui'*’
(1. College of Engineering, Anhui Agricultural University, Hefei 230036, China; 2. Anhui Province Engineering
Laboratory of Intelligent Agricultural Machinery and Equipment, Hefei 230036, China; 3. Hefei Institute of
Technology Innovation, Chinese Academy of Sciences, Hefei 230036, China)

Abstract: Phase-coding method has been widely used for absolute phase retrieval in fringe projection
profilometry (FPP). However, the robustness and the accuracy is severely affected by the gamma nonlinearity
of FPP system. The wrapped phase extracted from distorted fringe patterns will deviate from the actual phase,
which cannot be directly employed to retrieve the absolute phase. To address this problem, a robust phase-
coding method based on an effective nonlinear correction strategy was proposed. First, the distorted wrapped
phase could be adjusted by the phase histogram equalization (PHE) method to obtain the corrected wrapped
phase. Theoretical studies demonstrated that the frequency of the nonlinear phase error is thrice that of the
ideal phase. Therefore, the nonlinear phase error was further reduced by shifted-phase histogram equalization
(SHE) method. Then, the continuous function was fitted by the Hermite interpolation algorithm, which could
reduce the discretization error introduced by the SHE method. Both the simulation and experimental results
show that the proposed method is more robust than the traditional method under gamma nonlinearity.

Key words: fringe projection profilometry; phase unwrapping; gamma nonlinearity; histogram equalization;

probability distribution
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Fig.1 Schematic diagram of traditional phase-shifting plus phase-coding method
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