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Abstract:
Objectives: Nowadays, the capacity of digital image information is rapidly surging. The computational complexity
of retrieving images from database also increases. Methods/Statistical Analysis: Texture and colour are the most
important components of visual information which can be used effectively to reduce the complexity. This paper p
 resents
Content-Based Image Retrieval System (CBIR) based on texture and colour similarity. The RGB colour space and the colour histogram are used as the colour feature of each image. The texture of each image is obtained by applying gray level
co-occurrence matrix. Findings: Based on the similarity between image features CBIR methods retrieve images accurately
from the image database. But the traditional system will work well only for the data set which has more dissimilarity.
In this study, based on combining the Gaussian Mixture Model(GMM) with k-means clustering algorithm, a new hybrid
algorithm for clustering is proposed. A one to one matching scheme is used to compare the query and target image on the
basis of all the features extracted. This hybrid Gaussian mixture model will provide more accurate retrieval in the case of
the dissimilarity between the image data set is very low. The proposed system is capable of working fewer dissimilarity
data set as well more dissimilarity data. Applications/Improvements: The proposed hybrid retrieval method provide
more accurate r etrieval with the precision measures of 98% and also more robustness with retrieval of 95%.

Keywords: Content-Based Image Retrieval (CBIR), Co-occurrence Matrix, Expectation-Maximization (EM) Algorithm,
Feature Extraction, Gaussian Mixture Model (GMM), K-Means Clustering Algorithm

1. Introduction

In the digital era, we use images for every human a ctivity,
such as academics, government, libraries, security, hospitals, and so on. Image database system contains a large
collection of image data1. Image retrieval in the computer system is a feature for retrieving images from an
enormous database like WANG2, MIRFLICKR-25000,
ZUBUD, UCID or Microsoft Object Class Recognition.
This paper proposes the techniques for CBIR to
overcome the image retrieval problems of annotationbased methods mentioned above. It usage is to explore
and recover digital images and was presented to discourse
the intricacies associated to the text-based image retrieval.
The aim of the CBIR is efficiently indexing the image
*Author for correspondence

and retrieving it and reducing the necessity of human
interference in the indexing procedure.
In this paper, Gaussian Mixture Models (GMMs) are
being represented through images. A region with analogous colour and texture of the image represents each
component of the mixture. This method allows images to
be represented by the objects found on them. The kind
of an object cannot be recognized; nonetheless the representation holds the data. Clustering used to divide the
data set into different groups3. It helps us to reduce the
searching time to retrieve the image.
K mean clustering algorithm is employed for the
clustering purpose as it is efficient technique 4,5. But for
some cases where the similarity between data set is more K
means fail but GMM would be optimum. So, a hybrid algorithm is used with the combination of GMM and K-mean.
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GMM based k-means clustering will help solve the
problem of finding the global solution. In the case of highly
correlated images this hybrid algorithm will outform6.
Texture and colour features is used as an efficient
feature vector for fast and accurate retrieval7,8. PicSOM is
a technique for efficient retrieval presented in few cases.9,10
by using GMM image matching based on Kullback-Leibler
divergence.

2. Texture and Colour Features
based Hybrid CBIR System
The algorithm of the CBIR which is used in this work is
given in Figure 1.it consist of feature extraction of texture and colour. by using the feature vector the clustering
algorithm the image is clustered and retrieved.

2.1. Dataset
Data collection is carried out by collecting image data
necessary for the pre-processing. It is then stored in the
image database. The WANG database is a subset of images
from the Corel stock photo database. In WANG database,
the images are divided into ten classes containing 100
images which are widely used for testing and evaluating
CBIR systems.

