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High-Precision 3D Shape Measurement Using Spatiotemporal
Phase-Shifting Method
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Research Institute for Measurement and Analytical Instrumentation, National Institute of Advanced Industrial

Science and Technology, Tsukuba 305-8568, Japan

Abstract The phase-shifting method is a powerful tool for analyzing the phase information of fringe patterns. This paper
presents the fundamental principle of the newly developed spatiotemporal phase-shifting method (ST-PSM) and its
applications in non-contact three-dimensional shape measurement. The simulation results show that ST-PSM can
significantly reduce random noise, and eliminate the influence of nonlinear response and small dynamic range of image
sensor on the measurement results. The experimental results show that ST-PSM can perform stable non-contact shape
measurement under extremely low exposure conditions.
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Fig. 1 Phase analysis methods for fringe pattern
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Fig. 2 Principle of the sampling Moiré method””. (a) One line of pixels from a CCD camera; (b) down-sampling; (c) intensity

interpolation; (d) generated multiple phase-shifting Moiré fringes
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Fig. 6 Non-contact three-dimensional shape measuring device based on fringe projection method. (a) Experiment diagram; (b) device

photo; (¢) measured object
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Fig. 7 Analysis results of Moiré fringe and Moiré phase. (a)-(c) Recorded image, Moiré fringe, and Moiré phase distribution when the camera

exposure time is 0. 02 s; (d)-(f) recorded image, Moiré fringe, and Moiré phase distribution when the camera exposure time is 0. 2
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Fig. 8 Phase distribution results. (a)-(c) Phase distribution results obtained by ST-PSM, PSM, and SM when the camera exposure
time is 0. 02 s; (d)—(f) phase distribution results obtained by ST-PSM, PSM, and SM when the camera exposure time is 0. 2 s
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Fig. 9 Phase gradient distribution results. (a)-(c) Phase gradient distribution results obtained by ST-PSM, PSM, and SM when the

camera exposure time is 0.02 s; (d)—(f) phase gradient distribution results obtained by ST-PSM, PSM, and SM when the

camera exposure time is 0. 2 s
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Fig. 10 Height distribution results. (a)-(c) Height distribution results obtained by ST-PSM, PSM, and SM when the camera exposure

time is 0. 02 s; (d)~(f) height distribution results obtained by ST-PSM, PSM, and SM when the camera exposure time is 0. 2 s
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Fig. 11 Results of height distribution at cross-sectional AA'.

(a) (b) Results obtained by ST-PSM at camera exposure times of 0. 02 s

and 0. 2 s; (c)(d) results obtained by PSM at camera exposure times of 0. 02 s and 0. 2 s; (e)(f) results obtained by SM at camera

exposure times of 0. 02 s and 0. 2 s
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