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Fig.1 Schematic diagram of measurement system
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Fig. 2 Flowchart of projector self-calibration
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Fig. 3 Scheme of experiment
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Fig.4 Comparison of before and after projector calibration: (a)projection effect before calibration;

(b) projected picture before calibration; (c)projection effect after calibration; (d) projected picture after calibration
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Two-step phase-shifting method based on polarization
projection and spatial coupling

LIANG Yan', YIN Zhuoyi*, HE Xiaoyuan®’, WANG Chengfei'

(1. School of Instrument Science and Engineering, Southeast University, Nanjing 210096, Jiangsu, China;

2. School of Civil Engineering, Southeast University, Nanjing 210037, Jiangsu, China)

Abstract: Fringe projection profilometry is a widely used non-contact, high-precision three-
dimensional shape measurement method. However, due to the inability of temporal phase-shifting
technology to capture phase-shifted images at the same time, it is difficult for this technology to play
its due role in industrial online detection. Therefore, this paper proposes a spatial phase-shifting
measurement method based on dual-polarization projection calibration in combination with polarization
camera technology. In this method, linear polarization filters with orthogonal polarization directions
are installed in front of a pair of projector lenses, and the proposed projector self-calibration method is
used to project the fringe pattern with constant phase-shifting but different polarization directions onto
the surface of the object to be measured. Consequently, two phase-shifted images with different
polarization directions can be obtained to achieve spatial two-step phase-shifting in single-shot. The
experimental results show that this method has a good measurement effect on non-depolarized
surfaces, and the acquisition time of the two phase-shifted images is the same as the exposure time of
the camera, which can be used for online measurement.

Keywords: fringe projection profilometry; polarization; two-step phase-shifting; three-dimensional

measurement



