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Todayõs agenda

ÅA brief history of computer vision and deep learning

ÅCS231n overview
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9ǾƻƭǳǘƛƻƴΩǎ .ƛƎ .ŀƴƎΥ 
Cambrian Explosion, 530-540million years, B.C.
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This image is licensed under CC-BY 3 .0

This image is licensed under CC-BY 2.5

This image is licensed under CC-BY 2.5

https://en.wikipedia.org/wiki/Cambrian_explosion#/media/File:Opabinia_BW2.jpg
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/
https://en.wikipedia.org/wiki/Cambrian_explosion#/media/File:DickinsoniaCostata.jpg
https://creativecommons.org/licenses/by/2.5/
https://creativecommons.org/licenses/by/2.5/
https://creativecommons.org/licenses/by/2.5/
https://en.wikipedia.org/wiki/Cambrian_explosion#/media/File:Olenoides_serratus_oblique_with_antennas.jpg
https://creativecommons.org/licenses/by/2.5/
https://creativecommons.org/licenses/by/2.5/
https://creativecommons.org/licenses/by/2.5/
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Camera Obscura

Leonardo da Vinci,

16th Century AD

This work is in thepublic domain

This work is in the  public 

domain

Gemma Frisius, 1545

This work is in the  public 

domain

Encyclopedia, 18th Century

https://en.wikipedia.org/wiki/Camera_obscura#/media/File:Camera_obscura.jpg
https://en.wikipedia.org/wiki/File:1545_gemma_frisius_-_camera-obscura-sonnenfinsternis_1545-650x337.jpg
https://en.wikipedia.org/wiki/File:1545_gemma_frisius_-_camera-obscura-sonnenfinsternis_1545-650x337.jpg
https://en.wikipedia.org/wiki/File:Da_vinci_-_camera_obscura_(from_notebooks_71)_0071-q75-644x596.jpg
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Computer Vision is everywhere!

Left to right:

Image by Roger H Goun is 
lic ensed under CC BY 2.0

Image is CC0 1.0 public domain

Image is CC0 1.0 public domain

Image is CC0 1.0 public domain

Left to right:
Image is free to use

Image is CC0 1.0 public 

domain

Image by NASA is licensed 
under CC BY 2.0

Image is CC0 1.0 public 

domain

Bottom row , lef t to right

Image is CC0 1.0 public 
domain

Image by Derek  Keats is 

lic ensed under CC BY 2.0; 

changes made
Image is public domain

Image is licensed under CC-BY 

2.0; c hanges made

March 31, 202623

https://www.flickr.com/photos/sskennel/466632815
https://www.flickr.com/photos/sskennel/
https://creativecommons.org/licenses/by/2.0/
https://pixabay.com/en/camera-lens-photographer-photo-193664/
https://creativecommons.org/publicdomain/zero/1.0/
https://pixabay.com/en/drone-aerial-photo-djee-1142182/
https://creativecommons.org/publicdomain/zero/1.0/
https://www.pexels.com/photo/red-hand-iphone-smartphone-80673/
https://creativecommons.org/publicdomain/zero/1.0/
https://www.pexels.com/photo/woman-holding-a-white-samsung-galaxy-android-smartphone-taking-a-photo-of-hallway-38266/
https://www.pexels.com/creative-commons-images/
https://pixabay.com/en/selfie-couple-photography-dragooste-1363970/
https://creativecommons.org/publicdomain/zero/1.0/
https://www.flickr.com/photos/gsfc/8145474144
https://www.flickr.com/photos/gsfc/
https://creativecommons.org/licenses/by/2.0/
https://pixabay.com/p-1566884/
https://creativecommons.org/publicdomain/zero/1.0/
https://www.pexels.com/photo/police-blue-sky-security-surveillance-96612/
https://creativecommons.org/publicdomain/zero/1.0/
https://www.flickr.com/photos/dkeats/6363420863
https://www.flickr.com/photos/dkeats/
https://creativecommons.org/licenses/by/2.0/
https://commons.wikimedia.org/wiki/File:Dashcams_P1210466.JPG
https://commons.wikimedia.org/wiki/File:Google_Glass_detail.jpg
https://creativecommons.org/licenses/by/2.0/deed.en
https://creativecommons.org/licenses/by/2.0/deed.en
https://creativecommons.org/licenses/by/2.0/deed.en
https://creativecommons.org/licenses/by/2.0/deed.en
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Human development depends on visual intelligence
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Humans build civilization using visual intelligence
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Wheredid we comefrom?
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Hubel and Wiesel, 1959

