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Abstract

This licentiate thesis presents ubiquitous systems for human communication and awareness
from the perspectives of improving our everyday life experiences and relieving our scarcest
resource, ourselves. The thesis also presents different methods of designing such systems
with the user needs in focus. The goal of this work is to construct systems which support the
user with context-based information and functionality that simplifies the user’s tasks.

The applied nature of this thesis is indicated by the three prototypes, which has been de-
veloped and evaluated. The first prototype provided spectators of sport-events with added
information about the contestants and hence improved the experience of the event. The sec-
ond prototype supported nurses in elderly care with their tasks by making organization and
information gathering less time consuming and thus leaving more time for talking to the pa-
tients. Finally, the third prototype realized a system for ubiquitous human communication.
The third prototype utilizes an algorithm for selecting and using media resources in the en-
vironment. This algorithm decouples several difficult problems and can be used to combine
leading research in different areas of awareness together to create accurate resource selection.

The motivation for creating prototypes has been to get experience from using systems
which empower users and to find methods for satisfying user needs. Involving users early
in the design process can help satisfy user needs. Hence, it is important to find methods
and strategies for involving users, especially as not everyone can see the opportunities a new
technology has to offer. In this thesis four methods and strategies are described and tested.
These are paper prototypes, wizard of oz studies, questionnaires and real prototypes which
were developed and then evaluated. These methods are compared and some of the findings
are being discussed in this thesis.

The evaluation of the prototypes and the user-studies show that it is possible to im-
prove everyday life experiences using a combination of ubiquitous, pervasive, wearable and
context-aware computing. A majority of all the users who answered the questionnaire for the
first prototype answered that the system improved their experience of the sport event. The
nurses who used the second prototype were positively surprised over how the technology
could save both time and create a better group awareness. Most of the users who participated
in the user-study for the third prototype were positive to using a mix of media resources to
get richer communication, they were also in favour of using resources in the environment to
save money and improve quality.

The main results in this thesis are valuable insights into user opinions of ubiquitous sys-
tems, methods for involving users in the design process, and several design rules which can
serve as a guideline for designing future ubiquitous systems.

iii



iv



Contents

Publications vii

Acknowledgments ix

1 Thesis Introduction 1
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.3 Research Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.4 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1.5 Overview of the Publications . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.6 Thesis Organization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2 Cross-country Skiers Go On-Line 17
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.2 Related work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.3 System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2.5 Discussion and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . 29

2.6 Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

3 Wearable Systems in Nursing Home Care:
Prototyping Experience 31

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

3.2 Scoping the Project . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.3 Paper Prototyping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

3.4 Moving to Multimodal Devices . . . . . . . . . . . . . . . . . . . . . . . . . 37

3.5 Final Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

v



vi Contents

3.6 Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4 Supporting Automatic Media Resource Selection Using
Context-Awareness 43

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

4.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4.3 Media Resource Management . . . . . . . . . . . . . . . . . . . . . . . . . 47

4.4 Automatic Media Resource Selection . . . . . . . . . . . . . . . . . . . . . 50

4.5 Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

4.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

5 Supporting Ubiquitous Multimedia Communication -
User Study and System Design 59

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

5.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

5.3 Ubiquitous Multimedia Communication . . . . . . . . . . . . . . . . . . . . 63

5.4 User study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

5.5 System Design and Implementation . . . . . . . . . . . . . . . . . . . . . . 71

5.6 Discussion and conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

5.7 Future work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

5.8 Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

6 Discussion, Conclusions and Future Work 77
6.1 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

6.2 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

6.3 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82



Publications

This licentiate thesis consists of an introduction and four publications. The introduction
provides an overview of all papers and their relation to each other, together with ideas for
future work. I am the main author of paper 1 and 4, and co-author of paper 2 and 3.

Paper 1 Josef Hallberg, Sara Svensson, Åke Östmark, Per Lindgren, Kåre Synnes, and
Jerker Delsing,
"Cross-country Skiers Go On-line", Technical report 2006:04, ISSN 1402-1536,
ISRN LTU-TR–06/04–SE, Luleå, Luleå University of Technology, April 2006. Ex-
tended version of "Enriched Media-Experience of Sport Events", In Proceedings of
Workshop on Multimedia Computing Systems and Applications (WMCSA 2004), Lake
District, December 2004.

Paper 2 Mikael Drugge, Josef Hallberg, Peter Parnes, and Kåre Synnes,
"Wearable Systems in Nursing Home Care: Prototyping Experience", In Journal
of IEEE Pervasive Computing, vol. 5, no.1, pp. 86-91, Jan-Mar, 2006

Paper 3 Johan Kristiansson, Josef Hallberg, Sara Svensson, Kåre Synnes, Peter Parnes,
"Supporting Automatic Media Resource Selection Using Context-Awareness", In
Proceedings of the 3:rd International Conference on Advances in Mobile Multimedia
(MoMM2005), Malasyia, September 2005.

Paper 4 Josef Hallberg, Johan Kristiansson, Peter Parnes, and Kåre Synnes,
"Supporting Ubiquitous Multimedia Communication - User Study and System
Design", To be submitted.

vii



viii



Acknowledgments

First I would like to extend my eternal gratitude to my Lord and Saviour for getting me to
where I am today. I would also like to thank my family who have always been there to support
me, in good and in bad. I would not have gotten far in life without being able to come home
to a loving family every now and then.

The work presented in this thesis could not have been done without the support and en-
couragement from a number of people. I would like to thank my supervisors Kåre Synnes
and Peter Parnes who have helped me develop ideas and further my research. I thank you for
all your valuable insights and comments. I would also like to thank my colleges within the
Media Technology research group who have always made me feel appreciated. Thank you
for taking part in my research and letting me take part in yours. Special thanks also go to
Marcus Nilsson who practically got me started on my research journey.

Finally I would like to thank all the people I have had the pleasure of working with in
different projects. I look forward to working with you all again and hope we will accomplish
great things together.

Luleå, May 2006

Josef Hallberg

ix



x



Part 1

Thesis Introduction

1
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1.1 Introduction

We live in an information society where the modern man is a nomad; she is able to access in-
formation from almost anywhere through mobile devices and computers in the environment.
This lifestyle comes with an increased amount of management and stress. Therefore, it is
important to create solutions which relieve the most important resource we have, namely our-
selves. These solutions should support everyday tasks, such as communication and informa-
tion retrieval. Ubiquitous computing has made such solutions possible. This thesis presents
work on ubiquitous solutions for supporting and improving the experience of everyday tasks.
This is achieved using awareness and rich communication in a mobile setting.

Awareness has long been used in ubiquitous computing to provide users with information
and services to aid them. Using awareness in such a way means using information about
the user, her surrounding, the sources of her current interests, etc, to create services which
react adaptively on the current situation and users’ needs. There are however a few problems
which makes realization and deployment of awareness systems difficult. These problems
include unsolved issues, such as limitations in functionality, flaws in usability, inability to
deal with privacy issues, and deployment issues when requiring sensors and computers to be
spread throughout the environment.

The problems regarding functionality and usability are both closely related to user needs.
Hence, it is natural to let users influence the design of ubiquitous systems. However, not
everyone has the capability to see the opportunities the technology has to offer. Therefore,
finding methods for encouraging creativity and being able to measure the satisfaction of a
system before it is built is very important. Several different methods for doing this exist and in
this thesis four different ones are described, tested, and evaluated. These are paper prototypes,
wizard of oz techniques, questionnaires, and working prototypes which are developed and
then evaluated.

The most requested functionality in our nomadic information society is mediated com-
munication [44]. Text and audio are the commonly used media but richer communication
is possible by using video and shared drawing spaces, in combination with audio and text.
Rich communication has long been available for stationary computers but has not yet had any
major success for the mobile devices, such as mobile phones. The limited functionality of
mobile phones, such as limited input and computational capabilities, can explain why mobile
communication seldom includes any other media in combination with audio. This thesis de-
scribes how to achieve rich communication in a mobile setting by using media resources in
the environment.

The remainder of this chapter presents an overview of ubiquitous and pervasive com-
puting, awareness systems and rich communication. This is followed by the used research
methodology, related work, the research questions covered in this thesis and some of the
background to why this research was performed. Lastly, an overview of the included papers
together with my contribution in these is presented.



4 Thesis Introduction

1.1.1 Ubiquitous and Pervasive Computing

Since Weiser presented his vision of future computer environments [77] in the early 1990’s,
computers have become readily available in the environment. This has given birth to a whole
new research field often referred to as ubiquitous computing. Ubiquitous computing is the
concept of having computers available everywhere, and at any time. There are several chal-
lenges in this field such as how to support human computer interaction and user empower-
ment1, how to design wearable computers, and how to embed computing and communication
technology into environments and artifacts.

Many of the challenges in ubiquitous computing serve to empower humans interacting in
such an environment and to enhance their interactive experience in an unobtrusive fashion.
Albrecht Schmidt states in his doctoral thesis: "Creating a good experience for a user can
improve their perception of their work and so ultimately make the process of using a com-
puter system more effective and pleasurable" [62]. For achieving a good experience, systems
should be easy to use and they should support the user, for example by providing information
to the user or by unobtrusively providing the user with new or improved services.

Pervasive computing is often used as a synonym to ubiquitous computing. However,
while ubiquitous computing means having computers everywhere, pervasive computing
means hiding the technology from the user while providing support. Though there are subtle
differences in the definitions of ubiquitous and pervasive computing these concepts are often
mixed as it is desirable to provide support and empowerment everywhere and at any time
but without being obtrusive. Empowerment and interaction should be natural and simple; it
should be transparent.

Similarly to the foundation presented by Weiser in 1990, Satyanarayanan has provided
visions and challenges in pervasive computing [59]. Satyanarayanan presents a number of ar-
eas in pervasive computing which need further researching for it to become more successful.
Some of these are finding user intent and to provide services through awareness in order to
better support user tasks, finding resources in the environment which can extend functionality
and decrease the load on the personal mobile device, balancing autonomy and transparency,
and dealing with privacy and trust issues. The research questions in this thesis, presented in
section 1.3, deal with some of these challenges.

1.1.2 Awareness

Awareness is one part of ubiquitous and pervasive computing research which is often re-
ferred to as context-awareness. Context-awareness means reacting to context, such as noti-
fying users of available resources or configuring a service based on what the user is doing.
Other popular uses of awareness are location-awareness and situation-awareness. Location-
awareness is part of the context-awareness concept and means reacting to the location context.
Situation-awareness is often used for systems which react to all contexts which are relevant
to a situation. Awareness then is a wider concept than location-, context-, and situation-
awareness and means reacting to any relevant information, not only contexts.

1The term "empowerment" denotes having the right to make one’s own choices and having the ability to act on
them
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1.1.3 Rich Communication

The term "media richness" was first introduced by Daft and Lengel [14], and refers to the
ability of conveying information over time. Richness of communication media can be ranked
on their abilities to relay immediate feedback, provide feedback cues such as body language,
allow the message to be created or altered specifically for an intended recipient, and transmit
the feelings or emotions of the communicators. Face-to-face communication is referred to as
the richest form of communication, but rich communication can be achieved without meeting
face-to-face. Rich communication can be achieved using a combination of different media,
such as video, audio and chat.

1.1.4 Methodology

The work described in this thesis is mainly applied research, meaning ideas and theories
have resulted in useful prototypes which should be relatively easy to deploy and evaluate.
Therefore, less focus has been put on deploying sensors in the environment to create smarter
spaces and more focus has been put on utilizing what is already available in the environment
and what the user can carry with her. The results of the research presented in this thesis are
closely related to the three prototypes in particular. The three prototypes are:

The sport-events prototype The first prototype provided spectators of sport-events with
added information about the contestants by using awareness of the skier’s location,
altitude, speed, and pulse.

The nursing-home prototype The second prototype supported nurses in elderly care with
their tasks by using awareness to make organization and information gathering less
time consuming.

The ubiquitous communication prototype The third prototype realized a system for ubiq-
uitous human communication. Awareness was used to detect the user’s current com-
munication needs, detect available media-resources in the environment, and to take the
user’s and the respondent’s privacy into consideration.

These prototypes were developed and evaluated in order to derive methods for satisfying user
needs with aware systems, and to get real experiences from using them. They also serve as
proof of concept systems which prove that theories and ideas work in practice.

1.2 Related Work

The papers included in this thesis contain related work, however this is mainly work related
to the research questions addressed by the research presented in each paper respectively.
Here however, the research area has been studied from a prototyping perspective. Focus
has been given to the use of awareness in ubiquitous computing systems and the use of rich
communication in mobile devices.
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1.2.1 Awareness

There is much related research which presents the uses and advantages of awareness in ubiq-
uitous and pervasive systems. This research covers many different scenarios and many dif-
ferent applications which in some way assist users. These scenarios and applications can
roughly be divided into four different categories:

• Office environment

• Healthcare environment

• Home environment

• Other environments

Office Environment

A large part of the research conducted in the awareness area has been concerned with im-
proving office environments and it was within these environments that research on awareness
began. This is probably due to mainly three things. Firstly, in a work environment people
are interested in carrying out their tasks as efficiently as possible. Secondly, people are more
structured in their work environment than in other environments since they do one or a few
specific tasks. Lastly, offices were computerized much earlier than homes.

The pioneering work in this area includes the Active Badge system [75] and the ParcTab
system [76]. These early systems were mostly aimed at improving communication possi-
bilities, e.g. enable the routing of phone calls based on knowledge of colleagues’ location.
There are many scenarios and applications aiming towards this, including the work by Schilit
et al. [60]. Improving collaboration possibilities and mobility with context-aware systems is
another issue of interest [5, 11, 72], as is knowledge about nearby available equipment, such
as projectors and printers [9].

Some work towards different types of context-aware assistants has also been conducted.
Yan and Selker developed an office assistant with which a visitor could schedule meetings
[78]. The assistant also took care of the office owner’s schedule regarding appointments etc.
Dey et al developed the conference assistant which could help conference attendants with for
example schedules and taking notes [18].

The ubiquitous communication prototype described in this thesis is an evolution of much
of the research done in office environments. This prototype improves communication pos-
sibilities as well as collaboration possibilities through rich communication. However, the
prototype is not limited to office environments but rather aimed at working in any environ-
ment, such as hospitals and at home.

Healthcare Environment

With the help of an aware environment there is hope of enabling the elderly and disabled
to live at home to a greater extent [26, 32]. The developed models and systems are mainly
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monitoring and alarm systems [24, 57, 67], where the inhabitant is monitored in her daily
life and triggers an alarm if something goes wrong, e.g. if she falls. Other applications
include reminding inhabitants of forgotten tasks, e.g. taking medicine, and automatically
keeping adult children and caregivers updated with activity information [13, 45]. The use
of awareness is also being investigated for hospitals and other caring facilities. Aware pill
containers, hospital beds, and electronical patient boards have been studied [4] and scenarios
regarding remote consultation, tracking of patients and equipment, and automatic notification
of lab results have been described [43]. The nursing-home prototype described in this thesis is
one of the aware systems developed for hospital environments, with the purpose of assisting
personnel so they will have more time to spend with their patients.

Home Environment

The goal of aware homes is to supply the occupants with an environment which helps them
in their daily life. Two of the largest projects in intelligent home environments are the Ea-
syLiving project [8, 22] and the Aware Home Research Initiative [3, 32]. A lot of scenarios
where awareness could be of help in a home environment have been raised in magazines,
movies and research papers [42]. The ideas and visions about how to help family members in
their everyday life stretch from interactive play spaces for children [7] to complete security
systems which are aware of the current activities in the home [42]. Research on improving
families communication possibilities [46] and awareness of each other [39] has also been
conducted.

Other Environments

Trying to improve the working conditions for emergency personnel, like fire fighters, is one
area of research concerning other environments. For emergency personnel to be able to do
their work to the best possible extent, they need all the information about the current situation
they can get. They would most likely be assisted by the extra information an aware applica-
tion could provide. In recent research an architecture called Siren has been developed [31] to
enable context-aware applications in fire fighting scenarios.

There has also been work done regarding aware tourist guides. Two of the more famous
guide systems are Cyberguide [1] and GUIDE [12]. The initial prototype of Cyberguide was
made for indoor usage and had a very limited use of context, only location and orientation
was utilized. Another prototype for outdoor usage was also made and both were aimed at
tourists visiting Georgia Institute of Technology. GUIDE on the other hand was made for
guiding tourists in the city of Lancaster and a user could for example get information about
nearby places which matched the user’s interest profile.

