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Wolczanska 211/215, 90-924 Lodz, Poland
tel. +48426312638
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Fragments of the lecture were also provided by

Andrzej Materka,  Michał Strzelecki, Paweł Strumiłło, 
Piotr Romaniuk, Piotr Makowski

and were used with permission.

Portions of this lecture are illustrated with articles from the wikipedia
(GNU Free Documentation License
http://en.wikipedia.org/wiki/Wikipedia:Text_of_the_GNU_Free_Documentation_License)
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Features and classificationFeatures and classification

Example

Problem(s) statement

Textural features

Multidimensional analysis

Geometrical parameters

Feature selection

Classification techniques
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ExampleExample

Goal: find blue rectanglesGoal: find blue rectangles
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Image processing (from image to features)Image processing (from image to features)

1. Perform image enhancement.

2. Perform segmentation to find individual objects.

3. Compute numeric descriptors (features):

a) Area

b) Perimeter

c) Roundness (area / perimeter2)

d) Average of blue component

Examples created with MaZda 4.60Examples created with MaZda 4.60
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Pattern analysis (from features to decision)Pattern analysis (from features to decision)

3. Analyze feature vectors distribution in feature

space.

4. Find such features for which:

a) searched feature vectors group

b) and are separate from other vectors
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Pattern analysis (verification)Pattern analysis (verification)

5. Verify with other images (data sets)

Examples created with MaZda 4.60Examples created with MaZda 4.60
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ProblemsProblems

• Define a goal of image recognition, gather example
images, establish methods for image processing

• Find numeric values, which can characterize and

differentiate objects/regions/images

• Find a rule for classification of objects/regions/images
based on feature space analysis

• Verify the method
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FeaturesFeatures

FeaturesFeatures

Region basedRegion basedShape basedShape based

GeometricalGeometrical

Moment-basedMoment-based

TopologicalTopological

StructuralStructural

StatisticalStatistical

TransformTransform

Model-basedModel-based
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Geometrical parameters - AreaGeometrical parameters - Area

Area - number of the object pixelsArea - number of the object pixels

Profile area - number of the profile pixelsProfile area - number of the profile pixels

How to find profile?

Fill-in (flood fill algorithm) a background. 

What lefts is a profile.

How to find profile?

Fill-in (flood fill algorithm) a background. 

What lefts is a profile.
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Geometrical parameters - AreaGeometrical parameters - Area

PerimeterPerimeter

Profile perimeterProfile perimeter

Convex (hull) perimeterConvex (hull) perimeter
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Geometrical parameters - Perimeter (pixels)Geometrical parameters - Perimeter (pixels)

Contour pixels belong to the object and

have at least one neighbor that does not 
belong to the object. (4 or 8 pixel

neighborhood?)

Contour pixels belong to the object and

have at least one neighbor that does not 
belong to the object. (4 or 8 pixel

neighborhood?)

These would overestimate profile length

for round objects

These would overestimate profile length

for round objects
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Geometrical parameters – Perimeter (boundary tracking)Geometrical parameters – Perimeter (boundary tracking)

0

1

65

4

3 2

7

1. Position a template over any
contour pixel

2. Note coordinates of pixel on 
the tracking list

3. Check pixels in order given by 
the template

4. If checked pixel is a contour
pixel shift a template over it
and go to 2.

5. Finish when all the pixels are
on the list

1. Position a template over any
contour pixel

2. Note coordinates of pixel on 
the tracking list

3. Check pixels in order given by 
the template

4. If checked pixel is a contour
pixel shift a template over it
and go to 2.

5. Finish when all the pixels are
on the list
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Geometrical parameters – Perimeter (length)Geometrical parameters – Perimeter (length)

2 22

2

1. Contour length is a count of contour
pixels

2. Contour length is the sum of line 
segments lengths connecting pixel 
centers

3. Contour length is estimated from:

Length = aN - bM

N - number of external sides of contour pixels
M - number of contour vertices

1. Contour length is a count of contour
pixels

2. Contour length is the sum of line 
segments lengths connecting pixel 
centers

3. Contour length is estimated from:

Length = aN - bM

N - number of external sides of contour pixels
M - number of contour vertices
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RoundnessRoundness

