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Abstract
In this paper the design, development and evaluation of a GPS-based auditory navigation system is
presented that implicitly guides a user by a contextualized rendering of personal audio files. The
benefit of this navigation system is that the user can listen to his own audio contents while being
navigated. Wearing headphones, the user listens to audio contents which are located in a virtual
environment. The user simply walks in the direction where the sound seems to have its origin. A
formal evaluation under field conditions proved that navigation with contextualized audio contents
is efficient and intuitive and that users are highly satisfied with the navigation support given by the
evaluated auditory display.

1. Introduction
To navigate a person from one place to another, two essential pieces of information have to be
communicated to the person: First the distance to the destination (or an intermediate waypoint).
Secondly, the direction where he will find the destination relatively to the current direction of
movement or relatively to the direction the user is facing [1].
Most auditory navigation systems use speech in order to communicate this information [3, 4]. The
disadvantage of speech is that it requires a lot of attention. A way to communicate distances and
directions without speech is spatial audio. An auditory display that uses spatial audio creates a
sound that appears to emanate from a given environmental location. Most navigation systems that
use spatial audio use it to add spatial information to spoken navigation cues [2]. A navigation
system that does not use speech is AudioGPS [1]. It places a briefly repeated tone in the direction of
the destination. This indicates the user in which direction to go.
These traditional navigation systems have in common, that they guide a user with explicit
navigation instructions. They communicate instructions directly by using speech or non-speech
navigation cues. Our approach is that explicit instructions are not necessary to navigate a person. In
this paper we present the auditory navigation system Melodious Walkabout that implicitly guides a
user by providing him with awareness where the destination is located.
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2. Melodious Walkabout
2.1. Scenario
Joy is located in the middle of a huge unknown town. She faces the everyday problem to find the
way from one place to another. Usually she starts asking people for the way, struggles with maps
and finally panics. This time it is different - Joy puts on headphones and selects her destination and
favourite songs on her Personal Digital Assistant (PDA). The music begins to play and Joy follows
the music through the city. After listening a couple of her favourite songs Joy arrives relaxed at her
destination.
2.2. Design of Melodious Walkabout
Melodious Walkabout is a PDA-based auditory navigation system. It provides a mobile user with
awareness where the destination is located by contextualizing audio contents the user is listening to.
The mobile user wears headphones and hears audio contents that reach him from a certain
direction. The direction of the virtual sound source unobtrusively tells him in which direction to go.
An important feature of Melodious Walkabout is, that it can be used with any audio contents. This
gives the user the opportunity to listen to audio contents he likes to, while at the same time being
aware of the direction and distance of the destination.
An auditory navigation system consists of three components: 1. A module for determining the
traveller’s position and movement. 2. A Geographical Information System (GIS) that defines
geographical cues. 3. A user interface consisting of an input device to control the navigation system
and an auditory display that audifies the geographical cues, so the user is able to hear and
understand the information.
Melodious Walkabout uses the global positioning system (GPS) to locate the user. A GPS receiver
continuously determines the position of the user and his direction of movement. Based on this data
the GIS calculates the distance to the destination and determines the bearing of the destination
relative to the user's direction of movement. Melodious Walkabout does not take into account the
direction in which the user is facing. The convention is that the user faces the direction of travel.
However the system could be easily augmented with a compass to track the line of sight.
2.3. An Auditory Display Model for Contextualizing Personal Audio Contents
The auditory display of the navigation system creates the illusion of a sound source reaching the
user from the direction of the destination. The direction of the virtual sound source indicates the
user in which direction he has to move. Instead of using fixed audio contents, the auditory display
of Melodious Walkabout takes the user's personal audio contents and places them in the direction of
the destination. This means the personal audio contents are contextualized since they are adapted to
the geographical context of the user.
The auditory display model was designed to be simple, unobtrusive, intuitively understandable and
convenient. A challenge of an auditory display that uses personal audio contents is to preserve their
aesthetical character. The goal was to design an auditory display model that plays audio contents in
high quality and alters them in a clear but acoustically convenient way.

To indicate the direction where the destination is located simple panning is used, representing the
direction across the stereo sound stage. The benefit of using panning is that the user hears the music
without any changes as long as he moves in the right direction. However, panning the sound source
from left to right does not indicate the user if the destination is located in front or behind him. This
is achieved by using a low pass filter: The more the destination is located opposite of the user's
direction of moving, the stronger the sound is muffled. If the destination is located in front of the
user, the low pass filter is not used at all. In order to preserve the aesthetics of the sound or music,
it was decided not to map the distance to the destination during most of the time. Only in the end of
the navigation the distance is indicated. The volume of the sound decreases towards zero when the
user approaches the destination. This focuses the user on his real acoustic environment and
indicates him the distance to the destination.

