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Abstract

Motivation and strategies for affecting electronic music
through physical gestures are presented and discussed.
Examples of such usage in practise are reported, and
the results and future possibilities are discussed.

Introduction

Musical expression has strong ties with physical ges-
tures for different purposes and in different contexts. A
conductor communicates musical parameters through
gestures, and chambermusic performed without a conduc-
tor relies heavily on information passed on among the
performers through gestures for coordination of rhythm,
dynamics, and phrasing. A player involuntarily elicits
gestures as a result of the combination of the music’s
expressivity and its performance needs, and the audience
processes that as a complementary component to the
listening experience.

This paper presents motivations and strategies for
including a performer’s gestures as part of the music
performance, at times as the primary link between the
performer and the sounding music. The particular case of
one performer and an interactive electronic accompani-
ment is the basis of the studies.

Gesture, music, and expression

Connections between human gesture, expression, and
music are manifold and tangled, and a general practise for
its use has yet to come about.

A substantial number of systems for detecting
movement and transforming it into sound has been de-
veloped for artistic purposes (Radio Baton, Very Nerv-
ous System), entertainment purposes (Personal Orches-
tra, Home Conducting, Musini, EyeToy), and empower-
ing and rehabilitating purposes (SoundBeam), though
not all have been put into production (DJammer).

Several reports have been made on interpreting hu-
man gesture for its expressive qualities (Choi 1998).
Antonio Camurri has conducted much work since the
late 1980°s, mostly in the area of dance-music intermo-
dalities through recognition of non-symbolic, expressive
data from human movement and gesture (Camurri et al.
1999). The Kansei concept of information processing
forms the background of a large body of this work (Ha-
simoto 1997). This, combined with Rudolf Laban’s
effort space (Laban 1963) has permitted the description of
a kinematics-space that may function as a link between
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expressive content of different communication channels,
such as music and human gesture and dance, etc. (Ca-
nazza et al. 2001). Anders Friberg describes a perform-
ance system where human sound and gestures are com-
bined in influencing the output of an interactive system
(Friberg 2004) and controlling expressive musical details
of a score through a fuzzy logic system (Friberg 2005). A
set of full-body gestures and patterns, such as jumping
etc., is categorized where the users influence the system
by performing the gestures at varying intensities.

Musical expression is commonly described through
narrative analysis, but this does not contain descriptive
and predictive powers sufficient to translate into a ma-
chine tool. Leman and Camurri lay out a three-way con-
nection between signal analysis, expression experience,
and the associated narrative (Leman 2004). The authors
mention the possibility that action expressiveness could
be related to the mind’s so-called mirror-neurons, by
which huminids encode audio-visual actions, later to be
discharged during action or observation of the same ac-
tion. This means that emotion is stored and recognized
as precise entities, important in social interaction, sur-
vival, a.o.

Connections between the emotion content of a mu-
sician’s movement patterns and the emotional expres-
sion of the music performed have been investigated,
where relational sets of movement/ emotion cues for ex-
pression decoding were found (Dahl et al. 2004).

Enacting performers

Musicians’ presence on the concert stage has been used
on many occasions to enhance musical content and in
attempts at redirecting current artistic aims. In recent
years music theatre has come about as a particular sub-
cross-genre of opera and regular concert form with theatre
and mostly executed by musicians. In particular, opera
can be understood as an embodied art involving human
action and not reducable to its acoustic dimension only
(Heile 2006). Music theatre also holds this property, and
the Argentinian/German composer Mauricio Kagel has
been foremost in establishing its prominent elements.
Many other composers have contributed important work
to the practise of utilizing the scenic presence of perform-
ers, such as Karlheinz Stockhausen, George Crumb,
John Cage, Helmuth Lachenmann, and Gyorgy Ligeti.
The aims have been very varied, from representing a
musical mini-drama or providing the music’s proper
atmosphere, to rebelling against the traditional concert
form in subtle and not-so-subtle ways. In short, it is fair
to say that the presence of the performer on stage today



can be used freely as an integral part of the performance,
since the tradition to do so has been firmly established.
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Figure 1. Gestures You Made — code example of video

analysis

Sound-shaping performers

Quite a lot of work has been done interpreting dancers’
movements for expressive content through video detec-
tion, for subsequent mapping onto musical parameters.
David Rokeby’s Very Nervous System from 1990 is one
of the first real-time usages, and much simpler yet effec-
tive approaches are found in Christian Méller’s Electro-
clips. Today, installations commonly use human
movement data, but the fact that they often use museum
guests and similar non-expert users moving about in
public space means that the data analysed is much less
expressive and sophisticated, implying other strategies
and aims for its use (Rebelo et al. 2005).
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Figure 2. Gestures You Made — music example.

CASE 1: Gestures You Made

My composition Gestures You Made for oboe and inter-
active computer is mainly interactive through sound
analysis (Graugaard 2005/06). But towards the end of the
piece the player stops playing at moments, and instead
affects the sound synthesis by assuming body positions
and making physical gestures inside a ‘videospace’ adja-
cent the performance space. The result can be likened to
an externalized inner dialogue of the performer, who
comments on own playing through physical gestures, for
then to comment on these gestures through playing. The
link between the two affect channels is the parallelism
between expression in sound and in human gesture. The
parallelism is underscored by the fact that the two chan-
nels affect the same sound, which at times is done simul-
taneously through playing and physical gesture. It is
straight-forward that playing in interactive music can
produce and affect electronic sound, but it is interesting
to note that the production and affect of sound through
physical gestures are just as readily accepted as a valid
connection in the audience’s perception, once the initial
surprise has ended.

