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About the course 

We will select several topics in Computer vision, read and 

analyze related papers, and produce a simple implementation. 

•  Reading assignments (~6, 40%). 

•  Oral presentation (30%) 

•  Final project with written paper* (30%) 

 

*For some, the paper is to be submitted to a conference. 

Please refer to the syllabus. 



Disclosure 

Parts of this course have been prepared based on the publicly 

available information from the courses: 

•  Special Topics in Computer Vision by Noah Snavely at 

Cornell University. 

•  Computer Vision by Svetlana Lazebnik at University of Illinois 

at Urbana-Champaign. 

 

 

Credit is given to the corresponding author. 



The goal of computer vision 
•  To extract “meaning” from pixels 

What we see What a computer sees 
Source: S. Narasimhan 



The goal of computer vision 
•  To extract “meaning” from pixels 

Source: “80 million tiny images” by Torralba et al. 

Humans are remarkably good at this… 



What	kind	of	information	can	be	
extracted	from	an	image?	

…	



What	kind	of	information	can	be	
extracted	from	an	image?	

Geometric	information	

…	
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What can computer vision do today? 



Reconstruction: 3D from photo collections 

YouTube Video 

Q. Shan, R. Adams, B. Curless, Y. Furukawa, and S. Seitz, 
The Visual Turing Test for Scene Reconstruction, 3DV 2013 



Reconstruction: 4D from photo collections 

YouTube Video 

R. Martin-Brualla, D. Gallup, and S. Seitz, 
Time-Lapse Mining from Internet Photos, SIGGRAPH 2015 



Reconstruction: 4D from depth cameras 

YouTube Video 

R. Newcombe, D. Fox, and S. Seitz, 
DynamicFusion: Reconstruction and Tracking of Non-rigid Scenes 

in Real-Time, CVPR 2015 



Reconstruction in construction industry 

reconstructinc.com  
Source: D. Hoiem 



Recognition: “Simple” patterns 



Face recognition: Apple iPhoto software 



Recognition: Apple Face ID 



Concerns about face recognition 

Beijing bets on facial recognition in a big drive for total surveillance – Washington Post, 1/8/2018 



Concerns about face recognition 

https://www.newyorker.com/magazine/2018/12/17/should-we-be-worried-about-computerized-facial-recognition 



Recognition: General categories 

•  Computer Eyesight Gets a Lot More Accurate, 
NY Times Bits blog, August 18, 2014  

•  Building A Deeper Understanding of Images, 
Google Research Blog, September 5, 2014 



Recognition: General categories 
•  ImageNet challenge 



Object detection, instance segmentation 

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



Image generation 
•  Image-to-image translation 

P. Isola, J.-Y. Zhu, T. Zhou, A. Efros, 
Image-to-Image Translation with Conditional Adversarial Networks, CVPR 2017 



Image generation 
•  Unpaired image-to-image translation 

J.-Y. Zhu, T. Park, P. Isola, A. Efros, Unpaired Image-to-Image Translation Using  
Cycle-Consistent Adversarial Networks, ICCV 2017 



M.-Y. Liu, T. Breuel, and J. Kautz, Unsupervised Image-to-Image Translation Networks, NIPS 2017 

Unsupervised image-to-image translation 



Unsupervised image-to-image translation 

M.-Y. Liu, T. Breuel, and J. Kautz, Unsupervised Image-to-Image Translation Networks, NIPS 2017 



DeepFakes 
•  Deep video portraits 

•  “A quiet wager has taken hold among researchers who study 
artificial intelligence techniques and the societal impacts of 
such technologies. They’re betting whether or not someone will 
create a so-called Deepfake video about a political candidate 
that receives more than 2 million views before getting 
debunked by the end of 2018” – IEEE Spectrum, 6/22/2018 



DeepFakes 

https://www.newyorker.com/magazine/2018/11/12/in-the-age-of-ai-is-seeing-still-believing 



Successes to date
Data-driven approach 

3D OCT

R. Poplin et al., 2018



They predicted 
cardiovascular risk 
factors not previously 
thought to be present or 
quantifiable in retinal 
images.

R. Poplin et al., 2018



Successes to date
IDX-DR first AI system approved by FDA

Fundus image 3D OCTRegistration

https://www.eyediagnosis.co/



Successes to date
IDX-DR first AI system approved by FDA

Fundus image 3D OCTRegistration

https://www.eyediagnosis.co/



Successes to date
Hybrid approach in DR automated detection

Fundus image 3D OCTRegistration

Red lesions

White lesions

Anatomical 
landmarks

Decision making 
stage



Origins of computer vision 

L. G. Roberts, 
Machine Perception of Three 
Dimensional Solids, Ph.D. thesis, 
MIT Department of Electrical 
Engineering, 1963.  



Origins of computer vision 



Connections to other disciplines 

Computer Vision 

Image Processing 

Machine Learning 

Artificial Intelligence 

Robotics 

Cognitive science 
Neuroscience 

Computer Graphics 



Growth of the field 

Long list of corporate sponsors 

Source 



Computer Vision subfields 
I.  Early vision: Image formation and 

processing 
II.  Mid-level vision: Grouping and fitting 
III.  Multi-view geometry 
IV.  Recognition 
V.  Additional topics 



I. Early vision 
Basic image formation and processing 

Cameras and sensors 
Light and color 

Linear filtering 
Edge detection 

* = 

Feature extraction Optical flow 



II. “Mid-level vision” 
Fitting and grouping 

Fitting: Least squares 
Voting methods 

Alignment 



III. Multi-view geometry 

Structure from motion 

Two-view stereo Epipolar geometry 

Multi-view stereo 



IV. Recognition 

Basic classification 

Object detection 

Deep learning 

Segmentation 



V. Additional Topics 

Video 

3D scene understanding Images and text 

Generation 


