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Abstract— Image retrieval (IR) is an extremely active research area since ages. It is used in variety of applications like art, 
photojournalism, medical and scientific applications, on-line learning, and even for personal visual information search. In 
large, varied collection of images, users face a problem of retrieving images relevant to the user query. An image is said to 
be relevant if it’s related to the query, semantically and content-wise. Bridging the semantic gap between user-provided text 
queries and images is challenging. Various techniques are adopted to solve this problem. Any new approach to deal with 
improving the relevancy rate in searches has its focus on semantic gap which exist between the low-level visual features of 
images and high-level textual queries. This paper proposes a scheme to reduce the semantic gap and thereby, achieve high 
retrieval accuracy. Semantic template is the ‘representative’ feature of a concept, calculated from a collection of sample 
images. Semantic template technique is employed to bridge the ‘semantic gap’. Semantic gap reduction can be achieved by 
maintaining a database of images and providing the user with a choice of selecting a query image along with the semantic 
query (keyword). For each query, feature extraction is done using GLCM method and the keyword is also transformed to a 
unique code. Then, the image feature vectors are combined to generate a semantic template. The same is done for the whole 
database and the semantic templates are compared using similarity measures. Precision of about 80% is acquired on retrieval 
of images using the proposed system, for the user provided query. Our approach improves the retrieval results by filtering 
those images that are not semantically consistent with the queries. The main idea of this paper is to point a new direction on 
handling the text-to-image search based on how humans identify relevant images. 
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I. INTRODUCTION  
 
With the accelerated growth of technology and 
Internet, there has been an enormous increase in the 
volume of digital image collections. With the 
development of Internet and the availability of image 
capturing devices such as digital cameras, large 
numbers of images are being created every day. 
There is a wide range of applications requiring image 
processing tools such as in medicine, fashion and 
graphic design, architectural and engineering design, 
publishing and advertising, remote sensing etc. i.e. 
the amount of image information is growing 
dramatically due to rapid development of hardware 
and the low cost of storage. There is a need to 
develop efficient methods to manage large image 
databases for retrieval since searching large-scale 
image databases via textual queries becomes more 
and more critical. For this, many general purpose 
image retrieval systems such as text-based image 
retrieval and content-based image retrieval has been 
developed.  
Text-based techniques employ text to describe the 
contents of images i.e. in the text based approach; 
images are manually annotated using text descriptors 
to perform image retrieval. Though this method is 
fast and effective, it requires huge human labor. Also 
it causes ambiguity in image search and query 
processing. This is because of the difficulty in 
specifying exact descriptions for the image contents. 
Since such systems are usually ‘text meta-data’ based 
or based on keywords (provided by the user), 
variations in annotation will pose challenges to image 

retrieval. Search engines such as Google and Bing 
use keyword based search techniques. As for 
disadvantage, the results returned by these systems 
may contain redundant, irrelevant images. 
To overcome the drawbacks of text-based retrieval of 
images, Content Based Image Retrieval (CBIR) was 
introduced. CBIR is the process of retrieving images 
from large collections on the basis of features such as 
color, texture, shape that are extracted from those 
images. The retrieval thus depends on the contents of 
images i.e. the results of CBIR system are images 
sorted by feature similarities with respect to the 
query. Thus, it has become a predominant 
technology. 
The fundamental difference between content-based 
systems and text-based content is human interaction. 
Humans use high-level functions as keywords, text 
descriptors, to interpret images and measure their 
similarity, while the low level features (color, texture, 
shape) are extracted automatically using various 
techniques. 
Experiments on CBIR systems show that low-level 
content often fails to describe the high-level semantic 
concepts of the user. Images with more feature 
similarities to the query can be very different from 
the query in terms of semantics i.e. the content of 
each image can be telling different stories. This is 
known as the semantic gap. It is observed that low-
level image features cannot completely describe high-
level concepts in the users’ mind. This is one of the 
major burdens for implementing a CBIR system 
practically. 
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A new text-to-image re-ranking approach to improve 
the relevancy rate in searches is presented in [1]. 
Semantic gap reduction is achieved by dynamically 
maintaining a connected hierarchy in the form of a 
concept database. The chances of mismatched 
concepts and misclassified images in bridging steps 
need to be dealt with in order to achieve the goal.  
Image retrieval techniques on the basis of texture, 
shape and color are explained, studies and compared 
in [2]. SVM classifier machine is used as model for 
image retrieval during the iteration process of every 
feedback.  
A problem with SVM method is related to the proper 
selection of kernel function and the image chosen for 
feedback. A scalable mobile image retrieval approach 
is proposed in [3] to explore the high-level semantics 
of an image by finding contextual saliency from 
multiple relevant photos. Performance can be 
improved by introducing GPS and time information 
in mining multiple relevant photos. Also methods to 
reduce computational complexity need to be 
developed. 
Fernandez Miriam et al. [4] used ontology based 
approach for enhancing image semantics. This aimed 
to support semantic based IR by restricting keyword 
based searching. 
In this paper, a technique to improve the retrieval 
accuracy of the image retrieval system is proposed. 
By this approach, relevant images will be returned to 
the user according to the keyword query as well as 
the semantic query of the user by generating semantic 
template. Semantic template (ST) is a set of general 
characteristics calculated from the images stored in 
the database i.e. it is a map between high-level 
concepts and low-level visual features. Precision is 
used as the performance measure. 
 
