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Abstract 

This exegesis explores the development of kinetic art that focuses on giving life to physical light 

sources through the design and implementation of custom-built light systems. By reviewing 

three significant fields: audiovisual art, kineticism and custom performance technologies, a trend 

was identified which emphasises the physicality of art and technology. Custom-built fibre optic 

light systems have been developed to physicalise LEDs (Light Emitting Diodes), evoking tangible 

and visceral experiences of kinetic audiovisual art. Two new works, ether and expanse, have 

been developed for application within the realm of live music performance. Key applications, 

installation and performance, are discussed, providing context to the novel and immersive 

experiences evoked by the works through their modular design.  
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Chapter One 
Introduction 
Light is the visual entity that pervades many aspects of our lives. Recent advancements of 

technology have extended the capabilities, impact and experience of live musical performances 

through the development of kinematics, and customised performance technology. This 

technology often involves developing customised systems that nuance the control of mediums, 

such as light and sound, enabling artists to give life to objects and mediums through the 

incorporation of kineticism. This exegesis explores the development of two new works, ether 

and expanse, that use fibre optic cables to physicalise LEDs (Light Emitting Diodes) in 

audiovisual and kinetic applications. In realising this, new experiences are crafted through the 

development of fibre optic light systems that focus on giving life to physical light sources 

through the design and implementation of kinetic and mechatronic systems. 

1.1 Motivation 

As an audiovisual artist, my creative practice is informed by both elements of light and sound. 

During my undergraduate degree, I was introduced to new forms of music technology and the 

practice of lighting music. My musical background has informed my approach towards lighting 

design, allowing me to treat light as a dynamic performative element, akin to that of a musical 

instrument. This  experience led me to create art that utilised both light and sound, to craft 

immersive and dynamic audiovisual experiences. I was seeking an alternative approach to 

creating audiovisual works that evoke visceral experiences. As audiovisual art is commonly  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experienced digitally, kineticism proved to be an exciting avenue to explore alternate forms of 

audiovisual art that uses physical elements of light. 

1.2 Research Objectives 

The main research objectives of this exegesis were developed based on the motivation laid out 

above in Section 1.1.  

The research objectives behind this project are: 

to use mechatronic and kinetic systems to give life to physical light sources, 

to provide new immersive experiences of kinetic art. 

With these research objectives in mind, this exegesis aims to present new visceral experiences 

of audiovisual art to the field through the development of custom performance technology. 

1.3 Exegesis Outline 

This exegesis presents the process of developing two new works, ether and expanse. Chapter 

Two presents a review of three fields that have informed the creative work: audiovisual art, 

kineticism and custom performance technologies, which in conjunction provide a platform for 

the creative work to exist. Chapter Three presents ether, expanse, and the methodology used 

during the process of developing these works. Chapter Four discusses artistic applications of 

ether and expanse, applying the work in different fields and offering insights into how the work 

has been applied, configured, contextualised, and may be improved in the future. Chapter Five 

summarises the ideas presented in this exegesis and reflects on the state of the field now that 

ether and expanse have been developed.  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Chapter Two 
Related Works 
This chapter explores significant related works that inspired and influenced the creative 

work presented in this document across three fields: audiovisual art, kineticism, and 

custom performance technologies. In combination, these three fields informed the multi-

disciplinary nature of the creative work developed during the course of this research.  

2.1 Audiovisual Art 

Audiovisual art is a practice that commonly takes place in the digital world, where it takes 

a screen-based or non-physical form. Digital modes of presentation provide experiences 

that remain intangible, often neglecting interactions within the physical world through the 

use of screens, projectors and lasers. Works by artists such as Ryoji Ikeda , Alva Noto  1 2

and João Martinho Moura  often utilise this digital nature of presentation. Much 3

audiovisual literature considers the visual element to be projection-based, consisting of 

image, animation and video content; resulting in physical light sources, such as LEDs, as 

being less prominent. This section explores audiovisual art and the interactive properties 

that it possesses, discussing significant audiovisual works that utilise two main interactive 

concepts, the ‘audiovisual illusion,’ and ‘synchresis.’     

 http://www.ryojiikeda.com1

 http://www.alvanoto.com2

 http://www.jmartinho.net 3
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2.1.1 Audiovisual Interaction 

The nature of audiovisual art suggests a close proximity between audio and visual 

elements. Ian Andrews suggests that audiovisual indicates a performance practice, rather 

than a fixed media setting as the audiovisual practice refers to its sonic counterpart, with 

tension, release, and suspended expectation being inherent to its language [1]. This sub-

section will discuss two significant interactive audiovisual elements: ‘synchresis’ and the 

‘audiovisual illusion.’ 

