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Improved Circular Fringe Projection Profilometry Based on Fourier
Transform

Wang Ye, Chen Wenjing', Han Mengqi

College of Electronics and Information Engineering, Sichuan University, Chengdu 610065, Sichuan, China

Abstract The circular sinusoidal fringe has a constant phase (encoded as zero phase) at the circular center, and its center
can be used as a reference point for phase unwrapping to obtain absolute phase for calculating the height information of the
measured object. As the carrier phase of the circular fringe is a non-linear function, the existing Fourier transform method
based on circular fringe projection needs to solve a quadratic equation, judge roots, and fit to obtain the pixel displacement
corresponding to height information of object surface. The robustness of the algorithm is not good in fact. In this paper, an
improved circular fringe projection profilometry based on Fourier transform is proposed and investigated. By projecting
another fringe with horizontal movement, the calculation of pixel displacement in circular fringe profilometry is simplified ,
and the calculation of pixel displacement is changed from solving a first-order equation to solving a quadratic equation. The
robustness and surface reconstruction accuracy of circular fringe profilometry based on Fourier transform are improved.
Computer simulation and experiments validate the effectiveness of proposed method in 3D measurement, which is
especially suitable for out-of-plane measurement of the whole plane.

Key words measurement; three dimensional surface measurement; circular fringe projection; Fourier transform
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Fig. 8 Comparison of reconstruction results of out-of-plane spherical dome obtained by circular fringe projection and straight fringe
projection. (a) Measured dome; (b) reference circular fringe; (c) deformed circular fringe; (d) deformed fringe in polar coordinate
system; (e) deformed fringe after Gerchberg iteration; (f) reconstructed out-of-plane dome by circular fringe projection;
(g) reconstructed error of out-of-plane dome by circular fringe projection; (h) reference straight fringe; (i) deformed straight
fringe; (j) reconstructed out-of-plane dome by straight fringe projection; (k) reconstructed error of out-of-plane dome by straight

fringe projection; (1) profile of reconstructed out-of-plane dome by circular fringe projection and straight fringe projection
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Fig. 11 Reconstructed results of circular fringes. (a) Circular fringes of plane 1 to be tested; (b) circular fringes of plane 2 to be tested;
(c) circular fringes of plane 3 to be tested; (d) fringes of plane 1 to be tested after Gerchberg iteration; (e) fringes of plane 2 to be
tested after Gerchberg iteration; () fringe of plane 3 to be tested after Gerchberg iteration; (g) reconstructed height of measured
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Fig. 12 Results of reconstructed plane with straight fringe. (a) Straight fringe of plane 1 to be tested; (b) straight fringe of plane 2 to be
tested; (c) straight fringe of plane 3 to be tested; (d) reconstructed height of planes to be tested; (e) height profiles of

reconstructed planes
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Fig. 13 Experimental results of heart-shaped object. (a) Reference circular fringes; (b) deformed circular fringes; (c) deformed fringes
before background normalization in polar coordinate system; (d) deformed fringes after background normalization in polar
coordinate system; (e) deformed fringes after Gerchberg iteration; (f) reconstructed result of heart-shaped object by circular

fringe; (g) reference straight fringes; (h) deformed straight fringes; (i) reconstructed result of heart-shaped object by straight
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