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Abstract

Due to the variety of widespread network communication
technologies, a user has more possibilities to access various
services. However, having alternative networks and services does
not bring ease to the user immediately, but often results in
increased burdens in terms of repetitive configuration and
selection work, although the user is only interested in the actual
use of the appropriate services. Our project tries to attack this
problem, aiming to facilitate the user's (in particular the mobile
user's) ability to make use of different services in an affordable
way, based on adaptive services which exploit their awareness of
the user's context. In this paper, we propose a service-oriented
context infrastructure, to simplify the exchange of context among
services, thus facilitating users and applications access of services
in an efficient way. The Session Initiation Protocol (SIP) and its
sibling protocols were adopted for transferring context
information (encoded in XML) within our infrastructure.
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1 Introduction

The computer has to this date been with us for more than a half
century. During this period, it has experienced a rapid
development in many aspects; from increasingly powerful
microprocessors to decreasing energy consumption, physical size
and price. Affected by the Internet spreading almost all over the
world, the computer today is becoming a crucial tool for accessing
and exchanging information across the limit of physical
boundaries. The promising goal “access information everywhere
anytime” has further paved the way for the inhabitation of
computers in our daily life by riding the tide of wireless network
technologies (such as Wireless LAN, Bluetooth and GPRS), and
has also shaped the computer itself into mobile and wearable
fashions like laptops, Tablet PCs, personal digital assistants
(PDA) and smart phones. As computers become ubiquitous,
people find themselves immersed in a world full of computing
power.

However, the availability of rich computing resources does not
immediately mean usefulness. For example, a nearby resource in a
Bluetooth network cannot be accessed directly through a Wireless
LAN or GPRS network without a third party standing in between
and acting as a proxy or gateway, since inherently they are not
compatible networks. On the other hand, a user may in many
cases have several personal devices (e.g., a laptop, a PDA and a
smart phone) and there may be additional resources like a desktop
computer, a projector and a printer available in the surrounding
environment, such as a meeting room. It becomes a critical issue
how to “tame” so many different devices to work together fluently
without burdens of configuration overwhelming the user,
especially when the user is new to the environment and has less
knowledge about computers and other devices.

A service-oriented perspective can simplify the problem by
presenting different resources (including devices) in the form of
services. The user will only see a printing service and a projecting
service available in the case above, thus hiding other complexities
such as devices and networks. This service-oriented perspective
also introduces an emerging computing paradigm - Service
Oriented Computing, evolved from mobile and distributed
computing, and the object-oriented and component-based
computing. In this paradigm, the whole system is constructed by
services (with levels) as the building blocks, which are
autonomous, platform-independent computational elements and
also have capabilities to communicate with each other across
networks. Service-oriented computing brings more concrete hints
on how to reuse previous work than component-oriented
computing since a service normally embodies more complete
application logic and often appears as a runtime entity. Along
with the service-oriented computing paradigm, many efforts such
as Web Services [W3C 2003], GRID computing [Ian 1998], as
well as peer-to-peer network technologies work together to
envision a future computing environment where computing
resources in terms of services will be available to be used as
conveniently as today’s electricity.

Nevertheless, the term “service” has been used too extensively,
and now suffers from a less concrete meaning. Today, we call
many things services: network service, printing service, … to
discovery service. As a consequence, it is difficult for the user to
grasp the relationships between them. For instance, a printing
service will not be available without a network service and the
ability to discover the printer. Without a good arrangement and
guidance for this multitude of services, users can easily get
overwhelmed by the great number of services even though they
are not interested in the distinctions and implications among them,
but rather the immediate use of the interesting services.

