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Abstract �  The main propose of the Intelligent P2P VoIP 

Architecture through extension of existing protocols is to enable 
a VoIP user tracking and calling other users anywhere on the 
Net using just their e-mail IDs. We propose a pure P2P VoIP 
architecture which decentralizes the mechanism of call 
establishment and termination as well as user tracking without 
going through a centralized VoIP proxy or redirection server. 
We extend and adapted asynchronous multimedia 
communication protocols (namely, SMTP) and VoIP related 
protocols (namely, SIP) to facilitate synchronous voice 
communication over the Internet. Callee's location is probed 
intelligently using his or her SMTP server log. 

Present VoIP systems are generally based on a hybrid 
architecture where a SIP proxy or redirection server controls 
every voice call. Since all voice calls are mediated by a central 
server, such a system suffers from scalability and a single point 
of failure problems. Moreover, in such a system users are tied 
with a particular VoIP service provider. Decentralization of the 
existing hybrid architecture into the proposed architecture, 
explained in this report, frees the user from having to subscribe 
to a VoIP provider. 

 In this research, we focus on using open source software 
components to setup an enterprise VoIP system to demonstrate 
the proposed architecture. Nevertheless, the approach can be 
extended easily beyond the enterprise intranet.  
 
      Keywords � Internet Telephony; Voice over IP; Internet 
Protocols 
 

1. Introduction 
 

VoIP (Voice over IP) is a rapidly expanding technology. 
More and more VoIP components are being developed, while 
existing VoIP technologies are being deployed at a rapid and 
still increasing pace. This growth is fueled by two goals: 
decreasing costs, and increasing revenues and efficiency. 

Network and service providers see VoIP technology as a 
means of reducing their cost of offering existing voice-based 
services along with new value-added multimedia services. 
Service providers also view VoIP infrastructure as an 
economical base on which to build new revenue-generating 
services. As deployment of VoIP technology becomes 
widespread and part of a shared competitive landscape, this 
second goal will become more important, with service 

providers working to increase their market shares. However, 
this trend violates the philosophy of freedom behind the 
Internet. Internet users should be able to use VoIP as they 
have been using E-mail over the decades without having to 
pay to or tied with a particular VoIP provider. 
 

1.1. Motivation
 

Although VoIP system becomes widespread and many 
VoIP providers offering services in the market, almost all 
existing VoIP architectures still have a common revenue 
generating strategy using a central Call Processing Server.  

Current VoIP architecture requires user’s communications 
to be mediated by a central VoIP server. Among others, the 
single server poses the threat of single-point of failure and 
privacy and freedom similar to those we often experience 
with Instant Messaging. 

This VoIP architecture advertently includes a middle-man 
mechanism (the central server) where users are tied with the 
policy of the provider – payment to the provider is made 
directly or indirectly. Most common forms of indirect 
payment are advertising, and compromise of personal 
information, etc. 

The presence of a central server in the VoIP architecture 
is probably due to capturing CDR (Call Detail Record) 
information for billing purposes. Technically speaking, VoIP 
calls can be made without having to go through such a 
central server. We attempt to eliminate such central server in 
the proposed VoIP system in this paper1.
 

1.2. Our Approach
 

The oldest Internet application, E-mail is based on SMTP 
protocol. The SMTP protocol only supports text based E-
mail. For asynchronous multimedia communication (e.g., 
multimedia E-mail), the Internet Engineering Task Force 
(IETF) proposed MIME extensions rather than modifying the 
original SMTP protocol. The IETF subsequently proposed 
Session Initiation Protocol (SIP; and RTP, RTCP etc.) to 
                                                          
1 Deployment of IPv6 may offer more freedom for Internet-based 
communication. 



facilitate asynchronous multimedia communication (such as, 
VoIP and Video Conferencing). The IETF is well-known for 
its philosophy of freedom and adherence of non-proprietary 
but innovative protocols and standards. Unfortunately, due to 
the commercially motivated implementation of present-day 
VoIP services, we failed to enjoy synchronous multimedia 
communication (e.g., VoIP) as freely as we have been 
enjoying the asynchronous multimedia (e.g., E-mail).  

    In our work, we tried to analyze relevant Internet 
protocols and implemented a VoIP system where we can 
completely bypass the revenue-generating legacy of the 
current VoIP frameworks where users need to go through a 
VoIP provider to make Internet calls. We extended existing 
protocols and implemented light-weight SIP client and server 
modules to implement a pure P2P VoIP system as explained 
in the rest of the paper.  

    To build the system that decentralizes the existing VoIP 
architectures into a pure peer-to-peer VoIP architecture, we 
need to eliminate the Central VoIP Call Processing Server 
(Figure 1) by having both the SIP client and server modules 
(a modified version) on end-user’s computers. Intelligent use 
of existing SMTP server (Figure 2) is used to infer Callee’s 
IP address heuristically from SMTP server-logs. We adopted 
open-source VoIP suites [1][2] for our purpose and 
developed required components on our own [3] to implement 
and test our idea.  

Figure 1. Existing VoIP System - Hybrid Architecture 

     
Figure 1 shows the existing VoIP architecture; whereas, 

Figure 2 explains the proposed architecture which 
decentralizes the Call Processing Server by having a 
modified SIP client and server installed on each user’s 
computer and by making intelligent use of Callee’s SMTP 
server-log to obtain location information to initiate a VoIP 
call. Caller consults the Callee’s SMTP server to obtain 
plausible IP addresses of the Callee. Callee's location is 
probed heuristically using IP addresses and timestamps 
obtained from SMTP server logs on the fly as explained in 
Figure 2. Call parameters are then extracted from the SIP 
server running on the Callee’s computer. 

Figure 2. Proposed VoIP System – Pure P2P Architecture 

 
2. Overview of the Proposed VoIP System 

 
In this section we explain the proposed VoIP system with 

specific scenarios. 
 

2.1. System Architecture 
 

Our proposed VoIP system architecture decentralizes the 
Call Processing Server by implementing a light-weight SIP 
Client and Server module on each end. On each user’s 
terminal, we have both SIP client (Softphone) and a modified 
SIP server (Call Processing Server) installed which is quite 
similar to SIP Redirect mechanism [7]. The modified SIP 
client on the Caller’s side contacts Callee’s SMTP server and 
subsequently contacts the Callee’s SIP and RTP to locate 
connection parameters, and finally initiate a call.  This 
architecture essentially eliminates the need of a VoIP 
provider. Our approach works with an assumption that users 
use their computers to check e-mail periodically; and we can 
heuristically gather information about the user’s location by 
intelligently traversing the SMTP server-log. Please note here 
that the called party is uniquely identified by his or her E-
mail address. SMTP logs give location information (IP, Time 
stamps, etc.); and finally, a call is initiated directly between 
the peers using SIP handshaking and RTP/RTCP based 
communication. Figure 2 is a simplified diagram of the 
proposed VoIP architecture. The proposed architecture is 
further illustrated below using 3 specific scenarios. 
 

