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ABSTRACT

The development of content-based image retrieval (CBIR)
system has become a significant research issue nowadays, as
the digital image libraries and other multimedia databases are
mounting very fast in the different areas. It is important to
effectively and precisely retrieve the desired images from a
large image database. Most of the approaches proposed are for
finding the image features and some of the approaches include
the user’s subjectivity and preferences in the image retrieval
process. This paper explains mainly about the determination
of the image features like color, texture, and edge for the
content-based image retrieval system which uses the
interactive genetic algorithm. The color feature is extracted by
using mean and standard deviation, the texture feature is
extracted by using gray level co- occurrence matrix (GLCM)
and the edge features of an image are extracted by using the
edge histogram descriptor (EHD). Here the term interactive
genetic algorithm (IGA) helps to reach more close to the
user’s need and satisfaction of image retrieval.

General Terms
Gray Level Co-occurrence Matrix (GLCM), Interactive
Genetic Algorithm (IGA), Edge Histogram Descriptor (EHD).

Keywords
Content-based image retrieval (CBIR), color, texture, edge,
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1. INTRODUCTION

In current years the large amount of image data has been
created in the diverse areas like entertainment, art galleries,
fashion design, education, medicine, industry, criminal
investigations, forensics etc. Hence there is need to efficiently
store and retrieve the data correctly. The content-based image
retrieval system helps to manage the image data efficiently.
The image retrieval can be done by using two ways that are:
text based approach and content based approach. Traditional
text-based image search engine employs the manual
annotation of images for image retrieval but the problem of
manual image annotation was it requires large volumes of
databases and vast amount of labour. Also the procedure was
time consuming. Another problem of text based approach is
human perception means observation of any image is different
for different persons. To solve these problems related to text
based image retrieval or traditional image search engines the
content-based image retrieval comes into existence. There are
some working system, like QBIC system of IBM, Chabot of
U.C. Berkeley, QVE of Hirata and Kato, Photobook of the
Massachusetts Institute of Technology (MIT), and Image
Surfer of Interpix Software [1]. The conventional method
does not have the facility to involve the user in the retrieval
process and hence the process gets difficult when an image
required to the user can’t be clearly specified as it deals with
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the emotion. Therefore using interactive evolutionary
computation (EC) the problem can be minimized [1]. The
interactive genetic algorithm (IGA) can be applied in the
system after the similarity measure of the image features of
query image and the image in the database have been
performed. CBIR has become an active and
progressing study area in an image retrieval field. Most of the
CBIR algorithms developed apply the low-level image
features to retrieve the images. There is difference between
the actual image representation and the user’s information
need which is called the semantic gap in CBIR systems. To
reduce the semantic gap the (IGA) can be applied to the
system, which is the feedback mechanism [2]. User can give
feedback to the system whether the retrieved image is of
user’s interest or not. This paper mainly focused on extracting
or determining the image features like color, texture, and edge
required for similarity measure of an image.

2. CONTENT-BASED IMAGE
RETRIEVAL

Content-based image retrieval (CBIR) is a technique for
retrieving images from the image database depending on the
different image features such as color, texture, shape or edge.
The images can be retrieved by giving the input query image
or sketched figures to the system. The block diagram is given
in figure 1.
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Figure 1: General system flow

Here the retrieval process is carried out by doing similarity
matching by visuals features of an image with the images in
the database and then the user gets involved in the process. If
user is satisfied then the retrieval process will end and if the
user is not satisfied then by applying interactive genetic
algorithm (IGA) again the retrieval process will be continued.
According to the figure 1, the system operates in four phases
which are-Querying, Similarity computation, Retrieval, and
Incremental search via IGA [2].
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3. IMAGE FEATURES AND IGA

The retrieval of images can be done after finding the
similarities between the input query image and the database
image. Image features of an image can include text-based
image features like key words, image tagging and visual
features like color, texture, shape, edge. According to the
requirement one can use any visual features to represent an
image. The important task of the content-based image
retrieval system is to extract the image features properly by
using the suitable feature extraction technique.

