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ABSTRACT

This paper introduces a novel collaborative environment in
which performers are not only free to move and interact with
each other but where their social interactions contribute
to the sonic outcome. The PESI system is designed for
co-located collaboration and provides embodied and spa-
tial opportunities for musical exploration. To evaluate the
system with skilled musicians, a user-test jam session was
conducted. Musicians’ comments indicate that the system
facilitates group interaction finely to bring up further in-
tentions to musical ideas. PESI can shift the collaborative
music activity to a more engaging and active experience.
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1. INTRODUCTION

The affordances of digital technologies give us ways to look
at interaction paradigms that challenge and explore collabo-
rative art practices. Social aspects of emerging technologies
have already spread new ideas for social musical experi-
ences, in particular for co-located and remote collaboration
in the NIME community [19, 4, 14]. However, further design
and implementation of collaborative interfaces for bodily in-
teractions that catalyze social interactions in group music
experience, along with systems for identifying these interac-
tions, is needed. A novel collaborative system that is capa-
ble of offering solutions for exploration of social actions in
group music activity could open up supporting collaborative
and creative activities in music practices.

This paper presents The Notion of Participative and En-
acting Sonic Interaction (PESI) research project that aims
to enhance the musical experience in a collaborative music
activity, providing embodied and spatial opportunities for
musical exploration. PESI accounts for forms of interac-
tion with digital technologies that are embedded in physical
and social environments [8]. The design strategies behind
PESI seek to answer questions such as: What new design
requirements are emerging for interactive systems to pro-
vide expert music performances in co-located group music
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practices?” What modes of interaction can transform that
music practice into an active and enriched experience? How
can the social actions in group music activity be realized as
musical intentions affected by spatial parameters?

The PESI system uses mobile phones as tangible and ex-
pressive musical instruments, in parallel with an spatial sys-
tem. This extended system incorporates the mobile instru-
ments and motion tracking technology to create an envi-
ronment in which performers are not only free to move and
interact with each other but where their social interactions
contribute to the sonic outcome. We have briefly presented
previous versions of the system in [6, 16].

This paper is structured as follows. Section 2 discusses
the related work in remote and co-located collaborative in-
terfaces. Section 3 defines the design requirements and spec-
ifications. Section 4 introduces the architecture of the PESI
system. Section 5 presents our evaluation of the system with
three musicians. In section 6 we reflect on our findings and
discussions. We indicate our future perspectives and con-
clude the paper in section 7.

2. RELATED WORK

Many design strategies for physical, social and spatial in-
teraction in collaborative art context have been presented
and more inclusive views of interaction for music, including
interaction cues that are not directly affecting the sound-
producing actions, have been discussed [1, 7, 12]. Within
that line of approach, there has been scope for providing
a classification of digital music instruments and interactive
systems for collaborative music making [2] and the aspect
of collaboration has been addressed explicitly [5].

Tooka is an exploration of a two-person musical instru-
ment: a hollow tube with a pressure sensor and three but-
tons for each player [11]. From an original design meant for
novices, it added expressive capabilities, following experi-
ences with trained musicians. Ocarina is a wind instrument
developed for the iPhone, which is socially aware: it allows
one to hear other Ocarina players throughout the world [20].
Similarly, Daisyphone allows multiple participants to col-
laborate in the creation of music loops without being in the
same physical space [4]. Notions explored in Daisyphone
- such as identity, mutual awareness, mutual modifiability,
and localization of sounds - have informed the design of the
PESI system. MoodifierLive is another mobile phone appli-
cation for rule-based automatic music performance, allow-
ing for collaborative performances with up to four partic-
ipants [9]. MoodifierLive explores the potential of mobile
devices as all-in-one solutions for both sound production
and control. It aims to combine automatic performance
and expressive gesture analysis. Malleable Mobile Music



[19] allows co-authoring of a common music stream, which
takes advantage of geo-location and mobility, for as people
come closer, their musical contributions become more clear.

Tabletop tools have also been pursued for musical collab-
oration for electronic music performance [13, 14]. As in the
PESI project, Kliigel et al. focus on face-to-face interac-
tion in co-located settings, emphasizing visibility of action
and the ability to use verbal and non-verbal communication.
TOUCHtr4ck is another project that has been presented as
a multi-touch tabletop tool for collaborative music making
[21]. The authors of TOUCHtr4ck identify three main in-
teraction factors for democratic collaborative music making
that are important for our research: awareness of others’
actions; modifiability of others’ actions; and the distinction
of musical expertise.

