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Figure 1: Motion data captured via webcam and discretised into activation levels in Python, prepared for sound mapping.

Abstract

This paper presents the Biofeedback Suite as a modular musical
instrument for embodied exploration, focusing on the design and
aesthetic evaluation of hybrid embodied sensing mappings com-
bining physiological (GSR) and behavioral (motion and facial)
signals in personal music practice. Rather than treating physio-
logical or affective signals as variables to be inferred or controlled,
the system is conceived as an interactive instrument whose mu-
sical behaviour emerges from the coupling of embodied signals,
mapping strategies, and sound design decisions.

Through practice-based reflection and artistic experimenta-
tion, the paper discusses design tensions, breakdowns, and lim-
itations encountered when integrating embodied sensing into
live music-making. The contribution frames biofeedback not as
a control mechanism, but as a compositional and instrumental
resource, offering insights for the design of responsive musical
interfaces grounded in embodied listening and aesthetic decision-
making.
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1 Introduction

Biofeedback technologies have long been associated with expres-
sive potential in musical contexts [6], yet their practical inte-
gration into music-making has produced uneven results. While
physiological and behavioral signals offer access to embodied
processes and affective dimensions such as arousal and valence
[5, 7, 9], translating these signals into musically meaningful out-
comes remains a central challenge. In many cases, technical fea-
sibility has outpaced musical coherence, resulting in systems
that are conceptually interesting but difficult to inhabit as instru-
ments.

This work builds on previous practice-based research on adap-
tive interactive music systems [4]. In musical practice, the re-
quirement for real-time responsiveness constrains usable signals
to those that can be captured and processed live, such as galvanic
skin response (GSR), motion, or heart rate. Within these con-
straints, this work adopts a hybrid embodied sensing approach,
combining physiological signals (e.g., GSR) with externally ob-
servable behavioral descriptors (e.g., motion and facial expres-
sion), using the Biofeedback Suite.
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The system is conceived as a modular musical instrument that
can be extended and shaped through practice. Its design priori-
tises the use of low-cost sensors, open software environments,
and rapid iteration, allowing the creative process to remain cen-
tral.

This paper frames the Biofeedback Suite as an embodied mu-
sical instrument. It examines mapping and sonification decisions
through practice, analysing why certain configurations support
coherent musical interaction while others do not. It also reflects
on breakdowns and redesign strategies encountered during use,
articulating a practice-based framework in which biofeedback
mappings function as playable and musically coherent instru-
mental material.

2 Background and Related Work

Research on sensor-based and biofeedback musical instruments
has explored a wide range of physiological and gestural inputs as
sources of musical control and expression. Early biofeedback mu-
sic researchers such as Alvin Lucier and David Rosenboom often
focused on internal physiological processes, particularly through
EEG-based systems[12], where sound was not always conceived
as a directly controllable musical output but as a reflection of
internal states. As such, these works were not primarily designed
as playable instruments, but as experimental environments for
perceptual and cognitive exploration.

More recent approaches have shifted towards forms of biocon-
trol, prioritising reproducibility and performer agency through
sensors such as EMG and motion tracking. In parallel, listen-
ing has been proposed as a central mode of engagement with
biological data, privileging responsiveness over control [10].

Mapping has been recognised not only as a technical problem,
but as a central aesthetic and compositional decision shaping the
identity of an instrument [11, 13, 14]. The present work situates
biofeedback within an instrumental and musical design perspec-
tive, aligned with practice-based artistic research approaches
[1]. Related work on physiological signals in music has largely
adopted a signal-driven or cognitive perspective [8], prioritising
explicit control and optimisation over embodied interaction.

3 Biofeedback Suite as a Musical Instrument

The Biofeedback Suite is conceived not as a measurement system
or control interface, but as a musical instrument whose behaviour
emerges through interaction. This framing represents a deliberate
conceptual shift: instead of treating biofeedback signals as data to
be interpreted or optimised, the system is designed to be played,
explored, and learned through embodied practice [7, 11].
Bodily signals such as GSR, motion, and facial expression
descriptors are not considered representations of internal states,
but sources of musical material. What matters is not what these
signals mean psychologically, but how they behave musically
when coupled with sound processes. The instrument listens to
embodied descriptors and responds with sound behaviours that
retain a degree of indeterminacy [3], prioritising responsiveness
and musical dialogue over precision and predictability [14].
Performer agency plays a central role in this configuration.
While the system reacts continuously to bodily input, performers
retain control through instrumental technique, attention, and
contextual decision-making. The Biofeedback Suite therefore op-
erates as a co-agent rather than an automated responder, opening
a space for embodied listening in which performers can become
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aware of how bodily impulses influence and shape musical pro-
cesses over time.

