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Abstract. The main obstacle in realizing semantic-based image retrieval is from 
the web that semantic description of an image is difficult to capture in low-level 
features. Text based keywords can be generated from web documents to capture 
semantic information narrowing down the search space. We use an effective 
dynamic approach to integrate keywords and color-texture features to take 
advantage of their complementing strengths. Experimental results show that the 
integrated approach has better retrieval performance than both the text based 
and the content-based techniques. 

1   Introduction 

Images are very frequently embedded in HTML documents to express the intended 
message effectively on the World Wide Web [16] (WWW). Conventional search 
engines use only keyword based search for retrieval and often takes many iterations to 
converge. Conventional search engines do not integrate low-level features to support 
image retrieval queries. On the other hand, a large number of content-based image 
retrieval systems have been developed in the academia and the industry [4,5,8,12] 
which use low-level features such as color, texture and shape. These approaches do 
not include keyword based textual information to complement the retrieval and 
narrow the search space. As result, precision of retrieval for general-purpose image 
retrieval applications tends to be very low. On the other hand text based retrievals like 
Google attend reasonably high precision. We feel that an effective image retrieval 
system should make use of both keywords and low-level features of an image and try 
to integrate keyword-based and content-based image retrieval techniques as a single 
system. Keywords-based capture high-level semantics but they cannot depict 
complicated image features very well. The key word extraction process also should be 
made dynamic to be really useful. On the other hand, content-based techniques can 
capture low-level image features and can accept images as queries. An image query 
process is hard to start, as the user has to specify a query image by selecting an 
existing image and the user normally does not have access to all the images, which 
can be used as queries. It is well established that while uploading images, one cannot 
possibly label or tag it with test. The reason is that, such labeling is subjective, often 
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incomplete and heavily manpower intensive. On the other hand, it is not a difficult 
properties to include keywords along with sample images while preparing a query. 
Essentially, the user not only specifies a query image, but also mentions in text form, 
what is the semantic content of the image that he is interested in an information not 
captured just by the low-level features. In our system users can start their search 
process by providing keywords. A set of images are retrieved from the database and 
displayed to the user based on the keyword. From these initial results, user can further 
select image either as content-based queries or as content-based supplemented with 
keywords to narrow down the search space. The final retrieved images are based on 
combined scores of the keyword-based and the content-based searching. We have 
built a web-based application [13] which is available in the public domain for 
interested users to repeat our experiments and perform the searches.  

In the next section, we explain our method for keyword-based indexing and 
retrieval of images. In section 3, we explain content-based image indexing and 
retrieval using COLTEX a color-texture retrieval technique. We describe the 
combined keyword and COLTEX based retrieval procedure in section 4. 
Experimental results are included in section 5 and we draw conclusions in the last 
section of the paper. 

2   Keyword-Based Indexing and Retrieval of Images 

Keyword-based image retrieval can be based on the traditional text information 
retrieval (IR) technique [7]. However, to improve retrieval performance, we should 
make use of the structure of HTML documents. This is because the words or the 
terms appearing at different locations of an HTML document have different levels of 
importance or relevance to related images [2]. Therefore, we need to assign term 
weights based on term positions. In our proposed approach, we extract texts around 
the images and calculate occurrence frequencies of the words in the text. The stop 
words are filtered out and others are stored in a database. Figure 1, shows the 
keyword based search interface and a typical output of the web-based application. In 
our database, a given image may be related to many keywords and a single keyword 
is related to many images. If a single keyword is provided as query string, the search 
space is wide and returned images may be from different categories. To minimize the 
search space, more than one keywords can be provided for performing the search.  

 

  
(a)  (b)  

Fig. 1. Web – Based Image Retrieval System (a) Interface to perform keyword-based search  
(b) Results of a keyword-based search 
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3   Color-Texture Feature Based Indexing and Retrieval of Images 

We use a combined color and texture feature called COLTEX for performing low-
level image indexing and retrieval. While the method has been presented in [11], we 
give a brief overview here. COLTEX describes color and texture content of the 
images and is represented as a color texture matrix CTM  where 
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Each component of the COLTEX matrix { }GCbaCTM ab ,,, ∈  is a sub matrix 

represents the combinations of color-color, color-texture, texture-color and texture-
texture, respectively. This feature vector is based on human visual perception of the 
color and texture of an image pixel and its performance has been found to be 
encouraging [10]. Each sub matrix of COLTEX is given by  
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Fig. 2. Retrieval based on COLTEX 
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where QI and QH are the quantization values for color and texture respectively. π2  is 
the domain values for the hue and 255 is the maximum intensity level in the HSV 
color space [10].  

For each image crawled from the web the COLTEX matrix is extracted and stored 
in a database. During image retrieval, COLTEX is extracted from the query image 
and compared with the all the features in the database. The Manhattan Distance is 
used to measure the similarity between COLTEX of the query image and each of the 
images in the database. Images with a distance smaller than a pre-defined threshold 
are retrieved from the database and presented to the user. Figure 2 shows the interface 
and retrieval results of feature-based extraction. 

4   Image Retrieval by Combining Keywords and COLTEX  

We combine keyword and COLTEX based search by the use of an input keyword and 
an image of interest from the set of images initially displayed. The keyword based 
retrieval is first applied based on the input keyword and COLTEX features of the 
retrieved images are extracted and compared with the database images to return the 
final set of retrieved images as shown in figure 3. The number of retrieved images 
depends on the search space. The result shows the final retrieved images and their 
distance values. If two images are close to each other in terms of their content the 
distance value is as close to zero. The distance value is more for images with different 
semantic content content.  

 

Fig. 3. Image retrieval based on both keyword and COLTEX 

5   Results 

In this section, we show results of keyword-based, COLTEX-based and combined 
keyword and COLTEX based retrieval. Table 1 shows the average precision (P) in 
percentage for nearest neighbors 10, 20, 50 and 100. 
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Table 1. Precision of retrieval  

Features P(10) 
% 

P(20) 
% 

P(50) 
% 

P (100) % 

Keyword based 46.00 35.90 25.40 19.98 
COLTEX 55.00 46.90 35.40 22.98 
COLTEX and Keyword combined 92.33 87.28 64.21 51.00 

We have used a large number of randomly selected images of different categories 
and content and calculated the average precision. Form the results, it is observed that 
the performance of the combined method is quite encouraging. We have earlier shown 
that COLTEX performance is better than other color-texture based methods. Hence, it 
is expected that the combined method have better performance compared to the 
existing approaches. 

6   Conclusions 

We have studied the important role of textual keywords in describing high-level 
semantics of an image. We have also described The COLTEX a feature represents 
color-texture content of images that can be used for image retrieval. We have 
combined both the high level and low level features effectively to achieve very high 
average precision of retrieval. An image retrieval system has been developed to 
demonstrate our work and interested readers are encouraged to use our system. 
Promising retrieval results are obtained from our web based system. We plan to 
increase the database size to about 10,000 images and compare our results with other 
keyword and low-level feature based retrieval systems [1,3,6,9,14,15]. 
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