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ABSTRACT

The MTU Laptop Ensemble (MTULE) was formed in
2025 to translate several concurrent lines of research in-
quiry into live performance practice through the medium
of laptop orchestra. In this paper, we first offer a brief
overview of laptop orchestra performance as a computer
music aesthetic, highlighting key characteristics, technolo-
gies, and historical developments. We then describe the
research topics currently being investigated by three mem-
bers of the ensemble, including a Granular-Markov hy-
brid synthesis system, spectral-based data sonification, and
real-time gestural control using Bluetooth Low Energy
(BLE) Inertial Measurement Unit (IMU) sensors. We then
give a narrative account of the co-creative experimental
process of integrating these separate approaches, that re-
sulted in the iterative development of a cohesive composi-
tion, since presented at several public performances. We
reflect on how the interplay between performer input and
algorithmic response, and the constraints and affordances
of each system, shaped both the compositional process and
its outcomes, positioning the laptop orchestra as a produc-
tive format for research-led artistic practice.

1. INTRODUCTION

Founded in 2005, the Princeton Laptop Orchestra (PLOrk)
[1] is widely regarded as one of the first ensembles of its
kind, though precursors such as the San Francisco-based
League of Automatic Composers (1975–1987) [2] were
already incorporating microcontrollers into collective per-
formance, describing their work as a kind of “silicon or-
chestra”, and “[approaching] the computer network as one
large, interactive musical instrument made up of indepen-
dently programmed automatic music machines, produc-
ing a music that was noisy, difficult, often unpredictable,
and occasionally beautiful.”. PLOrk established several
baseline characteristics that have influenced similar ensem-
bles worldwide. A key early challenge was sound propa-
gation: acoustic instruments radiate sound diffusely and
three-dimensionally, whereas laptop setups rely on direc-
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Figure 1: PLOrk in performance with hemispherical
speakers (Image from Seth Cluett: https://sethcl
uett.com/works/zero-point/)

tional loudspeakers at source or front of house. To address
this, PLOrk developed open-source "hemispherical loud-
speakers" with six distributed cones that approximate the
radiation properties of acoustic instruments. Other ensem-
bles have since proposed simpler alternatives, such as us-
ing Ikea salad bowls as speaker cavities [3].

Considerable academic discourse has emerged concern-
ing the practice of composing for laptop ensemble [4–6],
improvisation [7–9], conducting [9,10], creativity [11] and
its pedagogy [12, 13], including the integration into pro-
gramme curriculums [14]. As well as sound propagation
(as touched on above), musical improvisation has been
noted in this discourse as an important tool for the explo-
ration of newly-developed digital instruments, and also in-
tentionally as a compositional technique. The laptop en-
semble also brings into question the role of musical con-
ductor. Traditional conducting (with one person provid-
ing gestural cues to an ensemble of performers) is still an
effective technique, but network and sensor technologies
open up many new possibilities: for example a computer
program can automatically conduct a human ensemble vi-
sually or over the network, or a human can conduct an en-
semble of autonomous digital instruments equipped with
visual sensors. Digital instrument control is also discussed
frequently. The laptop itself is often used as the primary
controller by ensemble members, through the touchpad,
mouse and keyboard. A large number of off-the-shelf Hu-
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man Interface Devices such as game controllers have been
used successfully in performance, and it is also common
for ensembles to implement their own custom controllers.
The development of novel digital instruments is obviously
a fundamental part of many laptop ensembles, and so the
roles of composer, performer and instrument maker of-
ten overlap. Bespoke laptop orchestra oriented tools and
platforms have been developed that extend existing multi-
media languages and environments such as Max/MSP or
Pd. For example Virginia Tech’s Linux Laptop Orchestra
(L2Ork) [15] have built up a considerable software ecosys-
tem around their practice, centred around a custom version
of Pure Data titled ‘Pd-L2Ork’ [16] that ships with many
externals and redesigns the UI front-end using HTML5,
that since has produced the offshoot ‘Purr Data’ [17].

