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Abstract: The algorithm to retrieve the phase shift from the image recorded using the self-
interference incoherent digital holography is proposed. Using the proposed algorithm, the complex
hologram can be retrieved with unknown and arbitrary phase shift.

OCIS codes: (110.1080) Active or adaptive optics; (090.1995) Digital holography

Self-interference incoherent digital holography (SIDH) retrieves the complex hologram from the object
illuminated by the incoherent light source with the optical configuration shown in Fig. 1 [1]. The basic
principle of SIDH is similar to the Fresnel incoherent correlation holography proposed by Rosen [2]. By
using the self-coherency of each point source at the object plane, SIDH system creates two copies of
propagation from each point source and imposes different curvatures to them using the combination of
curved and plane mirrors. However, for the usual object composed of many point sources, the
interference patterns are added up and the fringes are washed out. Hence, SIDH adopts usually the 3 or 4
phase shift interferometry (PSI) to retrieve complex hologram from the recorded images [1, 2]. Once we
obtain the complex hologram, the object image can be easily reconstructed by propagating the complex
hologram. However, the PSI used in the previous works requires the phase shift values to be equally
spaced known values. Sometimes, this requirement is not satisfied when the phase shift value cannot be
controlled exactly. For example, the high speed imaging may not allow the phase shift to be stabilized or
cover the entire 27 range. Or the calibration for the phase shift could be changed by some reason.
Recently, our group presented the full-color imaging by using the 3 channel charge-coupled-device
(CCD) with the usual Bayer-color-filter-array attached [3]. To deal with the different 3 wavelengths, 8
phase shifts were used to obtain equally spaced phase shift values for all different wavelengths. If we can
use the arbitrary phase shift instead, the recording process will be more practically useful one.
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Fig. 1. Optical configuration of SIDH system Fig. 2. Procedure of the proposed algorithm

In this work, we propose the method to retrieve the unknown and arbitrary phase shift values from the
images recorded by the SIDH system. The point spread function (PSF) of the recorded image of SIDH
system can be represented as the form [4],
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where (x, y) is the coordinate of the CCD plane; (x,, y,) the object plane; 6 the phase shift value of the
system. Eq. (1) can be thought to be composed of the bias term (A(x,, ys)) and the sinusoidal term

(A(x,,y, )cos[(p(x, Vi X, ys)+0] ). Inspired by the work in [5], the proposed algorithm uses two phase

shifted images instead of 3 or 4, and starts from estimating the average of the bias terms of all PSFs to
retrieve the unknown phase values. The simple average of the two phase shifted images can be a good
initial guess to the average of the bias terms under the condition where the area of sensor plane is
sufficiently large. The initial guesses for two phase shift values are chosen as arbitrary numbers. Using
those initial guesses, the recorded CCD image for a certain given phase shift value can be estimated by
propagating back and forth between the CCD plane and the object plane. Then the phase shift values 6,
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and 6, can be estimated by minimizing the cost function defined as the mean square error (MSE) between
the estimated CCD images and the actual recorded CCD images:
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where /i(x, y) and I,(x, y) are the recorded phase shifted images corresponding to 8, and 6, respectively.
Here, tilde represents that it is the estimated value of the symbol. Then, the average of the bias term is
corrected using the estimated phase shifted values. Again, we go back to the estimation of the phase shift
values using the new estimated bias value. Hence, the unknown phase shift values can be retrieved by
doing iteration of two stages: the estimation of the average of the bias terms from all PSFs and the
estimation of the phase shift values. The entire procedures of the proposed algorithm can be summarized
as a simple diagram shown in Fig. 2.

To verify the feasibility of the proposed method, the simulation was performed for the SIDH
implemented by the optical configuration presented in Fig. 1. The focal length of the input lens f; and the
curved mirror f; were both 100 mm. The distances z, and z;, were 100 mm and 200 mm respectively. The
wavelength was assumed to be 600 nm. Figure 3(a) shows two recorded CCD images with the phase shift
values of 0.127 and 0.327 for the object shown in Fig. 3(b). After 10 iterations of the proposed estimation
scheme, the reconstructed image can be estimated as shown in the right image of Fig. 3(b) using the
estimated phase shift values. Figure 3(c) shows the changes of the estimated phase shift values as the
iteration proceeds.
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Fig. 3. Simulation results of the proposed method. (a) Recorded CCD images with the phase shifts of 0.12x and 0.32x respectively.
(b) Object image and its estimation using the proposed method after 10 iterations. (c) Comparison of the actual phase shift values
and their estimations as the iteration proceeds. (Red: actual phase shift value; blue: estimated phase shift value).

The proposed unknown and arbitrary phase retrieval method can be useful in applying SIDH system for
the high speed imaging or the full-color natural imaging. Though the algorithm of current state can
retrieve the values approaching to the solution, the performance of algorithm needs to be improved to
retrieve more exact values and, accordingly, better reconstructed image. In the presentation, we will show
the more improved algorithm and the experimental results obtained by applying the algorithm for the real
implementation.
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