Our work in Adaptive and Context Aware Services (ACAS)
project tries to attack these problems, aiming to facilitate the
user's (in particular mobile user's) ability to make use of different
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services in an affordable way based on adaptive services – which
exploit their awareness of the user's context. In this paper, we will
first give an introduction to context-aware computing and why it
is meaningful for mobile users, together with some problems of
using context information. Then in the next section, we present
our context stack (a layered structure) to help the understanding of
context information acquisition. In section 4, we will talk about
the mechanism of aggregating and distributing the acquired
context information. We will also elaborate how we adopt the
Session Initiation Protocol (SIP) and its sibling protocols to build
our context delivery infrastructure conforming to a service-
oriented architecture. Then in section 5, we will present our
prototype application scenario, which exploits the benefits from
our context delivery infrastructure. Finally, we will refer to some
related work, and discuss some relevant issues and future work.

2 Context-Awareness Computing

Context is a longstanding concept in the human-computer
interaction area where it is thought implicit (e.g., a quiet corridor),
as opposed to a user’s explicit interaction with a computer, which
conventionally consists of actions like moving a mouse or pushing
a button. The idea behind context-aware computing is to support
computer human-literate by feeding in various background
information (so-called context) so that the computer can adapt to
the user and her situation accordingly. For instance, a mobile
phone with location awareness would switch to vibrating mode
automatically when its carrier enters a concert. The main purpose
of using context is to facilitate user’s interactions with computers
by replacing some explicit interactions with automatic system
interactions, thus reducing attention distraction of the user. This
kind of adaptability has great significance for mobile users who
are usually willing to pay less attention to the management of a
changing environment.

Context-aware computing has been a vital research area, although
there are no agreements on the definition of context yet. Many
researchers have proposed different interpretations, among which
we prefer the most comprehensive one – “context is everything
but the explicit input and output” to a system [Henry et al. 2002].
Fortunately, the notion of context has been commonly understood
as the physical and social situation where the interaction takes
place. It is often associated with primary questions like “When”,
“Where”, “Who” and “What”, or in other words: time, location,
entity and activity. This also appears to include the most useful
context information. In addition to these, we think computing
status is also one type of important context, such as the running
program and network status (there are actually measured by local
processes).

Although there have been many context-aware systems and
applications tested since last decade, most of them are still
prototypes and only available in research labs or academic world.
The common problems with context-aware system lie in the
complexity of capturing, representing and processing the
contextual data [Pascoe et al. 1997], because the adaptability of a
context-aware system will only be appreciated if the context can
be interpreted correctly. However, computer technology to date
can only try to approach user’s intention by “guessing” based on
predefined rules applied to different context data and historical
behaviors. Another critical issue, which we believe has affected
the spreading of context aware systems, is the difficulty of
distributing acquired context information broadly among massive
context-aware applications across different networks. In a later
section, we first present our context stack to help to solve the

problem of context acquisition and processing, and after that, we
elaborate our context distribution architecture based on SIP
Presence framework [IETF 2003].

3 Context Information Acquisition

Sensor technologies have been widely used to capture context
information in the context-aware computing arena. The most well-
known ones include the early IR-based Active Badge [Want et al.
1992], RF tags in DUMMBO [Salber et al. 1999], the later GPS
receiver in Cyberguide [Long et al. 1996], digital camera in
StartleCam [Healey et al. 1998], and today’s compound sensors:
iButton [Dallas Semiconductor] can store any information (with a
limited capacity) as context information, such as Identity; and the
Mica Motes [Crossbow 2003] (a more advanced sensor board
developed by UC Berkeley) can accommodate many different
sensors on one board including thermometer, accelerometer,
magnetic and photo sensors. The Mote also has the capability to
communicate with other sensor boards to create a dynamic
wireless sensor network.

The wealth of sensor technologies brings more possibilities for
context-aware systems. On the other hand, it makes context
information acquisition more complicated, especially when the
same context information (in different forms) can be retrieved
from different sensor data-sources. Just as most communication
means based on radio signals transmitting (like GSM, Wireless
LAN, Bluetooth), can be used for positioning and location
information, the same sensor data can also be used to give
different context information. For example, a GSM phone can
simultaneously give presence, location and identity context, a
camera can detect motion to tell the presence of people in the
room, and can be used to identify users (with facial recognition
technology) as well. In such cases, it becomes more puzzling for
the system to retrieve the useful and correct context information
because adding sensors also adds noise and introduces the
possibility of apparent contradictions.

