
Deep learning for computer vision

Course webpage URL:

opi-lab.github.io/DL4CV/

Image credit: by Albert Ludwigs University of Freiburg

https://opi-lab.github.io/DL4CV/


Disclosure
This course was inspired by the Deep Learning course at 

University of Illinois at Urbana Champaign by S. Lazebnik and 
material from the Deep Learning book by I. Goodfellow, Y. 
Bengio, and A. Courville. 

Many of the slides are from the publically available data of these 
courses.
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Recommended Background
Linear Algebra

• Definitions, vectors, matrices, operations, properties

Probability
• Basics: what is a random variable, probability distributions, functions of a random 

variable

Machine learning*
• Learning, modeling and classification techniques
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Grading

Homework assignments : 50%
• Mini projects
• Will be assigned during course

Midterm and final exam: 20%

Final project: 30%
• Will be assigned early in course
• Dec 3 - 7: Oral presentation with demos (if possible) and written 

paper in IEEE format.
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Projects
A solution to a given or proposed problem.
The projects may lead to

• Conference papers
• Journal Papers
• Master/PhD thesis
• etc,.
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Additional Information

Website:
• https://opi-lab.github.io/DL4CV/
• Lecture material will be posted on the day of each class on the 

website
• Reading material and pointers to additional information will be on the 

website.

Course on MS Teams.
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https://opi-lab.github.io/DL4CV/


Additional Information

Suggested books
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And several others...



CS 444: Deep Learning for Computer Vision

Computer vision

Geometric vision, 
physics-based 

imaging, low-level 
vision

Recognition, 
image generation, 

3D scene understanding, 
images + language, …

Reinforcement learning, 
natural language 

processing, speech, 
audio, robotics

Bioinformatics, 
healthcare, 

systems, security, 
programming 
languages, …

Deep learning



Lecture overview
• About the class
• Milestones of deep learning
• Recent successes and origins

• Vision
• Language
• Games
• Robotics

• Topics to be covered in class



Milestones: A ridiculously abbreviated timeline
• 1943: McCulloch and Pitts neurons

• Fascinating reading: The Man Who Tried to Redeem the World with Logic, 
Nautilus, 2/5/2015

Walter Pitts (1923-1969)

http://www.mind.ilstu.edu/curriculum/modOverview.php?modGUI=212
http://nautil.us/issue/21/information/the-man-who-tried-to-redeem-the-world-with-logic
https://en.wikipedia.org/wiki/Walter_Pitts


Milestones: A ridiculously abbreviated timeline
• 1943: McCulloch and Pitts neurons
• 1958: Rosenblatt’s perceptron

Frank Rosenblatt (1928-1971)

http://www.mind.ilstu.edu/curriculum/modOverview.php?modGUI=212
https://en.wikipedia.org/wiki/Frank_Rosenblatt
https://en.wikipedia.org/wiki/Frank_Rosenblatt


Milestones: A ridiculously abbreviated timeline
• 1943: McCulloch and Pitts neurons
• 1958: Rosenblatt’s perceptron
• 1959: First pattern recognition benchmark, training-test split

1500 characters (26 letters, 10 digits from 50 writers), 12x12 resolution, stored on IBM 704 punch cards

Bill Highleyman and Louis Kamentsky, Bell Labs

http://www.mind.ilstu.edu/curriculum/modOverview.php?modGUI=212
https://en.wikipedia.org/wiki/Frank_Rosenblatt
https://www.argmin.net/2021/10/20/highleyman/


Milestones: A ridiculously abbreviated timeline
• 1943: McCulloch and Pitts neurons
• 1958: Rosenblatt’s perceptron
• 1959: First pattern recognition benchmark
• 1969: Minsky and Papert Perceptrons book

• Fascinating reading: M. Olazaran, A Sociological Study 
of the Official History of the Perceptrons Controversy, 
Social Studies of Science, 1996

http://www.mind.ilstu.edu/curriculum/modOverview.php?modGUI=212
https://en.wikipedia.org/wiki/Frank_Rosenblatt
https://www.argmin.net/2021/10/20/highleyman/
https://en.wikipedia.org/wiki/Perceptrons_(book)
https://pdfs.semanticscholar.org/f3b6/e5ef511b471ff508959f660c94036b434277.pdf


Milestones: A ridiculously abbreviated timeline
• 1943: McCulloch and Pitts neurons
• 1958: Rosenblatt’s perceptron
• 1959: First pattern recognition benchmark
• 1969: Minsky and Papert Perceptrons book
• 1980: Fukushima’s Neocognitron

