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3G and Speech: Connect the Masses to the Web
Abstract— This document provides a brief on how
new technologies and speech interfaces can change
the way of life for the masses. The use of speech
as the primary interface to access the web through
mobile phones and handheld devices, in combination
with 3G in India, can bring a new phase in the
way people will access services, content and social
networking sites. Moreover, e-Governance can
ride on speech and other multi-modal interfaces
as India has a significant proportion of people
who are illiterate, semi-literate, and the impatient
‘tweeting’ younger generation. Speech interfaces will
accelerate, enrich and simplify in connecting these
masses to the web.
Keywords— Speech Interface, ASR, TTS, Verification,
Nuance

I. MOTIVATION
India’s broadband penetration is less than 1% where as
the mobile penetration is 45%1. India has the largest
illiterate population of any nation on earth2. Bubbly,
voice based twitter gained 5lakh users in just four
week of launch3. Laptops and desktops will soon be
rarity and mobile devices that can do e-mail, browsing,
gaming and social networking will be the norm.
Indian Government is adding new ways of efficiently
and effectively delivering the citizen centric services
using ICT. Speech, being the most natural and user
friendly interface, along with 3G services, can kick start
connecting a very large population to the web.

II. TECHNOLOGY and the
STANDARDS
There are three components of the speech technology.
Automatic Speech Recognition (ASR), Text-To-Speech
(TTS), and Speaker Verification (SV). 3G communication
technology is largely new to India. 3G allows
simultaneous use of speech and data services. The data
rate is up to 14Mbits/s downlink and 5.8Mbits/s uplink.
W3C provides several standards for interoperability and
easier application development – VoiceXML for voice
only and X+V profile for Multimodal applications. IETF
provides MRCP (Media Resource Control Protocol)
for accessing speech technology resources seamlessly
in a distributed network. In addition Nuance provides
several other complementary components like SDKs to
create multimodal mobile applications of small footprint
that use speech resources in the network. Nuance

also provides the ability to leverage both embedded
speech and speech resources in the network allowing
a seamlessly handoff between device computing and
cloud computing. One such ability is through the use of
Nuance Mobile Speech Platform (NMSP) VoiceXML,
ASR, TTS and MRCP v1 are already in the Indian
market for several years. But, the full capabilities
of these technologies are still in their infancy. The
combination of Speech technology and 3G can act as
catalyst in bringing the web to the masses.

III. OPENING the floodgate
The applications of the technology and standards
mentioned above are unlimited. The advantage of
NMSP is that it leverages the creativity of the thousands
of active application developers community who
keep churning out dynamic and contextually relevant
applications.
Citizen information services can be provided using
speech interfaces as part of e-Governance.
Voice verification can be used for unique identification
and recording attendance. Voice verification can
eliminate the cases of fake attendances in social schemes
like NREGA.
Speech interfaces can be used to leave voice tweet
messages using either data or voice channel. The
backend systems use ASR to transcribe the voice tweet
message to text message and send it as an SMS to their
friends and followers.
Multimodal interfaces can be used to search and
download the entertainment content like music, trailers
and videos on the phone with the 3G. Web search,
YouTube search and driving directions are just one
click away using the speech, with the help of ASR
and TTS. 3G enables these services by reducing the
latency in downloading the content.
People can use speech to dictate their messages in social
networking sites. Others can listen to it with the help
of TTS. Users can listen to their friends messages and
postings handsfree while they are driving.
Speech is the most effective interface for blind
people. They can easily browse on their mobile by
just speaking to it and listening to the output with the
help of TTS.
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IV. CONCLUSION
It is quite apparent that the mobiles and handheld
devices will be the choice of future communication.
3G will be universally available in the Indian market.
W3C standards will ensure that all the devices and
network resources are interoperable. Speech will work
over all these to ensure that the web reaches to all the
sections of the population.
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Web Access on Mobile and Hand Held Devices
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Abstract: Web access in mobiles and hand held
devices is very important , even we can say it is the
necessity for gathering quick and fast information
, executing transactions like bookings ,reservations,
bill payments , interacting with people, and other
information systems. You cannot carry your laptops
everywhere but mobile accompanies you wherever
you go. It provides the potential to access any
information anywhere ,any time, but hand-held
devices with small screens connected to the web
with slow and expensive network connections offer
new challenges & unique requirement as compared
to their desktop versions. The development of the
application to be run on the mobile should be smart
enough to run on newer different type of smart
phones. This paper identifies and addresses these
unique requirements and challenges, and presents an
overview of approaches and techniques for adapting
Web pages developed for desktops for deploying on
mobile hand-held devices.

with the embedding of substantial processing capabilities
in devices such as telephones and cameras. The
increasing importance of the web in people’s day to
day life calls for device-independent access to existing
web sites.

Keywords: web access on mobiles , challenges to
mobile computing , internet users, web applications,
mobile internet

Providing Internet and WWW services on a wireless
data network presents many challenges. Most of the
technology developed for the Internet has been designed
for desktop and larger computers supporting medium
to high bandwidth connectivity over generally reliable
data networks.

I. Introduction
Mobile computing is dramatically changing our
day-to-day lives, especially with the popularity of small
devices such as personal digital assistants (PDAs) and

At the end of 2006, according to the GSMA and
ITU, the total number of people having accessing to a
mobile phone was around 2.7 billions, and 80% of the
World population was covered by a GSM network and
for many of them, a mobile phone may be the only
way to connect to the web.
Mobile web users often find that their favourite
web sites are not as accessible or not as easy to use,
while content providers have difficulties building web
sites that work well on all types and configurations of
mobile phones offering web access.

II. Technical Challenges

Because of fundamental limitations of power and
form factor, mass-market handheld devices tend to
have:


Less powerful CPUs



Less memory (ROM and RAM)



Restricted power consumption



Smaller displays



Different input devices (e.g., a phone keypad,
voice input, etc.)

Similarly, wireless data networks present a more
constrained communication environment compared to
wired networks. Because of fundamental limitations of
power, available spectrum, and mobility, wireless data
networks tend to have:
Fig 1.



Less bandwidth than traditional networks



More latency than traditional networks
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Less connection stability than other network
technologies



Less predictable availability

A.	Bearer Limitations
Wireless network bearers operate under several
fundamental constraints, which place restrictions on
the type of protocols and applications offered over the
network:
B. Power consumption
As bandwidth increases, power consumption
increases. In a mobile device, this reduces battery
life.
C. Cellular network economics
Mobile networks are typically based on a cellular
architecture. cells have a fixed amount of bandwidth to
be shared among all users. This characteristic rewards
efficient use of bandwidth, as a means of reducing the
overall cost of the network infrastructure.
D. Latency
The mobile wireless environment is characterized
by a very wide range of network latency, ranging
from sub-second round-trip communication time up
to many tens of seconds. In addition, network latency
can be highly variable, depending on the current
radio transmission characteristics (e.g., in a tunnel or
off network) and the network loading in a particular
area

Mobile Web

E.	Bandwidth
The mobile wireless has far less bandwidth
available than a wireline environment.
F.	Device Limitations
Wireless devices operate under a set of physical
limitations, imposed by their mobility and form
factor:


Limited power.



Size:

many mobile wireless are very small (handheld).
A significant amount of the current WWW content
is unsuitable for use on hand-held wireless devices.
Problems include:
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1)

Output scalability.

Existing content is designed for viewing on PC
screens, whereas mobile devices will have a wide
range of visual display sizes, formatting and other
characteristics. In the near future, this will include
voice-only output.
2)

Input scalability.

Mobile devices feature a wide range of input
models, including numeric keypad, very few or no
programmable soft keys, etc. In the near future, this
will include voice-only input.

III. Steps taken by W3C in this
Field
The World Wide Web Consortium has as its motto
“Leading the Web to its full potential”, which means
leading and participating in the continuing development
of the Web and its standards.
Due to the scope of mobile access, all areas of
the W3C might conceivably be involved in the future.
Below, we point to some of those where mobile access
may have an immediate impact.
A. XML and the next generation of HTML
The W3C has recently decided to initiate an activity
to create a new generation of HTML. This will be
based on XML, and is likely to include features that
makes it more efficient for mobile use.
Meanwhile, other XML applications such as
the Wireless Markup Language, WML, and the
Synchronised Multimedia, SMIL, will continue to
appear. These are likely to have components where
mobile access will have an impact.
B. Vector Graphics
The W3 C introduced scalable vector graphics
format which can be widely implemented in browsers
and authoring tools and which is suitable for widespread
adoption as a replacement for many current uses of
raster graphics. For simple cases such as trivial inline
graphics, it should be possible to hand author the SVG
format, and it should be possible to cut and paste SVG
graphical objects between documents and preserve their
appearance, linking behavior and style.
This will mean that the graphics in Web documents
will be smaller, faster, more interactive, and be
displayable on a wider range of device resolutions from
small mobile devices through office computer monitors
to high resolution printers.

In the presentation model for the new generation
of web technologies, the formatting of a document is
conducted through the use of a style sheet. which allows
authors and users to attach style (e.g., fonts, spacing,
and aural cues) to structured documents (e.g., HTML
documents and XML applications Local processing of
a document might in the future also be conducted using
a similar technology, called action sheets. Style sheets
can have media-specific properties, which makes them
a possible candidate for use with mobile devices.
More information on style sheets.
More information on the Document Object Model.
D. HTTP-NG
The purpose of the HTTP-NG activity is to design,
implement, and test a new architecture for the HTTP
protocol, based on a simple, extensible, distributed
object-oriented model. This includes a protocol for the
management of the network connections (WEBMUX),
a protocol for transmitting messages between systems
(WIRE), a set of methods, interfaces and objects that
demonstrates a classical Web browsing case, as an
example of what is possible with the new protocol;
and a test bed to test the implementation.
More information on the HTTP-NG activity.
E. Accessibility for people with disabilities
Accessibility for people with disabilities is relevant
for mobile wireless devices as this is a potentially large
marketplace (over 10% of the population), and in some
cases accessibility is required (e.g. for sales in the US,
under Section 255 of the US Telecommunications Act).
In addition, functions, such as speech input or output,
required to accommodate different kinds of disability
have carry-over benefits for non-disabled users of mobile
devices, who may be using the devices in “hands-free”
or “eyes-free” situations.
W3C’s Web Accessibility Initiative (WAI) in
coordination with other organizations is addressing
Web accessibility through several areas of work; two
of these, technology and guidelines, relate to mobile
wireless devices.
WAI is developing guidelines for accessible page
authoring, for user agents, and for authoring tools, and
coordinating with the development of guidelines by the
Mobile Access Interest Group.

More information about the Web Accessibility
Initiative.
E. Internationalization
W3C’s is working on internationalization is to
ensure that W3C’s formats and protocols are usable
world wide in all languages and writing systems.
More information about the internationalisation
activity.
F.

