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ABSTRACT

Thales is a composed instrument consisting of two hand-held
magnetic controllers whose interactions with each other and
with other magnets produce the somatosensory manifesta-
tion of a tangible interface, that the musician generates and
shapes in the act of performing. In this paper we provide
a background for the development of Thales by describing
the application of permanent magnets in HCI and musical
interfaces. We also introduce the instrument’s sound gener-
ation based on a neural synthesis model and contextualise
the system in relation with the concept of magnetic scores.
We report on our preliminary user study and discuss the
somatosensory response that characterise Thales, observ-
ing the interaction between the opposing magnetic field of
the controllers as a tangible magnetic interface. Finally, we
investigate its nature from the perspective of performative
posthumanist ontologies.
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1. INTRODUCTION

The artistic poetics that characterised the second half of the
20th century have endowed the interpreter with a higher
degree of autonomy, compared to the tradition, in relating
with the musical material. This is evident in the practices
of authors such as Stockhausen, Berio and Pousseur, as dis-
cussed in detail in Eco’s Opera Aperta [|10].

With composers approaching music notation as a way to
prescribe the performer’s gestures rather than as pitch or-
ganised in time [15], the mapping of such relations became
a crucial element in designing musical interactions [29].
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Out of the acquired freedom in defining sensible musical
parameters and their modalities of representation, new com-
positional approaches have emerged [4]. Among such, an
increasing number redefine the composer’s and performer’s
traditional roles and attributed agencies [24], investigate the
relational aspects of the inscription [11], or explicitly sug-
gest a dynamic and undefined idea of the score’s situated-
ness in relation to the instrument [30].

In describing the progressive embedding of the score within
the instrument, Tomds and Kaltenbrunner [29] propose the
idea of inherent scores, and trace the origin of the concept
back to Alvin Lucier, who, in describing the performative
practices of the Sonic Art Union, stated that their musical
scores were inherent in the electronic circuits developed by
the members of the collective |14].

Similarly to inherent scores, the concept of composed in-
struments describes the score as incorporated within the
instrument itself, in the form of modular mappings whose
features define the interaction between a controller and an
arbitrary synthesis engine [27]. In such cases, the score is
encoded within the dispositif in the form of a defined set of
constraints, and is freely explored by the performer through
an embodied approach [7].

From this stance, in this paper we introduce Thales, a
composed instrument in which, through somatosensory feed-
back, the performer experiences the interaction between op-
posing magnetic fields as a tangible yet invisible interface:
as our preliminary user study shows, the dynamics between
Thales’ magnetic fields evoke in the user the impression of
interacting with objects of different resistance, shape and
materials.

In the next section, we frame the use of permanent mag-
nets and neural synthesis in musical instruments, as they
represent two of the main features of our system, and con-
textualise Thales’ composed nature in relation with mag-
netic scores, a novel type of inherent scores that, similarly
to how Thales generates the interface, encode the inscrip-
tion in the form of magnetic fields.

2. BACKGROUND

2.1 Permanent Magnets

Permanent magnets constitute a key component of most au-
dio electronics, and are extensively incorporated in the de-
sign of modern musical instruments and amplification tech-
nologies. However, if within HCI the haptic properties of
permanent magnetic fields have been explored [31} [§], sim-
ilar applications have not been proposed in the design of
musical instrument as of yet.

A notable example of the use of permanent magnets as
key components in the interaction design of an instrument-



score is the Chowndolo by Giacomo Leprﬂ a pendulum
whose movement is dynamically controlled through a set
of permanent magnets on its base. A different approach is
instead explored by David Griffith in the Pattern MatrixEI a
tangible AR live coding environment controlled through the
orientation of permanent magnets on a tangible 5x5 matrix.

In the Marble Machmeﬂ the merging of the score with
the instrument becomes particularly apparent, as the in-
strument’s sounds are generated through the interactions
of ferromagnetic marbles with different surfaces, membranes
or strings, and their timing is controlled by a tangible step
sequencer made of small magnetic cylinders attracting and
displacing the marbles.

In NIME’s proceedings from 2001 to present, among a
large number of papers describing different applications of
electromagnetism in actuators |9} |3} 17, 13|, magnetic tape
[12] and gestural control |23|, we identified three papers de-
scribing the application of small permanent magnetic tags
for position sensing (21} |16} 22] and one for haptic response
in VR settings [6]. In these cases the sound is mapped
through the dynamic repositioning of the passive elements
in relation to a fixed magnetic sensor, or depends on the
relative position of the controllers without including mag-
netometer’s readings.

