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Segmentation
• Important

• Many methods

• Many systems are built along the lines

• Image -> Segments -> Features -> Result

• In this lecture:

• Discussion on system building and testing

• More on a few segmentation methods
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Testing your system
• Image analysis systems

• Often complex and varying data

• Often a system of systems

• Important to test your system

• Questions

• Obtain data
• Obtain ’ground truth’ (’Gold Standard’)

• Construct benchmark scripts
• Visualize the results

• Adress these questions early in a project



Testing your system, Example 1 
Labelled Faces in the wild

• Collection of images from the web

• Face detection

• Pairs of matching faces

• Pairs of non-matching faces









Evaluating segmentation
• The Jaccard score

• A – pixels of system segmentation

• B – pixels of ground truth segmentation

J = |A ∩ B |
|A ∪ B |
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Segmentation
Texture Segmentation Mathematical morphology Segmentation Gestalt laws

What is segmentation?

Goal: Segment the image into pieces/segments, i.e. regions
that belong to the same object or that has the same properties.
Can also be seen as a problem of ’grouping’ of pieces (pixels,
regions) together.
Edges, Ridges, Blobs, Interest Points, Textures - already a step
towards segmentation.
More generally - segmentation is about cutting out the
interestings regions/parts.

Kalle Åström Image Analysis - Lecture 6



Segmentation
Texture Segmentation Mathematical morphology Segmentation Gestalt laws

Examples of segmentation

Some typical segmentation problems are:
I Cut an image sequence into shots
I Find manufactured parts in an industrial environment
I Find humans in images and video
I Find houses in satellite images
I Find faces in images

Example: OCR.
Example: Image interpretation
Example: Road user analysis
Example: Medical Image Analysis, e.g. Cell analysis

Kalle Åström Image Analysis - Lecture 6



Segmentation
Texture Segmentation Mathematical morphology Segmentation Gestalt laws

Segmentation using clustering

Using clustering:
I Segment images into pieces
I Fit lines to a set of points
I Fit a fundamental matrix to image pairs

In some cases it is easier to view segmentation as the problem
of putting pieces together. This is usually called grouping (less
precise) or clustering (which has a precise meaning in the field
of pattern recognition).

Kalle Åström Image Analysis - Lecture 6



Why do these tokens belong together?



Texture Segmentation Clustering Review Segmentation Gestalt laws Split and Merge Applications

Gestalt laws

Around 1900 the ’Gestalt’ theory was developed by
psychologists in Germany, the Berlin school. They developed a
descriptive theory of mind and brain. Some principles that they
discovered for human grouping of features are:

! Proximity

! Similarity

! Same fate

! Same region

! Closedness

! Symmetry

! Parallelism

Fredrik Kahl Image Analysis - Lecture 5

Gestalt theory
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Segmentation using what we
have learnt so far
• Pixelwise classification

• Colour-pixel classification

• Filterbanks and classification

• Deep learning

• Clustering

• Connected Components

• Cleaning up among the segments

• Classification

• Morphology



Pixels, clustering, segmentation

• At each pixel one could define a feature vector

• Intensity f(i,j)

• RGB colour channel (r,g,b)

• Multispectral channel

• Position (i,j)

• Response from a filter bank

• Use machine learning to define a mapping from pixel feature 
vector to segment

• Either supervised (using lots of old examples) …

• … unsupervised (k-means, other clustering methods)
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Mathematical MorphologyTexture Segmentation Mathematical morphology Definitions The distance transform The skeleton

Mathematical Morphology

Operations on binary images. Can be regarded as non-linear
filtering.
A = { (x , y) 2 Z2 | f (x , y) = 1 } is considered as a subset of the
image.

Definition
Let A and B ⇢ Z2.
The translation of A with x = (x1, x2) 2 Z2 is defined as

(A)x = { c | c = a + x , a 2 A } .

The reflection of A is defined as

Â = { c | c = �a, a 2 A } .