Metadata, Digital Signatures, and Trust
Management

Our current focus is, broadly, on establishing trust
in the new medium of the Web. W3C initiates Metadata
Activity provides a means to create machine-readable
statements. The W3C Digital Signature Initiative
provides a mechanism for signing metadata The PICS
Rules specification allows rules to be written down so
they can be understood by machines and exchanged by
users.
G. Electronic commerce mark up and payment.
Currently, the W3C has two working groups in
this field, on markup for electronic commerce, and for
payment initiation.

IV. FUTURE DEVELOPMENT FROM
THE WAP FORUM IN THIS FIELD
The WAP Forum’s exclusive focus is mobile
wireless technologies. The goal of WAP is to create
recommendations and specifications that support the
creation of advanced services on wireless devices, with
particular emphasis on the mobile telephone.
A. Achieving the Mobile Wireless Web
WAP is focused on enabling the interconnection of
the Web and wireless terminals. The goal of WAP is to
enable an extremely wide range of wireless terminals,
range from mass-market mobile telephones and pagers
to more powerful devices, to enjoy the benefits of Web
technology and interconnection.
Mobile devices have a unique set of features which
must be exposed into the Web, in order to enable the
creation of advanced telephony services, including:


Location-based services



Voice/data integration

B. Bandwidth Efficiency
The WAP Forum is working to increase the
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C.	Document Object Model and Formatting
Model

bandwidth efficiency of Web technology, to make it
more applicable to the wireless environment. WAP
Forum work includes:


Smart Web Proxies



Efficient Content Encoding



Efficient Protocols

C. Latency Constraints
The WAP Forum is working to improve the behavior
of Web technology in the face of high network latencies,
and in particular is focusing on the problems of:
1)

Tuning network protocols

to be adaptive and efficient given wide ranging
latencies.
2)

Creating Web applications

By improving battery technology, by engineering
more efficient electronics and components, and by
designing computer architectures and software with
power as a primary measure of performance and by
developing of power management functions in the
operating system and of a power-based API that allows
a partnership between applications and the system in
setting energy use policy.
B. Challenge 2.
To enable multimedia web access from slow,
expensive and congested networks using application
level techniques.
Suggestive approach

Protocol design (e.g., session state, fast session
resumption, etc.)

We utilize transcoding as the enabling technology.
Transcoding is a transformation that is used to convert a
multimedia object from one form to another (frequently
trading off object fidelity for size metric. We utilized
this technology in a network proxy service that serves
different versions of the images to different client based
on their network characteristics.

E. Content Scalability

C. Challenge 3.

which are resilient to either high latency
environments or highly variable latency situations.
D.	Focussing on user agent state management

Mobile wireless devices are characterized by
a different set of user interface constraints than a
personal computer. The WAP Forum work in this area
includes:

To access web on small screens
Suggestive approach

which allow a Web application to adapt gracefully
to the characteristics of the device (beyond the current
HTTP/1.1 content negotiation model).

Current mobile phone browsers reformat Web pages
to a single column that fits the screen width. Because not
all content is comprehensible in this format, browsers
provide a second mode for viewing pages in the same
layout as on a PC.

2)

D. Challenge 4

1)

Mobile Web

Suggestive approach

Content adaptation mechanisms

User interface scalability content formats

markup and display languages, that are suitable to
impoverished devices, but which scale well to more
sophisticated devices.

V. SIX MAJOR CHALLENGES IN
NUTSHELL AND SOLUTIONS TO
THEM

All Web sites are not accessible on mobile
phones.
Suggestive approach
Web developers should adopt platform and language
independent technology to develop web sites.

A. Challenge 1

E. Challenge 5.

Reducing the energy consumed in using these
devices, thereby extends the lifetime of the batteries
that power them (and reducing the weight of carrying
spares),

For about two years, the use of mobile phones
as a platform to deliver services to underprivileged
populations and rural communities has been experienced
all over the Developing World.
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Suggestive approach
We need to identify the challenges to address to
make the Web on mobile phones accessible, relevant,
usable and useful for rural communities and underprivileged populations of Developing Countries.
F.

Challenge 6

Mobile Web

To have better provision for disabled and blind
candidates
Suggestive approach
To incorporate grooved screens which could be feel
by touch and having audio based output rather than in
text only.

VI. CONCLUSION
In the area of Web technologies, the focus of the
WAP Forum and the W3C overlap to a significant
degree. Direct overlaps occur in the areas of intelligent
proxies and protocol design; of XML applications; and
in content adaptation, e.g., through the use of vector
graphics and style sheets. Future cooperation may also
occur in the area of electronic payment, where the work
of the two groups has potential overlap.
Instead of developing diverging solutions, it is
the intent of both groups to find common solutions
that will address mobile requirements. In the area of
web technology, our goals overlap, especially in the
long run, allowing significant cooperation and shared
development. To avoid fragmentation of the Web
standards, the groups should cooperate, and focus on
achieving the seamless integration of mobile devices
into the Web.
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Abstract — Mobile handsets outnubmer PC in
emerging markets by a huge margin. The features
and capabilities of mobile handsets have expanded
rapidly. Almost 70 % of the handsets are capable
of wireless data communcation, however we see that
active mobile browser users are less than 5% of the
subscriber base.
This parper tries to identify some of the reasons
for low adoption of the mobile internet, explores
how Mobile Widgets have been adopted as an
alternative to resolve some of the issues and improve
user experience. The paper aslo dwelves on what
changes in widget runtime environments will make
it suitable for taking the solution to mass market
phones.

I. INTRODUCTION

Mobile Web

It is a well established fact that HTML documents, are
generally designed for larger displays; such as 800 x
600 or 1024 x 768 resolution are not suitable for 240
x 320 displays on a PDA or smaller screen size of
mobile phones. These documents are created for the
PC based browsers such Internet Explorer, Mozilla,
Netscape and so on.
Today many mobile devices come with a browser that
can handle WML, XHTML MP and also HTML content.
The small size of the screen, processing power and the
ability to navigate through the page are some of the
challenges addressed by different mobile browsers. The
billion odd web pages that exist today were not designed
with small resolution screens in mind. When it comes
to some of the mass market phones that are even more
challenged on processing power and memory having a
full internet browser may not be possible.
Specifically in the Emerging Market, the only means
of access to Internet will be through the mobile phone.
For most of them, Mobile Phone will be their first
personal gadgets that they are using, other than their
TV’s and Radio. These users may not go and browse
the Internet using the WAP/WEB Browser, but it is
very important to provide content that these users are
interested on it without complicated user interface using
the Mobile Widget.
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II. CHALLENGES
Broadly speaking the challenges that we come across
while providing WEB services on mobile phones
are:
A. Constaints on the handsets
In Emerging markets the cost of the handset is one the
primary decision point when it comes to buying the
mobile phone. The manufacturer would like to have a
solution that would not add any pressure on changing
BOM of the device
B.	Demographics
Literacy level, language, difficulty in remembering
and entering URL make it difficult for users to use
the browser.
C. Pricing
Data rates in emerging markets are high and users are
not sure of how much they need to pay when they
visit the site.
The challenge that exists in today’s mobile browsers
are ‘How to display relevant content optimally’ from
these billion odd web pages. The questions that probably
should be answered by handset manufacturers are:
1. What are the web sites visited by users?
2. What services are offered on the web site?
3. Are there ways and means of offering the same
services with better user experience on mobile
phones?
4. How can we offer these services in short
time?
Are mobile widgets the right answer to all the challenges
that we see in mobile web? How can we have mobile
widgets support on mass market phones are some of
the questions we try to answer through further sections
in this paper.

III. MOBILE WIDGETS
Mobile Widgets are single purpose applications that
are developed using WEB standards and well packaged

1.

HTML 4.01

2.

JavaScript 1.5

3.

XML

4.

AJAX

Mobile Widget Runtime Environment (MWRT) is the
execution environment that is responsible for executing
the widgets and presenting/rendering the content on
the device. MWRT also manages the life cycle of the
widget:
1.

Easy discovery of the widget within the same
application.

2.

Download and installation of the Mobile
Widgets.

3.

Uninstall of the Mobile Widgets

Applications such as Weather Forecasters, News
Readers, Currency Converters, Clock, Small Games,
Horoscope, Live Scores and so on can be developed
easily using the widgets without understanding the
handset capabilities and interoperability issues.
Mobile Widget could also provide access to device API’s
and facilitate the integration with the mobile services
such as messaging, contacts, camera, gallery and so on.
By closely integrating with the operator network API’s
it is possible to integrate with the operator assets such
as billing, location, user profiling and so on.
No new tools and techniques are required to develop
application over MWRT as it uses the existing WEB
technologies. There is a huge developer community
around web technologies and applications can be
developed and deployed easily using the Mobile
Widgets.
Mobile Widgets provide a convenient way to access the
WEB as the user need not type the URL’s or launch a
WEB/WAP Browser. Mobile Widgets open up to deliver
the personalized service.

IV. SOLUTION OVERVIEW
There are several modes of MWRT such as:
•

Over the WEB runtime – pre-installed on the
device

•

Pre-installed terminal runtime

•

Proprietary Client Server Runtime – Active Idle
Screen (AIS) based runtime

•

Runtime supporting Server Side deployment of
the Widget.

Porting Mobile Web runtime on the mass market mobile
phone would be one of the best solutions. The memory
and processing power available on the phone do not
allow this. Mobile Web runtime requires minimum of
2.5 MB memory and high processor for processing the
JavaScript at the client side.
For the mass market phones the split architecture is
best suited, where MWRT execution happens at the
server side, where the widgets are deployed and the
content are rendered at the client side. The client side
application is very thin and it can be easily adapted
to the resource constrained device as well. The client
side application can also be developed using J2ME for
after sale mobile devices for easy deployment. Since
the widgets are stored and executed at the server side,
the discovery of the application shall be made ease to
the end user. This approach also helps to optimize the
bandwidth usage and can be easily deployed on the
emerging markets.
Server Software
Mobile Widget Resources

Mobile Widget API Wrapper
AJAX

XML

DOM

CSS

JavaScript 1.5

HTML 4.01

Mobile Widget Runtime Engine

Bearer: IP/SMS/USSD
Widget Management

Mobile Widget API

Local Cache

Rendering Engine
Client Software

The server MWRT engine contains the full WEB
engine to parse the HTML, CSS, JavaScript 1.5, DOM,
XML and AJAX. It also contains the Mobile Widget
API wrapper to communicate between the MWRT and
the client.
The client software contains the rendering engine
which is proprietary between the client and the server.
It also contains the Widget Management and Mobile
Widget API, to access the Mobile features. Local
cache helps to retrieve the content fast and avoid the
network access.
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for easy distribution. Mobile Widgets are developed
using:

Because of the proprietary communication between the
client and server it will be possible to use multiple
bearers for transmitting data between the client and
the server.
A. Widget Content’s are protected
In general Mobile Widgets are not protected as it is
developed using the WEB technologies and it can be
easily copied/duplicated. But by using client/server
approach, Mobile Widgets are not delivered to the client
and it can be protected at the server side.
B. Security in accessing device and operator
API’s
Mobile Widget applications carry certain security risks
as it can access the mobile device and network API’s.
In order to reduce this risk, the Mobile Widget needs to
be certified and signed by third party/mobile operator.
Using Client Server approach it is easy to verify the
widget as it needs to be hosted in single place at the
server side. In addition to this verification, Mobile
Widgets needs to be digitally signed in order to have full
access the Mobile Device API’s and Network API’s.
Wherever required the user permission needs to be
obtained before accessing the mobile device and
network API’s.
C. Connectivity over multiple bearers

Mobile Web

The Mobile Widget development is using the WEB
standard but the communication between the client and
server is going to proprietary. This helps to optimize
the bandwidth.
In certain environment it is possible to communicate
using the USSD/SMS bearer where GPRS penetration
is very low. This is especially true in case of the
emerging market.
D. Guidelines for developing
In order to optimize the bandwidth usage it has been
recommended for the developer to follow the following
guidelines, so that the client/server communication can
be optimized better and provides better user experience
on the client side.

