User manual for holographical reconstruction

This user manual illustrates how to reconstruct holographic images from the experimentally measured raw data through MATLAB.
In the file folder named “holographic reconstruction (MATLAB)”, the file named “singlepixel dataprocessing complex.m” is the main
file for holographic reconstruction. After executing this main file using the converted MATLAB data named “biological sample.mat”
and “background curvature.mat”, the output files including many intermediate variables are stored in the folder named “results”. Among
them, the expected amplitude and phase images are named “imaging-amplitude.fig” and “imaging-phase.fig”, respectively.

A flowchart of the step-by-step procedures to reconstruct holographic images is shown below.

1. Read the converted MATLAB data, a series of heterodyne signal I(t) with and without measured sample,
into the workspace of MATLAB.
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2. Determine the fust and the last data ponts in /(t) for each Hadamard-like pattern and chop this segment
of data out. There are in general 60 data points for each order, but we only kept 37 of them due to the dead
time of the DMD.
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3. Apply Fourier transformation to the truncated data and estimate the values of &, and @, by locating the
peak at Af.
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4. Compute the coefficient a,e’®» of Hadamard bases by using the following formula a,ei¥n =
26,eiPn — d,elP1,
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‘ 5. Reconstruct holographic images using a,e?». Compressive sensing can be applied in this step ‘
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‘ 6. Remove phase contaminations by dividing the complex-valued images with and without sample. ‘
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‘ 7. Apply a low-extent BM3D algorithm to denoise holographical images. ‘

Fig. 1 A flowchart of the reconstruction process

For the example provided here, the finally reconstructed amplitude and phase images are also provided below:

amplitude phase

08

06

0.4

0.2

Fig. 2 Reconstructed holographic images of the given example