3.1 Technical Foundation

From a technical perspective, the Biofeedback Suite is imple-
mented using Python as a middleware environment for handling
sensor input and communication with the sound engine. Early
prototypes employed an Arduino Nano and a low-cost GSR sen-
sor (Figure 2) to validate the feasibility of real-time physiological
input. These decisions were guided by musical usability rather
than optimisation criteria.

Figure 2: Arduino Nano and a low bugdet GSR biosensor.

Motion data were processed and discretised into activation
levels (Figure 1), supporting the mapping of relative intensity to
distinct sonic behaviours.

4 Mapping and Sonification Design in Pure
Data

The central challenge addressed by the Biofeedback Suite is the
translation of bodily signals into musically meaningful sound
behaviour. Rather than assuming a direct or universal corre-
spondence between physiological data and musical parameters,
mapping is approached as an iterative design process grounded
in listening, experimentation, and aesthetic judgement.

Pure Data was selected as the sound engine due to its open-
source nature, modular structure, and low-level control over
signal flow. This allowed mapping strategies to be rapidly pro-
totyped, modified, and discarded without imposing predefined
interaction paradigms.

4.1 Phase 1: GSR and Motion

The initial mapping phase focused on two real-time signals: gal-
vanic skin response (GSR) and body motion. GSR was treated as a
descriptor of physiological tension and activation, while motion
represented embodied expressivity independent of instrumental
gesture.

Each signal was assigned a distinct sonic identity to ensure per-
ceptual separation: GSR modulated the frequency of a sine-based
sound layer, while motion controlled the frequency of a sawtooth-
based layer. To improve musical coherence and avoid excessive
micro-variation, the mapping design also took advantage of dis-
crete activation levels derived from recent signal history.

While frequency was controlled continuously, higher activa-
tion levels were interpreted as increased sonic density, resulting
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in the addition of layered sound processes (e.g. delays and re-
verb). Higher activation levels produced a perceptible thickening
of the sound texture, reinforcing the instrumental character of
the system.

4.2 Calibration and Signal Conditioning

Meaningful musical interaction depended on relative signal vari-
ation rather than absolute values. Adaptive calibration strategies
were implemented using recent signal history to derive rela-
tive levels discretised into dynamic states with hysteresis. These
mechanisms supported a balance between responsiveness and
continuity.

4.3 Musical Integration

Once stabilised, the GSR and motion mappings were integrated
into keyboard and piano performance contexts. In addition to
reacting to momentary fluctuations, the system responded to
sustained bodily activation through gradual changes in textural
depth, modulating underlying frequency, allowing performers to
experience bodily input as an evolving musical presence.

Motion-based control revealed a productive tension between
instrumental gesture and expressive body movement. When bod-
ily motion was independently mapped to electronic sound pro-
cesses, a parallel expressive layer emerged alongside instrumental
technique. This exploration led to the development of a video-
performance titled Motion—Piano Dialogue.

GSR introduced a contrasting layer of agency. Reflecting largely
unconscious physiological processes and evolving at a slower
temporal scale, it interacted with motion-based mappings to
produce layered textures in which deliberate and involuntary
processes coexisted.

4.4 Phase 2: Facial Expression as Harmonic
Trigger

A second mapping phase explored facial expression descriptors
as a means of extending the system beyond arousal-oriented
signals. Facial analysis was introduced as a high-level behavioural
descriptor related to expressive valence. Rather than mapping
these descriptors to continuous parameters, they were used as
harmonic triggers selecting chords or modal frameworks within
which GSR and motion modulated sonic detail. This was achieved
in Pure Data through processes that reshaped the underlying
frequency signal before its final rendering (Figure 3).

This approach shifted the system’s influence from isolated
sound attributes toward compositional harmonic structure, im-
proving musical coherence while maintaining responsiveness.

4.5 [Iteration and Redesign

All mapping strategies were evaluated through repeated listen-
ing and performance rather than predefined technical criteria.
Several mappings that were conceptually promising were aban-
doned after revealing perceptual opacity or musical instability.
Conversely, mappings that were simpler in structure but clearer
in auditory consequence often supported more coherent musical
interaction.

This iterative process reinforced the idea of mapping design
as a compositional activity, where decisions about constraint,
abstraction, and temporal mediation proved more decisive than
signal richness.
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Figure 3: Frequency quantization to chord structures in
Pure Data based on detected facial emotional expressions.