3. Implementation
Melodious Walkabout consists of a GPS-receiver, a Personal Digital Assistant (PDA) and
headphones. Since users are moving outside it is important not to shut out completely the real
auditory environment of the user. Therefore open headphones are used. This enables a user to hear
both, his auditory environment and the played audio contents. The lightweight GPS-receiver is
installed on top of the headphones, since the reception is best in this place. A PDA has been used
because it is small enough to be carried on a belt or in a pocket. Thus the system can be worn
conveniently and the user can move freely. In addition the used technology is widespread and
available worldwide.
In regard to the audio processing special attention has been paid to a high quality of the sound. This
is important since one can assume that users would not be glad about hearing e.g. their favourite
songs distorted. However Digital Signal Processing (DSP) needs high computing power and the
audio filters have to be applied in real-time to the audio contents. In order to implement the system
on a PDA fast, efficient and high-quality audio filters had to be developed.

4. Evaluation
A first evaluation focused the following questions: Is an implicit navigation with contextualized
personal audio contents intuitively understandable? Is this type of navigation efficient? Does the
usage of familiar audio contents increase the effectiveness of the navigation?
4.1. Methodology
A total of 24 subjects were recruited. Each subject tested the prototype on two different but
equivalent routes. On one route subjects were navigated with a song they didn't know. On the other
route subjects were navigated with their own music. The subjects were asked to bring their
favourite song. Both, the order of the routes (route A and route B), and the music (own music and
unknown music) were alternated equally. The subjects had to find out by themselves how the
navigation works. No further explanation was given to them. Melodious Walkabout automatically
measured the time each subject needed to complete a route and the distance he covered. After
completing the two routes each subject was asked to fill out a questionnaire. This method was
chosen to get a comprehensive understanding of the way the subjects perceived the navigation.

4.2 Results
The results of the measured data were the following: The subjects completed the second route
significantly shorter than the first route. On an average they completed the first route in 4:40
minutes and the second in 3:30 minutes. The covered distance of the second route was also
significantly smaller than the distance of the first route. On the average, subjects improved from
342 to 256 meters. The optimal length of both routes was 210 meters. Regarding the type of music
no significant influence was detectable. The subjects performed equally with own music and with
unknown music.
However the questionnaire data indicated that subjects perceived the navigation cues significant
clearer and were significantly more satisfied with the navigation, when using their own music. On
the average the subjects were satisfied with the navigation. They stated the navigation worked well
and required only minimal attention.
4.3. Discussion
It is important to state that the subjects had to find out by themselves how the navigation works. On
the average, subjects completed the second route 27% faster. The length they covered was 25%
shorter. After spending on the average 4:40 minutes with the system, they were able to complete
the second route close to the optimum. These results show that the subjects understood the
navigation intuitively and quickly. Also a high learning effect was detectable. An implicit
navigation with contextualized audio contents is efficient.
The subjects used the navigation system with their own music and with unknown music. Regarding
the objective data the music did not have any impact on the time or length of path. However, the
results of the questionnaire revealed that the subjects perceived the navigation cues significantly
clearer and that they were significantly more satisfied with the navigation. This means that from a
subjective perspective the navigation was more efficient.
Since the subjects were free to use any song they liked the system was tested with a variety of
different music styles ranging from piano over electronic up to traditional Chinese music. Even
music songs with stereo and surround effects had no detectable effect on the navigation.

5 Conclusion
Melodious Walkabout has shown to be an efficient alternative to speech navigation systems and
especially more life style oriented audio applications could make use of such an auditory display.
The audio mapping implemented and later evaluated was simple but very intuitive and efficient for
user navigation. Nevertheless the auditory display model evaluated is just one possible audification
of context parameters like the position and the direction of a user relative to the user's goal. The
system allows a dynamic adaptation of a given audio content. It could be used for a variety of
purposes for bringing awareness to the user in a mobile user context. Especially in regard to mobile
user devices the possibilities of audio interfaces and the possibilities to send multiple information
to the user via an audification are often underestimated. Melodious Walkabout shows how the
encoding of context parameters can be used to give navigational clues and other information by
combining panning and audio filters. In the work presented we explicitly constrained the evaluation
of the system to a single user scenario. The technology available can easily be extended to a multi

user system with auditory displays. We think that multi user auditory displays will have an
important impact on user interface development for mobile and pervasive computing as they allow
us to encode information in an unobtrusive but still effective and intuitively understandable
manner.
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