II. METHODOLOGY  
 
Different steps involved in Semantic Image Retrieval 
process are:  
 
2.1 Image Enhancement 
The query image is pre-processed using Histogram 
equalization technique i.e. it adjusts the image 
intensities to enhance contrast. Image enhancement 
improves the visual appearance of an image, 
increasing the image quality. 
 
2.2 Feature Extraction 
2.2.1 Texture features 
Texture Feature Extraction is done using GLCM 
(gray level co-occurrence matrix), a statistical 
method. GLCM calculates how often pairs of pixel 
with specific values, in a specified spatial 
relationship, occur in an image. It characterizes the 
texture of the image. The size of GLCM is fixed by 
the number of gray levels of the image. The GLCM 
properties are Energy, Contrast, Correlation and 
Homogeneity. 

 
Where Pij = element i, j of the normalized 
symmetrical GLCM. 
N = number of gray levels in the image. 
µ = GLCM mean. 
σ2= the variance of the intensities of all the reference 
pixels that contributed to the GLCM. 
 
2.2.2 Shape features 
Shape Feature Extraction means to measure the 
similarity between shapes, represented by their 
features. This is done by measuring a set of properties 
for each labelled region of image. The properties are 
Eccentricity, Perimeter, Centroid and Euler number. 
Eccentricity is defined as the measure of aspect ratio. 
It is calculated by principal axes method or minimum 
bounding rectangle method. 
 

 
 

Perimeter describes the total pixels that contribute 
constitute edge of an image (object). It provides 
information about the shape of an object. 

 
 
Centroid represents the position of the shape. It is 
obtained by determining the distance of boundary 
points from the centroid (gx, gy). 

 
 
Euler number defines the relation between the 
number of contiguous parts and the number of holes 
on a shape. Assuming S to be the number of 
contiguous parts and N as the number of holes on a 
shape, 

 
 
2.3 Similarity Measurement 
A similarity measurement is used to decide how close 
a vector is to another vector. Euclidean distance is 
commonly used as it is the best proximity measure in 
cases where data is continuous.  
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In general, Euclidean distance between any two 
points p and q is the length of the path connecting 
them (p q), given by the Pythagorean Theorem. 

 
 

In order to compare the similarity of two images, the 
Euclidean distance measure is used in CBIR 
applications. Each image is represented as a vector of 
features derived from shape and texture information. 
When the query is requested, the similarity 
measurement between user-provided query image and 
those pre-stored in the database is computed and 
compared to retrieve the most relevant images. 
Assuming q to be the query image and p to be the 
target image, the Euclidean distance between the 
query image and the target image is given by the 
same equation aforesaid. The least value of distance 
measure indicates the similarity. 
 
III. SEMANTIC TEMPLATE GENERATION 
 
One of the main obstacles for image retrieval (IR) is 
the semantic gap between the low-level image 
content and the high-level interpretation of humans. 
Therefore, there is an urgent need to develop 
frameworks that are able to bridge the semantic gap 
successfully. Five major categories of the state-of-

the-art techniques in narrowing down the ‘semantic 
gap’ have been identified as: (i) using object ontology 
to define high-level concepts (ii) using machine 
learning methods to couple low-level features with 
query concepts (iii) using relevance feedback to learn 
users’ objective (iv) generating semantic template to 
aid high-level image retrieval (v) fusing the evidences 
from HTML text and the content of images for 
WWW image retrieval.  
The objective of the proposed scheme is to reduce the 
semantic gap between low level features and high 
level human interpretation, so as to achieve high 
retrieval accuracy. To improve the retrieval efficiency 
of content-based image retrieval (CBIR) systems, 
research is carried out to find efficient methods of 
reducing the ‘semantic gap’ between the low level 
features and the richness of human semantics. 
Taking into account an image chosen by the user as 
query image, pre-processing, low level feature 
extraction has to be performed for that Query. The 
whole database is processed likewise. Comparison is 
done with respect to the query image feature vector 
for the whole database using any of the similarity 
measures. After obtaining similar images that can 
satisfy the user’s requirement, techniques for 
semantic gap reduction are employed to retrieve the 
best relevant images from the similar images. Finally, 
the retrieved images are displayed. 