StimulusResponse

Measure 

brain activity

Simple cells: 
Response to specific 

rotation and orientation

Complex cells:
Response to light 
orientation and 

movement, some 
translation invariance

No response

Cat image by CNX OpenStax is licensed 

under CC BY 4.0; changes made

1959

Hubel & Wiesel
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Slide inspiration: Justin Johnson

https://commons.wikimedia.org/wiki/File:Figure_35_03_05.jpg
http://cnx.org/
https://creativecommons.org/licenses/by/4.0
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Larry Roberts, 1963

(a) Original picture (b) Differentiated picture (c) Feature points selected

1959

Hubel & Wiesel
1963

Roberts

[ŀǿǊŜƴŎŜ DƛƭƳŀƴ wƻōŜǊǘǎΣ άaŀŎƘƛƴŜ tŜǊŎŜǇǘƛƻƴ ƻŦ ¢ƘǊŜŜ-5ƛƳŜƴǎƛƻƴŀƭ {ƻƭƛŘǎέΣ мфсо
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1959

Hubel & Wiesel
1963

Roberts

https://dspace.mit.edu/handle/1721.1/6125
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Slide inspiration: Justin Johnson

https://dspace.mit.edu/handle/1721.1/6125
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This image is CC0 1.0 public domain This  image is CC0 1.0 public domain

Input image Edge image
2 ½-D sketch 3-D model

Input

Image

Perceived

intensities

Primal

Sketch

Zero crossings,

blobs, edges, 

bars, ends, 

virtual lines,

groups, curves 

boundaries

2 ½-D

Sketch

Local surface 

orientation and 

discontinuities in 

depth and in 

surface orientation

3-D Model

Representation

3-D models 

hierarchically 

organized in terms 

of surface and 

volumetric 

primitives

1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr

Stages of Visual Representation, David Marr, 1970s
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Slide inspiration: Justin Johnson

https://pixabay.com/en/basketball-court-ball-game-sport-390008/
https://creativecommons.org/publicdomain/zero/1.0/deed.en
https://pixabay.com/p-1658052/?no_redirect
https://creativecommons.org/publicdomain/zero/1.0/deed.en
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1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders

b

b

Generalized Cylinders, 
Brooks and Binford, 
1979

Pictorial Structures,
Fischler and Elshlager, 1973

Recognition via Parts (1970s)
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1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders
1986
Canny

John Canny, 1986
David Lowe, 1987

Image is CC0 1.0  public domain

Recognition via Edge Detection (1980s)
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Slide inspiration: Justin Johnson

http://www.publicdomainpictures.net/view-image.php?image=96509&picture=ruzne-jednorazove-holici-strojky
https://creativecommons.org/publicdomain/zero/1.0/


CS231n: Lecture 1 -  Fei-Fei Li & Adeli & Durante & Johnson & Xiang

Lecture 1 - 33

1959
Hubel & 
Wiesel

1963
Roberts

1970s
David Marr

1979
Gen. Cylinders

1986
Canny

Left Image  is CC BY 3.0 Middl Image  is public 
domain

Right Image is CC-BY 2.0; changes made

AI Winter

!ǊǊƛǾƛƴƎ ŀǘ ŀƴ ά!L ǿƛƴǘŜǊέ

- Enthusiasm (and funding!) for AI research dwindled
- έ9ȄǇŜǊǘ {ȅǎǘŜƳǎέ ŦŀƛƭŜŘ ǘƻ ŘŜƭƛǾŜǊ ƻƴ ǘƘŜƛǊ ǇǊƻƳƛǎŜǎ
- But subfields of AI continues to grow

