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Bottleneck from the optoelectronic device bandwidth
e.g. 800M Pixels/second
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1. Image transformation using optical components 2. Lens array fabrication
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Optical system

Illumination

Detection

Water chamber for 
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System parameter

Field of view (3D) 450 x 450 x 200 𝜇𝜇𝑚𝑚3

Spatial resolution (sampling) 2.32 𝜇𝜇𝑚𝑚
Temporal resolution ~8000 Vols/s



Reconstruction algorithm

min
𝑥𝑥

∅(𝑥𝑥) , 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑡𝑡 𝑠𝑠 = 𝐴𝐴𝑥𝑥

𝜙𝜙 is the image prior term; 𝑠𝑠 is the measurement; 𝐴𝐴 is the optical system forward model; 
𝑥𝑥 is the solution (e.g., 3D image).  
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𝑧𝑧𝑡𝑡 = 𝐷𝐷𝑠𝑠𝐷𝐷𝑡𝑡𝐷𝐷𝑠𝑠𝑠𝑠(𝑥𝑥𝑡𝑡, 𝜆𝜆)

Step 2      Denoising according image priors

Iterative optimization to approach the solution 𝑥𝑥

min
𝑥𝑥

1
2 𝑥𝑥 − 𝑧𝑧 2

2, 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑡𝑡 𝑠𝑠 = 𝐴𝐴𝑥𝑥

𝑥𝑥𝑡𝑡 = 𝑧𝑧𝑡𝑡−1 + 𝐴𝐴𝑇𝑇 𝐴𝐴𝐴𝐴𝑇𝑇 −1(𝑠𝑠 − 𝐴𝐴𝑧𝑧𝑡𝑡−1)

Step 1       Ensure data fidelity 

= 𝑃𝑃𝑃𝑃𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐷𝐷𝑡𝑡𝐷𝐷(𝑧𝑧𝑡𝑡−1, 𝑠𝑠,𝐴𝐴)



Reconstruction algorithm
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1. Each denoiser 𝐷𝐷𝑖𝑖 is a 2D U-Net with skip connections
2. The x is concatenated with a noise map before denoiser
3. End-to-end training on experimentally acquired data pairs via our home-built system

Unfold the iterations to add explicit image model constraint to learning-based method 
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Preliminary results



Thank you!
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