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Segmentation goalSegmentation goal

• Segmentation partitions image into areas.

• Segmentation groups pixels in separate sets.

• Its goal is to find regions (areas) of interest for further analysis.
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• Segmentation methods:

– Histogram based

– Edge detection

– Region based

• Selected methods:

– Grey-level thresholding

– Top-hat transform

– Watershed segmentation

– Seed-growing (flood-filling) algorithm

– Deformable models (level-set, active contour/surface)

• Segmentation aimed preprocessing

– Template matching detection

– Texture segmentation

SegmentationSegmentation
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• Segmentation methods:

– Histogram based

Object pixels differ from background pixels with their gray-level

– Region based 
Object area have specific characteristics we can compute…
…and then differentiate such areas from everything else

– Edge detection 
Object edges have specific characteristics we can compute… 

…and then differentiate edges from everything else

SegmentationSegmentation
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I.T. Young, J.J. Gerbrands, L.J. van Vliet

Fundamentals of Image Processing

http://www.ph.tn.tudelft.nl/Courses/FIP/

I.T. Young, J.J. Gerbrands, L.J. van Vliet

Fundamentals of Image Processing

http://www.ph.tn.tudelft.nl/Courses/FIP/
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Grey-level thresholdingGrey-level thresholding
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Optimum thresholdingOptimum thresholding

Suppose an image contains two 

intensity values m1, m2 combined with 
additive Gaussian noise N(0,s) that 

appear in an image with apriori
probabilities P1 and P2 

correspondingly P1 + P2=1. 

The task is to define a threshold level 
T that would minimise the overall 

segmentation error

Suppose an image contains two 
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appear in an image with apriori
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correspondingly P1 + P2=1. 

The task is to define a threshold level 
T that would minimise the overall 

segmentation error
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Optimum thresholdingOptimum thresholding
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For σ1, σ2 solution to this optimisation problem is the 

following:

If P1=P2 , the optimal threshold is the average of the 

image intensities.
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Grey-level thresholdingGrey-level thresholding
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Correction of monuniform illuminationCorrection of monuniform illumination
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How many objects?How many objects?
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Region based segmentationRegion based segmentation

The main idea in region-based segmentation techniques

is to identify different regions in an image that have 
similar features (gray level, color, texture, etc.). There are 

two main region-based image segmentation techniques: 

– region growing (merging)

– region splitting
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Region growingRegion growing

In region growing the image is divided into atomic 
regions (e.g., pixels, templates). These “seed” points 
grow by appending to each point other points that have 
similar properties. The key problem lies in selecting 
proper criterion (predicate) for merging. A frequently 
used merging rule is: 

Merge two regions if they are „similar” 

(in terms of a predefined features)
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Region growing – general formulationRegion growing – general formulation

Let R represent the entire image. Segmentation may be viewed as a process 

that partitions R into N disjoint regions, R1, R1, …, RN, such that:

a)

b) Ri is a connected region, i = 1, 2, …N,

c) Ri ∩ Rj = ∅ for all i and j, i≠j,

d) P(Ri) = TRUE for i = 1, 2, …N,

e) P(Ri ∪ Rj) = FALSE for i≠j

where P(Ri) is a logical predicate over the points in set Ri and ∅ is the 
empty set. 

∑
=

=
N

i
i RR

1
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Watershed segmentationWatershed segmentation
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Region splittingRegion splitting

Quad-tree decomposition

Initially, the image is subdivided into a set of arbitrary disjoint regions, then splits 
of the regions take place in attempt to satisfy region uniformity criteria (a-e).  

An example split algorithm works as follows:

Subdivide the entire image successively into smaller and smaller quadrant
regions until P(Ri) = TRUE  for any region; that is if P is FALSE for any 

quadrant, subdivide the quadrant into sub-quadrants, and so on.

However, if only splitting is used the final result likely would contain adjacent 

regions with identical properties. 

This can be improved by allowing merging as well as splitting. The following 
procedure can be implemented:

Split any region Ri if  P(Ri) = FALSE,

Merge any adjacent regions for which P(Ri ∪ Rj) = TRUE,

Stop when no further merging or splitting is possible.