- Computer vision, NLP, robotics, compbio, etc.
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Slide inspiration: Justin Johnson

https://en.wikipedia.org/wiki/Theravada#/media/File:Phra_Ajan_Jerapunyo-Abbot_of_Watkungtaphao..jpg
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://pixabay.com/en/umbrellas-people-bird-s-eye-view-218421/
https://www.flickr.com/photos/photographingtravis/14932646295
https://creativecommons.org/licenses/by/2.0/
https://creativecommons.org/licenses/by/2.0/
https://creativecommons.org/licenses/by/2.0/
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Lƴ ǘƘŜ ƳŜŀƴǘƛƳŜΧǎŜƳƛƴŀƭ ǿƻǊƪ ƛƴ 
cognitive and neuroscience
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I. Biederman, Science, 1972
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Potter, etc. 1970s

Rapid Serial Visual Perception (RSVP)
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150 ms !!
Thorpe, et al.  Nature, 1996 March 31, 202637
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Kanwisher et al.  J. Neuro. 1997 Epstein & Kanwisher, Nature, 1998

Neural correlates of object & scene recognition

38 March 31, 2026
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Visual recognition is a fundamental 
task for visual intelligence

39 March 31, 2026
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1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders
1986
Canny

Left Image  is CC BY 3.0 Middl Image  is public 
domain

Right Image is CC-BY 2.0; changes made

1997
Norm. Cuts

AI Winter
Normalized Cuts, Shi and Malik, 1997

Recognition via Grouping (1990s)
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Slide inspiration: Justin Johnson

https://en.wikipedia.org/wiki/Theravada#/media/File:Phra_Ajan_Jerapunyo-Abbot_of_Watkungtaphao..jpg
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://pixabay.com/en/umbrellas-people-bird-s-eye-view-218421/
https://www.flickr.com/photos/photographingtravis/14932646295
https://creativecommons.org/licenses/by/2.0/
https://creativecommons.org/licenses/by/2.0/
https://creativecommons.org/licenses/by/2.0/
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1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders
1986
Canny

1997
Norm. Cuts

AI Winter

Recognition via Matching (2000s)

SIFT, David 

Lowe, 1999

Image is public domain
Image  is public domain

1999
SIFT

41 March 31, 2026

Slide inspiration: Justin Johnson

https://commons.wikimedia.org/wiki/File:Stop_sign_(1).jpg
https://www.pexels.com/photo/close-up-of-red-stop-sign-256409/
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1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders
1986
Canny

1997
Norm. Cuts

AI Winter

Viola and Jones, 2001

One of the first successful 
applications of machine 
learning to vision

Face Detection

2001
V&J

1999
SIFT

42 March 31, 2026

Slide inspiration: Justin Johnson
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PASCAL Visual Object 
Challenge

1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders
1986
Canny

1997
Norm. Cuts

2001
V&J

1999
SIFT

Airplane

Train

Person

Image is CC0 1.0 public domain

Image is CC0 1.0 public domain

2004, 2007
Caltech101; 

PASCAL

AI Winter

43 March 31, 2026

Slide inspiration: Justin Johnson

https://pixabay.com/en/diesel-train-train-tracks-industry-1633718/
https://creativecommons.org/publicdomain/zero/1.0/
https://pixabay.com/en/action-alone-beach-boy-child-fun-2178843/
https://creativecommons.org/publicdomain/zero/1.0/
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1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders
1986
Canny

1997
Norm. Cuts

AI Winter

2001
V&J

1999
SIFT

1958
Perceptron

Perceptron

Frank Rosenblatt, ~1957

2004, 2007
Caltech101; 

PASCAL
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Slide inspiration: Justin Johnson



CS231n: Lecture 1 -  Fei-Fei Li & Adeli & Durante & Johnson & Xiang

Minsky and Papert, 1969

1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders
1986
Canny

1997
Norm. Cuts

AI Winter

2001
V&J

1999
SIFT

1958
Perceptron

X Y F(x,y)

0 0 0

0 1 1

1 0 1

1 1 0 x

y

1969 
Minsky & Papert

Showed that Perceptrons could not learn the XOR 
function
Caused a lot of disillusionment in the field

2004, 2007
Caltech101; 

PASCAL

45 March 31, 2026

Slide inspiration: Justin Johnson
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Neocognitron: Fukushima, 1980