2.2. Feature Selection
In image retrieval systems, as all the features are not
needed, feature selection plays a key role for significantly
increasing the accuracy11. The features like histogram,
dominant colours, colour moments and co-occurrence
matrix are used as a feature vector

2.2.1. Colour feature extraction
A colour features are computed by means of colour
histogram as an efficient approach 12.
hc(m) =

(1)

I(x ,y) is input colour image
Ih(x,y) =

(2)

2.2.2. Texture Feature Extraction
The texture is the low-level pictorial arrangements of
uniform properties which have on no account to association to unique colour or intensity. Surface arrangement
and surrounding environment relationship are the main
information which is held by the texture. Hence, the
unique physical composition of a surface is described by
it. The texture-based technique classifies itself into three
primary methods: statistical, spectral, and structural
methods.
The alteration in the combination of pixel values has
been shown through the Co-occurrence matrix tabulation.
Haralick features, include texture properties like contrast,
correlation, energy, and homogeneity. Co-occurrence
matrix C (i, j) is used to compute the co-occurrence of
pixels with gray values i and j at a given distance d that
is the polar coordinates (d) with discrete length and orientation. θ takes the values 0°, 45°, 90°, 135°, 180°, 225°,
270°, and 315°, respectively.
Cθ,d(i,j) = #
(3)
Number of elements in the set is being depicted by #,
space amongst gray-level value i and j of the image by d,
I(i, j)=0-255 depicts the amount of likely graylevels in the
image whereas the co-occurrence matrix C (i, j) aspect is
M∗N.

Figure 1. Flowchart for CBIR.
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Image consistency measures such as homogeneity, angular second moment, and consistency are also
called as Energy. When gray-level strengths are local to
each other, energy value is low. The value of energy is in
elevation. When all the matrix elements are amorphous
Energy =

(4)

Opposite of Energy is given by Entropy;
Entropy = –

(5)

Contrast is also known as inertia and processes the
variations in the moment of a matrix. If the image has in
elevation local variation the value will be up surging.
Contrast =

(6)

Linear reliance of the gray level data in the matrix is
calculated by Correlation. no instant conclusion about the
image can be inferred by head or low correlation values.
Correlation =

(7)

Inverse Difference Moment (IDM) is referred as local
homogeneity .The matrix elements uncertainty paves the way
for tall values of like gray levels which are in n
 eighborhood
while the value of the function is in elevation.
IDM =

, i≠j 

(8)

Where, means μx, μyand standard deviations σx, σy are
defined as follows:
µx =

(9)

µy =

(10)

σx =

(11)

σy =

(12)
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Figure 2. Flowchart for k means clustering.

2.2.3. K-means clustering algorithm
K-means clustering algorithm is implemented due to its
efficiency and simplicity. K-means clustering algorithm
provides the solution for the mixture of Gaussian problem by performing iterative relocation of the dataset into
k clusters to minimize the Within Cluster Sum of Squares
(WCSS). The K-means clustering algorithm is given in
Figure.2.

2.2.4. Gaussian Mixture Model (GMM)
Gaussian mixture model is one of the density models that
contain many Gaussian component functions which are
combined with the weight values to generate multi model
density .It has a very high flexibility and precision rate as
compared to other models13.
Consider N number of classes labeled by n ∈N
≅{1,….N} related to diverse entities. Consider the neighbourhood of a pixel. With the help of this S×S sub-images,
block features can be calculated, and classes are assigned
to these blocks 14. B is used to represent set of blocks. The
neighborhood of a block B is considered as patch P(B). It
is a collection of blocks in a larger T×T sub-image with B
as its center.
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2.2.5 Expectation Maximization (EM) Algorithm

3.1 Feature Extraction

solving maximum likelihood problems can be solved
through iterative algorithm such as Expectation
Maximization. Considering the set of perceived data X,
produced by the probability model with parameter, we
want to discover the parameter that capitalize on the posterior probability P(X|θ) In K-means clustering,X– observed
data
. The clustering of the observed data points
θ and their associated centres .EM a lgorithms is given
in the following steps.

Colour images are used to extract the colour and texture
features and also for resemblance matching because maximum images in the world are colour images. Hence, two of
the most important features that were taken into consideration while developing a CBIR method are colour and

• Initiate with a hypothesis θ.
• (Expectation step) Calculate the posterior probability
P(X| ) .
• (Maximization step) Classify the perceived
information conferring to the probability, and fill in
the hypothesis consequently.
• The method is repeated till the theory congregates.

