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Abstract

Human activity is highly influenced by the context and
environment of the user. Presence of other users in the vicin-
ity can also influence the context of use and thus activity. In
ubiquitous computing environments, people are surrounded
by numerous computing devices helping them to carry out
various tasks. However, users seek precise and fine-grained
information that is not provided by the computing environ-
ment but required to carry out their tasks. Especially no-
madic users have little choice than to call upon help from
other people present in their vicinity. There are social is-
sues (e.g. availability and interruptibility) along with issues
of relevance and reliability to find the most appropriate per-
son to ask for information. Identifying this person is still a
challenge today. We have developed software prototype U-
Help-System (UHS) to demonstrate how using a social net-
work in combination with the user profile and preferences,
can help nomadic person to approximate in selecting peo-
ple that can support the user in a large scale ubiquitous
computing environment.

1. Introduction

Awareness of context and activity provide ubiquitous
computing environment with the ability to adapt its services
to best meet its user’s expectation by extracting the users
need from the context. Here context is defined as any in-
formation that can be used to characterize the situation of
an entity whereas an entity is a person, place or object that
is considered relevant to the interaction between a user and
an application, including the user and applications them-
selves [2].

Ubiquitous computing sketches the future paradigm that
promises computing be embedded into the environment in
such a way so that the people will consider it as a natu-
ral part of their environment [16]. In order to provide help
or facilitate human to achieve their goals unobtrusively, the

system should be able to recognize and be aware of the ac-
tivities and context of the user.

Users activity and context are interwoven characteristics
that give meaning to any natural form of communication or
interaction. Despite the fact these are interwoven charac-
teristics both context awareness [1, 15] and activity aware-
ness [5, 10] are often considered separate from each other.

With the advancement of modern mobile technology
computing devices are becoming ubiquitous, surrounding
us virtually all the time. These devices give computational
power and communication capabilities that we can exploit
in our daily life activity. For example, nowadays search-
ing on the web has become the preferred way of looking
for information to support various tasks (e.g looking for a
nearby pizzeria, when the next train to Brussels from Has-
selt leaves, etc.). But still today the idea of the web as the
largest source of information does not imply it is always the
best source of information to use in a specific context. In
a real life situation we often need to interact with people in
our vicinity to seek for help; in many cases the web as an
information resource is not an alternative. The web is not
situation-aware; it does not take into account the context of
use, the specific goals of the user or the current user activi-
ties. Moreover, in many situations we prefer asking another
human being to whom we can relate ourselves by means of
some social relations. This gives us comfort, certainty and
also ensures immediate feedback.

On a train or in new city it is more likely a natural or
common form of behavior to ask someone for something
we need, we want to ask for any help or information from
the local people or people relevant with the place, cause of
interest or things. This is not only because we feel comfort-
able while we have access to authentic information; some
times it is merely impossible to obtain fine grained infor-
mation from any other source. But there also is the inter-
personal communication barrier or threshold while seeking
for information or help from a person we do not have some
common ground. In this paper we provide a new way of
selecting the most appropriate person by using the social



network of the user in combination with the users’ context,
goals and activities.

We argue that exploiting social network, user’s personal
preference, presence of other users in the vicinity and their
preferences enable a new era of interaction that helps the
user to accomplish tasks more efficiently. It allows to select
a suitable person in the vicinity as a source of fine-grained
information in a large-scale ubiquitous computing environ-
ment.

In our ongoing work we demonstrate how a suitable per-
son within the neighborhood can be invited using UHS to
come forward and to provide help.

2. Related Work

The era of context aware applications begin with the in-
troduction of Active Badge Location System[15], an in-
frared technology based tracking system capable of track-
ing its users current location to forward incoming telephone
call closer to the user. From then, most of the context-aware
systems focus on the external context [11, 6]. External con-
text or physical context is basically referred to the class of
context where context data is collected via physical sensors.
It includes context data of physical environment e.g. loca-
tion, distance, time, temperature, air pressure, lighting lev-
els, surrounding users etc [11, 4].