(area)4

length)(boundary 
roundness

2

π
=

Roundness (compactness) - is a measure of how 

region shape is different from a circular shape

For a circular boundary roundness is minimum and 

equals 1. For a square it is equal 4/π > 1.
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Geometrical parameters – DiametersGeometrical parameters – Diameters

Spol - diameter of the area equivalent circleSpol - diameter of the area equivalent circle

Fh

Fv
Smax - maximal diameterSmax - maximal diameter

Fmin

Fmax

Fmax - maximal Feret’s diameter

Fmin - minimal Feret’s diameter

Fmax - maximal Feret’s diameter

Fmin - minimal Feret’s diameter

Fh - horizontal Feret’s diameter

Fv - vertical Feret’s diameter

Fh - horizontal Feret’s diameter

Fv - vertical Feret’s diameter
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Geometrical parameters – Other RatiosGeometrical parameters – Other Ratios

Malinowska ratioMalinowska ratio

1
area2

perimeter
−=

π

Rm

Blair-Bliss ratio

Danielsson ratio

Haralic ratio

Blair-Bliss ratio

Danielsson ratio

Haralic ratio



7

Image Processing & Computer Graphics 19

Projekt współfinansowany przez Unię Europejską 
w ramach Europejskiego Funduszu Społecznego

M. Paradowski, et. al.

On Automation of Brain CT Image Analysis

Computer Science and Information Technology, 

2008. IMCSIT

http://www.proceedings2008.imcsit.org/pliks/200.pdf

M. Paradowski, et. al.

On Automation of Brain CT Image Analysis

Computer Science and Information Technology, 

2008. IMCSIT

http://www.proceedings2008.imcsit.org/pliks/200.pdf
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Shape factorsShape factors

P. Matusiewicz, A. Czarski, H. Adrian, 
Estimation of materials microstructure

parameters using computer program 
SigmaScan Pro

Metallurgy and Foundry Engineering, 

2007 - baztech.icm.edu.pl

P. Matusiewicz, A. Czarski, H. Adrian, 
Estimation of materials microstructure

parameters using computer program 
SigmaScan Pro

Metallurgy and Foundry Engineering, 

2007 - baztech.icm.edu.pl
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Moment-based parameters – Martin’s radiiMoment-based parameters – Martin’s radii

Mmin - Martin’s minimal radius - minimum distance between gravity center and contour pixels

Mmax - Martin’s maximal radius - maximum distance between gravity center and contour pixels

Maver - Martin’s average radius - average distance between gravity center and contour pixels

Mmin - Martin’s minimal radius - minimum distance between gravity center and contour pixels

Mmax - Martin’s maximal radius - maximum distance between gravity center and contour pixels

Maver - Martin’s average radius - average distance between gravity center and contour pixels

MminMmin

MmaxMmax
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Moment-based parameters – OtherMoment-based parameters – Other

M2y - horizontal second order moment of inertia

M2y - vertical second order moment of inertia

M2xy - second order moment of inertia

Er - average distance from gravity center

Er2 - average square distance from gravity center

El - average distance from contour

El2 - average square distance from contour

M2y - horizontal second order moment of inertia

M2y - vertical second order moment of inertia

M2xy - second order moment of inertia

Er - average distance from gravity center

Er2 - average square distance from gravity center

El - average distance from contour

El2 - average square distance from contour
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Geometrical parameters – OtherGeometrical parameters – Other

S

L ≤ S

S - length of the circumscribing rectangle of minimal area

L - width of the circumscribing rectangle

S - length of the circumscribing rectangle of minimal area

L - width of the circumscribing rectangle

SxL - area of circumscribing rectangle

D1 - diameter of profile inscribed circle of maximum area

D2 - diameter of circumscribing circle

Fd2 - area of circumscribing circle

LmaxE - length of the circumscribing ellipsis of minimal area

LminE - width of the circumscribing ellipsis of minimal area

FE - area of circumscribing ellipsis

SxL - area of circumscribing rectangle

D1 - diameter of profile inscribed circle of maximum area

D2 - diameter of circumscribing circle

Fd2 - area of circumscribing circle

LmaxE - length of the circumscribing ellipsis of minimal area

LminE - width of the circumscribing ellipsis of minimal area

FE - area of circumscribing ellipsis
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Topological featuresTopological features

