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A new method of four-step phase-shifting digital holography based
on arbitrary phase shifts

YU Qing-ting ,LU Xiao-xu,ZHANG Qing-sheng ,LIU Gan-yong
(School of Information Photoelectric Science and Engineering,South China Normal University , Guangzhou 510006 , China)

Abstract: In order to study the problem of calculating phase shifts in the phase-shifting digital holography ,the recording and
reconstructing principle of phase-shifting off-axis lenless Fourier transform digital holography was analyzed based on the Fresnel
diffraction and holographic theory. Then the complex field expression of four-step phase-shifting digital hologram based on arbitrary
phase shifts was deduced. A new method was proposed to calculate arbitrary phase shifis by means of phase subtraction. The
experimental results show that compared with the conventional method of four-step phase-shifting, it is not necessary to calibrate
phase-shifting devices strictly with this method. The zero-order diffraction and the conjugate image are also eliminated effectively

and the ratio of signal to noise is similarly improved./Phexefore,the method contributes to the reduction of the complicacy of the

measure system and the promotion of the developmentloffour-step phase-shifting digital hologram.
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Fig. 1 Coordinate systems for phase-shifting off-axis lenless Fourier trans-

form digital holography
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Fig.2 Region of the original complex fields which is reconstruted without be-

ing smeared by the zero-order diffraction and the conjugate image
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Fig.3  Experimental configuration for phase-shifting off-axis lenless Fourier
transform digital holography
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Fig.4 Experimental results

a—single digital hologram  b—the reconstructed image of asingle digital
hologram ¢—four-steps phase-shifting digital hologram with arbitrary phase
shifts d—the reconstructed image of a phase-shifting digital hologram
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