• Video (short version)
• Inspired by the findings of Hubel & Wiesel 

about the hierarchical organization 
of the visual cortex in cats and monkeys (1959-1977) 

Image source

Kunihiko Fukushima

http://www.mind.ilstu.edu/curriculum/modOverview.php?modGUI=212
https://en.wikipedia.org/wiki/Frank_Rosenblatt
https://www.argmin.net/2021/10/20/highleyman/
https://en.wikipedia.org/wiki/Perceptrons_(book)
https://en.wikipedia.org/wiki/Neocognitron
https://www.youtube.com/watch?v=Qil4kmvm2Sw
https://www.youtube.com/watch?v=oVYCjL54qoY
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2718241/
https://www.informit.com/articles/article.aspx?p=1431818
https://en.wikipedia.org/wiki/Kunihiko_Fukushima


Milestones: A ridiculously abbreviated timeline
• 1943: McCulloch and Pitts neurons
• 1958: Rosenblatt’s perceptron
• 1959: First pattern recognition benchmark
• 1969: Minsky and Papert Perceptrons book
• 1980: Fukushima’s Neocognitron
• 1986: Back-propagation

• Origins in control theory and optimization: Kelley (1960), Dreyfus (1962), 
Bryson & Ho (1969), Linnainmaa (1970)

• Application to neural networks: Werbos (1974)
• Popularized by Rumelhart, Hinton & Williams (1986)

http://www.mind.ilstu.edu/curriculum/modOverview.php?modGUI=212
https://en.wikipedia.org/wiki/Frank_Rosenblatt
https://www.argmin.net/2021/10/20/highleyman/
https://en.wikipedia.org/wiki/Perceptrons_(book)
https://en.wikipedia.org/wiki/Neocognitron
https://en.wikipedia.org/wiki/Backpropagation


Milestones: A ridiculously abbreviated timeline
• 1943: McCulloch and Pitts neurons
• 1958: Rosenblatt’s perceptron
• 1959: First pattern recognition benchmark
• 1969: Minsky and Papert Perceptrons book
• 1980: Fukushima’s Neocognitron
• 1986: Back-propagation 
• 1989 – 1998: Convolutional neural networks

• LeNet to LeNet-5

Yann LeCun

http://www.mind.ilstu.edu/curriculum/modOverview.php?modGUI=212
https://en.wikipedia.org/wiki/Frank_Rosenblatt
https://www.argmin.net/2021/10/20/highleyman/
https://en.wikipedia.org/wiki/Perceptrons_(book)
https://en.wikipedia.org/wiki/Neocognitron
https://en.wikipedia.org/wiki/Backpropagation
https://en.wikipedia.org/wiki/Convolutional_neural_network
https://en.wikipedia.org/wiki/Yann_LeCun


Milestones: A ridiculously abbreviated timeline
• 1943: McCulloch and Pitts neurons
• 1958: Rosenblatt’s perceptron
• 1959: First pattern recognition benchmark
• 1969: Minsky and Papert Perceptrons book
• 1980: Fukushima’s Neocognitron
• 1986: Back-propagation 
• 1989 – 1998: Convolutional neural networks
• 2012: AlexNet

Photo source

http://www.mind.ilstu.edu/curriculum/modOverview.php?modGUI=212
https://en.wikipedia.org/wiki/Frank_Rosenblatt
https://www.argmin.net/2021/10/20/highleyman/
https://en.wikipedia.org/wiki/Perceptrons_(book)
https://en.wikipedia.org/wiki/Neocognitron
https://en.wikipedia.org/wiki/Backpropagation
https://en.wikipedia.org/wiki/Convolutional_neural_network
https://en.wikipedia.org/wiki/AlexNet
https://www.wired.com/2013/03/google-hinton/


Milestones: A ridiculously abbreviated timeline
• 1943: McCulloch and Pitts neurons
• 1958: Rosenblatt’s perceptron
• 1959: First pattern recognition benchmark
• 1969: Minsky and Papert Perceptrons book
• 1980: Fukushima’s Neocognitron
• 1986: Back-propagation 
• 1989 – 1998: Convolutional neural networks
• 2012: AlexNet

• Fascinating reading: The secret auction 
that set off the race for AI supremacy, 
Wired, 3/16/2021

http://www.mind.ilstu.edu/curriculum/modOverview.php?modGUI=212
https://en.wikipedia.org/wiki/Frank_Rosenblatt
https://www.argmin.net/2021/10/20/highleyman/
https://en.wikipedia.org/wiki/Perceptrons_(book)
https://en.wikipedia.org/wiki/Neocognitron
https://en.wikipedia.org/wiki/Backpropagation
https://en.wikipedia.org/wiki/Convolutional_neural_network
https://en.wikipedia.org/wiki/AlexNet
https://www.wired.com/story/secret-auction-race-ai-supremacy-google-microsoft-baidu/