2.2. Three scenarios of the proposed system 
 
(1) Standby  

A user needs to run our program to sign into his or her 
terminal. The VoIP system (Call Processing Server) remains 
standby and listens to incoming call requests (Figure 3). This 
scenario is very similar to Online Chat but a user is logging 
into the server running on his or her own computer (not a 
remote commercial server). 
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Media 
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Figure 3. Standby Scenario

 
(2) Callee available at the last-known (most recent) IP 
address

From the last scenario, when user signs up and in standby 
mode, user will get his own IP address in that location. When 
user changes the location from Faculty#1 to Faculty#2, the 
user’s IP address will be changed on both SIP Client and 
Light Weight SIP Server. Different locations, different IP 
addresses. SMTP Server will know the user’s IP address 
when user logs into the SMTP server (Email Checking). 
User’s information such as IP address, Timestamp, Name, 
and etc. are kept in SMTP logs of the SMTP Server. In a 
normal situation, most recent IP address from SMTP logs is 
always the last location where the user is most likely to be 
present. Caller can get the most recent IP address of Callee 
from the SMTP Server by retrieving selected information 
from the SMTP logs. With the help of timestamp, we identify 
the most recent IP that the user used. When Caller knows the 
Callee’s IP address from SMTP logs, Caller probes the 
Callee’s Call Processing Server (running on the destination’s 
PC) using the IP address that Caller determined. A SIP 
session establishment with the Callee may subsequently be 
successful. We explain this scenario with a sequence diagram 
as follows: 

Figure 4. Sequence diagram for “Callee available at the last-
known IP address” 

From Figure 4, User#1 wants to call User#2. User#1 
consults directly to the User#2’s SMTP Server 

(smtp.shinawatra.ac.th)2 to get the User#2 information from 
SMTP logs about IP addresses and Timestamp of User#2. 
Those information can identify the last location and most 
recent IP address that User#2 logged in - this is the most 
likely location where the Callee might be available. After 
User#1 gets the most recent IP address from SMTP logs, 
User#1 uses the most recent IP address (192.168.0.10) that 
User#2 used to login into the SMTP Server to establish the 
connection between both of them. User#1 sends the INVITE
message to the SIP Server of User#2 and then SIP Server of 
User#2 forwards the INVITE message to the User#2’s SIP 
phone. When User#2 picks up the phone, acknowledgement 
from User#2 will automatically be acknowledged back to 
User#2’s Server and back to User#1. User#1 sends 
acknowledgement directly to User#2 to confirm. Both of 
them establish a voice connection (RTP session). After 
finishing a call, User#1 sends BYE message back directly to 
User#2 to terminate the connection. User#2 acknowledges 
back directly by OK message to User#1 to confirm the 
connection termination. 

(3) Callee not available at the most-recent IP or Callee 
logged in from multiple locations  

In the last scenario (2), the Callee was available at the 
last-known location. However, it may not be case all the 
time. There are also possibilities that a user is concurrently 
checking mail from multiple locations. In such a case, we use 
a Trial and Error –based polling. The most recent IP address 
in the SMTP logs will be chosen first when the Caller wants 
to call as it should be the normal situation. 

Callee may not reply when the Caller calls to the most 
recent IP address. Our System will iteratively probe the next 
possible location (the next IP address based on timestamp) 
where the Callee may be available. The process will continue 
until a response is received or for all known IPs. That is, 

when the Callee responses, a SIP Session is initiated. 
Otherwise, the Caller will keep trying to probe the next 
location iteratively. This scenario is explained below with a 
sequence diagram with 2 locations for the Calee. . 

                                                          
2 A script is written for the SMTP server which periodically dump {user, IP, 
timestamp} info for our use. 
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Figure 5. Sequence diagram for “Callee logged in at 2 distinct 
locations”  

From Figure 5, User#1 wants to call User#2. User#1 
consults directly with the User#2’s SMTP Server 
(smtp.shinawatra.ac.th) to get the User#2’s information from 
SMTP logs about IP addresses and Timestamp of User#2. 
Those information can indicate the most recent location and 
most recent IP address that User#2 logged in - this is the 
most likely location where is the Callee might be available. 
After User#1 gets the most recent IP address from SMTP 
logs, User#1 uses the most recent IP address (192.168.0.10) 
that User#2 used to login into the SMTP Server to establish 
the connection between both of them. User#1 sends the 
INVITE message to the SIP Server of User#2 and then SIP 
Server of User#2 forwards the INVITE message to the 
User#2’s SIP phone. User#2 does not pick up the phone in 
the pre-defined time, User#2 will automatically send Request
Timeout message back to User#2’s Server and back to 
User#1. After User#1 knows that User#2 is not available at 
the first location, User#1 tries the next IP address that User#2 
used to login. User#1 sends the INVITE message to the SIP 
Server of User#2 at another location (192.168.0.11) and then 
SIP Server of User#2 forward the INVITE message to the 
User#2’s SIP phone. When User#2 picks up the phone, 
acknowledgement from User#2 will automatically be 
acknowledged back to User#2’s Server and back to User#1. 
User#1 sends acknowledgement directly to User#2 to 
confirm. Both of them establish a voice connection (RTP 
session) assuming that the Callee is available at Location#2. 
After finishing a call, User#1 sends BYE message back 
directly to User#2 to terminate the connection. User#2 
acknowledges back directly by OK message to User#1 to 
confirm the connection termination. 

Nevertheless, since the Caller knows all the Callee’s IP 
addresses from the Callee’s SMTP logs, Caller can easily 
send probes to all Callee’s locations by sending the INVITE
message to all locations in parallel. The Cellee’s location 
that Caller gets the response will be the location where Callee 
is. Caller will also get the Request Timeout message from 
other locations. Caller does not need to poll each location one 

by one sequentially, but can broadcast the request to all 
locations at one time. 
 

2.3. Implemented System at Work 
 

In our experiment, we used open source software Asterisk 
and X-Lite [1][2]. We modified the open source modules as 
necessary and developed necessary modules to make them 
work together under the proposed architecture.  

The entire source code is available with detail installation 
guideline from our web site: 

http://webmail.padawan.shinawatra.ac.th/~it601/ohm. 

Followings are some screen-shots and analysis on how the 
proposed P2P VoIP system works.  

(1) Initialization and Signing-in 
Start up the program first and then click “Open Phone 

button” to turn on the SIP Softphone and SIP Server (Call 
Processing Server). The SIP phone will automatically login 
into its server (SIP Server on the same PC) and wait for any 
incoming call. See from Figure 6. 

Figure 6. Standby mode of proposed system 

 
(2) Calling and Termination 

When a user wants to place a call to others, he or she 
specify the Callee’s E-mail ID and clicks “load button” to 
load the log file from SMTP Server and find information 
about the Callee’s location as shown in Figure 7.  

Figure 7. Search for the IP addresses of destination



User click “Start IP Phone button” to call to the 
destination by using the first IP address on the row that is the 
most recent login IP address of the receiver. 

This scenario is shown in Figure 8. Client#1 is the one 
who wants to call Client#2. So, he logins to Client#2’s 
Server (Suchaya) by using address 61.90.12.151 and makes a 
call to Client#2.

Figure 8. Client#1 calls Client#2

 
If the destination is not available at the most recent IP 

address or login on many places, Client#1 will try to connect 
to the destination by using the IP addresses from the list, one 
by one, until he gets the acknowledge back from the 
destination like the Figure 9. 

 

Figure 9. Update mode to search the location that is available 

 
When the user finishes a call, they just click at the 

“Standby button” to login into their own server and wait for 
incoming call like Figure 6. When they want to turn off the 
system, just one click at the “Close phone button”, SIP 
Softphone and SIP Server will be automatically shut down. 
 

3. Conclusions and Future Work 
 
We made use open source components to set up an 

enterprise VoIP system and made necessary modifications to 
existing protocols to demonstrate a middle-man free pure 
P2P VoIP framework. 

Unlike asynchronous multimedia communication (such as, 
multimedia E-mail), due to huge commercial interests 
synchronous multimedia communications (such as VoIP) 
have been trapped into a provider-dominated service. In this 
paper, we explained how to avoid such middle-man scenario 
in VoIP to achieve a pure P2P VoIP framework. Our 
experiments did not address some crucial issues such as NAT 

and Firewall etc. We are also aware that people may be 
reluctant to allow access to SMTP logs due to privacy 
concerns. We only tried to demonstrate that we can use 
modifications and extensions of existing protocols to make 
VoIP a middle-man free and ubiquitous service for all 
Internet users.  