286

•

DOM tree needs to be updated for the content
rather than the full page. This helps to have the
local caching at the client side.

•

Bundle the images as part of the widget package
to reduce the bandwidth usage.

•

Avoid nested tables so that it can be best rendered
on the small screen device.

•

Avoid CSS Positioning so that the content can
be easily adapted for different resolutions.

As most of the content required to display the widget is
resident on the handsets the MWRT can function well
even in limited connectivity conditions. We believe
MWRT should be able to use SMS as bearer when
GPRS connectivity is not present.
E. Benefits to Stake Holders
Developers: Mobile Widgets are developed using the
existing and commonly used technologies, which helps
to minimize the costs for getting started. Developer
need not worry about the platform complexities and
it is abstracted from the developer using the MWRT.
Easy distribution channel – no need to additional time/
money on the product distribution as it needs to be
hosted on the server side.
Mobile Operator: Optimized traffic to access the Mobile
Internet using Mobile Widgets. Operator can allow
accessing multiple bearers such as IP/SMS/USSD.
Mobile Operator can use this platform to deliver the
existing and new services. Operator can go for the
customized revenue model for the end-user based on
the widget subscription.
End User: Single application the end-user shall be able
to discover, install, execute and remove the widget.
Mobile Widget is easy-to-use. It is possible to get the
new widgets and services within the single window. It is
also possible to deliver the content in multiple languages
based on the device characteristics/capabilities.
F.

User Adoption

The major problem that is faced in the emerging market
is how to get the application on to the subscriber mobile
device after the point of sale. Even the MWRT using
the client/server solution requires one time download if
it is not pre-installed. Need to address this specific issue
with the help of the Mobile Operator promotion.

V. CONCLUSION
Most handset manufacturers and browser companies
are trying to improve their capabilities to cater to vast
content on the internet. The constraints of mass market
phones in terms of screen size, processing power and
memory availability will continue to challenge chances
of offering acceptable user experience on mass market
phones for some more time to come.
Mobile widgets provide an option for the internet
services try to reach out to mass market phones offering

better user experience. A little discipline in following
the guideline provided for developing widgets will allow
WEB developers to take their services to untapped
mass market phones. The client server model of
MWRT can allow connectivity over multiple bearers
making it possible to offer interesting WEB services
in areas where there is minimal or intermittent GPRS
connectivity.

Mobile Web

It is seen that if there is an icon on the device, people
will explore and use the service. The discovery
application of Widget Engine can offer graphical user
interface to various services, eliminating the need to
remember and enter an URL in the browser. Users
will be able to access the service with a click of a
button, get the required data improving the uptake of
the services and overall data usage.
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Abstract: A mobile device with a small number
of alphanumeric keys will be the primary means of
access to the digital world. Technologies that support
Indian languages on hand-held devices — such as a
standardised keypad that maps the alphabet to 12
keys, an Indian language display engine for smallsized screens and some other convenience tools such
as dictionary-based predictive text systems that
enable faster composition/editing of messages — are
at various stages of development. The lack of a unied
Indian language support infrastructure has kept the
usage of SMS to a minuscule number despite India
witnessing an explosion in the number of mobile
connections. This paper will focus on the issue of
designing keypad-mappings for Indian languages in
general and Hindi in particular. In the absence of
any national standard the handset manufacturers
are at present using their own mappings which
differ from each other. This multiplicity does not
provide a uniform experience to the user. We ask
the following questions. Is there an efcient mapping
from an Indian language alphabet such as Hindi to
the 12 keys of a standard mobile device keypad?
How does one go about measuring it? Is it possible
to compare all existing mappings for efciency? By
dening a number of intuitive metrics, we compare
the different mappings and based on the results
propose a mapping that performs better, on average,
than the existing ones.

Mobile Web

I. INTRODUCTION
A mobile hand-held device with 12 alpha-numeric
keys is increasingly turning out to be the primary means
of access to the digital world. If the language of access
is English, today’s devices offer a number of features
-such as a standardised keypad with uniform mapping
of 26 letters to the 12 keys, a good readable display
on small-sized screen and many useful dictionary-based
prediction tools among others, that make the task of
composing and editing a message easy and pleasurable.
However, these features are at various stages of
development for the 22 ofcial Indian languages (IL)
for the hand-held device.
Many observers have commented that the lack of
(1) standardised keypad mappings of alphabets from

IL to the 12 keys of the device, (2) good support for
display of fonts, (3) uniform guidelines for composing
and editing of IL which are highly non-linear in their
structure, (4) dictionary support, and, (5) support for
prediction, transliteration and other services, have all
contributed to keeping the usage of SMS to a minuscule
number despite India witnessing an explosion in the
number of mobile connections, which recently crossed
50 crores.
This paper will focus on the issue of designing
keypad-mappings for IL in general and Hindi in
particular. In the absence of any national standards
specifying mapping of the Hindi alphabet to the 12-key
mobile handsets, the handset manufacturers keen on
penetrating the large Indian market are all using their
own mappings which differ from one manufacturer
to the other. Nokia uses a patented keypad mapping
[1]. Figure 1 shows some of the mappings available
in the market. One notices many differences between
the mappings offered by a Nokia, a Sony-Ericsson
and an LG handset. This multiplicity of layouts does
not provide a uniform experience to the user and
often poses formidable learning challenges to the new
user attempting to compose messages on a hand-held
device.
Designing keypads for English has been well
researched. [2] presents an exhaustive review on devices
and techniques for English. The keypad for English has
been standardised by ITU [3]. However, although work
on supporting Indian languages on hand-held devices is
actively being pursued ([4], [5]), acceptable standards
are yet to evolve.
We ask the following questions. Is there an efcient
mapping of IL alphabets to the 12-key device? Here
efcient is dened to mean a mapping which makes the
task of composing a message easy. How does one go
about measuring it? Is it possible to compare all the
existing mappings for efciency?
In order to compare the various mappings, we
propose to use a number of intuitive metrics in
section II. It is a mathematical impossibility to design
a mapping that scores uniformly high on all these
metrics. However, it should be possible to judiciously
assign weights to each of these features and make a

*Presently a graduate student at The University of California, Berkeley, U.S.A.
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(b) LG Mapping

(c) Sony Mapping

(d) Spice Mapping

Fig. 1. Different Mapping for the Hindi language from some handset vendors

subjective judgement on the most suitable mapping.
These ideas will be explained in sections III and IV.

II. METRICS FOR COMPARISON
In order to compare the various mappings, we
propose to use a number of intuitive metrics such as
Keypad Clash, Keypad Distance, and Keypad Learning.
Each of these metrics represents a desirable feature that
a mapping needs to have. It will be shown that these
features work often in contradictory ways.
A. Keypad Clash Metric
Indian languages, other than Tamil, typically have
about 50 characters in the alphabet. Mapping these
and the numbers from 1 to 9, to the ûrst nine of the
12 keys of a hand-held device would mean that 6 or
7 characters from IL are mapped to each key. This
necessitates a high degree of multitapping of keys in
order to form a word in any IL, making the task of
composing a message very cumbersome. Multitapping,
of course, is needed for all languages, including English.
However, for English the number of characters mapped
to each key is only four with the exceptions of keys 7
and 9, to which ve characters (viz. p, q, r, s,
7 and w, x,y, z, 9) are mapped.
Disambiguation or predictive texting is a useful
technology which allows some common words to be
entered by a single key-press for each letter, as opposed
to multitapping, and it also simplies the writing of
text messages, e-mail, entries into an address book
or calendar etc. For predictive texting to succeed, the
number of common words mapped to a certain key
combination should be acceptably small. For example,
in the English keypad, the key press combination 4-66-3 maps to the words home, good, gone. We term this
situation as a keypad clash and all context-unaware
prediction algorithms fail in unambiguously separating
them.
The need for predictive texting is even greater
for IL on account of the larger number of characters

mapping to each key. The keypad clash idea can be
used to classify different mappings as those aiding
prediction by producing smaller number of possibilities
for keypad-clashes, and those impeding prediction by
producing larger number of possibilities for the same
key combination. Those that aid prediction will have
a smaller value for Keypad Clash Metric than those
that do not.
B. Keypad Distance Metric
A hand-held device is a one-ûnger device (usually
operated using a thumb) unlike a personal computer
which is operated using all the ten ngers on a QWERTY
keyboard. In typing a word on a hand-held device, the
thumb has to move all over the keypad pressing the
appropriate keys. The longer distance the thumb is
required to travel in completing a word, the more time
it will take in composing the word, and hence, more
is the effort. This work assumes a linear relationship
between the time taken and the effort required in
completing a word.

