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Segmentation

• Partitioning the image into its constituent parts

• Constituent parts depend on the task
– Detect object, object class, foreground/background 
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Segmentation

A grouping process: 
– the components of a group are similar with respect to some feature or 

set of features
– This grouping should identify regions in the image which correspond to 

unique and distinct objects
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Segmentation

Two complementary approaches:

1. Region Growing
• Grouping elemental areas (in simple cases, individual image pixels)

• That share a common feature 

• Into connected two-dimensional areas called regions

• e.g. pixel grey-level, hue, or some textural pattern

2. Boundary Detection
• Detecting or enhancing the boundary pixels of objects within the image

• Edge detection … discontinuities is some feature between regions 

• Typical feature: image intensity
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Segmentation

Boundary detection algorithms

– Use domain-dependent information or knowledge which they 
incorporate in associating or linking the edges

• edge-thinning

• gap-filling

• curve segment linking

– Their effectiveness is dependent on the quality of the edge image
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Region Growing
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Binary Thresholding

• Intensity or colour thresholding is a simple region based segmentation technique

• Works well where

– an object exhibits a uniform grey-level or colour

– and rests against a background of a different grey-level or colour
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Binary Thresholding

If g(x, y) is a thresholded version of f(x, y) for some global threshold T

g(x, y) = 1 if f(x, y) ≥ T
= 0 otherwise

255
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Binary Thresholding

Histogram

Original image t1=150                       t1=130, t2=150                Regions (blobs)
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Credit: Markus Vincze, Technische Universität Wien
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Binary Thresholding

Credit: Kenneth Dawson-Howe, A Practical Introduction to Computer Vision with OpenCV, © Wiley & Sons Inc. 2014
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Binary Thresholding
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Binary Thresholding

Credit: Kenneth Dawson-Howe, A Practical Introduction to Computer Vision with OpenCV, © Wiley & Sons Inc. 2014
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Binary Thresholding

Threshold Selection

– Most techniques are based on histogram analysis 

• select thresholds which lie in the region between the modes

– Assumption of bi-modal histogram may not be valid

• Histograms are noisy

• Histograms may be uni-modal

• Histogram smoothing is often required
 Black Object  White Background 

Grey-Scale

Frequency

0 255

Dark object
Bright background
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Binary Thresholding

Threshold Selection – Otsu Algorithm

A technique that finds the threshold separating the two classes (background and foreground) so that 

– their combined spread (intra-class variance) is minimal, 

– or, equivalently, so that their inter-class variance is maximal

N. Otsu, "A threshold selection method from gray-level histograms”, IEEE Trans. Sys., Man., Cyber. 9 (1): 62–66, 1979.
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Binary Thresholding

Threshold Selection – Otsu Algorithm

Credit: Kenneth Dawson-Howe, A Practical Introduction to Computer Vision with OpenCV, © Wiley & Sons Inc. 2014
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Colour Segmentation

• To segment images based on colour

– Transform to HSI space

– Discard I

– Set minimum and maximum limits (thresholds) of acceptable H and S

– Need to be careful where H wraps from 0 to 360 (or 180 in if using HLS in OpenCV)

• It may be necessary to smooth the image first 

• It will be necessary to perform connected component analysis 

after the segmentation to label the segmented regions with distinct 

(mutually-exclusive) labels
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Connected Component Analysis

Adjacency conventions

• This problem is one of defining exactly which are the neighbours of a 
given pixel

• Consider the 3*3 neighbourhood in an image where the pixels are 
labelled 0 through 8

Which pixels does pixel 8 touch?

08

765

4

3 2 1
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Connected Component Analysis

Adjacency conventions

• A pixel p at coordinates (i, j) has four horizontal and vertical 
neighbors at coordinates 
(i-1, j) (i+1, j) (i, j-1) (i, j+1)

• This set is called 4-neighborhood N4(p)

• The pixel also has four diagonal neighbors: 
(i-1, j-1) (i+1, j-1) (i+1, j -1) (i+1, j+1)

• The 8 points together form a 8-neighborhood N8(p)
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Connected Component Analysis

If figure and ground are both 8-connected it means the hole 
in the ‘ring’ is connected to the region surrounding the ‘ring’
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Connected Component Analysis

It is normal practice to use both conventions

– one for an object
– one for the background on which it rests

This can be extended quite generally

– adjacency conventions are applied alternatively to image regions 
which are recursively nested (or embedded) within other regions 
as one goes from level to level in the nesting
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Connected Component Analysis

Connected components

– groups of connected pixels with common properties 

– the properties could be a similar color, texture, or motion 
pattern, …

Credit: Francesca Odone, University of Genova
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Connected Component Analysis
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• Image as graph

– Initially with one connected component 
(there is a path from any pixel to any other pixel)

• Segmentation as a process of finding a cut to separate the graph 
into two or more components

Graph Cuts

Source: R. Szeliski, Computer Vision: Algorithms and Applications, Springer, 2010.

