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Modified three-dimensional reconstruction based on three-frequency

three-step phase shifting algorithm

Liu Fei’, Luo Huifang, Jiang Hanli, Zhang Yinnan, Yan Jin
(College of College of Mechanical and Vehicle Engineering, Chongging University, Chongqing 400044, China)

Abstract: Aiming at the problem that the traditional three-frequency three-step phase shifting algorithm in
structured light three-dimensional measurement needed to project too many fringe patterns and has low efficiency,
the modified three-frequency three-step phase shifting algorithm was proposed. The proposed algorithm and
traditional one both required sinusoidal fringe patterns of three frequencies, but the number of fringe patterns was
reduced to 5, that was, 3 fringe patterns of the highest frequency, and one for each of the other two frequencies.
Compared with 9 fringe patterns of the traditional algorithm, the projection and capture efficiency was increased
by 44.44%. The principle of the proposed algorithm was derived. Three fringe patterns of the highest frequency
were used to directly obtain the wrapped phase, and the other two fringe patterns were used to unwrap the phase.
In theory, the proposed algorithm owned the same accuracy as the traditional one. Finally, four sets of
experiments were conducted to verify the reconstruction accuracy of the algorithm, the reconstruction ability of
complex discontinuous models, the reconstruction stability in different illuminations, and the reconstruction
ability of color objects. The experimental results prove that the algorithm can effectively improve the
measurement speed while maintaining the accuracy and adaptability consistent with the traditional three-
frequency three-step phase shifting algorithm.
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Fig.1 Projected five sinusoidal fringe patterns. (a) Three sinusoidal fringe patterns /,l, and I3 with frequency fi; (b) Sinusoidal fringe pattern /4 with

frequency f>; (c) Sinusoidal fringe pattern /s with frequency f3; (d)-(f) Intensity at the red line pixel position in Fig. 1(a)-(c) respectively
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Fig.2 Light intensity experiment of sinusoidal fringe patterns with fringe periods of 70, 64, 59, 1. (a) Three-step phase-shifting patterns obtained from

the experiment; (b) Average intensity obtained from the experiment; (c) Intensity modulation obtained from the experiment
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Fig.4 Experiment of the standard dumbbell-shaped ceramic sphere bat.
(a) Structured light measurement system; (b) Camera captures a
sinusoidal fringe image modulated by a standard sphere bat;
(c) Reconstructed results of the standard ceramic sphere and

corresponding fitted sphere surface
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Fig.5 Values of the standard dumbbell-shaped ceramic sphere bat
measured by traditional algorithm and proposed algorithm.
(a) Diameters of standard ceramic spheres A and B; (b) Center-to-

center distance of the standard ceramic spheres A and B
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Fig.6 Paper folding reconstruction experiment. (a) Original image of
paper folding; (b) Fringe pattern modulated by paper folding;
(c) Paper folding reconstruction result; (d) Reconstructed contour

at the red-line pixel position in Fig.(b)
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Fig.7 Measured results of the discontinuous objects. (a) Sinusoidal fringe pattern modulated by discontinuous objects with camera captured; (b) Light
intensity, corresponding wrapped phase and phase order at the red line pixel position in Fig.(a); (c) Point cloud map of the reconstructed

discontinuous objects
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Fig.8 3D reconstructed results of the objects in three different light intensities using the proposed algorithm. The rows from left to right show the results

in low(Fig.(a), (d), (g)), moderate(Fig.(b), (), (h)) and high(Fig.(c), (), (1)) light intensities respectively. The columns from top to bottom show

the captured patterns of pumpkin mask(Fig.(a)-(c)), the light intensity of the captured patterns(Fig.(d)-(f)) and reconstructed results of pumpkin

object(Fig.(g)-(i)) respectively
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Fig.9 Height information of cross section the reconstructed pumpkin mask in different light intensity. (a) Light intensity at the red-line position in Fig.9

(a)-(c); (b) High information of reconstructed pumpkin mask of the cross section at the red-line position in Fig.9 (a)-(c)
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Fig.10 Measured results of the colorful wolf mask. (a) Sinusoidal fringe pattern modulated by colorful wolf mask with camera captured; (b) Light
intensity, corresponding wrapped phase and phase order at the red line pixel position in Fig.(a); (¢) Point cloud map of the reconstructed

colorful wolf mask
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