Reminder applications are another area of interest where several trials have been made.
There is the Forget-Me-Not system [35], where a wearable ParcTab [76] records a user’s en-
counters of places, people, and devices. The information is then stored in a private biography
for later use. Another example is the Remembrance agent [56], a proactive memory aid which
presents short summaries of text sources which could be of interest in the user’s current con-
text. A third is CybreMinder [17], where users can remind themselves or others by sending
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small messages. The reminders can be set to be delivered according to for example time or
location of the receiver.

The sport-events prototype described in this thesis has a slightly different purpose from
the other applications described in this area. However, the functionality behind these appli-
cations is similar in that it provides added information to a user. In the sport-events prototype
it’s about providing the user with real-time data from a skier which isn’t all that different
from providing a fire marshal with information about the firefighters who are working inside
a burning building.

1.2.2 Rich Communication

Rich communication often includes verbal, visual and textual components, and is commonly
associated with video conferencing systems. Early prototypes in video conferencing tools in-
clude vic [41] and the mStar environment [49]. These tools make it possible to communicate
over distance using rich media; however, they were not intended for mobile devices, such as
mobile phones.

Much research on providing rich communication for mobile devices has been on device
and coding-format-independence [65], and efficient video coding [37]. This research is based
on the notion that the rich communication should be handled by a mobile device with limited
capabilities. There is however research which aims at using resources in the environment for
achieving rich communication. In [52] a framework is created for using resources in the en-
vironment to overcome the limitations of the small screen in mobile devices. The ubiquitous
communication prototype is closely related to this research but aims at being able to use any
media resources in the environment which can improve the communication experience.

1.3 Research Questions

The main research questions covered in this thesis are:

1. What methodologies are useful and advantageous when prototyping ubiquitous sys-
tems?
It is important to create systems which meet an actual need. Therefore it is important
to involve users in the research. There are different approaches on how to do this, such
as making a prototype which is then evaluated and possibly modified, or involving the
users from the start and creating a prototype together with them.

2. How can mediated human-to-human communication be improved in an unobtrusive
way?
People often use mediated communication today and while being mobile the commonly
used tool is a mobile phone. However, mobile phones have limited functionality, such
as small screen, limited input capabilities, limited CPU, and although there are mobile
phones with a built in camera it can be expensive and cumbersome to use. So, using
resources in the environment could provide users with more choices, better services
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and functionality. This thesis presents a way to improve mediated human-to-human
communication by using resources in the environment. It also discusses the balance
between autonomy and transparency, how to improve user interaction, and how re-
sources in the environment should be compared.

3. What conclusions can be drawn from the opinions by users of ubiquitous system proto-
types?
While using aware systems there are a number of issues which spring to focus. The
main one might perhaps be how privacy, trust, and integrity aspects are perceived.
However, this issue might perhaps never be fully solved if the desired functionality is
to be achieved. Therefore it is important to find the balance of privacy implications and
the empowerment achieved. In this thesis some of the opinions from users in regards
to these issues are presented and discussed.

1.3.1 Delimitations

Much of the current research in ubiquitous computing is focused on how to make reliable
awareness. Hence, much effort is spent on technologies for gathering contexts, in information
fusion and abstractions of sensor data, in neural networks, and in sensor technology. Although
these are all important research areas in ubiquitous computing this thesis does not focus on
these. Instead, this thesis focuses on how to utilize the contexts once they are gathered and
create awareness through simple rules in order to create useful services.

1.4 Background

Previous research within the division of Media Technology at Luleå University of Technol-
ogy has been done on mobile distributed systems with focus on collaborative work and rich
communication. For people within this research group mediated communication is part of
everyday life as mediated informal communication is made possible through the "e-corridor"
which is an e-meeting2 session running 24/7. This "e-corridor" is more than a normal office
corridor as people can join it from different locations and interact with sound, video, chat and
a shared electronic whiteboard. In order to create the feeling of a real corridor it is important
to create a sense of presence for people joining from different locations. It is partly from this
notion that the research performed by the author springs.

Using awareness was seen as a possible way to provide a greater sense of presence than
just sound, video, chat, and a shared whiteboard. With awareness it is possible to provide
information about a user’s location, if a person is busy, if a user is alone, and it could be a good
addition for people who do not wish to send video but still wish to share a sense of presence.
However, awareness has so many other uses, it can help improve quality and security for
elders living at home, it can help reduce stress at work by providing information when needed,

2The term "e-meeting" denotes a group web conferencing session which can include video, audio and chat among
other media. Rather than requiring a dedicated meeting room, e-meetings can take place from the user’s desktop and
be used for either formal or informal communication.
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it can assist users in their work and in their free time. That is why the scope of this thesis has
a wider focus than providing a greater sense of presence in mediated communication.

1.5 Overview of the Publications

This section gives an overview of the four papers included in this thesis and my contribution
to each paper. For the full papers see Part 2, Part 3, Part 4, and Part 5.

1.5.1 Paper 1: Cross-country Skiers Go On-line

The first paper presents a system for enhancing the media experience of sport-events. An
overview of the system is illustrated in Figure 1.1. Information about the skier’s location,
altitude, speed, and pulse was collected by sensors carried by the skier (D). This information
was then transmitted from the skier via GPRS (C) to a database where it was stored (B).

Figure 1.1: Overview of the system

Any spectator interested in one of the participating skiers could browse to a webpage
with an applet (A) which pulled information about the contestants from the database. This
applet (see figure 1.2) presents the user with a map with which the user can interact to get
the desirable zoom and pan, with a graph which shows the history of the skier’s pulse and
altitude, as well as the current speed and pulse. This information provides the spectator with
an interactive experience with the possibility to compare skiers, such as seeing how slopes
affect the skiers’ pulse and comparing the skiers’ location.

The paper presents the technical details of the sensors and the performance during the race
for the ubiquitous system. It also presents the interviews of the three participating skiers.
These interviews cover the skiers experience and thoughts of the system, as well as their
view of the privacy aspects involved. Finally the results from a survey given to spectators are
summarized. These results show that being able to see the locations of the skiers on a map



Thesis Introduction 11

Figure 1.2: The applet showing skiers’ location, speed, altitude, and pulse.

was very helpful and much appreciated by the spectators. A large majority of the spectators
thought the added information enriched their experience of the sport event.

This paper was a collaborate work between mainly me, Sara Svensson, and Åke Östmark.
In the developed prototype I was responsible for handling map requests and the context man-
agement, while Åke was responsible for the sensors, and Sara was responsible for the client
Java applet. I am the main author of this paper and I am responsible for writing about the
context-aware platform, visions and future work, the interviews together with Sara, the dis-
cussion together with Sara and Åke, and the conclusions together with Sara and Åke.
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1.5.2 Paper 2: Wearable Systems in Nursing Home Care: Prototyping
Experience

The second paper identifies specific needs to improve working experiences in healthcare.
These needs include improved human-to-human communication and improved information
flow. In this paper a paper prototype was developed closely with the healthcare personnel
who were able to influence the design and function of the wearable communication system
and the context-aware functionality. A wizard of oz prototype was also developed which
presented the users with a working system they could try and feel.

The nurses who participated in the design phase would normally spend much time gath-
ering information from personnel who had worked during the night or the weekend to find
out if there had been any problems. Much time would also be spent trying to explain certain
health conditions to experts, which sometimes ended up in confusion. The prototypes pre-
sented in this paper aimed at making the desired information available to the nurses whenever
they needed it, and they aimed at simplifying communication and reducing confusion. The
main goal was simply to empower the nurses and helping them save time which they could
instead spend with their patients.

(a) Wearable computer outfit: battery pack and
VGA converter for the head-mounted display
(left), Sony U70P computer (lower center), Blue-
tooth headset (upper center), and M2 head-
mounted display (right).

(b) A nurse wearing a computer and head-
mounted display while attending a patient.

Figure 1.3: The wizard of oz prototype.

The wizard of oz prototype consisted of a simple wearable computer (see figure 1.3) and
was using an e-meeting software which provided all the necessary tools for demonstrating
the concept. The "wizard of oz" would provide all the desired information via the virtual
whiteboard and would intercept all phone-calls when the nurse was busy. Instead of trying to
describe a condition to an expert the nurse could now send a live video stream which in many
cases reduced confusion. Though the physical representation of the prototype was not perfect
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it did address the actual needs identified during the interviews with the nurses and during the
design phase with the paper prototype.

Both paper prototyping and wizard of oz techniques was appreciated by the nurses, as they
were able to directly influence design and functionality. The nurses also expressed enthusiasm
for the project because of the fast pace, something which is directly related to the rapid
prototyping techniques used. In conclusion the prototype was deemed useful and appropriate
by the nurses.

This paper was achieved together with Mikael Drugge. Mikael was the initiator of this
work and is the main author of this paper. Though the work leading up to this paper, such as
interviews and tests with elderly-care personnel, was shared equally, Mikael did most of the
writing. I did however write the section about the Wizard of Oz method used in our tests.

1.5.3 Paper 3: Supporting Automatic Media Resource Selection Using
Context-Awareness

The third paper presents a solution for providing users with the most suitable media resources
in order to improve human-to-human communication. An algorithm decouples the selection
problem into smaller parts which can be solved independently. In order to compare resources
to each other, abstractions for privacy, quality, and cost are introduced. This paper raises
many research questions, such as which contexts should be used to form the privacy, quality,
and cost abstractions, how to compare media resources to each other, which media resource
to select and when to change, and how to ensure privacy,

Infrastructure

Media streams 
to/from other 

users

Media sink

Selected
media

resourcesMedia sink

Media sink

Media
gatewayMedia source

Media source

Figure 1.4: A conceptual communication model.

Figure 1.4 illustrates the used conceptual model showing two communication abstrac-
tions, media source and media sink. A media source is an abstraction over a media-capturing
hardware device, such as a camera or microphone, and the software that generates the media
stream. After being generated, the media stream is distributed to the recipients via a network
infrastructure. When the media stream has been received and processed by the recipients, a
media sink presents the media stream to the user. A media sink is an abstraction of a media-
rendering hardware device such a loudspeaker or a display and its accompanying software,
which is used by the device to send or receive the media stream.

This paper was accomplished while working closely together with Johan Kristiansson and
Sara Svensson. Johan was the one who initialized the work and is the main author of the pa-
per, though we all contributed equally in the development of the prototype. In the end we put
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down the same amount of work in producing the paper where my main contribution was the
introduction of indexes which are used for comparing resources to each other and selecting
the most suitable resource. I also made most of the writing in the evaluation section, most
of the related work and the discussion. Johan and Sara were mostly responsible for the algo-
rithm, though it was refined by me. Johan also contributed significantly to the introduction
and the evaluation section. Sara’s main contribution was the section about media resource
management.

1.5.4 Paper 4: Supporting Ubiquitous Multimedia Communication -
User Study and System Design

The fourth paper builds on the work presented in the third paper. The paper presents the
results from a user study which was performed. Several design rules were derived from the
results of the questionnaire. These design rules were incorporated into a prototype which are
also presented in the paper. The paper presents several of the challenges which need to be
overcome in order to successfully deploy a ubiquitous multimedia communications system.

The design rules which were identified are:

1. The users should be able to easily switch back to their own terminals.

2. A switch should not introduce extra delay.

3. The user interface should be simple to use.

4. When selecting a cheaper media resource, the quality should not be worse than the
currently used resource.

5. As the users can not assess the sensitiveness or relevance of a new conversation or
message in advance, new calls or sessions should always be handled through users’
own terminal before using a public resource.

6. The system should consider the privacy of all participants in the session and not only
the local user when selecting a new media resource.

7. The system should be able to give both the local and remote users feedback about the
risk of violating their and other user’s privacy when using a particular media resource.
The system should be able to determine possible privacy implications of each resource
based on the amount of information the resources expose to other people.

8. It should not be possible to derive privacy related information from the knowledge of
which resources that is being used.

9. The system should be able to make a separation between media capturing devices and
media presenting devices.

10. The users must be in control of the system, and be able to decide if it is suitable to use
a particular media resource.
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(a) Information component. (b) Configuration component.

Figure 1.5: Two screenshots showing the proposed user interface.

Many of the design-rules identified from the user study have to do with usability issues.
It was therefore deemed appropriate to suggest a user interface which addressed these. The
user interface (see figure 1.5) provides the user with a set of suggested resources available to
the user. The functionality behind this user interface follows a set of rules and sorts between
different resources based on user preferences. This functionality then gives the user final
control over what is used or not used while at the same time simplifying the selection process
and making it more user-friendly. The prototype which was developed also configures the
resources so they can be transparently used by the user.

I am the main author of this paper and also the one who initiated the work. It was ac-
complished by working closely together with Johan Kristiansson. We put in about the same
amount of work in the making of this paper. We created the video and the questionnaire, as
well as analyzed the results together. Most of the text is written together though Johan did
the statistical calculations and I created the user interface.
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1.6 Thesis Organization

The four papers included in this thesis are reproduced in its original form and have not been
modified since their publication, with the following exceptions:

• The layout and formatting of the papers have been unified so that they all share a
common style and appearance.

• Some figures have been resized and repositioned so as to fit aesthetically in the common
layout used.

• Figures, tables and sections have been renumbered to fit into the numbering scheme
used throughout the thesis.

• Bibliographical entries and citations have been renumbered, and all references have
been moved into a common bibliography at the end of the thesis.

• Editorial changes of grammar and spelling have been done to correct a few minor
errors.

The remainder of this thesis consist of 5 parts. The four papers are located in Part 2, Part
3, Part 4 and Part 5 respectively. Part 6 consists of the discussion, conclusions and future
work.
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Abstract

This article presents a pervasive computing system which give spectators of sport events an
enriched media experience. The system utilizes Internet-enabled sensor technology integrated
into a context-aware platform and was evaluated during real-life use at the Vasaloppet cross-
country ski event. Sensor data was transmitted from contestants, using Bluetooth wireless ad-
hoc networking and GPRS technology, to the context-aware platform which in turn presented
the sport event spectator with a personalized and context-aware view.

The system architecture and integration of components are discussed in this article, to-
gether with evaluations from technical and user perspectives. The results confirm that our
approach is technically feasible and that the system provides an enriched media-experience
for the majority of spectators.

2.1 Introduction

During the last decade, the usefulness of context-awareness has been shown in a number
of scenarios, e.g. tourist guides and office applications. One area which has received less
attention is sport events, in which information about contestants often is very sparse. The
information is typically limited to name, age, country, and, if applicable, place and elapsed
time. By equipping the competitors with sensors, additional information, such as pulse and
location, can be retrieved. This information could then be provided to the viewer to achieve
an enriched experience. The information could be provided both as it is and in some way
refined, for example as comparisons between contestants’ pulse during the race. With the
help of location information from participants, an application could also enable the viewers
to follow the participant of their choice. Hence, they could follow their favourite athlete, a
friend, or a relative, rather than only following the contestants who are in the lead, which
often is the case in traditional broadcasting media.

One way of accomplishing this would be to incorporate the new information and possi-
bilities of choice into a regular or interactive television broadcast. A more easily deployable
way may be to implement it as a web application, in which viewers can access the content
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of their choice. To get an indication of public interest, we built a web application as a proof
of concept, where the location, pulse, and speed of cross-country skiers could be followed.
This would also allow us to study how well the sensors perform under extreme working con-
ditions as well as study scalability issues of the context-aware platform in real life operation.
It would also allow us to inquire about the skiers’ opinions of the system. This led us to three
questions which we answer in our work:

• Would any viewers be interested in these new possibilities?

• What would the opinions from the athlete’s point of view be?

• Could a working solution be built with the Internet enabled sensors and the context-
aware platform developed in our research at Luleå University of Technology?

Figure 2.1: Cross-country skiing (photo: Per Pettersson)

We deployed and tested a prototype system during the world’s largest skiing event, the
Vasaloppet week, which is held annually in Sweden during one week in the beginning of
March [71]. The main event of the Vasaloppet week is the 90 kilometres contest, Vasaloppet,
which is complemented with a whole range of other cross-country skiing events. One of these
events is the open track non-competitive event, where the participants may start at any time
within a given time frame to conclude the 90 kilometres at their leisure. Our application was
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tested both during Vasaloppet and during the open track event. Three professors from Luleå
University of Technology, one of them shown in Figure 2.1 practicing cross-country skiing,
participated in the testing by taking part in the Vasaloppet contest and the open track event
equipped with sensors.