Topologic shape features are invariant for „rubber-sheet” 

transformations of an elastic surface

Topologic shape features are invariant for „rubber-sheet” 

transformations of an elastic surface
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Topological features (skeleton based)Topological features (skeleton based)

No - number of skeletal loops (number of holes)

Nv - number of cavities

Ni - number of skeleton branches

Nx - skeletal junction number

No - number of skeletal loops (number of holes)

Nv - number of cavities

Ni - number of skeleton branches

Nx - skeletal junction number
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Fractal dimensionsFractal dimensions

• The fractal dimension is the rate at which the length of an edge

increases as the measurement scale is reduced. It may be understood 

as a measure of “roughness” of the edge or boundary.

1.03 1.10

1.23
1.17

1.03 1.10

1.23
1.17
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Fractal DimensionFractal Dimension

Richardson dimension -

is obtained by counting the number of strides 

needed to walk along the boundary, as a function of 
stride length; the result plotted on log-log axes, is a 

straight line whose slope gives the fractal 
dimension.
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Fractal DimensionFractal Dimension

Minkowski dimension -

in this method the circle is 
swept along a boundary 
(contour); plotting the area 
swept out by the circle (called 
sometimes the sausage) versus 
its radius on a log-log axes 
produces a line whose slope 
gives this fractal dimension.
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Fractal DimensionFractal Dimension

Kolmogorov dimension -

a mesh of lines is drawn on the image 

and the number of grid squares through 

which the boundary passes is counted; 

by plotting this number on log-log axes 

vs. the size of the grid and finding the 

slope of the line gives this fractal 

dimension.
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a) c)b)

Fractal 
Dimension

a) Kolmogorov,

b) Richardson,

c) Minkowski.
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Region-based descriptionRegion-based description

By characterising features of region’s interior (regions texture).

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 patterns within an image are perceived to demonstrate specific
brightness, color size, roughness, directivity, randomness, smoothness, granulation, etc.

Although textures are easily perceived by humans, there is no strict definition what is a 
texture in image processing terms. Humans usually assess texture only qualitatively, while
often quantitative texture analysis is required. To perform such quantification, 
mathematically defined texture properties have to be computed by texture analysis
computer programs.  

Approaches to texture analysis are usually categorised into
– statistical, 
– structural,
– model-based and
– transform

http://dx.doi.org/10.1016/j.media.2008.12.002

http://www.eletel.p.lodz.pl/programy/cost/pdf_1.pdf

http://dx.doi.org/10.1016/j.media.2008.12.002

http://www.eletel.p.lodz.pl/programy/cost/pdf_1.pdf
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statisticalstatistical
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1401Black

1001Dark grey

0410Light grey

0134White

4321Hor. runs
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model-basedmodel-based
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transformtransform
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Pattern analysis/recognitionPattern analysis/recognition

1. Several-hundred features mean analysis of a 

several-hundred-dimensional space. It would be time 

consuming, inefficient and in some cases not feasible.

2. Usually only a limited number of features carry 

relevant information needed for texture 

discrimination. 

Selection of discriminative features and rejection of 

the rest is required.

3. The number of selected features is still 

unacceptably large.

Further reduction is feasible by transformation of the 

original features into a new space with lower 

dimensionality feature projection. This yields a set of 

new features, reduced in number in comparison to the 

original feature set.

1. Several-hundred features mean analysis of a 

several-hundred-dimensional space. It would be time 

consuming, inefficient and in some cases not feasible.

2. Usually only a limited number of features carry 

relevant information needed for texture 

discrimination. 

Selection of discriminative features and rejection of 

the rest is required.

3. The number of selected features is still 

unacceptably large.