3.1 Logic and physical sensors

There have been many different categories for context information
in the field to simplify the understanding and the use of context
from different perspectives, such as active vs. passive context [G.
Chen et al. 2000] according to whether an application will react to
the context changes or not. One of the most accepted divisions of
context is to distinguish context as sensed context (retrieved
directly from sensors) or derived context which cannot be
acquired directly from sensors, but is obtained through inference
(also called context fusion, e.g., an activity context may be
inferred from a fusion of context information based on people,
time and location). The divisions are sometimes also called
physical and logical sensors respectively. As one of the results of
our survey in the context-aware computing area, we strongly feel
the absence of a standard view to support discussion and analysis
of context information thoroughly. This view should be more
comprehensive than the two-category division into physical and
logic sensors.

3.2 The Context Stack

We propose a layered Context Stack like figure 1, along with a
service-oriented perspective to promote the understanding of
context information acquisition. This view was inspired by the
Open System Interconnect (OSI) seven-layer network model and
the work of the Location Stack [Jeffrey et al. 2002] as well. We
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also borrow some terms from the Location Stack, but recast with
our definition to support broader context information.

Figure 1. The Context Stack
•  Sensor layer: Contains the physical hardware (sensor) and

its corresponding driver (in some cases some embedded
algorithms/firmwares as well). The sensor layer offers the
upper layer access to “raw” sensor data, such as the NMEA
sentences from a GPS receiver.

•  Measurement Layer: Contains algorithms to interpret raw
data into “canonical” data types, which is more meaningful
and practical to general applications. Taking the GPS
receiver for example, the Latitude and Longitude should be
deduced in this layer by parsing the raw NMEA sentences.

As many researchers also pointed out that history behaviors
should also be included as context in some cases, we think it
is appropriate to have this kind of context in this layer, such
as a data set to plot a curve of temperature changes in a
specific time-span.

•  Conversion Layer: The measurement layer normally offers
sensor data in limited (canonical) forms. We think it is very
important to have an abstract layer taking responsibility of
converting the context data into different formats/units. For
example, a software service can convert temperature from
Kelvin to Celsius or Fahrenheit. The conversion layer can
have a chain of services to support conversion between many
different units. How to determine the optimal path from
several possible service-conversion chains becomes an
interesting issue per se.

•  Fusion Layer: Contains a set of very abstract context
information, such as location, time and activity. Each of them
may be inferred from a group of sensor data but represents
the same context information to different extents (maybe in
different confidence, accuracy or granularity). For instance,
the location fusion in figure 2 can be inferred from different
data-sources with different characteristics, where GPS will
only be available outdoors with an accuracy of 10-20 meters,
and GSM gives less accuracy, roughly around 100 meters.
The inference engine (also called context refiner) can also be
backed with self-refinement [Anind et al. 2000] or even self-
learning capability with the support of machine learning
technologies.

Both the Conversion layer and Fusion layer can be further used
repetitively to deduce higher-level context information. Like in
figure 3, a context-aware application is interested in activity and
people, wherein activity is a context information derived from a
fusion based on time, people and location, wherein the location
context information is derived from a fusion as well. We can
impose a service-oriented view on this context structure by
treating each supplier of the context information as a single

context service, so every context service will only need to know
other context services in which it is interested, without bothering
to grasp the entire structure of services. Undoubtedly, some
intermediary conversion services have to be available when one
service cannot understand other required services. Considering
when discovery is enabled among these context services, the
context structure could be constructed on demand dynamically
triggered by the user’s request.

