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Abstract—Convergence in  telecommunication  industry
provides an excellent platform for context aware gwices.
Context Awareness, being able to harvest environméad
information, can promote personalised applicationsand services
that are closer to the consumers. In this paper, will explore the
relevant research studies that had been done to suise a
relatively complete set of functionalities that igequired to realise
a context aware system.

Index Terms—context aware, user centric, convergence

I. INTRODUCTION

historical information, user preference informatiaecurity
information and etc.) integrated and availablehe tontext
aware service, the context aware service could érstand”
the user better, whereby be able to provide a rdedicated
service.

In this paper, we will provide a summary of relewvan
research studies that has been done, highlighting ef their
approach and provide a relatively complete set
functionalities that is required to realise a cehtaware
system.

of

HE telecommunication industry has experienced séver |l. FACTORS OFCONVERGENCE INTELECOMMUNICATIONS

Twaves of changes from the introduction of wireepelony
to wireless telephony and is currently heading tolwdixed-
mobile convergence. An All-IP network such as'2&ntury
network of British Telecommunication plc makes @xaobile
convergence a reality and provides an excellenfgpta to
enable the context aware services.

Many of us may have heard of "context awarenessidw.
Context awareness, in short, means the capabditytitise
environmental information including user's inforioat to
provide a truly user centric environment. Some bé t
companies in the telecommunication industry areaaly using
presence information such as user location to ingraser
experience. Nevertheless more can be expectedtfrerfree
flow of context information around us. With the tiooous
advances in sensor technology and the emergenairaéss
sensors network, context aware systems will bec@ality in
the near future with powerful capabilities.

Many of the research studies done in context avese
space are focusing only on single perspective sisckvent-
trigger context service. However, the power of eghtware

Convergence has been taking place for years nostudy
performed by the European Commission [1] defines
convergence as allowing both traditional and new
communication services, whether voice data, sourgotures
to be provided over many different networks. An edbant
example of convergence in the telecommunicatiodastry is
the IP Multimedia Subsystem (IMS).

Today's communications experience, whether at veorit
home, is of diverse communications services cornmyis
traditional fixed-line telephony, mobiles, voiceesP, text
messaging, instant messaging, email, voice instessaging,
push-2-talk, and on-line forums, to name but a few.

Although there are some clear similarities amorthsse
communications services, at least in terms of ttyde sof
communication enabled, they exist because they often
associated with particular types of device and astw
infrastructure.

However, these communications services are evolaim
we can already see the first signs of how they edliverge to

systems is not bounded by one perspective. Eackexion fer ysers an integrated communications experighie 1).
aware system is expected to be interconnected Wi® gp5i js now available on mobile devices, text rages can

another to exchange context information for
information integration. By having all context imfoation
(user status information, environment informationser

conte

e received on home phones, and voice calls camaoe from

a mobile phone routed over a wireless local aresvorg,
transparently to the user.
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Fig 1 Convergence In Telecommunications

We have reached the point where it is within reasmn Devices and Wearables Network Computing
expect a personal communications device that canem to
any type of network - mobile networks, IPnetwodtseven Telecommunications Context-aware Services

the PSTN (the latter two via Bluetooth, WiFi or VWAM) —

and that can support any or all of the voice and-ltiased
communications services. W

However, this does raise an important question: as
individuals do we really want eight (at least) diffnt
communications services at our disposal? Thatréetivays of
making a voice call, two walkie-talkie style sees¢ and three
text-based services. To accentuate this, wouldnuividuals
want to use the best way of utilising the best cevio
communicate, on the best network for the servipgditzation
used at that specific moment in time? How does the
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lIl. BRIDGING THE TECHNOLOGY-HUMAN GAP Fig 2 Enabling Technologies

The WWRF'’s ‘Book of Visions’ places a lot of emptsasn ~ System and application designs today are mosthnteogy
machine-to-machine, human-to-machine and machine-tdfiven because of the lack of tools to incorporater
human applications — areas that have not been mxplo behaviour as a parameter in the product developprexess.
extensively until now. It is believed that futurenemunication N order to create systems and services for future
services will adapt to an individual’s requiremef@s Most of ~COmmunications needs from the users’ point of vigere is a
us would be familiar with the acronym WYSIWYG (Whatneed to better understand the user and what igemnttie user
You See Is What You Get). This belief is slowly ohmg, interaction experience. Figure 2 illustrates a ciowion of
where in future individuals would expect much mar®&What ~€nabling technologies which will promote the futucé
You Need, When & Where, Is What You Get”. intelligent communication.
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IV. CONTEXT AWARENESSUNCOVERED A. Context service creation

