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Announcements and schedule

• Thursday is the last lecture

• Homework #5 Due: Thursday April 22

• Thursday April 29, 9-noon: Final projects due and presentations
• Sign up for slot at Slack link
• We’ll meet at the usual zoom link

• Project help:
• I will continue my office hours this week/next week

• Wednesday 10am – 11am, Thursday 10am – 11am
• Part of next class I can set aside for final project questions?
• Email me if you’d like to meet another time
• Email TA’s / reach out on Slack to have office hours/meet as well
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40% of total grade

1. Presentation Slides – 10%
- 8 minute presentation, 2 minute for questions

2. 4-6 page write up with at least 3 figures and 5 references – 20%
- Introduction, related work, methods, results, discussion

3. Code used for final results in folder or .ipynb’s – 5%

4. brief website template & permission to share results – 5%
5. shared annotated datasets & permissions – no grade, but would be much 

appreciated if using an interesting dataset

Components of final project

See https://deepimaging.github.io/proj-info/
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- Must be submitted 

- Will share template

- Will post to 
deepimaging.io with 
permission

- Will also send permission 
form, which must be 
submitted with final 
project as well
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Please complete course evaluations!

https://assessment.trinity.duke.edu/students-course-evaluations

Instructions:
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Where are things going with Machine Learning and Imaging in 10 years?

Caltech Visipedia

1. Proliferation of trained models, similar datasets and shared goals
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2. “Cameras” on many devices & new types of sensors

Standard CMOS pixel = bucket that collects electrons SPAD pixel: was there a photon or not?

e-

e-
E=hv
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2. “Cameras” on many devices & new types of sensors

- Light travels 1 ft in 1 ns.

- SPADs can precisely photon arrival time to measure travel distance (TOF)

Detected photon

https://www.picoquant.com/images/uploads/page/files/7253/technote_tcspc.pdf

Pulsed laser

SPAD array

https://www.picoquant.com/images/uploads/page/files/7253/technote_tcspc.pdf
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2. “Cameras” on many devices & new types of sensors

G. Satat et al, https://www.nature.com/articles/srep33946

D. Shen et al, https://www.nature.com/articles/ncomms12046

https://www.nature.com/articles/srep33946
https://www.nature.com/articles/ncomms12046
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3. Beyond convolutions - new constructs for deep networks
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3. Beyond convolutions - new constructs for deep networks
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3. Beyond convolutions - new constructs for deep networks
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4. Generative data is getting pretty realistic...

What are the implications of this for medical imaging?
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Generative adversarial networks

Stanford CS230, Lecture 3
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Stanford CS230, Lecture 3
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Stanford CS230, Lecture 3

“Maximize probability that the discriminator is wrong and labels the fake 
example as a real example”
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Stanford CS230, Lecture 3
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Stanford CS230, Lecture 3
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https://colab.research.google.com/github/tensorflow/gan/blob
/master/tensorflow_gan/examples/colab_notebooks/tfgan_tut
orial.ipynb?utm_source=ss-gan&utm_campaign=colab-
external&utm_medium=referral&utm_content=tfgan-intro

https://colab.research.google.com/github/tensorflow/gan/blob/master/tensorflow_gan/examples/colab_notebooks/tfgan_tutorial.ipynb?utm_source=ss-gan&utm_campaign=colab-external&utm_medium=referral&utm_content=tfgan-intro
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5. Joint optimization of 
hardware and software is 
proliferating
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1. It’s not going away....it works, there’s a big community, and lots of funding

2. Hardware and software are rapidly evolving

3. CNN’s work very well, but they are not the final solution...

4. There is currently a lack of safeguards and not enough consideration for how 
to ensure processed results are accurate, secure and trustworthy

5. Merger of hardware and software for key applications is inevitable…
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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?
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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: 


