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ABSTRACT

The application of neural synthesis for sound generation
has grown significantly in recent years. Models such as
RAVE offer real-time control by mapping sounds to and
from numerical vectors in an abstract latent space whose
features of entanglement, arbitrariness, and continuity pose
novel challenges to musicians and composers in encoding
and interpreting the inscription. In this paper we intro-
duce Stacco, a magnetic score system that addresses these
challenges by functioning as a performative and composi-
tional support for neural synthesis models through embod-
ied sketching. We describe the system and present insights
from a workshop aimed at exploring the compositional po-
tential of this platform. We conclude by reflecting on how,
during the workshop, Stacco’s playfulness and magnetic
materiality translated into the participants’ scores and on
the broader implications of embodied sketching in notat-
ing music for neural synthesis.

1. INTRODUCTION

Over the past few years there has been notable advance-
ment in neural synthesis techniques for music generation,
with models such as RAVE [1] offering real-time control
and the direct navigation of their latent representations.

As neural audio synthesis for real-time applications is a
very recent technology, little work has been done in devel-
oping specific performative and compositional strategies
for such tools, whose inherent features of parameter entan-
glement, arbitrariness, and continuity pose new challenges
for composers and performers working with digital audio.

Within this domain, and more generally in sonic inter-
action design, one of the risks is to focus on the abstract
layers characterizing software models, where the develop-
ment of the interface often prioritizes technical and sonic
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factors, with little attention to the bodily experience of the
performer [2].

Based on these premises, the contribution of this paper
is twofold. On the one hand, we introduce Stacco, an
instrument-score based on magnetic sensing that functions
as an ideal performative and notational mediator for neu-
ral synthesis models, thus enabling us to reflect upon the
unique compositional challenges that this novel synthesis
technology brings forth. On the other hand, we address
these challenges by reporting on the outcomes of a work-
shop with Stacco, where participants creatively notated mu-
sical scores on the body of the instrument as they experi-
mented with a series of neural synthesis models.

In the next section, we discuss relevant literature and ex-
isting practices to situate our work, with a focus on the
overlapping domains of notation and instrument design.

2. BACKGROUND

In the past few decades the field of Digital Musical Instru-
ments (DMI) has witnessed a flourishing of innovative in-
terdisciplinary methodologies, as musicians, designers and
technologists have integrated diverse fields into their re-
search practice. This concoction of viewpoints, ranging
from media studies [3], social sciences [4] and political
studies [5] represents a shift, and at times a dissolution,
of the boundaries that traditionally separate musical cate-
gories and roles.

Gurevich describes a practice-based attitude to instrument
design and performance which promotes an “ecological
view of music-making” challenging the traditional model
of music as communication, the rigid distinction between
composer-performer-listener as well as the locus of agency
across human and non-human factors [6]. Media theo-
rist and sociologist Jonathan Sterne argues that “[i]n music
technologies, media collapse into instruments - or, rather,
the line between instruments and media grows fuzzy” [7].
Similarly, Battier and Schnell introduce the term composed
instrument to underlay the fact that “computer systems used
in musical performance carry as much the notion of an in-
strument as that of a score” [8].

Our work resonates with such attitudes and perspectives,
and, more specifically, it builds on the notion of instrument-
score, bringing into the debate new methodological and
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Figure 1. Nicola Privato’s Thales.

conceptual tools. Of particular relevance is here the work
of Tomás and Kaltenbrunner who, drawing on Alvin Lucier’s
interviews [9], introduce the concept of inherent scores to
describe the progressive embedding of inscriptions within
the instrument [10] itself. Building on this, Tomás devel-
ops his tangible scores: a particular kind of inherent score
allowing sound production through the tactile interaction
with drawings engraved on a surface [11].

2.1 Magnetic Scores

Building upon Tomás’ contribution, we describe Stacco,
the musical interface introduced in this paper, as a mag-
netic score [12]: a particular type of inherent score featur-
ing embedded magnets and a visual interpretation of their
magnetic fields. To perform with a magnetic score means
to interact with its magnetic fields, usually by means of
other magnetic elements, as the variation in the magnetic
field is detected and converted into sound.

