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Abstract— Organizational alliances are rapidly being
formed as a means for effective cooperation with a common
goal within a targeted value chain. The combination of such
communication, coordination and cooperation leads to new
organisational forms and scenarios within the Digital Ecosys-
tem space that require technological support. Convergence
refers to the move towards the use of a single united interac-
tion medium and media. Such a solution enables telecommu-
nications services that are concurrently coupled with enter-
prise and internet data. Due to the versatile nature of today’s
extended enterprise, a flexible, feature-rich, adaptive and
widely accessible converged solution is required.

This paper proposes a Media Convergence Centre (MC?)
solution that allows users to participate in a converged mul-
timedia collaboration network using a variety of interaction
devices in an easy and convenient manner.

I. INTRODUCTION

Extended enterprises are rapidly being formed as a col-
laborative approach within a targeted value chain. The
combination of such communication, coordination and co-
operation leads to new organisational forms and scenarios
within the Digital Ecosystem space that require techno-
logical support.

Current enterprise applications have mostly provided
distributed mechanisms for information sharing while tele-
phones serve almost exclusively as communication devices
[1, 2]. Currently, enterprises utilize a heterogeneous mix-
ture of:

- Data and voice networks (wired and wireless) - Data
and voice networks are used to perform daily tasks.
Typically, Public Switched Telephone Network
(PSTN), Global System for Mobile (GSM) and Inter-
net Protocol (IP) networks provide a direct communi-
cation medium and access to data services.

- Access devices - Wireless and wired telephones and
computing devices are used to provide links to data
and voice networks. Computing devices and software
access data repositories and networks.

- Data repositories and applications — Data repositories
and applications store and process enterprise informa-
tion and provide optimized interfaces and views of
this data.

Convergence refers to the move towards the use of a
single united interaction medium and media as opposed to
the many that we use today [3]. Such a solution would en-
able communications services that are concurrently cou-
pled with enterprise and internet data. Data and telecom-

munications convergence promises a wide range of possi-
ble solutions that will increase productivity, flexibility, re-
duce costs, and provide new opportunities and revenues for
extended enterprises. However, such converged telecom-
munications and data services have been largely isolated to
static environments where fixed Personal Computers (PC)
and network connections are used in conjunction with cus-
tomized software tools that simulate pseudo converged ses-
sions. Generally, data presented on the internet and in en-
terprise applications is not available on voice networks and
devices and vice-versa. Due to the diverse nature of this
environment, a feature-rich, flexible and widely accessible
solution is required.

Section 2 provides the Media Convergence Centre
(MC?) background. Section 3 outlines our development ap-
proach. Section 4 details our MC? proposal. Section 4 con-
cludes the paper.

II. SOLUTION BACKGROUND

A. Computer Telephony Integration

Telephone and computer systems are two technologies
that impact many aspects of our daily lives. These tech-
nologies drive the world’s economy and are central to the
operation of virtually every enterprise. Computer Teleph-
ony Integration (CTI) is defined as the integration between
computers and telephony systems [1]. CTI is a bridge that
connects features of computers such as data handling, me-
dia processing and graphical user interface with telephone
features such as call management and routing. Currently
CTI is predominantly used to drive software-based Private
Automatic Branch eXchanges (PABX). Voice over Internet
Protocol (VoIP) and Interactive Voice Response (IVR) sys-
tems are essential CTI solutions.

B. Voice over Internet Protocol

Voice over Internet Protocol (VoIP) also termed IP Te-
lephony is a solution that is commonly used by people as
an alternative medium to carry-out telephone calls [4].
Generally, VoIP refers to the transport of voice traffic over
a data network. VoIP hardware and software acts as an
Internet transmission medium for telephone calls and other
converged data [5]. Using VolP, carrier grade voice com-
munication is digitized and routed in discrete IP packets
through a broadband connection. Telephone calls can be
transmitted with little or no loss in functionality, reliabil-
ity, or voice quality. VoIP is particularly useful when there
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is limited or financially prohibitive access to alternative
telephony networks.

C. Interactive Voice Response Telecom

Interactive Voice Response Telecom (IVR) systems pro-
vide computer controlled telephone answering and routing
functions, as well as facilities for the collection and provi-
sion of information. Interactive menus allow callers to in-
put data using the telephone keypad and/or simple voice
prompts. IVR devices route calls to the appropriate place
or data, based on user defined steps, commands and re-
sponses to prompts. These systems may use a mixture of
human and computer interaction which is provided live or
pre recorded by an attendee or digitally synthesized sound
to convey data to the caller. Unfortunately, industry has
failed to make the most of CTI, VoIP and IVR technolo-
gies. Current use of these technologies has been limited to
purely telephony applications like telephone conversations
and conferencing. Existing systems rarely provide an inte-
grated approach where more than data provision or gather-
ing services are provided. An approach that integrates the
best features of CTI, VoIP, and IVR technologies is re-
quired.

