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Phase Aberration Compensation in Pre-Magnification Digital Micro-
Holography with Equal-Currature Object Beam and Reference Beam
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(1 School of Information and Electronic Engineering, Hebei University of Engineering, Handan , Hebei 056038, China)
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Abstract In order to fastly and accurately reconstruct the three-dimensional information of the hologram recorded
by pre-magnification digital micro-holography, the solution of phase compensation in pre-magnification digital micro-
holography with equal-cruvature object beam and reference beam is studied theoretically and experimentally. The
point spread function is derived, then the expression of reconstructed light field amplitude and phase aberration are
obtained, and by using phase mask to pre-compensate with the phase aberration fastly, the phase for the
reconstructed light field is unwrapped. At last, combined with automatic phase compensation, the accurate phase
distribution of the sample is obtrained. The red blood cells are researched experimentally. The result shows that
phase mask to pre-compensate, not only can avoid the error in phase unwrapped, but also effectively eliminate the
secondary phase distortion in the reproduction of light field, which aims to achieve the right phase distribution using
single automatic phase compensation method.

Key words holography; pre-magnification digital holography; spherical reference wave; phase aberration
compensation; red blood cells
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Fig. 1 Schematic for recording pre-magnification digital
micro-holography with equal-curvature object
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Fig. 3 Experimental results of USAF 1951 test target with pre-magnification digital holography resolution test panel.

(a) Hologram; (b) part of the magnified hologram; (c¢) frequency spectrum distribution; (d) intensity image
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Fig. 4 Hologram and frequency spectrum of blood cells. (a) Hologram; (b) frequency spectrum of the hologram
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Fig. 5 Red blood cells reconstructed results of direct unwrapping. (a) 2-D phase distribution of direct unwrapping; (b) 2-D

phase distribution after phase aberration compensation; (c) 3-D phase distribution after phase aberration compensation
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Fig. 6 Red blood cells reconstructed results with pre-compensation. (a) Wrapped phase distribution after pre-compensation;
(b), (c¢) plot of unwrapped phase data and fitted curves in the horizontal and vertical direction; (d) 2-D phase
distribution after phase aberration compensation; (e) 3-D phase distribution after phase aberration compensation; (f)

3-D phase distribution in the red box of (d)
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