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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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1. What are your expectations for an image reconstruction algorithm used in a clinical setting?
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Ethical questions surrounding deep convolutional networks

1. What are your expectations for an image reconstruction algorithm used in a clinical setting?

2. What types of “guarantees” should we be able to make, if any, to a patient?

3. How should we guide future development of ML software to meet any guarantees?

4. How should we guide future development of ML-designed hardware to meet any guarantees?

5. Thoughts towards a system of checks and balances?
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The Machine Learning in Imaging Ethics Questionnaire

Situation 1: In 5 years, you walk into a clinic because you have a spot on your skin that 
you are concerned about. The clinician is too busy, so you step over to a terminal with 
a standard microscope and it images your arm. It says you are fine.

Are you comfortable with leaving the office?

Yes:

No: 

Why or why not? What might change how you feel?
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The Machine Learning in Imaging Ethics Questionnaire

Situation 2: The same thing happens. But this time, the machine reports that it is 99% 
confident in its diagnosis, given previous examples of skin marks that have been 
verified by doctors as benign. It also gives you the opportunity to take a look at some 
of these previous example images it is basing its decision on. You notice that they 
don’t look 100% like the mark on your arm, as is expected, but they look pretty similar.

Are you comfortable with leaving the office?

Yes:

No: 

Why or why not? What might change how you feel?
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The Machine Learning in Imaging Ethics Questionnaire

Situation 3: In 5 years, the same thing happens. But this time, a doctor comes up after 
the machine makes its suggested diagnosis. He takes a very cursory look (10 seconds) 
and then confirms the machine’s opinion. 

Are you now comfortable with leaving the office?

Yes:

No: 
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The Machine Learning in Imaging Ethics Questionnaire

Situation 4: In 10 years, you go up to a modified microscope, “the Tissue Scanner 
3000”, that has a number of fancy lenses and lights. As a machine learning expert by 
now, you’re aware that this microscope is optimized for looking at skin lesions. It 
performs a scan with a particular lighting configuration and reports a score of 98% 
confident that the lesion is benign, allowing you to look through other examples. It asks 
If you’d like another scan for additional confidence or a different outcome, at which 
point the illumination changes and it does some more scanning and reports a 99% 
confidence level. You can continue with another scan, but…

Are you now comfortable with leaving the office?

Yes:

No: 


