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ABSTRACT 
A search engine that can handle TV programs and Web content in 
an integrated way is proposed. Conventional search engines have 
been able to handle Web content and/or data stored in a PC 
desktop as target information. In the future, however, the target 
information is expected to be stored in various places such as in 
hard-disk (HD)/DVD recorders, digital cameras, mobile devices, 
and even in real space as ubiquitous content, and a search engine 
that can search across such heterogeneous resources will become 
essential. Therefore, as a first step towards developing such next-
generation search engine, a prototype search system for Web and 
TV programs is developed that performs integrated search of 
those content, and that allows chain search where related content 
can be accessed from each search result. The integrated search is 
achieved by generating integrated indices for Web and TV 
content based on vector space model and by computing similarity 
between the query and all the content described by the indices. 
The chain search of related content is done by computing 
similarity between the selected result and all other content based 
on the integrated indices. Also, the zoom-based display of the 
search results enables to control media transition and level of 
details of the contents to acquire information efficiently. In this 
paper, testing of a prototype of the integrated search engine 
validated the approach taken by the proposed method. 

Categories and Subject Descriptors 
H.2.4 [DATABASE MANAGEMENT]: Systems – multimedia 
databases, H.5.1 [INFORMATION INTERFACES AND 
PRESENTATION]: Multimedia Information Systems – video. 

General Terms: Algorithms, Management, Documentation, 
Design. 

Keywords: Search engine, information retrieval, information 
integration, Web content, TV programs, integrated search, chain 
search. 

1. INTRODUCTION 
Conventional search engines have been able to handle Web 

content and/or data stored in PC desktop as target information. 
For example, there are search engines for specific media such as 
images on the Web, or for Web content with characteristics of 
rapid communication such as blogs. Desktop search can find 
various types of files in a PC by using full-text search. The 
information sources for search engines are gradually spreading 
from Web content to data stored in individual PCs. 

In the future, however, the target information for search engines is 
expected to be stored in various places such as in hard-disk 
(HD)/DVD recorders, digital cameras, mobile devices, and even 
in real space as ubiquitous content and a search engine that can 
search across such heterogeneous resources will become essential. 
Since conventional search engines have been based on link 
analysis and full-text search, a new type of retrieval method will 
be necessary which is not dependent of these methods and which 
can rank and find various types of media stored in various places 
according to context in an integrated manner. 

In this paper, as a first step towards developing such next-
generation search engine, a prototype search system for Web and 
TV programs is developed that performs integrated search of 
those content, and that allows chain search where related content 
can be accessed from each search result. The integrated search is 
achieved by generating integrated indices for Web and TV 
content based on vector space model and by computing similarity 
between the query and all the content described by the indices. 
The chain search of related content is done by computing 
similarity between the selected result and all other content based 
on the integrated indices. The proposed method provides: 

• Simultaneous search for Web and TV contents that match 
with the given keywords, 

• Search for recorded TV programs that relate to the Web 
content being browsed 

• Search for Web content or other TV programs that relate to 
the TV programs being watched. 

In this paper, testing of a prototype of the integrated search engine 
validated the approach taken by the proposed method. 

2. OVERVIEW OF PROPOSED METHOD 
Web content can be regarded as an information source with 
hyperlinks and TV programs as another without them. To handle 
these different types of content, a method is necessary which can 
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measure both types of content in an integrated manner, not fully 
depending on conventional link analysis.  

Figure 1 shows the processing steps of the indexing of the 
proposed method. First, topic keywords are extracted from the 
closed captions of TV programs, for example, by calculating the 
term frequency. Then, the candidate Web contents are obtained 
for each keyword using conventional search engines. By using 
conventional link-analysis-based search engines, the candidate 
Web content can be selected as information having a certain 
degree of quality. Common index is generated based on a vector 
space model using keywords from the Web content and the closed 
captions of TV programs. By referring to the common index, Web 
and TV programs can be ranked in an integrated manner based on 
a query given by the user. Figure 2 shows two types of search 
achieved by the proposed method. The keyword given by the user 
can be a query for integrated search to provide a mixed search 
result of Web and TV programs. Each search result can be a new 
query for chain search to provide related content. Chain search is 
done by computing similarity between the selected result and all 
other content based on the common indices. 

 
Figure 1. Processing steps of indexing 

 
Figure 2. Integrated search and chain search 

3. IMPLEMENTATION OF PROTOTYPE 
A prototype search engine based on the proposed method has 
been implemented. As shown in figure 3, an integrated search 
result of Web and TV programs are given as a list of text. When 
the user selects and zooms in the explanation text of a Web page 
or a TV program, the preview image of the page or the program 

appears and its size can be changed smoothly. Also, the 
explanation text can be switched from one to another with a 
different level of detail according to the zooming. When the 
preview image becomes a certain size, chain search is triggered to 
provide content related to the focused content. Figure 4 shows an  
example of display transition when the user selects a TV program 
from a result of integrated search. The related contents obtained 
by the chain search are shown below the TV program. The zoom-
based display is based on Zooming Cross-media [1], which 
provides an integrated framework to handle various content 
having different media and different levels of details. Testing of 
the prototype confirms that the proposed method achieves 
integrated search for Web and TV contents that match with the 
given query, and that users can efficiently acquire information 
according to the context by using chain search.  

 
Figure 3. Browsing operation of search result by using 

Zooming Cross-media 

 
Figure 4. Display transition of implemented search engine 
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