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Figure 1: An illustration of an interference pattern; an entanglement of humans, materials, light and shadow

Abstract
This paper explores the design and use of a camera-based digital
musical instrument as a thinking tool for considering entangled,
post-human perspectives. The design of the pattern organ, in-
spired by experimental optical sound-on-film practices, employs
a method of visual-to-audio synthesis that responds closely to
the material behaviours captured by its camera input.

Drawing on findings from exploratory workshops and short
material experiments, we describe how interactions emerge and
are shaped by both the physical configuration of the instrument
and the material behaviours captured by its camera. We consider
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how frugal mappings and the ‘rawness’ of data can give rise to
instruments whose inputs remain open to material complexity,
extending the sound engine beyond their enclosures.

In the case of the pattern organ, this complexity emerges
through overlapping and interfering interactions, where struc-
tural forms, human influence, light, shadows, lens distortions,
and system quirks all contribute to the shifting harmonic con-
tent of the wavetable. We reflect on the instrument as a fluid
assemblage, composed of human and non-human entanglements,
encouraging us to think beyond traditional notions of human-
centred control.
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Entanglement, Materialism, Post-Humanism, Audification, Opti-
cal Sound, DMI Design
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1 Introduction
In a recent interview discussing the materiality of technical ob-
jects, Katherine Hayles described two ways of reading a book;

�One way is just to immediately decode all the sym-
bols in your mind as you read, and in that case, the
book becomes more or less a transparent vessel.
You're simply picking up the ideas that the author
put there, and you are processing them in your own
way. But a very di�erent way to read a book is to
pay attention to the texture of the page, the exact
shade of the ink, the kind of font that's being used,
and in that case, you are combining your under-
standing of the signi�ers to an intense attention to
the material form.� [21]

O�ering a post-human understanding of embodiment, Hayles
questions the lines we draw between information and the mate-
rial world, arguing that the world is `not a split creature, but a
co-evolving and densely interconnected complex system' [20].
She proposes a distributed understanding of cognition, one that
�ows dynamically between humans, animals and technical sys-
tems [19, 22]. Hayles's entangled understanding resonates with
Barad'sAgential Realism, describing a world made up ofMaterial-
Discursive Practices, where material and information continually
co-constitute each other [2].

Recent engagement with entanglement theory in HCI and
Music Technology research has seen the emergence of a new line
of questioning, probing at the boundaries and assumptions that
have been sedimented into these �elds over time. These inquiries
shift attention towards materiality [39,55], ambiguity [35,46] and
amorphous assemblages [6, 51], informing new understandings
of design, composition and performance practice.

Aligning ourselves with these post-humanist theories, we ex-
plore the design and use of the pattern organ, an instrument that
uses minimal mapping, seeking to respond closely to material
behaviours captured in its camera input.

In Section 2, we describe the materialist underpinnings of this
research. We account for the work of the materialist �lm makers
who explored visual to audio synthesis through experimental ana-
logue darkroom practices. We present recent discourse around
practices and understandings of `raw data', and describe emerg-
ing design practices that aim to attend closely to material and
decentre the human. In Section 3, we present the current design
of the instrument. We describe a shift in our understanding of the
instrument leading to a simpli�cation of the interface, moving
away from a representation of analogue optical sound, and in-
stead leaning into the material peculiarities of a digital system. In
Section 4, we outline a method for 2 workshop studies exploring
interactions with the instrument. In Section 5, we present �ve
entangled observations arising out of these workshop studies.
We further considered the instrument in a di�erent setting, con-
ducting three short interaction experiments, linked in Section 6.
In Section 7 we re�ect on the design and use of the instrument
through the lens of entanglement asmaterial-discursive prac-
tice, where patterns constitute themselves within a continually
shifting apparatus. Where behaviours, relations and attentions
reshu�e, setting the conditions for new patterns and interactions
to emerge.

Figure 2: A diagram of Optical Sound on 16mm �lm

2 Related Work
2.1 Audi�cation

�patterns are built up , intricate patterns, patterns
of waves, ready to be transduced into sound.�
Daphne Oram on magnetic tape, An Individual Note
[41]

In the context of NIMEs, the soni�cation of camera data could
be understood as falling into two categories. The �rst involves
extracting features from image data to trigger or modulate sound
parameters. This approach is evident in projects like the re-
acTable [30], or audiovisual installations such as Akiko Hatakeyama's
chitose momotose[18] among others [8, 13, 17, 32, 40, 43, 47].
Another approach makes use of 'audi�cation' [23], where each
pixel's luminance data is more directly translated into audio
signals, with minimal intermediary mapping. The �rst form of
soni�cation a�ords a higher degree of intentional control and
the ability to work with a wide spectrum of sounds. Audi�cation
can be limited in sonic palette, but o�ers a direct translation
of visual micro-structures into audio at a waveform level. Both
abstracted and unmediated mappings o�er fertile ground for en-
gaging with materiality, tangibility, and post-humanist thought.
This paper focuses speci�cally on theaudi�cation of camera data,
approached through a materialist and entangled lens. To frame
this perspective, we draw on analogue materialist �lm-making
practices, particularly those exploring optical sound.