D. Service Oriented Architecture (SOA)

Service-Oriented Architecture (SOA) [6] embraces an
architectural approach to developing composite applica-
tions from prefabricated, loosely coupled and collaborating
agents. Recent research highlights the importance of SOAs
in solving software complexity and integration issues [6].
SOAs encourage larger applications to be divided into
smaller discrete modules. These fine-grained modules are
used to produce course grained services that can be easily
integrated by others. SOA defines how those service inter-
faces are located, executed, managed, monitored and se-
cured. Application developers are able to browse services,
select those of interest, and assemble them to create the de-
sired functionality. Theoretically, developers can easily
map distinct business processes as services that can be
chained together in order to realize certain collaborative
behaviour. Using SOAs dynamic composition, integration
and tailoring of converged media services is possible [7].
Unfortunately, such connections require intricate knowl-
edge of and changes to the application source code.

E. Reconfigurable Software

Research has shown that component-based software en-
gineering leads to software that exhibits higher quality,
shorter time-to-market and, therefore, lowers development
cost [8, 9, 10]. However, when developing a software ap-
plication by statically integrating components at imple-
mentation time it is difficult to modify the system after it
has been deployed. Re-configuration, addition, removal or
replacement of components may require significant
changes to the application source-code. Such changes have
proven to be error-prone, time consuming and expensive.

F. Media Convergence

Telecommunications and data convergence is required
as a consequence of the increased flexibility that businesses
demand [11]. Converged services in a single session enable
users to interact in a media-rich virtual collaboration envi-
ronment. Interaction is more pleasing, meaningful, effec-
tive and efficient. A media convergence centre solution
would provide all industries and consumers with a new,
innovative and powerful means for data rich collaboration
and interaction. From an enterprise perspective, converged
telecommunications and data services for its employees,
partners and end customers is essential. This research stays
at the forefront of such development. As a result, con-
verged voice and data services have rapidly emerged as a
popular alternative to existing telephony networks. Many
sources [12, 13, 14, and 15] indicate that converged voice
and data networks will grow from approximately 100,000
US households in 2004 to more than 12 million by 2009.
This proposed solution forms the foundation for more pow-
erful features surrounding the convergence of voice, data
and other interaction mediums. A media convergence solu-
tion must have the following key properties;

- Core Telecommunications Features — Private Auto-
matic Branch eXchanges (PABX) that facilitate call
management and routing.

- Core Computing Features — Graphical User Interfaces
(GUI) promote visualization and user interaction via
images, sounds, animations, video, graphs, tables, in-
terfaces and Human Interface Devices (HID). Soft-
ware applications, services and networks simplify
daily tasks and, aid automation, data handling, proc-
essing and communication.

- Accessibility — Traditionally, enterprise applications
allow users to access corporate data in a static loca-
tion using a personal computer. However, today’s
business professionals are frequently on the move. As
more sophisticated wireless mobile devices emerge,
enterprises have to consider the growing population
of mobile users that would benefit from the next gen-
eration of services [16]. Accessibility of the proposed
feature-rich converged services via a variety of de-
vices in the context of a single converged session of-
fers enterprises great power and flexibility.

- Feature Rich Services — Current mobile computing
devices have powerful hardware, utilize large graphi-
cal interfaces and offer network connectivity using a
number of standards. With these features, the demand
for media and function rich services and multi-way
communication on the move will rise dramatically. A
novel solution that provides access to enterprise busi-
ness applications, the internet and communication
services is required. This proposed solution combines
major telecommunication functions such as telecon-
ferencing, switchboards, message banks and IVR with
services that access enterprise and internet data such
as databases, applications and web services. These
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feature-rich services will allow users to perform tasks
they would normally do while sitting at their desk.
Greater efficiency, precision and faster response to
market drivers then becomes possible.

- Concurrent Multi-Interface - Desired content must be
delivered direct to devices in a number of formats.
Voice, video and data interfaces project service data
and system/user interaction. System interaction is per-
formed through the device interface (DTMF, key-
board / mouse, touchscreen, pen etc) and/or through
voice driven commands. Speech recognition and bio-
metrics [17] aid user interaction. Being able to visual-
ize a concept with the support of images, graphs, ta-
bles, procedures and videos while communicating
over the telephone greatly enhances interaction. It en-
ables the user to couple the power of the computer
(and computing devices) with the convenience of the
telephone.

