TECHNO-UTOPIA: Music Emerging from Colliding Embedded
Al Instruments with Radio Orchestras and their Archives

Robert Laidlow
robert.laidlow@kcl.ac.uk
King’s College London
London, United Kingdom

Nicola Privato*
nprivato@hi.is
Intelligent Instruments Lab
University of Iceland
Reykjavik, Iceland

Victor Shepardson®
victorshepardson@hi.is
Intelligent Instruments Lab
University of Iceland
Reykjavik, Iceland

Figure 1: Image of Zubin Kanga performing on the Stacco with BBC Philharmonic. Photographer: Robin Clewley

Abstract

This practice-led paper explores the musical work TECHNO-
UTOPIA, composed for orchestra and soloist performing on tra-
ditional acoustic instruments, electronic samplers and embedded
Al instruments. TECHNO-UTOPIA was co-commissioned by two
radio symphony orchestras and marked the first time either has
worked with NIMEs.
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We examine how these embedded Al instruments functioned
as compositional tools that shaped structural, harmonic, and tex-
tural decisions across the entire work, extending beyond moment-
to-moment sound generation. The paper details the technical de-
velopment of several RAVE models trained on orchestral archive
data and other methods of exploring archives compositionally.

The paper reports on the rehearsal process with professional
orchestral musicians, examining how the soloist developed in-
dividual performance techniques distinct from the composer’s
approaches. We address practical challenges including notation
systems for NIME performances, strategies for maintaining tech-
nological credibility in traditional orchestral settings, and meth-
ods for integrating archive-based instruments into live perfor-
mance. This research contributes insights into ethical creative Al
design using archival datasets obtained with express permission,
and which pertain to the ensemble at hand and the relationship
between NIMEs and established musical communities.
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1 Introduction

TECHNO-UTOPIA is a practice-led research project which ex-
plores the creative consequences of introducing new interfaces
for musical expression (NIMEs) into music for symphony orches-
tras. The project, which was undertaken primarily from 2024-25,
involved collaboration with two European radio symphony or-
chestras who acted as co-commissioners and performers: the
BBC Philharmonic and the Rundfunk-Sinfonieorchester Berlin.

Its major creative output was a concerto of the same name,
which lasts approximately 35 minutes in performance, for soloist
Zubin Kanga - performing on piano, keyboards and embedded
Al instruments - and orchestra. The NIMES used throughout the
project allowed for real-time expressive control of sound archives
through machine learning models and DSP algorithms. They
are referred to as embedded Al in this paper due to how these
algorithms were controlled through tactile, physical, interfaces
and instruments, as opposed to operating a computer keyboard
or other traditional computing interface directly.

Research, both recent and stretching back several decades,
has focussed on a diverse range of intersections between embed-
ded AI (or machine learning) and instrument design, including
descriptions of new tactile instruments and interfaces [36], inter-
views with artists who have designed and worked with their own
such interfaces [9] and pipelines for supporting the development
of neural networks using specific hardware [27] among others.

This paper presents an exploration of the creative insights
resulting from introducing embedded Al instruments into sym-
phony orchestras, an account of the technical details of the NIMEs
and embedded Al used, and a report on the rehearsal and perfor-
mance process.

2 Background

There are numerous examples of valuable work undertaken be-
tween the NIME community and non-musicians [24] [18] [26]
[14] and non-professional musicians [20], where the focus has
been on original means for enabling wider participation in music-
making. There has also been productive exploration of the cre-
ative benefits of using embedded AI and NIMEs with classical
instrumentalists who are technology specialists [35] [22] and
artists who are “actively engaged with precisely such questions
[...] [who] bring with them years of professional artistic experi-
ence, strong opinions on the use of technology in performance,
and commitments to public presentations” [11].

There has been comparatively less focus on the interaction
between NIME research and the varied ecosystem of professional
music performers who are not technology specialists. As more
NIMEs begin to engage creatively with embedded Al models, this
gap becomes increasingly important. Professional musicians are
often wary of “AI” [12] and are generally not aware that Al and
machine learning in music is a diverse field, encompassing both
experimental creative work in addition to the now well-known
commercially-driven prompt-based generative Al paradigm (see:
[6] for discussion of such paradigms).

