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ABSTRACT

Content-based image retrieval has become one of the most
active research areas in the past few years. In this paper
various methodologies used in the research area of Content
Based Image Retrieval methods using Soft Computing
techniques are discussed. The comparison and analysis of
various soft computing techniques like Fuzzy Logic (FL),
Artificial Neural Network (ANN), Genetic Algorithm (GA)
and Neuro-Fuzzy are performed. Soft Computing techniques
are incorporated into Content-based image retrieval for
obtaining more precise results. This is an open research area
for the researchers in the field of Content-based image
retrieval. This paper covers various Soft Computing
techniques for Content Based Image Retrieval Systems
(CBIR), the parameters used for experimental evaluation of
the systems and the analysis of these techniques on the basis
of their results.

General Terms
Content Based Image Retrieval Techniques, Soft Computing
Techniques.

Keywords
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1. INTRODUCTION

Since 1990s, the demand for information indexing and
retrieval is increased because of rapid growth of available
multimedia contents, that’s why efforts have been done on
text extraction in images and videos. Then the total Collection
of images in the web are growing larger and becoming more
diverse. Retrieving images from such large collections is a
challenging problem in front of us. To organize and classify
such large amount of images is time consuming task.
Therefore it is required to design a system to organize and
classify the images in a database, so that the images can be
retrieve fast with little amount of time. To implement this
idea, the CBIR system is introduced. It is an automated
system that searches query image in an image database and
retrieving the relevant images of using similarity measure
between it and every image in the image data base. It can
simplify many tasks in many application areas such as
biomedicine, forensics, artificial intelligence, military,
education, web image searching and etc. [1]
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In recent years, there has been a growing interest in
developing effective methods for content based image
clustering and retrieval. This interest has been motivated by
the need to efficiently manage large image databases and
efficiently run image retrieval to get the best results without
exhaustively searching the global database each time. This
leads to huge savings in time and money, especially in fields
where the bulk of working databases are image files or any
kind of media whose contents cannot be described by simple
keywords or short texts. With image retrieval system such as
Content Based Image Retrieval, this limitation will not exist
and system will retrieve the images as per the human can
perceive, and too much responsibility on the end-user,
problem of abstract needs, the queries that cannot be
described at all, but tap into the visual features of images.[2]

2. CONTENT BASED IMAGE
RETRIEVAL SYSTEMS (CBIR)

The overall structure of a typical image retrieval system is
shown in figure 1. It consists of images, feature extraction and
retrieval process. First the images are obtained from different
sources. One of the images from the existing source is
considered as query image and remaining images forms an
image database. The feature extraction process is applied on
images in the database and the query image and the feature
vector is obtained. The search & retrieval process search the
query image matched with images in the database. Finally
images are received and arranged according to their matching
score. The Content-based query processing lies at the heart of
all CBIR systems. Processing of query (image or graphics)
involves extraction of visual features and/or Segmentation and
search in the visual feature space for similar images. An
appropriate feature representation and a similarity measure to
rank pictures, given a query, are essential here. Processing
text-based queries involves keyword matching using simple
set-theoretic operations, and therefore a response can be
generated very quickly. However, in very large systems
working with millions of pictures and keywords, efficient
indexing methods may be required. Indexing of text has been
studied in database research for decades now. Efficient
indexing is critical to the building and functioning of very
large text based databases and search engines. Research on
efficient ways to index images by content has been largely
overshadowed by research on efficient visual representation
and similarity measures. Most of the methods used for visual
indexing are adopted from text-indexing research [2].

The low level features of content based image retrieval like
color feature; Texture feature, shape feature and layout feature
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are widely used in the image feature extraction. These feature
extraction methods are playing vital role in the image
retrieval. The various similarity measures are also used during
the process of Content Based Image Retrieval [22].
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Figure 1: Content Based Image Retrieval System

3. SOFT COMPUTING TECHNIQUES
FOR CBIR

Soft computing consists of set of technologies like Artificial
Neural Network (ANN), Fuzzy logic (FL), Genetic Algorithm
(GA), Machine learning and probabilistic reasoning. Due to
their strong learning, cognitive ability and good tolerance of
uncertainty and imprecision, soft computing techniques have
found wide applications. Image processing and retrieval is one
of such applications. The aim of this paper is to analysis and
compares some soft computing techniques for Content Based
Image Retrieval System (CBIR) and provides their retrieval

efficiency based on precision and recall rate.