As the PESI system is designed for co-located collabo-
ration, it brings reflections about space and movements.
Nymoen et al. have evaluated the use of a classifier to dis-
cover correlations between sound features and movement
features [15]. Their experiments have shown that it is pos-
sible to study these relationships by feeding movement data
to a classifier and selecting the features used for classifica-
tion (for example, a ”shake” feature). We incorporate these
ideas into our work and propose an adaptive and flexible
interactive environment in which each performer conducts
her/himself autonomously. Through the general and broad
issues of physical, spatial and social interaction in collabo-
rative group activities, we aim to highlight some key design
issues in the PESI research project.
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Figure 1: PESI system module diagram.
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3. DESIGN REQUIREMENTS

In order to develop the system implementation for such
group music practice it is necessary to define certain de-
sign requirements and technological specifications. This is
to ensure that the system’s features are developed on the
basis of our initials findings of the previous user-test stud-
ies [16] and to maintain the requirements for physical and
performance characteristics of an accessible technology.
The system needs to:

e have a robust motion tracking component to extract
social interactions and to identify individual perform-
ers,

e provide musical instruments that allow bodily move-
ments to emerge with corresponding embodied inter-
actions between performers,

e facilitate collaborations involving more than two per-
formers,

e allow all the modules to be customizable for various
types of group music activities,
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e maintain easy-to-use, easy-to-learn user requirements,

e provide vital status for networking to allow a low-level
latency communication between system components.

4. PESISYSTEM ARCHITECTURE
4.1 Extended System

To meet the design requirements for a system that allows
bodily movements and bodily interactions to emerge be-
tween musicians, we implemented the PESI system in two
parts - on the body and in space. On-body component con-
sists of mobile phones and portable speakers. Performers
use the mobile devices to control their individual instru-
ments. Each one wears a pair speakers on his/her body
that are directly connected to the mobile device.

In-space, the multi-user tracking and central management
unit provides a robust tracking and analysis system that
adapts quickly and reliably to any changes in a dynamic,
group improvisation performance. It receives a continuous
stream of data from the rest of the components. It uses
this data to extract actions and to modulate the individual
sound outputs. This allows a new layer of sound to be pre-
sented based on the social relations among the performers.
There are also surround sound speakers set up in the space.

This architecture has been implemented in a highly de-
coupled modular structure (see Fig. 1). Every component
runs independently, and communicates with the other mod-
ules through the standard Open Sound Control - OSC' pro-
tocol. The modular structure in the system allows for dy-
namic reconfiguration and reusability of the components in
order to increase the overall robustness of the system.

4.1.1 On Body

We designed and implemented a mobile phone instrument,
running custom software built with Objective-C? and Libpd?®
in iPhones. The software receives input from the accelerom-
eter and gyroscope sensors, as well as touch interaction.
Performers can choose one out of three different sound mod-
ules, each with its own sonic characteristics and interaction-
sound mapping settings.

Libpd enables the system to run Pure Data® environment
as a sound engine on iPhones. The three values of ac-
celerometer and gyroscope for X, Y and Z coordinates arrive
as a continuous stream of floats in libpd. This translates ac-
tions into sound. The accelerations and continuous pointing
are measured constantly along all axes, providing a picture
of the performer’s hand as it gestures and moves. The mo-
bile phones are connected to two portable speakers that the
performers wear on their chests (see Fig. 2). In addition
to accelerometer and gyroscope values, touch information
is used to provide X and Y coordinates of touch screen in-
put data and binary values to the system. The information
retrieved from accelerometer, gyroscope and touchscreen is
also sent to the in-space component.

The core interaction model allows participants to focus on
their interactions with the other participants and with the
environment. The objective is to keep the GUI requirements
to a minimum level of visual cues, such as the background
colour of the screen indicating the choice of sound module
and the state of the instrument. In addition to audio and
visual feedback, the mobile instrument also provides haptic

"http://opensoundcontrol .org/
2http://developer.apple.com/library/mac/
#referencelibrary/GettingStarted/Learning_
Objective-C_A_Primer/_index.html
3http://libpd.cc

“http://puredata.info/