This is a problem for the wider credibility of our research field
in today’s cultural context and must be overcome if we intend to
have a positive effect on that context. This credibility problem
is more acute if we (that is to say, the community of researchers
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and artists interested in exploring human creativity through its
intersection with technology) wish to continue to use the term
“Al” despite its recent monopolisation by a narrow slice of Silicon
Valley enterprises.

Beyond any creative or technical benefits, which are the focus
of this paper, working with non-technology specialist musicians
and embedded Al in this context will therefore raise awareness
of the variety of technological research and how it relates to
their practice. It may also positively affect the case for regulating
“generative AI” through demonstrating that alternative methods
to Alin music do exist, and do not require unethical data scraping
practices - a direct rebuttal of common commercial arguments !.
Cultural organisations are frequent participants in discussions
around creative industries and technology and are trusted by
their audiences; audiences who frequently share misgivings sur-
rounding the term “AI” [2]. They make ideal partners for those in
the community working towards the goal of creative, equitable
and ethical AL

Orchestras, which can be understood as a museum of musical
technologies, have particular resonances with NIMEs. These or-
chestral technologies include both tactile interfaces (i.e. musical
instruments) and proficiency with underlying technologies which
influence, structure and capture musical thought, such as music
notation (see: [25]). Previously, orchestras have readily engaged
with new musical interfaces affording creative expression — such
as the ondes martinot [1], synthesizers [32] and player pianos
[23]. There are also instances of orchestras working with ma-
chine learning, including improvising machines [19] and neural
synthesis models [16] — which has been called “performance-
time” machine learning [8] — and symbolic-generative methods
[10] - or “design-time”. These interactions, however, have tended
to be “composer-like” or “performer-like”, in that they generate
fixed audio or musical information, rather than “instrument-like”
[15], designed specifically to allow a human performer to express
themselves in real-time through the interface.

Radio orchestras are particularly well suited for the kind of
project described in this paper. These orchestras were generally
established internationally in the first half of the 20th century
to respond to new technology [28] and, as will be discussed in
Section 3, having built up an archive of radio sound recordings
which can be integrated into embedded Al design. Finally, orches-
tras rehearse and perform together, aiming toward a clear and
effective performance goal. There have been project write-ups
and artistic/technical reflections on rehearsed performances and
improvisations using NIMEs [9], but fewer when the performer(s)
is not also the person(s) who originally designed the NIME.

3 Personal Artist Motivation

I? devised and composed TECHNO-UTOPIA as a response to a
number of artistic, technical and ethical questions that arose
from my previous creative practice with classical musicians and
emerging technologies. I have composed for symphony orchestra
several times previously, but this marked the first time I had
integrated NIMEs into that practice.

le.g., "it would be impossible to train today’s leading Al models without using
copyrighted materials" - OpenAl; Deposition to UK Parliament Select Committee
(2024)

2This paper is presented by three authors. The first author is the composer of
the work, while the other two authors collaborated to provide technical expertise,
instrument fabrication and machine learning model training. “We” refers to work
we did together. “I” refers to the first author and its use is intended to avoid the
implication that the other two authors exactly share my aesthetic and conceptual
opinions.
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One question concerns has been previously termed “musical
structuralism” [15], in which the dominance of machine learning
in our daily lives erases the kinds of music-making that cannot be
effectively captured in data [17]. I am interested in exploring the
gulf between the act of music-making and the record of music-
making — that is to say, the difference between music as process
and music as product.

I also intended TECHNO-UTOPIA to join, and respond to, the
lineage of orchestral works in which the orchestra interacts with
a simulacrum of itself or its past performances. Works such as
Steen-Andersen’s TRIO [34] make effective use of sampling tech-
nology to do this, while works such as Berio’s sinfonia [4] do so
through structural and notational means.

4 TECHNO-UTOPIA’s Data and Models

4.1 Overview of NIMEs

TECHNO-UTOPIA uses three newly- or recently-developed in-
strumental interfaces. This paper describes each, with focus on
the Stacco, an instrument designed for the intuitive control of
neural audio synthesis latent parameters through the displace-
ment of magnetic objects on a wooden board concealing four
magnetometers [29]. Dramatically, I was interested in featuring
a moment where the work’s soloist could deconstruct orchestral
sounds through physical movement. Having considered other
options, including the MiMu gloves [13] and motion capture via
video camera, I chose to work with the Stacco for this purpose.
We, the three-person author team, spent a week at the Intelli-
gent Instruments Lab at the University of Iceland in November
2024 developing the Stacco and the RAVE models it controls for
this project. Our collaboration extended across 2025, up to and
beyond the first performance of TECHNO-UTOPIA in July 2025.