The proposed approach has significant opportunity for 
revenue generation through hardware-based implementation 
such as manufacturing IP phones using open source OS 
kernel, VoIP components along with the approach explained 
in this paper.   
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Abstract – With the proliferation of digital and video 
cameras, personal collection of multimedia materials such 
as amateur video-clips are abundant now-a-days.  Most of 
these multimedia materials may be useful to others if they 
are shared and can be located easily. Semantic Web 
technologies hold promise to organize and re-use such non-
textual information effectively. However, annotation of 
multimedia contents is a tedious task. Notwithstanding, as 
we observe growing number of community collaborations 
on the present Web, such content annotation can be done 
through online collaboration. In this research, we 
investigate the development of a collaborative video 
annotation system using open technologies and tools where 
people can upload, annotate and share their personal 
multimedia collections efficiently. We also examine how 
the contents acquired and annotated with this 
collaborative system can be transformed into (1) Reusable 
E-Learning Contents for personalized learning; as well as, 
(2) Dynamic Digital Library with exploratory search and 
retrieval facilities using state-of-the-art Semantic Web 
technologies. 

I.    INTRODUCTION 

    Lecture materials such as those available under the MIT’s 
Open Course Ware (OCW) initiative inherently consists of 
multimedia contents including video lectures and other non-
textual objects [1].  Due to increased use of WWW in teaching 
and learning, e-learning contents have been increasingly 
available on the Internet. In this paper, we will use foreign 
language pedagogy and other intuitive (but simplified) 
examples to demonstrate the effectiveness of using 
collaborative annotation and Semantic Web technologies for 
sharing and re-using E-learning contents for personalized 
learning. 
    Videos play an important role in developing foreign 
language skills and apprehending foreign culture. Video clips 
for situational dialogue such as, shopping, dining, and opening 
a bank account etc. are highly reusable. For instance, a video-
clip depicting the scenario of opening a bank account in 
English may easily be reused for learning French, and vice 
versa. Agencies involved in promotion of cultural exchange 
and tourism usually produce vast amount of multimedia 

materials. However, most of these materials are often 
available with a few main-stream languages. Therefore, people 
without any knowledge in such languages fail to make better 
use of such materials. By adding metadata, transcription and 
subtitle to video contents, we can facilitate broader use of 
multimedia materials. For instance, a documentary video 
about Thai Folk Dance is commonly available in Thai, English 
or some other main-stream languages. However, with 
metadata annotations, transcription and subtitle in other 
languages; such materials can be equally useful for people 
who are not proficient in main-stream languages. 
    Over the last decades, with the ubiquity of the Internet and 
the growing popularity of the Web, we have witnessed 
growing number of successful small community 
collaborations on the WWW [2]. The success of such 
collaborations largely depends on the development of a 
sophisticated system (a collaboration platform) with easy-to-
use interface and tool-support. In this paper, we investigate the 
development of a Collaborative Video Annotation System 
which can facilitate collaborative learning of foreign language 
and promotion of cultural exchange. We argue that with the 
increasing availability of Internet and bandwidth, digital 
divide is not always due to technological barrier but often due 
to our inability to integrate human sharing spirit and goodwill 
along with the technological advances. 

II.    SCENARIO OF FOREIGN LANGUAGE LEARNING 

    Main-stream foreign language learning materials have a 
huge market and therefore, publishers worldwide have been 
actively publishing study materials for the target market. 
Main-stream foreign language such as English has plenty of 
learning materials available in many native languages. 
However, it is truly unfortunate (and undesirable) that a 
Vietnamese often needs to learn Thai using learning materials 
written in English, and vice versa. The market-driven 
phenomenon left some languages far behind from the others. 
Our language and culture may or may not have a feasible 
market but they are our unique assets, and we ought to find 
ways to promote them using enabling technologies. By 
successfully utilizing the potential of the Internet and human 
spirit of collaboration, it is possible to promote our language 
and culture in an online collaborative fashion. The 
development of our video annotation system is inspired by 
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language education and cultural exchange by making use of 
the potentials of ubiquitous Web and online virtual 
collaboration. 
    Unlike some technological disciplines, foreign language 
teaching and learning follows a typical pattern and rather static. 
Off-the-shelf foreign language learning kits generally consist 
of lessons organized into different proficiency levels. For 
instance, the Beginner’s Level consists of lessons with basic 
alphabet-set, phonetics and writing system along with 
greetings, basic vocabulary, simple grammars and 
conversations. The Intermediate Level materials go beyond the 
basics and include further lessons and practices with the help 
of situational dialogues and further syntactic, semantic and 
pragmatic notes and drills. Advanced Level learning materials 
are less restrictive and often go beyond typical textbook 
lessons – it is not uncommon to use real newspaper articles, 
movies, TV news or documentaries to teach different 
linguistics and cultural facets to the advanced learners. In 
many cases, we noticed that a vast majority of these off-the-
shelf software products are mere digitization of their 
predecessors - the video-based learning kits. However, there 
are some exceptions. For instance, ELLIS [3] – an English 
learning software tries to integrate ESL pedagogical research 
with computer and networking technologies. Such materials 
are often expensive and beyond the purchasing power of 
individuals. 
    In terms of contents, we noticed many similarities across 
foreign language learning materials. Unless commercially 
motivated, contents such as alphabet chart, pronunciation 
audio files, grammar flashcards, situational dialogue videos 
could have been reused effectively for teaching that foreign 
language to any native language community through some 
customization and annotation. 
    Screenplay [4], a Japanese publisher uses foreign films to 
help Japanese learners improve their foreign language ability. 
Using their Web site and multimedia products, a user can also 
conduct associative search to see a word in the real context. 
This is not only effective as endorsed by scholarly research 
findings [5], but also a fun activity which promotes the 
understanding of culture, etiquette and social practice beyond 
mere language learning through memorization of grammar 
rules, substitution drills, and the like. 

III.    SCENARIO OF CULTURAL EXCHANGE 

    Governments and agencies across the world do invest huge 
amount of money and efforts in producing documentaries and 
other multimedia materials for the promotion of culture and 
tourism. However, their focus remains limited to some 
targeted audiences (and therefore, limited to a few main-
stream languages). For instance, most documentaries and 
videos developed in Japan are often available in Japanese, 
English, French, and Chinese, etc. Unless properly annotated 
with metadata, transcripts, subtitle or soundtrack, it is unlikely 
to find those materials useful for an audience who do not 
understand any of these languages.  
   With our decades of experience with other online 
collaborative projects, such as Project Gutenberg [6] and 

Aozora Bunko [7] - where copyright-free books are digitized 
and even translated by volunteers worldwide, we expect that 
such promotional video materials can equally be annotated 
collaboratively and free-of-charge as long as an easy-to-use 
collaborative system is available and online volunteers are 
supported with easy-to-use interface and tools. 

IV.    COPYRIGHT AND OTHER ISSUES 

    It is a fact that commercially developed materials may not 
be available free, but it is inevitable that some promotional 
materials from not-for-profit agencies and governments may 
gradually become available publicly. We also rely on amateur 
personal videos taken by digital and video cameras as a good 
starting point. The Open Video Project [8] is a general digital 
library of publicly available videos from unrestricted domains 
– ranging from classroom lectures to public service or 
documentary videos – may also be imported and annotated in 
our system. However, at the moment, we target to gather and 
annotate video and multimedia materials in a restricted 
domain through small-community collaboration. Our primary 
goal is to promote cultural exchange and facilitate foreign 
language education while making full use of the ubiquitous 
connectivity of the Internet and the growing human spirit of 
virtual collaboration on the WWW. In doing so, we focus on 
developing an easy-to-use collaborative video annotation 
system which we have explained in this paper in detail. We 
also refer to our other publications on creation of sharable and 
reusable E-Learning materials using a component-oriented 
approach [9] – where we demonstrated that such annotated 
contents with proper metadata, and relevant structural, 
semantic and pedagogical information, it is possible to 
generate customized and personalized course materials for any 
discipline (not restricted to foreign language learning). 
    In any voluntary online collaboration, motivation plays a 
crucial role. The success of our initiative therefore, remains on 
the enthusiasm of volunteers who take pride and care about 
their own language and culture. The evidence of the steady 
growth of collaborative projects on today’s Internet and 
WWW (e.g., the Open Video Project as mentioned earlier) is 
encouraging. Moreover, a collaborative project such as this 
one requires a critical-mass of volunteers and contents to 
become successful. It is obvious that unless we have a handful 
number of volunteers or a sizeable amount of contents, our 
initiative may not receive sufficient attention quickly.  
    With an initial support from Asia-Pacific Telecommunity 
(APT) and Thailand Research Fund (TRF), we have initiated 
this project and developed a fully working prototype which is 
currently operational at http://apt.shinawatra.ac.th/video/. 
Some of our international collaborators are consistently 
supporting us by developing or accumulating useful contents 
for promotion of foreign language and culture on the 
cyberspace. We envisage that we will continuously receive 
supports from governments and agencies to develop this 
project further.  
    In the rest of the paper, we will explain the implementation 
details and major features of this video annotation system 
followed by their effective application in E-Learning. 
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V.    THE COLLABORATIVE VIDEO ANNOTATION SYSTEM 