The audi�cation of image and light sensor data has been a
recurring theme in Digital Musical Instrument (DMI) design [1,
10, 16, 24, 37, 42], and has been further popularised in recent
years through the work of contemporary artists such as Ryoji
Ikeda [25] and Electronic Fantasticos [11]. One-to-one mapping
between luminance and amplitude has been used to investigate
processual crossovers between image and sound that open up
new sonic and visual synthesis possibilities [29, 53, 54].

2.2 Materialist Optical Sound Film-making
This research is part of a wider project around analogue opti-
cal sound practices. Optical sound is the principal method for
recording and playing back soundtracks in analogue cinema. As
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Figure 3: Scans from optical sound �lms from the London
Film-Maker's Co-op: Left to right: Dresden Dynamo (1971)
by Lis Rhodes, Railings (1977) and Musical Stairs (1977) by
Guy Sherwin. Credit: Lux Online

illustrated in Figures 2 and 4, optical sound allows audio infor-
mation to be printed and read as a continuous graphic wave-
form that spans the �lm strip. From the late 1920s, audio engi-
neers have experimented with replacing optically recorded wave-
forms with graphic ornaments, employing cut up, resampling
and physical modelling techniques to explore hitherto unknown
sounds [7, 27, 31, 50].

In the 1970s, optical sound met with a further period of radical
experimentation. Members of the London Film-Maker's Co-op,
[4] were exploring ways of subverting the �lm apparatus by
dismantling the boundary between the image and the printed
soundtrack. Peter Gidal, a founding member of the co-op, pub-
lished a `Theory and De�nition of Structural/Materialist Film' in
1978, calling for �lm-makers to step away from creating illusory
`phantasies', and instead seek to understand a �lm work not as
a reproduction or a representation, but as `a record of its own
making' [14].

This materialist thinking was prevalent among members of
the co-op. Optical sound artists Lis Rhodes and Guy Sherwin used
a sweeping range of techniques and materials to explore patterns
and synthesise sound in their �lms, shown in Figure 3. Lis Rhodes
used letracet, discarded typewriter ribbons, hand-drawn lines and
computer generated patterns to synthesise sound optically in her
works [34]. Guy Sherwin produced a huge number works making
use of both camera-less and in-camera techniques [33, 49]. In
`Musical Stairs', Sherwin �lmed a staircase, employing methods
that spilled the image into the soundtrack area of the �lm. Tilting
the camera up and down, and adjusting the aperture of the lens,
he could play with altering pitch and amplitude.

�The fact that the staircase is neither a synthetic im-
age, nor a particularly clean one (there happened to
be leaves on the stairs when I shot the �lm) means
that the sound is not pure, but dense with strange
harmonics.� [48]

Optical sound and enlarging and shrinking �lmic processes
give �lm-makers tangible access to the minute details of an audio
signal. Our research explores this concept through the design and
use of a digital instrument that employs audi�cation, preserving
the 'rawness' of soni�ed data.

Figure 4: An illustration of an averaged one-to-one lumi-
nance to amplitude mapping

2.3 Raw Data
Recent music technology research argues that preserving `raw-
ness' of data through minimal mappings or frugality of compo-
nents can lead to playful interactions, by leaning into ambiguity
and the messiness of a signal [5, 6, 45, 46]. Exploring the use of
electromyography (EMG) signals as a performance tool, Reed and
others assert that their understanding of `rawness' of a sensor sig-
nal does not assume a closer proximity to the sensed (in their case,
the body). Instead, rawness can be de�ned by `a simple refusal to
infer conceptual meaning from the signal through digital feature
extraction' [45]. Bowers and others have developed a design ap-
proach that emphasises `rawness' of materials and data, creating
artefacts which `stay close to the materials from which they are
made'. They propose that a frugal, perhaps aesthetically brutal
approach can enable `interrogation of human/non-human rela-
tionships, performativity, musical ecologies, aesthetics, and other
matters' [6]. These 'monstrous assemblages' make up 'zones of
entanglement' that work in unexpected ways, challenging the
notion of tidy data�ow from source to destination.