4.2 Data Provenance

The project took as its sole source of audio data an archive of BBC
Philharmonic Radio broadcasts featuring the BBC Philharmonic
to which I was granted access by BBC Radio 3 for this project.
This was important to the project for two reasons: first, all data
was obtained with express permission from the rights-holder;
second, the data was specific to the ensemble that would be
performing the music and was therefore site-specific in a way
that posed aesthetic questions. The full archive stretched back
some thirty years and contained over 2600 hours of music. We
used stereo bounces which were originally recorded at 48 kHz
using microphone setup suitable for professional radio orchestra.

4.3 RAVE Models

RAVE [5] is a variational autoencoder for real-time neural au-
dio synthesis, trained to reconstruct a corpus of sounds via a
multi-dimensional latent space that can be audibly explored and
manipulated. It has been used widely in new instrument design,
improvisation practices and music composition [36] [29] [7]. Sub-
sets of the BBC Philharmonic archive were used to train a range
of experimental RAVE models, of which five were considered for
the final project:

(1) Full orchestra audio "Model 1" (training data approxi-
mately 18.5GB)

(2) Strings-only audio (training data <1GB)

(3) Brass-only audio (training data approximately <1GB)

(4) Woodwind-only audio (training data approximately <1GB)

(5) Percussion-only audio (training data approximately <1GB)
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Models were trained using a causal RAVE v3 architecture
at 48kHz on an Nvidia A4000 or A5000 GPU. “"Model 1" was
trained first, which took approximately two weeks, with the
remaining models trained utilising transfer learning [30], which
took approximately 3 days each.

Data for models 2-4 was compiled by selecting broadcasts from
the archive only involving certain orchestral sections or by man-
ually segmenting longer symphonic works. Data for model 5 was
recorded for the project with the BBC Philharmonic’s principal
percussionist. Music composed by living composers was removed
from all training data for models used in the final work, as were
spoken segments by BBC radio presenters. These RAVE models
were controlled through the Stacco instrument via Bela and Max
8. Models were navigated directly (magnet location mapped to
RAVE latents) and indirectly through two methods: capturing
and looping orchestral audio, encoding it into latent space, then
perturbing the decoder further through magnetometer input; and
sending eight waveforms to the eight latents before adjusting
their (de)coherence, amplitude and frequency via magnetometer
input.

Investigation of latent representations in "Model 1" through
sustained author interaction revealed unexpected characteris-
tics (Table 1). Unlike typical RAVE models where the first latent
determines dynamic [29], “"Model 1"’s” first latent seemed to
encode timbral "thickness" (number of "instruments” playing).
Seven of eight latents mapped to timbral elements in some way
(i.e., richness or instrument type) with most representing liminal
interpolations between colours rather than specific instruments.
Latent 7 was an exception, representing a specific continuum
from string timbres (low values) to brass (high values). Dynamics
were entangled across latents 2, 4, and 8, requiring simultane-
ous magnet manipulation for intuitive control and despite the
dataset’s enormous pitch range, pitch correlated strongly only
with latent 6 and weakly with the overtones represented in latent
2.

4.4 Concatenative Synthesis

During the first movement, the soloist performed on a ROLI
Seaboard 2 (a keyboard with MPE capabilities) using a preset
synth voice. A Max patch mapped finger pressure to the balance
between preset synth and live, granular, concatenative recon-
struction using approximately 5 hours of the BBC Philharmonic
archive. The concatenation was modelled using FluCoMa [21]
machine learning tools before being re-implemented with a com-
mercial plugin [3] to maximize stability and consistency between
composer and performer machines.

