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Why is Vision Hard?
• Complexity and Ambiguity of Images. Range of Vision Tasks.
• More 10x10 images -- 256^100 = 6.7 x 10 ^240 -- than the total number of 

images seen by all humans throughout history  3 x 10^21.
• (50 billion people, live 20 billion seconds, 30 image per second)



Bayes and Vision.

• History of Bayes and Vision dates to the early 1980’s and before. 
(Ulf Grenander’s pattern theory, 1960’s).

• Vision as an inverse inference problem.
• Decode images by inverting image formation. 
• As argued by Gibson and Marr, this requires knowledge about the 

world Natural constraints (Marr), Ecological constraints (Gibson).

• Bayesian formulations are natural. Constraints are priors and can 
be learnt from examples. 



Bayes for Vision
• Courtesy of Pavan Sinha (MIT)
• The likelihood is not enough.



Models for Generating Images:

• Grammars (Grenander, Fu, Mjolsness, Biederman).
• Simple to Complex Grammars: Easy to hard Inference



Analysis by Synthesis
• Analyze an image by inverting image formation.
• Proposals and Verification



Can we do this for Real Images?
• Image Parsing: 
• Learn probabilistic models of the visual patterns that can appear in 

images.
• Interpret/understand an image by decomposing it into its constituent 

parts. 



Vision Goals and Tasks

• Vision is often formalized as low, middle, and high-level. 
• This seems to map onto different parts of the visual cortex (V1, 

V2,…, IT). (Previous Talks).
• High level vision relates very naturally to other aspects of 

cognition – reasoning, language.



Some Vision Goals (SC Zhu et al)

• Understanding objects, scenes, and events. 
Reasoning about functions and roles of 
objects, goals and intentions of agents, 
predicting the outcomes of events.



Converting Parse Graphs to Language

• Illustration: Perona and Fei-Fei Li.



Reasoning about Objects in 3D Space

• Understanding the 3D scene structure enables 
reasoning.
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