2.2 Related work

Previous research has been conducted on trying to enrich users’ interest, engagement, and
experience of media in different ways and parts of this work have previously been published
at [25]. Other than us, few have focused on sport events and the approach to give the viewer
an alternative view or option of whom to follow in these events has not been utilized.

Some work close to our application is the Arena project [2] and the Media Event Platform
(MEP) [48]. In the Arena project, hockey players were equipped with sensors to enrich
viewers’ experience. Some of the big differences compared to our work are that the Arena
project is focused on team sports and that the viewers could see the whole game even without
the equipment. In cross-country skiing you do not have the possibility to completely follow
a whole race neither by being there in person nor by watching television broadcast.

The MEP is a platform for providing information to improve the audience’s experience
of the media event. The platform was tested during the Swedish rally (part of the FIA World
Championship) and provided both static and dynamic information regarding the race. The
information provided was things like race results, area traffic information, rally news, etc.
The information could be accessed through the WWW, WAP or SMS. Here the viewers were
presented with several information channels, unlike our work where information only could
be accessed through the WWW, but the trial was aimed at attendants of the rally, not remote
viewers.

Another approach to enable viewers to more closely follow athletes during these types of
sport events has been the use of RFID tags. This makes it possible to know when athletes
pass certain points and average status between two points but it doesn’t allow a viewer to
know the status of an athlete at any given point during the race. This is something that IBM
is currently working on and every skier in Vasaloppet has a tag nowadays and information
regarding position can be acquired via WWW, WAP and SMS during the race.

Trials similar to ours have been performed during the Boston and San Fransisco Mara-
thons, with a system called the Marathon Man [54]. Here three runners were equipped with
sensors which transmitted information regarding pulse, position, steps, and temperature from
the runners via a cell phone to a server. This data could then be accessed live through different
applets. Here they tried to gain understanding of requirements for these types of systems and
their feasibility. We are more focused toward the users’ and spectators’ experience of the
application.

In the past, a number of prototypes of wireless networking sensor nodes have been devel-
oped. A node is a small, mobile, and battery-operated device. A significant number of these
devices are built using commercial-of-the-shelf (COTS) components. In general, the hard-
ware components consist of a microcontroller, memory, sensors, AD-converter, transceiver,
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and power supply. COTS hardware platforms such as the Berkley Mica motes [27] have often
been used when developing applications. Another platform is the BTNode [6], a demonstra-
tion platform for research in mobile ad-hoc networks and distributed sensor networks. The
hardware used in many of the devices resembles the hardware used in our platform. A clear
difference is the way communication takes place. In many cases, those wireless networking
sensor nodes utilize nonstandard or proprietary communication protocols. In our case, the
focus has been on adhering to standard protocols, such as IP, for communication with and
between mobile nodes.

2.3 System

Overall, the system is intended to give the viewer an enriched experience by providing ad-
ditional context to the sport event. An overview of the system is illustrated in Figure 2.2.
The viewer (A) is presented with a Java applet showing contestant information. The applet
gains its information from the context-aware platform (B) and data is received via a wireless
network (C) from the sensor nodes in the ad-hoc network (D).

Figure 2.2: Overview of the system

2.3.1 Viewer applet

The purpose of the applet is to show the advancement and status information of contestants
during Vasaloppet. The monitored skiers were equipped with sensors measuring altitude,
position, pulse, and speed. During the race the collected values are sent from the sensors via
General Packet Radio Services (GPRS) to the database of a context-aware platform.

The applet extracts the most recent data from the platform’s database at regular time
intervals and displays them. The skiers’ locations are drawn on a map which the user is able
to zoom and pan. The map can also be centred on one or all of the skiers’ locations by pressing
one of the top buttons shown in Figure 2.3. Pulse and altitude are drawn in diagrams related
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to the distance each skier has covered. Each skier has his own pair of diagrams, which scroll
horizontally according to the current distance covered. The name of the skier is displayed at
the top right corner of his diagram pair. Digital counters are placed at the right side of the
diagrams. The digital counter displays the skier’s speed in kilometres per hour in the altitude
diagram and the current value of the skier’s pulse in the pulse diagram.

Figure 2.3: The Vasaloppet applet

2.3.2 Context-aware platform

For storing and managing context-data we used the context-aware platform Alipes [47]. This
architecture was originally developed for location-aware applications but has been extended
with support for other types of data, for the purpose of conducting this test. Sensor-data
can be sent via a mobile device and is stored in the SQL database included in the Alipes
architecture.



24 Cross-country Skiers Go On-Line

A client which is monitoring the progress of the race contacts the database and is given
the latest altitude, distance from start, position, pulse, and speed. This means that the dif-
ferent data might not be from the exact same time. In the event of one sensor not reporting
any new data, the latest data will remain unchanged except for the position, which will be
estimated based on latest speed and knowledge about the Vasaloppet track. In this way it is
possible to reduce the negative effects of temporary network or sensor failures. Assuming
that extrapolated data has value for the viewer, no limit was applied to how old data could be
until it was considered irrelevant to the current situation. Although privacy often is an issue
in context-aware systems it has not been considered in the development of the system.

2.3.3 Sensors

A number of sensors exist to monitor heart rate. Of course, a cross-country skier would be
impeded by wearing sensors like finger clip sensors. During the ski competition event, a
heart rate transmitter belt, worn around the chest, was used. Signals from the chest belt are
transmitted wirelessly to a receiving unit, in the same way as in equipments such as treadmills
and exercise bikes. For collecting the position, time and velocity of the ski-runners, we used
a low power GPS module.

Generic sensor hardware platform.

Both the receiving unit for the heart rate monitoring and the GPS module was interfaced by a
small mobile sensor node developed at Luleå University of Technology. The sensor node is a
hardware device having a 16-bit microcontroller used for processing of received signals and
wireless communication. In general, wireless communication is the major power consumer
in mobile devices. For low power wireless communication, the node has a Mitsumi Bluetooth
module. The components, microcontroller, Bluetooth module, and batteries are mounted in
a box (11 x 6.5 x 2 cm) as illustrated in Figure 2.4. The weight of the GPS sensor-box and
heart rate sensor-box is 145g and 130g respectively.

Sensor node software.

Each of the 3 competitors had a Bluetooth- and GPRS-enabled mobile phone, which was
used as an access point for the sensor nodes. GPRS facilitates almost instant connections
where data can be sent (or received) immediately as the need arises, of course under subject
to radio coverage and GPRS channel availability. Utilizing GPRS and the Internet Protocol
(IP) for communication has numerous advantages over developing proprietary protocols, e.g.,
compatibility, flexibility, ease of maintenance, wide spread knowledge, and interoperability
with existing systems. To be able to run the TCP/IP stack on a sensor node with limited
resources in terms of processing power and memory, we used a stack with focus on low
resource utilization [21].

For communication between the mobile phone and the sensors (i.e. sensor nodes), we
developed a Bluetooth stack extending the TCP/IP stack with Bluetooth access capabilities.
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Figure 2.4: Hardware components

The Bluetooth standard defines a set of profiles for communication and allows different Blue-
tooth devices to interoperate. Today, a mobile phone generally implements the capabilities of
the Dial-Up Networking profile by acting as a wireless modem. However, during operation,
only one Bluetooth device may use the dial-up or GPRS services at a time. Since the mini-
mum configuration during the Vasaloppet competition was to have two sensor-nodes worn by
the participants, we also implemented the LAN Access Point (LAP) profile to be able to give
Internet connectivity for the second device. This architecture is not limited to having only
two nodes, but can be extended to several nodes due to the LAP service implementation. The
purpose of having one sensor-node attached to each sensor is to minimize the need for cables
and increase flexibility. Without wires, a selection of sensor-nodes interfacing different types
of sensors can be worn or carried by the skiers.

Sensor node communication and data acquisition.

When a sensor node is started, the node initiates an inquiry to find other Bluetooth devices
in the close proximity that provides Internet access (in our case a mobile phone). When a
device is found and the connection is established, the device acts as an access point for other
nodes. At any time, the nodes may lose their connection due to a number of reasons. The
mobile phone might be out of range of a base station, data sent over GPRS might be dropped
due to the policy of prioritizing voice. It is also possible that the users may leave the mobile
phone too far away (approximately 10 meters) from the sensor nodes. This suggests that the
sensor node must be able to form a spontaneous, or ad-hoc network, able to re-establish the
connection whenever needed. When the device has established connectivity, either by using
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the mobile phone or the other sensor node, readings from the attached sensor is performed
and data is transmitted over the public network. To reduce the sending rate, collected data
from the sensor can be processed before sending.

2.4 Results

The three professors, let us call them Anders, David, and Peter, participated in either one or
both of the open track event and the Vasaloppet race. During the events, four sensor nodes
were used. David, participating only in the open track event, and Anders, participating only
in Vasaloppet, used the same pair of sensor nodes. Peter used the other pair and participated
in both events. The results acquired from the races have been divided into four categories:
viewers’ evaluations, skiers’ evaluations, context-aware platform, and sensors and communi-
cation.

2.4.1 Viewers’ evaluations

A questionnaire was sent out on Testbed Botnia [68], which is one of Sweden’s first and
largest open testbeds for mobile services. Anyone who has a mobile phone and accepts the
terms of participation is allowed to join the testbed. The testbed currently has more than
5800 members and out of these 89 members tried our applet and answered our questionnaire.
The participants of the survey ranged from age 12 to age 57 with an average age of 31. The
participants were asked about how long they had visited the webpage and about their interest
in sports and new technology as well as if they felt that the added information enhanced their
experience of the sport event. 52 of the participants visited the webpage for no more than 15
minutes, while the remaining visited for a longer period of time, some for more than an hour.
Most of the participants (all but 3) were either interested or very interested in sports (2%), in
new technology (28%), or in both (66%). Over all, 84% thought that the added information
enriched their experience. All of these participants belonged to the group that were interested
in sports and/or new technology.

According to the survey, being able to see the locations of the skiers on a map was es-
pecially helpful. Although people liked the idea and the information in general, they saw a
problem with some of the information, especially pulse data, not updating at all times and the
maps being slow to load.

2.4.2 Skiers’ evaluations

We interviewed the three skiers regarding their opinions of the system using semi-structured
interviews. Two of the respondents were interviewed face-to-face and the last one through
telephone (Anders). The opinions of the three skiers are summarized below, divided into
three categories; experience, applications, and privacy.

David, who have been part of the technological development and may thereby be biased,
had a very positive experience of wearing and using the equipment. He also uses the equip-
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ment while training and is very familiar with it. The others, who are not as familiar with the
system and have not taken part in the development, could describe more aspects that had a
negative effect on their experience.

Experience

The three professors had different views of skiing with our system. Anders and Peter thought
the system added yet another task to worry about. Peter stated: "You get up at 3 AM in
the morning and have a lot of other things to think about, and you have to think about this
equipment too". Peter also thought about his performance during the race and what people
would think about it. David had no such concerns, instead his main concern was the mobile
phone which malfunctioned when it got wet (by sweat), and the battery in the mobile phone
which ran out in the end of the race. Neither of the professors found the equipment complex
in any way, but Anders suggested that the system should be integrated into one unit.

Applications

Though all three professors thought this kind of systems will have an impact on the sport,
they did seem to think of different applications. David identified three main fields in which
this kind of system could be revolutionary: monitoring of training activities (by your trainer,
and/or yourself), health monitoring and injury prevention, and media experience where infor-
mation can be personalized. The later includes interactive TV where you can choose which
participant to follow and thereby create personalized content.

For Peter, the main advantage of using this system was the possibility to study his own
performance after the race was finished. He sees great potential for systems like this when
trying to improve training, something Anders agrees with. David takes it one step further and
also talks about equipping the skiers with more sensors in order to for example improving
procedures of determining which ski wax to use.

Privacy

The skiers agreed that there was a privacy aspect regarding showing the collected information
on the Internet. Neither Anders nor David thought this to be a big issue for them personally,
but David recognized that it might be for others. He did not think that many people would
have a real problem with this though.

Peter felt that he did it mostly out of loyalty to the university, since this trial would put the
university in the spotlight in a good way. He was concerned with showing the information
publicly and had difficulty finding people with which he personally would like to share this
information. Though, he did say that others might want to share this type of information with
for example their trainer.
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2.4.3 Context-aware platform performance

During the day of the Vasaloppet race there were 2100 unique visitors to the public website
with the applet. The average load to the database was about 120 simultaneous connections.
The amount of visitors caused some problems for the map-server that had to serve at least
120 people with a map-image. In the beginning of the test there was also a problem with the
user limit to the database which was set to 100 simultaneous users. However, this limit was
removed after less than two hours into the race.

2.4.4 Sensors and communication

During the open track event, more than 8000 samples were collected and transmitted from
each of the two sensor nodes carried by David. He finished the race in a time of approximately
12 hours and during that time, the sensor nodes were operational for more than 97% of the
race. In Figure 2.5, a graph of the heart rate values from David, represented as beats per
minute (bpm) is shown. In the graph there is a noticeable flat line at approximately 5-6 PM.
During that time, David was indoor resting for the final 10 km of the race. The equipment was
placed on the floor and hence, neither position nor heart rate could be determined, but still,
the sensor nodes were operational. Furthermore, during the last 10 km the batteries of the
mobile phone were used up completely. Fortunately, he had an extra mobile phone available
for the sensor nodes to connect to and as a result, he could be monitored until the end of the
race in Mora.

Figure 2.5: Heart rate of David throughout the open track event

Peter participated in both of the races and finished in approximately 6 hours in both. For
the open track event, his position and speed was visualized and could be observed in the
viewer applet for almost the entire race, but the sensor node attached to the heart rate receiver
malfunctioned; only transmitting data for the last 40 minutes of his race. One week later
during the main Vasaloppet event, the equipment continued to be unstable but nevertheless,
his position and heart rate could be monitored for 2 and 3 hours respectively during the
competition.
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The third of our cross country skiers, Anders, participated in the main Vasaloppet event.
He had a final race time of roughly 10 hours. When we post-analyzed data logs from the race
we found 3 large gaps, i.e. missing data, of approximately 30 minutes each, where no data
was received. The bandwidth requirement for sending data over the wireless link was low
(for GPS, only 80 bytes of payload every fifth second) but nevertheless, the radio channel is
a scarce resource.

2.5 Discussion and Conclusions

The skiers thought our application has several possible benefits for the sport and its practi-
tioners. However, there are a few aspects that need improvement, for example the size of the
equipment and the number of parts. There is also the issue of privacy which we believe might
cause problems when deploying the system in a wider scale, even though it was only raised
as a major issue by one of the professors.

It is difficult to speculate whether professionals would like to use this system or not during
contests, as all three professors in our trials are amateurs. However, the results from the
survey indicated that the added information did indeed enrich viewers’ experience of the
event, at least for those viewers who have interest in sports or technology. This implies that
it might be worthwhile to overcome the difficulties that might arise.

A problem that many from the survey noticed was that the pulse sensors didn’t work very
well. This problem is most likely due to the active movement of the skier causing the sensor
to slide out of position and thus making it unable to read the pulse. However, this is just one
possible cause, other causes could be communication problems between the sensor and the
mobile-phone or battery shortage. One possible way to minimize this problem could be to
give sonic feedback whenever any problem occurs (communication or sensor problems).

One bottleneck in the system was loading the maps as a new map image had to be pro-
vided for every user whenever they changed view or the application itself requested a new and
updated map image. A system where a limited number of different views are offered would
greatly improve the system in terms of scalability. The different views could be cached to
further improve the system performance.

The largest amount of data was received during the open track event. Achieving 100%
uptime of the sensor nodes is very hard with the limited resources on the nodes. The lower
operational time of the mobile units when used in Vasaloppet is most likely due to insufficient
GPRS-resources available because of the increased amount of spectators, participants and
media coverage. This means that the limited number of available GPRS time-slots will make
it hard to deploy the system for many athletes. In order to deploy a similar system like ours
in a larger scale, alternative connection options need to be explored.

Several wireless solutions exist that could improve the situation, however these come
with some deployment problematic. WLAN offers good performance but have relatively
short range which would require a lot of base-stations to be deployed. A better suited system
would be WiMAX which has a significantly longer range and still a good performance. A
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disadvantage to take into consideration is that longer-range systems tend to require more
power from the client which would significantly increase the battery requirements.

Perhaps a different approach is needed? Utilizing an ad-hoc structure would decrease
the need of base-station coverage but will also decrease reliability. Also, instead of all sen-
sors pushing data onto the Internet, perhaps sensor-data could be pulled on request from
spectators, alternatively spectators could subscribe to data from certain skiers. This would
significantly decrease the load on each base-station and would create better performance. For
skiers who are interested in viewing their performance after the race the sensor-data could be
cached in the sensors themselves, or perhaps in the mobile phone.