4.5 Archive Dreamer

BBC Philharmonic archive data was also used as part of what
was dubbed the “Archive Dreamer”. The Archive Dreamer ini-
tially used FluCoMa machine learning tools to identify an input
pitch in real-time before matching that pitch automatically with
a randomly selected 10-second snippet of the archive which also
featured the same pitch according to a prior analysis of the cor-
pus. Input was provided by the soloist’s piano, transforming
the piano into a site of live archive exploration. Initial real-time
lookup in FluCoMa was replaced with a sampler-based approach
selecting randomly between pre-selected snippets due to latency
constraints and the discovery that live lookup across a much
larger archive didn’t meaningfully increase performer expressiv-

ity.
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Table 1: Author Exploration of Latent Representation

Latent Representation
1 Timbral “thickness” of sound
2 Dynamic and harmonic richness (overtones)
3 Timbre (i.e., which “instrument” forms the central sound output)
4 Timbre and dynamic
5 Thickness and timbre
6 Pitch
7 Timbre - specifically strings and brass
8 Harmonic warmth, pitch and dynamic

4.6 Where Is The Interface?

None of these interfaces is strictly “new”; Stacco was presented
at NIME Conference in 2024, the ROLI Seaboard 2 was released
in 2022 and the piano is, of course, centuries old.

To an orchestral community, however, each of these interfaces
(excepting the piano) and means of expressive control over sound
were, generally, truly new. Furthermore, we suggest that it is the
artistically fertile relationship between this community and the
expressive and adaptive existing NIMEs that provides creative
interest and novelty. This relationship is the new interface for
musical expression that really matters in the project. The archive
itself is also presented as a major site of interaction. Each NIME
interacts with it, or parts of it, in one or more ways. Modern
technology, however, is only one method of interfacing with an
archive of sounds to create new music. The orchestra’s museum
of technologies can do the same, especially when working with
the musicians who created the archive in the first place.

5 NIMEs in the TECHNO-UTOPIA
Composition Process

Working closely with the NIMEs described above affected the
entire compositional process, including parts of the composition
that did not involve performing using a NIME at all. This section
details demonstrative examples from each of TECHNO-UTOPIA’s
three interconnected movements.

TECHNO-UTOPIA’s first movement (titled "In My Image") fea-
tures the soloist making extensive use of live concatenative syn-
thesis using the orchestral archive. This allowed the soloist to
"emerge" subtly from the orchestra’s sound and enabled com-
positionally "mirror" moments where the orchestra copied the
soloist’s concatenated material to create an uncanny echo. This
NIME offered a genuinely new perspective on traditional orches-
tral textures in a (piano) concerto through its ability to modulate
how far the soloist is sonically impersonating the ensemble.

The movement is structured as a closed circle: it ends with the
orchestra performing the soloist’s original music, which becomes
the looped material that opens the second movement’s Stacco
cadenza. This looped material therefore functioned as both com-
positional endpoint and starting point. Since the looped audio is
reconstructed in the "Model 1" latent space rather than preserved
as original orchestra sound (sharing DNA with instruments such
as the Living Looper [31], the swap between real orchestra and
the Stacco is not perfect. There is an element of uncanniness that
arises from the subtle differences between original and recon-
struction that are heard side-by-side, even before the latent space
is further perturbed by Stacco magnet manipulation. The orches-
tral material needed to be simple enough for these imperfections
in reconstruction to be audible.

The movement’s thematic structure involves five distinct and
complex orchestral soundworlds each transforming into that final
looping material through processes of timbral, melodic and har-
monic distortion. The soundworlds themselves were composed
after the looping material was decided, so were a response to
it (a kind of negative — I imagined what five “opposites” of the
looped material might be). The affordances of the Stacco and
RAVE therefore directly influenced the structure, harmony and
textural decision-making throughout the first movement, even
when the Stacco was not being played.

TECHNO-UTOPIA’s second movement is an extended cadenza
for the Stacco instrument, lasting 5-8 minutes. Aesthetically, the
intended effect was for the cadenza to begin as though the soloist
had “stolen” the music of the orchestra before deconstructing
that music into its constituent sonic parts.

The Stacco cadenza itself involved exploration of three RAVE
models (“Model 17, “Percussion” and “Brass”) and an FM syn-
thesizer. MIDI faders were used to control which sound(s) were
present in the mix. The cadenza was notated as a text score for
the soloist, giving a framework for the cadenza but leaving de-
tails and timings only partially defined. This is partly because a
cadenza is often semi-improvised in orchestral music, but also be-
cause traditional staff notation was unable to rise to the challenge
of notating music for the Stacco. The instrument design deliber-
ately lends itself toward experimentation and exploration, which
in turn introduced those elements into the composition where
they would not otherwise occur; exploration and improvisation
normally happens in my orchestral work in the composition
process, not during performance.