    The video annotation system we developed is fully Web-
based. Users interact with the system using their Java-enabled 
Web-browsers without having to resort to any video plug-in. 
We choose MediaFrame [10] – an open-source software for 
streaming video manipulation and playback. We use 
MediaFrame’s JavaScript API, PHP scripts and MySQL 
database to develop our video annotation system. The 
technical complexities of the system remain hidden to the 
users since users interact with the system using an easy-to-use 
Web interface. 

A.    MediaFrame: Streaming Media Player 
    MediaFrame is an open-source streaming media platform in 
Java™ which provides a fast, easy to implement, and 
extremely small applet that enables web users to view 
audio/video contents without having to rely on external player 
or plug-ins. MediaFrame does not require special servers, 
software or programming knowledge. Integration of 
MediaFrame with other applications becomes easy due to its 
well-defined JavaScript API and its support to Mpeg-1 and 
Mpeg-4 video formats. 
    MediaFrame can deliver audio and video contents over the 
Internet in either streaming or progressive download mode. It 
is also capable of stretching media by up to 60% of its original 
size without a significant loss of quality. This enables us to 
simulate higher bit rates without the associated costs and to 
operate effectively in both broadband and narrowband 
environments. We want our system to be reachable by people 
in the remote area where the infrastructure is not as good, or 
may have to resort to satellite links for a connection. 
MediaFrame is capable of detecting user’s connection speed in 
real-time and delivers media accordingly. 
    A full-featured Digital Rights Management (DRM) system 
is also integrated with the core of MediaFrame allowing media 
files to be locked to a specific domain and expired over time. 
This feature is crucial in disseminating copyrighted/restricted 
contents.  
    Moreover, MediaFrame is fully JavaScript controllable; 
making it simple to build our own control set and to integrate 
it with our video annotation system seamlessly. Using the 
JavaScript API, we could also conveniently add transcripts 
and subtitles to video materials. The multiple-playback-state 
feature also allows us to tightly integrate MediaFrame for 
effective video annotation and playback. 

B.    Metadata Annotation 
    For non-textual materials, such as videos, descriptive 
metadata plays an important role in exploratory search and 
browsing [11]. MPEG-7, LOM and SCROM [12] are 
sophisticated metadata sets for multimedia content annotation. 
However, we adopt a simpler subset of descriptive metadata 
for the system in order to avoid fears in the ordinary users. At 
the moment, the system allows users to annotate a video-clip 
with Title, Genre, Original-Language, Keywords, 
Descriptions and some other essential metadata. Whenever 
applicable, structural metadata such as Video Format, 

Duration, Color, etc. are extracted automatically from the 
video file. 

C.    Supplementary Annotations 
    The video annotation system allows a user to step through a 
video-clip and to add transcripts along with its original 
soundtracks and transcripts. User can also select transcript in 
an available language and translate it into a target language. 
During playback, users can choose from available 
transcription-languages to be displayed as subtitle with the 
video (cf. Fig 1-4). 
    It should be noted that for effective learning of foreign 
language using video, transcriptions need to be further 
annotated with extra information such as, pronunciation and 
grammatical annotations or relevant cultural notes. Such 
features are currently being implemented. 

D.    Some Representative Video-clips and Their Annotations 
    In this subsection, we explain a series of video-clips from 
our system, which summarize the effectiveness of our system 
in the context of language learning and cultural exchange. 

Fig. 1 shows a situational dialog video-clip from ELLIS 
played with English (Fig. 1a) and Thai subtitle (Fig. 1b). Fig. 
2 shows amateur video-clips of Kashima Jingu Shrine in Japan 
(Fig. 2a), and about Japanese Paper Art (Origami, Fig. 2b) – 
although the original soundtrack is in Japanese, English 
subtitles are made available through online annotation, and 
displayed accordingly. Fig. 3 shows a video tutorial from 
JEITA about Natural Language Processing (NLP) technology 
(originally with Japanese soundtrack) but is being played with 
English subtitles since such information has already become 
available through online annotation. In doing so, we made it 
possible for non-Japanese audience to benefit from this 
tutorial  
   For all these video-clips, descriptive metadata are also 
available in the system (annotated collaboratively and indexed 
automatically) to facilitate exploratory search and navigation 
[11]. Users can use keyword search (analytical strategy) or 
browse (partition strategy) the video collection effectively 
with the help of relevant metadata.  

 

 
 

Fig. 1a. Situational dialogue in a bank (played with English subtitle). 
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Fig. 1b. Situational dialogue in a bank (played with annotated subtitle in Thai). 
 
 

 
 

Fig. 2a. Amateur video-clip: Kashima Jingu Shrine in Japan (original 
soundtrack in Japanese but played with annotated English subtitle). 

 
 

 
 

Fig. 2b. Amateur video-clip: Japanese Origami or Paper Art (original 
soundtrack in Japanese but played with annotated English subtitle). 

 

 
 

Fig. 3. A video tutorial developed by JEITA on Natural Language Processing 
– originally in Japanese, but we added English subtitles and descriptive 

metadata online. 
 

    Finally, Fig. 4 shows an example video annotation interface. 
Video is displayed with playback control, time-stamp and 
other information. In the process of filling in the Time and 
Subtitle boxes below, annotating user can choose reference 
subtitle from available source languages, and control the video 
playback with control buttons as necessary. All other 
annotation interfaces are similar browser-based, and therefore, 
easy-to use. 

 

 
 

Fig. 4. Subtitle annotation interface: User can choose a source language and 
add subtitle in a target language. Timestamp and Playback Control are 

displayed as video-clip is being played.  
 

VI.    APPLICATIONS OF ANNOTATED VIDEO LIBRARY 

 The video annotation system serves as a platform for small 
community collaboration online as well as an input channel of 
contents. Multimedia contents gathered, annotated and 
manipulated in this way should be used (disseminated) in 
useful applications. The following two subsections explain 
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two unique applications in personalized E-Learning and 
dynamic Digital Library.  

A.    Intelligent Dissemination of E-Learning Contents 
    The success of gathering and disseminating sharable, 
reusable and customizable e-learning contents depends on 
developing an easy-to-use collaborative system – a system that 
not only hides the complexities behind a simple form-like web 
interface (for submission, annotation, retrieval, and the like), 
but also organizes and manipulates contents in a structured 
and efficient manner so that intelligent inferences can also be 
made. For example, content-level dependencies should be 
propagated and preserved at lesson or course level and so on. 
Semantic Web technologies including metadata and domain-
ontology are used in the background so that both humans and 
software agents can equally effectively access and manipulate 
the annotated contents from the video annotation server.  
    We proposed a 3-Tier Architecture for component-oriented 
E-Learning Content Management [9] as shown in Fig. 5. We 
use ontology to organize contents and ontology-based 
reasoning to make inferences about contents such as content 
dependency or other pedagogical attributes. Given that we 
have gathered and annotated contents with their pedagogical 
attributes, our current E-Learning prototype can respond to 
user’s content needs intelligently. For instance, finding 
contents for “10-hour lessons for introductory Japanese 
focusing on greetings and everyday conversation”, or a “42 
hours of course materials for a System-oriented Database 
course” - can be created on-the-fly as long as annotated 
contents are available. 