To provide personalized services according to user pref-
erences focus on internal context is necessary. Internal con-
text [4] describes state of the user. It comprises of task and
emotional state of user, the cognitive domains, such as in-
formation retrieval, decision making, situation monitoring,
and so on.

Model has been proposed to capture the internal con-
text e.g. Schmidt et al. [13] propose hierarchical structure
of context to codify both internal and external elements of
context. At the top of the hierarchy there are human factors
includes user, social environment and task; and physical en-
vironment includes conditions, infrastructure and location.

Helping nomadic people by providing context aware in-
formation has been proposed e.g. the Cyberguide [1, 9] mo-
bile assistants or tour guides that are aware of the location
and orientation of its user and provide information about the
surrounding space.

A conceptual model has been proposed [7], showing how
social awareness through instant messaging can help mobile
learners by providing on-demand sharing of knowledge. In
this model social awareness has been described as a mental
concept where users become aware of social networking by
accessing to the same social network or resources regardless
of their location and learning context. Thus the learners
remain aware of available tutors, lecture and knowledgeable
peers should they encounter a learning problem for which
they need to consult .

Currently most of the existing approaches exploiting
context awareness focus on the external context and there
has been little work that addresses internal context. Though
this has resulted in some useful context aware and activity
aware applications and systems, most of these approaches
don’t consider more personal and social issues. Existing
approaches also don’t consider the unpredictable type and
amount of human need for fine-grained or too customized
queries in mind that can be only addressed by other human
being.

The U-Help-System addresses this limitation by using
social network, user preference, and presence of other user
in the vicinity.

3. Typical Usage Scenario

This section presents a typical usage scenario where
UHS can help a user to find context aware help and guid-
ance.

Linda is a regular commuter; she uses train to go to her
office. She regularly passed by Brussels city by train. It is
somewhere in the middle on her way to work from home.
She has visited Brussels many times, but still this city is big
enough for her to get lost! Today she needs to visit a Uni-
versity in Brussels. She has an appointment with Susan who
works for the University.

Linda has a rough idea about how to go to the university
campus. But she wants to know some simple but practical
information about the university; where exactly is it, how to
get there, which transport is cheaper, faster or safer? She
wants to know which direction she should follow after she
has reached the nearest station. Linda knows that she would
be able to go to the university campus somehow but she also
wants to know which path she should follow to get to the
veniue.

Linda was wondering if there is someone on the train who
knows about that university; Linda would feel rather lucky if
she could find someone on the same train who is also going
to the university! And in the office hours it is not a coin-
cident to find someone with a similar or same destination.
But she was wondering how!

4. The U-Help-System

We have developed runtime software prototype the U-
Help-System(UHS) that exploits two typical properties of
end-users searching for help: locality and common ground.
Locality implies users often seek help and guidance related
to the area they are located in or heading to. For example,
enquiring about the exact location of the baby food in a par-
ticular super market is less likely to appear in mind while
someone is away from the super market. Similarly, people



<foaf:Person rdf:ID="m=">

<foaf:name>Noah Jonson</foaf:name>

<foaf:title>Mr.</foaf:title>

<foaf:givenname>Noah</foaf igivenname:>

<foaf: family_namerJonson</foaf:family_names
<foaf:nbox_shalsum:617e3e909ac92390bdSde2 6041 1e20Fd6a3 93083 </ foaf inbox_shalsun:
<foaf:howepage rdf:resource="hrtp://research.example.con/~noah/ />
<foaf:knows>

<foaf:Person>

<foaf:name>Emma Jonson</foaf :name>
<foaf:mbox_shalsun>b513b6£7a7716967523069Fh38133bd2 1a5a42a0</ foaf iubox_shalsum:
</ foaf:Personx

</ foaf knows>

Figure 1. A social user profile using the FOAF
scheme

often want or need to know fine-grained information about
destination station while they are on board towards the des-
tination.

