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Abstract

Sonic Echoes of Ink is a live electroacoustic composition for acoustic piano, two-
channel  surface  electromyography  (sEMG),  and  live  electronics.  The  piece
explores embodied music cognition through the relationship between forearm
movement,  piano  performance,  and  real-time  sound manipulation.  All  sound
materials originate from the piano (including keyboard playing and inside-piano
string plucking), shaping resonant traces reminiscent of Chinese ink painting,
from clear outlines to blurred, layered textures. The work studies how forearm
muscle activation can shape musical form through a transparent computational
mapping  rather  than  functioning  only  as  an  effect  trigger.  Sensors  on  the
performer's left and right forearms send data, and the signals control real-time
processing of sounds produced by the piano.

1 Introduction

Building on Marc Leman’s embodied cognition framework, the study investigates the dynamic
interplay between sound energy,  mental  representation,  and the human body as a biologically
designed mediator in musical activities. The construction of composition will seek to address how
embodied cognition can bridge the gap between the physical encoding of music and its experiential
interpretation,  with  a  particular  focus  on Electroacoustic  Music,  and will  study how artificial
systems can extend natural bodily mediation in both creative and live interactive media contexts.

Sonic Echoes of Ink takes its title and formal imagery from Chinese ink painting. Outlining refers
to clear contours, isolated marks, and the articulation of space around a gesture. Ink Splashing refers
to accumulated layers, diffusion, and a less stable boundary between figure and ground. These ideas
guide audible contrasts in note density, dynamic weight, harmonic saturation, resonance, and the
depth of electronic transformation. Silence and decay are active materials: a pause leaves the piano's
resonance and the body's previous effort perceptually present. This piece explores the intersection
of  embodied  music  cognition  and  Electroacoustic  Music  composition,  aiming  to  advance  our
understanding of how humans engage with music through bodily mediation and technology.

2 Development method

This work interconnects theoretical framework, system construction, data processing, and mapping
design, aiming to establish an interpretable path from Surface Electromyography (sEMG) signals to
musical context.

2.1 System construction

The system consists of a piano (acoustic piano / MIDI keyboard), dual-channel forearm sEMG, and
Max/MSP.

 Hardware: Arduino Uno R3; two sEMG sensors (dual channel)

 Software: Arduino performs dual-channel acquisition and outputs data; Max/MSP receives
data in real-time, performs mapping and sound processing
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 Data pathway: sEMG � Arduino � Serial � Max/MSP

Figure 1. Wiring diagram

The piano functions both as the primary acoustic sound source and as the physical site of the
performer’s gestures. These gestures include conventional keyboard playing and direct interaction
with the strings. Rather than attempting to identify complete gestures from the sensor data, the
system measures changes in forearm muscle activation and uses them to influence the electronic
processing of the piano sound.

2.2 Signal processing and mapping design

Surface Electromyography (sEMG) signals are not viewed as a transparent or direct representation
of physical movement. However, they are regarded as a data source that is inherently unstable and
even somewhat "dirty". Due to their low amplitude, sEMG signals are susceptible to factors such as
mains  interference,  power  supply and ground noise,  fluctuations  in  skin impedance,  electrode
placement  and  contact  quality,  baseline  drift,  and  the  analog-to-digital  conversion  process.
Consequently, prior to transmitting data to Max/msp, the technical development focused on deriving
a representation of muscle activation that is stable, clear, and musically interpretable.

Figure 2. Workflow

The process involved four stages: establishing a functional data acquisition system, improving
signal  reliability,  giving  musical  meaning  to  the  processed  data,  and  developing  performance
strategies through repeated experimentation.

The first step involves examining baseline noise and artifacts caused by electrode contact across
various  environments  and  placement  configurations.  The  second  step  entails  calibrating  and
evaluating the system by recording and comparing sEMG data generated by different forearm
movements. This process helps identify which changes in the sEMG signal can be interpreted
consistently, while avoiding the pitfall of equating sensor data directly with the physical movement
itself or the performer's intentions. In the third step, the Mean Absolute Value (MAV) is calculated
over a fixed time window for the sampled input data. This feature extraction method mitigates rapid
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amplitude fluctuations and outputs control signals at a relatively stable and consistent update rate.
The processed data can be utilized for mapping within Max/msp without the need to preserve every
irregularity present in the raw signal.

Finally, the mapping process is approached as a composition structure rather than merely a technical
conversion of sensor values into effect parameters. Variations in muscle activation levels influence
timbral  transformations  and  the  intensity  of  sound  processing,  while  also  contributing  to  the
development of the work's overall structure and the accumulation and release of musical tension.
Through this way, the performer's body movements become a form of embodied decision-making
within the structural organisation of the piece.

3 Composition structure

This piece is divided into two sections, Outlining and Ink Splashing. The first section highlights 
single notes, discrete attack transients, inside-the-piano string plucking, and decays. The electronic
component as a complementary layer in this section, with its evolution tracking the performer's 
finger touch and the muscular intensity. The second section introduces the dynamics. In this 
section, more sustained and continuous physical movements exert a more pronounced influence on
the evolution of timbre and structure. The transition between the two sections entails not only a 
shift in musical material but also a change in the degree to which physiological data controls the 
electronic component.

4 Conclusion and reflection

This work employs surface electromyography (sEMG) signals to connect physical exertion and
piano resonance with the morphology of real-time acoustics. Variations in these signals not only
influence timbre transformation and the intensity of processing but also drive the evolution of
musical  form and the accumulation and release of  musical  tension.  This  evolutionary process
suggests that the primary value of sEMG lies not in the direct recognition of specific physical
gestures, but rather in its nature as a contextual and dynamic signal whose musical significance
emerges from the interplay between sound processing and the performance context.

The current system utilises an intuitive mapping strategy rather than machine learning. Future
research will investigate whether adaptive or learning-based mapping methods can further enhance
system responsiveness without compromising the relationship between physical exertion and the
electroacoustic context.
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