One of the future visions includes the possibility to view any contest participant with
complete information at any time during the contest. With several cameras positioned along
the track and by utilizing location-awareness, a viewer could select to automatically switch
to a camera currently filming a certain contestant. This kind of system could be developed
for both Internet and television by using new technology in digital television. These types of
applications require further research on graphical interfaces and human computer interaction,
which should be evaluated in separate trials.

Ongoing research is targeted to improve robustness and reducing power consumption of
the sensor nodes. We also expect future cellular phones to provide increased operational
time. The scalability issues discovered in this trial are being considered when redesigning
the context-aware platform. With these changes we expect better performance from the next
generation of applications using this kind of technology.

With regard to the survey, sensor results, and the interest shown for the concept by the
large amount of visitors, we consider this to be a successful first trial in the area of enriched
sport events. This trial has shown that a working solution for this concept can be built with
the sensors and platform developed in our research. Even with the problems that arose with
connectivity the sensor nodes proved their robustness by reconnecting when possible.
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3.1 Introduction

Medical workers at nursing homes spend much time on communication to get the right in-
formation to the right person at the right time. This communication is a prerequisite for
proper patient care. Delays cause stress, discomfort, and dissatisfaction among caretakers
and patients as well as possible detrimental health consequences for patients. We believe per-
vasive computing technologies can improve this situation by speeding communication and
documenting care more effectively.

In fact, pervasive computing is a promising solution to many problems that medical work-
ers face, and today it’s increasingly practical. Yet actual deployment is still in its infancy.
Deploying prototypes that solve specific problems can help medical staff see its benefits. In-
volving them early in the design process also helps ensure that the right problems are being
solved and the solutions will be accepted.

We decided to try rapid prototyping in a real nursing home. We set a tight four-week
deadline for ourselves and began work to build a testable prototype with two half-time devel-
opers. This gave us one person-month to develop a useful prototype to investigate research
questions including:

• What methodologies are useful for prototyping pervasive computing systems?

• How do we engage end users in prototype design and interactions?

• Can we rapidly deploy prototypes built from existing technology in real settings?

• How can we translate conceptual solutions to functional prototypes?

We worked with the Lighthouse, a local nursing home that provides short-term residential
care in apartments. Self-sufficient elderly who’ve been set back by accidents or illnesses can
receive the support they need to recuperate. With up to 40 guests, the Lighthouse sees a
continuous stream of patients. Although busy, it’s small enough for us to easily deploy and
study prototypes in real situations.
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3.2 Scoping the Project

We first had to identify actual problems nurses face in everyday work, determine which could
be solved within our research’s scope, and identify which would bring the most gain. Al-
though we had reports on typical problems, we decided a field study would give us first-hand
experience with their work. This was accomplished by a "quick and dirty" ethnographical
study [29], where we accompanied a group of four nurses for a day and observed the profes-
sional tasks they perform.

During this study, we observed scenarios such as drawing blood samples and administer-
ing pain medication. A consistent theme for many tasks was the difficulty in getting necessary
patient information at the point of care. The patient charts contain the most important infor-
mation, but they are only accessible from the nurses’ office computers. Nurses typically must
walk hundreds of meters and change floors to attend patients in their apartments. Going back
to the office computers takes time, so the nurses need a system which supports retrieving
such information in advance and updating the patient charts upon returning to the office. The
nurses currently keep updates in short-term memory or handwritten notes.

When nurses need more informal information, they must be able to contact the person
who previously cared for the patient. Typically, the Lighthouse nurses used mobile phones
for this purpose. When the phone calls reached the previous caretaker at all, and often they
didn’t, they usually interrupted the recipient. Likewise, other people calling the Lighthouse
nurses interrupted their patient care, increasing stress and discomfort for both the nurse and
patient.

We also found mobile phones lacking multimodal features, supporting only voice, while
the situation itself required video to convey certain information. For example, rather than
having a patient point out pains directly to a physiotherapist, the nurses must relay this infor-
mation over the phone, thereby losing the subtle details that body language can reveal.

At the end of the day, we summarized the problems we encountered, both in scenario
form and as a list of specific items, including

• communication,

• information dissemination,

• access to patient charts, and

• organizational issues.

A few days later, we went back to the Lighthouse for a meeting with the nurses to validate
our findings and ensure that the identified problems were real. This helped us decide which
were the most important.

Access to patient charts involves strict privacy and security considerations, and remote
accessing requires detailed analysis and evaluation of security infrastructure. So we simulated
this information for our prototype. Organizational issues such as staffing, budgets, and work
schedules are economic and political issues that we won’t discuss further.
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We could address the communication and information dissemination issues among the
personnel within the limited scope of project. These are closely related, since communication
is a way of having the right information for the right person at the right time. We discussed
these issues with the nurses and came to a joint conclusion regarding the research prototype’s
focus. The consensus was that it should support easier communication among the personnel
and also function as a documentation tool for informal notes. It should be mobile and allow
for access from anywhere in the building, be less intrusive than a mobile phone, and employ
a highly streamlined interface to avoid taking focus from the patients.

3.3 Paper Prototyping

Hardware inventions to embody and run pervasive applications are often wearable or highly
portable. Research concepts often rely heavily on unique hardware and require working
prototype to test and illustrate the operational concepts. Producing these prototypes can be
prohibitively expensive and time consuming. You can simplify hardware prototyping by
using modular approaches – for example, the Smart-Its project (www.smart-its.org) operates
this way. Yet such prototyping remains focused on hardware technology, which runs the risk
of distracting from function and usability.

Traditional HCI researchers have used paper prototyping to good effect [55]. This simply
involves drawing user interface components on paper, making it easy to alter designs and
fix flaws early. Not everyone can use design software for prototyping user interfaces, but
everyone knows how to draw sketches with a pen. So paper prototyping allows end users to
become part of the design process early. Paper prototyping is so artificial that it can remove
the focus on technology. Instead, participants can focus on the product’s underlying concept
and usability. This works, however, because of the fixed and rigid desktop paradigm with its
graphical presentation space that can be adequately represented on a sheet of paper.

Paper prototyping in pervasive computing applications involves additional challenges.
The multimodal interaction in such environments supports more complex scenarios than
desktop GUIs accommodate. This freedom can mean the paper itself imposes restrictions
on what can be done – for example, not having access to large sheets of paper can prevent
participants from envisioning whiteboards, while lacking small sheets can discourage them
from thinking of handheld devices.

3.3.1 Paper, Pen, and Plastic

Following our requirements study with the nurses, we arranged a meeting to try our tech-
nique. We informed them that we needed their input and feedback to design a prototype
that would be useful to them and that we would employ paper prototyping. We prepared
scripted scenarios from the data we’d collected on typical nursing tasks, such as visiting and
examining patients, informing physiotherapists, taking blood samples, and making rounds
with physicians. We let them role-play the scenarios and discuss various solutions to prob-
lems they encountered. One of the nurses played herself in work situations, while two others
played patient roles. Each patient player received a brief description of the scenario.

http://www.smart-its.org
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In addition to the scenario, we had text cards representing typical phone calls. We emu-
lated a context-aware service that could determine whether the nurse was currently occupied
and could then choose between presenting phone calls directly or taking a message. For calls
that weren’t urgent, we displayed a simulated text message on a transparent piece of plastic.
We then either set it in front of the nurse to view in private or placed it on the device the
nurse carried. Presenting these messages randomly during the role play allowed the nurses to
decide what visualization form they preferred.

After completing the scenario, we talked with the nurses about their experience. They ap-
preciated being able to avoid interruptions from non-acute calls through simple mechanisms
such as screening incoming messages. They liked having text messages presented because
it let them read without interrupting what they were doing. They found it useful to have a
patient’s information available in advance or upon contact because it let them better prepare
for encounters with special patients. For example, if a patient posed difficulties in taking
blood samples, the nurses could add extra test tubes to their medical kits. The nurses also
liked having the live video to directly show, for example, a patient’s shoulder fracture. They
thought this would save them time that they could spend on more important tasks. In general,
the paper prototyping session made the prototype’s benefits clear without having to deploy
fully functional hardware and software.

3.3.2 Paper Prototyping Benefits

The benefits of early paper prototyping over an online, functional software-hardware pro-
totype became clear at the end of the meeting. We brought some hardware just to show the
nurses what is available with today’s technology. Immediately, we noticed their focus shifting
away from usefulness to technical details regarding the software and hardware. They ques-
tioned font sizes ("too small for me to read"), commented on video quality ("better than the
one we saw on another project"), and expressed astonishment over features ("so I could even
write my emails on this"). As their focus scattered, they often addressed details irrelevant to
the tasks they would need to perform.

Importantly, while interacting with the computer, we noticed the nurses started to think
in terms of traditional user interface widgets, such as buttons, menus, and keyboards, and to
restrict themselves to the kind of interactions typical of desktop PC applications. They also
appeared more dejected and hesitant to suggest improvements, and they expressed slightly
negative comments and questions such as, "We’ll need to take courses to understand this.
You’ll arrange that for us, right?" In general, the nurses shifted their entire focus, assuming
now that only minor changes in technical details were possible. Clearly, such restrictions in
the design space should not dominate the early stages of prototyping.

We concluded that paper prototyping in the initial development stages makes participants
focus more on a product’s concept and actual usefulness rather than letting technology con-
strain their thinking and dictate what is allowed. Furthermore, unlike technology, paper does
not restrict the design space, allowing participants to think beyond the inherent limitations
of current software and hardware. We see the same benefits for pervasive computing re-
search that it exhibits for traditional HCI in desktop computing. Taking merely one week in
preparation, execution, and analysis, we deem this time well spent.



Wearable Systems in Nursing Home Care: Prototyping Experience 37

3.4 Moving to Multimodal Devices

With the newfound design considerations from the paper prototyping session in mind, we
went on to see what research technologies could help in realizing a multimodal prototype.
Our research group’s background is based in real-time audio and video communication over
the Internet, and we have extensive experience in desktop e-meeting tools. We’ve also ven-
tured into the pervasive computing field, investigating mobile and ubiquitous applications
of the technology. Beyond technical barriers, we’ve found that the end users’ concerns and
preconceptions often determine whether new systems are adopted.

For this application, the prototype had to be mobile and non-intrusive, which fits well
within the field of wearable computing. We also saw healthcare applications requiring special
considerations, as illustrated in one nurse’s opinion: "It was not to sit in front of computers
I chose this profession". The prototype had to avoid the negative emotions that time-stealing
and crashprone desktop computers currently cause. An important way to hide technology and
streamline the interaction is to use context and situation awareness, automating the informa-
tion presented to the nurses according to the current activity and workload.

Some of these concerns are major research problems in themselves, which meant that our
online prototype couldn’t realize all concepts within a reasonable time frame. However, by
employing a Wizard of Oz approach to the user interface [15], we could still demonstrate the
functionality and get the nurses’ opinions. Knowing how, or whether, the nurses used certain
functions let us select what areas to put the most effort on in future prototypes.

3.4.1 Wearable Prototype

The next step was to build an online prototype with live software and hardware. We wanted
the prototype ready within a week from the paper prototyping session. This gave us no time
to build customized hardware, meaning we had to assemble our prototype from off-the-shelf
products.

As a wearable computer, we chose a Sony Vaio U70P, a notebook computer with a 1-GHz
Pentium mobile processor and 512 Mbytes of memory. With dimensions of 16.7 x 11 x 2.8
cm and weighing 550 g, it can be worn easily by strapping it to a belt, which the nurses
deemed suitable during our last meeting.

Because the nurses liked viewing information in private, we added a head-mounted dis-
play as an alternative to looking at the U70P. We chose the semitransparent monocular M2
Personal Viewer with full-color graphics in 800 x 600 resolution, even though it requires a
half-kilogram battery. Since the prototype demonstrates concepts rather than a final product,
we deemed the quality of graphics to be more important than the additional weight at this
stage. Figure 3.1 shows the wearable computer and display.

3.4.2 Communication Application

We chose Marratech (www.marratech.com) e-meeting application software because it fits the
communication needs of the envisioned prototype. Marratech is a commercial product based

http://www.marratech.com
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Figure 3.1: Wearable computer outfit: battery pack and VGA converter for the head-mounted
display (left), Sony U70P computer (lower center), Bluetooth headset (upper center), and M2
head-mounted display (right).

on earlier research in our group [50]. It allows for audio and video group communication,
together with text chat and a shared whiteboard. Connecting the wearable computer to an e-
meeting over a wireless network lets the nurse instantly contact other participants and become
aware of their locations. The application also lets a nurse make phone calls, which can
become part of the e-meeting. This allows persons not yet using the software to be included,
easing its deployment.

Figure 3.2 shows the wearable computer running the Marratech Pro application, with
video streams provided by Web cameras. The nurse can use the camera to convey live video
to physiotherapists or others to aid diagnoses.

3.4.3 Wizard of Oz Testing

We wanted to show a simple and automatic system to the nurses, so we decided on a Wizard
of Oz experiment to simulate the context-aware and situation-aware system components. The
wizard retrieved information, processed interrupting phone calls, simplified communication
with others, and minimized the interaction needed with the wearable computer.

Each morning the nurses make several calls for information regarding their patients that
day. In our prototype, the wizard collects this information and displays it in the shared white-
board, thus shortening the time nurses need to set their daily schedule. With access to pa-
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Figure 3.2: The Sony Vaio U70P running the Marratech Pro e-meeting application.

tients’ charts, historical notes, and other nurses’ locations and schedules, the wizard can post
appropriate information throughout the day.

If a nurse is attending to a patient or is otherwise busy, the wizard intercepts all phone
calls. It sends only urgent calls directly to the nurse and either records the rest or posts them
as a chat room message to read when there is time. This substantially reduces interruptions
during patient encounters. When nurses wish to reach someone, the wizard can invite that
person into the e-meeting session, thus allowing richer communication than normal phones.

To further simplify the nurses’ work, we let the wizard act as a speech recognizer. Nurses
can take informal notes about certain patients for insertion into their chart. They can also
request information to be read out loud, which further simplifies the interaction with the
wearable computer. In addition, the nurses can use voice to insert new tasks into their sched-
ules.

Most of the wizard’s functions can be realized with today’s technology, such as RFID
tags, sensors, and speech recognition capabilities.

3.4.4 Feedback From the Nurses

We brought our wearable prototype to the Lighthouse to test it for a day, starting with audio-
only communication. We equipped one nurse with the wearable computer and a Bluetooth
headset, while another nurse in another room used a laptop. We connected both devices to
the same e-meeting, which effectively mimicked mobile phones but reduced interruptions
and offered higher audio quality. We also allowed review of a fictitious patient history and
chart to demonstrate the capability.
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Figure 3.3: A nurse wearing a computer and head-mounted display while attending a patient.

Next, we introduced video communication. As one e-meeting participant walked the
corridors, the nurses expressed their fascination with instantly seeing where their colleagues
were. This increased group awareness seemed beneficial, especially for finding the right per-
son at the right time. Initially, the nurse sent video via a handheld camera and used the note-
book’s display to view other participants. Because these tasks encumber the nurse’s hands,
we also let them test the head-mounted display and camera. After a brief time, about 15 min-
utes, they accustomed themselves to the novel display and learned to focus on the display or
the real world as needed. Soon the nurses could easily perform routine patient examinations
while conveying video to other medical workers. This aided patient diagnosis and treatment
deliberations. Figure 3.3 shows a patient encounter. Although noting the added weight, the
nurses remained focused on the design concept being demonstrated and its benefits.

Thus, on the basis of results from paper prototyping and a wearable prototype built from
off-the-shelf components, we successfully demonstrated the envisioned benefits and gained
user acceptance for an assistive device in this environment. By starting with the basic func-
tions and gradually adding more, we avoided intimidating the users with the amount of hard-
ware and cables.

3.5 Final Remarks

About a month after the online study, we revisited the Lighthouse to discuss the prototyping
in hindsight. Despite the time that had passed, the nurses still deemed the prototype use-
ful and appropriate. We see this as confirming that the process yielded usable results and
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that ethnographical studies and paper prototyping can be effective in pervasive computing
research.