Asking a stranger for help is often difficult because peo-
ple are usually hesitant to initiate interacting with people
they are not acquainted with. The second property, com-
mon ground, indicates users feel more comfortable receiv-
ing help and guidance of other users they have something in
common with. UHS uses a combination of the social net-
work of a user and the context of use of all users in the social
network to seek for the most appropriate help and guidance.

Techniques originating from the semantic web initiative
as proposed by Tim Berners-Lee [8] are used to connect
different people with each oter. A viewer is identified by
a Friend-Of-A-Friend (FOAF)' profile. This profile con-
tains information about the social relations of the user, next
to traditional information that identifies the user (such as
name, address, hobbies, school or work environment,...).
Figure 1 gives an example of a FOAF profile that is used
by the UHS system. This small example shows that FOAF
is a Resource Description Framework vocabulary(RDF) [3]
for describing people and social networks. This allows us
to easily query relations between different FOAF files and
build a graph of related FOAF profiles (e.g. figure 2).

UHS uses the process enlisted below to obtain help and
guidance. The different steps of this process are:

1. A user has a question and seeks for guidance. The user
can access the UHS using her mobile device and input
the question.

2. The UHS connects with the UHS server and sends the
question together with the context data and user profile
to the server.

3. Upon receiving enquiry from any client UHS through
the server, the receiving clients run a matching algo-
rithm (see algorithm1).

!Brickley D., Miller L. FOAF specification versions 0.1, http://
xmlns.com/foaf/0.1/ - Last Accessed September 09, 2009 14:30
CET

(@) (b)

Figure 2. The U-Help-System in action. 2(a)
visualizes the social network. 2(b) shows a
mobile user querying for assistance and 2(c)
shows another user receicing the request.

4. The algorithm takes input from two information
sources: local information such as profile and prefer-
ence information from its local device, which is ba-
sically information about the owner of the UHS, and
information received from the enquiring UHS client
which is the information about a user in the neighbor-
hood who is seeking help.

5. Then the algorithm tries to find a match; upon finding
any match the UHS client informs its user so that she
can decide whether she wants to address the enquiry by
answering using the available communication channel
(e.g. the chat system included in UHS, instant messag-
ing or even just talking with each other).

Figure 2 depicts this process where a nomadic user
(black circle in the figure 2(a)) needs assitance and is seek-
ing for guidance. She uses her UHS client (figure 2(b)) to
connect to the UHS server. By exploiting FOAF the client
sends her query to peers (gray circles in figure 2(a)) who are
present in the vicinity and also share some common ground
with the user. A peer (the gray circle with an X mark, in
figure 1(a)) is found as a match and is ready to respond.
It notifies its user about the query. The user responded and
communication between the nomadic user, who needs some
help and the relevant person who is willing to help begins.

In our approach, user profile(see figure 1) is stored on the
UHS client device. User profile is described using FOAF,
a descriptive vocabulary expressed using the Resource De-
scription Framework(RDF) [3]. Each UHS client can pro-
cess user profile and find friend of a friend in the neigh-
borhood. This feature made it possible to avoid use of a
centralized server, which is commonly used in social net-
work systems where the server is responsible to determine
relationship among the users.

The next section will provide more details on the archi-
tecture and the behavior of the separate components of the
system.