Number of Retrieved images relevant to
the query Image

Precision =
Total number of images retrieved
Number of Retrieved images relevant to
the query Image
Recall =

Total number of relevant images in the database

3.1 Artificial Neural Network (ANN)

Technique for CBIR
The Neural Network-based Image Retrieval (NNIR) which is
the human-computer interaction system model of content-
based mage retrieval using the Radial Basis Function (RBF)
network [3]. The RBF network is chosen in this system,
because BP (Back Propagation) requires a large set of
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classified training data and RBF network is more appropriate
to reflect the subsequent feedback of the user [4]. Initially, the
RBF network itself contains off-line trained weight matrices to
combine heterogeneous features and reflects the demand of
the user on-line by iteration. The input to the RBF network is
the set of metric values of each pair of images and the output
is a number between 0 and 1 signifying similarity of images
based on various input features. Using a set of training data,
NNIR assigns weights to the features and refines those using
the feedback from users. NNIR offers a new method of
combining low level image features and reflecting the
feedback of the user. Using combined, rather than individual,
features is especially efficient for generic image databases, for
which no single feature is outstanding. Experimental
evaluation will demonstrate that the proposed model can
achieve both efficiency and flexibility on content-based image
retrieval using heterogeneous features of images [21].

The Neural Network-based Image Retrieval system is a
human-computer interaction approach to CBIR. Unlike the
linear combining approach, where the user has to precisely
decompose his information need into different feature
representations and precisely specify all of the weights
associated with them, the proposed NNIR approach allows the
user to submit a coarse initial query, and continuously refine
his information need via user-friendly relevance feed-back.
Moreover, this approach need not build the index structure
using low-level features. By applying the Radial Basis
Function network, this approach determines directly nonlinear
relationships between features so that more accurate similarity
comparison between images can be supported. The
experimental results show that the proposed approach has
94.35% recall and 81.45% precision rate, which is the
superior retrieval performance to the existing linear
combining method, the rank-based method, and the BP-based
method. Although the proposed retrieval model is for CBIR, it
can easily be expanded to handle other media types, such as
video and audio [19][20].

3.2 Fuzzy Logic (FL) Technique for CBIR

Fuzzy logic offers a good solution for posing a query in terms
of natural language based on the various features of an image.
Fuzzy logic has been extensively used at various stages of
image retrieval such as region groupings within the images as
a feature extraction technique, for measuring the similarity
between the target image and the images in the database.
Fuzzy logic is proposed for the computation of fuzzy colour
histogram as well as posing the queries in CBIR. This paper
reviews the prominent CBIR systems along with fuzzy logic
based techniques and proposes a technique based on fuzzy
logic and neural networks for retrieving the images using
natural language query for colour and texture features fuzzy
logic based similarity is proposed between the two images [5].
The weights are assigned to fuzzy colour content during the
calculation of similarity between the two images. Assigning
the weights for each fuzzy content term: very small -> 0.1,
small -> 0.25, rather small -> 0.4, medium -> 0.55, rather
large -> 0.70, large -> 0.85, very large-> 1. A fuzzy
intersection is the lower membership in both sets of each
element. The fuzzy intersection of two fuzzy sets A and B on
universe of discourse X: mACB(x) = min [mA(x), mB(x)] =
mA(x) CmB(x), where xIX The union is the largest
membership value of the element in either set. The fuzzy
operation for forming the union of two fuzzy sets A and B on
universe X can be given as: mMAEB(x) = max [mA(X), mB(xX)]
= mA(x) E mB(x), where xIX. Finally the fuzzy similarity
distance is MAEB(x) - MACB(X).
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Based on the fuzzy image features and similarity measure,
experiments were conducted on image data base. Fuzzy logic
has been used extensively in various areas to improve the
performance of the system and to achieve better results in
different applications. This paper has proposed and
investigated a novel approach based on natural language fuzzy
logic queries, fuzzy mapping of image database and fuzzy
similarity distance for retrieving the images based on their
contents. The performance of the system was evaluated on
real fuzzy logic for the interpretation of the texture queries for
content-based image retrieval is proposed. User can pose a
textual description or visual examples to find the desired
image from the database. This technique simplifies the
similarity between the query image and the images in the
database and works well for CBIR [6].