Milestones: A ridiculously abbreviated timeline
• 1943: McCulloch and Pitts neurons
• 1958: Rosenblatt’s perceptron
• 1959: First pattern recognition benchmark
• 1969: Minsky and Papert Perceptrons book
• 1980: Fukushima’s Neocognitron
• 1986: Back-propagation 
• 1989 – 1998: Convolutional neural networks
• 2012: AlexNet
• 2018: ACM Turing Award

to Hinton, LeCun, and Bengio

http://www.mind.ilstu.edu/curriculum/modOverview.php?modGUI=212
https://en.wikipedia.org/wiki/Frank_Rosenblatt
https://www.argmin.net/2021/10/20/highleyman/
https://en.wikipedia.org/wiki/Perceptrons_(book)
https://en.wikipedia.org/wiki/Neocognitron
https://en.wikipedia.org/wiki/Backpropagation
https://en.wikipedia.org/wiki/Convolutional_neural_network
https://en.wikipedia.org/wiki/AlexNet
https://awards.acm.org/about/2018-turing


Milestones: A ridiculously abbreviated timeline
• 1943: McCulloch and Pitts neurons
• 1958: Rosenblatt’s perceptron
• 1959: First pattern recognition benchmark
• 1969: Minsky and Papert Perceptrons book
• 1980: Fukushima’s Neocognitron
• 1986: Back-propagation 
• 1989 – 1998: Convolutional neural networks
• 2012: AlexNet
• 2012 – present: deep learning explosion

Source, via J. Johnson

http://www.mind.ilstu.edu/curriculum/modOverview.php?modGUI=212
https://en.wikipedia.org/wiki/Frank_Rosenblatt
https://www.argmin.net/2021/10/20/highleyman/
https://en.wikipedia.org/wiki/Perceptrons_(book)
https://en.wikipedia.org/wiki/Neocognitron
https://en.wikipedia.org/wiki/Backpropagation
https://en.wikipedia.org/wiki/Convolutional_neural_network
https://en.wikipedia.org/wiki/AlexNet
https://twitter.com/MarioKrenn6240/status/1314622995139264517
https://web.eecs.umich.edu/~justincj/slides/eecs498/WI2022/598_WI2022_lecture01.pdf


Lecture overview
• About the class
• Milestones of deep learning
• Recent successes and origins

• Vision
• Language
• Games
• Robotics



Successes in vision: ImageNet Challenge

ILSVRC

Figure source

Enter deep 
learning

http://www.image-net.org/challenges/LSVRC/
https://web.eecs.umich.edu/~justincj/slides/eecs498/WI2022/598_WI2022_lecture01.pdf


Vision: Outgrowing ImageNet

L. Beyer et al. Are we done with ImageNet? arXiv:2006.07159, 2020

“Programmer”

K. Yang, K. Qinami, L. Fei-Fei, J. Deng, O. Russakovsky, Towards Fairer Datasets: Filtering 
and Balancing the Distribution of the People Subtree in the ImageNet Hierarchy, Conference 

on Fairness, Accountability, and Transparency (FAccT), 2020

https://arxiv.org/pdf/2006.07159.pdf
http://image-net.org/filtering-and-balancing/


Vision: Detection, segmentation

K. He, G. Gkioxari, P. Dollar, and R. Girshick, Mask R-CNN, 
ICCV 2017 (Best Paper Award)

https://research.fb.com/wp-content/uploads/2017/08/maskrcnn.pdf


Vision: Image generation



Vision: Image generation
• Faces: 1024x1024 resolution, CelebA-HQ dataset

T. Karras, T. Aila, S. Laine, and J. Lehtinen, Progressive Growing of GANs for Improved Quality, Stability, and 
Variation, ICLR 2018

Follow-up work

https://research.nvidia.com/sites/default/files/pubs/2017-10_Progressive-Growing-of/karras2018iclr-paper.pdf
https://arxiv.org/pdf/1812.04948.pdf


Vision: Image generation

Source: EBGAN Source: BigGAN

GAN-generated dogs in 2017 GAN-generated dogs in 2018

https://arxiv.org/pdf/1609.03126.pdf
https://www.fastcompany.com/90244767/see-the-shockingly-realistic-images-made-by-googles-new-ai