Ethnographical study provides valuable first-hand insight on how work is performed and
gains the confidence of the user community. Paper prototyping offers a cheap and easy way
to get quick feedback on what constitutes a good or bad solution. Furthermore, people not
in the pervasive computing research community still consider much of what is possible with
today’s technology as science fiction. We found it difficult to get those people to envision
what’s possible, and we had to find ways of freeing them from traditional PC interface ideas,
while not imposing our ideas on how things should be done. Paper prototyping can aid this to
some degree, and joint discussions of paper results encourage fuller exploration of the design
space. It also moves the participants’ focus from technology to usability and function.

One major challenge we found concerning paper prototyping is to communicate what is
realizable without constraining participants from exploring the whole design space spectrum.
We think the best solution is to introduce concepts in a brainstorming session before the paper
prototyping. You can add the wildest ideas to the hardware research agenda and use ideas
that can be realized with current hardware technology in the prototype. This should allow for
more freedom of thought in the subsequent paper-prototyping stage while constraining the
overall process to prototypes possible given the available time, budget, and technology.

Realizing the paper prototype in functional hardware reveals differences between reality
and visions that can require compromises. The Wizard of Oz approach allows for emulation
of functionality not immediately realizable. However, if the prototype is meant to be deployed
for longer term studies, the researcher should be sure this functionality is realizable within
the envelope of current technology.

Finally, rapid prototyping with end-user involvement from the start has a value in itself.
The nurses we worked with spontaneously expressed enthusiasm for our project due to its fast
pace. They felt that something was happening and that their input was valued. As opposed to
other projects where meetings are half a year apart, rapid prototyping let them see progress
from week to week.

3.6 Acknowledgments

We wish to acknowledge funding by the Centre for Distance-spanning Healthcare at Luleå
University of Technology. We also express our thanks to the nurses and medical workers at
the Lighthouse (in Swedish, "Fyrens korttidsboende") in Luleå, Sweden, for their participa-
tion. We also thank the reviewers for valuable guidance.



42



Part 4

Supporting Automatic Media
Resource Selection Using

Context-Awareness

43





Supporting Automatic Media Resource Selection Using Context-Awareness 45

Supporting Automatic Media Resource Selection Using
Context-Awareness

Johan Kristiansson, Josef Hallberg, Sara Svensson, Kåre Synnes, Peter Parnes
Department of Computer Science and Electrical Engineering

Luleå University of Technology
SE–971 87 Luleå, Sweden

{Johan.Kristiansson, Josef.Hallberg, Sara.Svensson, Kare.Synnes, Peter.Parnes}@ltu.se

Abstract

In a world of ubiquitous media resources, such as cameras, displays, microphones, provided
by a wide variety of multimedia systems, there is a need for automatic resource selection
which seamlessly utilizes the best available communication tool from a user perspective. This
paper therefore presents an algorithm which uses context-awareness to support automatic
media resource selection. The algorithm takes advantage of an abstract classification of
privacy, quality, and cost in order to compare media resources to user’s preferences. As
a proof of concept implementation, the algorithm has been incorporated into an e-meeting
application called Marratech.

4.1 Introduction

As users’ requirements on mobility grow and distributed collaboration becomes increasingly
pervasive, the need grows for people to communicate and retain group awareness in mobile
settings. Current research trends in networking and multimedia envision ubiquitous multime-
dia communication where users can seamlessly meet and communicate anytime, anywhere,
and from any device. Imagine a world full of communication equipment and softwares, such
as cameras, microphones, instant messengers, and e-meeting clients 1, which are scattered
throughout the environment and are automatically configured and utilized whenever the user
wants to communicate. This scenario raises new challenges, which must be addressed before
the vision can become a reality.

Today, users are required to manage a wide variety of communication tools in order to
communicate with other users. These tools typically force the user to manually set up com-
munication links, for example entering phone numbers, logging in to e-meeting servers, and
configuring cameras. In addition, many tools are inherently incompatible, which requires all
communication parties to have access to the same set of tools in order to be reachable by

1The term "e-meeting" denotes a group teleconferencing session that can include video, audio and chat among
other media. Rather than requiring a dedicated meeting room, e-meetings can take place from the user’s desktop and
be used for either formal or informal communication.



46 Supporting Automatic Media Resource Selection Using Context-Awareness

each other. The configuration task becomes even more complicated and time-consuming as
the need for ubiquitous communication spreads and the diversity of available communication
tools increases.

Ultimately, the best available communication tool should automatically be utilized trans-
parently to other users and independently of which tools they are currently using. Research
has been conducted to provide interoperability [51, 64] and support for mobility [38, 63, 73]
to allow use of different tools. However, how to enable a system to automatically choose the
most beneficial tool for the user is a problem which so far has received less attention because
of its complexity. This paper addresses this problem by decomposing it into more manage-
able parts, which can be solved independently, in order to provide a deeper understanding
of the underlying problems. The paper proposes an algorithm which connects these parts
together and uses context-awareness to decide which communication tool that is best for the
user.

As a proof of concept, the paper demonstrates how the proposed algorithm can be used
to automatically switch between communication tools when using a commercially available
e-meeting software. By using the prototype, users can participate in an e-meeting session
and the system automatically invites an IP-telephony service, which includes a telephone or
a mobile phone to the session, as a complement when a desktop e-meeting client does not
provide good enough privacy. Similarly, the system can automatically invite an IP-telephony
service if the currently used network connection does not provide good enough performance
to support audio.

The rest of the paper is organized as follows. Section 4.2 describes related work and the
contribution of this paper. Section 4.3 introduces a conceptual communication model and
discusses issues that must be considered when selecting resource. Section 4.4 outlines the
proposed algorithm and discusses two issues related to its usage. Finally, in section 4.5 the
proof of concept prototype is described followed by a discussion and future work in section
4.6.

4.2 Related Work

Context-awareness is a widespread approach to enable systems to provide users with an in-
creased service value. The area of interest to this paper is context-aware communication as
defined by [60]. Early work in this field include the ActiveBadge system [75], which tried to
improve channel selection through autonomous routing of phone calls to the phone nearest to
the user. In contrast, this paper focuses on autonomous routing of media streams to the most
appropriate communication resource from a user’s perspective.

Similar to the architecture proposed in this paper, the Aura architecture [66, 74] tries to
utilize resources in the user’s environment to give the user access to desired tools, while sim-
plifying the configuration tasks needed by the user. In contrast to the algorithm proposed in
this paper, Aura does not consider the possibility of several resources with the same capabil-
ities. Hence, Aura does not provide any methods for comparing resources in order select the
resource that best satisfy a user’s needs. Neither does Aura take other aspects, such as cost,
into account when selecting a resource.
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The Aura architecture identifies simple tasks performed by the user, such as editing text,
and then migrate the whole task to a different resource as the user change location, for in-
stance moving a text from one device to another while changing text editor if needed. This
means that Aura does not take advantage of the possibility to split up certain tasks and then
distribute these tasks to different resources that better meet the user needs. One such task is
the communication task which can be split up into sending and receiving of different media.
The algorithm proposed in this paper treats these parts as media resources that are selected
separately which makes it possible to distribute the tasks onto different devices.

Architectures which focus on network mobility [38, 63, 73] aim at providing support
for location updates and for preserving established connections when changing terminals or
moving across networks. This paper does not look into network mobility in this sense, but
rather on how to provide support for automatic selection of appropriate terminals to switch to.
The main contribution of this paper is an algorithm which decomposes this selection problem
into more manageable parts, thus making it possible for mobility architectures to become
more autonomous.

4.3 Media Resource Management

This section starts with presenting a conceptual communication model which is used through-
out this paper. It then goes on with describing the different issues which needs to be consid-
ered in order to enable a system to automatically make a choice which suits the user. In
particular, the section considers the problems of valuing and comparing resources and pro-
poses possible solutions to them.

4.3.1 Communication Model

Figure 4.1 illustrates the used conceptual model showing two communication abstractions,
media source and media sink. A media source is an abstraction over a media-capturing hard-
ware device, such as a camera or microphone, and the software that generates the media
stream. After being generated, the media stream is distributed to the recipients via a network
infrastructure. When the media stream has been received and processed by the recipients, a
media sink presents the media stream to the user. A media sink is an abstraction of a media-
rendering hardware device such a loudspeaker or a display and its accompanying software,
which is used by the device to send or receive the media stream. The word media resource is
used to denote either a media sink or a media source in the rest of this paper.

For the sake of simplicity, this paper introduces the term media resource type to be able
to differentiate between sinks and sources of a particular media. For example, all media sinks
which are associated with microphones are of the type audio sink, and all media sources as-
sociated with cameras are of the type video source. This makes it possible to conceptually
handle situations when a user only wants to either send or receive a particular media. Me-
dia resources which are contained within the same unit are defined as interdependent media
resources. For example, a phone has two interdependent media resources, one of the type
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Figure 4.1: A conceptual communication model.

audio sink and one of the type audio source, and an e-meeting client might have even more
interdependent media resources.

One of the advantages of using the proposed abstractions is that each media resource can
be viewed and handled as an isolated unit, thereby enabling computer-mediated communica-
tion to be enriched and improved by letting users freely combine different media resources.
To provide such functionality, the system needs to be able to automatically detect and select
the best available media resources, and ensure compatibility between senders and receivers.
For example to allow a mobile phone to be used as an audio source in an e-meeting session, a
SIP-gateway can be used to convert Public Switched Telephone Network traffic to IP traffic.
The problem of ensuring compatibility is not addressed in this paper.

4.3.2 Media Resource Selection Problems

One problem with automatic media resource selection is what level of autonomy should be
used. As pointed out in [60], autonomy needs to be carefully balanced in order to provide the
desired effect. It is crucial not to remove too much of the user’s sense of control as well as to
avoid switching to a media resource which the user does not want to use. These types of sys-
tem failures will most likely not be tolerated. However, at the same time, involving the user
in too many of the decisions will burden the user and counteract the requirement of minimal
effort. When it comes to autonomously deciding which media resource to switch to, there
are several problems which need to be considered; when to look for a better resource, when
to switch, and when a specific media should be used. Solving these problems in a good way
requires determination of complex causalities and access to a wide variety of contexts, e.g.
network performance of current resource, improvement achieved if changing, a user’s pref-
erences, and so on. User studies need to be conducted in order to determine these causalities
and which contexts to use.

To clarify what information that is relevant to base the decision upon, two concepts need
to be more clearly defined, namely best resource and available resource. This can be done by
discussing the following two design issues which are related to the two concepts respectively:

• How can media resources be compared?

• Which media resources should be considered available in a given situation?
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The rest of this section discusses these two issues and proposes possible solutions.

Comparing Media Resources

In order for the system to be able to decide between media resources, they have to be com-
parable in some way. Through this comparison, it must be possible to value media resources
in a way that concur with the user’s preferences, thus enabling the system to act according to
those preferences. One dimension which is interesting from a user point of view is of course
quality. The user will most likely want to use the better one of two microphones in a room.
When considering media resources, privacy will also play a significant role in what the user
prefers. Parameters such as the number of people in the room, what part of the room that
is captured by the camera and how publicly the display is located will most likely affect the
user preference.

In a future with an abundance of media resources, it is quite likely that all resources can
not be used for free. This introduces a third interesting dimension, namely cost which can
involve both monetary and non-monetary values. For example, the cost involved could be to
pay a given amount of money per byte or allowing a newsletter or advertisement to be sent to
the user. These types of costs are difficult to determine, although for different reasons. The
non-monetary costs will have different values to different users, making valuing of resources
in a way which concurs with user preferences complicated. Monetary costs are often difficult
to decide since the actual cost in many cases is connected to how much data is transferred or
how long time the resource is used.

A classical solution when valuing an object is to use some form of classification. To
use one quality, one cost, and one privacy classification level to prioritize media resources
is thus one way to approach the problem of comparing media resources. Besides giving a
foundation for comparison, the use of classification levels will also make it easier for users
to convey their preferences in different situations, e.g. "best possible quality, least possible
cost, and at least privacy level seven". To use classification also provides researchers and
developers with an abstraction which separates the issue of valuing media resources from the
rest of the selection process.

In order for classification levels to function correctly, the system should be able to reflect
a user’s opinion of what each level should entail. This implies that users need to have the
possibility to influence how the classification levels are calculated. For example, one user
might consider it unacceptable (low privacy level) to use a microphone when there are other
people in the room while another user might tolerate it (higher privacy level). Another issue is
how the different classifications should be weighed in order to take importance into account.
This calculation also needs to take the user preferences into account. For example a user
might consider bandwidth more important than cost in a certain situation and the opposite
in another situation. A different user might always prioritize cost before both privacy and
quality.

As many environments are dynamic, a media resource’s classification values will change
over time. When considering the quality level, network specific context such as packet-
loss rate and available bandwidth makes dynamic quality classification a necessity. Also in
the case of privacy, the level need to be dynamically recalculated since a resource could be
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considered to have a lower level of privacy if there are other people in the room, than if the
user is alone.

Media Resource Availability

Assigning values to media resources allows for comparison between them, but in an environ-
ment which provides a large amount of media resources, it is neither efficient nor preferable
to always consider every resource as a possible choice. This brings forward the question of
what characterizes an available resource in a certain situation. Naturally, only devices which
are not currently busy with other users and which provides the wanted media resource type
are relevant, but there are other things to consider as well. For example, when the user wants
to send audio it would not be beneficial to the user if the system decided to use a microphone
in a building other than where the user is located. This can be solved by using the principle
of locality [36].

Locality means that the user only is allowed to use devices which are nearby the user,
for example in the same room. Locality makes sense not only for reasons of usefulness but
also when considering privacy. Without the principle of locality, cameras and other media
sources could be used as remote surveillance devices, thereby introducing a large risk of
violating other people’s privacy. Locality also ensures that media sinks are not used without
the receiver’s permission, thereby protecting the receiver from unwanted interruptions. Two
issues which need to be considered when applying the principle of locality is what is to be
considered as close enough and what should happen when there is not any available resource
within this area.

Even if the principle of locality is useful, it is not necessarily true that a user should have
access to all nearby resources. This further narrows the number of relevant resources to those
nearby the user which are not busy and which the user has permission to access. The presence
of interdependent media resources also affects which resources are relevant. If a user uses
an interdependent resource, no other user should be able to use the other resources which the
used resource is interdependent with. For example, if a user is utilizing the microphone in a
mobile-phone, that user should be the only user able to use the speaker in the same device.
This could be seen as a special case of media resources being busy, where all resources which
are interdependent with the used one are considered to be occupied.

4.4 Automatic Media Resource Selection

In order for a system to deal with the problems discussed in subsection 4.3.2 and choose
a suitable media resource, it needs to access and use a situation’s context, i.e. it has to be
context-aware. A system is said to be context-aware "if it uses context to provide relevant
information and/or services to the user, where relevancy depends on the user’s task" [16].
Context is in this case any information relevant for the system to make a suitable choice, e.g.
user preferences and information about available media resources. Note that this paper does
not focus on context acquisition or accompanying problems like context accuracy or confi-
dence. In this section an algorithm for automatic media resource selection is presented. This
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Algorithm 1 Media Resource Selection Algorithm
Input: A media resource type, type, e.g. audio sink or video source.
Output: The best media resource, rselected , for type.

1: rpre f erred ⇐ null
2: if isNeeded( type ) then
3: R ⇐ all media resources r of type s.t. ∀ r ∈ R

isAvailable( r )
∧

Q( r ) ≥ QMIN ∧
P( r ) ≥ PMIN ∧

C( r ) ≤CMAX

4: for all r ∈ R do
5: if credit( r ) > credit( rpre f erred ) then
6: rpre f erred ⇐ r
7: end if
8: end for
9: end if

10: rselected ⇐ notify( rpre f erred )

algorithm breaks down the problem of choosing the best media resource into several abstract
functions which can be implemented separately using context-awareness. This section also
discusses how the algorithm should gain access to contexts and what should happen once a
decision has been made.

4.4.1 A Media Resource Selection Algorithm

The purpose of the Media Resource Selection Algorithm (MRSA) is to select the best avail-
able media resource in accordance with user preferences. To do this, the algorithm is based
on the discussion in subsection 4.3.2 and it uses classification of quality, privacy, and cost
to model media resource values. The algorithm is presented in algorithm 1. The algorithm
returns rselected , which designates the selected media resource of the inputted type, type.
Throughout the algorithm, r pre f erred is used to denote the media resource which is the cur-
rently preferred choice. Further, the variables P MIN and QMIN signify the minimum values of
privacy and quality, and CMAX the maximum cost value that a user favours.