3.3 Genetic Algorithm (GA) Technique for
CBIR

CBIR has been an active area of research for long due to its

applications in various fields like satellite imaging, medicine
etc [7]. In order to determine which images must be retrieved,
content representations of all stored images are compared with
the representation extracted from the query image. The most
important considerations in the design and implementation of
CBIR systems are: image feature extraction, features
representation, features matching, database organizing and
querying mechanisms [7]. This paper broadly classifies the
CBIR process as feature extraction and GA-based similarity
measure [23].

An efficient CBIR system based on GA for retrieving
relevant images from image database, a query image is given.
First, the system extracted the features like texture, color and
shape from the image. Then, with the aid of GA-based
similarity measure, images that are similar to the query image
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have been retrieved effectively. The proposed CBIR technique
has been evaluated by querying different images. The
implementation results have shown that the proposed
technique effectively retrieves the relevant images from the
database. This could be visualized from the precision-recall
determined from the retrieval results [8]. The proposed CBIR
based on GA have the benefit of the shape feature in addition
to other features, and the similarity measure using GA. The

extracted images are 70 % similar to the given query image.

3.4 Neuro-Fuzzy Based Clustering
Technique for CBIR

The process of grouping a set of objects or patterns into
classes of similar objects is called clustering. Clustering is a
process that organizes a data set into a number of groups
(clusters) such that patterns within a cluster are more similar
to each other than patterns belonging to different clusters. In
other words, clustering is an important technique for
discovering the inherent structure in any given pattern set. It
has been applied across many disciplines including
engineering, statistics, psychology, sociology, astronomy,
biology, business, medicine to name a few [9][10]. There exist
two categories for clustering task: hard and soft clustering. In
hard clustering, each data object is assigned to exactly one
cluster, while soft clustering is more desirable to let a data
object be assigned several clusters partially. Hence, the soft
clustering is also called neuro-fuzzy clustering [14][15]. The
goal of this paper is to provide methodology that concentrates
on retrieving of images, defined by variety of clusters, in
order to find the particular clusters. Color-texture based image
retrieval methods with use of neuro-fuzzy system were shown
in figure 2. From the initial returned images, users can select
different clusters and retrieve from the database [18].
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Figure 2: Neuro-Fuzzy Based Clustering Technique for CBIR

3.5 Neural Network and Genetic
Algorithm based Technique for CBIR

An approach is described to content-based retrieval of medical
images from a database provide a preliminary demonstration
of a new approach as applied to retrieval of digital
mammograms. In the medical-imaging context, the ultimate
aim of Content Based Image Retrieval (CBIR) is to provide
radiologists with a diagnostic aid in the form of display of

relevant past cases, along with proven pathology and other
suitable information. This paper proposes a new hybrid
approach to content-based image retrieval. Contrary to the
single feature vector approach which tries to retrieve similar
images in one step, this method uses a two-step approach to
retrieval. In the first step, the use of a neural network called
Self Organizing Map (SOM) for clustering the images with
respect to their basic characteristics were proposed [11]. In
the second step, the GA based search will be made on a sub
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set of images which were having some basic characteristics of
the input query image. Then new Hybrid approach was
applied to a database of high resolution mammogram images
and show that this method radically improves the retrieval
precision over the single feature vector approach. To
determine whether this CBIR system is helpful to physicians,
an evaluation trial with five radiologists were conducted. The
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results show that the proposed system using genetic
algorithms and neural network retrieval doubled the doctors’
diagnostic accuracy. Moreover, this method is faster and has
higher retrieval accuracy compared to the single stage
methods [12]. Figure 3 shows the Neural Network and
Genetic Algorithm based Technique for CBIR [17][24].
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Figure 3: Neural Network and Genetic Algorithm based Technique for CBIR

