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Image Segmentation
Objective



Image Segmentation
Which one is correct?







Image Segmentation
Top down cue

Images by Mike McCann & Jackie Chen 



BSDS
(The berkeley Segmentation Dataset)

http://www.eecs.berkeley.edu/Research/Projects/CS/vision/grouping/
segbench/

http://www.eecs.berkeley.edu/Research/Projects/CS/vision/grouping/segbench/


http://www.wisdom.weizmann.ac.il/~vision/Seg_Evaluation_DB/index.html

Weizmann Segmentation 
Dataset

http://www.wisdom.weizmann.ac.il/~vision/Seg_Evaluation_DB/index.html


Pascal (VOC)

http://pascallin.ecs.soton.ac.uk/challenges/VOC/voc2012/segexamples/index.html

http://pascallin.ecs.soton.ac.uk/challenges/VOC/voc2012/segexamples/index.html
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Introduction
Contour Detection



Introduction
Image Segmentation

Obvious: Segmentation -> Contour 
Not obvious:  Contour -> Segmentations



• Contour detection:  
 Multiple local cues (multi-scale)  
                          + globalization framework (spectral clustering) 

• Segmentation:  
Transforming contour results to segmentation 

• Through evaluation on BSDS 

Introduction
Main Contributions



Contour Detection [2]
Oriented Gradient Signal

G(x, y, ✓) =

• Brightness 
• Color 
• Texture 

8 orientations



Contour Detection [2]
Four Separate Features

Color

ColorBrightness

Texture (texton id)Maximum response among all 8 orientation



Contour Detection
Multiscale Cue Combination (Proposed)

Three scales

From training data



Contour Detection
Global Cues (Affinity)



Contour Detection
Global Cues (Problem)

Typical problem of NCut



Contour Detection
Global Cues (“Spectral Component”) 

Maximum sPb over orientations

Gaussian directional derivative



Contour Detection
Final Probability

All the edges Salient edges



Contour Detection
Results



Contour Detection
Results (benefit of globalization)



Segmentation

Why? 
- Regions provide scale information 
- Natural domain for computing features for recognition 
- Super pixels

Transform contour to closed contour



Segmentation
Watershed Transform

Image from  
http://adessowiki.fee.unicamp.br/adesso/wiki/MICLab/view/

http://adessowiki.fee.unicamp.br/adesso/wiki/MICLab/view/


Segmentation
Watershed Transform

Regional minima

Artifacts
Weight of each arc = mean of E(x,y) for the pixels on the arc



Segmentation
“Oriented” Watershed Transform

Enforce consistency in orientation



Hierarchical Segmentation 

λ 

3 Region Image Dendrogram 

Contour Image 

Slide by Derek Hoeim

Represent Uncertainty of a Segmentation



Segmentation
Ultrametric Contour Map

•  Ultrametric 
– Definition: D(x,y) <= max{ D(x,z), D(z,y) } 

The union R12 of two regions R1 and R2  
must have >= distance to adjacent region 
R3 than either R1 or R2 

λ 

Slide by Derek Hoiem



Segmentation
Ultrametric Contour Map



Segmentation
Results





Evaluation on BSDS

Boundary(Contour) detector Segmentation



Evaluation on BSDS
Boundary benchmarks



Region benchmarks
Evaluation on BSDS



Region benchmarks
Evaluation on BSDS



Any better local cues? 

F-measure based gradient decent? 

Why Normalized cut capture global cue 

Intuition of the Ultrametric? 
  
Greedy(watershed) vs Graph-cut 

Can handle bad illumination? 

Hierarchies vs. Multiple Segmentations 

Discussions
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• Variation of Information  
 

• Rand Index 
 
 

• Segmentation Covering

Benchmarks
Region-based Metrics

Entropy Mutual information

i,j same label

Sum of labeling error 

Overlap Covering





• Contours 
- Roberts, Sobel, Prewitt  
- Canny  
- etc 

• Regions 
- Felz-Hutt 
- Normalized Cuts 
- etc

Previous Work



• Hierarchal region representation 

• Greedy graph-based region margin algorithm  
 
 

Segmentation
Ultrametric Contour Map



Interactive Segmentation



Multiscale Segmentation for 
Object Detection



Pairwise comparison of 
Segmentation Algorithms


