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What is computational imaging?

Computational imaging
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Illumination Specimen Imaging Optics Sensor

Conventional microscopy

Optical Coding

Digital ImageDistorted Image

Digital Decoding
Reconstructed Image

Computationalmicroscopy



https://www.bhphotovideo.com/explora/outdoors/buying-guide/binocular
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Why we need ComputationalMicroscopy?
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Why we need ComputationalMicroscopy?
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Tradeoff between resolution and FOV

Why we need ComputationalMicroscopy?
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Tradeoff between resolution and FOV

Why we need ComputationalMicroscopy?
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Spatial scanning and stitching

Why we need ComputationalMicroscopy?





Whole Slide Scanner

Expensive

Slow Complicated

Stitching Artifacts



LED matrix

specimen

objective lens

2X  NA=0.08

Angle-varying illuminationTypical FPM setup

Fourier ptychographic microscopy (FPM) 

G. Zheng et. al., Nature Photonics, 7(9) , 739-745 (2013)



FPM principle

Diagram of the FPM platform



{o(x, y)}= O(u,v)F

FPM principle

O(u,v)o(x, y)
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FPM principle
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FPM data acquisition

Angle-varying illumination   Č Spectrum scanning

LED scanning             Spectrum            Captured images



Captured images         Recovered spectrum          Recovered image   

FPM recovery process

Iterative phase retrieval and synthetic aperture

Raw image                           Recovered image   



FPM recovery process

1.  Initialization

Captured images         Recovered spectrum          Recovered image   



FPM recovery process

2.  Complex amplitude generation

Captured images         Recovered spectrum          Recovered image   

Generated intensity and phase



FPM recovery process

3.  Amplitude constraint

Captured images         Recovered spectrum          Recovered image   

Generated intensity and phaseUpdated intensity and phase



FPM recovery process

4.  Spectrum updating

Captured images         Recovered spectrum          Recovered image   

Updated intensity and phase



Captured images         Recovered spectrum          Recovered image   

FPM recovery process

5.  Iterative recovering



Wide-field High-resolution Microscopy using FPM

Negative USAF Resolution Target Stained dog stomach cardiac

Human Acute Myocardial Infarct Section Human Adenocarcinoma of Breast



Both high-resolution and large FOV



Our Research

Algorithm Design
(Increase Convergence Speed)

Redundancy Analysis
(Increase Measurement Speed)

System Design
(Improve SBP-T)

Misalignment Correction
(Improve Robustness)

Wide-field

High-resolution

Microscopy

Adaptive step-size strategy for FPM 
C. Zuo et. al., Opt. Express 24(18) , 20724-20744,(2016).

Sampling criteria for FPM 
J. Sun et. al., Opt. Express 24(14) , 15765-15781, (2016).

Resolution-enhanced FPM 
J. Sun et. al., Scientific Reports (1), 1187, 2017

J. Sun et. al., Scientific Reports 8 (1), 7669, 2018

J. Sun et. al., Optics Letters 43(14), 3365-3368 (2018).

Positional misalignment correction FPM 
J. Sun et. al., Biomed. Opt. Express 7(4) , 1336-1350, (2016).
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Adaptive step-size strategy for FPM (ASSFPM)

Adaptive step-size strategy significantly improves the stability and robustness of the 

reconstruction towards noise yet retains the fast initial convergence speed.

C. Zuo, J. Sun, and Q. Chen, Optics Express 24, 20724-20744 (2016). 

Code & dataset available @ 

www.scilaboratory.com

Reduce the step-size gradually until convergence

Fixed step-size �r = 1 Adaptive step-size