Context Awareness has become one of the hot tdpics Schilit's System Architecture [8] is a distributedobile
recent computing research. Context Awareness &tampt to computing system architecture that has been expeted by
utilise any relevant information that could help poovide William Schilit and his research group at Xerox FARThis
services to user in a more proper and accurate enaffine architecture has divided all available informatimo three
idea of context awareness could be considered gidveed in large groups as user agent that encapsulate athteriand
early 1900s. In 1991, Mark Weiser introduced themte individually distinct context information of eaclser, device
“Ubiquitous Computing” with the meaning of seamlesgigents that represent all computing devices inctrgext as

integration of computing devices into user’'s ddifg [3].

Evolving along the path of ubiquitous computing, Wat al
introduced Active Badge Location System in the daihg

year [4]. The Active Badge Location System is usimfgared
to track user location to forward user's telephcaé. The
term “context aware” is first introduced by Schéitd Theimer
in year 1994 [5] to address the ability of systendiscover

they contain device information such as device eactivity or
access control. Lastly, it is the location diregt@ervice —
active map, which allows the application to keegckrof all
location and context information by using queries.

However, Schilit's work has limited notion of corteand
neglects on the notion of time or activity inforioat What

makes it less flexible is that [9] the user andickewagents
need to be rewritten if there is an addition ofrusecontext
From the history of Context Awareness, the Contesaformation. Even though this architecture suppaepierying
Awareness is one of the branches of Ubiquitous Guimgp and notification mechanism for context delivery, still
and became one of the key for the success of Ubiggii provides very little support for discovery of commemts that
Computing. Since the introduction of the contextasv the applications would like to process on. Instgadt like
computing, many studies have been carried out amdym processing additional user and context informatibrequires
researchers try to provide an accurate definitmmtifie term extra work of locating the components explicitly fdre

and react to the environment changes.

“context”. Until present time, the most accuratdirdtion is
provided by Dey and Abowd in 2001 [6]. Dey’s defiioin of
context is:

“Any information that can be used to charactertbe
situation of entities (person, place or object) tttae
considered relevant to the interaction betweenea aad an
application, including the user and the applicativemselves.
Context is typically the location, identity and tstaf people,
groups and computational and physical objects.”

querying or processing. Yet, Schilit's work has dree the
fundament of a lot of research works running actine
ubiquitous computing field nowadays

Dey and Abowd have defined Context Toolkits in 1989
create a framework for the Context Aware applicatio
development [10]. In the architecture, the conteatkits have
three primary components which are widgets, agdoegand
interpreters. These three components provide tsaadtion to
the context aware application on contextual infdroma The

The true power of Context Awareness does not dépgnd yidgets are the source of contextual informatidnesitracts
only on the knowledge of the situation of entit@sthe status qontextual information and translates raw data fregnsors

of the application. The fact is that the abilitycaitext aware

system to relate information together even when

information may seem irrelevant. The capability expand
from a piece of contextual information to a grodprelevant
information helps the context aware system to wtdad the
situation from multiple aspects. Such capabilitg kygven the
context aware system the true intelligence in itscfional
domain.

V. THE ESSENCE OFCONTEXT AWARE SYSTEMS

Within majority of the studies on context awaretsys the
research on context awareness could generally tegarised
into two categories: Context Service Creation ar@ht€xt
Middleware Development [7]. The Context Service &fien
focuses on the effort to create context serviced #re
potential model to utilise available contextuabimhation. The
Context Middleware Development on the other hand
creating a standardise platform that could supft@tneed of
context aware system. The middleware handles tmerge
functions such as contextual information sensirrgc@ssing
and storages for the context aware system.

that are monitoring the environment. The interpeeteill then

tr]‘ﬁrther derive the information to more meaningfigher level
contextual information. Lastly the aggregators heip
aggregate the contextual information to minimisee th
complexity of context aware applications. Althoutile paper
of Day and Abowd define the framework for Contextiake
application development, they do not define thetexmal
data modelling.

