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Computer Vision III 

Some of the material modified from Lampert, examples from Kohli, Ladicki, Gould, Koller, Zhu.. 

• Last time: Computer vision tasks as massive 
search problems 
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Energy models: 

Probabilistic models: 
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Assumptions for exact solution 
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• Exact solution with mincut  

• Optimal labeling of original minimization problem 

Exact solution 

Example: Binary segmentation 

[Example from Blake 2004] 
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[Example from Blake 2004] 

More general condition 
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Example 

Example 

[Carreira and 
Sminchisescu, 2010] 
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Approximate solutions: Neighborhood 
search 

• No exact solutions for non-binary labels 

• Optimize only in local subsets of search space 
so that exact solution can be found in each 
subset 

 

ab-swap 
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• Example: 5 labels 

[Example from Christoph Lampert] 
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Example from [Kolmogorov et al.] 
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Generalization: Higher-order potential 

Generalization: Higher-order potential 

[Example 
from 
Christoph 
Lampert] 
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[Kohli et al., CVPR 2007] 

Example 

Region quality Variance of feature over region 

[Kohli, Ladicky, Torr, IJCV 2009] 
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Example 

• Darker = higher quality 

Region quality Variance of feature over region 

Segmentations 

Quality 

Robust model 

[Kohli, Ladicky, Torr, IJCV 2009] 
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Robust model 

Superpixels 

Superpixels 

     

Robust model 
[Kohli, Ladicky, Torr, IJCV 2009] 
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Approximate solutions: Relaxation 
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• Many efficient solvers for relaxed LP problem 
• Tight solution if the graph has no cycles 
• If regular, fractional solutions cannot be optimal 
• Useful approach in practice, depending on problem 

[Wainwright and 
Jordan, 2008] 

Example task 

[Komodakis and Paragios, ECCV 2008] 
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Example 

Kumar&Koller,CVPR10 

Problem 

• A fixed set of regions is not going to work 

• Need to use many candidate segmentation 

Bad Good 

Kumar&Koller,CVPR10 
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Example 

Note: all the previous sums are from 0 
to L. This one is from 1 to L. 

Kumar&Koller,CVPR10 

• Solved with relaxed LP 

• Graph has cycles  Need modification 
(adding constraints on triplets of regions) 

Pixel Intersection Best segmentation Sampling LP 

Kumar&Koller,CVPR10 
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Approximate solutions: Sampling 

• Rejection  

• Importance 

• MCMC  

• Gibbs 

• Sequential (particles) 

 

• Exact solutions 

• Approximate solutions:  

– Neighborhood search 

– Relaxation 

– Sampling 

• Using larger supports and inference over sets 
of regions 

 