The performer’s movement is detected by measuring
the difference between subsequent video frames. XY-
position of the on-pixels from the motion detection hav-
ing an off-pixel immediately above — the upper part of
the movement mass — is used to affect the spectral enve-
lope of the sound synthesis (fig. 1).

The sound synthesis uses a custom-made frequency
modulation method based on (Jensen 1999) consisting of
32 components spaced at n*f(() with the high-level at-
tributes modulation strength, randomization bandwidth,
and component correlation. The spectral envelope is



detailed as a list of amplitudes of the 32 sound synthesis
components. The fundamental f(0) of the instrument is
mapped to the fundamental f(0) of the sound synthesis
according to the equation

e
xX—a
y=(b—a) *(d-c)+c

where a and b are input range, ¢ and d are output range,
and e is curvature factor. The input range is updated as
the instrument restricts its range for a specified time,
resulting in self-adjustment of optimal expressive range.
The instrument’s running envelope is mapped onto val-
ues of strength, randomization, and correlation of the
sound synthesis chosen by trial-and-error, to provide
sufficient timbral variation.

The section in which the motion detection occurs is
based on improvisatory transitions between a sequence of
motivic cells (fig. 2). The cells are based on material
from earlier parts of the composition, and the gestural
comments are inserted freely by the performer after each
completion of 1-3 cells.

The mapping produces an intuitive connection be-
tween movement, playing, and sound synthesis, where
the player perceives that higher body positions result in
more energy in the spectrum (and at the frequencies ac-
cording to the left-right position), higher notes from the
instrument produce higher-pitched sounds, and variation
in dynamics produce a varying timbre. The intuitive
connection is also readily perceived by the audience,
because the result is very much a one-to-one relationship
of the overall sonic gesture, in spite of the variations
caused by the sound analysis.

Figure 3. Stgo — in performance

CASE 2: Stgo

I am playing music on my laptop in Stgo (Graugaard
2005), and I use hand gestures to affect the sound of the
music (fig. 3, 4). Laptop performance has developed its
own performance practise of an apparently very inactive
performer participation, bordering on the enigmatic (Cas-
cone 2003). Informing laptop music with body gestures

may take laptop performance out of this attitude towards
the concert situation — or it may make it even more en-
igmatic and ritualistic — but the artistic reason for me to
include video tracking was that it would make it possi-
ble to instill human expressiveness into procedural elec-
tronic music in real-time. The same motion detection
technique is used for measuring the performer’s hand
movements. Since no sound input is involved it was
important to find other means to track relevant move-
ment data. Movement speed seemed to be a relevant
factor, and displacement speed of the centroid of the mo-
tion mass was chosen to determine f(0) of the sound
synthesis, so that more movement from the performer
would produce higher values of f(0). Short amplitude
envelopes are applied to the sound, and mass of the
movement determines the width of these sound grains so
that a bigger mass produces longer grain durations. XY-
position of on-pixels having an off-pixel above — the
upper part of the mass of movement — is used to affect
the spectral envelope of the sound synthesis (fig. 1).

Figure 4. Stgo — in performance, visuals by Ricardo Vega

The sensation of shaping the sound is strong, cer-
tainly because the movements and the resulting sound is
easily related, but also very much because the hands are
our primary shaping tool. We shape physical objects by
means of them, and the imaginary shaping of sound in a
similar fashion is directly translated and readily felt. The
energy of the sound spectrum is easily shapeable by hand
movements in the XY-field, and rapid hand movements
produce higher-pitched sounds, while movement with
open hands facing the camera — or movements on the Z-
axis — produce longer/shorter sound grains. Conse-
quently, the audience readily perceives the hands’ shap-
ing of the sound even though not all relations in the
sound shaping are directly traceable.



Conclusions

Informing sound synthesis with human gestures in real-
time is a very potent performance enhancement tech-
nique. It adds a dimension to the performance where the
visual presence of the performer extends into the sound
in a very direct and unambiguous way and enhances the
music’s presence to envelop a physical presence. This is
in effect a multi-modal interactive music system with a
noteworthy musical potential, because an informative
channel is added to the synthesis process or high-level
proceedings that is not easily established through other
means.

Tracking categories of hand positions and patterns of
hand gestures would make good sense, particularly in
the case of laptop performance. This could make it pos-
sible to signal to the computer what to do by a simple
sign language, for instance switching between modalities
for further detailed affecting.

A future step would be to support affect description,
but few results with extraction and use of clear, subjec-
tive qualities in real-time affective systems have so far
been presented. Paradigms supporting a broad palette of
affect descriptors will have to be developed before such
work can be undertaken.

The hand gesture interface could be made as an in-
dependent application with mapping of hand gestures
into a normalized, multidimensional space, then to be
mapped onto the sound synthesis or high-level music
descriptors of choice. Experiments have been successfully
carried out here (Modler et al. 2003) where simple ac-
tions were controlled, such as soundfile playback and
volume. (Mulder et al. 1997) propose a shape manipula-
tion task called sound sculpting, where shape description
parameters are mapped to timbral parameters in order to
reduce the cognitive load of simultaneous multidimen-
sional control tasks, such as music-making.

Some difficulties were encountered with webcams
due to their 15 frames/second data output limit. This
meant that techniques relying on fast and precise tracking
would become imprecise, such as displacement speed.
The advantage of using cheap webcams is that the tech-
niques become readily accessible and it seems that other
techniques must be explored that will not be hampered
by the low frame rate and frame size of webcams.
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