
Nov. 24-27, 2022

Nanj ing, China

Junxue Wang1,2, Lichen Lin1,2, Shiqi Liu1,2, Suodong Ma1,2,3,*, Xianmeng Shen1,2

1School of Optoelectronic Science and Engineering & Collaborative Innovation Center of Suzhou Nano Science and Technology, Soochow University, Suzhou 215006, China. 

2Key Lab of Advanced Optical Manufacturing Technologies of Jiangsu Province & Key Lab of Modern Optical Technologies of Education Ministry of China, Soochow University, Suzhou 215006, China.

3CAS Key Laboratory of Space Precision Measurement Technology, Xi’an 710119, China.

*Corresponding author: masuodong@suda.edu.cn

NJ130

Instruction
Lensless coaxial digital holographicimaging (LCDHI) has great advantages of

wide-field, high resolution and non-destructive measurement, which is one of the

powerful tools for observing of micro components and biological cells[1]. Its

optical system is shown in Fig. 1.

Figure 1. Schematic diagram of LCDHI

The laser beam passes through a spherical or aspherical lens to generate a

spherical wave and irradiate on a microstructure slice. The transmitted light of the

sample is directly received by a sensor chip.

Figure 2. Iterative algorithm of a modified deep CNN based on an unsupervised auto-encoder.

Conclusion
In this study with the help of an open-source hardware and 3D printing, a

simple, portable and low-cost LCDHI setup is proposed, designed and self-

developed ,and a corresponding GUI based on PyQt5 is self-developed as

well. Also, a modified deep CNN based on an unsupervised auto-encoder is

embedded into the GS iterative process of LCDHI to accomplish twin-free

phase retrieval.

In addition, we designed a self-developed graphical user interface (GUI)

based on PyQt5 for our experimental device, which integrates the functions of

capture, LCDHI reconstruction, GS reconstruction, amplitude comparison,

phase comparison and parameter adjustment. As shown in Fig. 4.

In order to verify the feasibility and effectiveness of this algorithm, we

compared the reconstruction results with the traditional GS algorithm. Fig. 5

lists a group of experimental data with the most obvious difference in results.

(a)             (b)

Figure 3. (a) 3D rendering of the designed setup; (b) The real experimental device.

Figure 4. Diagram of self-developed GUI.

Figure 5. (a) The amplitude, (b) the phase reconstructed by GS algorithm; 

(c) The amplitude, (d) the phase reconstructed by the proposed algorithm.
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Traditional method
In holographic imaging, the intensity of lensless coaxial hologram captured by

the sensor can be expressed as:

𝐼𝐿𝐶𝐷𝐻𝐼 = 𝑂∗𝑅 + 𝑂𝑅∗ + 𝑂 2 + 𝑅 2 = 2𝑅𝑒[𝑇(𝛽(𝑥, 𝑦)] + 𝑂 2 + 𝑅 2 (1)

where 𝑂 represents object wave field, 𝑅 represents reference wave field, T is a

transformation defined as :𝛽(𝑥, 𝑦) → 𝑂𝑅∗.

Becase the non-scattering field 𝑅 2 is a general field and can be removed from

the lensless coaxial hologram. In addition, the term 𝑂 2 can be considered as a

noise term. The problem of reconstructing the object wave field hence comes down

to removing twin-image. In traditional reconstruction, GS algorithm is commonly

used to achieve a desired twin-free result, which is consisted of the following

iterative steps[2]:

𝛽𝑛 = 𝑅 + 𝑂𝑛 𝑒𝑖𝜑𝑛 (2)

𝛽𝑛’ = ℱ(𝛽𝑛) (3)

𝛽𝑛+1’ = ቊ
0 𝛽𝑛’ ∈ 𝑆;

𝛽𝑛’ 𝛽𝑛’ ∉ 𝑆;
(4)

𝛽𝑛+1 = ℱ−1(𝛽𝑛+1’) = 𝑅 + 𝑂𝑛+1 𝑒
𝑖𝜑𝑛+1 (5)

Proposed method
Inspired by the work in ref.[3], a modified deep CNN based on an unsupervised auto-

encoder is embedded into the GS iterative process of LCDHI to accomplish twin-free

phase retrieval. The proposed iterative algorithm of a modified deep CNN based on an

unsupervised auto-encoder is shown in Fig. 2.

The original diffraction pattern is first back propagated to obtain the initial phase

and amplitude, which are transferred into the modified deep CNN as the initial input.

After the calculation of neural network, the reconstructed phase and amplitude are

output. The updated diffraction pattern is obtained by forward propagation of the

reconstructed phase and amplitude, and then compared with the original diffraction

pattern to calculate its loss function. If the calculated loss function does not meet the

preset value, the phase and amplitude of the network output are taken as the input for

the next iteration. Otherwise, the phase and amplitude of this network output are taken

as the final reconstructed phase and amplitude. The loss function is expressed as

following:

𝜔 = argmin
𝑤

𝑋 − 𝑇(𝑓(𝑋, 𝜔) 2
2 (6)

Lensless coaxial digital holographic imaging based on 

open-source hardware and deep learning

Experimental verification

With the help of an open-source hardware and 3D printing, a simple, portable

and low-cost LCDHI setup is proposed, designed and self-developed in this

study.3D rendering and real diagram of the final designed experimental setup is

shown in Figs. 3(a) and 3(b), respectively.
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