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1 Program Notes

Fig. 1. The Light That Entangles at an Open Studio weekend event.

The Light That Entangles (TLTE) is a musical instrument-based installation for up to three players where participants
are encouraged to immerse themselves in the experience of being together, rather than focusing on their individual musical
expression. Unlike many NIMEs, this work does not sense individual players actions and map them to control functions.
Rather, the interface itself is a physical sound synthesis system that suggests its own emergent interactions. Handheld
objects constantly send and receive multiple sources of audio-encoded light that is shared when the objects are brought
into proximity (see figure 1). It is here, where the emerging shared light field is de-coded and the audio transmitted to a
mixer for amplification, that the installation creates sound. Rotating an object, or changing its relative position to the
others, changes the nature of the light-broadcast information that is both sent and received to nearby interfaces. Thus
any action reforms both the potential for all subsequent players’ actions as well as the listening experience. In this way,
the interface-synthesis integration creates a field of entanglement within which the players constantly co-constitute the
materiality of the shared audio-encoded light and the agency of their co-players. The participants are quite literally playing
and listening to the light that entangles them.

Participants with light sensitivity should be aware that this installation uses bright LED’s that sometimes visibly pulse
up to 2 times a second. Sunglasses are readily available at the installation.
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2 Project Description
2.1 Introduction

The Light That Entangles (TLTE!) is an interactional sound and music [5] instrument based installation for up to three
players. Uniquely, however, players’ actions are not individually sensed with the resulting data used and combined
through a prescribed synthesis control mapping strategy; but the interface, sound synthesis and player engagement are all
co-contextualised as a mutual entanglement.

This installation marks the concluding element of a period of practice research investigating the application of post-
human (or more-than-human) design practice [23] [16], alongside more established human-centred, embodied, approaches
to social multiplayer Digital Musical Instruments (DMI). This research has sought to gain an understanding of how different
conceptual frameworks impact design outcomes and, once implemented, the resulting affect on player experience and
behaviour. One focus has explored ideas of centring; the manner in which the technical implementation balances individual
and mutual agencies. Very few projects have explored technically manifesting posthuman ideas of entanglement into
multi-player musical experiences, fewer have read the resulting experiences through a lens of tangible and embodied
interaction (or visa-versa). One research outcome is presented here as an installation; with the intention that community
members can reflect on how the implemented technical model and playing experience can influence their own practical
designs.

2.2 Functionality

The Light That Entangles interface integrates, audio-modulated light, broadcast and receiver elements into a single unit.
Each of the objects?’, 18 square and 8 triangular sides are studded with LEDs that broadcast simple tones as pulse-
width modulated (PWM) light; each face broadcasts a different frequency along a pentatonic scale with a Pythagorean
temperament. Internally the tones are generated on two RP2040 microcontrollers using a mix of the internal PWM circuitry
and the programmable input/output (PIO) hardware. At twenty-three cm in diameter the interface is designed to be held
in to two hands. Initially all three objects broadcast the same frequencies without any additional modulation.

The square sides also have solar cells which that turn fluctuations of light level into electrical signals; all 18 of which
are mixed equally to create a single channel audio signal that is then broadcast to a receiver using a 1/4” jack guitar radio
link. An audio mixer combines the signals from all three interfaces into a balanced mono signal, before being played in
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Fig. 2. The Light That Entangles system, showing overlapping of 4 from 26 light cones per interface.

The audio-encoded light from one TLTE interface is rendered audible when it shines into any receiver solar cell, whether
by weaker reflection of its’ own light or, directly shining onto another interface. Thus players are mutually dependant
in sending and receiving audio-light. The illumination angle of the LEDS and the angles between adjacent sides of the
object create areas where single or multiple sources of encoded-light can be received, depending on the players’ relative
movements and positioning. Ambient sunlight is not rendered audible as it has no modulation, some artificial lighting,
however, can produce a background hum.

1Reading or pronouncing this as ‘tilt’ is helpful.
2Called a rhombicuboctahedron.
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2.3 Exhibition history

Prototypes for The Light That Entangles have been shown as ‘solo instrument moving to audience participation’ perfor-
mances at several events; notably during a residency where the initial prototypes were built at the Intelligent Instrument
Lab (Reykjavik, Iceland, November 2024) and at regular improvisation evenings held by Emute Lab at the University of
Sussex (Brighton, UK, 2025). The final three interfaces were exhibited at a three day open studio event (Bristol, UK, 2025)
that was attended by several thousand members of the public from a wide demographic. TLTE has also been the focus of
academic studies exploring player centring, shifting from individualised interface behaviour to a de-centred mode where
the interfaces act uniformly.