 

  
 

Fig. 5. 3-Tier E-Learning Content Management Architecture. 
 

    A currently working prototype is available at 
http://apt.shinawatra.ac.th/ecms/. Internally, we organize 
the contents in an OWL-ontology based on the annotated 
metadata. Our current prototype uses a Semantic Web 
Reasoner (OWL-based Pellet, [13]) to identify appropriate 
contents from the ontology that satisfy user’s criteria. Users 
interact with the system using Web-based interface. Fig. 6a 
and Fig. 6b explain how user may specify different constraints 
and find appropriate contents that satisfy their criteria and 
content dependency from a Database related course contents. 
    For example, a teacher or a learner trying to retrieve a 20-
hour Foundation Course in Database only needs to specify 
the criteria through the Web-based interface (Fig. 6a). User 

criteria and content dependencies are then verified using a 
Generic AI Reasoner to locate the appropriate contents. The 
user is then presented with the appropriate contents in an 
organized fashion (Fig. 6b). 

 

 
 

Fig. 6a. Search interface of E-Learning contents (example shows contents 
search for a Database course contents). 

 

 
 

Fig. 6b. E-Learning contents retrieved and presented in an organized fashion 
Output reflects the criteria/constrains specified by user as well as content-

level dependencies. 
 

B.    Dynamic Digital Library 
    Using Semantic Web technologies and exploratory search 
and browsing interfaces as explained in [11] and tested on 
Open-Video collection [8], we plan to disseminate our 
multimedia-contents arriving from the video annotation 
system (i.e., live input channel) in the form of  Dynamic 
Digital Library. For example, a user interested in Temples and 
Pagodas in a particular region will define a Library Template 
by specifying the nature of contents (such as, video-clips of 
Temples and Pagodas in Thailand can be easily specified since 
our contents are annotated with descriptive metadata and 
organized  in an ontology). Contents and their organizations in 
such dynamic libraries are automatically updated as new 
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 Context 
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materials are deposited or contents are updated, annotated or 
reorganized on the video annotation server. 

VII.    CONCLUSIONS 

    In this paper, we outlined an operational prototype of a 
collaborative video annotation system developed for foreign 
language education and cultural exchange in mind. We often 
ignore the fact that majority of Internet users are not proficient 
in foreign language and therefore, materials available on the 
WWW in a foreign language has little or no use to those 
people. Multimedia materials, such as videos are relatively 
easy to understand or appreciate without complete translation 
(since contextual, visual and other cues are present). 
Nevertheless, it is extremely difficult to locate non-textual 
materials on the Web using today’s keyword-dependent hit-
or-miss search engines which heavily rely on textual indexing. 
Metadata annotation is therefore essential and can be done 
effectively in small-group collaboration. We do admit that we 
are yet to conduct any experimental evaluation of the 
proposed system to justify the effectiveness of this approach. 
However, our future work will eventually attempt such 
evaluations and vigorous live trials. 
    We have also outlined an ontology-based E-Learning 
Content Management prototype for personalized E-Learning. 
We have plans to organize our video collections using 
Semantic Web technologies to support personalized foreign 
language education. We explained how our annotated video 
library with its multimedia contents can serve as (1) an E-
Learning Content Server - storing both contents and structures 
(contents with annotated pedagogical attributes in an 
ontology) to facilitate personalized E-learning; and, (2) a 
Digital Library Content Server - storing amateur videos as 
well as professional multimedia (contents with annotated 
language and cultural attributes in an ontology) to support 
cultural exchange and foreign language learning tasks. 
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Abstract:

With the proliferation of digital and 
video cameras, personal collection of 
multimedia materials such as amateur 
video-clips are abundant now-a-days. 
Most of these multimedia materials 
may be useful to others if they are 
shared and can be located easily. 
Semantic Web technologies hold 
promise to organize and re-use such 
non-textual information in a structured 
fashion. However, annotation of such 
multimedia contents is a tidy task. 
Notwithstanding, on the present day 
world wide web, small community 
collaborations are on the rise. In this 
paper, we investigate the development 
of a collaborative video annotation 
system using open technologies and 
tools where people can upload, 
annotate and share their personal 
multimedia collections with ease. 
Support for exploratory search is also 
available for users to locate desired 
contents. We also explain how such an 
annotated video library would promote 
language education and cultural 
exchange.

1.0  Introduction 

Multimedia contents such as videos play an 
important role in developing foreign 
language skills and apprehending foreign 
culture. Video clips for situational dialogue 

such as, shopping, dining, and opening a 
bank account are highly reusable. For 
instance, a video-clip depicting the scenario 
of opening a bank account in English may 
easily be reused for learning French, and 
vice versa. Agencies involved in promotion 
of cultural exchange and tourism usually 
produce vast amount of multimedia 
materials. However, most of these materials 
are often limited to a few main-stream 
languages. Therefore, people without any 
knowledge in such language fail to make 
better use of such materials. By adding 
metadata, transcription and subtitle to video 
contents, we can facilitate broader use of 
multimedia materials. For instance, a 
documentary video about Thai Folk Dance is 
commonly available in Thai, English or 
other main-stream languages. However, with 
metadata annotations, transcription and 
subtitle; such a material can be equally 
useful for people who are not proficient in 
those languages. 

    Over the last decade, with the ubiquity of the 
Internet and the growing popularity of the Web, 
we have witnessed growing number of 
successful small community collaborations on 
the WWW (Johnson, 2003). The success of such 
collaborations largely depends on the 
development of a sophisticated system (a 
collaboration platform) with easy-to-use 
interface and tool-support. In this paper, we 
investigate the development of a Collaborative
Video Annotation System which can facilitate 
collaborative learning of foreign language and 



promotion of cultural exchange. We argue that 
with the increasing availability of Internet and 
bandwidth, digital divide is not always due to 
technological barrier but often due to our 
inability to integrate human sharing spirit and 
goodwill along with the technological advances. 

2.0  Foreign Language Learning 
Scenario

Main-stream foreign language learning materials 
have a huge market and therefore, publishers 
worldwide have been actively publishing study 
materials for the target market. Main-stream 
foreign language such as English has plenty of 
materials available in many native languages. It 
is truly unfortunate and undesirable that a 
Vietnamese learner often needs to learn Thai 
using materials written in English, and vice 
versa. The market-driven phenomenon left some 
languages far behind from the others. Our 
language and culture may or may not have a 
feasible market but they are our unique assets, 
and we ought to find ways to promote them 
using enabling technologies. By successfully 
utilizing the potential of the Internet and human 
spirit of collaboration, it is possible to promote 
our language and culture in an online 
collaborative fashion. The development of our 
video annotation system is inspired by language 
education and cultural exchange by making use 
of the potentials of ubiquitous Web and online 
virtual collaboration. 

    Unlike technological disciplines, foreign 
language teaching and learning follows typical 
pattern and rather static. Off-the-shelf foreign 
language learning kits generally consist of 
lessons organized into different proficiency 
levels. For instance, the Beginner’s Level
consists of lessons with basic alphabet-set, 
phonetics and writing system along with 
greetings, basic vocabulary, simple grammars 
and conversations. The Intermediate Level
materials go beyond the basics and include 
further lessons and practices with the help of 
situational dialogues and further syntactic, 
semantic and pragmatic notes. Advanced Level
learning materials are less restrictive and could 
go beyond typical textbook lessons – it is not 
uncommon to use real newspaper articles, 
movies or TV news or documentaries to teach 

different linguistics and cultural facets to the 
advanced learners. In many cases, we noticed 
that a vast majority of these off-the-shelf 
software products are mere digitization of it 
predecessor, video-based learning kits. However, 
there are exceptions. For instance, ELLIS (Ellis, 
2006) – an English learning software tries to 
integrate ESL pedagogical research with 
computer and networking technologies. Such 
materials are often expensive and beyond the 
purchasing power of individuals. 