Fig. 2. Distance calculation in typing a key sequence on a keypad

For example, in typing a word if the thumb is
required to traverse the key sequence 4-5-3-9, the
distance travelled, in the Euclidean sense, is calculated
to be 1+ ã2+2 H”4.4 as shown in gure 2. This distance
is a measure of the Keypad Distance Metric.
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(a) Nokia Mapping

C. Keypad Learning Metric
The alphabets of the Indian languages are traditionally
taught svaras rst – a, aa, i, ii etc.– followed by anusvara
and visarga, vargiya vyanjanas (grouped consonants) and
nally avargiya vyanjanas (miscellaneous consonants).
This is the general rule though there are a few minor
exceptions such as Tamil which does not have anusvara
and visarga etc. A key-mapping should closely follow
this sequence; else it will impose additional learning
one has to undergo in order to become procient in using
a keypad that does not follow the rule. This forms the
basis of the Keypad Learning Metric. This metric is
measured as the Euclidean distance between where the
letter is on the device and where one expects it to be,
based on traditional learning.
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III. COMPARISON OF DIFFERENT
KEYPAD MAPPINGS AND A
PROPOSAL FOR A NEW MAPPING
A lexical list of about 7500 most commonly used
Hindi words was used as the test dictionary to carry
out the simulation study. In order to measure the
clash metric for a keypad mapping, assuming single
key press for each letter, sequence of keys needed to
be pressed for each entry in the test dictionary was
determined. Each key sequence will necessarily map
to more than one word. If the sequence maps to a
threshold TC words or fewer, that sequence is marked
as D (desirable) else it is U (undesirable). A sequence
marked D offers fewer matches for any predictive text
algorithm ensuring its successful use while a sequence
marked U will offer longer list of matches making
the application of predictive text difcult, and perhaps,
useless. Result of the comparison of different key-maps
for TC =3 is shown in gures 3(a) to 3(c). Each subgure of gure 3 also gives the summary in percentage
of D (and indirectly of U) for TC =3. The results of
the simulation are summarised in Table I.

ITU-T E.161 standard is such that each vowel – a,
e, i, o, u – is mapped to a different key. This is an
important aspect of mapping that Nokia seems to have
overlooked in its keypad design, which maps all the
vowels of the Hindi language to keys 3 and 4. What
is more, Nokia has repeated this kind of mapping for
other IL too, as seen in [1].
Another characteristic of the Hindi language is the
preponderance of the words containing nasals such as
mein, nahin etc. In order to aid text prediction further,
it makes sense to modify the Sony-Ericsson mapping by
bringing out the nasals from their varga location and
mapping these to a separate key. Based on these we
propose a new keypad as shown in gure 4 and how it
performs in comparison with others is shown in gure
3(d).
In order to measure the distance metric for each
mapping, for each unique key sequence distance
traversed was computed. If the distance is less or equal
to a threshold TD , that sequence is marked as desirable,
D, else it is marked undesirable, U. A sequence marked
D for one mapping takes less time to compose and
hence offers better usability feature compared to another
mapping where a sequence corresponding to the same
word is marked U. Result of the comparison of different
key-maps for TD =8 is shown in gures 5(a) to 5(d). The
results are summarised in table II in terms percentage
of D for TD =8. The fact that the vowels have been
spread over a larger number of keys helps both SonyEricsson and the proposed mapping score higher than
Nokia and Samsung. Separating nasal from their varga
position helps the proposed score even higher.
In order to measure the Keypad Learning metric
for each mapping, for each word in the lexical list, we

TABLE I
Keypad Clash Metric EVALUATED IN TERMS OF,
DESIRABLE, D FOR TC =3.
It is clear that the Sony-Ericsson mapping which
spreads vowels across multiple keys scores high on
the clash index compared to the other two. It is to
be noted that mapping of the English alphabet as per
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Fig. 4. Proposed keypad for Hindi

low score on learning metric indicates that a user has
to initially spend more time learning the mapping.

estimate how much time will be spent in searching for
the right character. If the estimated search time required
to compose a word is a threshold TL or greater, the
word is considered as difcult to arrive at and is marked
U else the word is marked D. Result of the comparison
of different key-maps for TL =8 is shown in gures
6(a) to 6(d). The results are summarised in table III in
terms percentage of D for TL =8. Nokia scores high
on this metric as it maps the letters of the alphabets
to the keys in exactly the same order in which one
learns the language. Sony-Ericsson scores low on this
because it violates the ideas of varga by rst mapping
ka-varga correctly to key 3 but maps both ca-varga and
Ta-varga to key 4. The proposed metric scores lower
than Nokia because it maps nasals to a separate key. A

(a) Nokia

(b) Samsung

TABLE III
Keypad Learn Metric EVALUATED IN TERMS OF,
DESIRABLE, D FOR
TL = 8.

IV. SUMMARY
The performance of various mappings – both
existing and a proposed – on a number of metrics is
presented in the previous section. A mapping which
scores high on Keypad Learning metric performs
poorly on Keypad Clash metric. It is a mathematical
impossibility to design a mapping that scores uniformly
high on all these metrics. However, it is possible to
judiciously assign weights to each of these features

(c) Sony Ericsson

(d) Proposed

Fig. 3. Comparison of Keypad Clash Metric for different mapping for TC =3. Desirable D is shown in color green.

(a) Nokia

(b) Samsung

(c) Sony Ericsson

(d) Proposed

Fig. 5. Comparison of Keypad Distance Metric for different mapping for TD =8. Desirable D is shown in color green.

(a) Nokia

(b) Samsung

(c) Sony Ericsson

(d) Proposed

Fig. 6. Comparison of Keypad Learning Metric for different mapping for TL =8. Desirable D is shown in color green.
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TABLE II
Keypad Distance EVALUATED IN TERMS OF,
DESIRABLE, D FOR TD =8.

and make a subjective judgement on the most suitable
mapping.
The proposed keypad mapping that (i) distributes the
vowels over the 9 keys of the hand-held device, (ii) maps
consonants based on their vargas, (iii) maps the nasals
associated with each vargas separately to a common
key, and nally (iv) maps the avargiya consonants in
the most natural way, shows superior performance on
the clash metric indicating its suitability for predictivetexting algorithms. It also scores reasonably high on
the other metrics. We thus conclude that the proposed
mapping, on average, performs better than other
mappings presently available in the market.
Since the scripts used for IL are phonetic-based, a
similar approach in designing key-maps for the other
languages will, it is hoped, prove to be benecial.
It is also hoped that standradised keypad mappings
for IL, coupled with the recently standardised 7-bit
encoding [6] for IL and good display will lead to the
increase in the use of Indian language SMS.
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Congestion and Power aware Reliable Routing Protocol for
Mobile Ad-hoc Network
Shikha Verma

 bstract: Congestion due to high traffic rates
A
and node density is one of the main challenges
for multicast routing in mobile ad hoc networks
(MANETs). Power is one of the most important
design criteria for ad-hoc networks as batteries
provide limited working capacity to the mobile nodes.
Power failure of a mobile node not only affects the
node itself but also its ability to forward packets
on behalf of others and hence affects the overall
network lifetime. Reliability of a link also considered
for improving the performance of network .A power
aware and congestion detection scheme is proposed
to improve the overall performance of such networks
in both static and dynamic MANETs.

1. INTRODUCTION
Routing algorithm is a pivotal technology that
underpins the network transmission, will develop with
the appearance of the new network. Mobile Ad Hoc
Networks (MANETs) is a new kind of wireless networks
that it can self-organize and self-configured. In this
kind of networks, it doesn’t require fixed infrastructure,
the network topology constantly changes and all the
mobile nodes are equal that could be a routing node
transmit messages. Therefore, design a new dynamic
routing protocol is important. This paper addresses
the problem of power awareness routing to increase
lifetime of overall network. Transmission and reception
parameters may also impact the topology. Therefore it
is very difficult to find and maintain an optimal power
aware route. In this work a scheme has been proposed
to maximize the network lifetime and minimizes the
power consumption during the source to destination
route establishment. Proposed work is aimed to
provide efficient real and non real time data transfer.
Under limited bandwidth environment of MANETs,
on demand operation is proven to have substantial
advantages in terms of routing overhead, leaving more
bandwidth available for the transmission of data packets
[1] [2]. However, many of the so called on-demand
multicast routing protocols still have to rely on periodic
network wide control packet floods as core routing
functionalities, mostly to detect and repair link breaks
or update multicast forwarding states. For example,
On-Demand Multicast Routing Protocol (ODMRP)
[3] relies on its periodic network floods to handle link

breaks and update its multicast meshes. A distance
vector based multicast protocol as MAODV also uses
periodic neighbor sensing for link breakage detection
and periodically sends group hello messages for state
creation. Such frequent periodic floods of control
messages introduce significant amount of traffic into
networks, create redundancy multicast states, and likely
to increase battery consumption of mobile hosts. One of
the most promising on-demand protocols is the adaptive
demand-driven multicast routing protocol or ADMR ,
which operates with the least possible non on demand
functions, and yet is able to perform effectively against
those required periodic flooding methods. Compared
with some other on-demand multicast protocols, such as
the ODMRP, ADMR is able to gain better forwarding
efficiency by using approximately less than 25%-50%
of the overhead [4].
In this paper, congestion and power awareness
among nodes is used to improve multicast efficiency
in an occurrence of network congestion as well as
increase the lifetime of the network. By allowing
nodes to differentiate congestion induced delay from
mobility-induced delay, we can minimize unnecessary
control packets, resulting in more data packets delivered.
Section 2 discusses the study on the power awareness.
In section 3 and 4 working of the proposed congestion
aware reliable routing scheme have been given in detail
and Section 5 concludes the paper.

2. POWER AWARENESS
The proposed algorithm maximizes the network
lifetime & minimizes the power consumption during
the source to destination route establishment. This
algorithm takes special care to transfer both real time
and non real traffic by providing energy efficient and
less congested path between a source and destination
pair. Algorithm focuses on 3 parameters:
1) Accumulated Energy of a path
			

(1)

Ei is the residual energy of an intermediate node i
and Eij is the total energy of a path from node i to
node j.
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2) Status of Battery Lifetime (B_S)

2.5 Route Selection Criteria at destination Side

3) Type of Data to be transfer:

The destination waits for a threshold time (Tth)
after a RREQ packet arrives. During that time, the
destination determines the link status ratio of the route
for every arrived RREQ packet. Destination stores all
possible route request for a certain amount of time.
When the complete timer expires the destination node
selects the route with the required link status ratio and
replies for a path accordingly. Here link status ratio of
a path is calculated using equation (2):

a)

Non Real Time (NRT)

b) Real time (RT).
2.1 Parameters on Each Node
Each node has 3 variables: Node_ID, Battery Status
(B_S) and Traffic Level (T_L)
Battery status is further divided into 3 categories:
1) If (Battery Status < 20%)
Set B_S = 1
2) If (20% ≤ Battery Status ≤ 60% )
Set B_S = 2
3) If (Battery Status ≥ 60%)
Set B_S = 3.
2.2 Parameters to Concern during Route Search
At the time of route discovery, a route request
(RREQ) packet broadcasted by the source. The header
of the RREQ packet includes
<source_id, destination_id, T_O_L (type of data to be
transfer), T_B_S (Total Battery Status), T_T_L (Total
Traffic Level), and Node_IDs.
2.3 Calculation of Total Battery Status (T_B_S)
Initially T_B_S = 0 at source node. As REQ packet
propagates along the path, T_B_S is updated at each
intermediate node i as follows:
If (B_Si == 3)
Mobile Web