Closer to home, here in Ireland the now defunct Dublin
Laptop Orchestra was set up by Alex Dowling and Dan
Trueman in 2011, with a focus on “bringing theatrical-
ity and physical presence into electronic music perfor-
mance”. 1 They have collaborated with other ensembles
including Crash Ensemble and our state broadcaster’s RTÉ
National Symphony Orchestra. The Cork Audio Visual
Ensemble (CAVE) 2 meanwhile sets out to “explore the
relationship between the physical (carbon-based) and the
digital (silicon-based) worlds” and have developed spe-
cialised hardware controllers such as “The Box” using
piezo transducers along with temperature and light sen-
sors. Notably, CAVE was invited to perform at ICMC /
SMC 2014. 3

Knotts & Collins [18] carried out a survey of 160 lap-
top ensembles worldwide from the perspective and lens of
their organisational structures and the concept of democ-
racy which they define as the “governance by members of
the group”. They further drill down into key facets that
include the number of members, whether there is a spe-
cific conductor role, software usage heterogeneity and ex-
tent of networking (i.e. how connected is the computer in-
frastructure). One crucial aspect that wasn’t considered in
this survey is the sound propagation method used by each
ensemble. Different organisations also diverge in their use
of sound propagation approaches as alluded to earlier. The
survey and the ensembles we have highlighted reveal the
unique culture and identity inherent to each group. This
understanding has been at the forefront of our thinking as
we begin to define our own collective. Initially formed as
a creative outlet for the funded research and collaborative
projects we were undertaking, the ensemble has gradually
developed its own distinct character and direction.

This framing also bears on how we understand the en-
semble’s music itself. A recurring theme in the aesthetics
of generative and computer-based art is that the most com-
pelling results tend to emerge at the boundary between or-
der and disorder [19]. In music cognition the same intu-
ition appears as the idea that listening pleasure depends on
a balance between expectation and its violation [20]. This
principle, that aptly-judged unpredictability (as opposed to

1 https://www.alex-dowling.com/laptop-orchestra
2 https://cave-art.com/
3 https://www.icmc14-smc14.net/program/confere

nce-program/music_program.html

Figure 2: Granular-Markov Hybrid System

novelty as such) sustains interest, informs out attention to
systems that couple performer input with algorithmic re-
sponse, an idea we explore further under the umbrella of
structured uncertainty in Section 2.1.

The paper is structured as follows. Section 2 will dis-
cuss each technical approach taken by the performers and
co-composers of the ensemble, stemming from their indi-
vidual lines of inquiry. Section 3 then describes the com-
ing together and co-creative collaborative process that led
to the devising of a 20-minute composition. We conclude
in Sections 4 and 5 with some reflections on our first two
public performances and a look towards the future.

2. TECHNICAL APPROACHES

In this section we summarise the separate strands of re-
search that members of the ensemble have been working
on that are brought together in collective performance, in-
cluding:

1. A Granular-Markov Hybrid System

2. Spectral-based Data Sonification

3. Gesture Analysis with BLE/IMU Sensors

2.1 Granular-Markov Hybrid System

Providing a clear and consistent timbral anchor within the
ensemble, this instrument is implemented as a Max/MSP
patch comprising four modular components: (1) a granular
synthesiser, (2) a Markov-based symbolic system (running
in a separate patch), (3) a vocoder module, and (4) a mix-
ing and effects stage for shaping and blending outputs (see
Figure 2). The basic patches are also included in a Github
repo. 4

At its core is a granular synthesis engine, developed over
several iterations and informed by approaches outlined by
Oliver Thurley 5 (building on Curtis Roads’ foundational
work [21, 22]). The design incorporates high-level control
over grain position and duration while deliberately incor-
porating stochastic variation in playback. The system al-
lows material to emerge within bounded constraints, pro-
ducing continuously shifting textures from a shared pool
of source audio.

4 https://github.com/plurdist/markovular_synth
5 https://www.youtube.com/watch?v=g3nAeDWgf9Y
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Alongside this, a separate patch hosts a Markov-based
musical system centred on the ml.markov object (part of
the ml.* family of objects developed by Benjamin Day
Smith [23], following principles demonstrated by Samuel
Pearce-Davies.6 Markov chains model the likelihood of
one musical event following another, based on patterns
learned from training data [24]. As a classical and com-
putationally lightweight form of AI, they are well suited to
real-time musical applications where responsiveness and
stability are important [25]. In practice, this means the
system generates new note sequences that retain stylistic
traces of the source material without reproducing it exactly.
The system is trained on MIDI material prior to perfor-
mance and, once activated, automatically generates note
streams at a controllable cadence, which are routed to the
main patch.