    In terms of contents, we noticed many 
similarities across foreign language learning 
materials. Unless commercially motivated, 
contents such as alphabet chart, pronunciation 
audio files, grammar flashcards, situational 
dialogue videos could have been reused 
effectively for teaching that foreign language to 
any native language community through 
customization and annotation. 

    Screenplay (Screenplay, 2006), a Japanese 
publisher uses foreign films to help Japanese 
learners improve their foreign language ability. 
Using their Web site and multimedia products, a 
user can also conduct associative search to see a 
word in real context. This is not only effective as 
evidenced by scholarly research (Cardilo, 1997), 
but also a fun activity which promotes the 
understanding of culture, etiquette and practices 
beyond mere language learning through 
grammar rules, substitution exercises and the 
like.

3.0  Cultural Exchange Scenario  

Governments and agencies across the world do 
invest plenty of money and efforts in producing 
documentaries and other multimedia materials 
for the promotion of culture and tourism. 
However, their focus remains mainly to be the 
targeted audiences (and, unfortunately, limited to 
a few main-stream languages). For instance, 
most documentaries and videos developed in 
Japan are often available in Japanese, English, 
French, and Chinese, etc. Unless properly 
annotated with metadata, transcripts, subtitle or 
soundtrack, it is unlikely to find those materials 
useful for an audience who do not understand 
any of these languages.  



    With our decades of experience with other 
online collaborative projects, such as Project 
Gutenberg (Gutenberg, 2006) and Aozora Bunko 
(Aozora, 2006) - where copyright-free books are 
digitized and even translated by volunteers 
worldwide, we can expect that such promotional 
video materials can equally be annotated 
collaboratively and free-of-charge as long as an 
easy-to-use collaborative system is available and 
online volunteers are supported with easy-to-use 
interface and tools. 

4.0  Copyright and Other Issues 

It is a fact that commercially developed 
materials may not be available free, but it is 
inevitable that some promotional materials 
from not-for-profit agencies and 
governments may gradually become 
available publicly. We also rely on amateur 
personal videos taken by digital and video 
cameras as a good starting point. The Open 
Video Project (Open-Video, 2006) is a 
general digital library of publicly available 
videos from unrestricted domains - ranging 
from classroom lectures to public service or 
documentary videos). We focused on 
gathering and annotating video and 
multimedia materials in a restricted domain
through small-community collaboration. Our 
target is to promote cultural exchange and 
facilitate foreign language education while 
making full use of the ubiquitous 
connectivity of the Internet and the growing 
human spirit of collaboration on the WWW. 

In doing so, we focused on developing an 
easy-to-use collaborative video annotation 
system which we have explained in this paper in 
detail. We also refer to our other publication on 
creation of sharable and reusable E-Learning 
materials using a component-oriented approach 
(Hasan et al., 2006). We argue that using such 
multimedia contents with proper metadata, and 
relevant structural, semantic and pedagogical 
information, it is possible to generate customized 
and personalized course materials for foreign 
language learning community. The same 
approach is also applicable to other E-Learning 
scenarios.

We are aware that for any volunteer-based 
collaboration, motivation plays a crucial role. 
The success of our initiative therefore, remains 
on the enthusiasm of volunteers who take pride 
and care about their own language and culture. 
The evidence of the steady growth of 
collaborative projects on today’s Internet and 
WWW (e.g., the Open Video Project) is 
encouraging. Moreover, a collaborative project 
such as this one requires a critical-mass of 
volunteers and contents to become successful. It 
is obvious that unless we have a handful number 
of volunteers or a sizeable amount of contents, 
our initiative may not receive sufficient attention 
quickly. With an initial support from Asia 
Pacific Telecommunity (APT), we have initiated 
this project and successfully developed a fully 
working prototype currently available at 
http://apt.shinawatra.ac.th/video/. Some of 
our international collaborators are consistently 
supporting us by developing or accumulating 
useful contents for promotion of foreign 
language and culture on the cyberspace. We 
envisage that we will continuously receive 
supports from governments and agencies to 
develop this project further. 

In the rest of the paper, we will explain the 
implementation and feature of this video 
annotation system. 

5.0  Outline and Features of the Video 
Annotation System 

The video annotation system is fully Web-based. 
Users interact with the system using their Java-
enabled Web-browsers without having to resort 
to any video plug-in. We choose MediaFrame
(MediaFrame, 2006) – an open-source software 
for streaming video manipulation and playback. 
We use MediaFrame’s Javascript API, PHP 
scripts and MySQL database to develop the 
Web-based video annotation system. The 
technical complexities of the system remain 
transparent to the users. 

5.1 MediaFrame Streaming Media Player 

MediaFrame is an open-source streaming media 
platform in Java™ which provides a fast, easy to 
implement, and extremely small applet that 
enables web users to view audio/video contents 



without having to rely on external player or 
plug-ins. MediaFrame does not require special 
servers, software or programming knowledge. 
Integration of MediaFrame with other 
applications becomes easy due to its well-
defined JavaScript API and its supports to 
Mpeg-1 and Mpeg-4 video formats. 

    MediaFrame can deliver audio and video 
content over the Internet in either streaming or 
progressive download mode. It is also capable of 
stretching media by up to 60% of its original size 
without a significant loss of quality. This enables 
us to simulate higher bit rates without the 
associated costs and to operate effectively in 
both broadband and narrowband environments. 
We want our system to be reachable by people in 
the remote area where the infrastructure is not as 
good or may have to resort to satellite links for a 
connection. MediaFrame is capable of detecting 
user’s connection speed in real-time and delivers 
media accordingly. 

    A full-featured Digital Rights Management 
(DRM) system is also integrated with the core of 
MediaFrame allowing media files to be locked to 
a specific domain and expired over time. 
Moreover, MediaFrame is fully JavaScript 
controllable; making it simple to build our own 
control set and to integrate it with our video 
annotation system seamlessly. Using the 
JavaScript API, we could also conveniently add 
transcripts and subtitles to video materials and 
the multiple-playback-states allow us to tightly 
integrate MediaFrame for effective video 
annotation and playback. 

5.2 Descriptive Metadata Annotation 

For non-textual materials, such as videos, 
descriptive metadata plays an important role in 
exploratory search and browsing (Marchionini, 
2006). MPEG-7, LOM and SCROM (Godwin-
Jones, 2004) are sophisticated metadata for 
multimedia materials. However, we adopt a 
simpler subset of descriptive metadata for the 
system in order to avoid fears in the ordinary 
users. At the moment, the system allows users to 
annotate a video-clip with Title, Genre, Original-
Language, Keywords, Descriptions and other 
metadata. Whenever applicable, structural 
metadata such as Video Format, Duration, Color, 

etc. are extracted automatically from the video 
file.

5.3 Supplementary Annotation 

Our system allows a user to step through a 
video-clip and to add transcripts along with its 
original soundtracks and transcripts. User can 
also select transcript in an available language 
and translate it into a target language. During 
playback, users can choose available transcripts 
to be displayed as subtitle with the video. 

    It should be noted that for effective learning 
of foreign language using video, transcripts need 
to be further annotated with extra information 
such as, grammatical annotation or relevant 
cultural notes. Such features are currently being 
implemented. 

5.4 Some Representative Video-clips and 
Annotations

In this section, we explain a series of video-clips 
from our system which explains the potentials of 
our system for language learning and cultural 
exchange.

Figure 1 shows a video clip from ELLIS 
played with English (a) and Thai subtitle (b). 
Figure 2 shows amateur video-clips of (a) 
Kashima Jingu Shrine in Japan and (b) about 
Japanese Paper Art (Origami) – although the 
original soundtrack is in Japanese, English 
subtitles are made available through online 
collaboration, and displayed accordingly. Figure 
3 shows a video tutorial from JEITA about 
Natural Language Processing technology 
(originally with Japanese soundtrack) but is 
being played with English subtitles since such 
information has already become available. 