Algorithm 1 UHS matching algorithm

1: Input (selfProfile, selfPreferene, rcvProfile, rcvPrefer-

ence)

2: while queryReceived = true do

3:  Parse(selfProfile)

4:  Parse(selfPreferene)

5 Parse(rcvUserProfile)

6 Parse(rcvUserPreference)

7. if isFOAF(selfProfile,rcoUserProfile) =

true then

8: if sel f Preference.status! = busy then

9: FindMatch(selfPreference, rcvPreference)
10: end if
11:  endif
12:  if matchFound = true then

13: NotifyUser(listWords,matchedRatio)
14:  endif

15: end while

16: FindMatch(selfPreference,rcvPreference)
17: sel f Keywords < Extract(sel f Profile)
18: revKeywords «— Extract(rcvProfile)
19: matchFound = false

20: for each selfKeyword do

21:  for each rcvKeywords do

22: if sel f Keyword = rcvK eyword then

23: matchFound = true

24: countMatch «— countMatch + 1

25 listWords «— addToList(sel f KeyWord)
26: end if

27:  end for

28: end for

29: matchedRatio — countMatch/sel f KeyWords
100
30: return listWords, matchedRatio

User Profile
User Preference

Sensor
Data

Y

Figure 3. Client structure

5. UHS Architecture

The UHS prototype runs on mobile computing devices
such as PDA’s and laptops. It keeps track of the user’s pro-
file, preference, presence of other users in the vicinity, pref-
erences of other users, current location and time. Figure
3 shows the basic structure of a client and communication
with other clients in the neighborhood.

The client controller is responsible for maintaining all
communication and computation. An HTTP/XML based
communication framework (see section 5.1) is used to facil-
itate a UHS client to communicate with other UHS clients.
The UHS client can send and receive plain text for chatting
and also send and receive attached files such as a regular
email. When a user needs help and asks query, the con-
troller sends the query to other clients via server. The re-
ceiving client controller initiates processing for profile and
preference matching and if necessary it notifies its user.

5.1. Web to peer

We have exploited web to peer (W2P) [14]? as founda-
tion for the communication framework. W2P is a middle-
ware framework that enables easy communication among
the peers in a network. W2P server is designed as a web ap-
plication, which is deployable in any servlet container such
as Tomcat® or Jetty*.

In the communication framework, a W2P client an-
nounces itself as a peer in the network. As a client declares
itself a peer it gets incoming and outgoing message chan-
nels. Then it can communicate with other clients registered
in the same group via the W2P server.The server acts as a
message gateway for all the clients registered in a group. A
client in the vicinity of a server, are assumed registered to

2 Available at http://research.edm.uhasselt.be/~w2p/ -
Last Accessed September 09, 2009 02:30 CET

3http://tomcat .apache.org/ - Last Accessed September 09,
2009 02:30 CET

“http://www.mortbay.org/jetty/ - Last Accessed Septem-
ber 09, 2009 02:30 CET



the same group e.g. all the clients inside the train wagon are
assumed registered to the group called train-server.

5.2. Registering with the server

When the user with the U-Help-System come within the
communication range of a server it get notified and the user
gets notification for registering to the new location or it can
be done automatically depending on the user’s preference.
The UHS notifies the user about the change, if she agrees
and wants to register as a client, she approves and the client
declares itself as a Peer in the network. Now it can com-
municate and exchange information with other clients reg-
istered on the same group on the server.

This is necessary because vicinity or nearby depends on
several factors that are hard to predict. For example, a per-
son standing on the train platform is nearby to the person
sitting inside the train. But as soon as the train leaves the
station this relation is no more valid. In such a case, if a
client is within the communication range of a server inside
the train wagon, the user can effectively decline to register-
ing to the “train-server” and remain registered as peer in the
“station-server.”

5.3. Selecting profile and preference

User profile is a description file in XML format. The
system can automatically select or suggest a profile, e.g. a
profile for at school or at home. The user can edit her own
preferences. Initially a set of criteria is defined, for example
one criterion is hobby and there is list of hobbies that a user
can select from the list. Or the user can also insert any other
property that is supported by the FOAF specification, so our
algorithm can process this information.

For each profile selected there are different kinds of pref-
erences e.g., a profile called out-door-profile may have a
preference which might allow the user’s friend to chat with
her, but on the other hand another preference might not al-
low to do so.