Figure 2. Location Context Fusion

Figure 3. Context Service Tree

3.3   Computational Context

We believe computing status is also an important type of context
(we call it computational context). It includes the running program
and network status etc. Computational context helps to improve
the deduction of the user’s status and activities with more
accuracy. For example, there may be a presentation taking place
because user’s computer is running Microsoft PowerPoint in a
meeting room. And as an adaptation, all the mobile phones in the
room turn to mute/vibrate mode automatically. Another preferable
automation can be that the system assists users to fluently switch
to a better interaction mode by transferring the communication
session from PDA to desktop PC after arriving in the office. The
examples require the system to have the capability of detecting the
running programs status, e.g., to learn and remember the browsing
web page in a running web browser application. However,
computational context has not been fully used mainly because of
the difficulty of acquiring the information of running processes,
which normally can only be acquired from application program
interfaces (APIs) coupled closely with the operating system.
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To solve the problem of retrieving computational context
information, we suggest a database solution. The running
processes use database to store and retrieve computing status.
Such a solution requires the processes to have extra knowledge
about the database interface and data schema for accessing
computational context. However, comparing with the complexity
of massive low-level system APIs, it gives a uniform structure to
simplify the computational context exchange. Practically, each
device can have a computational context agent monitoring
running processes, and report process changes to the context
database. Then on the other side, another context agent observing
the context database for changes will present itself as a context
service to fit into our context stack (on the fusion layer).
Connectivity is a good example of computational context which is
actually measured by local process. It is very significant for many
applications to determine the optimal communication means.

Figure 4. Computational Context Based on Database

3.4   Context Representation (Meta-data)

It is also important to show the semantics of the context acquired
by using context meta-data, which is useful to identify facts such
as how and from where the context is acquired. For better
interoperability, XML [W3C 2000] was chosen as the encoding
format due to the fact that XML has become a de facto data
standard. So far, we represent context information in an atomic
fashion like the example in Table 1, which can be read as an
acquisition of a set of context, consisting of the temperature from
wireless sensor board MICA2 and the location from an RF tag.
Such context information may come from the output of context
refiners producing refined context information through the
processing of acquired context (e.g., MICA Mote does not report
temperature in any standard unit directly) taking place locally or
remotely. However, we decided to make our context
representation neutral to the means they are acquired. We did
define a source element which currently has only one attribute uri
exposing the sensor entity (or device) to give the clue how this
context was acquired. And we left room in the content of source
element for further extension (so far it is simply the entity ID). To
identify our context information and be able to co-exist with other
workers, we also defined an XML namespace. We have
successfully applied this context schema with SIP based Presence
framework in our context information distribution infrastructure.

Table 1. XML-encoded Context Example

<acas:node xmlns:acas="urn:acas:">
    <acas:contextelement>

        <acas:value datatype="integer"
             unit="temperature/kelvin">300</acas:value>
        <acas:time>Fri Sep 26 16:42:25 CEST 2003</acas:time>
        <acas:source
             uri="http://MICA2_001.fuse.k2lab.dsv.su.se">
             MICA2_001 </acas:source>
    </acas:contextelement>
    <acas:contextelement>
        <acas:value datatype="string" unit="location/floor">
            Forum Floor 7 </acas:value>
        <acas:time>2003-9-17 12:00 am</acas:time>
        <acas:source
            uri="http://RFID001.fuse.k2lab.dsv.su.se">
            RFID001</acas:source>
    </acas:contextelement>
</acas:node>

4   Context Delivery

Most of the accessible context-aware systems are only available in
research labs and the academic world. They are constrained within
a specific space such as a room and a building, or more precisely
by the coverage of specific networks which prevents context
information to be shared among different context-aware
applications.

Today, with the emerging network technologies of GPRS and 3G,
context-aware systems can be deployed in a much wider area.
However, considering their high cost and limited bandwidth
compared to a conventional local area network (LAN), as well as
the popularity of Wireless LAN and the other short-range network
technologies such as Bluetooth, the optimal hybrid use of such
heterogeneous networks for context delivery becomes an issue of
significant value.