"Model 1" is extremely sensitive and, subjectively, a joy to
perform with that seems to offer more each time one returns to it.
I found while making the text score, I was interested in hearing
the soloist luxuriating in sound and enjoying the liminality of
sounds found in the latent space. This is the opposite of the
hard-edged music of the first movement.

Because none of the latents were unimportant (Section 4.3)
and none were directly linked to loudness, there was no “princi-
pal” magnet for "Model 1". This luxuriation could happen when
focusing on any individual magnet.

Specific points in the latent space relating to specific sounds
discovered during experimentation were notated on the instru-
ment itself (Figure 2) so the soloist could easily navigate to them
during performance. This form of notation is similar to how start-
ing string players might mark particular notes in chalk on their
fretboard or to how pianists might mark where to press lightly on
a string to produce a specific harmonic when performing inside
the piano.
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Figure 2: Scan of the surface of the Stacco
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I was inspired by the way that "Model 1" interpolated seam-
lessly between different areas of the archive’s latent space. I
therefore composed the third movement (titled “Everything I
Have Ever Heard Is Just Data”) to translate this effect to the or-
chestra itself. The movement stitches together around 100 pieces
of music from both the orchestra’s archive and my own memo-
ries of music-making. Sometimes these references were notated
(ie, I compositionally reconstructed moments from the archive)
and sometimes they were literal archive samples. In this move-
ment, music for the Stacco is notated with slashes (like jazz
improvisation sections) with written instructions above the staff
(Supplementary audio file 3). The end of the third movement
features Archive Dreamer triggering archive fragments.

Interfacing with the archive remained forefront of the compo-
sitional process, even if its methods of doing so are very different
to either previous movement.

To me, this is the advantage of colliding a NIME with an acous-
tic ensemble - it provides an opportunity to explore different
ways of imagining what the act of making music is, what it means
to make a record of music, and how an ensemble and technology
might interact with the past. There was no distinction between
the NIMEs themselves and the aesthetic questions they raised
during the composition process. Their creative consequences
were not limited to the moment-to-moment sounds they could
make but rather were widespread across many approaches to
interaction.

6 Notes on the Rehearsal, Performance and
Recording Process

Ahead of its first performance and recording® for BBC Radio 3
by the BBC Philharmonic, there were eight hours of rehearsal
scheduled with the orchestra and an additional tech setup day.
New works of this length in the UK would generally be scheduled
up to four hours. The additional time was granted by orchestral
management on account of the work’s technical complexities.

Before the first rehearsal, I gave a five-minute introduction to
the work and its themes. I explained that I was interested in de-
signing creative Al systems that were both interesting for artists
and ethical and contrasted these to the commercially available
generative Al models which had been trained without permission
on copyrighted data (including many recordings of these same
musicians). I demonstrated the NIMEs and explained how their
orchestral recordings had been used to create these instruments.
Finally, I discussed the aesthetic goals of the work.

The rehearsals themselves focussed purely on musical ques-
tions, led by the conductor Jack Sheen (Figure 3). Despite our rel-
atively long rehearsal period, there remained a lot to get through
and there was no time at all to waste in serious or lengthy tech-
nological failures. From my past experience, such failures would
result not only in wasted time but also a loss of credibility in
the work from the orchestral musicians (similar to if there were
mistakes in the parts, or information missing from the conduc-
tor’s score). Working with an orchestra is like a spell; magical,
but once the enchantment begins to unravel for any reason, it
can vanish into thin air. It was crucial that this credibility was
maintained, since the project was just as much about introducing
orchestral musicians to the world of embedded Al as it was about
studying the creative effects of NIMEs. Avoiding live technologi-
cal failures was one reason that I chose to recreate the Archive
Dreamer rather than scan the archive live (Section 4.5).