Then T_B_S = T_B_S + 3
Else-if (B_Si == 2)
Then T_B_S = T_B_S + 1
Else-if (B_Si == 1)
No updation is performed, and the node is not
allowed to participate in the route discovery.
2.4 Calculation of Total Traffic level (T_T_L)
1) At a source node, Initially T_T_L = 0.
2) At the time of route discovery, add traffic status
of each intermediate node to T_T_L.
Here traffic level (T_L) of a node is considered
as number of packets buffered in the interface queue
of the node.
294

R = Eij/Hn		

(2)

where Eij is the total energy of a path from node
i to node j as given in equation (1). Hn is number of
intermediate
hops along the path.
2.6 Energy Consumption Model
Energy consumption of a node after time t is
calculated using equation (3):
Ec(t) = Nt * a + Nr * b (3)
Where
Ec(t ), energy consumed by a node after time t.
Nt, no. of packets transmitted by the node after time t.
Nr, no. of packets received by the node after time t.
a and b are constant factors having a value between
0 and 1.
If E is the initial energy of a node, the remaining
energy Er (t) of a node at time t, is calculated using
equation (4):
Er(t) = E Ec(t ) (4)
Algorithm: PAR
If (T_O_L = = NRT)
Let N different values of R are received, where
R≥1
if (N = = 0)
Send negative acknowledgement to the source that
path can not be established.
else-if (N = = 1)
acknowledge the source with this path.
else-if (N > 1)
Select the path with min{T_T_L} and acknowledge
the source with the selected path.
else-if (T_O_L = = RT)
Let N different values of R are received,
where R ≥ 2
If (N = = 0)

3. CONGESTION-AWARENESS
This section discusses how congestion can be
detected, notified, and used to improve multicast
performance. The modified version of ADMR is referred
to as the congestion aware ADMR or CA-ADMR,
which will be tested against the original ADMR through
simulation studies.
3.1 Congestion Detection
Two parameters are used for measuring network
congestion in this study; 1) occupancy of interface
queue and 2) a pattern of multicast packet latency. To
detect congestion, all nodes participating in a multicast
tree as forwarders monitor their own transmission
queue length and packet latency during the multicast
transmission phase. If the queue length is more than
a certain percentage (60% in this simulation) of the
total occupancy, a forwarder state parameter called
a congestion counter is activated to keep track of
congestion levels at each forwarder by adjusting its
value based on an increase and decrease in patterns of
the instantaneous queue length. For each forwarder and
receiver, a pattern of the arrival packet latency is also
being recorded and compared to capture what considered
to be the congestion-induced delay at each node. A
consecutive increase in delay pattern of a predefined
number of multicast packets will trigger a forwarder/
receiver state parameter called a delay counter, used
to record latency level of each node. Although the use
of delay parameters for congestion detection has been
studied and proven efficient in wired network , for
unpredictable wireless environment, however, using
delay pattern as the only congestion indicator is not
completely applicable since mobility and other factors
can also cause an increase in packet latency. Therefore,
the delay pattern in this study serves as an additional
parameter used locally by a forwarder/receiver mainly
to reassure accuracy of its congestion assumption.
3.2 Congestion Notification
During a multicast transmission, a congested
forwarder can notify the downstream nodes about its
congestion level by sending a multicast packet with an
activated congestion flag. Inserted in the ADMR header,

this congestion flag is meaningful only to the child nodes
who are the most affected by the congested parent. To
keep congestion notification within direct connection
between child nodes and their parents, the congestion
flag is disabled after it is first received to prevent any
misinterpretations by other unaffected nodes. Note that,
both congestion counter and delay counter are kept
and updated as long as node’s multicast state is active
to prevent the use of obsolete information. They are
also designed to be tree-specific to avoid misleading
information from different groups.
3.3 Congestion Reaction
A forwarder or receiver who receives multicast data
with activated congestion flag is aware of its parent
congestion situation and firstly cross-checks with its
own delay counter. A combination of both activated
delay counter and congestion flag indicates that the
experienced latency is due to congestion-induced
delay at the parent node. Through cooperation with
its disconnection timer, the node then reacts to such
congestion by disabling any subsequent local repair or
receiver initiated repair processes, reducing unnecessary
attempts to re-connect to the congested parent as well
as extending the state timer. Since the multicast state
is prolonged without introducing any extra routing
messages, multicast data packets are permitted to
be routed around the congested area of the network,
providing a better use of bandwidth available. However,
if the congestion flag is disabled in the next arrival,
node initiates its subsequent repair notification as per
normal to regain connectivity from the broken multicast
tree.

4. RELIABILITY MEASURE
4.1 Approach
We hope to estimate the reliability of a given link.
In this way, we have introduced the following algorithm
to be executed in each node:
Begin
Ln:=Receipt_new_connection_demand(init_hello)
Lc:=Receipt_connection_demand(hello_
Message)
Ld:=Receipt_disconnection_demand(RERR_Neighb)
If Ln
go to initiate(Ln);
else if Lc
go to refresh(Lc);
else
go to refresh(Ld);
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Send negative acknowledgement informing that no
such path is possible.
else-if (N = = 1)
Acknowledge the source with this path.
else-if (N > 1)
Select the path with Min {T_T_L} and acknowledge
the source with the selected path.

End If

The global reliability value of L is given below

End if
initiate(L:Link)
Begin
Start_up_time(L)=current_time;

For a given node, each link posses a P value,
computed in the beginning of each reconnection
operation. The following algorithm describes how a
source node decides about routes:

Launch C_L[i] until Ld
i:=i+1;
End
refresh(L:Link)

R_Table: Table containing routes IDs and associated
reliability values

Begin
if Lc
STOP D_L[i] until Lc //until the next connection
Launch C_L[i] until Ld//until the next
disconnection

Choose [(highest Route.P) & (shortest(shortest_expiry_
time))] in Route

STOP C_L[i] until Lc//until the next connection
Launch D_L[i] until Ld//until the next
disconnection

End
After executing this algorithm, the source node
guaranties that the route chosen is the most stable
(highest Route.P) and the most constrained by its expiry
time. This last parameter is used in order to prevent
the random disconnection.

End if
End
End
C_L[] is a table that contains periods during which a
given link L still connected after the last reconnection.
D_L[] is a table containing periods during which L still
disconnected after the last
disconnection. The following ﬁgure explains our
methodology.
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Begin
Receipt (Route)

else

To simplify notation we note: C_L[i] : C
: Di L

Route:Table[[RREP]&[shortest_expiry_time]&[P]]

i
L,

D_L[i]

5. CONCLUSION AND FUTURE
WORK
This paper presents an efficient congestion
and power aware scheme, suitable for multicast
(CA-ADMR), it is based on the cooperation of an
instantaneous queue length and delay pattern to
provide congestion awareness. Similarly for gaining
the reliability of node, calculate the reliability function
of each node for increase the lifetime of the network ,
power-maintenance is necessary. To apply the proposed
scheme to other on-demand multicast protocols, the
design in terms of congestion notiﬁcation and reaction
must be carried out to consider the features and
vulnerabilities of each protocol. Our current proposal is
also focused on to research on calculate other statistical
method to improve the reliability and power awareness
of the network.
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 BSTRACT: With the advancement in mobile
A
technology, many business activities can be
conducted through wireless networks. M-commerce
is experiencing rapid growth in terms of capabilities
of mobile devices, services, applications, standards
and network implementation. However, this rapid
development of mobile technology and the emergence
of m-commerce models are reflected comparatively
low in m-commerce adoption rate. In this paper,
I argue that the modeling of the revenue streams
among the market players is the main reason for low
adoption rate. Further, I also identify four important
factors that influence m-commerce adoption. The
implications of these factors are discussed in the
paper.
Keyword: Adoption, M-Commerce, Mobile
technology
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INTRODUCTION
In recent decade, we have witnessed e-commerce
adoption and diffusion both in B2B and B2C contexts.
Consequently, this acceptance has resulted in significant
progress in strategies, requirements, and development
of e-commerce applications and services. However,
almost all e-commerce applications are based on
wired infrastructure. This limitation, therefore, leads
to the expectation of more portability and flexibility
for facilitating business transactions. Hence, this leads
to the emergence of mobile commerce (m-commerce)
supported by advancement in wireless technologies.
M-commerce can be defined as the conduct of
business supported by wireless technologies. The
most significant advantage that m-commerce offer is
the portability that facilitate customers doing business
transactions and using services regardless of their
physical locations. Studies found that mobile devices,
namely mobile phones were one of the most quickly
adopted consumer products (de Haan 2000). Currently,
more than 800 million mobile phones and other
mobile devices are in use worldwide. The worldwide
numbers are projected to rise to 1 billion soon, thereby
exceeding the combined total of all computing devices
(Vetter and Varshney 2002). Meanwhile, the mobile
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telecommunication networks, such as General Packet
Radio Service (GPRS, Commonly referred to as 2.5G),
Enhanced Data Rates for Global Evolution (EDGE,
Commonly referred to as 2.75G), Code Division
Multiple Access 2000-EVDO (CDMA2000-EVDO,
Commonly referred to as one type of 3G) and Wideband
Code Division Multiple Access (WCDMA, Commonly
referred to as one type of 3G) (http://www.itu.int)
have been developed rapidly. Countries that lack of
regular telecommunication infrastructure are likely to
adopt wireless and mobile communications to serve
both urban and rural areas. Statistics indicate a rapid
increase in mobile subscribers: from 2 billion in 2005 to
approximately 3.3 billion by 2010 (Tilak, 2006). A study
by the Wireless Data and Computing Service of Strategy
Analytics predicted that transactions via mobile devices
generate about $14 billion per year (Vetter and Varshney,
2002). This data implies the growing importance of
mobile technology and applications in addition to the
existing applications and services, including SMS and
billing. It also suggests ample business opportunities
and potential revenues in m-commerce.
To capture this opportunity, it is important for
the industry to deploy effective business models and
understand the drivers and inhibitors of m-commerce
adoption. Hence, the purpose of our study is to examine
the existing m-commerce business models and identify
factors that influence the adoption of m-commerce.
This paper discusses the advantages and disadvantages
of existing business models. Furthermore, the paper
also presents four important factors affecting the
m-commerce adoption.

M-COMMERCE BUSINESS MODELS
In this paper, we adopt the definition by
Panagiotakis, Koutsopoulou and Alonistioti (2005)
to define the term “business model” as a model of
mobile service provision, including identification of
business actors and analysis of revenue streams. This
definition puts particular emphasis on the revenue flow
among the market players. We present the overview
of the m-commerce business models: a basic model
and other models when different technologies were in
place, namely in the 2G period and beyond.

When the 2nd generation (2G) network was
the primary network in use, the network providers
and service and applications providers were bundled
together. Network providers and equipment vendors were
responsible to develop the services and applications.
Consequently, the number of third-party services and
application providers was limited. The services offered
by network providers were delivered to customers based
on subscription offerings. Panagiotakis, Koutsopoulou
and Alonistioti (2005) defined this model as a strict
operator-centric model.