4. COMPARISIONS AND ANALYSIS OF
FIVE SOFT COMPUTING
TECHNIQUES FOR CBIR

The various soft computing techniques for Content Based
Image Retrieval were discussed in this paper. The
performance and accuracy of the various techniques like
Artificial Neural Network (ANN), Fuzzy Logic (FL), and
Genetic Algorithm (GA) were also individually determined.
Then the results of the hybrid soft computing techniques
namely Neuro-Fuzzy Based Clustering Technique (ANN &
FL) for CBIR and Neural Network and Genetic Algorithm
based Technique (ANN & GA) for CBIR were also discussed.
The performance and accuracy in terms of precision and recall
has been improved in the hybrid soft computing techniques
than they performed individually [14]. The following tables
show the precision and recall rate for various soft computing
techniques for CBIR. The following tables show the precision
and recall rate for various soft computing techniques for
CBIR. The table 1 gives the information about average
precision rates of various soft computing techniques for the
input query images ranging from 10 to 50. The table 2 gives
the information about average recall rates of various soft
computing techniques for the input query images ranging
from 10 to 50. The experiments for all the above five
methods were done in Mat lab and the results of the respective
methods were also retrieved. The retrieved results of the
various soft computing techniques of CBIR were analyzed
and compared with each other methods. The soft computing
techniques outperform the traditional CBIR methods in terms
of precision and recall rate [16][25].

Table 1: Average Precision Rate for various Soft
Computing Techniques

Average Precision Rate
Appro Number of query images
h
“"T10 [ 20 | 30 | 40 | 50
ANN 10763 | 0.764 | 0.764 | 0.764 | 0.766
FL10.719 | 0.718 | 0.714 | 0.713 | 0.719
oa | 0711 | 0.729 | 0.729 |0.729 | 0.729
A 10.980 |0.980 |0.980 | 0.980 | 0.980
ANN
zoa | 0.960 | 0.960 |0.960 | 0.960 |0.960
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Table 2: Average Recall Rate for various Soft Computing
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Techniques
ADDr Average Recall Rate
ogcph Number of query images

10 20 30 40 50

ANN | 0.771 | 0.772 | 0.773 | 0.774 | 0.786

FL | 0.787 | 0.780 | 0.775 | 0.781 | 0.789

GA | 0.691 | 0.699 | 0.698 | 0.699 | 0.699

A4 10,980 | 0.980 | 0.980 | 0.980 | 0.980

ANN
aca | 0960 | 0.960 | 0.960 | 0.960 | 0.960

The number of query images versus the average precision rate
of the five different soft computing techniques for CBIR is
shown in figure 4. The number of query images versus the
average Recall rate of the five different soft computing
techniques for CBIR is shown in figure 5. The performance
and accuracy in terms of speed of retrieval and retrieval of
required query image are more appropriate by Neuro-Fuzzy
based CBIR technique [26].
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Figure 4: Average Precision Rate for various Soft
Computing Techniques

Figure 5: Average Recall Rate for various Soft
Computing Techniques

5. CONCLUSION

This paper has analyzed and compared five soft computing
CBIR methods. Method 1 employs the Artificial Neural
Network by using the Radial Basis Function (RBF) network
for CBIR. Method 2 utilizes the Fuzzy Logic technique by
incorporating fuzzy colour histogram for CBIR. Method 3
uses Genetic Algorithm by applying GA-based similarity
measure for CBIR. Method 4 employs Neuro -Fuzzy Based
Clustering Technique for CBIR and Method 5 utilizes Neural
Network and Genetic Algorithm based Technique for CBIR.
Experimental results demonstrate that the precision and recall
rates of these five methods and the Neuro -Fuzzy Based
Clustering Technique for CBIR outperform the other existing
soft computing methods. The ANN with GA approach
reserves the second place in the performance and accuracy of
image retrieval system. The remaining soft computing
techniques like ANN, FL and GA have less accuracy and
performance in image retrieval than the hybrid soft computing
techniques like neuro-fuzzy and ANN with GA. In the future
research, the existing neuro-fuzzy approach for image
retrieval can be applied in the field of medicine to get more
appropriate images from the image database and also the
authors shall search for better feature combination and
employ more databases to evaluate the above five methods. In
addition, authors shall employ these five methods for video
retrieval.
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