5 What Worked / What Didn’t

The evaluation was conducted in two stages: an iterative ex-
ploratory phase focused on mapping design, followed by appli-
cation in artistic contexts. The Biofeedback Suite was evaluated
through iterative performance tests, including solo performance,
duet and interactive score setups. Musical effectiveness was de-
fined in terms of perceptual clarity and semantic richness rather
than technical correctness, in line with evaluative approaches in
practice-based artistic research [2].

The system proved effective as a generator of evolving tex-
tures rather than discrete control gestures. Sustained embodied
activation translated into gradual changes in density, space, and
harmonic context.

Different mapping strategies revealed consistent patterns across
iterations:

- High-variability mappings produced unstable and musically
fragile results, reducing perceptual clarity.

- Overly stable mappings led to monotony over extended
durations.

— Discrete or constrained mappings improved perceptual legi-
bility and performer control.

- Higher-level mappings (e.g. harmonic triggering) increased
structural coherence but reduced immediacy.

- Mappings that prioritised perceptually recognisable musical
identity proved more effective than those maximising raw signal
utilisation.
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Across contexts, these behaviours remained consistent, al-
though the system’s role shifted from textural augmentation
(solo performance) to relational mediation (duet) and composi-
tional selection (interactive score), reinforcing the importance of
mapping as a compositional decision.

Overall, musically viable configurations balanced responsive-
ness with constraint and perceptual legibility, supporting the
view of mapping design as an aesthetic and compositional nego-
tiation rather than a problem of optimisation.

These recurring patterns suggest that the observed behaviours
are not specific to individual conifgurations, but reflect general-
isable design principles for embodied mapping systems.

6 Artistic Outputs and Practice Context

Following the exploratory phase, the system was applied in
real artistic contexts to examine how the identified mapping
behaviours function under real performance conditions. The
Biofeedback Suite was primarily used as an extension of key-
board and piano performance, where the biofeedback layer func-
tioned as an autonomous but dialogic musical presence. One
documented output is the video-performance Motion-Piano Dia-
logue, in which bodily motion and physiological activation gener-
ate parallel electronic textures that interact with acoustic piano
performance, consistent with texture-oriented mappings and
constrained variation patterns identified earlier (Figure 4).

Figure 4: Video performance Motion-Piano Dialogue.

The system was also explored in an improvisatory duet involv-
ing piano and guitar, titled Emotion-Driven Dialogue Improvisa-
tion, where perceptual clarity and responsiveness were critical
for maintaining interaction. Finally, the Biofeedback Suite was
applied to an interactive score system reacting to GSR and mo-
tion input, used in a piano composition called Marvila. The piece
is based on a modular structure in which different precomposed
sections are selected in real time. Textural depth is materialised
through layered compositional material, reflecting the effective-
ness of higher-level mapping strategies for structural coherence
(Figure 5).

7 Discussion

Framing the Biofeedback Suite as a musical instrument rather
than a control system shifts the role of biofeedback from data-
driven automation to embodied musical material. Within this
framework, mapping functions as a compositional act, and mean-
ingful interaction emerges through learned embodied listening
rather than signal transparency or emotional inference accuracy.

These observations suggest that biofeedback-based musical in-
terfaces benefit from being designed as instruments to be learned
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Figure 5: Compositional aplication of the Biofeedback suite
in the composition Marvila, using an interactive score

over time, rather than as responsive systems optimised for im-
mediate correctness.

8 Limitations and Future Work

Despite its artistic potential, the Biofeedback Suite presents sev-
eral limitations. The system remains technically complex, requir-
ing familiarity with multiple software environments and stable
hardware configurations. Sensor reliability and connectivity, par-
ticularly in live performance contexts, remain critical challenges.

From a usability perspective, the learning curve for perform-
ers is non-trivial. Effective interaction depends on developing
embodied listening skills and understanding delayed or indirect
mappings. Future work will focus on streamlining the user expe-
rience and exploring collective biofeedback scenarios involving
multiple performers.

9 Conclusion

This paper presented the Biofeedback Suite as an embodied musi-
cal instrument grounded in practice-based design and evaluation.
Rather than prioritising emotional inference or signal accuracy,
musical meaning emerged through mapping decisions, sound
design, and embodied listening developed over sustained use.

By framing biofeedback as compositional material and map-
ping as an aesthetic act, the work contributes design insights
relevant to the development of responsive musical interfaces that
support musical coherence, performer agency, and embodied
interaction over time.
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required for the interactive system were collected. Data were
anonymised and securely stored. No personally identifiable in-
formation is disclosed in this submission. The research followed
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