The optimal use of networks requires a smooth-switch capability,
e.g., context information is delivered through an available
Wireless LAN, and then switched to GPRS when moving out of
the coverage of the Wireless LAN hotspot. However, the frequent
network switch (handover) cannot be smoothly handled by the
conventional network technologies like TCP/IP, Help exists from
some technologies targeting this purpose, such as MobileIP [IETF
2002] which pushes the responsibility to the network
infrastructure. Here, we propose another solution based on the
Session Initiation Protocol (SIP) [Rosenberg et al. 2002], an
application-layer control (signaling) protocol for creating,
modifying, and terminating sessions. This application layer
protocol creates an overlay network for communication without
modification of existing network infrastructures.

4.1   SIP Protocols

The Session Initiation Protocol (SIP) is a general-purpose
communication protocol supporting interactive session
establishment across the Internet. It defines a complete process
mechanism for establishing a distant communication session,
which is independent of the underlying transport protocol and
without dependency on the type of session to be established. It is a
text-encoded protocol using Uniform Resource Identifiers (URI)
[Berners-Lee et al. 1998] as the addressing mechanism, which
resembles the normal e-mail address like “sip:user@domain”. SIP
works on a client-server transaction model akin to HTTP. A SIP
client generates a SIP request to the network, and waits for the
response from other SIP servers, in order to establish a
communication session. Every SIP message includes enough
routing and session status information, so that each single
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Process1 Process2 Process3
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message can be delivered to its destination accordingly. In
addition, SIP supports personal mobility by discovering users and
locating devices, as well as the negotiation among session
participants with different capabilities to determine an agreed
communication session.

SIP was originally designed for IP telephony. However, due to its
neutral session establishment characteristics, many other features
were added with a series of complementary specifications to
improve the functionality for other usages, such as supporting
asynchronous information transfer.

The SIP-Specific Event Notification specification [Roach et al.
2002] addresses the issue of asynchronous notification of events
through a SUBSCRIBE/NOTIFY mechanism. An application
(called a Subscriber in the specification) subscribes to certain
events, and will then receive notifications when the corresponding
changes occur. This mechanism is especially suitable for
distributed context information delivery. And the further issues
pertinent to subscription duration, event packages, re-subscribe
and un-subscribe etc have already been addressed in detail in the
specification.

Meanwhile, SIP for Instant Messaging and Presence Leveraging
Extensions (SIMPLE [IETF 2003] - another SIP-related IETF
working group) focuses on introducing the Instant Messaging and
Presence (IMP) service extensions to SIP network. In SIMPLE
Presence Event draft [Rosenberg, J. 2003], two new notions are
introduced: the Presence Agent (PA), a representative of a SIP
Presence entity, and the Watcher, a consumer of a PA for status
information. A new method Publish is proposed in the draft
[Campbell et al. 2003] for sending information to any SIP
Presence entity without establishing a session beforehand. Then
there is also a mechanism of Presence Aggregation proposed in a
later draft [Roach et al. 2003] to enable the aggregation of a group
of presence information into a single presence entity for
subscription. This mechanism can easily be adapted to present a
context entity (such as a user) with a collection of different
context information related.

Due to the fact that SIP and its sibling protocols have many
advanced features satisfying the criteria of delivering context
information in a distributed heterogeneous network environment,
we chose to build our context delivery infrastructure on SIP, it is
also because we believe SIP will be commonly accepted as a
standard communication protocol in the near future with the 3G
technology coming into force.

4.2   Context Information Distribution Infrastructure

Despite the advantages of SIP for context information transfer, the
adoption of SIP is not easy due to the complexity of its transaction
centric process mechanism for communication, which does not
match with the principle of traditional network application
programming, thus demanding developers a long study curve to
get familiar with the details of the SIP protocols. We decided to
bridge this gap by taking a service and component-oriented design
principle to define a set of software components taking charge of
SIP-based communication such as SUBSCRIBE/NOTIFY
mechanisms, hence hiding the complexity of SIP network
communication from context service development. With these
components, context services can be easily constructed and
connected to build a context network infrastructure in a plug-and-
play style.