Vision: Image generation

A. Brock, J. Donahue, K. Simonyan, Large scale GAN training for high fidelity natural image synthesis, 
ICLR 2019

• BigGAN: Synthesize ImageNet images, conditioned on class 
label, up to 512 x 512 resolution

Difficult classes

https://arxiv.org/abs/1809.11096


Vision working too well? Face recognition

How China Uses High-Tech Surveillance to Subdue Minorities – New York Times, 5/22/2019

The Secretive Company That Might End Privacy As We Know It – New York Times, 1/18/2020

Wrongfully Accused by an Algorithm – New York Times, 6/24/2020

https://www.nytimes.com/2019/05/22/world/asia/china-surveillance-xinjiang.html
https://www.nytimes.com/2020/01/18/technology/clearview-privacy-facial-recognition.html
https://www.nytimes.com/2020/06/24/technology/facial-recognition-arrest.html


Vision working too well? DeepFakes

https://www.indiewire.com/2021/07/lucasfilm-hires-deepfake-youtuber-mandalorian-skywalker-vfx-
1234653720/

https://youtu.be/wrHXA2cSpNU

Just a random recent example…

https://en.wikipedia.org/wiki/Deepfake

https://www.indiewire.com/2021/07/lucasfilm-hires-deepfake-youtuber-mandalorian-skywalker-vfx-1234653720/
https://youtu.be/wrHXA2cSpNU
https://en.wikipedia.org/wiki/Deepfake


Vision: Origins

Roberts, 1963Hough, 1959 Rosenfeld, 1969 Duda & Hart, 1972

https://dspace.mit.edu/handle/1721.1/11589
https://inspirehep.net/literature/919922


Successes in natural language
• Neural machine translation

• The Great AI Awakening – New York Times Magazine, 12/14/2016

• Language models: e.g., GPT-3

https://www.technologyreview.com/2020/07/20/1005454/
openai-machine-learning-language-generator-gpt-3-nlp/

https://www.technologyreview.com/2020/08/22/1007539/gpt3-
openai-language-generator-artificial-intelligence-ai-opinion/

https://mobile.nytimes.com/2016/12/14/magazine/the-great-ai-awakening.html
https://arxiv.org/pdf/2005.14165.pdf
https://www.technologyreview.com/2020/07/20/1005454/openai-machine-learning-language-generator-gpt-3-nlp/
https://www.technologyreview.com/2020/08/22/1007539/gpt3-openai-language-generator-artificial-intelligence-ai-opinion/


Successes in natural language
• Neural machine translation

• The Great AI Awakening – New York Times Magazine, 12/14/2016

• Language models: e.g., GPT-3
• M. Bender et al. On the dangers of stochastic parrots: Can language models be 

too big? FAccT 2021

https://www.technologyreview.com/2020/12/04/1013294/google-ai-ethics-research-
paper-forced-out-timnit-gebru/

https://mobile.nytimes.com/2016/12/14/magazine/the-great-ai-awakening.html
https://arxiv.org/pdf/2005.14165.pdf
http://faculty.washington.edu/ebender/papers/Stochastic_Parrots.pdf
https://www.technologyreview.com/2020/12/04/1013294/google-ai-ethics-research-paper-forced-out-timnit-gebru/


Successes in natural language
• Neural machine translation

• The Great AI Awakening – New York Times Magazine, 12/14/2016

• Language models: e.g., GPT-3

https://venturebeat.com/2021/01/12/google-trained-a-trillion-parameter-ai-language-model/

https://mobile.nytimes.com/2016/12/14/magazine/the-great-ai-awakening.html
https://arxiv.org/pdf/2005.14165.pdf
https://venturebeat.com/2021/01/12/google-trained-a-trillion-parameter-ai-language-model/


Successes in natural language
• Neural machine translation

• The Great AI Awakening – New York Times Magazine, 12/14/2016

• Language models: e.g., GPT-3
• Vision and language models: DALL-E, CLIP

https://mobile.nytimes.com/2016/12/14/magazine/the-great-ai-awakening.html
https://arxiv.org/pdf/2005.14165.pdf
https://openai.com/blog/dall-e/
https://openai.com/blog/clip/


Successes in natural language
• Neural machine translation

• The Great AI Awakening – New York Times Magazine, 12/14/2016

• Language models: e.g., GPT-3
• Vision and language models: DALL-E, CLIP

https://mobile.nytimes.com/2016/12/14/magazine/the-great-ai-awakening.html
https://arxiv.org/pdf/2005.14165.pdf
https://openai.com/blog/dall-e/
https://openai.com/blog/clip/