The algorithm decomposes the selection problem into seven abstract functions which
need to use context-awareness in order to function properly. These are in order of appearance;
isNeeded, isAvailable, Q, P, C, credit, and noti f y. The boolean function
isAvailable(mediaresource) checks if a given media resource is available for use. If the
function follows the solution proposed in the Media Resource Availability part of subsection
4.3.2, the function should return true if the given resource is nearby, not busy, and if the user
has permission to use that particular resource.

Each of the functions isNeeded and noti f y encapsulates different aspects of the autonomy
problems discussed in subsection 4.3.2. The boolean function isNeeded(type) checks if the
given media resource type is needed, i.e. if the user wants to communicate using that media
resource type. For example, if a user sends audio in an e-meeting session, the media resource
type audio source is considered needed for the user who sends the audio stream, and the
media resource type audio sink is considered needed for all users who receive the audio
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stream. To decide when the user wants to start or stop using a specific media resource type,
more sophisticated reasoning about contexts is needed compared to when the media resource
type is continuously used.

The function noti f y(mediaresource) is used to decide if the user wants to switch to the
given media resource or not based on context. This could for example include asking the
user if a switch should be performed. The argument can either be the currently used media
resource, a new and better media resource, or null. The function then decides between con-
tinuing to use the currently used media resource if that is an option, switching to the new
media resource, or not using any media resource of this type at all. The function returns the
selected media resource.

The Q, P, and C functions all take a media resource and calculates the classification level
of quality, privacy, and cost respectively. The function credit(mediaresource) weighs the
different classification dimensions together according to user preferences in order to compare
them. All of the abstract functions in the algorithm need to take a large amount of context
parameters into consideration and weigh them together in order to achieve user satisfaction
and are therefore difficult to implement, which is illustrated through the discussion in section
4.3.2.

4.4.2 Using MRSA

When considering deploying and using the MRSA, there are two issues which need to be
discussed. These are; how should the algorithm get access to necessary contexts that are
needed to make decisions and how the decisions should be executed. Regarding the first
issue, a context storage infrastructure with query-possibilities must exist. It must also be
possible to add and update contexts to the infrastructure. One approach for developing a
context storage infrastructure is to use a context-awareness platform. Schilit was one of the
first to propose an architecture for this purpose [61]. Since then several context-awareness
platforms have been developed, each with different characteristics, e.g. Context Toolkit [19]
and Context Fabric [28]. Current research moves toward decentralized solutions for privacy
and scalability reasons [28].



Supporting Automatic Media Resource Selection Using Context-Awareness 53

When using the algorithm in an existing communication system, the algorithm normally
resides in an external or internal management component responsible for configuring and
utilizing appropriate media resources. The management component, the Personal Media Re-
source Manager, could be implemented as part of a multimedia system. An overview of how
the algorithm can be used by a Personal Media Resource Manager together with a context
storage infrastructure is illustrated in figure 4.2.

4.5 Evaluation

A proof of concept implementation was built by incorporating the architecture with a com-
mercially available e-meeting system provided by Marratech [40]. Marratech is an e-meeting
client which provides tools for synchronous interaction including audio, video, chat, and a
shared white-board. The client connects to a media gateway called Marratech Manager in
order to access and participate in e-meetings. This system was mainly chosen because of the
SIP gateway which is built in to the manager, and compatibility with other prototypes devel-
oped by the authors. The rest of this section describes the implementation and two test cases
in which the prototype has been used.

4.5.1 Implementation

The prototype is implemented in Java JDK 1.4 in order to make it easy to integrate into the
Marratech source code. The implementation uses the described algorithm, with the exception
that cost has not been taken into account, and is organized as figure 4.2. The current imple-
mentation does not separate sinks and sources in phones, hence when either the microphone
or the speaker in a phone is selected the other is automatically used. A sensor simulator was
used to generate two contexts, each of which significantly changes a user’s situation, namely
location and network performance.

The context storage infrastructure models media resources, environments, and users as
Java objects. Each environmental object models a room and keeps information regarding
which media resources and which users reside within the room. The user object contains
relevant contexts such as active media resources, user’s location and a link to the appropriate
environment object, and which media resource types the user prefers. By letting the con-
text storage infrastructure model relationships between users, resources, and locations in this
manner, e.g. media resources are linked to locations, the infrastructure provides a way to
discover resources. Finally, the media resource object pertain contexts for calculating quality
and privacy indexes, as well as a SIP address. A communication protocol was also designed
to enable the used sensors to add context to the infrastructure.

The Marratech client reports if audio is being used to the context storage infrastructure.
This context is used to implement the isNeeded function. When the noti f y function is called,
a dialogue opens in the Marratech client, letting the user choose whether to accept the new
media resource or not. The isAvailable function returns true for media resources which are
nearby, here defined as located in the same room as the user, and which are not busy. The Q



54 Supporting Automatic Media Resource Selection Using Context-Awareness

Sensor
Simulator

Marratech
Client

Marratech
Manager

Personal Media
Resource
Manager

Context storage
infrastructure

Communication
service

2) Store location and
 network status contexts

1) Store activity context

5) Notify user

6) User reply

3) Context change
notification

4) Get available 
services

8) Invite

7) HTTP request

Figure 4.3: The interaction between the components.

and P functions return the quality and privacy values for each available media resource. In
this prototype these values were subjectively set by the authors.

4.5.2 Interaction between components

Figure 4.3 shows the interaction between the components in the implementation when the
prototype is running and a context change triggers a need for a new media resource. When
the prototype is started, Marratech starts sending information about active media resource
types to the context storage infrastructure (1). The sensor simulator generates a context to
significantly change the media resource need in (2). When the Personal Media Resource
Manager is notified about such a context change (3) it tries to find an alternative resource
from the context storage infrastructure by running MRSA (4). Once a new resource has been
selected the personal manager calls the noti f y function to ask the user to confirm the new
resource (5). If the switch is approved by the user the personal manager initiates an invitation
of the new resource to the session (6) by sending an HTTP request to the Marratech Manager
(7) which in turn invites the resource (8).

4.5.3 Scenarios

The prototype was successfully tested on two different scenarios. The first scenario shows
how an alternative communication service can be utilized if the currently used network con-
nection can not provide enough quality. The second scenario demonstrates how the prototype
can help the user find and select a more suitable communication service in order to better
protect the user’s privacy.

The test setup consisted of a desktop computer running a Marratech client located in the
user’s office, a mobile-phone carried by the user, and an e-meeting client which was located
in a conference room. For media resources the desktop computer used a microphone and
speakers and as the sound was considered to have good quality, the quality index was set to
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6. The privacy index for this tool was set to 4 since the sound could be heard by others in the
same room. The sound in the mobile-phone was considered to have lower quality, thus the
quality was set to 3, but since the sound could only be heard by the user the privacy index was
set to 6. Similarly to the stationary computer, the e-meeting client featured a microphone and
speakers. However, since the microphone offered better quality as it featured echo supression
the quality index was set to 8. On the other hand, the privacy index was considered lower than
in the desktop computer case. This was because other people were present in the conference
room, which was not the case with the user’s office. Hence, the privacy index for the e-
meeting client was set to 2. As previously mentioned, these indices were subjectively set by
the authors.

Scenario 1: Quality degradation

In the first scenario, the user is connected to an e-meeting using the stationary computer
when the audio quality suddenly drops because of bad network performance. When this
context change is perceived by the Personal Media Resource Manager, it causes the personal
manager to run the algorithm in order to find new media resources and the quality index for
the Marratech client’s audio sink and audio source is recalculated to zero. A mobile-phone is
found which satisfies the desired quality and privacy indices. The new media resources are
approved by the user, the phone is invited to the session, and the user is able to communicate
again.

Scenario 2: Privacy considerations

In the second scenario, the user is leaving the user’s office to temporarily visit a public con-
ference room when another user wants to talk to the user. Consequently, as the user is away
from the office, it is not possible to communicate using the Marratech client run on the desk-
top computer located in the office. To allow the users to talk to each other, the Personal
Media Resource Manager starts looking for an alternative communication tool. An available
e-meeting client and a mobile-phone are found. However, since the user has P MIN set to 4 the
MRSA selects the mobile-phone even though the e-meeting client provides better quality.

4.6 Discussion

This paper considers the problem of how to automatically choose the most beneficial media
resources for the user. The paper proposes to decompose the problem into manageable parts
which can be solved individually. The parts which are identified include finding available
media resources, creating an abstraction level for comparing the resources, and providing
the necessary information needed to select appropriate media resources. Based on the infor-
mation provided by these parts, the proposed algorithm, MRSA, performs media resource
selection.

This paper proposes that only media resources which are nearby, not busy, and which the
user has permission to access are considered as available. In the implementation, resources
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which reside in the same room as the user are considered to be nearby and can be discovered
using the context storage infrastructure. However, depending on the size of the room there
may still be occasions when a user does not benefit from using two available media resources
together, e.g. when a microphone is too far away from the screen that the user is currently
using. Other users’ privacy preferences have not been taken into account when determining
if a nearby resource is available or not.

An abstraction level for comparing media resources is proposed by classifying each re-
source with quality, privacy, and cost indices. This solution provides a useful abstraction
from both users and developers. For users it supplies a coarse-grained control interface, and
for developers the issues of how to value media resources and how to choose between them
are separated. What information is needed to form the indices of different media resources is
not covered in this paper.

In order to provide necessary information needed to select appropriate media resources,
context-awareness was used. The contexts used in the proof-of-concept implementation when
selecting a media resource is the user’s location, the user’s communication needs, the avail-
able media resources, and the user’s privacy and quality preferences. Since users’ location
is used for access control it is important that the location can be verified. However, access
control and other security issues have not been considered in this paper.

In the proof-of-concept, the algorithm is used to select a new media resource every time
the user changes location and when a change in network performance occurs. This works
well when only a limited number of contexts can trigger the algorithm. However, in a more
advanced system, which uses more contexts, it might be required to execute the algorithm in
intervals instead to avoid constantly triggering it.

The implementation and the two experiments performed in this paper were done to pro-
vide insight in the functionality of the algorithm. Although limited, these experiments showed
that it was possible to integrate media resource selection into Marratech, the e-meeting soft-
ware used in this paper. As a whole, the paper provides useful knowledge and deeper under-
standing of the issues involved in developing a system which automatically chooses the most
beneficial media resources for the user.

4.6.1 Future work

Although a working prototype was developed there are many issues that remain to be studied.
Only brief tests have been performed and the authors would like to conduct user studies
to further explore how to increase the benefit of automatic media resource selection. User
studies could also give valuable input on how to balance autonomy with user control.

In order to increase the benefit of a user study, a calculation model for privacy-, quality-,
and cost-indices and their prioritization should be developed. When developing this model it
is also important to study which contexts should be considered when determining the privacy-
, quality-, and cost-indices. It is also important to evaluate this calculation model with users
in order to determine its comprehensibility.

In any system which deals with personal information, it is important to ensure users’ pri-
vacy and provide appropriate security. These issues are not considered in this paper and needs
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to be further researched. This means ensuring that it is possible to verify a user’s location
through the deployed positioning system, as well as attending to appropriate authentication
and access control to the system in a ubiquitous environment.

Finally, the authors would also like to develop and utilize a media gateway which supports
conversion of media between a number of different formats. With better conversion support
it becomes possible to utilize a wider range of media resources together in the system. The
idea is to make conversion between different media resource format in an automatic fashion
in order to further relieve the users.
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Abstract

Current trends in mobile communication include ubiquitous human-to-human multimedia
communication where users can utilize devices in their surrounding environment in order
to add functionality beyond the capabilities of today’s mobile terminals. When designing a
ubiquitous communication system it is important to be aware of end user requirements and
system properties. This paper presents a user study which investigates how users would like
to utilize resources in the environment to improve their communication. Several design rules
were derived from the user study and were used to design a system and a proof of concept
prototype. The paper also presents technical requirements which need to be addressed when
implementing a ubiquitous multimedia communication system.

5.1 Introduction

Imagine having a mediated conversation and not being limited to the functionality of one
communication tool but rather being able to utilize functionality of multiple tools to improve
the communication. Current research trends in networking and multimedia envision ubiqui-
tous human-to-human multimedia communication where users can seamlessly communicate
anytime, anywhere, and from any device. In accordance to this vision, users should be able
to utilize communication equipment and software, such as cameras, microphones, instant
messengers, and e-meeting clients1, which are scattered throughout the environment and are
automatically configured and used whenever the user needs them.

Allowing users to transparently switch between communication tools can for example be
used to improve quality or save money, but can also be used to add more functionality by in-
troducing additional media. Ultimately, this allows communication services to become more
adaptable to user needs both in terms of functionality, quality, and cost. Previous work by the

1The term "e-meeting" denotes a group web conferencing session which can include video, audio and chat among
other media. Rather than requiring a dedicated meeting room, e-meetings can take place from the user’s desktop and
be used for either formal or informal communication.
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authors [34] proposes an algorithm, called the Media Resource Selection Algorithm, for com-
paring communication tools with each other in order to select the most beneficial for a given
purpose. A ubiquitous multimedia communication system can then be implemented by using
the proposed algorithm in conjunction with mobility management and resource discovery.

This paper builds on previous work by the authors [34] and presents research performed
on the problem of how users would like to interact with a ubiquitous communication system
and what design rules should be considered when implementing such a system. As part of this
research problem, the following questions should also be considered: What level of autonomy
should be used to achieve a balance of simplicity and control? What technical requirements
must be satisfied by the system for it to achieve the desired user interaction?

A user study was conducted in order to find the answers to how users would like to in-
teract with ubiquitous multimedia communication systems and to get a better understanding
of the desired level of autonomy. This user study, which is presented in this paper, was used
to derive a list of design rules that serve as a basis for a proof of concept prototype, which
is also presented in this paper. The proof of concept prototype helps answering which tech-
nical requirements are needed in order to create a flexible and simple ubiquitous multimedia
communication system.

The rest of this paper is organized as follows. Section 5.2 gives a brief introduction
to previous work related to ubiquitous multimedia communication, which is followed by a
conceptual model used in this paper in Section 5.3. Section 5.4 presents the results from the
user study and presents the design rules, followed by the system design and implementation
which is presented in 5.5. Finally, in Section 5.6 the paper is concluded with discussion and
pointers to future work.

5.2 Related Work

Ubiquitous computing is often used to empower users in their every day situations. Several
architectures have been developed in order to support the user with information, increased
flexibility and mobility [58, 66]. While these architectures envision smart spaces which offer
services such as information retrieval on user-demand, computer supported decision assis-
tance, and self configuration for improved user interaction, they do not focus on improving
mediated communication between users, which is the primary focus of this paper.

Previous research on improving human-to-human communication in mobile settings has
so far been focusing on network management [38, 63, 73] and adapting media to mobile
terminals [33]. However, these do not take advantage of resources in the environment to
extend the functionality beyond that of the mobile terminal itself. Nevertheless, there has
been some work which aim at utilizing resources in a mobile user’s environment, e.g. [10,
53], which automatically detects and configures printers or other resources when the user
change location. In contrast to this paper, these do not focus on configuring and utilizing
communication technology to improve human-to-human communication.



Supporting Ubiquitous Multimedia Communication - User Study and System Design 63

5.3 Ubiquitous Multimedia Communication

This section describes a model for configuring and utilizing communication technology in
order to improve communication. To be able to conceptually handle aggregation of multiple
tools, a model for ubiquitous multimedia communication were introduced in [34]. An essen-
tial part of this model are the terms media source and media sink, which are used to encapsu-
late media devices of the same type and make comparisons, thus increasing the flexibility by
increasing the user’s choices. In short, a media source is an abstraction of a media-capturing
hardware device, such as a camera or microphone and the software that generates the media
stream. Similarly, a media sink is an abstraction of a media-rendering hardware device such
as a loudspeaker or a display and its accompanying software, which is used by the device to
receive the media stream. The term media resource is henceforth used instead of the term
communication tool to denote either a media sink or a media source in the rest of this paper.

Infrastructure
Media sink

Selected
media

resourcesMedia sink

Media sink

Media
gatewayMedia source

Media source

Media Resource Manager

ConfigureConfigure

Figure 5.1: The conceptual model for media resource selection.

The Media Resource Manager depicted in Figure 5.1 is responsible for configuring se-
lected media resources. First it configures the user’s terminal and tools by using the Media
Resource Selection Algorithm, mentioned in Section 5.1, to find suitable resources. Secondly
it handles mobility management, allowing media streams to be migrated between media re-
sources transparently to other users. For example, the user can use a shared whiteboard tool
running on a publicly available computer as a complement to a mobile phone while it is per-
ceived as a single tool by the remote user. The technical requirements for implementing the
Media Resource Manager will be further discussed in Section 5.5.2.