One notable example of magnetic scores is Thales [13]
(Fig. 1), which combines an engraved board embedding
a series of magnets with two controllers allowing the tan-
gible navigation of the magnetic fields. As the musician
moves the controllers on top of a score with embedded
magnets, the magnets in the controllers and those in the
score repel or attract each other, suggesting various perfor-
mative gestures.

Another relevant artwork is the Chowndolo [14] (Fig. 2),
a magnetic pendulum whose trajectories are altered by mag-
nets placed underneath the device. The chaotic oscilla-
tions of the pendulum are then translated into sound. The
magnets below the pendulum can be arranged to compose
new shapes: different configurations will produce unstable
sonic variations, articulating music that evolves based on
the pendulum’s dance.

The instrument-scores mentioned above have a distinct
embodied character, as they encode the inscription within
the materiality of the interface, with the performer inter-
preting it through touch and gestures. This materiality is
apparent in the score’s resistance and action in response to
the performer’s gestures, empowering creativity and boost-
ing the communication between the performer and the au-
dience [15]. Our research aims to leverage such material
features, exploring embodied ways to embed articulated

Figure 2. Giacomo Lepri’s Chowndolo.

compositional ideas, and how this might help composing
and performing with neural synthesis.

2.2 Embodied Sonic Sketching

The investigation of embodied musical interactions encom-
passes different fields, including digital instrument design,
sound design, dance, and theatre performance. Drawing
on soma design [16], Avila et al. describe a set of work-
shops for the design of digital musical interfaces emerging
from bodily explorations of guitar performance [2]. Delle
Monache and Rocchesso thoroughly investigate embodied
approaches to sound generation and manipulation and pro-
pose a set of interactive tools to sketch sounds using the
voice [17, 18]. Based on long-lasting collaborations with
dancers and musicians, Camurri et al. develop computa-
tional tools and frameworks to extract and interpret mean-
ingful gestural information to be exploited while designing
interactive experiences [19, 20].

Particularly relevant for our methodology is Kristina An-
dersen’s Magic Machines workshop [21]. Drawing on di-
verse performance and theatre practices [22], Andersen pro-
poses a playful design fiction approach to technology ideation,
which involves the creation of mock-up objects that work
as if by magic. Andersen exploits the notion of the “mag-
ical unknown” to free a participant’s imagination and gen-
erate manifestations of original technologies and interac-
tions. Crucial to the Magic Machine workshop is the no-
tion of “thinking with the hands” [23], where the physical
making and manipulation of artefacts allows participants
to sketch ideas through the spontaneous and intuitive as-
semblage of materials. Lepri and McPherson have also ex-
ploited Andersen’s Magic Machines workshop to facilitate
the emergence of subjective aesthetic values and priorities
of artists engaged in the design of novel musical interac-
tions [4].

The activity presented in this paper may be viewed as a
variation of such work, as participants were invited to aug-
ment Stacco with mundane objects, by sketching physical
scores to be placed on the instrument itself and guiding the
performance with an interface controlling a neural synthe-
sis engine.

2.3 Neural Synthesis

The recent introduction of deep learning methods has brought
forth exciting technologies for the generation of raw audio



[24, 25]. Whereas the slow responsiveness of neural audio
synthesis models has initially limited their use in performa-
tive scenarios, the introduction of RAVE [1], a Real-time
Audio Variational Autoencoder (VAE) that performs fast
and high-quality audio synthesis, has drastically facilitated
the use of neural synthesis in interactive contexts [13].

RAVE is a fine-grained latent variable model. It encodes
a stream of raw audio to a stream of latent vectors, before
decoding it back to audio. It combines a variational au-
toencoder with an adversarial reconstruction term, where
realistic details are sampled by the decoder and the coarse
qualities of the sound are represented in the latent space: a
multi-dimensional, compressed representation, in between
the model’s encoding and decoding functions.

RAVE may be used for style transfer, by forwarding raw
audio to its encoding function or explored by navigating
its latent representation through control signals. It is also
possible to combine these two approaches, for instance by
forwarding audio through the encoding phase to one or two
latent dimensions whilst driving the others with dedicated
signals, or by mixing audio and control signals on indi-
vidual latent dimensions. In the study described in this pa-
per, we apply the former method, mapping each of Stacco’s
data points to a single latent dimension, and bypassing the
encoding function.