When 2.5G, 2.75G and 3G systems are available,
new m-commerce business models emerge. These
m-commerce models improve the previous model by
removing the dependence between accessing services
and applications and subscribing to network providers.
Three basic models that emerge with the newer
generation network revolve around network operator,
service aggregator and service provider
The Network Operator Centric Model
In this model, the user subscribe to a mobile
network operator, which is responsible to provide users
with telecommunication services, and deliver services
and applications offered by any of third party players.
In addition, the network operator is also responsible
for charging and billing tasks. The mobile network
provider apportions the revenue among all involved
players (Panagiotakis, Koutsopoulou and Alonistioti,
2005). In summary, the mobile network operator is the
main actor for service and content aggregator, network
transport provider, billing and payment provider.
The revenue streams for this model are illustrated in
Figure 2.

Fig. 1. Basic M-Commerce Model
(Source: Shoniregun et. al., 2005)

The restrictions were mainly caused by:


Limitation on types of methods to gain revenue
– Generally, this is because 2G service operators
offered no more than voice services and SMS
(Peersman, et. al., 2000).



Limitation on type of services provided - From
the users’ point of view, the only services
available to them are for making telephone
connection and sending SMS.



Pricing problem - In some countries, government
regulates the services to be provided by one or
very few MNO, causing high subscription fee due
to the lack of competitiveness in the market.

Fig. 2. Network Operator Centric Model
(Source: Panagiotakis, Koutsopoulou and Alonistioti, 2005)

The Service and content Aggregator Centric
Model
In this model, the service and content aggregator
is responsible for providing users with its own services
and applications. In addition, it also provides access
to applications and services offered by third party
independent services and applications providers. It is
assumed that the service and content aggregator comes
into directly agreement with a network provider for
delivering content and services through the network
provider’s transport infrastructure. The users have to
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In the basic model (shown in Figure 1), the thirdparty services and application providers (labelled as the
third-party mobile vendor in Figure 1) were separated
from the MNOs (labelled as cellular network provider
in figure 1). This leads to more business opportunities
from the market point of view, as well as more available
services from the customers’ point of view.

subscribe to both the service and content aggregator
and a mobile network provider. However, choosing
mobile network provider is made independently from
choosing the service and content aggregator. Based on
the subscription, the service and content aggregator
defines the prices, collects the charging information
and charges the user based on both transport part and
services and contents parts. Then, the apportioning of
revenues among mobile network providers, service and
content providers and service and content aggregator
is performed by service and content aggregator based
on the agreements established among the players. This
means that in this model, service and content aggregator
undertakes the role of billing and payments providers.
The revenue streams for this model are illustrated in
Figure 3.
Figure 4: Service and Content Provider Centric Model
(Source: Panagiotakis, Koutsopoulou and Alonistioti, 2005)

FACTORS AFFECTING
M-COMMERCE ADOPTION
Apart from the business model outlined previously,
in this section, we present four reasons for today’s low
adoption rate of m-commerce: high cost, technology
maturity, innovative service provision, and efficient
procedure in pricing and billing process.
Cost

Fig. 3. Service and Content Aggregator Centric Model
(Source: Panagiotakis, Koutsopoulou and Alonistioti, 2005)
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The Service and Content Provider Centric Model
In this model, instead of the service and content
aggregator, the service and content providers come
directly into agreement with network provider for
delivering their applications and services through the
latter’s telecommunication infrastructure. The service
and content providers define the pricing and payment
policies and charge the users based on their usage of
transport and services and content. According to this
model, the users come to subscription agreement with
the service and content provider, which incorporates the
roles of service and content aggregator and billing and
payment provider. Furthermore, the service and content
provider collects and apportions the revenue among
the involved players according to business agreements.
The possibility the network operator to charge the
user separately for the transport part is not precluded
(Panagiotakis, Koutsopoulou and Alonistioti, 2005).
The revenue streams for this model are illustrated in
Figure 4.
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M-commerce operates within the paid-for service
framework in the private mobile phone industry
where business competition is stiff. In using this
telecommunication services, users pay for air time, by
the size of the data packet transmitted, and by the service
used for what they get (Fox, 2000). At present, global
wireless networks are segmented and owned by different
mobile operators. Shim and Rice (2001) argued that
compared to the low cost for internet access, a distinctive
characteristic of m-commerce is the high cost of the
network infrastructure. Mobile communication through
mobile phones is costly, and any additional services and
applications lead to extra charges. The reason is that
the establishment of a mobile communication network
requires heavy business investment (Ramakrishnan,
2001). Therefore, m-commerce players must generate
revenue by conducting business activities to justify
the huge initial investment (Lamont, 2001). Similar
perspective can therefore be put forward on the price
of services and applications. The development and
delivery of services and applications also need initial
investment. This means the service and application
providers must look for revenues from selling the
services and applications. Unfortunately, these costs
of mobile network usage, and service and applications

As stated by Chen and Hitt (2002): “when switching
to different products or online services, consumers must
deal with non-negligible costs.” Obviously, adoption
of m-commerce initially implies expenses such as
equipment (Constantinides, 2002). Combining with
the cost of subscription and using the services and
applications, in m-commerce models, we can observe
that cost influences the adoption of m-commerce,
which directly influences the efficiency of m-commerce
models. However, it is quite common that the services
and applications and equipments which incorporate the
latest technology always cost more than products with
matured technology. Although high cost may prevent
users from accepting new services and applications,
lack of services and applications may also lead to low
usage.
Technology
M-Commerce services are constrained by a variety
of wireless media communication standards ranging
from global (Satellite), regional (3G, IEEE 802.11a/b,
DoCoMo I-mode), to short distance or Bluetooth (Shim
and Rice, 2001). Mobile network providers use different
systems and standards such as GSM (Global Service for
Mobile), TDMA (Time Division Multiple Access), and
CDMA (Code Division Multiple Access) to compete
with each other (Leung and Antypas, 2001). Because
of different standards of technology, m-commerce
applications tend to be device and network dependent.
Studies found that there has been no generic world-wide
framework and standard for application development
using universal mobile connection and access. This
resulted in the slower-than-expected adoption of
m-commerce (Shim and Rice 2001).
Despite the challenge in different network standards,
variant bandwidth is a critical problem. Recently,
the multi-band and multi-mode mobile devices have
emerged, allowing communications between networks.
Typical forerunners are the dual-band mobile phones
that are able to use 900 MHz and 1800 MHz GSM
networks. Also, there are services that can use WLANs
and Bluetooth, together with GSM, GPRS, and 3G
networks. However, wireless technologies vary on the
degree of bandwidth and reliability they provide. On one
hand, this limits the types of services and applications
that can be provided, for example, mobile TV that
requires high bandwidth. On the other hand, it induces

slow, unreliable connections, or poor connection quality
- resulting in unsatisfying user experience. Furthermore,
in some networks and for some services, fees are
charged per connection-time, while for others, such as
in packet radio, it is charged per message or packet (Wu
and Wang, 2004). The difficulties in networks quality
such as frequent unexpected disconnection may directly
lead to increase in charges, which results unfavorably
for m-commerce adopters.
In addition to underlying networking infrastructure
and standards, it is the client devices that actually
determine what specific services and applications can
be delivered. M-commerce applications rely on the
use of mobile devices. Mobile phones, as the main
m-commerce device, can be divided into four categories
based on their processor, memory and battery capacity,
application capabilities (SMS, WAP, Web, I-mode)
as well as physical size and weight (Tsalgatidou &
Pitoura 2001). These categories are (from weakest to
strongest): usual voice handsets with SMS capability,
WAP phones, communicators or PDA with wireless
communication capability, and finally laptops with
wireless communication facilities. On one hand, in order
to achieve mobility, devices must be physically light
and small. Portability considerations, in conjunction
with a given cost and level of technology, will keep
mobile elements having less resources than static ele
ments. This includes smaller memory, disk capacity and
computational power than traditional computing devices.
Additionally, mobile devices such as mobile phones
have tiny screens with limited display area. Although
WAP devices support a limited graphics format called
Wbitmap, because mobile devices had limited bandwidth
and small screens, any application that is heavily graphic
or animation driven would not be suitable at this time.
Furthermore, software applications are relatively crude.
There are no cookies or session controls, meaning that
if the connection is lost, the application will have to
restart rather than being able to continue from previous
screens (Leung & Antypas, 2001). Web browsers and
drop-down menus are unavailable, so companies must
plan on character-based terminal applications with
cursors and key entry forms. Long selection lists or
deep menu layers will wear out the fingers of even
the most patient users (Moustafa 2000, Jainschigg and
Grigonis 2001).
Service Provision
With the support of the mobile infrastructure,
services and applications can be delivered to customers.
Market players including network providers, service and
content providers, gain revenue based on consumption
of these services and applications.
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delivery have to be passed on to consumers. This high
cost is undesirable because cost has been an important
factor considered by consumers when deciding whether
or not to participate in m-commerce (Plouffe, Hulland
and Vandenbosch, 2001).

Mobile Web

Research by Zhang, Yuan and Archer (2002)
concluded that wide accessibility of the internet
plays a major role in e-commerce success. Powerful
and matured computer systems enable searching
and delivery of a variety of complex services and
applications, as well as transaction processing to be
accomplished easily. Comparing to e-commerce, the
delivery of m-commerce applications relies on private
network providers. Services are usually available in
specific region, and are simpler, more personalized,
location-specific and time-sensitive (Zhang, Yuan and
Archer, 2002). Because mobile devices normally stay
close to owners anytime and anywhere, it is believed
that m-commerce creates a more private environment
compared to e-commerce activities which may take
place on any public computers. Lucas (2001) and
Swartz (2001-1) affirmed that: “time sensitive, simple
transactions such as movie ticket purchases, banking,
and travel reservations are believed to be the key
applications that will stimulate m-commerce”. Other
important services and applications which drive
m-commerce growth are location-based applications
such as traveller navigation and emergency response
(Secker, 2001, Rockhold, 2001 and Swartz, 2001-1,
2001-2). The main difference between m-commerce
services and applications and traditional e-commerce
services and applications is that the development and
implementation of services and applications should take
advantage of the characteristics of the available mobile
networks and devices. As summarized by Zhang, Yuan
& Archer (2002), the design of a successful service and
application should take consideration on five factors:
mobility (such as in mobile communication), locationsensitive (such as in travel navigation), Time-critical
(such as in flight schedules), personal identity (such as
in electronic payments), special market niche-targeted
(such as in services tailored to specific country).
In short, we can conclude that innovative and useful
services and applications are necessary for providers to
attract voluminous usage. Also, the type, quality and
service fit will directly influence the user acceptance.
Pricing and Billing Issues
Research by Panagiotakis, Koutsopoulou and
Alonistioti (2005) suggested that the usage of a
charging protocol for the exchange of real time
charging and authorization information is essential for
m-commerce, especially for roaming scenarios. This
argument therefore raises another factor that is crucial
to m-commerce adoption, namely how to manage
pricing and billing effectively. From the customers’
point of view, simplicity, such as in the one-stop
billing, is desirable (http://www.umts-forum.org/reports).
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However, as different network providers and service
and application providers have active role in the
service provisioning and offering products under their
own specific context, the pricing and billing systems
should be customized to fit each of these providers. An
example to solve this conflict and bypass the possibility
of a complicated pricing model is the layered charging
architecture proposed by Koutsopoulou et. al. (2004).
This proposed model consists of three layers: transport,
service and application, each designed for managing
and processing relevant information at each layer.
Additionally, different pricing models should be applied
on each charging layer. For example, the applied pricing
model can be: cost-based, subscription-based (or fixed
charges), duration-based, volume-based, service-based,
location-based, or event-based (http://www.umts-forum.
org/reports). Moreover, the pricing of a service may
be based on one or several of the following attributes:
network type, device capabilities, quality of service,
service termination indicator. Charges can be made
depending on why, when or where a service was
abnormally terminated, transaction type (receiving a
certain type of message may have a specific price),
content provider, content aggregator or network operator
identity. This model is favorable from the independent
providers’ perspective, because they can then set their
own pricing policy for the services usage.