3.1 Color Feature Extraction

The human visual system gives response to the light and there
is interaction of light with objects. The color can be defined as
the perception that depends upon this response. It plays the
key role in determination of the visual feature of an image.
Color feature is one of the extensively used visual features in
content-based image retrieval. There are number of color
spaces to represent an image in the field of image retrieval. It
is also important task to select the appropriate color space
according to the application. Most popular color space is RGB
which stands for Red-Green-Blue. The RGB space is having
the additive primary colors of light Red, Green and Blue. The
human way of perceiving the color is somewhat different and
the RGB color space does not exactly correspond to that way
[3]. Therefore we are using the Hue, Saturation, Value (HSV)
color space in our approach. Hue is used to distinguish the
colors or it correspond to a pure color, the saturation gives
information about the percentage of white light added to a
pure color and the value corresponds to the perceived light
intensity or it gives brightness. In an image, color distribution
of pixels is having sufficient information. The mean of pixel
colors gives information of the principal color of an image,
whereas standard deviation of pixel colors gives the variation
of pixel colors [4].The mean () and the standard deviation (o)
of a color image are given below:

g =

N 1/2
1 2
e DRGED ]
i=1

Where g = [uH, uS, uV] " and ¢ = [6H, &S, oV] ". Each
component of x and o provides the information about the hue,
saturation, and value respectively. Pi specifies the i pixel of
an image [5].

3.2 Texture Feature Extraction

The visual patterns that include properties of homogeneity and
that do not result from the presence of only a single color or
intensity, that visual patterns can be termed as texture. The
texture can be different like texture of trees, texture of any
surface, texture of clothes etc. It can be represented by three
techniques which are- Statistical techniques use the statistical
properties of different gray levels of pixels in an image.
Structural techniques use the texels of an image and Spectral
techniques use Fourier spectrum [3]. We are using the
(GLCM) gray-level co-occurrence matrix to determine the
texture feature in our approach. Co-occurrence matrix is
related to the second-order statistical property of the sub band
wavelet coefficients. The elements (i, j) of the co-occurrence
matrix, with parameters d and 6 can be defined as the joint
probability. Normally d is small since the dependency exists
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between neighbouring wavelet coefficients [6]. Here we are
using a gray level co-occurrence matrix, which is an easy and
effective method for representing the texture. GLCM gives
the probability p (i, j; d, 6) that two pixels in an image, which
are having distance d and angle 6, and hold gray levels i and j.
The GLCM can be mathematically defined as given below:

p(i,j; d,0) = #{(x1, y1) (62, ¥2)1g(x1, 31) =i,
9(x2,¥2) = j, [(x1, y1) — (x2, y2)l
= d,A((xl,yz), (x21 yZ)) = 9}

Where # indicates the number of occurrences within the
window with i and j are the intensity levels of a first pixel and
second pixel at positions (x1, y1) and (x2, y2), respectively.
For simplicity and to reduce the computation effort, we are
finding the GLCM according to one direction (i.e., 8 = 0°)
with a distance d (= 1) [2].

3.3 Edge Feature Extraction

Edge feature can be expressed by using histogram. Histogram
is one of the simple techniques. Edge is an important feature
to extract the image content. Human eyes sensitivity is more
for edge features as compared to color, texture features in
image perception. In the image space the edge histogram
gives information about the frequency and directionality of
brightness changes in an image [4]. We are extracting the
edge feature by adopting edge histogram descriptor (EHD) for
description of edges in an image. EHD helps in improving the
retrieval performance [7]. The steps involved in the EHD
process are given below [2].

1) The image is divided into 4 x 4 subimages.

2) Further each subimage is divided into nonoverlapping
image blocks with a small size.

3) Then edges in each image block are categorized into five
types which are- vertical, horizontal, 45- diagonal, 135
diagonal and nondirectional edges.

4) The histogram will get for each subimage which represents
the relative frequency of occurrence of five types of edges in
the corresponding subimage.

5) After examining all the image blocks in a subimage, the
five-bin values are normalized by the total number of blocks
in a subimage. Then the normalized bin values are quantized
for the binary representation. These normalized and quantized
bins constitute the EHD.