Java Context Awareness Framework (JCAF) is another
framework that serves the purpose to assist in &bmware
application development [11]. JCAF has the objectio
create a general-purpose, event-based and digtiilsdrvice
oriented Java Framework. The core design principlekKCAF
are based on the following beliefs:

1. Contextual information is scattered everywherehin t
environment and some of the contextual information
is stored at remote location.

Each contextual service may require services from
each other.

is
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3. Contextual information is the changes that happen

4

prototyping of context aware services [15]. SOCAMdals

the environment including the changes of useahe contextual information based on the ontologpgi©WL

activities.

JCAF introduced Context Monitor to handle sensbas are
monitoring the environment and Context Actuatorshaémdle
deployed actuators as the response on changeshen
interpretation of JCAF, context is considered asoatainer
that is storing context item where the entity ie tontext is
one of the context items. Each context item withie context
container is related to each other.

B. Context middleware development

Ranganathan and Campbell created an agent-basezkico
aware middleware using ontologies[12]. They describe
context data as predicate using ontologies in tren fof
ContextType(subject, verb, object). In this midddesy they
introduced 3 types of agents:

context provider
context synthesizer
context consumer

The context provider is acting as the interpretat provides
other agents translated context information. Thenteed
synthesiser plays both the context provider andwmer roles
where it adds in more logic to generate new corfrexh the
raw information from context provider. Lastly, tromntext
consumer is the application agent that utilises itifiormation
to adapt their behaviour. Each context consumémuitry the
context provider through a lookup service.

The agent-based middleware
infrastructure for ubiquitous computing environmefthe
Gaia, created by Roman et al [13], is a distributeddleware
infrastructure that coordinates software entitiesl aetwork
devices. It exports services to query and utilisestimg
resources. The objective of Gaia is to provideaafwork for
development of user-centric and context sensitivebila
application.

Chen et al has introduced Context Broker Architectu
(CoBrA) for supporting the context aware systen].[The
CoBrA is an intelligent contextual information beskthat
could share all contextual data. The intelligentéhis broker
came from the use of Semantic Web Language (su&D&3
to model the contextual information and the useVWéb
Ontology Language (OWL) to perform intelligent reasg.

Computer system that could understand Semantic Web

Language will be able to trace through the ontologlis
capability allows such computer system to perfoutomatic
reasoning. On top of the intelligent reasoning, @oBoverns
the contextual information sharing model throughe th
implementation of policy language to control shgriavel of
user information.

Service-Oriented Context-Aware Middleware (SOCAM) i
a middleware architecture that targets to enablpidra

is using Gaia as their

to resolve the issues of semantic representatiamtext
reasoning, context classification and dependen®CAM
define ontology in OWL to enable it to describe teom
semantically which is independent from any programgm
language and enabling computer system to understaad
semantic value. This combination of technology ézmtthe
formal analysis on domain knowledge that could lmmed
automatically by the computer system. A set of patwlent
services is provided within SOCAM to facilitate tobentext
aware applications and enabling contextual infoionat
exchange with other context providers. These sesvic

nprovides the fundamental functionalities such asted

acquisition, context discovery, context interprietat and
context dissemination.

C. Context Aware Service Platform

In our opinion, after studying the existing reséa and
surveys on context aware system [7], [16], the f@ythe
success of context aware systems depends on ipomsing
systems, which is the context aware middlewareiMfeduce
the Context Aware Service Platform that could asHie
context aware service provider in the execution thdir
services. The platform will provide the fundamemgdjuired
services as an abstraction layer for the developautext
aware services.