    It should be noted that for all these video-clips, 
descriptive metadata is also available in the 
system – annotated collaboratively and indexed 
automatically to facilitate exploratory search and 
retrieval. Users can use keyword search 
(analytical strategy) or browse (partition-
strategy) the video collection effectively with the 
help of relevant metadata.  



Figure 1a. Situational dialogue in a Bank: with 
English subtitle 

Figure 1b. Situational dialogue in a Bank: with Thai 
subtitle

Figure 2a. Amateur Video Clips: Kashima Jingu 
Shrine in Japan

Figure 2b. Amateur Video Clips: Japanese Origami 
or Paper Art 

Figure 3. A video tutorial developed by JEITA on 
Natural Language Processing – originally in 
Japanese, but we added English subtitles and 

descriptive metadata online. 

    Finally, Figure 4 shows an example 
annotation interface. Video is displayed with 
playback control, time-stamp and other 
information. In the process of filling in the Time
and Subtitle boxes below, annotating user can 
choose reference subtitle from available source 
languages, and control the video playback with 
control buttons as necessary. Other annotation 
interfaces are similar browser-based easy-to use 
ones.



Figure 4. Subtitle annotation interface: Time-stamp 
and Playback Control are displayed as video-clip is 

being played.  

6.0  Conclusion and Future Work

In this paper, we outlined an operational 
prototype of a collaborative video annotation 
system developed for foreign language education 
and cultural exchange in mind. We often ignore 
the fact that majority of Internet users are not 
proficient in foreign language and therefore, 
materials available on the WWW in a foreign 
language has little or no use to those people. 
Multimedia materials, such as videos are 
relatively easy to understand or appreciate 
without complete translation since contextual, 
visual and other cues are present there. However, 
it is extremely difficult to locate non-textual 
materials on the Web using today’s hit-or-miss 
search engines which heavily rely on textual 
indexing. Metadata annotation is therefore 
essential and can be done effectively in small-
group collaboration. We do admit that we are yet 
to conduct any experimental evaluation of the 
proposed system to justify the effectiveness of 
this approach. However, our future work will 
eventually attempt such evaluations and 
vigorous live trials. 

    We also plan to organize our video collection 
using Semantic Web technologies (such as with 
the help of an ontology) so that the video 
collection can be further manipulated efficiently 
and inferences can be made. For instance, a 
foreign language learner or a teacher accessing 
the video collection could be able to locate and 
organize relevant video materials on-the fly. 

Organization and distribution of the annotated 
multimedia materials using simple digital library 
interface are also planned.  

    We envisage that the annotated video library 
with its multimedia contents will serve as (1) an 
E-Learning Content Server - storing both 
contents and structures (contents with 
pedagogical attributes and ontology) to facilitate 
personalized E-learning; and, (2) a Video 
Library for Cultural Exchange – storing amateur 
videos and multimedia (contents with cultural 
attributes and ontology) to facilitate digital 
library services. Some of our collaborators are 
also keen to develop Mobile APIs for such E-
Learning and Digital Library services to 
facilitate access to these multimedia contents 
using satellite links and handheld devices. 
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ABSTRACT 
Digital libraries are new tools for making information 
ubiquitous, processable and dynamic. As digital libraries 
become commonplace on today’s Internet, people expect 
adaptive and personalized services from them. Digital 
libraries must change from being passive – from little 
adaptation to their user to being more proactive in 
tailoring and offering information to users by using 
personalization and recommendation techniques. 
Maintaining a dynamic user profile through usage pattern 
analysis is also possible by keeping track of user 
activities. Moreover, external knowledge-bases such as 
Cyc or other domain ontologies may be used to make 
intelligent inferences about digital library users and 
contents. 

This paper proposes a personalized digital library 
system using open source digital library, Greenstone and 
open source ontology, OpenCyc. The major contributions 
of this research are (1) integration of digital library with a 
knowledge-base, and (2) development of relevant 
software modules for this purpose. We developed 
software modules to capture user profiles and analyze 
usage patterns, and integrated these modules with 
Greenstone and OpenCyc.  

Keywords: digital library, ontology, personalization and 
recommendation  

1 INTRODUCTION 
A digital library is a collection of digital objects 
including text, video, and audio, together with methods 
for access and retrieval, selection, organization and 
maintenance of the collection [1, 2]. Many easy-to-use 
tools such as DL-In-A-Box, DSpace and Greenstone help 
creation of digital libraries with search and browsing 
interfaces and metadata efficiently. Therefore, many 
digital collections are built and most of them are made 
available on the World Wide Web providing library users 
with knowledge where and when it is needed. These 
digital library collections do not intend to supersede 
existing bricks-and-mortar libraries; on the other hand, 
digital libraries are new ways of dealing with knowledge. 
We argue that a true digital library should offer more than 
search and browsing facilities on top of a collection of 
digital objects. 

As users are being overwhelmed both by the quantity 
of information, and by its variety of form and quality, 
digital libraries must change to be proactive in tailoring 

and offering information for their users who expect more 
personalized services. There are existing solutions to this 
problem. The widely used personalization and 
recommendation techniques in E-Commerce [3, 4] are 
readily usable in the context of digital library. 
Personalization and recommendation attempt to reduce 
information overload and retain users by learning about a 
user’s needs proactively, and by presenting the user most 
relevant items based on users’ preference and profile. 
Unlike E-Commerce, several factors may contribute 
positively to the development of personalized services in 
digital libraries. For examples, library users are willing to 
tell the system about themselves more without worrying 
about privacy. A digital library should unobtrusively keep 
track of usage patterns of its users and then recommend 
useful materials to its users based on their interests and 
profiles. In the digital library, we can make use of both 
content-based filtering (content and metadata analysis) 
and collaborative filtering (usage pattern analysis among 
users) to offer personalization and recommendation 
services [4, 5].   

Information needs of a user are not limited to the 
original profile they create at sign-up, but often changes 
over time. Accordingly, a dynamic profile should be 
maintained in a digital library for each DL user. We 
consider the user-defined initial profile as “seed” and 
attempt to use external knowledge bases (such as Cyc 
ontology) to make intelligent inferences about DL users 
and contents to maintain dynamic user profile in the 
system.  

Cyc ontology is the largest and most complete general 
knowledge-base and commonsense reasoning engine in 
the world [6, 7]. Cyc has a rich knowledge-base of 
concepts and individual instances, and specifically-
defined relationships that describe how those concepts are 
related. Cyc also offers well-defined Java APIs to access 
it [7]. Therefore, user profile and usage pattern can be 
intelligently analyzed with the help of Cyc-ontology and 
inference engine.  

Cyc uses its own language, CycL, to represent 
knowledge. CycLConstants denote specific individuals 
(objects) or collections (classes) by using a character 
string prefixed by #$ like #$Dog. CycLFormula is a 
relation applied to some arguments, enclosed in 
parentheses like (#$isa #$GeorgeWBush #$Person). 
CycL also has logical connectives such as #$and, 
#$implies, and quantifiers such as #$forAll, 
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#$thereExists, and uses ?X to denote any variable [7]. 
Therefore, Cyc can imply rule as follows: 

 

(#$implies 
 (#$isa ?Person1 #$Person) 
 (#$thereExists ?Person2 
     (#$and 
     (#$isa ?Person2 #$Person) 
     (#$loves ?Person2 ?Person1)))) 
 

which means that everyone is loved by someone. 
In our study of personalized services for digital 

library, we use open source digital library system, 
Greenstone, and capture and analyze user’s profiles and 
interests dynamically with the help of OpenCyc (open 
source ontology and inference tool).  

2 SYSTEM OVERVIEW 
The Personalized Digital Library System explained in this 
paper consists of five main components: web interfaces, 
user profile, bookshelf database, Greenstone digital 
library and OpenCyc knowledge-base. We also used PHP 
scripts and Java to integrate these five components to 
work together in maintaining dynamic profile of DL 
users. Similar to Greenstone, our users are provided with 
a Web-based interface to interact with the system. In 
addition, Greenstone’s Library Interface, GLI is used to 
develop a digital library collection with appropriate 
metadata. The dynamic profile management and 
personalization is done in the backend using OpenCyc.  

