
Composing Interface Connections for a Networked
Touchscreen Ensemble

Charles Patrick Martin
Australian National University

Canberra, Australia
charles.martin@anu.edu.au

Alexander Hunter
Australian National University

Canberra, Australia
alexander.hunter@anu.edu.au

Brent Schuetze
Australian National University

Canberra, Australia
brent.schuetze@anu.edu.au

Yichen Wang
Australian National University

Canberra, Australia
yichen.wang@anu.edu.au

Abstract—In this paper, we explore new ways to compose net-
worked interactions for ensemble performance using touchscreen
instruments. We introduce a web-based touchscreen instrument
modelled on classic synthesiser designs and a system for linking
interface elements from this instrument between multiple mem-
bers of the ensemble. We discuss our composition system and
syntax that allows these network links to be scripted allowing a
mode of performance inspired by open-form composition. The
experience of composing and performing with these systems is
investigated through co-located live and studio performances.
Our findings support the utility of the system for improvisations
and suggest ways to improve the system to cope with larger
numbers of network links to enable more exciting performances.

Index Terms—touchscreen, networked music, collaboration,
improvisation, open-form music

I. INTRODUCTION

Networks are often used to keep time between electronic in-
struments but other ways of synchronising performances have
not been explored to the same extent. Networked aspects of
performance are generally hard-coded into instrument designs,
rather than composed in collaboration with musicians. The
goal of this project is to investigate a compositional language
for open-form music with networked musical instruments that
enables flexible exploration of network synchronisation of
interface elements. We have built a software system for coordi-
nating open-ended musical performances between multiple co-
located performers creating music on touchscreen computers.
This system allows connections between these instruments
to be formally specified and automatically scheduled during
open-ended performances. Further, our system allows the
composed network connections to be edited and updated from
a web-based user interface in between performances so that
a composer can interact live with an ensemble. In this paper,
we introduce these software systems and discuss how they can
be used to create open-form performances. We discuss a case
study of live and studio performances where we experimented
with the formal language for specifying network connections
during performance. Our findings suggest that the density of
connections had the most impact on the ensemble performance
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and that randomness in specifying rules can work well in our
improvisations.

In the context of this work, we frame a networked ensemble
as a group of performers where aspects of the electronic musi-
cal instruments are connected via a network. In a simple case,
this means that when a musician changes a parameter (e.g., the
volume of an oscillator), this change is communicated across
the network and effected on other performers’ instruments.
We call such a link an interface connection. More complex
cases are possible, for instance where different UI elements
are connected, where one-to-many connections are made, or
where parameter changes are inverted or delayed in time. We
aim to use this system to encode or enhance collaborative con-
cepts among the ensemble such as coordination, opposition,
synchrony, bandwidth limitations and delay.

These interface connections can be dynamic during a per-
formance; new connections can be established, modified or
removed. To frame our work musically, we are adapting the
concept of open music to this networked ensemble context.
In open music, works are not complete until performed, that
is, some aspects of performance are composed and others are
decided in the moment by musicians. Our open compositions
define a schedule for interface connections to be established
and removed while other aspects of the performance are freely
improvised. In this way, the network connections form a
changing environment for improvising performers to work
within, with challenges or affordances presented by these
connections over time. We aim to explore how composing with
these connections can affect the “group mind” experience of
improvising in an ensemble [1].

Our system has three components shown in Figure 1:
1) Synth Interface: A web-based musical instrument that

can be linked by the server. The interface accepts input
from a performer through a touchscreen and outputs
sound directly through the device’s internal speakers or
an audio system. The configuration of the interface can
be changed remotely.

2) Composition Interface: A web-app for entering and
controlling an open-form composition that coordinates
changes to interface connections over time. The compo-
sition client allows musical actions of performers to be
influenced by an open-form score represented as YAML
code.



Fig. 1. An overview of our system design. Four iPad computers run the music interface. The composition client schedules changes to interface connections
between the performers and the server coordinates data transfer between all clients. Our system is available online at http://metatone.net

3) Server: A web-server that can connect to interface and
composition clients, and coordinate the exchange of
information between them. The web-server is designed
to be general so that it can be used in a variety of
networked music contexts.

In the remainder of this paper we articulate our concept of
open compositions for a networked touchscreen ensemble and
discuss the relationships with other research in networked mu-
sic. We discuss our system design and pay particular attention
to the compositional syntax that defines interface connections
in time. Our system has so far been evaluated through a
prototype live performance and two studio rehearsal sessions
performed by the authors. These experiences demonstrate
that our web-based musical instrument and server designs
are feasible for open-form networked ensemble performance.
Further, our work shows that such performances are driven
by the density of interface connections more so than specific
connection configurations. This result suggests that a compo-
sition syntax focussed on connection density may be more
appropriate for future exploration.