The provided services are:

- Context Sensing - Context Sensing is the serviae th
will monitor the sensors and devices either through
passively listen for their status changed report or
actively query on their status periodically
Context Modelling — Context Modelling is the
entrance of a piece of context information into the
core context processing components
Context Association Context Association is
responsible to explode single piece of context
information into multiple related context informarti
pulling from various source
Context Optimisation - Context Optimization is the
process of resolving information conflicts and
filtering of context information. It is a contexivare
service sensitive process as each optimization
outcome for each context aware service may vary
depending on their nature
Context Exchange - Context Exchange is important
service to allow the context aware service platfeom
exchange context information with other platform.
This functionality enabling this platform to scdkab
Context Storage and Retrieval - Context Storage and
Retrieval service will keep a record of each contex
information for future retrieval whenever required

By having the platform to take care of the fundatakn
problems, context aware service providers couldigamntirely
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Fig 3 Context Aware Service Platform

core contextual information processing. The sensinrs
contextual information are not restricted to oriig fphysical
sensors, a software based sensors for monitoriegsyhtem

The Context Aware Service Platform has made agtatus are included in the definition of sensocs fensors are
assumption that everything is located within all-bidsed not the only source for contextual information. @owual
networks where everything could be located through
networks. 21 Century Network (21CN) offered by British
Telecommunications plc (BT) is one of the examplEke
component of Context Aware Services in Figure 3uiahes the
provided fundamental services. The rationale ofluliog
those services in that component is due to the eminof
service-on-service which provides a layer of alesiwa to the

actual
portability.

invocation allowing for

higher

flexibility na

The context sensing service is located within thatext
aware services component and does not consideregas of

information may source from devices or user's inpdiich
makes it more logical to deploy context sensingiserin the
context aware services component.

Contextual information gathered from context segsin
service is relayed to Context Data Modelling congunfor
modelling and formatting. The Context Aware Service
Platform is using a single format for the contektoformation
within its core processing components. The Context
Association Engine will discover all related conteat
information which is the current available contextu
information and the history contextual informatiboom the
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Context Information Database. A copy of the current

contextual information will be saved into the Codite
Information Database.

The Context Optimisation Engine gathers all relatg
contextual information from the Context Data Moufe|
Context Association Engine and Services Database
determine the Context Focus for context aware servionly
by determining the Context Focus, the engine coodésure
the Degree of Relevant on every piece of contextu
information. The optimisation engine will ignore ntextual
information that is not relevant to the Context &or has
minor effect. The optimisation process is a musiniaimise
the processing time and avoid information overlaad the
context aware services.

To understand the definition for Context Focus Bredjree
of Relevant, we shall understand the user multesphmodel
(referring to the Multi-sphere reference model inok of
Vision [2]) as illustrated in Figure 4. Each useibilieved to
have multi-sphere surrounding them. In Figure 4, uber has
three spheres which are personal, local and enwieah
spheres. The personal sphere contains the objecttion or
information that has immediate relationship to tleer. The
local sphere which could also be known as momehergp
(moment sphere for describing the information) I t
placement for things that do not have immediatatimhship
to the user. The last sphere, environment or backgr sphere
(background sphere for describing the informatiois),for
everything else that exists but may not have @istip to the
user. Therefore, as it moves from user towards t
environment sphere, the degree of relevance foruttex is
fading and at some point might be complete irreievahe
Context Focus adopts the multi-sphere concepteddsbf only
having user as the centre of sphere, we extendedntiiti-
sphere concept to contextual information. The Degoé
Relevance is the measure of how relevant a piece
information could be to the Context Focus. Oncellbgree of

6

al
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Relevance is determined, the optimisation enginddcélter
out some of the contextual information.

Degree of Relevant Fading

La

Personal
Sphere

Local/Moment
. Sphere
i
. Environment/Background :
Sphere :

Fig 4 User Centric Multi-Sphere Model
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Fig 5 Context Aware Service Platform Architecture

The Context Aware Service Platform is designed ¢ band Measurement of Degree of Relevance) are agpisie

scalable and capable to exchange contextual infaymavith
other platform. Figure 5 is an illustration of Cexit Aware
Service Platform architecture and the context aveamwices
deployment on the platform. Various domain contewiare
services are deployed on the Context Aware SeRiatdorm.
Although services may be in the same domain, differ
services may have different Context Focus (ser&id® and D
in Figure 5) and services from different domain rhaye the

context aware services in determining the relecantextual
information. The platform exchanges contextual infation at
the core contextual information processing maihhptigh the
Context Association Engine. Whenever Context Asgaui
Engine receives a piece of contextual informatitminternal
component will expand the contextual informationfital all
related information. It could retrieve the conteittu
information from Contextual Information Databasel aequest

same Context Focus (service A and E in Figure 3)e T contextual information from other platform.

components in Context Optimisation (Focus Detertiona
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VI. 21CNAND HOW CONTEXT AWARE SYSTEM WOULD
INTERACT WITH AND ENHANCE SERVICES WITHBT’S NEW
INFRASTRUCTURE

We see a multitude of connected devices infiltgatour
homes, outdoors and our workplace. These conneleeides
bring us somewhat closer to the services and aijaits that
any provider would like to sell as our communicatibevice
would have a multitude of connection choice, hebeing
always connected. Nevertheless, some elements tile
missing to provide the user the experience thadsired.