2.1 Preparation  
OpenCyc only includes a small number of assertions and 
relations. Therefore, we added new assertions and 
relations and modified existing ones in the context of our 
digital library collection.  

For example, we consider #$Software has the same 
meaning as #$Program and #$ComputerProgram-
CW is a sub-collection of #$Program, thus 
#$ComputerProgram-CW is also a sub-collection of 
#$Software.  We created this new #$Software 
collection and then asserted those relations by these 
formulas:  

 

 (#$prettyString #$Software #$Program) 
 (#$genls #$ComputerProgram-CW #$Software) 
 

New assertions and relations were stored in OpenCyc 
using OpenCyc API.  

To avoid cold-start problem1, the initial user profile 
and digital materials are incorporated in our system. We 
maintain two tables in MySQL database: the User Table 
provides information about user’s preferences and the 
Bookshelf Table stores information about user’s selected 
items (along with the metadata). 

                                                            
1 Recommendations are required for new items or users for whom little 
or no information has yet been acquired. Poor performance resulting 
from a cold-start can deter user uptake of a recommender system [5]. 

We use GLI interface to add metadata and create 
searching and browsing indexes. Other than full-text 
search, Greenstone facilitates field-specific search on 
Title, Author, Publisher and other fields. Greenstone also 
facilitates hierarchical browsing based on classifiers such 
as an A-Z List of Titles or a Hierarchy of the File 
Formats. 

2.2 How the Personalized DL System works 
The detail operations of our Personalized DL System are 
shown in figure 1 below. A user must subscribe to use the 
services with a Web interface and inform the system 
about his or her interests and preferences which are kept 
in a MySQL database for further manipulation. (1) Users 
are required to log into the system; the user ID and 
password are verified. (2) For a valid user, his or her 
profile is matched against OpenCyc’s assertions and 
relations to make intelligent inferences; and subsequently, 
(3) the user profile is also updated. (4) The system then 
takes this inference result as a new keyword to search for 
similar items in the digital library and (5) displays a list of 
recommended items based on user’s interest.  

 
Figure 1: Architecture of the Personalized Digital 

Library System 

Concurrently, (3) the new keyword is added or refined 
into the interested areas in the user profile which 
increases more specific area of interest. In addition, while 
the user is searching and opening documents, (6) the 
system keeps track of what items each user is reading; and 
optionally putting into their bookshelf.  

OpenCyc’s inference engine provides one or more 
rules for each concept; thus, inferring new keyword 
depends on the concept areas triggered each time (based 
on the user’s current context). Observing user behavior 
leads to more accurate understanding of user’s current 
information needs. With such a mechanism, a DL user’s 
information space is no longer dependent on the original 
(static) profile and old history; but it reflects his or her 
present context.  

The entire process of inferring keywords from the Cyc 
ontology and updating user profile in MySQL database in 
our system are illustrated in figure 2 using a sequence 
diagram. 

2.3 Integration of Greenstone with OpenCyc 
HTML, PHP script and Java API are used to combine all 
components of the system together. First, integration of 
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digital library and web interfaces is implemented using 
PHP and HTML. Second, connection between web 
interfaces and user profile   is   done by PHP and MySQL. 
Finally, the integration of MySQL database and OpenCyc 
is done by using Java. 

 
Figure 2: Sequence diagram of inferring keywords and 

updating profile in the Personalized Digital Library 

2.4 Specific Features of the Personalized Digital 
Library System 
Following are some specific features of the Personalized 
DL System we developed. 

 
2.4.1 Inferring new keyword: User profile in the User 
Database is utilized to make inference with the help of 
OpenCyc by using Java API. Please note that the rules for 
inference triggered each time may not be the same in 
OpenCyc. It depends on user’s current context.  

Here is an example of how Cyc infers new keyword 
from the original user profile which may include two 
interested areas such as Business and Computer. Before 
getting the final result, it might take several steps to 
intelligently make inferences. For instance, #$Business 
implies #$CommercialActivity; and #$Commercial-
Activity is a super-class of #$Account; and therefore, 
#$Account is a kind of #$Business. In addition to this, 
#$Account has some relations with #$Computer; 
implies that, every business needs to do accounting and 
computers are related with accounting systems. The 
following rules are triggered in OpenCyc in inferring 
concepts, such as  #$AccountSystem: 

  

(#$and 
 (#$genls ?X #$Computer) 
 (#$equals #$Account ?X)) 
 

which means that an account system is a kind of account 
and is related  with computer (Fig. 3). 
 
2.4.2 Maintaining a dynamic user profile:  We start 
with the initial user profile and continuously augment it 
with the help of Cyc knowledge-base to maintain a 
dynamic user profile. Meaningful and relevant keywords 
inferred by OpenCyc are captured and subsequently 
incorporated with the dynamic user profile. Every time an 
authenticated user utilizes the personalized service from 
this system, his or her profile keeps changing based on his 

or her key area of interest. This key area is assigned as a 
key to recommend relevant items from the digital library 
collection. Another alternative way to update dynamic 
profile is through direct user interaction – an 
authenticated user may directly update his or her personal 
profile through Web interface (Fig. 4).
 

    
 
 
 
 

Figure 3: Cyc infers AccountSystem, a new keyword from 
two original ones – Business and Computer 

 
Figure 4: The user profile is manually updated with new 

keyword

 
Figure 5: A user can search by any keywords or browse 

by hierarchy to access DL contents 

2.4.3 Retrieving documents: The digital library system 
displays all items similar to user profile after making 
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inference and updates user profile accordingly. Therefore, 
users can directly access digital items via Web-browser 
spontaneously (without having to search). Nevertheless, 
an authorized user can also browse or search by keywords 
for relevant information if they prefer to do so (Fig. 5). 
 
2.4.4 Adding document into bookshelf: The system 
keeps track of user behavior by showing a pop-up 
window, and by prompting user to add items into his or 
her bookshelf as he or she uses the service. The selected 
items are added into his or her bookshelf (Fig. 6). By 
carefully analyzing the bookshelf for a particular user, we 
can extract useful information about the user preferences.  
 

 
Figure 6: Bookshelf management in the Personalized DL 

System

2.4.5 Displaying and updating bookshelf entries: An 
authenticated user has full access to his or her selected 
items in the bookshelf. He or she can add new items, 
remove old items, and access the items quickly from the 
personal bookshelf (Fig. 7).  
 

 
  
 
  
 
        

Figure 7: An authenticated user can easily reach his or 
her digital items via the bookshelf. 

3 CONCLUSION AND FUTURE WORK 
Unlike traditional libraries, digital libraries are unique in a 
sense that DL contents are mostly available in machine 
understandable form along with meta-information. 
Manipulation of such contents along with user’s access 
patterns and profiles obviously enhance our experience in 
using a digital library. What makes digital libraries 

superior to its traditional counterpart is its ability to offer 
intelligent services to users. The Personalized Digital 
Library System explained in this paper demonstrates an 
innovative integration of a digital library with a 
knowledge-base. The system is also capable of 
maintaining dynamic profiles and making inferences; 
consequently, DL users are offered with the different 
digital items at different times based on their current 
context. We plan to incorporate sophisticated content-
based and collaborative filtering algorithms with our 
system in the near future. Temporal changes in user’s 
information needs are also worth investigating under the 
proposed personalization framework. We plan to enhance 
the system to make the user’s involvement in profile 
management minimum (less obtrusive). 

Finally, we would like to add that OpenCyc is a 
restricted version of Cyc knowledge-base. Obviously, 
ResearchCyc is a better alternative to develop a full-
featured system; however, we failed to obtain a license for 
ResearchCyc due to license restrictions applied to 
Thailand [5, 8, 9]. We have plans to experiment with 
alternative knowledge bases.  
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