In general, selection of media resources can be performed with different level of au-
tonomy and hence different levels of control. The extreme cases are either to let the user
manually manage media resources where the user is in full control, or to make it completely
automatic where the user has little control. Completely automatic systems rely on compre-
hensive rules and a large amount of sensor data, thus making them harder to deploy. On the
other hand some autonomy is desired to relieve the user of cumbersome configuration tasks.
Hence, it is important to investigate the level of desired autonomy needed to achieve a bal-
ance of simplicity and control [60]. An investigation of the desired autonomy, on how the
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users would like to interact with the system, and what services should be offered to the users
are presented in the following section.

5.4 User study

Prior to designing a ubiquitous communication system it is important to know user require-
ments and system properties. Hence, it was desired to involve users early in the design phase
in order to achieve better user acceptance. It was decided to conduct a questionnaire survey,
as a part of the user study, in order to reduce the focus on the technology and its limitations
and instead focus on the concept and the functionality. A similar approach [20] was found to
be more efficient than implementing a prototype which can be more time consuming to mod-
ify while designing the system. The following two subsections describes the used method,
subsection 5.4.3 presents the results and Subsection 5.4.4 summarizes the findings from the
study.

5.4.1 Method

Forty subjects aged between 17 and 32 (average age=21) participated in the study. The sub-
jects were all students at Luleå University of Technology taking a class in introduction to
media technology which involved trying and evaluating e-meeting software. One reason for
choosing this group is that they all had experience using modern communication tools such as
daily using e-meeting and instant messaging, and are potential consumers of ubiquitous mul-
timedia services in the future. For example, in average the subjects sent 13 SMS per week,
used chat or e-meetings tools for 26 hours per week, and talked over 92 minutes per week to
other people in phones. Another reason for choosing this population is that they had diverse
backgrounds and we wanted to get as much feedback as possible. Some of the students had a
background in psychology and media art while others were studying computer science.

The subjects were given a lecture about multimedia communication and were shown a
short movie2 visualizing two examples of a ubiquitous multimedia communication service
as it could be in the future. The first example visualized a user being able to seamlessly
switch from mobile phone to an e-meeting application during an active call in order to take
advantage of a shared whiteboard in an e-meeting for deciding where to eat lunch. In the
second example the user was sitting in a bus talking in a mobile phone to a reception clerk
asking for the direction to the hotel. As the bus was equipped with onboard computers in the
seatbacks and the map image was transferred to the display in front of the user, the reception
clerk was able to use a remote tele-pointer to show the way. After showing the movie, all
participants filled in a questionnaire that asked a wide variety of questions related to the two
above mentioned scenarios and some other scenarios with other communication set ups. After
the subject finished the questionnaire they received a cinema ticket as appreciation for their
participation. The next section describes the questionnaire in more details.

2<http://media.csee.ltu.se/media/ubicommdivx.avi>

http://media.csee.ltu.se/media/ubicommdivx.avi
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5.4.2 The Questionnaire

The questionnaire consisted of 5 independent scenarios describing different situations and
environments followed by a number of questions. For each question, the subjects answered
by rating answers on a seven point scale, where 7 indicate that they strongly prefer to carry
out the action specified in the question, 4 that they don’t care, and 1 that they are strongly
against carrying out the action. Additionally, the subjects were encouraged to motivate their
choices by writing free comments to the questions and the scenario in general.

In the first scenario, a fictitious user enters his office while talking to a friend on a mobile
phone similar to the movie snippet earlier shown to the subjects. Different questions related
to switching a phone call to an e-meeting session running on a desktop computer were asked.
Parameters such as delay introduced by changing device, monetary cost and quality were
investigated in order to find any implications these parameters could have on the desired user
interaction. It was also investigated if the user would prefer only redirecting incoming call
to the currently active device instead of switching during an already established session. For
example, redirecting mobile phone calls to the e-meeting application if the user is actively
using the desktop computer, or use the mobile phone to answer incoming calls if the user is
not using the computer.

The second and the third scenario investigated the possibility to switch or add new media
by using a public onboard computer on a train. The subjects were asked several questions
investigating the importance of display placement and how the risk of exposing information
to fellow passenger could influence the decision of using the computer. They were also asked
if they would prefer to use their own computer (assuming they had one) even if it would
take some time to power it up, or if they would prefer to only use some functionality of the
onboard computer, for example only the keyboard and not the display.

The forth scenario investigated different possibilities to provide better presence by adding
video communication to an established session. For example, allowing the user to use a web
camera or a publicly available camera to send video instead of using the mobile phones built-
in camera. The questions investigated how the user would configure the system in different
environments and how their decision of using video is influenced by the conversation and
who they are talking to.

Finally, the fifth scenario further investigated the possibility to use public computers to
add more functionality to the communication. The subjects were asked if they would like
to use their own TV as a display for handling incoming call. They were also asked if they
would like to rent a piece of a public high-resolution display in a shopping centre to get
richer communication. In all of the five previously described scenarios the respondent and
the topic of the conversation were varied. This was done to investigate if it is possible to
classify participants in the session, possibly making abstract scenario classifications, and
making configuration decisions based on these classifications.

5.4.3 Results

After analyzing the questionnaire, it was possible to categorize the comments given by the
subjects in three different categories.
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• Usability

• Cost and Quality

• Privacy and Control

The Usability category relates to the convenience of using the system and the extra func-
tionality it may provide by using resources in background, for example different aspects of
how the user could interact with the system in order to switch to a larger display. Comments
grouped into the Cost and Quality category dealt with the balance between the cost of using a
resource and the quality it provides. Finally, the Privacy and Control category dealt with dif-
ferent aspects of privacy. For example, comments pointing out functionality that may expose
sensitive information to other users, automatic features that may result in loss of control, or
decisions influenced by users’ trust to public terminals were grouped into this category. The
following subsections describe these categories in more details and present statistical data
obtained from the questionnaire.

Usability

In general, most subjects were positive about using a mix of media resources to get richer
communication. 70% of the subjects answered that ubiquitous multimedia communication
could offer important advantages in comparison with today’s communication solutions. How-
ever, 74% of the subjects also answered that they believed that there are severe drawbacks
that may prevent them from using such a system. Thus, to design a working system it is
important to have knowledge about these potential drawbacks.

In the first scenario of the questionnaire, two questions investigated if the delay introduced
when switching device may cause users to keep communicating with their current device
rather than switching. Some subjects explicitly required the system to be easy to use and no
extra delay is introduced when switching to another device. As one subject pointed out, "I
might as well hang-up and re-dial the other person if it takes time to switch device". Another
subject stated that it may become too complicated to switch and the switch may draw attention
from the conversation, which might be over in a minute anyway. Yet another subject stated
that switching to the e-meeting may result in reduction of mobility as the users become bound
to the desktop computer and cannot move physically in the building as with a mobile phone.
The second and the third scenario investigated the possibility to switch or add new media by
using a public onboard computer on a train. Most of the users were positive to be able to take
advantage of a larger display, but as will be discussed later in this section; there are several
reasons which might prevent the users from using the display.

Cost and Quality

It can be derived from the user study that one reason to switch to another communication
resource is to obtain better quality, another to save money. However, when services are
assigned a cost the user will have to find a balance between desired quality and the cost the
user is willing to pay.
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Figure 5.2: Data showing users’ willingness to switch from a mobile phone to an e-meeting
depending on the cost and quality of using the e-meeting.

Figure 5.2 summarizes data obtained from the answers regarding the balance between cost
and quality in the first scenario. The boxes in the figure show the 1:st quartile, the median,
and the 3:rd quartile (i.e. 25%, 50%, and 75% of the population). Max and min values are
shown as lines above and under the boxes. The questions were repeated for both private and
work situations in order to find any differences. As can be seen, subjects were more willing
to switch if the e-meeting was cheaper to use than the mobile phone. However, if the subjects
were only interested in saving money and not interested in getting better quality, there should
not be any statistical difference between bar two and three in the figure (same quality but
cheaper and worse quality but cheaper). A Chi-square (χ 2) test revealed (P<0.001) there
is a difference, suggesting that subjects only want to switch to a cheaper device as long as
the quality is not degraded. In fact, the quality should not be worse than the currently used
device. However, this parameter is highly subjective and the same is true for how cost is
perceived by users. Hence, it is important to provide the user with information about quality
and cost for available and used media resources in order to support the users in the decision
making.

Privacy and Control

After analyzing the results, it was found that different aspects of privacy were the main rea-
sons for not switching to another resource, or invite a new resource to the conversation. The
following text describes these privacy aspects in more details based on the results from the
questionnaire.
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Figure 5.3: Data showing users’ willingness of using a public display in a train vs. using their
own terminals when considering the placement of the display.

Several questions in the second scenario investigated how the display placement could
affect users’ willingness to use a display connected to the onboard computer when the al-
ternative was using the small display on the mobile terminal. The questions also investigate
if they would prefer to use their own equipment with large display when considering the
importance of the call and who they are talking to.

Figure 5.3 shows statistical data from the answers. As can be seen, users’ willingness
to use public displays and equipment decreases if there is a risk of exposing information to
other people, such as exposing information about the equipment which can be used to derive
sensitive information about the user. Because the subjects cannot assess the sensitiveness
of a new conversation or message in advance, they preferred to handle new calls using their
own terminal. The last bar in Figure 5.3 shows that the user preferred to handle all incoming
message through their own terminal.

Another reason for not switching to the onboard computer that was identified by several
subjects is the risk of exposing information about other users involved in the conversation.
That is, the subjects would not care for using the public display themselves, but they did care
about the privacy of other users in the session. The importance of considering the privacy of
all participants in the session became even clearer when the subjects were asked in the fifth
scenario if they would like to use high-resolution display in a shopping centre. As can be seen
in the Figure 5.4, almost none of the subject would consider using such a service. Comments
given by the subject explained that the display would most likely violate their privacy as other
can easily see incoming messages or images.

Regarding using a TV at home to get a larger display, several subjects claimed that they
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Figure 5.4: Data showing users’ willingness to use a TV as a media resource.

didn’t want to be interrupted when watching TV, and would therefore not use such a service.
As can be seen in Figure 5.4, the subjects became more negative of using a TV when they
were watching together with someone else. Once again, the subjects did not want to risk
exposing information to surroundings. Hence, to select a public terminal the system must
be able to consider the privacy of all participants when deciding which media resources to
use. Additionally, the system should be able to give both the local and remote users feedback
about the risk of exposing information to people in the surroundings when using a particular
media.

While the use of public display seems to constitute a threat against the users’ privacy, it is
essential to determine if all public media resources violate users’ privacy. Several questions
in scenario four investigated if the user would consider only using the keyboard connected to
the onboard computer for typing messaging and not use the display. As can be seen in Figure
5.5, the subjects were in favour of only using the keyboard and considered using their own
terminal in conjunction with the keyboard an acceptable solution. This result suggests that it
is impossible to make a separation between public and private resources. Consequently, the
system must be able to determine possible privacy implications of each resource based on
the amount of information the resources exposes to other people. Additionally, the system
must be able make a separation between sink and source devices for capturing and presenting
media. For example, using a public keyboard as a source for a particular media and using the
user’s own terminal as a sink for the same media. This confirms the author’s previous work
on making a separation between media sinks and sources.

In all scenarios throughout the questionnaire, the subjects were asked if they would like
the system to automatically add new resources or move sessions between resources, or if they
preferred to manually configure the system. In average, most people were negative regarding
making the system automatic. All (100%) subjects answered that they could not accept (in
all scenarios) any failures by the system.
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Figure 5.5: Data showing users’ willingness to mix private and public media resources.

Most sensitive were the users against automatically handling video sources. Several ques-
tions in the forth scenario investigated different use of video, for example a video source that
follows the user. Given these results, it can be concluded that the users must be in charge of
the system, and be able to decide when it is suitable to use a particular media, such as video.
However, as mentioned in Subsection 5.4.3 it is important that the system is easy to use and
do not introduce extra delay. To fulfill both these requirements it may still be necessary to
design a proactive system that automatically configures surrounding resources, but the users
should have the final word before executing a configuration decision.

5.4.4 Design Rules

This section summarizes the findings from the user study and important design rules that
should be followed when designing a working system:

1. The users should be able to easily switch back to their own terminals.

2. A switch should not introduce extra delay.

3. The user interface should be simple to use.

4. When selecting a cheaper media resource, the quality should not be worse than the
currently used resource.
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5. As the users can not assess the sensitiveness or relevance of a new conversation or
message in advance, new calls or sessions should always be handled through users’
own terminal before using a public resource.

6. The system should consider the privacy of all participants in the session and not only
the local user when selecting a new media resource.

7. The system should be able to give both the local and remote users feedback about the
risk of violating their and other user’s privacy when using a particular media resource.
The system should be able to determine possible privacy implications of each resource
based on the amount of information the resources expose to other people.

8. It should not be possible to derive privacy related information from the knowledge of
which resources that is being used.

9. The system should be able to make a separation between media capturing devices and
media presenting devices.

10. The users must be in control of the system, and be able to decide if it is suitable to use
a particular media resource.

5.5 System Design and Implementation

This section presents a system design and an implementation which is meant to meet the
design rules in Section 5.4.4. Because the users want to be in control and want to be able to
influence the decision (design rule 10), a functional user interface was developed. The user
interface is developed primarily with functionality and simplicity in mind (design rule 3).

A proof of concept implementation was built by incorporating the system with a com-
mercially available e-meeting system provided by Marratech [40]. Marratech is an e-meeting
client which provides tools for synchronous interaction including audio, video, chat, and a
shared white-board. In addition to the commercial client, there is also an experimental ver-
sion running on Microsoft PocketPC available, which was used to build a proof of concept
prototype. The rest of this section discusses this user interface and the technical requirements
needed to implement a working system, as well as the proof of concept prototype.

5.5.1 User Interface

Figure 5.6 shows two screenshots of the proof of concept prototype. The user interface is di-
vided into two components: the information component 5.6(a) and the configuration compo-
nent 5.6(b). The information component shows the respondent’s communication capabilities,
and the configuration component shows the used and available resources as well information
about the resources. In the later the user can choose to use new available resources and dis-
card currently used ones. In these screenshots the two components are separated, but they can
also be integrated into one unit, for example it could be accessed from the system tray bar.
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There are several icons in the user interface, these are a loudspeaker (audio sinks), a micro-
phone (audio sources), a monitor (image sinks), a camera (image sources), and a keyboard
(input sources). All media resource types can be used separately from each other (design rule
9).

(a) Information component. (b) Configuration component.

Figure 5.6: Two screenshots showing the proposed user interface.

Figure 5.6(a) shows the respondent’s media resources in the opened Video tab. Here, a
resource with an exclamation mark means the respondent is using a media resource which
can potentially violate the user’s privacy (design rule 6), e.g. a loudspeaker which makes it
possible for people to eavesdrop on the conversation. A media resource which is crossed over
means the resource is not available to the respondent. A squared, or pressed, media resource
means the respondent is currently using the resource and a resource which is neither of these
means the resource is available to the respondent but the respondent is not using the resource,
e.g. in the screenshot the respondent has access to a microphone but is not sending any audio.
Note that the system does not reveal any details about the respondent’s media resources such
as the location or information about the equipment. This is done to limit the possibility to
derive information about the respondent’s whereabouts and situation (design rule 8).

When a new media resource is discovered, the information icon (shown in the top right
corner of Figure 5.6(a)) is replaced with an arrow icon (shown in the top right corner of Figure
5.6(b)). If pressed the configuration component is opened in a new tab, which is shown in
Figure 5.6(b). Here the user can use drag and drop between the used media resource layer
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and the available media resource layer to activate or deactivate used resources. If the user
has chosen to switch from a mobile media resource to another more stationary one the user
can simply select the mobile resource again by dragging it back to the used resource layer
(design rule 1). By default only the resource recommended by the system is shown in order
to make it easier to use (design rule 3), but by pressing the icon in the information layer the
user can select other available resources. Note that an icon with an exclamation mark in the
configuration component means it does not meet the user preferences, e.g. it might be more
expensive to use than the user would prefer or it might risk the user’s privacy (design rule 7).

The information layer inside the configuration component shows information about the
quality (Q), privacy (P), and cost (C) parameters. These parameters are calculated by the
Media Resource Selection Algorithm and ranked in comparison to other available resources
of the same type. Rank 1 means it is the best, or equal, compared to other resources of the
same type for that parameter and a rank 2 means there is at least one other resource which is
more suitable, and so on.