21CN is BT new all-IP network that provides conwstg
services for user enhanced experience, which i to the
objective of Context Aware Service Platform. 21Cidyides
services which generally fall within four functidraategories,
which includes Family&Friends, MyWork, EntertainMsnd
HelpMe. Figure 6 demonstrates how Context AwareviSer
Platform could integrate with 21CN. In Figure 6¢ tGontext
Aware Service Platforms are linked together as &dmware
Service Network which is a cluster of platform wherach of
them may focus only on a selected domain.

Fig 6 Context Aware Service Network with 21CN
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The Context Aware Service Network could become a Meanwhile from the network perspective, knowing the

component within 21CN service execution environnibat is
functionally integrated with the 21CN'’s Unified Cagilities.

situation of the network and each network nodels wmuld
enable an adaptive and intelligent network. Theabdities

By chaining the Context Aware Service Platformschea such as self-healing, autonomous utilisation opgatidon and

platform’s autonomous contextual information preieg
capability is combined into one major intelligere@urce for
the 21CN.

The Context Aware Services are not restricted avith
presence information as they include a wide rande
information as their service execution referenedlewing the
services to understand the user’s true needs andlahkired
delivery of services. The Context Aware Servicesid¢be the

self-reconfiguration to adapt for changes coul® &ls enabled
with context sensitive service logic.

The context aware service platform provides a stainid
robust environment for the context aware serviceelipers
and operators. This stable environment is extrenmabortant
for them to have the accurate anticipated outcamehave the
flexibility on changes. On top of the stable enmir@nt, the
platform will be assisting the service executionréduce the

system level intelligence diagnostic that coulddfin complexity for the service creation.

out the missing or damage components,

friend-locating that enables one to know friends’ gqowing on the context aware service platforme th

status and location,

intelligence meeting planner that could ensure t

availability of required equipments and

movie recommendation that could recommend titl

based on the user video profile.
The Context Aware Service could assist its usenandle
their daily task easier and provide accurate arufagpiate
alternative delivery channel to the user.

VII. CONCLUSION. A FUTURE TO LOOK FORWARD TQ..

BT’'s focused strategy on embracing the Next Geiwarat

h

es

potential research area could be on finding anciefit
Solution to link up the context aware service glatf forming
the context aware service network or the findingcomtext
aware service dynamic generation using existingctfanal
components.

Networks in the 2% Century Network has sparked many

opportunities for the future of telecommunicatidhhistory
had its way, we shall see the 21CN bringing rapmmh to

the telecommunication industry as seen in the ITrldvo
enable

Having an All-IP infrastructure will
telecommunications industries to manoeuvre betténé harsh
world of survival of the fittest. We have seen maiiy
companies impinging into the realm of telecommutiices
especially with the growing popularity of Voice ovi® and
the concerted efforts to make these services nmalrast and
reliable.

The context aware service platform is the promigingbler
for rapid context aware service creation and thmdation for
the context aware service execution. Context awareices,
when made available enabled by the platform willgoeatly
valued by users.

Users will be in a more interactive environmentt tbauld

help them to take care of small yet related matters

automatically. Any possible devices around us cdédused
to bridge any services to the user, giving themfamailiarity

they preferred. The interaction between user aeddwvices
will be in a more natural manner. Users would akvagve the
option to alter the service execution or switclofft anytime

they like.



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATIONNUMBER (DOUBLE-CLICK HERE TO EDIT) < 10

(1]

(2]
(3]
(4]

(5]

(6]

(71

(8]
(9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

REFERENCES

European Commission, “Towards An Information Saciépproach,
Green Paper on the Convergence of the Telecomntiorisa Media
and Information Technology Sectors, and the Imglices for
Regulation”, 1997.

