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Before we start

• How are we doing?

• Questions?

• Concerns?

• Tutorial problems?

• Project problems?
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Syllabus

1. Introduction, image perception and representation

2. Enhancements – Histogram & pixelwise transforms

3. Transforms – FFT

4. Filtering – Linear filters

5. Segmentation - Basics

6. ?
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Outline

1. Introduction

• What is segmentation?

• The two main approaches to segmentation

• What do we want to achieve with segmentation

2. Pixel-based segmentation

3. Region-based segmentation
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I – Introduction to segmentation

Image Analysis and Processing – IM5-1IA – p. 5/70



What is segmentation?

• Image segmentation is all about cutting the image into smaller regions.

• These new regions are supposed to define outlines of objects in the

image.

• More often, segmented regions are just area of images with similar

properties.

• Proper object recognition usually requires high-level knowlegde. This

knowlegde can be built into the segmentation method, or used after the

segmentation is done on the obtained regions.
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How to achieve this ?

Tons of methods: Here are listed a few:

• Thresholding

• Histogram clustering

• Spatial clustering

• Split & Merge

• Active contours

• Level sets

• Knowledge based methods

• Morphological methods, among which region-growing methods

• Optimal methods

Image Analysis and Processing – IM5-1IA – p. 7/70



Top-down vs. bottom-up

• Top-down: apply segmentation method as an image simplification

method, then sort out the mess.

• Bottom-up: carefully select constraints for segmentation based on

a-priori knowledge, apply method, segmentation will be mostly right.

• Examples:

◦ By design, snakes have to be used in BU fashion

◦ Big selling point of level sets methods and optimal methods: can

be used TD with similar regularity as the snake methods

◦ Optimal methods integrate knowledge and other type of contraints

◦ Learning is going into the way

◦ MM methods regularize by constraints, not by method.
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The two main approaches to segmentation

Top–down Bottom–up

Either top–down or bottom–up
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II: Pixel-based segmentation
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The simplest segmentation method?
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Thresholding model
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Thresholding model (cont.)
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Object thresholding
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Thresholding example
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Adaptive thresholding
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Adaptive thresholding 2
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Adaptive thresholding 3
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Multispectral thresholding
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Another example: skin lesions (1)

R

G

B

RGB space slice of RGB histo. classification
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Another example: skin lesions (2)

Original Colour segmentation
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Summary on thresholding

• Many segmentation method end up using some thresholding
• Consequently many thresholding methods reduce to pre-processing

followed by thresholding
• Adaptive thresholding model often too simplistic.
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III: edge detection

image processing, segmentation I – p. 23/70



Convolution-based methods
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Convolution-based example
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Line model
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Line derivatives
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Noisy lines

image processing, segmentation I – p. 28/70



Gradient kernels
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Gradient kernels
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Gradient Example
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Gradient example after smoothing
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Laplacian and edge detection
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LoG filter
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LoG example
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Edge linking
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Hough/Radon transform principle
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Hough discretization
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Hough discretization (cont.)

image processing, segmentation I – p. 39/70



Hough run
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Hough result
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Shortest paths: graph
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Shortest paths: path
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Graph search
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Graph search result
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Canny edge detection

• multi-stage process
• image is smoothed by Gaussian convolution
• 2-D first derivative operator
• Edges give rise to ridges in the gradient magnitude image
• Algorithm tracks along the top of these ridges
• sets to zero all pixels that are not actually on the ridge top so as to give

a thin line in the output = non-maximum suppression.
• Tracking proceeds using hysteresis criterion using two thresholds: T1

and T2 with T1 > T2:
◦ Tracking can only begin at a point on a ridge higher than T1

◦ Tracking then continues in both directions out from that point until
the height of the ridge falls below T2
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Canny examples 1
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Canny examples 2
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Summary of edge detection

• Classic technique
• Suitable for many tasks
• Difficult to handle in complex scences
• Not good at delineating regions

image processing, segmentation I – p. 49/70



IV: region-based segmentation
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Morphological segmentation

• Hard, essential, unsolved problem (possibly unsolvable without strong
AI), central to image analysis.

• Two main approaches to segmentation: top-down and bottom-up.
• Most literature on segmentation is top-down as a matter of course.
• Mathematical morphology approach is mostly bottom-up.
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The watershed line 1

water level

watersheds

dam
dam

minimum minimum

minimum
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The watershed line 2

Original Gradient First result

image processing, segmentation I – p. 53/70



The watershed line 3

Orig. + Markers Final
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How to use the watershed line?

The classical CMM approach:
• Find a good gradient
• Find good external markers
• Find good internal markers

Other approaches:
• Merge catchment basins afterwards (graph approach f.e.)
• Constrain the watershed
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Example of the classical approach (1)
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Examples of the classical approach (2)

internal external

gradient final
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Extensions

• Constrained watershed
• Graph-based approaches to reduce oversegmentation
• Applications to image coding
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Seeded region growing

How does it work ?

A
B
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A simple SRG example

Simple colour image Markers Result
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A more complex example

Original Final
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Implementation issues

• In software: priority queues - FIFO w/ priority. Requires random access
to the image.

• In hardware: parallel or sequential algorithms. now works in Real
Time.
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Comparision with other techniques (1)

Fundamental aspects of RBS:
• SRG+WL yield closed contours, like snakes and LS methods.
• Extends natually to 3D.
• Very efficient both in hardware (RT) and software
• SRG+WL are the “mechanical” part of RBS. Intelligent part =

constraints, finding internal+external markers
• Usually, some pre-knowledge of the content of the image is necessary

(shape, size). Sometimes, markers can be derived from training sets.
• “Ad-hoc” pre-processing.
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Comparision with other techniques (2)

Comparison with:
• Thresholding, histogram clustering
• Contour-based methods
• Spatial clustering, Split and Merge
• Active contours
• Level sets
• Knowledge-based methods
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An application: microarray analysis

Original Segmented
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Not talked about

• 3D
• Regularization
• Constraints
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Lung segmentation
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Lung segmentation

image processing, segmentation I – p. 68/70



Regularization problems

slice 7 slice 20
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