As SIP Presence framework is very appropriate to be extended to
delivery context information, and two basic SIP entities in the
framework are also explored: the Presence Agent and the
Watcher, which can be implemented as reusable building blocks
to construct context-aware systems. Our design components are
shown in figure 5.

•  SIP Stack Wrap: Takes the responsibility of setting up
communication parameters such as network protocol (TCP or
UDP) and port number, which any SIP entity has to have.
The network changes such as switching IP addresses when
roaming between networks will be handled by this layer
without the awareness of upper layers.

•  Presence Agent (PA): Takes charge of handling the
subscription of presence and other context information, and
also offers a simple interface for context services (such as
fusion) to report and update detected context changes.
Notifications are organized (coded in XML format) and sent
to the registered Watchers automatically. The PA also
handles the issue of subscriptions expiring in an autonomic
way.

•  Watcher: The Watcher is a context consumer who first
registers to the PA with an indication of interesting context,
and then waits for the notifications when the corresponding
context updates are noticed by PA. Besides the basic
subscribe, Watcher component also gives developers with
interfaces for un-subscribe and re-subscribe etc.

Figure 5. Presence Agent and Watcher

Our SIP components are built on top of NIST-SIP 1.2 [NIST
2003], an open source SIP stack implementation in Java,
compliant to the JAIN-SIP-1.1 API standard [JCP 2002]. With the
encapsulation of software components, developers can easily
build context-aware systems upon SIP network to enable wide-
area delivery of context information. In the following section, we
will elaborate on an application scenario with which we built our
context-aware system prototype based on these software
components.

5   Prototype

We defined a general application scenario where a project group
needs to keep live contact. We assume that project members are
always online, so that they can be aware of each other’s status, as

PA interface:
 UpdatePresence
 CancelSubscription

Watcher interface:
 SubscribeTo
 Unsubscribe
 Fetch
 Poll

Complex SIP events

Application events
Context
App.

TCP/UDP

SIP Stack Imp.

Presence Agent

SIP Stack
Wrap

Context
App.

TCP/UDP

SIP Stack Imp.

Watcher

SIP Stack
Wrap

SubscribeTo, Publish
…

Transaction, Dialog,
Timeout, Re-subscribe

…

85



well as the progress of the project including documents and
meeting schedules. To achieve this, we constructed an application
infrastructure using our SIP components to support mobile ICQ-
like applications. Additionally, such infrastructure provides rich
context information and consequent implications rather than
merely user presence information. This characteristic offers
abundant possibilities for further context-aware applications
development.

In figure 6, each group member subscribes to a Group Facilitator
(GF) for receiving the status information of other members and
the project as well. The GF also subscribes to every member’s
Presence Agent for acquiring information from every group
member, and then aggregates the individual status into a group
view shared by the whole group. The Presence Agent can be
located in a stationary office desktop or in a mobile device such as
Sony Ericsson P800 mobile phone.

We are testing to equip our mobile users with P800 mobile phone
or iPAQ, Mica Mote and GPS receiver to acquire and report
different context information including location, speed, noise-
level, temperature and the people in the vicinity, as well as the
available services discovered, which all together give rich
implication for user and system to determine the optimal
communication and interaction means. We have also connected
this context infrastructure to our internal SIP telephony network
with the first context-aware service – a context-aware call
controller, which determines whether the incoming calls will get
through, be blocked or redirected to be voice mail, according to
user’s current state (inferred from context) and the preference.