II. BACKGROUND

This research is focussed on networks of co-located elec-
tronic music performers. Networked ensembles have existed
since the arrival of portable, personal computer systems [8],
[21]. Powerful mobile computers such as smartphones enabled
larger ensembles, more rapid development, and experiments in
performance through the affordances of touchscreens [15]. The
COVID-19 pandemic has reignited the existing development of
remote networked ensembles creating collaborative works with
software systems such as L2Ork Tweeter [2], DIY hardware
controllers [19], democratised music technologies such as

webcams [4], live coding systems [16], VR environments [3],
and mobile web apps [20].

Some of these examples provide time synchronisation for
performing pulse-based musical idioms and commercial solu-
tions such as Ableton Link are used widely. Other aspects
of music can also be synchronised during a musical per-
formance, for instance, the scale and sounds available in a
touchscreen music interface [11], [12]. Our system similarly
allows synchronisation of non-rhythmic elements of a musical
instrument, but we extend this idea to connecting any interface
element in a web-based synthesiser and in terms of treating
these connections as a compositional material.

The musical intention of our work is to explore semi-
structured improvisation, taking inspiration from the open-
form works of American composer Earle Brown [6]. In open
works, some aspects of the composition are left to the perform-
ers to decide. While Brown used written scores to communi-
cate instructions, networks of musical devices have also been
used to similar effect. Dahlstedt et al.’s Bucket System [5]
allows improvisation instructions to ensemble members to
be suggested and displayed on a MIDI interface. Hope and
Vickery’s Decibel Score Player [9] allows any graphical or
notated score to be simultaneously scrolled across the screens
of members of an ensemble. In this research, we also allow
for a networked open-form composition. In contrast to some
previous examples, our composition is implicitly represented
through interface connections in our app and not displayed as
instructions to performers.

III. SYSTEM DESIGN

This section describes the design of each part of our open-
form music performance system. Our project is open source
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Fig. 2. The synthesiser interface running on an iPad touchscreen computer.
This includes a representation of a typical synthesiser with a simple step
sequencer for creating a loop of notes. The synth interface is available online
at http://metatone.net/model-d/

and the code is available online1. The system can be used
online at http://metatone.net or locally hosted using Docker.

A. Synth Interface

The computer music interface in our system is a web-based
musical instrument designed to run on a touchscreen computer
such as Apple’s iPad Pro. The idea behind the interface is to
emulate a typical synthesiser and sequencer setup for basic
loop-based musical production. Sound output in our system
is diffused either from built-in speakers on the touchscreen
computers or through a monitor speaker connected to an audio
interface.

The synthesiser section reconstructs a classic two-oscillator
subtractive synthesiser. The control layout is similar to a Min-
imoog Model D (or this synth’s many clones). The sequencer
allows the creation of a looped, monophonic melody in a
grid interface similar to a TenoriOn [14] and other grid-based
instruments such as the Monome, Launchpad or ZOIA [17].
The sequencer has parameters for tempo, octave and step-
mode where the options are forward, backward, random walk
and random. The lack of a piano-style keyboard was an
intentional design choice to encourage performers to focus on
parameter tweaking rather than playing individual notes.

The interface is constructed in HTML/JavaScript and makes
use of the NexusUI [18] JavaScript library for displaying stan-
dard electronic music user interface widgets (such as knobs,
switches and faders). For sound creation, the tone.js [10]
library provides a web audio framework for defining synthe-
sisers and sound sequencing. The interface communicates with
the server via websockets.

The idea of the interface that each individual performer
has autonomy in terms of defining and creating sounds, but

1Code available at: https://gitlab.anu.edu.au/u4110680/
open-form-music-computing

Fig. 3. The composition interface including a text field for a composition
to be entered. The buttons allow limited manual control over the server (for
instance, adding random rules) and transport controls for the composition
timer. The composition interface is available at: http://metatone.net/control/

is limited to one “instrument” or setup, and cannot create
multiple melodies simultaneously. That is, they can only play
lead or bass or keys, not all parts at the same time and thus
must interact in an ensemble to create a complex and varied
performance. All of each performer’s interactions with their
interface are sent to the server which governs how messages
are sent to other players in the group.

B. Server

Our performance server is a back-end web application built
in Python that is designed to interchange messages between
an arbitrary number of clients during a musical performance.
The server communicates with clients using the WebSocket
protocol, this allows bidirectional communication throughout
a performance and is more robust than other networking
technologies frequently used in music technology (e.g., UDP
sockets and zero-configuration networking) to the limitations
of an enterprise networking environment. The server allows
any interface web app to connect to a current performance.
The server’s configuration involves creating rules that define an
interface connection. Each rule can link any parameter to any
other between any two performers’ interfaces. The server can
further delay, delete or invert messages. The server expects to
receive messages in a format inspired by Open Sound Control
(OSC) [7].