1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders
1986
Canny

1997
Norm. Cuts

AI Winter

2001
V&J

1999
SIFT

1958
Perceptron

1969 
Minsky & Papert

1980
Neocognitron

Computational model the visual system, 
ŘƛǊŜŎǘƭȅ ƛƴǎǇƛǊŜŘ ōȅ IǳōŜƭ ŀƴŘ ²ƛŜǎŜƭΩǎ 
hierarchy of complex and simple cells

Interleaved simple cells (convolution) 
and complex cells (pooling)

No practical training algorithm

2004, 2007
Caltech101; 

PASCAL

46 March 31, 2026

Slide inspiration: Justin Johnson
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Backprop: Rumelhart, Hinton, and Williams, 1986

1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders
1986
Canny

1997
Norm. Cuts

AI Winter

2001
V&J

1999
SIFT

1958
Perceptron

1969 
Minsky & Papert

1980
Neocognitron

1985
Backprop

recognizable 
math

I llu stration of Ru melh art et al., 1 986 b y Lan e M cIntosh, 
copyright CS231n 2017

Introduced 
backpropagation 
for computing 
gradients in neural 
networks

Successfully trained 
perceptrons with 
multiple layers

2004, 2007
Caltech101; 

PASCAL

47 March 31, 2026

Slide inspiration: Justin Johnson
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Convolutional Networks: LeCun et al, 1998

1998
LeNet

1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders
1986
Canny

1997
Norm. Cuts

AI Winter

2001
V&J

1999
SIFT

1958
Perceptron

1969 
Minsky & Papert

1980
Neocognitron

1985
Backprop

Applied backprop algorithm to a Neocognitron-like architecture
Learned to recognize handwritten digits
Was deployed in a commercial system by NEC, processed handwritten checks
Very similar to our modern convolutional networks!

2004, 2007
Caltech101; 

PASCAL

48 March 31, 2026

Slide inspiration: Justin Johnson
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нлллǎΥ ά5ŜŜǇ [ŜŀǊƴƛƴƎέ

1998
LeNet

1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders
1986
Canny

1997
Norm. Cuts

AI Winter

2001
V&J

1999
SIFT

2007
PASCAL

1958
Perceptron

1969 
Minsky & Papert

1980
Neocognitron

1985
Backprop

2006

Deep Learning

People tried to train neural networks that 
were deeper and deeper

Not a mainstream research topic at this time

Hinton and Salakhutdinov, 2006
Bengio et al, 2007
Lee et al, 2009
Glorot and Bengio, 2010

49 March 31, 2026
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нлллǎΥ ά5ŜŜǇ [ŜŀǊƴƛƴƎέ

1998
LeNet

1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders
1986
Canny

1997
Norm. Cuts

AI Winter

2001
V&J

1999
SIFT

2007
PASCAL

1958
Perceptron

1969 
Minsky & Papert

1980
Neocognitron

1985
Backprop

2006

Deep Learning

People tried to train neural networks that 
were deeper and deeper

Not a mainstream research topic at this time

No good dataset to work on

Hinton and Salakhutdinov, 2006
Bengio et al, 2007
Lee et al, 2009
Glorot and Bengio, 2010
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15M images

22k categories

[Deng, et al., Fei-Fei, CVPR,20 09 ]

SUN, 131K images 
[Xiao et al. 2010 ]

LabelMe, 37K images 
[Russell et al. 20 07 ]

PASCAL VOC, 30K 
images
[Everingham et al. 20 06 -2012 ]

Caltech101, 9K images 
[Fei-Fei, Fergus, Perona, 2003 ]

51
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1959

Hubel & Wiesel
1963

Roberts
1970s

David Marr
1979

Gen. Cylinders
1986
Canny

1997
Norm. Cuts

2001
V&J

1999
SIFT

2009
ImageNet

The Image Classification Challenge:

1,000 object classes

1,431,167 images

Output:

Scale

T-shirt

Steel drum

Drumstick

Mud turtle

Deng et al, 2009

Russakovsky et al. IJCV 2015

2004, 2007
Caltech101; 

PASCAL

1998
LeNet

1958
Perceptron

1969 
Minsky & Papert

1980
Neocognitron

1985
Backprop

2006

Deep Learning

AI Winter

March 31, 202652