Quad-tree decomposition

Initially, the image is subdivided into a set of arbitrary disjoint regions, then splits 
of the regions take place in attempt to satisfy region uniformity criteria (a-e).  

An example split algorithm works as follows:

Subdivide the entire image successively into smaller and smaller quadrant
regions until P(Ri) = TRUE  for any region; that is if P is FALSE for any 

quadrant, subdivide the quadrant into sub-quadrants, and so on.

However, if only splitting is used the final result likely would contain adjacent 

regions with identical properties. 

This can be improved by allowing merging as well as splitting. The following 
procedure can be implemented:

Split any region Ri if  P(Ri) = FALSE,

Merge any adjacent regions for which P(Ri ∪ Rj) = TRUE,

Stop when no further merging or splitting is possible.
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Quadtree decompositionQuadtree decomposition
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Edge detection methodsEdge detection methods

Boundary based segmentation (edge detection)

Changes (or discontinuous) in an image amplitude are important primitive 

characteristics of an image that carry information about object borders. 
Detection methods of image discontinuities are principal approaches to image 

segmentation and identification of objects in a scene. Local discontinuities in 
image intensity fall into three categories: points, lines, or edges
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Point detectionPoint detection

Point detection mask:

The point is rendered if:  

where D is a similarity measure 
between the image and the 
template, and T is a non-negative 
threshold.

TD>
-1

-1

-1

8 -1

-1

-1 -1-1

Image Processing & Computer Graphics 33

Projekt współfinansowany przez Unię Europejską 
w ramach Europejskiego Funduszu Społecznego

Line detectionLine detection
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Line detectionLine detection
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Edge detectionEdge detection

An edge

is the boundary between two regions 

with distinct gray-level properties. 

Edges characterize the physical extent 
of objects thus their accurate detection 

plays a key role in image analysis and 
pattern recognition problems. 

The main idea underlying most edge-
detection techniques is the 

computation of a local derivative of an 

image. 

An edge

is the boundary between two regions 

with distinct gray-level properties. 

Edges characterize the physical extent 
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plays a key role in image analysis and 
pattern recognition problems. 
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image. 
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Edge detectorsEdge detectors

Operators:
• Sobel
• Prewitt

• Roberts

Pairs of detectors
(gradient is a vector)
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Gradient operators (1D example)Gradient operators (1D example)
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Gradient operators (1D example)Gradient operators (1D example)
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to determine whether 

an edge pixel is on the 
dark or light side of an 

edge,

the second derivative 
has zero crossing at 

the midpoint of a grey-
level transition.

the magnitude of the 

first derivative can be 
used to detect the 
presence of an edge in 

an image,

the sign of the second 
derivative can be used 
to determine whether 

an edge pixel is on the 
dark or light side of an 

edge,

the second derivative 
has zero crossing at 

the midpoint of a grey-
level transition.

Image Processing & Computer Graphics 39

Projekt współfinansowany przez Unię Europejską 
w ramach Europejskiego Funduszu Społecznego

Gradient (2D)Gradient (2D)
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Gradient (vector field)Gradient (vector field)

Gradient’s magnitudeGradient’s magnitude

Second order derivative
„equivalents”:

• Gradient divergence

• Gradient curl (rotation)

• Laplacian vector field

Second order derivative
„equivalents”:

• Gradient divergence

• Gradient curl (rotation)

• Laplacian vector field
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LaplacianLaplacian
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Laplacian of a 2-D function f(x,y) is a second 

derivative defined as:

The Laplacian of a discrete image can be approximated 

by a difference equation: 
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Laplacian of a discrete imageLaplacian of a discrete image
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Laplacian of a discrete imageLaplacian of a discrete image
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LoG (Laplacian of Gaussian)LoG (Laplacian of Gaussian)

A more suitable use of the Laplacian is in finding the location of 

edges using its zero-crossing property. This concept is based on 
convolving an image with the Laplacian of a 2-D Gaussian function 

of the form:
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LoG (Laplacian of Gaussian)LoG (Laplacian of Gaussian)
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Laplacian of a 2-D Gaussian function for σ =1
(also called the Mexican hat function).

zero crossings

Image Processing & Computer Graphics 51

Projekt współfinansowany przez Unię Europejską 
w ramach Europejskiego Funduszu Społecznego