Keeping the Markov system external (as opposed to em-
bedding it as a subpatch) serves two purposes. Practically,
it increases modularity, allowing �exible routing, duplica-
tion, or substitution. More importantly, it introduces a de-
gree of operational opacity: once initiated, the system runs
as semi-autonomous musical in�uence. While its general
behaviour is modulated through training and parameterisa-
tion, its moment-to-moment output remains, at best, only
partially predictable. This aligns with what has been the-
oretically framed as structured uncertainty - a set of con-
ditions in which nuanced and contextual constraints within
an otherwise stochastic space can encourage fruitful co-
creative sessions with AI music systems [26].

A vocoder module links these two domains, using the
Markov-generated MIDI as control data for material de-
rived from the granular engine. This produces hybrid tex-
tures in which continuously generated symbolic musical
structures can be mapped onto the granular sonic palette.
The result is a distinctive voice that can be sculpted, con-
trolled, and blended via the mixer module.7

The �nal stage consists of an eight-channel stereo mixer
and effects chain incorporating reverbs, glitch processing,
and additional VST-based treatments. Each channel repre-
sents a different “view” of the same underlying material;
for example, untreated granular output, time-stretched or
reversed variants, and vocoded signals. This structure al-
lows for nuanced control over density, spatialisation, and
spectral balance during performance.

Taken together, these components present an opportunity
to explore a series of slowly evolving sonic environments
that are internally stochastic, while also subject to higher-
level guidance from an autonomous generative process.
The result is a more performative sense of uncertainty,
where the system produces outcomes that are not fully de-
termined in advance but remain musically coherent and us-
able in performance. In the context of the ensemble, this
functions as both a stabilising timbral layer and a source
of subtle variation. This works well with the broader the-
matic direction of the work, where ambiguity, drift, and
mediated control emerge through the interaction between
human performers and generative systems, re�ecting wider

6 https://www.youtube.com/watch?v=LG-GYFyJw74
7 https://www.youtube.com/watch?v=7j201PMRiH8

Figure 3: Granular-Markov Hybrid System Prototype v0.1
in performance at Cork Midsummer Festival, 2024

concerns around societal systems that can in�uence human
experience in unpredictable and often opaque ways.

The instrument has undergone several iterations. An
early version was developed for a collaborative perfor-
mance at Cork Midsummer Festival 20248 (Figure 3), af-
ter which additional control was introduced over tempo-
ral behaviour in the granular engine, alongside expanded
mixing and effects capabilities. A subsequent iteration
was presented at the NIME 2024 workshop First-person
and second-person perspectives for ML in NIME [27]9 ,
where feedback led to a simpli�cation of the Markov sys-
tem (from multiple interacting chains to a single model) in
order to reduce unnecessary complexity in performance.

In its current form, as used in MTULE, the system has
proven well suited to ensemble work. Source materials in-
clude self-recorded percussive sounds, archival music and
speech (e.g., from archive.org), and Uilleann pipe
recordings10 , all of which are recontextualised through the
granular process into a cohesive but continuously shifting
sonic �eld.

2.2 Spectral-based Data Soni�cation

Auditory displays and data soni�cation can be thought of
as counterparts to visual representation, and attempts have
been made to apply visualisation theory directly to data
soni�cation. Rather than adopting theory from one domain
and applying it to another, this line of research uses visu-
alisation theory (e.g. [28]) as a benchmark, and explores
how theories of sonic representation and an awareness of
established listening practices might be usefully applied to
auditory display design and data soni�cation.

The spectrograph has become ubiquitous in scienti�c and
engineering contexts to allow the time-varying frequency
components of a signal to be visualised [29]. Spec-son
is an exploratory sound analysis-resynthesis tool built in

8 https://triskelartscentre.ie/9-57-sunset-at-t
riskel/

9 https://pelinski.github.io/first-and-second-p
erson-perspectives-ml-nime/assets/7_eric_browne
.pdf

10 The Uilleann pipes are Ireland's native bagpipes and recognised as a
UNESCO Intangible Cultural Heritage. They are quieter sounding than
the Scottish Great Highland bagpipe, with air being pumped through via
the elbow (`uilleann' is the Irish word for 'elbow'.)
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