3.4 Interactive Genetic Algorithm (IGA)

The problem can be solved by using the development i.e.
advancement. Genetic algorithm (GA) was first proposed by
John Holland in 1975 which is one of the computational
implementations [8]. The problems of different fields can be
solved by using this computational implementation which
uses the natural way to solve the problems. GA is having the
efficiency to search the unexplored regions from the search
space. It utilizes the knowledge obtained by searching to reach
up to the high quality solutions. GA is having normally a
fixed-size population of potential solutions over the search
space. These potential solutions of the search space can be
encoded as binary or floating-point strings. These strings are
called as chromosomes. Based on the problem specific
knowledge the initial population can be created or it can be
generated at random. In the every iteration, which is also
termed as generation, the next population is created based on
a preceding one. It requires three steps: 1) evaluation-each
chromosome of the previous population is calculated using the
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fitness function and value is assigned to them to represent its
merit; 2) selection-chromosomes which is having better
fitness are selected to generate the new population; and 3)
mating- here genetic operators like crossover and mutation are
applied to the selected chromosomes to produce fresh ones for
the next generation. These three steps are iterated for
numerous generations until a suitable solution is found or the
termination criterion is met [2]. There is difference between
the construction of the fitness function of GA and IGA. The
fitness is determined by the user’s evaluation in the IGA and
not by the predefined mathematical formula as in the GA. In
the creative applications such as architecture, art, music,
design, it is difficult to evaluate the fitness because the
measure depends generally on the human mind. Many of the
conventional applications of GA do not have the ability to
utilize the human intuition and emotion suitably in some
applications. To overcome this problem, the technique called
interactive genetic algorithm (IGA) can be applied [8]. Here
user can interactively determine which members of the
population will reproduce. Based on the user’s input the IGA
will automatically generate the next generation. GAs can be
widely applied in many areas of engineering such as signal
processing, in system identification, and in the information
mining problems [9]. Genetic Programming based technique
for system identification of complex biomedical data, has also
been proposed [10]. An adaptive genetic algorithm (AGA)
can be used for an active noise control (ANC) system [11].
The IGA can be applied for the biomedical application [12]. It
means the genetic algorithm can be used for processing of
biomedical data. GAs also has been productively applied in
the research of CBIR [13]. The GA using relevance feedback
for CBIR has also explained [14]. The GA and relevance
feedback are used for computing the image similarities [15].

4. EXPERIMENTAL RESULTS

In this section the resultant output for determination of the
color, texture and edge features of an image has been
explained. The database required for this system is
generalized. There is not a standard image database. Also
there is no agreement on the type and the number of images in
the database. Normally the image retrieval systems are
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intended for the general databases [2]. For the color feature
extraction we will get the numerical value for the mean and
the standard deviation of the pixels in the image as a resultant
output. For the texture and edge feature extraction we will get
the graph. Figure 2 shows an example query image from the
generalized database. Figure 3 shows the graph for the texture
feature which gives the relation between the number of
occurrence of same change in gray levels of two adjacent
pixels and maximum gray levels. Figure 4 gives the graph for
the edge or shape feature and it explains the relation between
frequency and directionality in brightness changes in an
image. In this way we can extract the image features for the
similarity computation of query images and database images
for content-based image retrieval system using interactive
genetic algorithm (IGA). The contents can be extracted by
using the above mentioned algorithms or stages in the
software Matlab. This paper mainly focuses on the extraction
process of image features for the content-based image
retrieval system using IGA.

Fig 2: An Example Query Image

5. CONCLUSION AND FUTURE WORK

The CBIR system helps to manage the images in the different
fields easily. The database for this system can be as per the
user’s requirement and need. Our paper helps to explain the
extraction of the contents of the image features of the images
from the collected image database. This paper mainly focuses
on the study of determination of the visual features of an
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Fig 3: Texture Map for the Example Query
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Figure 4: Edge Map for the Example Query

image required for the content-based image retrieval using
interactive genetic algorithm (IGA). By using these visual
features extraction methods further the similarity
measurement of image features can be performed in the CBIR
systems. As compared to conventional approaches that are
based on visual features only, the method using IGA can
provide an interactive mechanism. Here the color feature can
be extracted by using mean and standard deviation, the texture
can be found out by using the GLCM, whereas the edge
feature can be extracted by applying the EHD. The future
work can be progressed considering more low-level or high
level image descriptors to reach more closely to the user’s
expectation of image retrieval and to increase the retrieval
accuracy of the content-based image retrieval system using
IGA.
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