2.4 Participant Experience

When an individual picks up, or is presented with, a TLTE interface during a study or demonstration, for example, they have
often been seen to hold it in two hands then to rotate the object and move it around gesturally in relation to themselves.
Experienced NIME practitioners have also been heard to start talking about wireless MIDI, accelerometers or related
technologies; they might also start looking for a central laptop or synthesis system. However, experience of setting up
a large number of playing entanglements has also shown that the majority of participants are readily able to explore
the potential of The Light That Entangles as soon as they see and hear the effect of two interfaces being brought close
together®. At which point their exploratory, physical, actions immediately become in reference to the other interfaces
rather than to themselves. Once mutually entangled, players have been seen to generate audio through moving in relative
positions and rotations to each other; joining and distancing themselves from the performative engagement, or simplifying
and constraining the group agency by holding a specific position to gift a period of free play to their co-players.

The greatest obstacles to unsupervised participant uptake, therefore, are the initial discovery of necessary proximity,
and of a disruptive handover [36] when departing players leave interface objects in an unhelpful configuration. Again,
field experience has shown that a mixture of good promotional imagery showing three people playing together and a table
or clear location to return the interfaces after use, alongside participants’ natural curiosity and playful will to engage with
each other, is enough to overcome most situations without invigilator intervention.

2.5 From Modulated Light As Multi-player Interface Surface to Mutual Entanglement

Several projects use mechanical or physical means to modulate a light source that is then sensed by a photo-receiver
for use in audio synthesis; examples being the Oramics Machine [25], Sound Modulated Light [34] and Shadow Puppet?
[11] . These principles have, in fact, been widely applied; for example to spinning disks [20], or to generate audio for
and control analog synthesis [28], as well as in the ‘cut paper and camera as sensor system’ the Pattern Organ [8]. This
final example can also be considered as an multi-person entanglement; here Jasmine Butt creates a shared workspace
where participants place, move, cut new and re-cut existing cardboard shapes on a camera viewed tabletop. Software
scans areas of the resulting image to extract data for synthesis control. Players create both cultural and knowledge based
entanglements [24] whilst observing and learning; as well as performing agential cuts [4] [3] as they reform the interface
for themselves and their co-players [7].

The multi-player system, Orb3 [21], also includes light sensors within its exploration of socially mediated composition.
Here the light sensors are intended for ambient environmental detection and were used to control specific synthesis
parameters; however the researchers report that players “many participants could not resist the temptation to explore
further” (p 66). It is such behaviour that highlights the alignment between a light source-receive pair and [1] who describes
an embodied activity being an emergent, multi-modal, phenomena that is contextual and timely.

It is precisely this immediacy of control that makes modern bike lights an interesting performance tool. Rather than
dimming a LED using a varying direct voltage, modern LED based bike lights use PWM to create different brightnesses
in a way that maximises battery power. The light, literally, transmits a series of ON-OFF levels through physical space
that can be turned into an audible tone when sensed and amplified. With different lights and brightnesses broadcasting
different tones and pulse-widths, sometimes with the addition of a brightness envelope, a performer can easily combine
two light-audio sources by pointing them at the same sensor, mixing the two sounds by angling or moving one further
away from the sensor. Bike lights and flashing Christmas baubles or children’s toys can all make a dramatic on-stage
instrument [26].

Driving an LED directly from an audio source such as a mp3 player or laptop, requires amplifying electronics [9].
However this is not required if the audio is being generated in digital PWM form at source, from say a simple microcontroller.
Typically such digital PWM audio signals are converted to analog using a low pass filter before amplification; however the

3The inverse is also true. A number of TLTE interfaces sitting on a table or the floor next to each other will generate audio. A new participant picking
one up will notice the removal of that object from the mix.
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microcontroller output is also suitable for directly driving a bright LED. The resulting output is often brighter than the
analogue driven LED and so provides a greater transmission range.

Fig. 3. Logpile, areas of audio modulated light turned into audio using an iLog (courtesy of Owl Project)

The Owl Project Logpile* [27] inverts the moving bike-light and solar panel combination, to create a musical co-
experience based around the concept of sitting around a camp fire. This instrument installation is comprised of a pile of
logs (see figure 3) each studded with super bright white LED’s, with an Arduino NANO based synthesiser embedded inside.
Each log represents a different sound source that vary from filtered white noise to tones (different related pitches along a
log) to slower beats. The physical construction of Logpile causes the LEDs to create overlapping areas of audio-modulated
light which can be picked up, and rendered audible using a simple sensor. Players create a soundscape by moving the
sensor log above the Logpile, creating their own mix and composition as they explore. The installation has 3 sensor units
(termed iLogs) each of which is connected to a dedicated speaker, so individuals can easily perceive what heard sounds
are their responsibility. They can explore the audio further (and individualise their own voice) using the sensor logs’
inbuilt resonant filter using a large wooden knob on the interface. The atmosphere of sitting around a shared campfire is
emphasised through the strategic placement of the sensing log cables and small stools to sit or rest the iLog on after use.