- Flexible and Adaptive Environment - Due to the di-
verse nature of this environment, a feature-rich, flexi-
ble and widely accessible approach is required [11]. A
problem faced in developing a system such as the one
discussed is the complexity of service integration and
reconfiguration that occurs on the different layers of
telecommunications and computer systems and net-
works. The ability of a system to adapt or be adapted
to changes in environment is referred to as its flexi-
bility [18]. Flexible solutions are needed due to the
requirement to be deployed in diverse roles and envi-
ronments (its diversity) and to be flexible to unclear,
lacking and/or evolving information regarding these
roles and environment (uncertainty) [18]. In order to
develop a flexible solution that exhibits the required
solution properties, a re-configurable component-
based software model must be employed. Re-
configurable software architectures promote simpli-
fied software evolution in complex environments.
Dynamic addition, removal or replacement of soft-
ware components and their configuration is possible
without source code discovery and modification (re-
ferred to as software tailoring). This architecture
promotes an open and distributed development envi-
ronment that offers an evolving service repository.
Using this development approach, software quality is
improved while reducing development time and cost.
Software construction, customisation, integration and
evolution are also simplified 8, 9, 10].

III. DEVELOPMENT APPROACH

The MC? aims to promote media collaboration using a
variety of software and hardware communication devices
and networks anywhere and at any time. MC? must enable
individuals and teams to interact in an easy and convenient
manner. The proposal focuses an open extensible architec-
ture that uses a thin client approach to allow system access
via a range of devices and connections with no specialized

software. In order to satisfy the key properties outlined ear-
lier, we propose the following features;

Core Telecommunications Features

Full Public Branch eXchange (PBX) services
Telephone calling functions
Teleconferencing features

Call forwarding

Message bank

Simple Message Service (SMS)

Call history

Contacts repository

Core Computing Features

Graphical User Interface (GUI)

Internet

eMail

Voice over Internet Protocol (VoIP)

Enterprise applications

Instant Messaging (IM) including presence services
Interactive Voice Response Telecom (IVR)

Global Positioning System (GPS) including location
services

Accessibility

The proposed system may be employed to access a va-
riety of telecommunications and computer services
with or without the use of a personal computer or an
internet connection. Interaction available via various
access devices (TV, PC, PDA, telephone, mobile
phone, web and others) both wired and wireless.
Voice / data transportation mediums (IP, Wi-Fi, Blue-
tooth, GPS, GPRS, UMTS etc) both wired and wire-
less using any carrier, device and network.

Voice over Internet Protocol (VoIP) including a vari-
ety of transportation protocols and encodings (H323,
SIP, IAX etc).

Public Switched Telephone Network (PSTN) and the
Plain Old Telephone Service (POTS) services.

No dependence on specialized hardware devices.

Feature Rich Services

Features of computers such as data handling, media
processing and graphical user interface coupled with
telephone features such as call management and rout-
ing.

Full telecommunications and teleconferencing fea-
tures coupled with whiteboarding, file sharing, instant
messaging, meeting and presentation management
features are used to enhance collaboration.
Customised switchboard intelligent call forwarding
and voice mail features are used to manage calls as
required.

Access to enterprise and internet data

Stored profiles

Call history
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- Contacts, favourites and organisational information
- Voice mail

Multi Interface

- Concurrent streaming media (voice, video, web and
data) where interaction can be performed using web,
voice, sms, video, data and instant messaging inter-
faces.

- Automatic Speech Recognition (ASR)

- Dual Tone Multi Frequency (DTMF)

- Biometrics

- Transparent voice / data switchover

Flexible and Adaptive Environment

- Proven open technologies with a focus on wide com-
patibility.

- Re-configurable component-based framework which
constitutes the skeletal support that is used as the ba-
sis for constructing the solution.

- Simplified software construction, customisation, inte-
gration and evolution.

- Complimenting components that can operate as a
composite or individually.

- Flexible access to telecommunications services and
enterprise and internet data.

- Allows prompt awareness and response to enterprise
triggers

IV. MEDIA CONVERGENCE CENTRE

Convergence Centre (MC?) (Fig 1) allows users to par-
ticipate in a converged multimedia collaboration network
using a variety of interaction devices in an easy and con-
venient manner. A thin client approach is adopted to allow
access via a range of devices and connections with no spe-
cialized software. Calls, conferences and data services are
provided over wired and wireless telephony and data net-
works. Interaction can be performed using voice, sms,
video, data and instant messaging.
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Fig. 1 Media Convergence Centre (MC?)

A. MC? Communicator

The MC?> Communicator (Figure 2) is central to the
proposed solution. It is a full featured online communicator
that is available on any browser with no additional soft-
ware or hardware. It is intended to provide ad-hoc and
structured collaboration as required. The MC?* Communi-
cator is able to access all of the features of the MC? plat-
form. The solution gives single click access telephony, con-
ferencing, video interaction, instant messaging, SMS and
all other MC” services. As a result of its innovative ap-
proach this interaction is available anywhere and at any
time using virtually any device. Using the web client users
can configure their call forwarding on the move. Detailed
interaction history is stored. The approach illustrated in
below is adopted in order to promote a thin client solution
with wide compatibility.
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Fig. 2 MC* Communicator
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B. MC’ Switchboard

The MC? Switchboard is a web-based tool for managing
phone calls. It contains traditional switchboard properties
and many new features that enhance switchboard function-
ality.