Cut
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• Identify affinities (similarity) between nearby pixels

• Separate groups that are connected by weak affinities

Graph Cuts

Source: R. Szeliski, Computer Vision: Algorithms and Applications, Springer, 2010.

Cut
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Graph Cuts

Source: Boykov and Veksler 2006

t-link

t-link

n-link

Edge weights / costs are reflected by thickness 
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Graph Cuts

Source: Boykov and Veksler 2006

S

T
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The Min-Cut and Max-Flow Problem

• The cost of a cut C = {S, T } is the sum of the costs/weights of “boundary” 
edges (p, q) such that p Î S and q Î T

• If (p, q) is a boundary edge, we say cut C severs edge (p, q) 

• The minimum cut problem is to find a cut that has the minimum cost among 
all cuts

Graph Cuts

Source: Boykov and Veksler 2006
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Graph Cuts

Source: Boykov and Funka-Lea 2006

Edge weights / costs are reflected by thickness 

Background
Seed

Object
Seed

Infinity cost t-link

Infinity cost t-link

Using seeds
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Graph Cuts

Source: Boykov and Funka-Lea 2006
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GrabCut

• Extension of the basic Boykov & Jolly (2001) technique by Rother, 
Komolgorov, and Blake (2004)

• Iteratively re-estimates the region statistics

• Region statistics are modelled as a mixture of Gaussians in colour 
space

Graph Cuts
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GrabCut

This allows the approach to operate with minimal user input

– Single bounding box

– The background colour model
• initialized from a strip of pixels around the box outline

– The foreground colour model 
• initialized from the interior pixels

• quickly converges to a better estimate of the object

Graph Cuts
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GrabCut

Graph Cuts

Source: Rother, Komolgorov, Blake 2004
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GrabCut

Graph Cuts

Source: Rother, Komolgorov, Blake 2004
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GrabCut

Graph Cuts

Source: Rother, Komolgorov, Blake 2004
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GrabCut

Graph Cuts

Source: Rother, Komolgorov, Blake 2004
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Reading

R. Szeliski, Computer Vision: Algorithms and Applications, Springer, 2010.

Section 3.3  More neighborhood operations

Section 3.3.4 Connected components

Section 4.2  Edges

D. Vernon, Machine Vision, 1991. 
Section 5.1 Introduction: region- and boundary-based approaches

Section 5.3.1 Gradient- and difference-based operators

Summary of min-cut approaches in computer vision

Boykov, Y. and Veksler, O. 2006. “Graph Cuts in Vision and Graphics: Theories and Applications”, 
in Handbook of Mathematical Models of Computer Vision, Paragios, N., Chen, Y., Faugeras, O. D. 
(eds.), Springer, pp. 79-96.

GrabCut

Rother, C., Kolmogorov, V., and Blake, A.  2004. “GrabCut – Interactive Foreground Extraction 
using Iterated Graph Cuts, ACM Transactions on Graphics.
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Demo

The following code is taken from the binaryThresholding example application

See:

binaryThresholding.h
binaryThresholdingImplementation.cpp
binaryThresholdingApplication.cpp

To run the example:

Ubuntu 16.04: rosrun module5 binaryThresholding
Windows 10: double-click C:\CORO\lectures\bin\binaryThresholding
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Demo

The following code is taken from the binaryThresholdingOtsu example application

See:

binaryThresholdingOtsu.h
binaryThresholdingOtsuImplementation.cpp
binaryThresholdingOtsuApplication.cpp

To run the example:

Ubuntu 16.04: rosrun module5 binaryThresholdingOtsu
Windows 10: double-click C:\CORO\lectures\bin\binaryThresholdingOtsu



Robot Vision 4 41 Robotics: Principles and Practice



Robot Vision 4 42 Robotics: Principles and Practice



Robot Vision 4 43 Robotics: Principles and Practice

Demo

The following code is taken from the colourSegmentation example application

See:

colourSegmentation.h
colourSegmentationImplementation.cpp
colourSegmentationApplication.cpp

To run the example:

Ubuntu 16.04: rosrun module5 colourSegmentation
Windows 10: double-click C:\CORO\lectures\bin\colourSegmentation
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Demo

The following code is taken from the connectedComponents example application

See:

connectedComponents.h
connectedComponentsImplementation.cpp
connectedComponentsApplication.cpp

To run the example:

Ubuntu 16.04: rosrun module5 connectedComponents
Windows 10: double-click C:\CORO\lectures\bin\connectedComponents
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Demo

The following code is taken from the grabCut example application

See:

grabCut.h
grabCutImplementation.cpp
grabCutApplication.cpp

To run the example:

Ubuntu 16.04: rosrun module5 grabCut
Windows 10: double-click C:\CORO\lectures\bin\grabCut
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