Logpile and Orb3 use light in different ways to create a play space where players can be seen to add their own voice
to an emerging soundscape with a view to opening musical dialogue. The individuality of the instrument interface is,
necessarily, at the heart of this player centric process. The Pattern Organ, however, when used as a multi-person experience
(as opposed to a solo performance) centres the cutting/re-cutting of the musical interface itself rather than individuals
taking part; effectively creating an entanglement where participants inherit, influence and re-form their own and others’
interface agency as they work. Shadow Puppet? also entangles the players involved by creating two specific roles (static
broadcaster and mobile receiver) both of whom are mutually dependant within the instrument but with different modes of
engagement. The Light That Entangles takes this a stage further by placing the de-centring process in the space where
participants engage with each other directly, ensuring that players’ are co-dependant for their own agency.

2.6 Affecting Player Experience Through Modulating Centring and Decentring

Some multi-player DMI systems focus on emphasising the interactive nature of the player engagement through re-enforcing
direct inter-player connection [15] [2] [30]. Whilst other projects have focussed on a post-human design approach where
a key approach is de-centring [23], which can equate to placing the participants within a resulting set of forces rather than
focussing on individual desires and action whether multi-player or not. A feature of of de-centring instruments can been
seen to lever notions of favouring influence over direct control [10]. Previous work in the field shows that de-centring
can be achieved through several methods such as designing an instrument so large that multiple players are required
[35], feedback [13] [22], ultrasonic distortion [29] or using machine learning to create systems of mutual control [31]. It
should also be noted that under certain conditions very embodied player-centric systems can also effectively de-centre the
individual through facilitating participatory sense-making [12] [32] and the emergence of shared autonomous behaviour
that “constitutes an emergent autonomous organization” ([12], p493). It is this liminal space, where participants oscillate
between self and group awareness, interacting and influencing, being centred and de-centred that The Light that Entangles
is situated.

By deliberately avoiding sensing movement for subsequent mapping sound synthesis, TLTE creates a co-played musical
instrument that can be used to explore the playing texture that emerges from balances of centring and de-centring without
re-mapping an externalised synthesis system. As discussed earlier, each TLTE player engages through a handheld object

4View a short video clip here https://vimeo.com/1159299637
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that constantly sends multiple sources of audio-encoded light where the frequency is controlled with a specific signal,
whilst the same object also receives and decodes encoded light back into audio. This transceiving of light data creates a
field of entanglement around the players as they mutually approach one another and, in doing so render the encoded
light audible for others; whilst they themselves co-temporarily broadcast to and are decoded by co-players. Rotating
or repositioning any individual interface object therefore re-configures the nature of the entanglement for all other
immediately transceiving objects. It is through engaging with this field that players co-consitute the materiality of the
shared audio and all the entangled players’ agency.

Although the potential for posthuman entanglement and player de-centring is integral to the system’s conceptualisation,
we can also consider TLTE from a player-centred perspective. From such a viewpoint we could say that, the immediacy of
the underlying functionality (as seen when considering pointing a bike light source at a solar cell) encourages individualised
control based on tangible embodied interaction [1] [19]. Whilst the potential for the co-player to also move the receiving
solar panel facilitates mutual engagement [6] based on instrument resistance [14].

The deliberate avoidance of clear interface orientation symbols and the creation of a central single channel of audio
from equally mixed streams from each object (as opposed to each object having its own internal speaker), mean that the
key reference points for an individual’s agency are either their own interpretations or when one interface exhibits specific
functionality that is different to the others. The latter is controlled by a looping score that triggers differing tonal shifts and
the addition of pulsating rhythms to some of the LED faces that individualises interfaces. Noting that the ability to better
identify ones’ own voice centres the individual playing experience by highlighting awareness of their individual actions
[33]; the texture of the playing agency that emerges from the interplay between a players’ sense of, centred, control and
of, de-centred, influence therefore depends on the nature of the entanglement that frames the experience; this in turn
stems from the individuality of each interface. The TLTE looping score changes the behaviour of specific interfaces and so
re-entangles individual and group agency®. At several points the individuality of the three interfaces becomes very hard to
distinguish, and, at such times players are encouraged to immerse themselves in the group experience of being together
rather than focussing on their own musical expression.

3 Technical Notes

The player experience typically lasts about 12 minutes. This installation version has a looped score of 3 minutes and 30
seconds, with a short silent period separating each cycle. Participants might stay for 2 or 3 cycles. The work requires 2m
by 2m uncluttered area with ambient natural light or in semi-darkness. This is essential, there must be no dimmable or
fluorescent lighting as this interferes with the system. The interfaces sit on a low table (e.g. 80cm x 60cm) in between use
and this covers a WiFi router and a small mixer. The installation requires a set of speakers.

4 Media Links

Project Link: https://entangled-instruments.xyz/the-light-that-entangles
Direct video documentation: https://vimeo.com/1054465606
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