The user preferences are specified by a XML description
file that can be associated with (FOAF) profile. There is a
predefined set of preferences to make it simpler, at the same
time a user can also create custom preferences.

5.4. Query

Users can initiate a query and broadcast over the net-
work; all the clients present in the vicinity those who are
registered to the same group will receive the query. The
client will process the query to match with its user profile
and preferences. RDF [3] query language SPARQL [12] is
used to allow efficient queries over the distributed knowl-
edge base scattered in different client devices within the

Query broadcasted

Query matched
User Status: Busy
Action: No action

Query did not match
User Status: Available
Action: No action

User 3

Query matched
User Status: Available
Action: Notify the
user to response to the
query

.7 7

User n

User 1 User 2

Figure 4. A query structure

vicinity. A matching algorithm matches the profile and pref-
erence and suggests its user whether she should respond to
the query or not. For example, a query for searching some-
one who can provide information regarding a local univer-
sity should be matched with a profile containing the univer-
sity name and with key words e.g. student or employee. At
the same time the client program will also look at the pref-
erence for interruptibility state. The client does not imme-
diately respond to the matched query, rather it asks its user
that someone needs help and she probably can respond(see
figure 4).

5.5. Selecting Context

Context is not only location information. There are differ
notion of context which is not only location, rather location,
time etc [13]. Presence of other users in the vicinity and the
users preferences also play a good role in interaction. Se-
lecting a context would be done by exploiting location sen-
sors, time, preference. In our current prototype, the location
information is manually specified by the user. Eventually
this limitation will be replaced by a location sensing module
that exploits UbiSense’ technology. Once the system has its
location information, it can look into the database and sug-
gest or select a profile depending on the users preference. A
user can allow the system to select a profile automatically
or she can control this herself by selecting a profile from
the suggested set of profiles. For example, the system will
select a profile such as “on the train,” while the user is on
the train and the she allows the system to select a profile au-
tomatically depending on the available context information.
Otherwise, depending on the available context information
the system may suggest

e On the train
e On way to University
e On way to interview

And the user will be able to select one from the list.

Shttp://www.ubisense.net/ Last Accessed July 06, 2009
17:01 CET



6. Discussion and Future Work

The UHS presented in this paper shows how social
awareness and context awareness together can be utilized
to help nomadic people finding reliable and fine grained
information comfortably. In large public spaces such as
train station, airport or train wagon, typically people are no-
madic and need some situational information very often the
queries are too specific. Moreover the type of people varies
widely by different factors e.g. age, profession, skill level.
So, it is a bigger research challenge to tackle users and their
activities in such open public place. However tracking a
nomadic user is not only a privacy issue, but also a matter
of viability. That is why helping user by rapidly tracking
her context, interest, need, preference, skill or ability and
providing appropriate information help is difficult. UHS is
a semi-automatic approach to handle this. It uses some al-
gorithms to approximate, at the same time asks the user to
validate the choice.

The web is not situation-aware, and real life scenario is
yet too dynamic to be incorporated and made available for
being searched. Moreover, web does not take the context
of use into account. That’s why a peer to peer interaction
is necessary for many reasons. Not only certainty, com-
fort and immediate feedback but a peer to peer interaction
is sometime necessary for people with different range of
ability. This is another reason why we often prefer to ask
another human being over web based information.

This view of context and context-awareness differs from
many of the previous approaches, because it focuses on cre-
ating context-aware applications that integrates awareness
of the users’ social network as a central component to en-
able context-aware search for human guidance. It takes into
account the internal context such as preference as well as
external context such as location.

UHS enables a text based chat environment where the
users can exchange messages either to send query, seek
guidance or to summon help to a nomadic user. As the
communication established between two users, both par-
ties may agree to discuss in person. But in a large public
environment, how can they find and recognize each other
conveniently is another challenge which we will address in
future work along with the evaluation of the prototype we
have developed.
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