Further reduction is feasible by transformation of the 

original features into a new space with lower 

dimensionality feature projection. This yields a set of 

new features, reduced in number in comparison to the 

original feature set.
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Feature computationFeature computation

Examples created with MaZda 4.60Examples created with MaZda 4.60
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Unsupervised vs. Supervised learningUnsupervised vs. Supervised learning

UnsupervisedUnsupervised
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Unsupervised vs. Supervised learningUnsupervised vs. Supervised learning

Supervised (labeled vectors)Supervised (labeled vectors)
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Unsupervised vs. Supervised learningUnsupervised vs. Supervised learning

UnsupervisedUnsupervised SupervisedSupervised
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Linear discriminant analysis (selection)Linear discriminant analysis (selection)

Space of feature1 and feature2Space of feature1 and feature2

Space of feature3 and feature4Space of feature3 and feature4

Space of feature5 and feature6Space of feature5 and feature6
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Linear discriminant analysis (projection)Linear discriminant analysis (projection)

featureBfeatureB

featureAfeatureA

feature MDF1feature MDF1
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Selection based on Fisher discriminantSelection based on Fisher discriminant
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LDA resultLDA result

Examples created with MaZda 4.60 and B11Examples created with MaZda 4.60 and B11
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Classification (decision making)Classification (decision making)

Pattern classification problem can be approached  
by means of the so called decision functions. 
The number of these functions is equal to the 
number of classes. 

Let x=[x1, x2, …, xN]. represent an N-
dimensional pattern vector. For M pattern classes 
ω1, ω2,… ωM , we are searching for M decision 
functions 
d1(x), d2(x), …, dM(x) with a property that, if a 
pattern x belongs to class ωi then

jiMjdd ji ≠=> ;,,2,1)()( Kxx

In other words, decision function di(x), “wins the 

competition” for assigning the input feature 
vector x to the pattern class ωi.

??
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Decision functionsDecision functions

The decision boundary between two arbitrary classes
i and j (i ≠ j) is defined by the function:

dij(x) = di(x) - dj(x) = 0

Then, for patterns of class ωi : 

dij(x)>0

and for patterns of class ωj:

dij(x)<0.
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Decision functionsDecision functions

1

© Wiley
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Assume that each pattern class is 

represented by a mean vector (also 
called a class prototype): 

where Nj is the number of pattern 

vectors from class ωj. Possible way to 
determine the class membership of an 
unknown pattern vector x is to assign 

it to the class of its closest prototype 

vector. 

Minimum distance classifierMinimum distance classifier

M,,2,1j,
P

1

j
xj

i K== ∑
∈ω

xm

?

??
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MjD jj ,,2,1)( K=−= mxx

If the Euclidean distance is used the distance 
measure is of the form:

and                      . 

Feature vector x is assigned to class ωj if Dj(x) is the 

smallest distance. 

2/1)( xxx
T

=

Minimum distance classifierMinimum distance classifier
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Minimum distance classifierMinimum distance classifier

The following distance function can be constructed

and assigning x to class ωj  if dj(x) gives the largest value.

Mjd j
T
jj

T
j ,,2,1

2

1
)( K=−= mmmxx

The decision boundary between classes ωi and ωj  for a minimum distance 

classifier is:

The surface defined by this equation is the perpendicular bisector to the 

line joining mi and mj. For N=2 the bisector is a line, for N=3 it is a plane, 

and for N>3 it is called a hyperplane.

0
2

1
=−−−−= )()()(

) = () - d() = d(d

ji

T

jiji

T

jiij

mmmmmmx

xxx



25

Image Processing & Computer Graphics 73

Projekt współfinansowany przez Unię Europejską 
w ramach Europejskiego Funduszu Społecznego

Further readingFurther reading

• Analysis of variance

• Principal Component Analysis

• Nonlinear Discriominant Analysis

• Linear classifier

• Margin classifier

• k-Nearest Neighbor classifier

• Support Vector Machines

• Perceptron Neural Network Classifier
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Unsupervised learning - ClusteringUnsupervised learning - Clustering
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Further readingFurther reading

• Neural networks

• Self-organizing maps

• Hierachical clustering

• Adaptive resonance
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Summary, discussion and quizSummary, discussion and quiz

Summary, discussion and quizSummary, discussion and quiz
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