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Email: {Josef.Hallberg, Sara.Svensson, Ake.Ostmark, Per.Lindgren, Kare.Synnes, Jerker.Delsing}@ltu.se

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, together 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.

I. 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 in-
formation about contestants often is very sparse. The in-
formation 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 incor-
porate the new information and possibilities 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 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 conditions
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?

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 be-
ginning of March [1]. 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 tested
both during Vasaloppet and during the open track event.
Three professors from Luleå University of Technology,
one of them shown in Figure 1 practicing cross-country
skiing, participated in the testing by taking part in the
Vasaloppet contest and the open track event equipped
with sensors.

II. RELATED WORK

Previous research has been conducted on trying to
enrich users’ interest, engagement, and experience of



Fig. 1. Cross-country skiing (photo: Per Pettersson)

media in different ways and parts of this work have
previously been published at [2]. 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 [3] and the Media Event Platform (MEP) [4]. 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 informa-
tion 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 Marathons, with a system
called the Marathon Man [5]. 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 net-
working sensor nodes have been developed. 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 hardware
components consist of a microcontroller, memory, sen-
sors, AD-converter, transceiver, and power supply. COTS
hardware platforms such as the Berkley Mica motes
[6] have often been used when developing applications.
Another platform is the BTNode [7], a demonstration
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 plat-
form. 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.

III. SYSTEM

Overall, the system is intended to give the viewer an
enriched experience by providing additional context to
the sport event. An overview of the system is illustrated
in Figure 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).
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Fig. 2. Overview of the system

A. 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 mea-
suring 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 3 below.
Pulse and altitude are drawn in diagrams related 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.

B. Context-aware platform

For storing and managing context-data we used the
context-aware platform Alipes [8]. 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.

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

Fig. 3. The Vasaloppet applet

means that the different 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.

C. 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
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the ski-runners, we used a low power GPS module.
1) Generic sensor hardware platform.:Both the re-

ceiving 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 microcon-
troller used for processing of received signals and wire-
less 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 4 below. The
weight of the GPS sensor-box and heart rate sensor-box
is 145g and 130g respectively.

Fig. 4. Hardware components

2) Sensor node software.:Each of the 3 competi-
tors 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 advan-
tages over developing proprietary protocols, e.g., com-
patibility, 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 [9].

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. The Bluetooth standard defines a set of pro-
files for communication and allows different Bluetooth
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 minimum
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.

3) 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 prox-
imity 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 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.

IV. 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
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results acquired from the races have been divided into
four categories: viewers’ evaluations, skiers’ evaluations,
context-aware platform, and sensors and communication.

A. Viewers’ evaluations

A questionnaire was sent out on Testbed Botnia [10],
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 especially 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.

B. Skiers’ evaluations

We interviewed the three skiers regarding their opin-
ions 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 devel-
opment and may thereby be biased, had a very positive
experience of wearing and using the equipment. He also
uses the equipment 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.

1) 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.

2) 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 informa-
tion 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.

3) 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.

C. Context-aware platform performance

During the day of the Vasaloppet race there were
2100 unique visitors to the public website with the
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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.

D. 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 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.

Fig. 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.

The third of our cross country skiers, Anders, partici-
pated 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.

V. D ISCUSSION ANDCONCLUSIONS

The skiers thought our application has several possible
benefits for the sport and its practitioners. 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 provided 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
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nodes. The lower operational time of the mobile units
when used in Vasaloppet is most likely due to insuffi-
cient 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 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 sensors pushing data onto the Internet, perhaps
sensor-data could be pulled on request from specta-
tors, 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 in-
creased operational time. The scalability issues discov-
ered in this trial are being considered when redesign-
ing 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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