C. MC? Conference

The MC? Conference (Figure 3) utilizes a thin-client
approach. It provides an integrated web conferencing suite.
PSTN, GSM and VolIP are integrated in a single session.
The solution gives the ability to view and control the status
of all participants in a conference. It is possible to interact
using voice, video and data. In particular, presentation
sharing and flow control as well as file sharing (with ver-
sion control) are available to enhance the conference ex-
perience.
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Fig. 3 MC? Conference

D. MC’ Call

Full telephony services as per Public Switched Tele-
phone Network (PSTN) and Plain Old Telephone Service
(POTS). MC? Call is available on any browser or telephony
device.

E. MC? Interact

The MC? Interact (Figure 4) solution is a fully recon-
figurable Interactive Voice Response Telecom (IVR) that
provides selected computer controlled telephone answering
functions, collection of information and interactive menus
for callers to use to input data using the telephone keypad
or voice prompts. Based on user defined steps, commands
and responses to prompts, calls are routed to a configured
place or data. Users can create, change and remove multi-
ple MC? Interact maps. Figure 4 illustrates a high level ar-
chitecture of the MC? Voice Access to Data (VAD) [19]
solution which provides access to enterprise and internet
data The plugin services used here interact with the user
using voice prompts and/or a web interface and access
other components, services and repositories as required.
Sample vEmail, vFinance, vStocks, vWeather, and vNews
plugin services are illustrated.
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Fig. 4 MC? Interact

F. MC? Services

Traditionally, enterprise applications allow users to ac-
cess corporate data in a static location using a personal
computer. However, today’s business professionals have a
busy schedule and they are frequently on the move. The
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MC? Service system (Figure 5) eliminates traditional barri-
ers by offering a new and novel solution that allows access
to a range of voice driven data services with virtually any
telephony device and connection. Using a voice interface,
the solution can be employed to instantly access emails,
evaluate stock exchange values, check the weather, hear
the news, and many more without the use of a personal
computer or an internet connection. A web interface is
provided to personalize and optimize the solution.
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Fig. 5 MC? Services.

V. PROPOSED IMPLEMENTATION

An N-Tier distributed platform and component based
computing architecture is proposed using the following
technologies and tools;

- Asterisk — Asterisk [20] is an open source software
PBX that can be programmed to create custom appli-
cations. Our system uses the java-based Application
Gateway Interface (AGI) to trigger custom classes
that handle incoming connections.

- Java - Java provides a platform independent environ-
ment that has wide support. Java [21] was used to in-
terface the tools mentioned and implement the solu-
tions in this system. Enterprise Java Beans are a suit-
able for the development of distributed and heteroge-
neous component systems. These technologies were
proposed because the Asterisk AGI has wide Java

support and many existing libraries and frameworks
that interface the soft-switch functions of Asterisk.

- AT&T TTS - The AT&T Text-To-Speech (TTS) [22]
engine generates high quality synthesized voice from
text. It is integrated through the Asterisk AGI inter-
face. Using the AT&T TTS is it possible to adopt dif-
ferent dialogue files to simulate accents from different
nationalities.

- Speex - This product [23] provides Automatic-
Speech-Recognition (ASR) functions. Asterisk’s ex-
tended scripting commands make use of Speex to take
voice commands from a user.

- Hibernate — Hibernate [24] is a high performance ob-
ject / relational mapping service for Java. It uses in-
terfaces that have defined via mapping documents to
convert between the Object Oriented (OO) to the Re-
lational Database Management Systems (RDBMS).

- MySQL - In order to persist hibernate objects we us
the MySQL RDBMS [25].

VI. CONCLUSION

From an enterprise perspective, converged voice and
data services and interaction mediums to its employees,
partners and end customers is essential. Converged tele-
communication and, enterprise and internet services via a
variety of devices in the context of a single converged ses-
sion offer extended enterprises great power. The ability to
visualize a concept via images, graphs, tables, procedures
while communicating over the telephone greatly enhances
interaction. Interaction is more pleasing, meaningful, ef-
fective and efficient. Feature-rich services allow for actions
to be taken on the move with greater precision and faster
response to market drivers.

This paper proposes a Media Convergence Centre
(MC?) solution that allows users to participate in a con-
verged multimedia collaboration network using a variety of
interaction devices in an easy and convenient manner.
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