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Output: 
Detected image

Photons to 
electrons

Digitazation

n x m pixel array

8 8
Input: physical object

What physical parameters effect image formation?

• Illumination
• Spatial pattern
• Angle of incidence
• Color, polarization

• Lens and optics
• Position/orientation
• Shape
• Focus
• Transparency

• Detector
• Pixel size
• Pixel shape & fill factor
• Color filters
• Other filters

• Digitization
• E to P curves
• Digitization schemes/thresholds
• Data transmission, multiplexing

• Physical object

Illumination

Lens and optics Detector

Digitization
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Examples: Lenses and optics
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Examples: Detection and sampling
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Standard compressive sensing problem:

Proposed reconstruction method via CNN: 

Use iterative solvers to determine x
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Facebook Fast MRI Challenge:
https://ai.facebook.com/blog/using-reinforcement-learning-to-personalize-ai-accelerated-mri-scans/
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Examples: Illumination
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Accurate and efficient classification with LED illumination 

R. Horstmeyer et al., "Convolutional neural networks that teach microscopes how to image," arXiv (2017)  

FPM
(29 images)

(0) Not 
infected 

(1) Infected 
with malaria

Learned 
(1-2 images)CNN

Illum
ination design

Learned

0 1 -1 0.5π

Bright-field 
(1 image)

LED 
Pattern:

…

…

Scanned

96.5% 95%Classification Accuracy: 75%

Classifier:

Center LED
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