Natural language: Origins
• Turing test (1950)
• Machine translation

• 1954: Georgetown-IBM experiment
• Completely automatic translation of more than 

sixty Russian sentences into English
• Only six grammar rules, 250 vocabulary words, 

restricted to organic chemistry
• Promised that machine translation would be 

solved in three to five years (press release)
• 1966: Automatic Language Processing Advisory Committee (ALPAC) report: 

machine translation is not living up to the hype

• Chatbots: ELIZA (1966)
• Simulated a psychotherapist, could fool naïve 

users

https://en.wikipedia.org/wiki/Turing_test
http://en.wikipedia.org/wiki/Georgetown-IBM_experiment
http://www-03.ibm.com/ibm/history/exhibits/701/701_translator.html
https://en.wikipedia.org/wiki/ALPAC
https://en.wikipedia.org/wiki/ELIZA


Successes in games

• 2013: DeepMind uses deep reinforcement 
learning to beat humans at some Atari games

• 2016: DeepMind’s AlphaGo system beats Go 
grandmaster Lee Sedol 4-1

• 2017: AlphaZero learns to play Go and chess 
from scratch

• 2019: DeepMind’s StarCraft 2 AI is better than 
99.8 percent of all human players

https://deepmind.com/research/publications/playing-atari-deep-reinforcement-learning/
https://deepmind.com/alpha-go
https://en.wikipedia.org/wiki/AlphaZero
https://www.theverge.com/2019/10/30/20939147/deepmind-google-alphastar-starcraft-2-research-grandmaster-level


Games: Origins
• 1952-1959: Arthur Samuel

programmed a digital computer to 
learn to play checkers

• “In 1959 Arthur Samuel published a paper titled 
‘Some Studies in Machine Learning Using the Game 
of Checkers’, the first time the phrase ‘Machine 
Learning’ was used” – Rodney Brooks

• 1960: Donald Michie built 
a “machine” out of 304 matchboxes 
that could learn to play tic-tac-toe

• “Donald Michie’s description of reinforcement 
learning comes from 1961, and is the first use of the 
term reinforcement learning when applied to a 
machine process … There have been some 
developments in reinforcement learning since 1961, 
but only in details” – Rodney Brooks

https://en.wikipedia.org/wiki/Arthur_Samuel
https://rodneybrooks.com/forai-machine-learning-explained/
https://en.wikipedia.org/wiki/Donald_Michie
https://rodneybrooks.com/forai-machine-learning-explained/


Successes in embodied vision and robotics
• Sensorimotor learning

Overview video, 

training video

S. Levine, C. Finn, T. Darrell, P. Abbeel, End-to-end training of deep visuomotor policies, JMLR 2016

https://www.youtube.com/watch?v=Q4bMcUk6pcw
https://www.youtube.com/watch?v=JCjTQfy0h8w
http://arxiv.org/pdf/1504.00702


Embodied vision and robotics

A cross-section of topics 
from the webpage of 
Lerrel Pinto

• Other representative researchers: Abhinav Gupta, Pieter Abbeel, Sergey 
Levine, Chelsea Finn

https://www.lerrelpinto.com/
http://www.cs.cmu.edu/~abhinavg/
https://people.eecs.berkeley.edu/~pabbeel/
https://people.eecs.berkeley.edu/~svlevine/
https://ai.stanford.edu/~cbfinn/


Embodied platforms

• Simulation: AI2Thor, Habitat

• Real robots: PyRobot

• Robot on your smartphone: OpenBot

http://ai2thor.allenai.org/
https://aihabitat.org/
https://www.pyrobot.org/
https://www.openbot.org/


Robotics: Origins

Shakey the Robot
SRI, 1966 – 1972

Video

Blocks World
MIT, 1960s – 1970s
Copy demo (1970)

https://en.wikipedia.org/wiki/Shakey_the_robot
https://www.youtube.com/watch?v=GmU7SimFkpU
https://people.csail.mit.edu/bkph/phw_copy_demo.shtml


Lecture overview
• About the class
• Milestones of deep learning
• Recent successes and origins

• Vision
• Language
• Games
• Robotics

• Topics to be covered in class



Topics to be covered in class
ML basics, linear classifiers Multilayer neural networks, backpropagation Convolutional networks for classification

Recurrent models
Deep reinforcement learning

Generative models (GANs, VAEs)

Transformers

Networks for dense predictionNetworks for detection

Time permitting


