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Iterative Phase Shifting Algorithm with Normalized Intensity in
the Presence of Random and Tilt Phase Shifts
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Abstract Since there exist vibration and orientation errors, a phase shifter usually suffers from both random
translational error and tilt-shift error during phase shifting in an interferometer, and it will influence the accuracy of
measurement result. So the environmental stability and the performance of phase shifter are subject to rigorous
requirements in high accuracy measurement. To reduce these requirements, focusing on the problem that the
nonuniformity of the background intensity and modulation will affect the calculation of phase-shift plane in random and
tilt phase shifting interferograms. the acquired interferograms are normalized. and phase distribution is determined
with least-squares-based iterative algorithm. During iteration. the interferograms are divided into small blocks to
calculate local phase shifts, and then these phase shifts are fitted to a phase-shift plane. Results of computer
simulation indicate that the proposed method can eliminate the coupling effect of background intensity and modulation
on the calculation of the tilt coefficients, so it can compensate tilt phase shift errors during phase shifting. Compared
with other methods, the proposed method has faster convergence as well as higher accuracy. Experimental results
further demonstrate the validity of this method.
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Fig.1 Four interferograms with nonuniform background intensity and random phase-shift planes
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Table 1 Phase-shift planes and residual errors of the proposed method for three different sets of interferograms

Case 1 Case 2 Case 3

Real Calculated Real Calculated Real Calculated
d,/rad 0.2229 0.2229 0.6161 0.6163 0. 0541 0.0541
ds/rad 2.4888 2.4893 2.2181 2.2178 2.4049 2.4059
d,/rad 0.1683 0.1685 0.2176 0.2177 2.3080 2.3087
k.o —0.0033 —0.0024 0.0065 0.0051 —0.0026 —0.0024
ks 0. 0385 0.0341 —0.0392 —0.0351 0.0247 0.0239
ko 0.0439 0. 0420 —0.0506 —0.0473 —0.0068 —0.0075
ks 0.0174 0.0161 —0.0138 —0.0129 —0. 0050 —0. 0047
ks 0.0130 0.0130 —0.0187 —0.0167 —0.0262 —0. 0247
ki 0.0545 0.0509 0. 0406 0. 0380 0.0184 0.0172
PV error 0.0184 0.0178 0.0342
RMS error /rad 0.0024 0. 0020 0. 0040
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Fig. 4 Experimental results. (a)~ (d) Four randomly phase-shifted interferograms with tilt errors; (e), (f) background

and modulation distributions of the interferograms obtained by the proposed method; (g), (h) phase distributions

obtained by the proposed method and standard Zygo interferometer respectively; (i) difference between (g) and (h)
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