CONCLUDING REMARK
This paper has presented variations of m-commerce
business models that portray the revenue streams
among the market players in m-commerce. In making
a remark on this trend, I have made a comparison on
the e-commerce context and the m-commerce context.
In e-commerce, apart from the actual cost of the service
and products, the network cost is well distributed among
the internet users. As a consequent, content providers
can launch attractive revenue models, including free
email and free storage space, to attract consumers to
their sites. One major reason for efficient e-commerce
model is because the internet technology is not as costly
as the wireless technology, such as 3G and beyond. I
believe that the revenue streams in m-commerce model
are still changing in search for the best model that
result in profitability for the providers as well as low
cost for the consumers.
I have also pointed out that technology advancement
plays an essential role in m-commerce adoption. Taking
advantage of technology and avoiding shortcoming in
existing technical condition are significant to improve
the efficiency of m-commerce model. For example, if
high-speed network is not available in some areas, then
mobile-TV services cannot be delivered.
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Abstract: Media Streaming is an exciting
application that exploits various technologies to
provide clients with a genuinely addictive service
that drives their business better. Media Streaming
certainly has a need in this Internet world. Media
streaming using existing softwares is possible only
using a desktop. Many of the currently available
mobile based softwares does not allows the blog
content to be added, modified and deleted. The
proposed project aims to provide mobile based client
software to stream the contents for the Blog portals
over the HTTP. The contents can be the live media
from mobile camera or images in the mobile. Users
can add a photo from mobile phone from anywhere,
or post thoughts on a new city, restaurant, movie,
concert or ice cream shop. The project increases
revenue for Mobile Operators by increasing data
traffic. With this project, users build their blogs and
communities and create and post their own content
to their own individual websites. Keywords: Media
Streaming, Blog portal, communities, HTTP.

Mobile Web

1. Introduction
JavaTM technology has come a long way. Originally
conceived for digital TV development, it moved onto
desktops, then into servers and now, coming full circle,
back into devices. Java technology will be nowhere
be more prevalent in the coming months and years
than in the small wireless gadgets as one can carry in
pockets, over the present companions, mobile phones,
PDAs, and handhelds.
Once upon a time, cell phones were used only
for calling. Then came text messaging, followed by
multimedia messaging, emailing, interactive gaming
and a host of services that mobile phone companies
seem to unveil almost weekly and now comes Media
Streaming. The project takes the existing Internet
Phenomena of Multi-Media and Blogging and applies
it to the mobile phone market. Each user has their
own personalized website which they can update with
photographs, sound clips, text and even video. This
project captures data such as video and streams it over
a network to a system. The transmitted data is stored
in a blog where it is played.
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2. Existing Approach
Existing concept is Web logging, which is a
technique that makes it easy for people to publish their
thoughts on the World Wide Web. Since the dawn of
the Web, it’s always been possible to publish content,
but blogging simplifies the process and adds important
features. Anyone with a web browser can publish a
blog, without knowing HTML or any of the other
technologies usually associated with web publishing:
FTP, Telnet, Java script, Java Servlets.
2.1	Drawbacks
i)

Existing Systems are mostly web based, so it
needs a WAP interface to access them in mobile.
This requires high air time and so cost will also
be high. Also Network traffic will be significantly
increased.

ii) Existing Systems are proprietary to specific
functionality and requires complex installation and
configuration.
iii) Existing systems does not support offline in turn
they always requires interaction with the Web
Server.

3. Proposed Approach
The main objective of our approach is to provide
mobile based client software to stream the contents
to the Blog portals using HTTP. The contents can be
a live media from mobile camera or images in the
mobile. With this project, users post their content to the
blogs suing their own individual accounts. The project
provides the robust infrastructure that will convert
technological capability into real revenue.
3.1 System Architecture
The proposed system architecture makes use of
J2ME and J2EE technologies. Model View Controller
(MVC) architecture is used for the J2EE module
implementation. JDBC connections are pooled using
Java Beans framework. The project utilizes the MIDP
2.0 Media API which is a directly compatible building
block of the Mobile Media API specification. The use
of this building block is intended for J2ME profiles
aiming to include sound support in the specification,

3.1.1 The Record Management Store

the CLDC that replaces most of the java.io and java.
net classes defined by J2SE.
To make an HTTP request, use the Connector.open
method and a conventional URL, casting the result to
an HttpConnection:
import javax.microedition.io.*:
HttpConnection

The Mobile information Device Profile (MIDP)
defines a set of classes for storing and retrieving data.
These classes are known as Record Management System
(RMS). With the RMS, its possible to make data persist
across invocations of a MIDlet (an MIDP application).
Different MIDlets in the same MIDlet suite can also
use the RMS to share data. A MIDlet suite is a set of
MIDlets packaged together into a single JAR file.

conn=Connector.open(http://www.java.sun.com/
jdc);

3.1.1.1 Methods Used For Manipulating Data in
RMS: The basic storage mechanism used by the RMS
is referred to as a record store. A record store is a
collection of records, and a record is basically a byte
array of arbitrary data. The size of the byte array can
vary for each record. The RMS does not understand the
contents of the record and does not place any restrictions
on what goes into the record. The RMS does do some
rudimentary bookkeeping, however, such as assigning
each record a unique identifier that is valid for the
lifetime of the record store. The process of working
with the RecordStore is fairly straightforward. To open
an existing record store, the static method RecordStore.
openRecordStore is used, which returns a RecordStore
instance for a named record store. This method can
also create a new record store createIfNecessary
parameter, if the name specified does not exist. Retrieval
of individual records from a store is done with the
help of their unique record IDs using the getRecord
method, while adding and updating records is done
with addRecord and setRecord methods, respectively.
When done working with the record store, it is closed
with closeRecordStore.

The proposed system consists of two main modules
that consist of J2ME and J2EE module. The J2ME
module is the data store for a java enabled mobile
phone. This are implemented as Midlets.

3.1.2 Making HTTP Connections with MIDP

The HttpConnection interface defines all the usual
methods used to make an HTTP request and processing
the replies.
3.2	Functional Overview

The J2ME module connects to the server through
a router using the HTTP connection. The J2ME
module records a video, stores it in the RMS. Since
the application uses the light weight HTTP protocol
for data transmission, it is fast.
J2EE provides a platform for developing Web-based
solutions using two primary technologies: Servlets
and Java Server Pages. The flexibility and portability
of Servlets allows creating interactive Web pages for
delivering dynamic content over the Web. The JSP
technology is an extension of the servlet technology and
allows rapid Web application development with the use
of scripting elements. JSP also provides the flexibility
to segregate the roles of programmers and designers
involved in developing J2EE web applications.
3.3 System Specification
3.3.1 Introduction to KTOOLBAR

HTTP connectivity is one of the requirements of
Mobile Information Device Profile (MIDP). A MIDPenabled device must be able to interact with a web server
through conventional HTTP requests. If a network does
not directly support HTTP, then the device must route
its requests through a gateway. But this all transparent
to an application developer.

The J2ME Wireless Toolkit supports a number of
ways to develop MIDP application. The development
process can be carried out by running the tools from the
command line or by using development environments
that automate a large part of the process.The KToolBar,
included with the J2ME Wireless Toolkit, is a minimal
development environment with a GUI for compiling,
packaging, and executing MIDP applications.

In the MIDP, interaction with the network is done
by using the Generic Connection framework. The
framework is a set of classes and interfaces defined by

3.3.1.1 Compilation and Prefabrication: When
KToolBar or a toolkit-compatible environment, such
as the Sun ONE Studio 4, Mobile Edition, is used the
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while maintaining upwards compatibility with the
full Multimedia API. This software is very handy for
streaming contents to News related blog sites since
these sites require updating the contents as and when
it occurs. Software supports streaming various media
formats like Video, Audio and image. Authentication
is provided to avoid unauthorized usage and privacy.

environment compiles the source files, using the Java2
SDK, Standard Edition (J2SETM SDK) compiler. After
compiling the source files, the development environment
passes the generated class files to the Preverifier. This
tool rearranges bytecodes in the class files to the
Preverifier. This code rearranges bytecodes in the classes
to simplify the final stage of bytecodes verification on
the CLDC virtual machine. It also checks for the use
of virtual machine features that are not supported by
the CLDC.
3.3.1.2 Running and Debugging: When KToolBar is
used, running and debugging the applications within
the environment using the emulator is possible, which
simulates the execution of application on different
target devices. The Emulator enables to approximate
the experience a user has with an application on a
particular device, and to test the portability of the
application across different devices.

iii) Streaming image and video
Here, the user logs in and selects the image or video
to be uploaded from the RMS. The selected image or
video is then uploaded in the pointbase database via
tomcat server.
iv) Viewing the blog
After the user signs into his/her account, then they
can view the list of streamed videos and images. The
user can select the particular video they want to play.
As soon as they make their choice, the selected video
is uploaded from the blog and is made available for
user for playing.
3.5 Implementation Result

3.4 Implementation Methodology

Mobile Web

The mobile phone that has the data that is stores
in the RMS and the user can stream the video content
to Database Server (PointBase) via Tomcat Server and
later the user can login into the blog and via blog he
can view the streamed video content. Mobile Phone
Requirement: - Should support the „JAR format
application. The Memory Capacity is 20MB; Wi-Fi/
GPRS/EDGE Connectivity should have been enabled
in mobile phone. Here we are going to work out with
Wi-Fi connectivity enabled mobile phone.

