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Introduction to Image Feature Generation (1)

e The major goal can be summarised as follows:
Given an image, or a region within an image, generate the
features that will subsequently be fed to a classifier in
order to classify the image in one of the possible classes.

Introduction

o A digital image results from sampling of a continuous
image function /(x, y) to a two-dimensional array /(m, n)
withm=0,...,Ny—1and n=0,..., N, — 1.

e The intensity of gray level image pixels /(m, n) is
quantised in N, levels and N, is known as the depth of
the image. Then, a pixel /(m, n) can take one of the
values 0,1,..., Ny — 1.



Introduction to Image Feature Generation (2)

Introduction

e Features are generated from images, because using row
image data is highly inefficient. Already for a small
64 x 64 image the number of pixels 4096 is too large for
many classification techniques.

e The goal is to generate features that exhibit high
information packing properties. Features should encode
efficiently the relevant information residing in the original
data.



Types of Image Features

e Colour Features
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MPEG-7 Colour Descriptors
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Dominant Colour

Scalable Colour

Colour Layout

Colour Structure



MPEG-7 Texture Descriptors
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e Homogeneous Texture

e Texture Browsing



MPEG-7 Shape Descriptors
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e Region Shape

e Contour Shape



The MPEG-7 Standard and Applications

MPEG-7
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http: //www.chiariglione.org/mpeg/
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Texture Features

e Although there is no clear definition of “texture”, we
describe an image by the look of it as fine or coarse,
smooth or irregular, homogeneous or inhomogeneous...

Regional
Features

e Our goal here is to generate features that somehow
quantify this kind of properties of an image region.

e These features will emerge by exploiting space relations
underlying the gray level distribution.



Texture - First Order Statistics Features (1)

o Let / be the random variable representing the gray levels
in the region of interest. The first order histogram P(/) is

defined as
(1) = number with pixels with gray level /
Keerel total number of pixels in the region
e The following quantities can be now defined:
Ng—1
Moments: m; = E[I'] = Z e, i=1,2,...
1=0

Ng—1

Central moments: p; = E[(I—E[I])'] = Z (I—my) P(1)
1=0



Texture - First Order Statistics Features (2)

e The most frequently used central moments are up, us, and
la. lto = 0 is the variance, us is known as the skewness,
and p4 as the kurtosis of the histogram.

e Other quantities that result from the first order histogram
Regional are:
Features
Ng—1
Absolute Moments:  fi; = E[||l — E[/]|I'] = Y [I/ — E[N]|I'P(/)
Ng—1
Entropy: H = —E[log, P(1)] = Z P(I)log, P(1)

e Entropy is a measure of histogram uniformity. The closer
to the uniform distribution P(/) = constant, the higher
the H.



Texture - First Order Statistics Features (3)
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Original Normal —Skewed +Skewed Platykurtic Leptokurtic

u3z — 587 0 —-169 169 0 0
na — 16609 7365 7450 7450 9774 1007
H— 461 489 481 481 496 4.12



Texture - Second Order Statistics Features (1)

e The first order statistics features provide information
related to the distribution of gray levels, however, they
don't provide any information about the relative positions
of the various gray levels in the image.

Regional
Features

e This type of information can be extracted from the second
order histograms, where the pixels are considered in pairs.

e Two more parameters are used in this case, namely the
relative distance among the pixels and their relative
orientation.



Texture - Second Order Statistics Features (2)

e Let d be the relative distance measured in pixel numbers.
The orientation ¢ is quantised in four directions:
horizontal, diagonal, vertical, and anti-diagonal (0°, 45°,
90°, 135°):

90° m
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Texture - Second Order Statistics Features (3)

e For each combination of d and ¢ a two-dimensional
histogram is defined:

0°: P(I(m,n) = h,I(m+d,n)=bh)

Regional

R __no. of pixel pairs at distance d with values I, >

total number of possible pairs
e In a similar way

45° : P(I(m,n) = h,I(m+d,nFd) = h)
90° : P(I(m,n) = h,I(mnFd)=h)

135°: P(I(m,n) = h,I(m*+d,n+d)=h)
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Texture - Second Order Statistics Features (4)

e For each of these histograms an array is defined, known as
the co-occurrence or spatial dependence matrix.

n(0,0) n(0,1) n(0,2) n(0,3)

A:l 77(170) 77(171) 77(172) 7](1’3)
R | n(2,0) n(2,1) n(2,2) n(2,3)
n(3,0) n(3,1) n(3,2) n(3,3)

e 1)(l, k) is the number of pixel pairs, at a relative position
(d, ¢), which have gray level values /; and , respectively.
R is the total number of possible pixel pairs. Thus,

1
EU(/l, h) = P(h, k)



Local Linear Transforms (1)

e Let us consider a neighbourhood of size N x N cantered
at pixel location (m, n). Let xm, be the vector with
elements being the N? points within the area, arranged in

a row-by-row mode.
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e A local linear transform or local feature extractor is
defined as
a1T
azT
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Local Linear Transforms (2)

e The problem of local linear transform can be interpreted
N, as a series of N< filtering operations
MPEG-7
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mask 1
mask 2
mask 9

1 2 9
Ymn Ymn Ymn



Overview

Introduction

MPEG-7
Image
Descriptors

Regional
Features

Shape and
Size

4 Features for Shape and Size Characterisation



Introduction

e While texture features describe whole images or image
regions, shape and size features are related to objects.

e Some objects have exactly the same shape and can be
e distinguished by the texture, other have exactly the same
texture, but different shapes.

e Extraction methods for shape features depend on
segmentation algorithms and, therefore, their performance
is limited for images with heterogeneous backgrounds.



Fourier Features (1)

o Let (xk,yk) with k =0,..., N — 1 be the coordinates on
the boundary of an object.

y y

Shape and X 1,
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e For each pair (xk, yx) we define the complex variable
Uy = Xk + jyx and obtain the DFT f

N-1

2
ﬂ:Zukexp(—j,\le>, 1=0,1,...,N—1
k=0



Fourier Features (2)

e The coefficients f; are known as Fourier descriptors of the
boundary.

e Once f; are available, the uy can be recovered and the
Shape and
Size boundary can be reconstructed.

e However, the goal of pattern recognition is not to
reconstruct the boundary. Thus, a smaller number of
coefficients is usually used.



Chain Codes - Introduction

e Chain coding is the most widely used technique for shape
description.

e Directions for a four-directional (a) and an

eight-directional (b) chain code are defined as follows:
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Chain Codes - Example

120707000 0\

@

(a) - original sample image
(b) - its resampled version
(c) - the resulting chain code.
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CBIR Example using Shape Features

Content-Based Image Retrieval using Shape Features

Shape and

S Online YouTube Video


http://www.youtube.com/watch?v=IC7Q0khzc_M&feature=PlayList&p=BFB3FA85FB1A39EF&index=0
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