In Thales we followed a different approach, as each con-
troller, whilst incorporating position sensing, couples a mag-
netometer and a permanent magnet as a default configura-
tion. The changes in the readings of the sensors depend on
the temporary encounters of the magnetic fields in the con-
trollers with those of other magnets displaced in the perfor-
mative space and with each other. As a result, the interac-
tions between the magnets are experienced by the performer
as somatosensory responses, and produce the tangible man-
ifestation of the magnetic interface.

2.2 Neural Synthesis

The recent introduction of deep learning techniques has
added new and exciting state-of-the-art technologies for the
generation of raw audio waveforms, such as WaveNet [20]and
SampleRNN [18]. However, despite their unprecedented au-
dio quality, the high amount of data they require and the
slow responsiveness has initially limited their application in
real-time interactive scenarios.

Recent models such as NSynth and GANSynth have im-
proved such limitations, thus facilitating the application of
neural synthesis techniques in musical interfaces such as
NSynth Superﬂ To our knowledge, the first NIME leverag-
ing these features is Al-Terity, a non-rigid musical interface
for real-time audio synthesis [28].

More recently, the introduction of RAVE [5], a Realtime
Audio Variational Autoencoder (VAE) that performs fast
and high-quality audio synthesis, has drastically facilitated
the application of neural synthesis in interactive contexts.
RAVE can be used in real-time environments and standard
CPUs, and is capable of modelling 48kHz audio signals
through a training procedure that consists in a represen-
tation learning phase performed on a regular Variational
Autoencoder (VAE), followed by an adversarial generation
phase for perfecting the sound quality. Notably, once the
model is trained, the latent dimensions can be navigated
in visual programming environments such as Pure Data or
Max/MSP through dedicated objects, as in the case of our
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system.

We chose RAVE for the sound engine of Thales as it pro-
vides a flexible yet advanced platform for the application
of Neural Synthesis. The data forwarded by the controllers
mostly relates with spatial dimensions such as absolute ori-
entation and position of the magnetic field. Similarly, the
latent spaces in autoencoders may be interpreted as co-
ordinates in a multi-dimensional space. Because of this,
coupling the controllers with RAVE felt as a very natural
choice. As we will see, the recording and selection of the
audio samples for the dataset, as well as the core interac-
tion design situates Thales in close continuity with magnetic
scores.

2.3 Magnetic Scores

During childhood, it is a common experience to play with
magnets, to be intrigued by the invisible forces that cause
them to attract or repel with each other, and to spend time
observing their behaviour against different materials. This
playfulness that magnets evoke is visible in the amount of
games and gadgets that make use of them in various ways,
from levitating machines, moulds, to spheres of all dimen-
sions, science kits and magnetic brick sets.

Magnetic scores aim to bring all this into the musical
practice through the embodied experience of the magnets’
interactions. We already defined magnetic scores as the
combination of a composed surface with embedded magnets,
and two magnetic controllers that decode the information
and provide somatosensory feedback to the performer [19].
As the musician navigates the score, the magnets in the
controllers and those in the surface attract and repel each
other, suggesting the performer’s gestures

Because in magnetic scores both the surface and the con-
trollers have magnets embedded within, the score can not
be considered as inscribed on the surface alone, nor is it
the unilateral result of the performer’s action: it rather
discursively emerges as a series of encounters between the
composer’s ideas as inscribed through the displacement of
the magnets, and the performer’s exploration of the surface
with the magnetic controllers

Because we developed our systems out of the same intu-
ition, we imagine Thales’ magnetic interface and magnetic
scores as alternative manifestations of the same core interac-
tion design, as the extremes of a compositional continuum
ranging from the granular encoding of detailed magnetic
inscriptions to their quasi absence, with the controllers in-
teracting with one or few magnets, or even simply with each
other.

3. THALES

Our instrument is named after Thales of Miletus, the philoso-
pher that, according to Aristotle [1], first studied magnets
and described them as “having a soul”.

The performativity of the inscription that characterises
magnetic scores, emerging as a consequence of the per-
former’s actions on the magnetic surface, is leveraged in
Thales with the aim of creating a tangible interface that
the user generates in the act of performing, and exists be-
cause of the momentary interaction between the magnets.

In order to produce this impression, both the magnets
mounted in the controllers and those displaced in the per-
formative space have to be oriented facing each other with
identical polarities. Thanks to this simple stratagem, the
reciprocal repulsion of the magnetic fields suggests the pres-
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