Wireless World Research  Forum, http://www.wirelegsid-
research.org.

Weiser. M. The computer of the twenty-first centuryScientific
American, September 1991.

Want, R., Hopper A., Falcao V. and Gibbsons The' active badge
location system” ACM Transactions on Information Systems vol.
10(1): 91-102. January 1992.

Simon Hohis a Principal Researcher at the
Asian Research Centre (ARC). He
graduated with a i class honours in
Electronics Engineering from the University
of the West of England (UWE), Bristol and
is currently completing his PhD in the area
of Context Aware Computing in user centric
communication  with  University  of
Nottingham. Prior to joining BT, he had
been attached with various industries where
he gained extensive experience in the area
of both hardware/software R&D. Since
joining BT, he has led several projects at

Schilit, B. and Theimer, M.Disseminating active map information to Apc in the personalisation and mobility space. Hes Ipublished several

mobile hosts IEEE Network vol. 8(5): 22-32. September/October

papers and actively participates in defining spegifons within the W3C

1994. (World Wide Web Consortium) and JCP (Java Commupitycess). Leading

Dey, A.K. and Abowd, G. D.A conceptual framework and a toolkit for

a research group at ARC, his current researchestterinvolve areas of

supporting rapid prototyping of context-aware applions”. Human-  ,orsona1 mobility and how future network infrastue could support them.

Computer Interactions (HCI) Journal, vol 16 (2-@tober 2001.

Baldauf, M., Dustdar, S. and Rosenberg, K. Survey on Context-
Aware Systems"Technical University of Vienna Information System
November 2004.

William N. Schilit. A System Architecture for ComteAware
Computing, 1995.

Anind K. Dey. Providing An Architectural Supportrf@ontext Aware
Architecture, 2000.

Dey, A.K., Abowd, G. D. The Context Toolkit: Aiding the
Development of Context-Aware Applicationsit Proceedings of the
ACM SIGCHI Conference on Human Factors in Comput8ygtems,
May 1999.

Bardram, J.E‘The Java Context Awareness Framework (JCAF) — A
Service Infrastructure and Programming Framework fGontext-
Aware Applications”.Technical Report CfPC Technical Report 2004—
PB—61, Centre for Pervasive Computing, Aarhus, Dekma003.
http://www.pervasive.dk/publications

A. Ranganathan and R.H. Cambé&l. Middleware for Context-Aware
Agents in Ubiquitous Computing Environments” In
ACM/IFIP/USENIX International

Roman, Manuel, et atGaia: A Middleware Infrastructure to Enable
Active Spaces”in IEEE Pervasive Computing, Oct-Dec 2002: 74-83.
Chen, H., Finin, T. and Joshi, AAt Intelligent Broker for Context-
Aware SystemsProds of Unicomp 2003.

Gu, T., Pung, H.K., Zhang, D.QA"Service-Oriented Middleware for
Building Context-Aware ServicesJournal of Network and Computer
Applications vol. 28, pp. 1-18. January 2005.

Chen, G. and Kotz, D.A' Survey of Context-Aware Mobile Computing
Research”. Technical Report. UMI Order Number:
Dartmouth College, UK, 2000.

Neural
processing.

Jiann Shin Tan is a Senior Researcher at
BT Asian Research Centre (ARC). He
received his MSc of Computer Science from
University of Malaya, Malaysia and BSc
from University Putra Malaysia. He is
interested in intelligence computing
including artificial intelligence and context-
aware computing. Currently, he is involved
in the research area of context-aware service
platform.

Michael Hartley completed a BSc and a
PhD from the University of Western
Australia. He joined the private education
industry in Malaysia in 1996, as a lecturer in
Mathematics at Sepang Institute of
Technology, later moving to the Information
Technology department. In 2001, he became
head of the school of Information
Technology, and in 2002, Dean of the
School of Multimedia and Engineering. He
later spent a year as Director of Research at
KDU College before joining the University
of Nottingham Malaysia Campus as an
Associate Professor in the School of

TR2000'381'C0mputer Science and Information Technology. Hespes research in
Networks, Genetic Algorithms, particularlyppdied to image
he has several journal lipations in pure

mathematics journals in an area of combinatoriahggtry.



