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Phase Reconstruction and Compensation of Biological Cell with
Digital Holographic Microscopy
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South China Normal University, Guangzhou , Guangdong 510006, China)

Abstract To obtain the real phase in digital holographic microscopy (DHM), it needs to compensate the additional
phase induced by the microscope. Based on the theoretical analysis, both two-step compensation algorithm and
Zernike polynomials fitting algorithm are employed to perform the phase reconstruction for biological cell. The obtain
results show that both two-step compensation algorithm and Zernike polynomials fitting algorithm are useful for
system phase compensation of DHM. In two-step compensation algorithm, since the subtraction operation is
performed between the reconstructed phases with the object and without the object, the DHM system phase error can
be compensated effectively while it is still time-consuming and needs high experimental stability for recording
holograms. In Zernike polynomials fitting algorithm, only one group of digital holograms with the object is required
for compensating the additional phase induced by the microscope, therefore it is suitable for the dynamic phase
measurement while the constructed phase error increases with both the increase of object height and transverse area.
To decrease the reconstruction phase error of Zernike polynomials fitting phase compensation algorithm, it is required
to ensure that one of the variations of object optical height or transverse area to be a small value. The result supplies
a useful tool for the study and application of biological cell phase compensation by DHM.
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Fig. 1 Schematic of phase-shifting digital holographic microscopy system
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Fig. 2 Phase reconstruction of digital holographic microscopy for K562 cell. (a) Hologram with K562 cell; (b) hologram

without K562 cell; (¢) and (d) are the wrapped phase of (a) and (b) respectively; (e) and ({) are the unwrapping

phase of (¢) and (d) respectively; (g) phase distribution of K562 cell reconstructed based on two-step compensation

algorithm; (h) phase distribution of K562 cell based on Zernike compensation algorithm
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Fig. 3 Phase reconstruction of digital holographic microscopy for macrophage. (a) Hologram with macrophage; (b)

hologram without macrophage; (c¢) and (d) are the wrapped phase of (a) and (b) respectively; (e) phase

distribution of macrophage reconstructed based on two-step compensation algorithm; ({) phase distribution of

macrophage based on Zernike compensation algorithm
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Fig. 4 Phase reconstruction of digital holographic microscopy for neuronal cell. (a) Hologram with neuronal cell; (b)

hologram without neuronal cell; (¢) and (d) are the wrapped phase of (a) and (b) respectively; (e) phase

distribution of neuronal cell reconstructed based on two-step compensation algorithm; (f{) phase distribution

of neuronal cell based on Zernike compensation algorithm
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Fig. 5 Simulation results of phase compensation error based on Zernike polynomials fitting algorithm. (a) Standardized

object phase of K562 cell; (b) standardized system phase error; (c) summation of (a) and (b); (d) Zernike

polynomials fitting result of (¢); (e) referenced object phase obtained by the subtraction operation between (c¢) and

(d); (D) phase difference between the referenced phase and the standardized phase
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Fig. 6 Relationship between the root mean square of
phase error induced by Zernike polynomials fitting
algorithm and the optical height, as well as the
ratio of object transverse area to the fitting circle

area of Zernike polynomials fitting operation
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