N

N

MappEMG: Supporting Musical Expression with
Vibrotactile Feedback by Capturing Gestural Features
through Electromyography
Felipe Verdugo, Suzuka Kokubu, Johnty Wang, Marcelo M. Wanderley

» To cite this version:

Felipe Verdugo, Suzuka Kokubu, Johnty Wang, Marcelo M. Wanderley. MappEMG: Supporting
Musical Expression with Vibrotactile Feedback by Capturing Gestural Features through Electromyo-
graphy. International Workshop on Haptic and Audio Interaction Design, 2020, Montreal, Canada.
hal-02901207

HAL Id: hal-02901207
https://hal.science/hal-02901207
Submitted on 16 Jul 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-02901207
https://hal.archives-ouvertes.fr

HAID 2020, Montreal, Canada

MappEMG: Supporting Musical Expression with Vibrotactile

Feedback by

Capturing Gestural Features through Electromyography

FELIPE VERDUGO™:34, SUZUKA KOKUBUT23, JOHNTY WANG1"3 AND MARCELO WANDERLEYS!3

1INPUT DEVICES AND MUSIC INTERACTION LABORATORY, MCGILL UNIVERSITY
2DISTRIBUTED DIGITAL MUSIC ARCHIVES & LIBRARIES LABORATORY, MCGILL UNIVERSITY
3 CENTRE FOR INTERDISCIPLINARY RESEARCH IN Music MEDIA AND TECHNOLOGY
4 EXPRESSION TEAM, UNIVERSITE BRETAGNE-SUD

Music performance involves continuous muscle activity of
different body parts. Activity of more distal body segments
which directly interact with the instrument usually relates to the
actual production of sound. However, muscle activations of
more proximal segments, including the trunk, might relate to the
expressive content of the musical idea being communicated by
the performer due to an embodiment process. This demo paper
presents a work-in-progress implementation of an integrated
set-up, the MappEMG, to produce a vibrotactile feedback based
on surface electromyography data of pianists’ abdominal
muscle activations. The main objective of the work is to make
perceptible through haptic stimuli a rather non-visible dimension
of pianists’ gestures (i.e. their ‘physiological tension’) linked to
their expressive intentions in terms of musical tension, a key
feature of musical structure in western tonal music. We envision
to adapt the set-up presented to both live musical performances
and pedagogical contexts.

INTRODUCTION

MAPPEMG

Gestures are an essential element of the creative work of the
performer. They represent the physical means of translating a
musical idea into actual sound and, at the same time, they actively
help the performer give shape and clarify this idea. Musicians use
then their body movements while performing to both produce sound
and embody the expressive intention contained in the musical
discourse [1]. Musical expectancy is associated with tension-
relaxation relations embedded in the musical discourse. Therefore,
musical tension is usually considered as one of the stepping-stones
of the expressive content of Western tonal music [2]. This demo
paper presents the work of an ongoing project aiming to use haptic
stimuli to make perceptible through vibrations a rather non-visible
feature of pianists’ gestures: muscle activations not related to the
motion of body segments but to the embodiment of musical tension.
Specifically, our objective is to produce a vibrotactile feedback for the
audience based on the activity of pianists’ abdominal muscles while
performing.
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MappEMG consists of a data pipeline that uses muscle activity
signals captured though electromyography (EMG) to produce a
vibrotactile feedback. Based on our preliminary results of a case
study on the relationship between trunk muscle activity and pianists’
expressive intentions in terms of musical tension, only the activations
of the right and left external abdominal oblique muscle (collected
during the performance of several piano excerpts) were used to
produce the vibrotactile stimuli. Muscle activity was collected using
surface EMG (Delsys Trigno™ Wireless system). Processing of EMG
data included filtering (2nd order Butterworth band-pass filter),
computation of the envelope of the signal using a sliding root mean
square, and normalization of the computed envelope with respect to
the maximum voluntary contraction (MVC) of the targeted muscles
(MVC data was collected before the beginning of the recorded
performances). In relation with the gestural component called ‘effort’
in Laban movement theory [3], the normalized EMG envelope was
used as a reference of the intensity of the musical tension and,
therefore, as the input signal to control the amplitude of the vibration.
Two Vibropixels [4] (a wireless vibrotactile prototype developed at the
Input Devices and Music Interaction Lab equipped with cylindrical
and coin cell eccentric rotating mass actuators) were used to produce
the vibrations. The normalized EMG envelope was mapped using a
specifically designed software for Vibropixels programmed in
Max/MSP [4] to define the strength (continuous and gradual attacks
and decays) of the vibrotactile stimuli applied on the listener.

CONTRIBUTIONS

Previous research has addressed the use of EMG signals for both
control of digital musical instruments applications [4] and generation
of a vibrotactile feedback intended to improve motor control in
pianists [5] and in patients suffering from movement disorders [6].
This research-creation work allows us to make perceptible through
haptic stimuli the embodiment of structural musical features, such as
musical tension levels, by performer gestures. We intend to adapt the
current MappEMG set-up for real-time operation to be used it in live
musical performances and in the context of instrumental lessons.
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