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Figure 1: Manubrio

Abstract

This paper presents Manubrio, a digital musical instrument de-
signed to investigate embodied musical interaction. The instru-
ment explores how continuous bodily engagement and feedback-
based sound generation can support the incorporation of a dig-
ital interface into the performer’s bodily awareness. Manubrio
approaches feedback as a performative resource that requires
sustained physical regulation and attentive listening. The instru-
ment was developed through an integrated hardware—software
design process that prioritizes sensorimotor feedback cues and
minimizes indirection between gesture and sound. A qualita-
tive user study with four musicians examines how embodied
interaction arises, focusing on incorporation, immersion, and
the emergence of transparency between body, instrument, and
sound. The findings suggest that Manubrio can support music
practices for embodied interaction to emerge, while also reveal-
ing the sensitivity and fragility of such interactions. This work
contributes a novel musical interface and synthesis approach and
explores how a new musical instrument can serve as a research
artefact for investigating embodiment in musical interaction.
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1 Introduction

Embodiment has become a central concept in contemporary re-
search on musical interaction, emphasizing the role of the body
as an active mediator between intention, action, and sound. From
perspectives of embodied cognition, musical meaning and expres-
sive control emerge through continuous sensorimotor coupling,
where perception and action are tightly interwoven rather than
sequential or symbolic [20, 21]. Within this framework, musical
instruments are not neutral transmission devices, but potential
extensions of the performer’s body, capable of being incorporated
into bodily schemas through practice and engagement [24, 25].

The New Interfaces for Musical Expression (NIME) community
has played a key role in advancing this view by exploring how
physical interfaces, mapping strategies, and sound synthesis tech-
niques shape embodied musical interaction. A diverse array of
digital musical instruments has been developed that emphasize
gesture, movement, and physicality as primary expressive re-
sources. Nevertheless, many of these systems continue to depend
on discrete control mechanisms, visually guided interactions, or
parameter mappings that partially decouple bodily effort from
sonic outcomes. Moreover, they often produce an imbalanced
relationship between musician and instrument, either rendering
the performer’s body overly dominant while marginalizing the
instrument, or conversely, subordinating the performer’s role
to the instrument. Consequently, the exploration of sound ne-
gotiation through continuous bodily engagement, sensorimotor
awareness, and sustained physical action, while maintaining a
balanced interaction between instrument and musician, remains
an open area of investigation.
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Figure 2: 3DOF handlebar.

This paper approaches this space from a complementary per-
spective, seeking to support a more balanced and dynamic inter-
play in which musical meaning emerges through bodily negotia-
tion rather than through abstracted control mappings alone.

We present Manubrio ! (figure 1), a digital musical instru-
ment prototype conceived as a vehicle for investigating how
embodied interaction emerges in musical performance. Manubrio
combines a portable, three-degree-of-freedom (3DOF) handlebar
interface (figure 2) with a modified Karplus—Strong synthesis
engine that allows controlled positive feedback. Arm movements
directly shape feedback gain, spectral damping, and delay-based
frequency modulation in a feedback-dependent synthesis sys-
tem. The resulting sound depends on prior system states and
gestures are determinative of change rather than of absolute
sonic states. The feedback mechanism is intentionally unstable,
such that small gestural variations can produce large sonic ef-
fects. This instability demands performer precision and sustained
engagement by design. Hardware and software were designed
together to minimise indirection and encourage the development
of embodied skill through sustained interaction, prioritising sen-
sorimotor feedback cues and tight gesture—sound coupling over
visual mediation.

The contribution of this work is threefold. First, it introduces
a novel interface and synthesis approach that reframes feedback
and instability as expressive dimensions. Second, it situates the
instrument within embodied music cognition by explicitly de-
signing for incorporation, transparency, and bodily engagement.
Third, it explores how a new musical instrument can function
as a research artifact, using a qualitative user study to examine
how embodied interaction emerges.

2 Related Works

Research on embodied music interaction emphasizes the body as
a central mediator of musical meaning and control, rather than
a peripheral input mechanism. Foundational work in embodied
music cognition by Leman [20, 21] and subsequent developments
by Nijs, Lesaffre, and Leman [24, 25] frame musical instruments
as potential extensions of the performer’s body, incorporated

1A short demonstration anonymized video is available at https://archive.org/detail
s/maubrio-showcase-anon
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through practice and characterized by varying degrees of trans-
parency and presence.

Within the NIME community, embodiment has been approached
both as a design objective and as an evaluative construct. Guidi
and McPherson propose quantitative methods for assessing as-
pects of embodiment in digital musical instruments [11], while
other approaches emphasize experiential, soma-based, and phe-
nomenological perspectives on interaction [13, 15]. Gesture-sound
coupling and mapping strategies have been widely studied, high-
lighting how clarity, ambiguity, and consistency shape expressive
potential and learning [9, 12, 14].

A parallel line of work investigates the relationship between
physical gesture and sound generation through spatial, energetic,
or model-based mappings, as explored by Babio [1], Giomi and
Leonard [8], and Tomas et al. [33]. These systems demonstrate
how movement qualities can be rendered perceptually legible
through sound.

From a synthesis perspective, the Karplus-Strong algorithm
and its extensions form a well-established foundation for plucked-
string modeling [16, 17], while frequency modulation and delay-
based techniques provide powerful tools for spectral shaping and
temporal modulation [5, 18]. In most implementations, feedback
is constrained to ensure stability and predictable decay.