2.4 Materiality and Decentring through
Design

A materialist turn in Research Through Design is challenging the
notion of materials as passive objects, acknowledging material
`vitality', and calling for approaches that decentre the human.
In `The Textility of Making' [26], Ingold describes the making
process as `a matter of �nding the grain of the world's becoming
and following its course'. Elsewhere this has been termed `en-
abling material drift' [15]. Considering this in a digital context
reframes the practice, `moving beyond representationalism and
perceiving the performative unfolding of a situation of mate-
rial' [ 39]. Nicenboim and others assert the importance of a close
attention to material in regards to digital media; `Given that the
materials used in design are evolving into complex assemblages
of both humans and non-humans - such as data and algorithms
- it becomes essential to consider how practices of attunement
might be extended to broader temporal and physical scales' [38].
In this light, smaller, situated experiments can serve as crucial
sites for developing these attunements, thinking beyond static
objects and �xed contexts.

3 Designing the pattern organ
"The real voyage of discovery consists not in seek-
ing new landscapes, but in having new eyes"
Marcel Proust(sic [52])
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Figure 5: An illustration of the initial instrument concept

Mikael Wiberg uses this paraphrased Proust quote in his book,
The Materiality of Interaction [52] to emphasize a shift in per-
spective from the pursuit of novel artifacts to a re-examination
of existing technologies through a new lens. In this research,
the design process and design artefact became thinking tools for
exploring entangled perspectives. The pattern organ was initially
intended to be adigital metaphorof analogue optical sound tech-
nology. It makes use of a one-to-one luminance-to-amplitude
mapping in order to closely couple the sound engine with ma-
terial inputs. As we will explore in this and later sections, the
perception of the instrument has shifted over the course of the de-
sign process, although its core operation has remained relatively
unchanged.

3.1 Pure Data Patch
The pattern organ comprises a Raspberry Pi running a Pure Data
(PD) patch which processes graphics using the Graphics Envi-
ronment for Multimedia (GEM). The patch takes a 1-500 pixel
variable horizontal slice from the middle of a 2448 x 1080 pixel
live camera feed. To construct a wavetable, the mean average
pixel luminance across the height (y dimension) of the slice is
computed for each x pixel, resulting in a one dimensional array
that refreshes at the camera's frame rate. This process is illus-
trated in Figure 4. This dynamic array is normalised to a �oat in
the range -1.0 to 1.0, and written into a wavetable, to be scanned
at a controllable speed. The graphical interface, visible in Figures
15 to 17, shows a black and white slice of the camera feed, a
visual graphic of the one dimensional array, and a visualisation
showing the shape of the shifting wavetable.

The pattern organ has limited active controls, including:

� Output volume
� margin (changes the height of the matrix slice taken)
� blur (smears data in time - between frames)
� frequency (a course frequency control of the wavetable

scan rate)
� capacitive touch - currently uses a Trill sensor for �ne

control of the wavetable scan rate.

Using a USB camera that has manual lens control allows for
further passive control of the visual / audio signal, through zoom,
aperture and focus. The pattern organ is an open source design.
Pure Data patches can be found here. A demonstration of the
zoom, focus and margin controls can be seen here.

Figure 6: An early prototype of the instrument embedded
into a conveyor-belt paper transport mechanism

3.2 Simplifying the Interface, Enabling
Complexity

The instrument's original concept emerged out of the lead au-
thor's analogue optical sound �lm practice, and a desire to bring
features of this practice out of the darkroom and into live work-
shop settings. Due to close proximity with analogue �lm practice,
the original form of the instrument embodied certain skuemor-
phic features, such as a sprocketed mechanism. Initially, the
instrument was embedded within a table-top mechanism that
used 3D printed sprocketed gearing adhered to a belt, illustrated
in Figures 5 and 6. The intention was for the instrument to read
patterns that were drawn onto or adhered to long strips of paper
(the sprocketed paper serving as stand-in for celluloid �lm). Fur-
ther design iterations retained a table-top con�guration, using
a light box and a pinch-roller mechanism to explore �at, paper
patterns.

Responding to observations made in the workshops, described
in Section 5, the decision was made to permanently uncouple the
machine from any paper transport or table-top con�guration. The
interface was simpli�ed to a control box, a graphic interface and
a manual lens camera that can be �xed to a mount, or hand-held.

As we explore in this paper, moving away from skeumorphism
and simplifying the device in this way set the conditions for dif-
ferent kinds of complexity to emerge. What initially appeared as
a process of de-constraining the camera interface, introduced a
new, shifting web of constraints. The key di�erence of this uncou-
pled interface was a �uidity of structure: the instrument became
more able to expand and extend, adapting to its environment and
recon�guring itself to capture patterns in the world, while also
allowing for direct interactions with hidden behaviours within
the digital system.

4 Method
Through a loosely structured qualitative analysis based on the
method outlined here, this paper builds toward a larger di�ractive
analysis, providing a basis for a future di�ractive reading of these
observations and re�ections.

The pattern organ was used to run �ve workshops in confer-
ences and community settings in 2024. Two of the workshops
were recorded as part of formal studies. Each was set up slightly
di�erently, but both involved using the instrument to explore
a range of materials laid out on a table. Next to these materials
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