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Detector Nonlinear Error and Compensation in Phase-Stepping Interferometry
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Abstract: Through theoretical analysis and numerical simulation of many phase-stepping algorithms, it is concluded that
the detector nonlinearity would introduce systematic error with twice spatial frequencies of the interference pattern into the
result phase. Relative error of nonstandard phase-stepping algorithm will increase as the detector nonlinearity increases. An
error compensating technique that the phase shift error of PZT and the nonlinear error of the optoelectronic detector
counteract with each other is reported, and the practical error-matching criterion is presented. The simulation shows that
this technique reduces the measurement error with near one order of magnitude. It is proved that the standard phase-stepping
algorithms have perfect zero error response to nonlinear detectors and no effect on the accuracy of the device exists, when

the amplitude information of the wavefront is ignored.
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Table 1 List of common phase-stepping algorithms

Algorithm Analytical expression Phase shifts /(°) Notes
3-frame 90° tan ¢=% 0,90,180 The simplest 90° algorithm
1 3

N-frame standard

° _ L—I

4-frame 90 tan $= I.—1
3-frame arbitrage step  tan $¢= (1;:105 & ) o1 Il_; IS_ 7
2 1 3

312*(11"’13"’14)
(L+1L,+1,)—31
_1 12713 14713
tan 2¢ 2( 11_14)
2(12*14)*(11*15)
2sina2L; — I, —I,)
_2sina(I;—1,)
- 2L,—L—I

Schwider algorithm tan ¢=

4-frame mixed

5-frame arbitrage step tan $=

Stoilov algorithm tan ¢

tan$ = — Elisinﬁi/(EL-cos 61)

N-frame standard

g = 27t<i— 1)/N

0,90,180,270 4-frame standard algorithm

—as05a Here a=60°

0,90,180,270 First appeared in Ref. [9]

0,90,180,270 Author derived

_ _ . (I, —I)?
261’ a,O,a,Za sina= 1_m

In Ref. [10], the original form
—2a,—a0,a,2a

is wrong
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Fig.1 Error and relative error of 3-frame arbitrary-step algorithm. (a) Absolute error, (b) relative error

0.010-
- 20
£ 00057 et
5
E
g 0
z
5-0.005—.“ et

~0.010

0 45 90 135 180 225 270 315 360
Phase/(°)

B2 Mmoo HERIEIRES

4.5 ~1.0%
4.0
3.5 1
D7
£ 20
5 10
E 0.8~ ’
E 0.1%
4 -OASa
= :%;8: 0.5%
& ~2.01 /
~25
-3.01
-3.51
_4.0
45 90 L3o 180 ZZa 270 313 360
Phase/( °)
(@ #XHRE, (DX RE

Fig. 2 Error and relative error of new 4-frame 90° algorithm. (a) Absolute error, (b) relative error
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Fig. 3 Compensation of phase shift error and detector nonlinear error. (a) 3-frame 90° algorithm, (b) Schwider algorithm
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Fig. 4 Error matching optimization for 3-frame 90° algorithm. (a) Fixed nonlinear error, (b) fixed phase shift error
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