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High precision wavefront reconstruction technology

for single interferogram

Tian Ailing, Liu Ting, Liu Jian, Liu Bingcai, Wang Hongjun
(Shanxi Province Key Lab of Thin Film Technology and Optical Test, Xi’'an Technological University, Xi'an 710032, China)

Abstract: Moiré fringe, Fourier transform and digital phase shifting techniques are combined together to
realize high precision phase calculation and wavefront reconstruction for the single interferogram. First,
four digital phase shifting fringes, which the frequency is similar with the original fringe tested, were
generated by computer, and phase shifting Moiré fringesare formed by superposition of original and digital
fringes. Then, the phase of original interferogram was obtained through Fourier transform, double
frequency filtering, inverse Fourier transform and phase shift technology. Finally, the wavefront shape
related original interferogram was reconstructed by wavefront fitting. The experimental result shows that
this technology not only removes both of nonlinear error from traditional hardware phase shifting and
spectral shift error, and get wavefront with high precision for single interferogram, but also simplifies the
mechanical structure of system. At the same time, it reduces the demands on the environment, so it is
very much suitable to use in work shop.
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Fig.1 Computer simulation of interference fringe and the 3D

surface of original wavefront
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Fig.2 Digital fringe pattern
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Tab.2 Comparison of the simulation results

Method PV RMS

Original surface

. 0.105 A 0.017 A
form deviation
NN et N Method proposed Absolute error 0.0173 A
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in this paper Relative error 0.165

Fig.4 Digital frequency spectrum after filtering the positive and

negative two-stage differential phase shift fringes Standard f(?ur..step 0.0859 A Absom.te error 0.019 A 0.015 A

phase-shifting Relative error 0.182
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(b) Simulation result by the digital phase shift method
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(c) Simulation result by the four step phase shift method
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(d) Simulation result by the Fourier transform method
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Fig.6 Wavefront reconstruction results under differerent

reconstruction algorithms

0.8

7T BRI TE R R, BT IR 2 SO By A
P BORSEBLT X B T R S A A, X T
WA AL, IR R R T 1%
GEREPFRIRS PR AL iR 22, GBI 107 O BR TR
A0 HL I AR HORS BEAR B ol (7 HLSE IR 25 R R I . 2
FRARGIE TP T S LI PR | R RS Y TP A
I %7 TR BT AR B, A S X
Bl Ab P 2 T — Rt .

SE

[1]  Ma Shaopeng, Chang Jinguan, Dai Shuhong. Temporal phase
unwrapping method for the application of three-dimensional
shape measurement system[J]. Optical Technology, 2002, 28
(5): 31-35. (in Chinese)

[2] Creath K, Wyant J C. Moire and Fringe Progection Techniques
[M]. New York: John Wiley and Sons, 1992: 653—-685.

[3] Zhu Rihong, Chen Lei, Wang Qing. Phase-shifting
interferometry and its application [J]. Applied Optics, 2006,
5(2): 85-88. (in Chinese)

[4] Fang Cheng, Yang Lun. Speckle interferometry fringe
processing and phase-shifting technique[J]. Tool Technology,
2011, 45(5): 91-94. (in Chinese)

[5] Huang Weishi, Caoxiang Qun. Moire fringes optics [J].
Instrument Manufacturing, 1979(6): 56—61. (in Chinese)

[6] Asundi Anand K. Moire methods using computer-generated
gratings[J]. Optical Engineering, 1993, 32(1): 107-116.

[7] Dai Xianglu, Xie Huimin, Wang Qinghua. Geometric phase
analysis based on the windowed Fourier transform for the
deformation field measurement [J]. Optics & Laser
Technology, 2014, 58: 119-127.

[8] Duan Cunli, Chen Fang, Qi Ruili. Study on a new method
of 3D shape measurement of objects using Moiré fringes|[J].
Acta Photonica Sinica, 2008(7): 1425-1429.

[9] Asundi A, Yung K H. Phase-shifting and logical Morié[J].
Optical Society of America, 1991, 8(10): 1591-1599.

[10] Wu Hongsheng, Zeng Qifeng, Qiao Dong, et al. Improve
signal quality raster moire filter method [J]. Optics and
Precision Engineering, 2011, (8): 1944-1949. (in Chinese)

[11] Zhao Yulin, Zhai Shuling, Zhang Qican. Fourier transform
profilometry filtering window orientation selection[J]. Optical
and Optoelectronic Technology, 2013, 11(1): 42-44. (in
Chinese)