2.2.6 Hybrid (GMM based k-means) clustering
algorithm

Figure 3. Query Image.

K-means algorithms only reveal information about the
cluster membership. However, the EM algorithm can be
modified to calculate the parameters µ, π and σ.
We assume, the likelihood P(xi|Sj) follows a Gaussian
distribution
P(xi|Sj) ~ πjG (||xi-µj||,σj)(13)
Where G is the Gaussian probability density distribution.
The actual probability is calculated as following.
P(xi|Sj) = πjG (||xi-µj||,σj)/ Σk(πkG (||xi-µj||,σj))

Figure 4. Histogram of Red Channel.

(14)

where μ is the weighted averages of all x, π is the normalized
ratio of the sums and σ is the weighted standard deviation
and are given by
.µj = ( ΣiP(xi|Sj)xi ) / Rk(15)
σj2 = ( ΣiP(xi|Sj)||xi-µj|| ) / IRk(16)
πj =Rj / (ΣkRk)

Figure 5. Histogram of Green Channel.

(17)

Rj=ΣiP(xi|Sj)(18)

3. Experimental Results
The section is divided into three parts i.e. feature extraction, classification, and retrieval
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Figure 6. Histogram of Blue Channel.
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texture features. By taking images from WANg database
different classes are formulated. We divided the images
into different categories based on their similarities for
example butterflies, horses, flowers humans and feature
extraction was performed on them. To test the system, we
have selected a indiscriminate image from the Butterfly
class. We later extracted the image features for all the 10
selected images as well as for the query image. We have
considered Figure 3 as the query image and extracted the
colour and texture features of the same. The Figures 4, 5,
6 shows the histograms representing red, green and blue
Table 1.
Colour

colour extraction. The results for comparison of three
images by colour and texture extraction features are given
in (Table 1).

3.2. K-means Clustering
When the image has been applied by the clustering
algorithm, record is prepared which decreases the time
spent for retrieving images. The clustering phase is also
used to avoid the system computation complexity. Due to
this the entire database need not be explored. The proposed method marginally increases the performance of

Comparison between Sample and Similar Image from the WANG Database on the basis of Texture and
ENERGY

IMAGE
SAMPLE
IMAGE
SIMILAR
IMAGE
IRRELEVEANT
IMAGE

CORRELATION

CONTRAST

HOMOGETNITY

ENTROPY

MIN

MAX

MIN

MAX

MIN

MAX

MIN

MAX

0.0739

0.1785

0.0188

0.8068

1.4175

8.4796

0.5181

0.7976

6.9564

0.0274

0.0915

0.0418

0.8686

1.0455

8.0825

0.4229

0.8153

7.2367

0.0362

0.1238

0.0967

0.0967

0.5333

10.0822

0.5001

0.9319

7.1987

Figure 7. Clustering on the Basis of Energy.

Figure 10. Clustering on the Basis of Correlation.

Figure 8. Clustering on the Basis of Contrast.

Figure 11. Clustering on the Basis of Entropy.

Figure 9. Clustering on the Basis of Homogeneity.

Figure 12. Clustering on the Basis of all Feature Vectors.
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robustness. The equation and the obtained result are given
below:
Precision = Number of relevant images retrieved /
Total number of images retrieved = 0.98
Recall=Number of relevant images retrieved /Number
of relevant images in the database = 0.95

4. Conclusion
Figure 13. Query image.

In this study, WANG database is used for CBIR field. We
created a new database for our study and included 100
images in RGB colour space from WANG database. The
colour and texture feature extraction was done as a preprocessing step. We used the colour histogram and gray
level co-occurrence matrix for colour feature extraction and
texture feature extraction respectively. Instead of comparing
query image with all the images we compared the query
image with a small subset by using the proposed method
for clustering, i.e., Gaussian mixture model based k-means
clustering algorithm. The Hybrid Proposed Mechanism
able to retrieve the query image with more accuracy.
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Figure 14. Retrieved images.
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