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Abstract; The method of combining reference objective and numerical fitting is established to
solve the phase distortion of off-axis digital holography. Because of the optical curvature
difference caused by the objective, the pre-amplified digital holographic microscopy system often
produces additional phase factors. By introducing the same reference objective in the reference
beam path, the phase distortion due to curvature problems is initially eliminated. With the addition
of the reference objective, phase distortion mainly comes from three aspects: the numerical
simulation of plane reference light is used in diffraction calculation, and a phase distortion is
generated with the off-axis structure having a spatial angle; the actually recorded hologram causes
a secondary phase distortion because the object wave passes through the pre-amplified objective;
the other optical components in the optical path form aberrations, failing to get the correct 3D
shape of the microstructure. The entire phase surface is fitted by a polynomial, and the difference
between the phase surface and the fitted surface is used to extract the true phase distribution of the
sample. With only one hologram, multiple phase distortions are automatically compensated by a
polynomial fit. The USAF resolution plate being used as the microstructure pattern for
measurement , the accuracy and effectiveness of the method are verified.

Key words: off-axis; digital holography; microscopic; reference objective; polynomial fitting;
distortion compensation
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Fig. 1 Schematic of experimental optical path
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Fig. 2 Experimental device
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Fig. 3 Interferogram with a large curvature difference
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Fig. 4 Interferogram after modulation by a reference
objective
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Fig. 5 Resolution test board and its enlarged
target area
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Fig. 7 Resolution board area hologram
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Fig. 8 Uncompensated phase diagram and
fitted phase surface
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Fig. 9 Three-dimensional profile after phase
fitting compensation
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Table 1 Items for fitting and corresponding coefficients
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xy —-0.000003 1
X 0.013
32 0.030

4 2% 5

ARSCHE T — by B S5 A R (5L IR A2
HMETT V. SRR AL T v R T AL A A
MOLASHFRD SRt TR 1 #2071 R
i H— I N — sk 2 R S E Y B e T
BUETHEARCR N T HLE 45 2R 0 B X g
WIREASE BBl HEAT 42 DCBUDL 5 H 2 , — Uk Ak
BT — YRABURFAH (57 T 22 | 5 B — AR {37 W A2 (19 ]
L KRN RAR 22T R BIAR LAY 1 4. SEHR S
R %07 A = 4EE AR R ) R FIgh
I i LA AR AP BORS

SE Lk

[1] Michalkiewicz A, Kujawinska M, Stasiewicz K. Digital
holographic camera and data processing for remote
monitoring and measurement of mechanical parts[J]. Opto-
Electronics Review ,2008,16(1) .68 —75.

[2] Schnars U. Direct phase determination in hologram
interferometry with use of digitally recorded holograms[J].
Journal of the Optical Society of America A,1994,11(7) .
2011 -2015.

[3] KatzJ, Sheng J. Applications of holography in fluid
mechanics and particle dynamics[ J]. Annual Review of Fluid
Mechanics ,2010,42 .531 - 555.

[4] Majeed H, Sridharan S, Mir M, et al. Quantitative phase
imaging for medical diagnosis| J]. Journal of Biophotonics,
2017,10(2) :177 = 205.

[5] Moonl, Yi F, Javidi B. Automated three-dimensional
microbial sensing and recognition using digital holography
and statistical sampling [ J ]. Sensors, 2010, 10 (9 ).
8437 - 8451.

[6] Marquet P,Depeursinge C, Magistretti P J. Exploring neural
cell dynamics with digital holographic microscopy [ J ].
Annual Review of Biomedical Engineering,2013,15 (1):
407 -431.

[7] Popescu G. Quantitative phase imaging of nanoscale cell
structure and dynamics [ J |. Methods in Cell Biology,2008 ,
90.87 -115.

[ 8] Merola F, Memmolo P, Miccio L, et al. Tomographic flow
cytometry by digital holography [ J ]. Light Science &
Applications 2017 ,6(4) :e16241.

(F#% 1171 W)