Fig. 2. Capturing video
Fig. 1. Implementation architecture Steps:

i)

Capturing image and video

Here user captures the image or video to be
transmitted and stored in RMS after converting into
jar file.
ii) Connectivity
Here the system and the router are first connected,
and then the system s IP address is changed to match
it to that of the router. The wireless router is then
switched on and the contents are streamed from the
mobile phone to the system.
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4. Conclusion and Future
work
Our system captures media such as video and
streams it over a network to a system. The transmitted
data is stored in a blog where it is played.
This project is based on the concept of on-demand
streaming, which is streaming of previously stored data.
This can be enhanced further by using the concept of
live or real-time streaming, which means the captured
data is sent immediately as it is still being captured and
at the same time content can be viewed in the blog.

Mobile Web

Fig. 3. Streaming video

Fig. 4. viewing the content in blog
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Abstract : With the explosive growth of digital
devices like mobile phones, computers and digitalTV in India, availability of Indian languages in
such digital platforms has become an important
need to address the diverse multi-lingual nature
of India. Regional language contents on digital
media are beginning to metaphor into mainstream
channel of text content consumption, very much
like the print media. The access of World-WideWeb (WWW) is no more just limited to PCs and
rapidly proliferating to mobile phones and IP
based entertainment platforms. However, the user
experience of regional language on these devices
leaves a lot to be desired. Indian language support
starts with the basic implementation of text display
support. This involves algorithms for composing
and rendering the complex conjuncts and creation
of clear and legible fonts for the target screen. The
key challenges are display accuracy, legibility, logical
cursor handling for editing and open-type support
on various embedded platforms. Due to a lack of
standard or a uniform guideline on the above aspects,
the development of functional and uniform display
technologies for multiple platforms remains a big
challenge. This topic covers the key challenges and
issues plaguing support of Indic text display on
digital platforms that provide access to WWW and
recommended ways of addressing such issues.

Fig. 1. Comparative Analysis of English and Indic Scripts

Indian languages.

II. KEY ISSUES & CHALLENGES
Quality of display is the most crucial element of
Indian language support which determines the quality
of user exprience and hence increased usage. The
following are the main aspects that severly cripple the
user experience on digital platforms today.
A. Quality of Display on Small Screens (Mobile
Phones)
Indian scripts are complex in nature and have a lot
of ligatures. Inccurate and illegible display (refer Fig.
2 and Fig. 3) on small screens is a serious impediment
to user readability and acceptability.

I. INTRODUCTION
Most of the existing Indian language implementations
on digital platforms have adopted an “English” centric
approach. The intention was to provide the same level
of simplicity of use as for English. However, since
Indian languages are inherently very different from
English (refer Fig. 1), this approach has been somewhat
counter-productive by complicating the use of Indian
languages on digital devices instead of simplifying
it.
Therefore, the usability challenge with respect
to Indian languages needs to be addressed in a way
that takes into account the characteristics of Indian
languages. In the following, we discuss the key issues in
this area, particularly with respect to display/rendering.
Although, some of the discussion which follows refers
specifically to Hindi but the conclusions apply to all
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Fig. 2. Sample Hindi text display on a mobile phone selling in
India

B. Handling Conjuncts
Indian scripts being non linear in nature, pose
significant display issues when the input sequence of
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of 117 characters encoded in Unicode version 5.2 for
Devanagari. These 78 characters also support about 5
out of the seven languages that use Devanagari. So, if
the focus is directed towards the implementation of the
languages (and not necessarily the entire script code
page), the initial effort and usability of the solution are
significantly simplified and enhanced.

Fig. 3. Sample Hindi text display on a set-top-box in India

characters are random. Additionally, Indian scripts use
ligature forms to describe several complex conjuncts
commonly in use in the respective native languages.
The conjuncts and ligatures are well defined for all
word forms in use by the language. However, use of
new words from the English and other languages has
been increasing. Some of these words introduce new
vowels, consonants or conjunct pronunciations for which
no written conjunct or ligature forms exist. The solution
developers often are unable to solve such issues or
offer an ambiguous and unclear or illegible resolution
(Fig. 4). Examples: apartment, sports, extrovert, tractor,
doctor, instrument and so on.
Fig. 5. Unicode code page of Devanagari script

D. Multiple Display Forms
In almost every Indic script, there are several
conjuncts that have multiple display forms that

Fig. 4 Unicode code page of Devanagari script

C. Non-Native Unicode Characters
A number of non native characters have been
introduced into the Unicode code pages of various
Indic scripts. These characters have been introduced
for transcribing/transliterating from other scripts (,s] vks]
u+] ;+ etc.). Unicode does not standardize the display
forms of any of the characters and the character forms
as shown in Unicode code pages are examples only. A
clear and universal guideline to display these characters
and its forms is unavailable. The 7-bit Indian language
tables in the 3GPP specifications, these characters
have been relegated to the single shift table [1]. As
can be seen from the figure 5 below for example,
Hindi and Marathi that are among the most popular
languages that use the Devanagari script, use 78 out

are accepted in common use (e.g. ä] Dr] d~r).
Implementers often confuse regarding the use of one
standard form in such cases. To resolve the issue and
to allow the support of multiple display forms, attempts
have been made to offer solutions through encoding
[2]. But, it continues to remain as an area of confusion
and considerable additional complexity in both, (i)
implementing the display forms, and (ii) facilitating
the entry of such forms.
E. Inconsistent display
Presently, there is a chaos in Indian language text
display and editing. Inconsistency is widely observed
across devices. For example, for the same text, there is
inconsistent shapes displayed from a mobile to mobile
from the same manufacturer, or mobile to TV to PC
to print magazines or newspapers. Electronic Data
for storage and display can not take different forms
according to convenience.
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F.

Poor Quality of Fonts & Rendering

The last but the most intriguing issue is the
availability of fonts and rendering technology for digital
platforms. This is mostly a result of the above mentioned
reasons. For handling complex script rendering (Indic
scripts are categorised under complex scripts because of
the above non linear properties), Open Type technology
is used on PCs and other devices that use powerful
processors and abundant memory to execute such
algorithms. However, development of more efficient
fonts and font rendering technologies for mobile and
other low end Set-top-box and handheld devices that
have very limited resources has been a prohibiting factor
for implementing all Indian language support. Some
of the implementations by different manufacturers are
limited only to Hindi.

Figure 6 is a sample set of valid conjuncts in Hindi.
There are testing methodologies available that conduct
tests on a similar database of 2 million words for every
language using which the rendering testing is done to
ensure 100% accuracy of text rendering [4].

III. RECOMMENDATIONS FOR GOOD
DIGITAL DISPLAY
The fundamanetal theory behind any usable display
is “If the text looks simple and less cluttered, it
facilitates quick reading”. The converse is also true – “If
the text looks complex and cluttered, it discourages the
user from reading”. Below are the basic requirements
that a good quality digital display should have.
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i.

Compact font files with simple shapes

Standardization improves the aesthetic of text
and facilitates more innovative and functional font
styles. Avoid designing superfluous conjuncts and
various unwanted shapes which are really not in use
today. Most of our Indian scripts have conjuncts with
complex shapes, which were evolved for various archaic
writing tools. These conjuncts were often written in an
inconsistent way, giving various shapes to the same
character. Additional characters can be included to
represent foreign words where ever required [3].

Fig. 6. Handling of complex conjuncts

iv. Legibility as good as in newspapers
Readers have been used to reading newspapers and
magazines. There is a natural expectation to have the
same experience in reading text through any medium.
This is done by making a careful design of fonts. Figure
7 is a comparative representation of news paper text
display and mobile text display for Hindi [4].

ii. Easy and quick to read for small sizes
Small size does not necessarily mean the physical
dimension. Fonts designed for very high resolution
screens or printers can offer clarity in the shapes
even at smaller physical dimensions. Developers
can get inclined to design fonts with more complex
shapes which will not be represented on lower screen
resolutions with clarity.
iii. 100% Accuracy in Text Rendering
Text rendering should be accurate and legible at all
times even for the smallest recommended fonts for a
screen size. The rendering should not be dependent on
the nature of the contents which are subject to change.
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Fig. 7. Comparison of Hindi print and mobile text display

v.

Simple minimal glyphs for fonts

Developers spend more time in trying to provide a
large number of glyph shapes without giving adequate
thought to the structural complexities of the letterforms
of Indic scripts. Simplified glyph set in a particular
script not only makes fonts compatible to various
popular software and display devices, but also helps
to read write and learn a language faster.
vi. Matching English fonts for bilingual texts.
English is very commonly used within texts written
in Indian languages. Due to the natural difference in
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the script properties, the English characters designed
for a particular size may appear larger or smaller than
the characters of an Indic script designed for the same
size. For a uniform experience on bilingual texts, the
English fonts must be designed with character heights
matching with the Indian scripts at the same font size.
Refer figure 8 for a sample bi-lingual text [4].

Fig. 8. Bi-lingual text in a message

vii. Seamless User Experience compared to
English
English is an established and well-developed
language on digital platforms. That sets the bare
minimum benchmark for user experience that users are
used to. Any Indic solution for a digital platform, at
the least, should strive to match this user experience.
Refer figure 9 below for a sample solution [4].
viii. Uniform design for uniform experience
WWW as a medium to offer interactive content
delivery is being exploited through various devices. PCs,
IPTVs, mobiles are to name a few. Similarly, content
accessed through the www is often printed through a
wide range of printing devices. Technology used for
text rendering on different devices vary depending on
the technical features available. While some devices
can use scalable fonts, some use fixed size bitmaps.
While screen resolutions are very high, some are quite
low. A well designed font and rendering algorithm
attempts to offer a uniform text viewing experience.
This is achieved through two steps.
a)

Standardising the glyphs that may be legibly
represented on a wide range of screens and
resolutions

b) Designing a uniform, disambiguous rendering
method.

Fig. 9. Multiple scripts on a mobile display

Typography plays an important role in
communication. Different mediums demand different
type of fonts for their applications. Mobile Phones
having smaller display area pose more challenge for
font design in Indic scripts as they have multi-tier
structures often with modifiers attached around the
base character.

IV. SUMMARY
Although India is witnessing an explosion of growth
of digital platforms like mobile phones, Indian users
have been seriously deprived of the user experience
they deserve on digital media. With India going through
a unique revolution where the Indian consumers are
leapfrogging the PC to mobile phones for access to
WWW, addressing the issues of Indic solutions assumes
serious importance given India’s English literacy is
not more than 10% even by aggressive estimates.
Technology may take lead in the areas of optimization,
faster and quicker availability of contents on any
device, easy access through applications, facilitating
better understanding of language contents, maintaining
consistency across all platforms and also on existing
and future devices to come; but not overpowering the
traditional aspects of the language.
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