5.5.2 Technical Requirements

There are several technical requirements which need to be satisfied in order to support the
functionality offered by the user interface. These include resource discovery, mobility man-
agement, media resource selection, and information distribution between Media Resource
Managers. The authors have developed a framework, called the Ubiquitous Communica-
tion Management Framework [69], which addresses these requirements. Figure 5.7 shows
eight steps (two steps can be done concurrently) that must be carried out before a new media
resource can be used.
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Figure 5.7: Technical requirements.

The first step is to detect new media resources and acquire information about the user and
the environment. Detecting new media resources can be done in various ways, for example
using SLP [23] or the UPnP protocol [70]. For detecting new media resources and acquire
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information it is possible to incorporate the discovery mechanism into a context-awareness
platform e.g. Context Toolkit [19] or Context Fabric [28], which are distributed information
repositories containing information about the users, the resources and the environment where
they are present. The advantage of this solution is that all information needed to make a de-
cision or recommendation is gathered at one logical place. In the implementation, a WLAN-
positioning software [30] and a context-awareness platform [34] previously developed by the
authors was used for resource discovery and information acquisition.

The system ranks the resources of the same type (step 2) once a set of new media re-
sources have been detected. By using information about the media resources, such as quality,
privacy, and cost, and taking the user situation into account the Media Resource Selection
algorithm decides which media resource is most suitable for the user. For example, based
on the scenario, privacy might be more important and then the algorithm will prioritize this
parameter when suggesting a media resource. However, for new incoming calls or sessions,
the user study show the users prefer to use their own trusted terminal rather than a public
one because the uncertainty of the nature of the call or session. Hence, the system should
prioritize the user’s own terminals for handling incoming calls or sessions and then offer the
user the possibility to switch once the nature of the call is established (design rule 5). Using
the user’s trusted terminal in public situations significantly simplifies the media resource se-
lection process and maintains user control (design rule 10). An alternative solution would be
to let all currently used terminals notify the user about the incoming call or session and then
let the user choose. However, this is not recommended for public terminals because of the
security implications (others can take the call instead).

When the Media Resource Manager has selected a media resource, it updates the user
interface, which is available for all terminals currently used by the user (step 3). However, as
each user interface must present consistent information, some mechanism is needed to syn-
chronize the status. One possible solution to this problem is either to implement the Media
Resource Manager as a centralized server that makes all calculations and updates the user
interface on each terminal or as a distributed system where a separate copy of the manager
runs on each terminal. Note that each user has his/her own personal Media Resource Man-
ager which is responsible for managing media resources on behalf of the user and distribute
information to remote managers representing the respondents (step 4).

By using the drag and drop functionality in the user interface, as described in Section
5.5.1, the user can activate new media resources and start using them (step 5). When this is
done the new media resource is configured for the current session (step 6a), e.g. the commu-
nication software will be started, and an appropriate communication session will be joined. In
the implementation this is done using Remote Method Invocation in Java. At the same time as
the media resource have been configured and the communication is set up, the media streams
produced by the new media resources must be integrated into the communication session so
that it looks like they originates from the same tool, i.e. make it look like the user is only
using one tool when the user is in fact using multiple tools (step 6b). In the implementation
this was done using a control server which is available in the Ubiquitous Communication
Management Framework [69].

Finally, when the media resource has been configured and integrated into the communica-
tion, the Media Resource Manager informs remote managers about the new media resource
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(step 7), thus updating the information component in the respondent’s user interface. This
concludes the needed steps which must be carried out before a new media resource can be
used.

5.6 Discussion and conclusions

In Section 5.1 the following research questions were stated:

1. How would users like to interact with a ubiquitous multimedia communication system?

2. Which design rules should be considered when implementing such a system?

3. What level of autonomy should be used to achieve a balance of simplicity and control?

4. What technical requirements must be satisfied by the system to achieve the desired user
interaction?

To answer the first research question the paper has presented a user study in form of a
questionnaire survey. This survey investigates user behaviour in different scenarios involving
ubiquitous multimedia communication. Most subjects were positive about using a mix of
media resources to get richer communication. The subjects were also in favour of switching
media resources to save money or to improve quality. Several design rules were derived from
the user study, listed in Section 5.4.4, which answers the second research question. However,
there were some concerns about usability, user privacy, and control.

The user study suggests that the user require control since system errors can have se-
vere consequences, such as an error which causes private information to be displayed to the
wrong recipient. However, the subjects also expressed that usability and simplicity were very
important. In relation to research question 3, the authors have proposed a solution to these
concerns which assists the user by suggesting appropriate media resources and configuring
these upon user request. This is a solution which balances autonomy and control in that it
performs automatic decisions in the background but leaves the activation up to the user.

In relation to the fourth research question, the authors developed a proof of concept pro-
totype. These requirements include detecting new media resources, selecting the most ap-
propriate resources, updating the user interface for all users involved in the communication,
configuring the media resources, and configuring the communication infrastructure. How-
ever, problems like dealing with delay when switching resources has not been taken into
account into this prototype. To reduce delay, the system could be extended with support for
proactive media resource configuration before the switch occurs.

A central part of the proof of concept prototype is the user interface. By using the user
interface the user can easily switch between media resources. However, no evaluation has yet
been performed to see if the user interface fulfils the requirements on usability and simplicity.
In addition, there are still elements in regards to group communication which needs to be
further investigated. In group communication with multiple users there will be a diversity of
used media resources amongst the participants. Something which requires further research
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is what media resources should be displayed in the information component as available and
used resources when there are multiple remote users in the session.

One concern identified in the user study which is not sufficiently addressed in the proof
of concept prototype is when a user wish to switch back to a mobile media resource after
using a stationary one. In the presence of several similar media resource there might be
other available resources which outperform the mobile resource. In the current version of
the system this mobile resource might not be suggested. A possible solution would be to
introduce a mobility parameter in addition to the quality, privacy, and cost parameters which
are currently used to rank and select resources.

Because the user study serve as a basis for many of the results and conclusions in this
paper, it is important to discuss the reliability and the validity of the study. While a ques-
tionnaire survey can be an effective method of gathering data at a relative small effort, it is
important that the goals are clear and the subjects understand the problems being studied.
To improve the reliability the subjects where chosen from a class in introduction to media
technology, which involves trying and evaluating e-meeting software. The subjects were also
shown a video which illustrated selected scenarios from the user study in order to put the
subjects in the right mindset, and to lower the difference between a real prototype and the fic-
tional scenarios in the questionnaire. Although the subjects were relatively young and were
all students, they have diverse background and are in many aspect possible users of ubiqui-
tous multimedia communication systems in the future. Thus, the authors believe the results
are valid and give a fair indication of how the users in general would like to interact with such
systems.

To sum up, the paper has presented a new way to utilize devices in the surrounding en-
vironment in order to add functionality beyond the capabilities of today’s mobile terminals.
Important results of this paper include design rules and technical implications, as well as a
proof of concept prototype. Because these results are based on user needs they can serve as a
guideline for designing future ubiquitous multimedia communication systems.

5.7 Future work

The next step is to improve the proof of concept prototype presented in this paper, for ex-
ample adding support for proactive media resource configuration. The system should also
be adapted to more platforms, such as mobile phones, in order to make deployment simpler.
Finally, the prototype should be evaluated with real users, which will reveal the extent of the
privacy concerns mentioned in this paper.
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6.1 Discussion

This thesis has presented different solutions on how to improve user experience of everyday
tasks. It has also presented different methods on how to create ubiquitous system prototypes,
as well as user studies which investigate user opinions of such systems. This section discusses
the research questions presented in 1.3 and how these have been answered in this thesis, as
well as the used research approach in regards to deployment.

6.1.1 What methodologies are useful and advantageous when prototyp-
ing ubiquitous systems?

In the first paper, "Cross-country Skiers Go On-line", a prototype was developed rather
quickly without input from users. The lack of time available for the development prevented
any extensive survey on what information should be provided and which functions should
exist. Instead the prototype was developed, deployed and tested in a real scenario after just
brief testing, and then evaluated after the test. Opinions were collected from people using the
client by performing a questionnaire and the skiers were interviewed about their opinions.
Several design flaws were found out during the test and several more after the results from
the questionnaires were analyzed. However, the approach to develop a prototype and then
evaluate it in a real scenario was very quick and resulted in many useful insights into people’s
opinions on the concept, but these results were never incorporated into the prototype as the
tests were already over.

Two different approaches to making a prototype were used in the second paper, "Wearable
Systems in Nursing Home Care: Prototyping Experience". These were paper prototyping and
a wizard of oz approach. The paper prototype consisted of drawn interfaces on paper which
allowed the users to help design functionality and interfaces right there during the demonstra-
tion. An interesting observation from using the paper prototype method was that limitations
by technology was never brought up, instead focus was kept on the concept, the ideas, and the
vision. The moment the second prototype was shown, which consisted of a small computer,
a headset, and a camera, focus shifted from concept to technology. This prototype, which
provided all the envisioned functionality through a wizard of oz who interacted through an
e-meeting software, illustrated the functionality much better than the paper prototype but in-
stead of looking at the functionality the nurses commented on things regarding the technology
itself, such as font and screen size.

The approach for making the prototype used in the fourth paper, "Supporting Ubiquitous
Multimedia Communication - User Study and System Design", was to make a user study
before developing the prototype. Users were shown a video with the basic idea to put them
into the right mindset, and then they filled out a questionnaire. The questionnaires were
analyzed and resulted in a set of design rules. These design rules were later incorporated into
the prototype. This approach provides the possibility of verifying the results from the user
study by evaluating the prototype and comparing the results to those from the user study.

All of these four approaches have advantages and disadvantages, some of which will be
discussed here. Based on the experiences learned from trying these different approaches the
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only time a direct prototype development without user involvement can be recommended is
when there is a tight deadline and if there are no users available. This approach can yield
a deployable prototype faster than other approaches but the result might not meet the user
needs. Making decent tests and evaluations takes time which is why it’s desirable to know
user needs beforehand. Without user involvement from the start the chances are there are
things in the prototype which needs redesigning and this is a time consuming process as it
requires another test and evaluation once it is done.

When developing a prototype for a certain purpose with limited number of users both
paper prototype and wizard of oz techniques are good approaches. These approaches are
more qualitative, meaning a small set of users can be involved throughout the design process
and affect the result. However, from experience the paper prototype approach seems more
effective as a starting point when discussing concept and vision because it does not distract
with technology issues. When past the initial design phase a wizard of oz approach can more
easily demonstrate the functionality.

A quantitative approach is preferred for aware systems intended for the general public
because of the possible diversity of opinions. Both the paper prototype and wizard of oz
approaches require the group of users to be rather small to be efficient. This is because a larger
group makes it hard to discuss different design choices and it is also hard to demonstrate for
a larger group. However, using a questionnaire to find users opinions work on a large group.
It is however important to make sure users have the right mindset which can be achieved with
a video, small demonstration, or similar. This quantitative approach generally takes a little
more time than previously described approaches but with a well composed questionnaire it
can yield both statistical results and valuable comments.

6.1.2 How can mediated human-to-human communication be improved
in an unobtrusive way?

For a mobile user there are few alternatives to mediated human-to-human communication to-
day than using a mobile phone. However, the functionality of most mobile phones is limited,
while the environment is rich with computer resources which have the potential of improving
the functionality of a mobile phone. This thesis has shown that a user can utilize these re-
sources in the environment to add or improve media, and to choose devices based on quality,
cost, and privacy. However, to do this in an unobtrusive fashion, the system needs to assist
the user. The user would possibly be faced with to much information to browse through.
However, according to the user-study which was performed, users want to have control and
be able to make the decisions. Therefore the system can only make suggestions, not make
automated decisions. This is a balance between autonomy and transparency which satisfies
the user requirements in our study.
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6.1.3 What conclusions can be drawn from the opinions by users of
ubiquitous system prototypes?

Many users are very positive to the new services and functionality the ubiquitous systems
can offer. Many think providing more information of the contestants in a sport event can
improve the experience for the audience, and using resources in the environment to give the
user more choices when communicating can benefit them. The greatest concerns seemed to
be privacy and trust aspects, which was hardly surprising. However, despite these concerns
people wanted to use these systems in certain situations. A general conclusion is that as long
as the gain is big enough and the system does not do things without user consent there is
indeed a desire from users for services and functionality which ubiquitous systems can offer.

6.1.4 Deployment

The prototype presented in the fourth paper, "Supporting Ubiquitous Multimedia Commu-
nication - User Study and System Design", was designed with deployment in mind. It was
designed to function with few contexts, such as location and knowledge about the recipient.
Making rules for decisions based on few contexts will of course create very general rules
which are not very customizable. However, more complicated rules will most likely require
more contexts which in turn will require more sensors to be deployed in the environment or
possibly carried by the user. For targeted environments such as in a hospital or in an office
it is possible to deploy several sensors but if the system should work everywhere it must rely
on simpler rules. Though the prototype for improved mediated human-to-human communi-
cation is not limited to using few contexts and simple rules, the current set up is made this
way to make it easier to deploy.

6.2 Conclusions

The main results presented in this thesis are the valuable insights in user opinions of ubiq-
uitous systems, the methods for involving users in the design process and encouraging their
creativity, and the several design rules which can serve as a guideline for designing ubiqui-
tous systems in the future. The algorithm for selecting and using media resources in the en-
vironment can also aid in future design of ubiquitous communication systems as it decouples
several elements which require more research. This algorithm makes it possible to continue
development of the application and trying to satisfy user needs while leading research in other
fields can be utilized to solve parts of the functionality.

The different user-studies presented in this thesis show there is a positive attitude to ubiq-
uitous systems which empower users. However, there are still several concerns such as re-
liability, trust and privacy, and control. These are serious concerns which are being heavily
researched already. The systems presented in this thesis have been developed so that when
solutions to these concerns are available they can be incorporated into the system designs
without too much effort.
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The sport-events prototype has shown that it is already possible, with current sensor tech-
nology, to deploy systems for providing users with added information which can improve
their viewing experience. With the advances in digital TV it would be possible to create
services where people could pay to get this added information about their favorite contes-
tant. The current direction of televised sport, where more information about the contestants
is shown, creates a demand on sensor technology as well. Sensors which are worn by the
contestants would be less intrusive if they became even smaller and lighter.

The nursing-home prototype provides access to information, improves group-awareness
and saves time. Elements from this prototype could be incorporated into nurses’ environment
when trying to make healthcare more efficient. Making necessary information available to
the nurses when they need it will likely reduce stress and save time. Providing group commu-
nication can also make nurses more efficient in their work as they could have access to other
experts through the system.

The ubiquitous communication prototype show an alternative view of mobile communi-
cation, a view which is not bound to the capabilities of the personal mobile device. If this
view is adopted it opens up a whole new market for media resource providers. It would
also affect the development of mobile devices in the sense that new functionality could be
incorporated; mobile devices wouldn’t have to be powerful with large screens to utilize these
functions.

As for deployment of awareness systems it is important to consider the technology which
exist in the environment. In general the following statement is valid; as an aware system
is made more accurate and customizable it will require more complicated rules which in
turn require more sensor data and contexts, this will make the system harder to deploy. For
deployment and commercialisation of similar systems in a public setting, focus should be put
on using simple sensors which are cheap and easy to deploy, and on sensors the user can carry
with her.

6.3 Future Work

The last two publications presented in this thesis set out to provide users with improved
mobile human-to-human communication. This is an interesting direction which deserves
further research. So, as a first priority to future work the ubiquitous communication prototype
should be improved and further developed. This should then be deployed and evaluated so
the results can be compared to those from the user study.

From the ubiquitous communication prototype there are several interesting directions.
The algorithm used to select media resources could be modified to select services in the
environment. The prototype could also be used to create a dynamic wearable computer where
a user can simply pick up the equipment needed for a specific task and the system would then
configure the equipment and offer appropriate services to the task. The result could become
very useful in environments where the user leave to carry out a specific task and then return,
such as in a hospital when a nurse can leave the office to carry out an examination and then
return. This leads to a number of interesting research questions such as:
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• What functionality is needed to transparently combine and switch between resources
carried by the user and available in the environment?

• What information is needed to automatically configure the dynamic wearable computer
and adapt the resources?

• How should services offered by different media resources be announced and repre-
sented?

• What functionality is needed to transparently handle loss or switches of services?
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