


Vision as understanding… 

• Beyond perception for autonomous 

mobility:  Generating descriptions that 

enable complex autonomous behaviors 

• Naming objects and features 

– Identifying relations between them 

– Identifying activities and interactions 

• Building block:  

– Recognition and scene understanding 



Efficient inference/learning 

tools for perception 
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Facing the uncertainty 

challenge? 

Dealing with time-bounded 

decisions? 
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Performance? 

“We need a theory of performance guarantees” 

Stefano Soatto, August 22, 2011 

“What is solved??” Don Geman, August 22, 2011 



Challenges 
• Perception performance will always be 

limited: 

1.Provably impossible to drive down error rate 
to 0, in the absence of any other information 

2.The input maybe inherently ambiguous (given 
the training data and models) 

3.Intermediate (bounded computation) results 
are ambiguous 

4.Modeling everything that could be found in 
the data drives up the error rate 

5.It’s wasteful and not necessarily useful to the 
task 

 



Image cues 

ML box: 

Individual classifiers 

Interpretation 

Reason about 

multiple hypothesis 

Hypothesis generation 

“Focus of attention” 





Input image 

Spatial layout hypotheses 

Object hypotheses 

Final scene  
configuration 

 



Image cues 

ML box: 

Individual classifiers 

Interpretation 

Reason about 

multiple hypothesis 

Hypothesis generation 

Iterate 

• Bounded computation and just in time 

output: 

– Refined interpretation available at any stage 

in the iteration 



Big data 



“Infinite” amount of stored visual data 

Interacting with the environment Transfer data between domains 

“Unlimited” recording capabilities 

Lifelong learning 

C:/Documents and Settings/hebert/Desktop/ONR17/lifelongrobot.wmv


Multi-modal 

3D, text, …, others? 
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Incorporating domain 

knowledge; Reasoning tools 



 

• Many important pieces of knowledge do not fit easily in the statistical 
approach 

 

• Physical and geometrical rules 

• Cars drive on the right side of the road 

           (or other prior knowledge about the local environment) 

• Driving is forbidden in this area because of  holiday 

           (or other knowledge about current events in the local 
environment) 

• Objects of type X may be threats and have high priority 

           (or other knowledge about mission and intelligence pieces) 

Lots of 

training data 
Learning Model 

Visual data 

Interpretation 



• Efficient inference/learning tools  

• Facing the uncertainty challenge? 

Dealing with time-bounded decisions? 

• Big data 

• Multi-modal 

• Incorporating domain knowledge; 

Reasoning tools 