3. STACCO

In this section, we provide a high-level analysis of neural
audio synthesis’ affordances from the perspective of the
composer, motivating the reasons that led us to develop
our framework for embodied sketching. We continue by
describing Stacco’s hardware and software, and the neural
synthesis models we used in our study.

3.1 Composing for Neural Synthesis

Neural Synthesis is a new, exciting synthesis method whose
distinctive features open new compositional approaches and
expressive possibilities. In composing with RAVE, the artist
curates datasets of raw sounds. During the training phase,
the model learns to reconstruct the datasets and distributes
its most meaningful sound features in the latent space.

In our artistic explorations of different models’ latent space,
we encountered three distinctive qualities that influence the
interaction with the model and that, ultimately, redefine the
compositional strategies:

• Entanglement: Latent dimensions are deeply inter-
twined; they appear as a complex and interdepen-
dent structure of relations, where any change in the
state of one latent variable affects the behaviour of
all the others. Consequentially, it is not possible to
manipulate one single parameter, such as amplitude
or frequency, without affecting the others.

• Continuity: Latent spaces represent continuous di-
mensions that remain active at all times and can-
not be selectively deactivated. Consequently, sys-
tems employing RAVE are typically designed to of-
fer continuous values rather than booleans.

• Arbitrariness: The distribution of the sound features
within the latent spaces is autonomously performed
by the model during the training phase, it differs
with every dataset and initialisation seed, and is em-
pirically explored a posteriori by interacting with
the trained model. This implies that it is not possible
to abstract gestural constants affecting the sound in
similar ways with two different models.

Because of the aforementioned arbitrariness, composers
need to spend time exploring every new model, looking for
patterns, configurations, and gestures that lead to satisfac-
tory acoustic results. This process is necessarily mediated
by a physical interface, that influences the control of the
system as well as the understanding of the algorithm [26].

Once the model has been thoroughly explored, and mean-
ingful gestures and interesting areas within the latent space
have been detected, the composer faces the challenge of
defining an appropriate notational strategy. This is of course
dependent on the overall aesthetic aim of the composer.
For the case described in this paper, i.e. the navigation of
RAVE through control signals, it is nevertheless possible
to outline two general considerations.

First, because the latent distribution of a model is learned
through a gestural exploration on a given interface, an im-
mediate and intuitive approach to notation is the one that
allows the reconstruction of those gestures on that inter-
face; second, because sound features such as frequency or
amplitude cannot be disentangled from the latent represen-
tation, it is not possible to notate them individually. This
further binds the representation to the synthetic potential
of the gesture.

As a consequence of the notation’s gestural reliance, the
act of composing becomes intrinsically intertwined with
the interface. By building upon the capability of magnetic
scores to incorporate the notation into the instrument, our
instrument-score allows artists to compose by sketching
gestures on interchangeable musical scores placed on the
interface itself. In addition, Stacco features a one-to-one,
unlabeled and continuous mapping to latent dimensions,
and the interaction of the magnets, their agency and resis-
tance makes the playing engaging and enjoyable.

3.2 Hardware

Stacco (Fig. 3) is a novel type of magnetic score em-
bedding magnetic attractors and sensors underneath an en-
graved surface, and whose design features are aimed at fa-
cilitating the interaction and composition with RAVE whilst
providing a rich and playful musical experience.

Stacco consists of four miniaturised magnetic discs [12]
combining a magnetometer with a permanent magnet each.
Each sensor performs two-dimensional readings of nearby
magnetic fields whilst actively attracting and repelling nearby
magnets and ferromagnetic objects. The sensors are dis-
placed in four symmetrical points underneath an oval wooden
board and connected to a Bela [27] for embedded synthe-
sis. The 32 x 217 cm engraved board features a raised edge
and is enclosed via a living hinge structure.

The performer interacts with Stacco by throwing and dis-
placing on the board a series of magnetic spheres of vari-
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