LoG (Laplacian of Gaussian)LoG (Laplacian of Gaussian)

LoGLoG
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http://en.wikipedia.org/wiki/Blob_detectionhttp://en.wikipedia.org/wiki/Blob_detection
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http://fourier.eng.hmc.edu/e161/lectures/gradient/node10.htmlhttp://fourier.eng.hmc.edu/e161/lectures/gradient/node10.html

Image Processing & Computer Graphics 54

Projekt współfinansowany przez Unię Europejską 
w ramach Europejskiego Funduszu Społecznego



19

Image Processing & Computer Graphics 55

Projekt współfinansowany przez Unię Europejską 
w ramach Europejskiego Funduszu Społecznego

Texture problemTexture problem

A texture
perceived by humans is a visualization of complex patterns composed of spatially 
organized, repeated subpatterns, which have a characteristic, somewhat uniform 
appearance. The local subpatterns within an image are perceived to demonstrate 
specific brightness, color size, roughness, directivity, randomness, smoothness, 
granulation, etc. A texture may carry substantial information about the structure of 
physical objects.
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Texture analysis softwareTexture analysis software

http://www.eletel.p.lodz.pl/mazda/
http://www.eletel.p.lodz.pl/programy/cost/cost_project.html

http://www.eletel.p.lodz.pl/programy/cost/pdf_1.pdf
http://dx.doi.org/10.1016/j.cmpb.2008.08.005

http://www.eletel.p.lodz.pl/mazda/
http://www.eletel.p.lodz.pl/programy/cost/cost_project.html

http://www.eletel.p.lodz.pl/programy/cost/pdf_1.pdf
http://dx.doi.org/10.1016/j.cmpb.2008.08.005
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Texture problemTexture problem
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MaZda texture mapsMaZda texture maps

Examples created with MaZda software

http://www.eletel.p.lodz.pl/mazda/

Examples created with MaZda software

http://www.eletel.p.lodz.pl/mazda/
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Texture segmentationTexture segmentation
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1. Convert a textured image into textural
feature maps

2. Combine maps if needed

3. Use a gray-level thresholding

1. Convert a textured image into textural
feature maps

2. Combine maps if needed

3. Use a gray-level thresholding
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Segmentation from motionSegmentation from motion

–– ==
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Block matchingBlock matching

• MAD – Mean Absolute Difference
• SAD - Sum of Absolute Differences
• MI – Mutual Information
• NCC - Normalized Cross-Corelation
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Segmentation form motionSegmentation form motion

• Divide video frame (n) into blocks,

• Calculate MAD functions of all the blocks by matching them with the

next frame (n+1),

• For each block calculate vector from block coordinates to MAD 

maximum corresponding with the block,

• Find high magnitude vectors.
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Deformable modelsDeformable models

Deformable modelsDeformable models

ParametricParametricNonparametricNonparametric
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Leveset methodLeveset method

φ(X, t) – function of image and time

X – coordinates in image space

t – time (function φ evolves)

Function φ evolves according to some defined criteria

After the evolution completes equation φ = 0 is solved to find objects boundaries.

φ(X, t) – function of image and time

X – coordinates in image space

t – time (function φ evolves)

Function φ evolves according to some defined criteria

After the evolution completes equation φ = 0 is solved to find objects boundaries.

is a derivative of sign(φ),

I(X) is an image grey level in range <0, 1>, 

µ
0
, µ

1
are mean grey levels for object and background, 

κ is divergence of normalized gradient of φ, 

ν is constant speed

is a derivative of sign(φ),

I(X) is an image grey level in range <0, 1>, 

µ
0
, µ

1
are mean grey levels for object and background, 

κ is divergence of normalized gradient of φ, 

ν is constant speed

One of possible equations (implementations) to evolve function φ:One of possible equations (implementations) to evolve function φ:
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Active contour (parametric model)Active contour (parametric model)
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Active contour equationsActive contour equations
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Active contour (parametric model)Active contour (parametric model)

Active contour

Node

Object to find
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Active contour in 3D (deformable surface) Active contour in 3D (deformable surface) 
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Summary, discussion and quizSummary, discussion and quiz

Summary, discussion and quizSummary, discussion and quiz
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