The infrastructure is built on top of our reusable SIP components.
The GF is actually implemented as a combination of a PA and
several Watchers, since GF on the one hand receives context
information from the PAs (each represents a group member),
while on the other hand presents an aggregated group view to
subscribers (group members). The client application is based on a
Watcher component with a graphical user interface (GUI)
showing the status of the project resources and group members.
This infrastructure will be connected to our interactive Lab –
iLounge, (an interactive room with various sensors) to evaluate
the potential influence on mobile users with access to rich context
information from the environment. The SIP telephony network is
constructed on an open source SIP server implementation – Vocal
v1.5.0 [Vovida 2003], acting as a SIP proxy for delivering various
SIP messages, such as Voice over IP (VoIP) call request. Upon
which we developed a call-control service (also based on Watcher
component) that makes call routing decision based on user’s
status inferred from the presence and context information
retrieved through GF, and dynamically generates the
corresponding Call Processing Language (CPL) [Lennox 2003]
script to control the Vocal server. We have tested caller
applications with Microsoft Windows Messenger (v5.0) and some
other free SIP softphones successfully, the multimedia calls,
including instant message text, audio and video, got across
fluently. Since our context distribution is also based on SIP, we
can tie our infrastructures seamlessly with any other SIP-based
networks. This brings great advantages on system scalability and
extensibility.

Figure 2. Group Facilitator
6   Related Work

There have been many studies on context acquisition and
distribution. Here, we list some most relevant work. Schilit’s
infrastructure for ubiquitous computing in 1995 is probably the
first context framework, which concentrates mostly on location
with an active badge infrastructure [William 1995]. Then the
Context Toolkit [Anind 2000] in GeorgiaTech defines a
distributed architecture supporting context fusion and delivery
with three notions of widget, server and interpreter based on an
object-oriented architecture. Technology for Enabling Awareness
(TEA) project [A. Schmidt 1999] also models the context data in a
layered structure from time-stamped raw sensor data layer, Cue
layer for data interpretation, to the “Context” layer. The Location
Stack [Jeffrey et al. 2002] gives seven layers structure similar to
OSI network model for acquisition of mainly location context.

On the other hand, the earlier work of Roychowdhury and Moyer
[Arjun et al. 2001] proposed the use of presence information for
remote awareness and instant messaging over SIP for remote
control. Shim et al presented Spontaneous Enterprise
Communications (SEC) [Hyong et al. 2001], a system designed
for ad-hoc conferencing within an organization. SEC also relies
on SIP for the infrastructure, using presence and availability
management, conference control and text messaging.

7   Conclusions and Future Work

In this paper, we have proposed a layered context stack to help to
understand the collection, interpretation, aggregation and analysis
(fusion) of sensor data to deduce useful high level context
information, and to facilitate the communication between
researchers working on context. We suggested a service-oriented
view on context information processing by presenting each
process as a service, thus making these processes reusable and the
context information (in different forms/levels) sharable. In
addition, with this service-oriented view, the technologies
applicable for services, such as service description and service
discovery, can be applied to context processing as well, and the
context processing may also benefit from other services which are
already available in the network.
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We have also explored the use of SIP and its sibling protocols for
context distribution over networks, due to its advantages on
flexible establishment and modification of general communication
sessions. We think this advanced feature will simplify the
communication between applications (and services), especially in
a frequent changing environment, such as delivering the context
of a mobile user.

However, there are many issues not addressed in this paper. For
example, how to support dynamically adding new sensors into the
infrastructure in a flexible style like plug-and-play? How to model
and describe context information in a complex ubiquitous
computing environment, then how to add context discovery
support upon the model? ... So far, we have chosen a very simple
prototype scenario, and our current model is fairly preliminary as
well. It only consists of two entity types – the user and the group.
The relationships between them are also rather static – the GF has
the priori knowledge about the address of each group member,
and so does every member about the address of GF.

We will look into such issues in detail in our future work with
more complex context-aware applications, complying with the
service and component-oriented architecture. One practical way is
to compose more context-aware software components and small-
granularity services by wrapping the existing applications we have
in everyday use with context-awareness to promote the
development of adaptive services. Furthermore we will also refer
to the development in other research areas such as ontology and
semantic web for relevant support.
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