 

 
Fig.1: Block Diagram for Semantic Template 

 
Fig.1 shows the generation of semantic template. This 
paper employs semantic template generation 
technique. A new approach proposed to generate 
semantic template automatically, constructs a 
network of semantic template in the retrieval process. 
This helps the user to carry out image retrieval on 
semantic level.  
The user is asked to provide the query as an image as 
well as a semantic query. Feature extraction is done 
using GLCM for the image query while the semantic 
query provided is transformed to numeric bytes. 
Now, the system creates a Semantic template is for 
the image query. The same is done for the whole 
database of images.  

During the retrieval process, once the user submits a 
query concept (keyword) along with the image query, 
the system can find a corresponding ST, and use the 
corresponding C and F to find similar images. 
Semantic template, S = {C, F} combines the feature 
vectors (F) of the query image and the concept (C) 
derived from the keyword. The same is repeated for 
the database images also. 
 
IV. RESULTS AND DISCUSSIONS 
 
4.1 Corel Database 
The database used in this work is the Corel Database 
(Wang database). It consists of 1000 images sorted 
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into 10 different classes, each class having 100 
images. The ten classes are Building, Bus, Dinosaur, 
Elephant, Food, Hill, Horses, Rose, Sea and Tribe. 
All images are of JPEG format, with an image size of 
384 x 256 pixels, in the RGB color space. 
 
4.2 Performance metrics 
An effective performance measurement is necessary 
to evaluate different algorithms for image retrieval. 
Different performance measures can be used for the 
effective analysis of image retrieval systems. Content 
Based Image Retrieval systems mainly use precision 
and recall as performance measures.  
In this paper, precision is chosen as the measure to 
evaluate the performance of the proposed system. 
Precision is the ratio of the number of relevant 
images retrieved to the total number of images 
retrieved. A perfect precision value of 1.0 indicates 
that every result retrieved by a search was relevant. 

 
 
4.3 Qualitative Results 
Fig.3 presents the Query image which is the input to 
the proposed system. The user can choose the query 
from among 10 images, each from a specific class of 
Corel database. Here, the user has chosen the query 
from the class “tribe”. 

 
Fig.3: Input Query Image 

 
Pre-processing of the query image is presented in 
Fig.4. This shows the difference between the 
histogram of the original image and the equalized 
image. Image enhancement techniques enable us to 
improve the signal-to-noise ratio and accentuate 
image features by modifying the colors or intensities 
of an image.  
Histogram equalization is used as an image 
enhancement technique. This method improves the 
contrast of an image, in order to stretch out the 
intensity range. 
 

 
Fig.4: Histogram Equalization 

Fig.5 exhibits the retrieval results of the proposed 
system. For the query ‘tribe’, 4 out of 5 images and 8 
out of 10 images have been retrieved. Hence the 
precision equals to 80%. 
 

Fig.5: Retrieval results for the Query image 
 
4.4 Quantitative Results: 
Precision evaluation is carried out by considering the 
first 5 retrieved images out of 10 relevant images, 
retrieved by the system. Table.2 displays the 
precision values (%). 
 

Table.2: Precision for Retrieved Images, P (5) 

 
 

CONCLUSION 
 
This paper proposes a method for the reduction of 
semantic gap using semantic template. Experiments 
were conducted on all the 10 classes of the Corel 
image database consisting of 1000 images, out of 
which 10 images were taken as Query and the 
remaining 990 images forms the database. Pre-
processing of the query image as well as the database 
of images was done using histogram equalization 
technique (image enhancement). The low level 
features, both texture and shape, were extracted using 
GLCM (gray level co-occurrence matrix). Semantic 
gap reduction is achieved through the generation of 
semantic template (ST). Euclidean Distance measure 
was used for Similarity measurement. Performance of 
the proposed system was evaluated based on 
precision values calculated over the query chosen by 
the user. This proposed system provides an average 
precision of about 36%, on using hybrid features for 
evaluation. Thus the proposed system performs better 
when compared to systems using single features. 
This technique finds application in medical fields i.e. 
for diagnostics and research, in Digital libraries, the 
Web and for entertainment. 
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