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Abstract In order to reduce the phase error caused by the nonlinear response of digital projectors in three-
dimensional measurement system of grating projection, a multi-frequency fringe inverse-phase error compensation
method is proposed for improving the accuracy and speed of the object phase measurement. By projecting the
compensated phase-shifted fringe pattern with the same maximum phase frequency and the same phase shift, the
two phased phase diagrams with the same phase error and opposite signs are obtained. After the operation, their
errors are canceled and compared with the multi-frequency method to get the exact absolute phase value. A standard
plane is used for verifying the proposed method, the comparisons are done with recently proposed Hilbert transform
compensation method and classical phase compensation method. The experiments results show that the proposed
method can improve the accuracy and speed of phase measurement effectively. The feasibility and validity of the
proposed method is verified by phase error compensation for a free form surface and object of discontinuous surface.
Key words measurement; phase shifting profilometry; nonlinear phase error; inverse-error compensation; multi-
frequency method
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(a) Inverse error compensation method;

(b) comparison of different error compensation methods
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Fig. 3 Absolute phase recovery of the standard plane.

(a) Before compensation; (b) after compensation
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Fig. 4 Absolute phase recovery of plaster statue.

(a) Original plaster image; (b) principal phase map;
(c¢) without phase compensation; (d) absolute phase recovery
with active phase error compensation method at Vgum =1.712;
(e) phase compensation with proposed method
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Fig. 5 Phase recovery of cup surface with proposed method.
(a)~(d) Fringe projection map of zero initial phase and
3-step phase shifting with fringe frequencies of
1, 4, 16 and 64 respectively; (e) fringe projection map of
n/3 initial phase with fringe frequency of 64;

(f) ~(j) principal phase map of (a)~(e) respectively;
(k) ~ (1) absolute unwrapped phase of frequencies of 4 and 16;
(m) principal phase map of frequency of 64 with nonlinear
error correction; (n) high resolution absolute unwrapped
phase map of frequency of 64; (o) 3D represent of

absolute unwrapped phase map after error correction
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Fig. 6 Phase recovery result diagram.
(a) Without phase compensation;

(b) phase compensation with proposed method
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