A dedicated strand of NIME research treats acoustic feed-
back not as an undesirable artifact but as a primary sonic and
expressive resource. Eldridge and Kiefer’s self-resonating feed-
back cello demonstrates how feedback thresholds and gestural
regulation can be integrated into live improvisation [7]. Magnus-
son, Kiefer, and Ulfarsson offer a critical reflection on feedback-
based practice that addresses control, instability, and performer
agency [23]. Manubrio situates itself at the intersection of these
strands by treating feedback and instability as controllable, em-
bodied resources. By combining an enactive interface that de-
mands physical engagement with a feedback-based synthesis
engine, the instrument offers one perspective within this grow-
ing NIME tradition of continuous, feedback-based bodily engage-
ment, specifically foregrounding the negotiation of controlled
instability through whole-arm sensorimotor sensing alongside
real-time auditory feedback.

3 Instrument and Implementation

Manubrio is a digital instrument built around a handlebar with
two rotational and one linear (piston) axes of movement (figure 2).
This allows controlling different parameters of a Karplus-Strong
software synthesizer, enabling positive feedback for sound shap-
ing. The physical interface and the synthesis engine were devel-
oped together, focusing on coupling gestural interaction with the
produced sound. This creates a tool for sonic exploration that
bridges the performer’s musical ideas with a sonic reality.

The design aims to actively involve the musician’s body while
minimising unnecessary mechanical constraints, leaving the up-
per body free to move expressively beyond the minimum gestures
required for sound production. The handlebar does, however, con-
strain hand placement to three defined axes of movement, and
these affordances directly shape the gestural vocabulary of the
instrument. The oscillating feedback is shaped by precise arm
movements, establishing a responsive interface that connects the
musician with the produced sound.
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3.1 Hardware

Manubrio comprises two primary hardware elements: a custom
handlebar interface and a keyboard, together with an embed-
ded microcontroller responsible for sensor acquisition and sound
synthesis. The handlebar provides three continuous degrees of
freedom, two rotational and one linear, enabling whole-arm in-
teraction with the instrument.

Angular position along the two orthogonal rotational axes is
captured using rotary potentiometers mechanically coupled to
the handlebar shafts. Linear displacement is measured through an
optical sensing mechanism housed within a hollow tube, where
an LED and a light-dependent resistor (LDR) detect the position
of a sliding piston by measuring variations in re ected light
intensity. The mechanical design of the handlebar is shown in
gure 3.

Figure 3: Handlebar mechanical design.

The keyboard ( gure 4) is intentionally simple and conven-
tional, serving only as a pitch-selection mechanism. It is limited
to seven keys, with ve mapped to a minor pentatonic scale and
two used for octave shifting. This reduced design aims to lower
cognitive load P2 and to direct the performer's attention toward
interaction with the handlebar rather than the construction of
complex melodic structures.

Figure 4: Keyboard design.

The instrument is designed as a modular system that supports
straightforward assembly and maintenanced. All components
are mounted on a compact wooden structure whose overall form
approximates that of a guitar, with the handlebar positioned on
the body and the keyboard aligned along a neck-like extension.
Sensor data and control inputs are routed to a Bela board,
which hosts the software synthesiser.
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3.2 Software

The software has been developed in Pure Data. It is divided into
two main parts, the Karplus-Strong oscillator engine, and the FM
modulation engine. The signal is generated by the Karplus-Strong
oscillator, then fed to the FM modulation engine, and nally fed
to the DAC output.

The underlying software synthesiser of Manubrio is an active,
responsive system, rather than a passive sound generator. It
delivers ne control of its parameters to the performer, who is
responsible of every sonic detail.

3.2.1 Karplus Strong-Based Oscillator. The sound engine is based
on a modi ed Karplus Strong algorithm [L7, in which a short
noise excitation is injected into a delay line whose length de-
termines the fundamental frequency, selected via the keyboard.
Unlike conventional implementations, where the feedback gain
is constrained below unity to ensure stability, Manubrio allows
gain values both below and above 1. This enables a continuum
between classic plucked-string behavior and sustained oscillation
[28].

Feedback gain and spectral damping are controlled continu-
ously via the two potentiometers, directly shaping the system's
dynamic behavior. To prevent unbounded amplitude growth, the
signal is clipped and high-pass Itered before being reinjected
into the delay line. The processed signal is simultaneously routed
to the oscillator output with gain compensation.

3.2.2 Delay-Based Frequency and Pitch Modulation. The output
of the Karplus Strong oscillator is further processed using delay-
based frequency modulation, implemented by modulating the
playback time of a delay line with a sinusoidal oscillatd37.

The modulation frequency is set as a xed ratio of the fundamen-
tal frequency, ensuring consistent spectral relationships across
pitches.

Modulation depth is controlled by the linear piston movement,
with greater displacement producing stronger frequency modula-
tion. Increasing depth raises the FM index, introducing additional
sidebands and contributing to a progressively richer and more
abrasive timbral character [5, 28].

To maintain a stable perceived pitch, the delay line is o set by
an amount proportional to the modulation depth, centering the
modulation around the original delay time. While this prevents
long-term pitch drift, dynamic changes in modulation depth
introduce transient pitch deviations analogous to Doppler e ects
in time-varying delay systems3Z. These transitions generate
coloration, as well as temporally non-stationary spect8[30.

4 Designing for Embodied Interaction

The relationship between musician and instrument plays a funda-
mental role in shaping musical performance, particularly when
considered through the lens of embodiment. Within embodied
cognition, expressive performance emerges from the musician's
physical attunement to sound, where perception and action form
a continuous loop rather than a sequence of discrete operations
[20. For such attunement to occur, the instrument must recede
from focal awareness and become incorporated into the per-
former's bodily schema, functioning as a natural extension of the
body [24, 25].

Manubrio is framed not as a neutral control interface but as
an instrument designed to investigate how embodied interaction
emerges. Considerations of movement, physical e ort, and spatial
interaction were not treated as evaluative criteria applied after
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