C. Composition Interface

The composition interface (shown in Figure 3) is another
web application, separate to the performance interface. This
application allows the server to be controlled remotely and for
a composition of interface connections to be notated in YAML
text format. A composition is defined to be a list of events
with a starting time and duration (both measured in seconds).
Each event defines a list of interface connections with source
and destination performers and interface elements (written in
OSC-like address format). Each connection can optionally be
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inverted or subject to a delay. A simple composition containing
one event with one connection could be as follows:

composition:
-

time: "00:00"
duration: "00:20"
connections:

-
source: player-a
source-path: /synth/env/attack
dest: player-b
dest-path: /synth/env/sustain
invert: false
delay: 0.5

The source and destination player and path can both be set
to be random in which case the server connects two random
interface elements from random performers.

In addition to the composition text field, the interface
includes buttons to start and stop compositions and for adding
and removing rules. A console shows composition activity and
performers joining the server.

The idea of having a composition “interface” rather than
just hard coding a composition into the server or synthesiser
apps is to allow for exploration of networked ensemble open-
form composition actively during performances and rehearsals.
This system allows a composer to define a composition ahead
of time, edit it in between rehearsals (without access to
server or application code) and to interact in real time during
performance.

IV. PRACTICE AND PERFORMANCES

The process for exploring our system has so far been
autobiographical [13] where the system has been explored
primarily by the authors and used in our performances and
recordings (see Figure 4). In this section we discuss the
experience of a live concert and two recording sessions.
The concert involved prototype versions of the interface and
network server and did not involve the composition system. In
this case, network connections were live-coded by interacting
with the server application using Python commands. The per-
formance was framed as a proof-of-concept and demonstrated
that the synthesis interface and server were working. The live-
coding modality enabled network connections to be created
throughout the performance; however, we noticed that it was
difficult to generate enough connections manually to make a
strong impact.

We addressed these limitation in our studio improvisation
sessions where we used the composition interface to schedule
networked interface connections during the performance. This
process involved two recording sessions with two and four
performers respectively. The first session focussed on explor-
ing the capabilities of our composition syntax and creating an
initial composition for exploration by a group of four. In this
session we realised that random any-to-any rules, where any

Fig. 4. Studio performances with the prototype system. From top to bottom:
studio duo improvisation session to develop composition interface, studio
quartet to test composition system. Video of the quartet session is available
online at https://youtu.be/oAfGLf5dwkU

UI elements from any two performers can be linked were most
useful in planning a composition for a flexible group.

The second session aimed to find out how well this compo-
sition worked in a collaborative improvisation. Similarly to
the earlier concert, we noticed that many more networked
interface connections than expected were needed to make an
impact on improvisation. It appears that the density of interface
connections is more important than specific connections in this
open-form idiom where the style of performing from any one
performer is not known in advance. This empirical realisa-
tion is supported by the theoretical mapping problem: more
performers dramatically increases the number of potential
interface connections. If a single UI connection is established,
it is unlikely that this will happen to be between elements that
are the current focus of any two performers. So a large number
of connections are needed in order for these to be discovered
and used by performers in the improvisation.

During the session we worked around this issue by repli-
cating rules in our composition until they were definitely
noticeable in the performance. Having done so, we noticed that
the UI connections could be discovered and actively used by
performers to adjust not only their own sound, but the sounds
of others. The trade off was an unwieldy composition file of
8000 lines. This suggests that our syntax for compositions

https://youtu.be/oAfGLf5dwkU


needs to adapt to allow rules to be replicated within one line.
Perhaps the rule density could be a more interesting compo-
sitional variable than the ability to link specific performers.

The rehearsal sessions also verified that the synthesiser
interface was capable of a wide range of sounds and that our
simple sequencer design allowed expression within the open-
form music idiom. Further tweaking of the interface ranges
and scales for the synth could allow new users to have a more
productive improvisation as we spent early sessions learning
and discovering expressive performance configurations.

V. CONCLUSION

This work has introduced a system of performance inter-
face, server, and composition interface for creating open-form
performances for ensembles of touchscreen performers. Our
system defines a new concept for composing using interface
connections as a primary way of guiding an improvising
ensemble. We described the details of our system and the
syntax for defining compositions and reported on our initial
autobiographical artistic research experiments. The findings
of our work supports the utility of our synthesiser interface
in open-form performances and verified that our server and
composition system can be used to interact with and influ-
ence performers. We found that randomised rules were most
practical in creating these open-form compositions but that a
more compact syntax for defining large numbers of rules is
required.

Our future work for this project includes improvements to
the synth interface and composition system ahead of a perfor-
mance study with a wider pool of performers. We plan to adapt
the synth interface for an improved improvisation experience,
particularly to allow new users to get started quickly. The
interface could make it clear when networked connections are
in place, e.g., by highlighting UI elements. The composition
language may need to be rethought to focus on rule density so
that editing can take place efficiently in between performances.
Our composition system could also allow rules to be tweaked
in real-time either by a composer agent or a human. Future
studies with this system will focus on isolating the effects of
different compositional techniques on the performers and their
music. For instance, delayed or distorted messages may have
different effects than straightforward mappings.
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