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Abstract: In digital holographic microscopy, phase aberration, including the tilt and
quadratic aberration, affects the visualization and measurement of the quantitative phase of
the object. Here we propose a regression-based method to compensate the phase aberration.
OCIS codes: 090.1000, 090.1995, 100.5070, 110.0180.

1. Introduction

Digital holographic microscopy (DHM) is a powerful tool for the measurement of nanostructures like MEMS and
biological specimens such as living cells in real-time due to its capability of recording the whole wavefront of a
three-dimensional scene in a noninvasive and label-free way. With the 2D hologram, one can reconstruct the object’s
amplitude and quantitative phase distribution with numerical reconstruction algorithms [1].

However, a serious problem in the reconstructed unwrapped phase is the aberration, including the quadratic aberra-
tion caused by the microscope objective and tilt aberration induced by the off-axis angle between the object wave and
reference wave. Various compensation methods, such as double exposure [2], numerical parametric lens [3], Zernike
polynomials [4], and principal component analysis [5], are proposed. Recently, a deep learning based method, which
requires a bunch of data to train a convolutional neural network, is also proposed [6] for the correction. In this paper,
we propose a numerical method that can eliminate the tilt and quadratic aberration in the reconstructed quantitative
phase by using of regression analysis in an automatic way.

2. Method

The method proposed here for phase aberration compensation is based on regression analysis, more specifically, linear
(tilt aberration) or nonlinear (quadratic aberration) least square fitting method. Suppose the unwrapped phase after
back-propagation is φ(x,y) and the model to be fitted for surface correction is f (x,y;ααα), where (x,y) denotes the
spatial coordinate and ααα is the coefficients to be calculated in the fitting model, the residual between the actual value
and the value predicted by the model is r(x,y) = φ(x,y)− f (x,y;ααα). The least square method then finds the optimal
parameter values by minimizing the sum of squared residuals

∫∫ +∞

−∞
r2(x,y)dxdy. Finally, by subtracting the fitted

surface from the reconstructed phase, the corrected phase distribution that is beneficial for thickness measurement can
be reconstructed.

3. Results

The DHM system used in this paper is a typical Mach-Zehnder interferometer with a 4X microscope objective. Two
samples, a groove etched on a wafer and a micro circuit on sapphire base, are imaged as objects. To demonstrate the
compensation of tilt aberration, the quadratic phase aberration introduced by the objective is optically corrected with
additional components (in each arm we add one doublet, and another doublet in front of the detector), thus there is
only the tilt aberration remained. The holograms are acquired in reflection mode, and results are shown in Fig. 1.

In Fig. 1b, the reconstructed quantitative phase of the groove is on a tilt plane, as the color shows the normalized
radian. While in Fig. 1c, the tilt surface is eliminated and the absolute thickness of the groove can be easily measured
by the difference of the groove and the flat plane. The line profiles of the individual center rows in the phase images
are demonstrated in Fig. 1d for comparison. Similarly, another example of the nano circuit is given in Figs. 1e-1h.

For the compensation of quadratic aberration, we capture a hologram of the groove in transmission mode, where
the setup consists of the standard interferometer and an objective lens in the object arm. In Fig. 2, the quadratic phase
and compensated phase are given. As we can see in Fig. 2a, the reconstructed groove is overlapped with a quadratic
surface, which significantly hinders the measurement of the true thickness of the object. In Fig. 2b, however, the
parabolic surface is eliminated and the groove is located on a flat plane. This compensation of quadratic surface in
phase benefits the quantitative measurement of true difference between the object and the plane.
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Fig. 1. (a-d): Amplitude reconstruction of the groove, tilt phase, compensated phase and line profiles.
(e-h): Amplitude reconstruction of the circuit, tilt phase, compensated phase and line profiles.
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Fig. 2. (a) Quadratic tilt phase, (b) compensated phase and (c) line profile comparison.

4. Conclusion

In this paper, a numerical method is proposed for compensating the tilt and quadratic phase aberration in digital
holographic microscopy. Experimental results show the efficacy of this method.
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