3https://on.soundcloud.com/7dBc94yMOi0ewbrC70
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Figure 3: Jack Sheen conducting the BBC Philharmonic.
Photographer: Robin Clewley

The orchestral musicians were very receptive towards the
NIMEs and our approach, and particularly towards the Stacco
which many of them wanted to learn more about, try out for
themselves and make videos to send to their colleagues. I spec-
ulate they were particularly interested in the Stacco because
it looks like a new instrument, whereas the other NIMEs only
sound new. It was repeatedly commented that the instrument
reminded players of the theremin. The BBC Philharmonic had
in recent years performed Kalevi Aho’s Eight Seasons (Concerto
for Theremin and Chamber Orchestra) at the BBC Proms. For
the Stacco to be immediately understood as an analogue to a
historical “NIME” was heartening. Some of them, forgetting the
instrument’s name, took to calling it the “magic ball instrument”.

Rehearsing with the soloist, pianist Zubin Kanga, was an il-
luminative process. Zubin had no hand in designing any of the
NIMEs but has previously performed with an array of advanced
technologies [33]. An obvious, but important, point was that his
methods of interacting with the NIMEs were different to mine.
The way that he chose to glide between original pitch and con-
catenated archive synthesis on the ROLI Seaboard 2 (through
finger pressure), the length of time he left between triggering
Archive Dreamer samples and, above all, the way that he inter-
faced with the Stacco in the cadenza and third movement were
highly individualistic. All of these are rooted in the act of listen-
ing; listening to the NIME and the orchestra and responding.

During the Stacco cadenza, I found that Zubin’s style was more
exploratory and contemplative than mine. He would concentrate
on a single magnet for an extended period, moving manipulating
it with tiny motions and letting the result sit. Supplementary
audio files 1 and 2 demonstrate the cadenza performed by the
first author (demo) and by the work’s soloist (first performance)
respectively. This supports the existing evidence that the Stacco
is a robust musical instrument that can support diverse playing
techniques (see: [29] Section 6).

During the third movement, there is a passage where the
soloist performs on the Stacco simultaneously with a sample
of birdsong and orchestral material quoting archive material.
Zubin understood his role here to be in dialogue with the bird-
song, which had not been my original intent while composing.
Nonetheless, he was able to achieve his vision, finding sounds
which imitated birdsong, within the constraints of the selected
model. To me this demonstrates the instrument’s diverse utility
and can be heard in Supplementary audio file 3 (from 20s).
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7 Evaluation and Further Questions

This project demonstrates how embedded Al systems can func-

tion as compositional tools that extend beyond moment-to-moment

sound generation to shape structural, harmonic, and textural
decisions across an entire work. The successful integration of
these technologies into traditional orchestral rehearsal and per-
formance contexts, evidenced by musicians’ enthusiastic recep-
tion and the soloist’s distinct performance approaches, suggests
that the "newness" of such interfaces lies as much in their capacity
to inspire creatively versatile relationships between technology
and established musical communities as in their technical nov-
elty.

A straightforward area for further work is in integrating NIMEs
more fully into the fabric of a classical ensemble. In TECHNO-
UTOPIA, the orchestral musicians performed alongside NIMEs
but not with them. It was originally suggested that we might try
the latter but later agreed with the orchestral management to re-
strain the scope of new technology to a soloist who had plenty of
time in advance to work on the project. This is a difficult problem
to overcome. Learning how to perform on a NIME requires time
and practise. It is extremely rare to have time with orchestral
musicians before the first rehearsal, by which point the music
needs to be complete. Issues of notation would need to be solved
to better balance between what an orchestral player expects to
see in front of them with the inherent characteristics of the NIME
itself. The problem of notation is one that is more broadly appli-
cable to the NIME field because it is inherently entangled with
the question of how these interfaces might be adopted by people
who did not design them.

Further directions for future work include a wider investiga-
tion of the insights professional musicians can bring to under-
standing latent space dimensions in audio models, expanding
an instrument like the Archive Dreamer beyond simply pitch-
class matching, and further documenting how performer-specific
techniques emerge through sustained engagement with these
instruments in ensemble settings. We would like to see NIMEs
interacting with many more types of non-technical communities,
as we believe this can only be positive for their impact on the
wider musical ecosystem and further strengthening their design
methodologies and, ultimately, will result in exciting, relevant
and unique artistic work.

8 Ethical Standards

This work was done following the university’s policies and did
not require formal ethical approval. It did not involve personal
data collection. Orchestra members consented to be photographed
ahead of the rehearsal period. All neural synthesis models were
trained with data obtained with permission from the rights holder.
Musicians were remunerated according to their contracts with
the relevant radio orchestra(s).
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