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Abstract The precision of phase extraction directly affects that of interferometry. The traditional fixed-step or
equal-step length phase extraction algorithm must carry out phase calibration for the test system, but phase shift
error is often introduced due to inaccurate phase calibration, which affects the precision of phase extraction.
Therefore, this paper proposes a random two-step phase shift algorithm of K-order two-dimensional polynomial
fitting background light (PFBL) to solve phase. This algorithm does not need to carry out phase calibration, and
can solve the measured phase with only two frames of phase-shift interferogram when phase shift quantity,
background light, modulation system and phase are unknown. When order number K value is greater than or equal
to 2, it is determined by the simulation of K-order two-dimensional polynomial, the accuracy of the proposed
algorithm for phase can be higher. At the same time, the algorithm robustness is analyzed by comparing the
calculation accuracy of Gram-Schmidt orthogonalization (GS) two step phase-shift algorithm with the PFBL
method. The results show that the PFBL method has good robustness in the interferogram phase shift, non-
uniform illumination and noise, and the calculation accuracy of the PEFBL method is obviously better than that of

GS algorithm.
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Table 1 Standard deviation of background light relative residual error
K 0 1 2 3 4 5 6 7
Standard deviation 0.39%4 0.324 0.049 0.048 0.043 0.025 0.039 0.052
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Table 2 Results of the algorithm

K 0 1 2 3 4 5 6 7

O/ 0.1679  0.1658  0.2480  0.2493  0.2497  0.2507  0.2503  0.2496
Aby/m 0.0821 0.0842  0.0020  0.0007  0.0003  0.0007  0.0003  0.0004
Fitting surface shape PV/A 1.7911  1.7949  2.0450  2.0464  2.0343 2.0376  2.0379  2.0351
Fitting surface shape RMS/2 0.3080  0.3486  0.4161  0.4161  0.4159  0.4159  0.4161  0.4159
Surface shape residual error PV/2 1.8446  1.4164  0.0144  0.0140 0.0135  0.0094  0.0124  0.0171
Surface shape residual error RMS/A  0.3151  0.2090  0.0014  0.0015  0.0018  0.0013  0.0018  0.0023

Time/min 0. 006 0.048 0.191 0.524 1.295 2.629 4.943 9.702
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Fig. 5 Results of the surface shape at K=5. (a) Fitting surface shape; (b) surface shape residual error
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Table 3

Comparsion of the operation time of phase recovery and surface shape residual error of analog interferograms with

different pixel number

Image size /(pixel X pixel) Time /min Surface shape residual error PV/A  Surface shape residual error RMS/A
200200 0.631 0.0110 0.0016
500 500 5.027 0.0081 0.0011
800X 800 24.677 0.0118 0.0014
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#4  AREMFET PFBL S GS B kAR s
Table 4 Results of PEBL and GS algorithms under different phase shifts
Theoretical value of phase shift/x 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Estimated value of phase shift/x 0. 1003 0. 2005 0. 3008 0. 4008 0. 5006 0.5991 0.6993
PFBL Residual error of phase shift/x 0. 0003 0. 0005 0. 0008 0.0008 0. 0006 0. 0009 0. 0007
Time/min 2.77 2.66 2.75 2.76 2.73 2.71 2.63
Estimated value of phase shift/= 0. 1226 0.2197 0.2902 0. 3858 0. 4825 0. 5869 0. 6845
GS Residual error of phase shift/x 0. 0226 0.0197 0.0098 0.0142 0.0175 0.0131 0.0155
Time/min 5.43 5.33 5.47 5.38 5.45 5.42 5.36
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Fig. 6 Surface shape results with different methods. (a) PV values of surface shape residual error;

(b) RMS values of surface shape residual error
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