Kalle Åström Image Analysis - Lecture 6
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Texture Segmentation Mathematical morphology Definitions The distance transform The skeleton

Definitions

Definition
The complement of A is defined as

A
c = { c | c /2 A } .

The difference of A and B is defined as

A � B = { c | c 2 A, c /2 B } = A \ B
c .

Kalle Åström Image Analysis - Lecture 6



Mathematical Morphology 
Texture Segmentation Mathematical morphology Definitions The distance transform The skeleton

Dilation

Let B ⇢ Z2 denote a structure element. (Usually B=”a circle”
with centre at the origin is chosen.)

Definition
The dilatation of A with B is defined by

A � B = { x | (B̂)x \ A 6= ; } .

This can also be written

A � B = { x | ((B̂)x \ A) ✓ A } .

The dilation of A with B can be seen as extending A with B.

Kalle Åström Image Analysis - Lecture 6



Mathematical Morphology 
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Erosion

Definition
The erosion of A with B is defined by

A B = { x | (B̂)x ✓ A } .

The erosion of A with B can be seen as diminishing (eroding) A

with B.

Kalle Åström Image Analysis - Lecture 6



Mathematical Morphology 
Texture Segmentation Mathematical morphology Definitions The distance transform The skeleton

Opening

Definition
The opening of A with B is defined by

A � B = (A B)� B .

Opening = first erosion, then dilation.

I Gives smoother contours.
I Removes narrow passages.
I Eliminates thin parts.

Kalle Åström Image Analysis - Lecture 6



Mathematical Morphology 
Texture Segmentation Mathematical morphology Definitions The distance transform The skeleton

Closing

Definition
The Closing of A with B is defined by

A · B = (A� B) B .

Closing = first dilation, then erosion.

I Gives smoother contours.
I Fills up small parts.
I Fills up holes.

Kalle Åström Image Analysis - Lecture 6



















Distance Transform

Texture Segmentation Mathematical morphology Definitions The distance transform The skeleton

The distance transform

Definition
Start with a binary image A ⇢ Z2 and a metric d(x , y) that
defines the distance between x and y and fulfils

I d(x , y) � 0 with equality iff x = y .
I d(x , y) = d(y , x).
I d(x , z)  d(x , y) + d(y , z) (the triangle inequality)

Try to for each pixel calculate the shortest distance to A.

Kalle Åström Image Analysis - Lecture 6



Distance Transform
Texture Segmentation Mathematical morphology Definitions The distance transform The skeleton

Different metrics

Different metrics gives different distances!
I dE(x , y) =

p
x2 + y2 (Euclidean metric)

I d4(x , y) = |x |+ |y | (Manhattan)
I d8(x , y) = max(|x |, |y |) (Chess-board)
I doct = compromise between d4 and d8 (Octagonal)
I dch = Chamfer 3-4 given by the mask
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Kalle Åström Image Analysis - Lecture 6



Distance Transform
Texture Segmentation Mathematical morphology Definitions The distance transform The skeleton

Calculating the distance transform

The distance transform can be calculated by
I Forward propagation
I Backward propagation

A "mask" is propagated through the image row-wise from the

upper left corner to the lower right corner and another "mask" is

propagated in the reverse direction. This procedure is repeated

until convergence.

Kalle Åström Image Analysis - Lecture 6



Distance Transform

Texture Segmentation Mathematical morphology Definitions The distance transform The skeleton

Skeleton

The Skeleton to a binary image, A, is defined by
I For each point, x , in A find the closest boundary point.
I If there are more than one closest boundary point, then x

belongs to the skeleton of A.
The skeleton is dependent on the chosen metric!

Given the skeleton and the actual distance to the boundary for
each skeleton point, the binary image A can be recovered.

Kalle Åström Image Analysis - Lecture 6



Distance Transform

Texture Segmentation Mathematical morphology Definitions The distance transform The skeleton

Skeleton calculation

Calculating the skeleton:
I Using a distance map
I Using morphological operations (thinning).

Kalle Åström Image Analysis - Lecture 6
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