The ‘audiovisual illusion’ is when the audience accepts that there is no direct interaction 

between the audio and visual elements on a sub-conscious level. Maloney proposes that this 

‘illusion’ effects the audience by allowing them to “approach their listening (in cinema and in 

audiovisual performance) with the idea that there is a purposeful, or even real, link between 

sound and image” [2]. If the audience presumes that the combination of the two mediums is 

purposeful, then this will sub-consciously shape their perception of the experience. This 

illusion refers to the sensory modalities have opposing or different structural behaviours 

within a piece. Wave V.1 (Figure 1) by NONOTAK Studio [3] is an audiovisual installation that 

embodies the ‘audiovisual illusion'. The sonic textures and dimensions of the piece are not in 

cohesion with the visual narrative of projected light, resulting in a disjointed sense of 

audiovisual interaction. However, this illusion does not subtract interest and impact of the 

experience. Instead, this illusion only becomes prominent if the audience is actively seeking a 

deeper meaning within the audiovisual relationship. 
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Michel Chion’s Audio-Vision: Sound on Screen presents audiovisual concepts 

contextualised within the realm of film sound theory. However, these concepts are readily 

translatable to other fields that are central to the audiovisual experience. Chion asserts 

that auditory and visual elements in combination give rise to meanings that would not 

otherwise exist, resulting in a mode of perception transcending the experience of a 

singular sensory modality [4]. ‘Synchresis' is a term coined by Chion, referring to the 

occurrence of auditory and visual phenomenon at the same time. Nicolas Bernier’s 

frequencies (light quanta) (Figure 2) is an audiovisual installation that consists of 100 edge-

lit acrylic panels with laser etched graphics [5]. frequencies (light quanta) uses synchresis 

to animate the graphic panels as a computer-based algorithm triggers and synchronises 

short bursts of light and sound. Another example where this 'synchresis' is at the core is 

interference [dac], an audiovisual installation by Technical Earth, the collaboration between 

Jim Murphy and Mo Zareei [6]. Through loudspeaker-mounted mini projectors, sound 

waves interrupt the projection of light waves as the speaker cone rattles, providing a tight  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synchronisation between the two modalities. Through ‘synchresis,' both frequencies 

(light quanta) and interference [dac] possess strong and engaging audiovisual 

narratives through tight synchronisation between audio and visual elements. 

‘Synchresis’ and the ’audiovisual illusion’ are concepts that will be kept in mind 

when developing and presenting the creative work.  

2.2 Kineticism 

Kineticism is a form of art that relies on motion for effect. Kinetic art was notably popularised 

in the mid-twentieth century with developments allowing for nuanced control of 

characteristics of light and sound. A particular approach within kinetic art is the utilisation of 

motors, actuators and electromagnetic tools to afford artistic expression by generating 

movement with mechanical systems. Artists such as Trimpin , Zimoun  and Pe Lang  have 4 5 6

incorporated kineticism into their work through their use of electromechanical components.  

 https://www.foundationforcontemporaryarts.org/recipients/trimpin4

 https://www.zimoun.net5

 https://www.pelang.ch 6
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The widespread availability and affordability of micro-controllers, such as Arduino and similar, 

have equipped artists with the ability to create their own custom tools to further their artistic 

pursuits. Arduino systems “readily afford non-engineers the ability to explore mechatronic 

systems, allowing relatively untrained artists to create musical robotic works“ [8]. 

Organisations like NIME  (New Interfaces for Musical Expression) explore the development of 7

musical robotics, instruments, interfaces and immersive technology that furthers the pursuits 

of musical artists. 

Seminal artist Trimpin explores sonic expression through his use of mechanical systems.  

Klompen allows extended rhythmic control over a large-scale installation of clogs equipped 

with solenoids. Der Ring (Figure 3) is a large-scale kinetic installation that uses 

electromechanical components to afford motion, giving the illusion of perpetual motion and 

creating a doppler sound effect [9]. Through his use of electromechanical technologies, 

Trimpin was able to visualise, control and interact with sounds and sound sources within his 

works in new ways. This provides musicality to objects that are not often observed in musical 

contexts through the combination of everyday objects and MIDI (Musical Instrument Digital 

Interface) controlled electromechanical components.  

Following on from Trimpin’s work, there was a rise in the field of Musical Robotics, furthering 

the use of electromechanical components for musical expression. The works of Eric Singer 

[11] and Godfried-Willem Raes [12] (The Logos Foundation) focused on using actuators for 

both live performance and installation contexts. Stemming from this work, artists such as 

Ajay Kapur [13] and Jim Murphy [14] furthered the axes of freedom for expressive control 

within the field of Musical Robotics. A common thread here is the incorporation of the MIDI 

protocol, allowing musicians to control and play them as instruments with a familiar musical 

protocol. Through the combination of mechanical systems and the MIDI protocol, the  

 https://www.nime.org7
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physicality of sound objects became a branch within music technology, contributing to new 

fields, instruments and trends. 

Alongside the developments of musical robotics, Swiss artists Pe Lang and Zimoun 

developed works which focused on using mechatronics as sound actuators within 

installations. Their works are large-scale and consist of many sound objects often referred to 

as prepared DC motors or actuators, attached to materials such as wires, cardboard boxes, 

wood, and cotton balls [15]. Sound is generated by actuating, hitting and moving these 

objects within their installations. By presenting their works in installation spaces, they are able 

to be seen as more than sonic objects, allowing the visual element to also become 

prominent. 32 prepared d-c motors, 230 light tubes, cardboard boxes 105x105x105 cm by 

Hannes Zweifel and Zimoun suspends a grid of 307 cardboard boxes from the ceiling below 

fixated light tubes [16]. The boxes are connected to DC motors which provide slow  

8
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movement, creating evolving light patterns on the floor of the dark room and altering the 

room’s ambience as the boxes move (Figure 4).  

 

The application of kineticism is not limited to music practice; electromechanical technologies 

have  also been explored in sculptural and visual-based works. Jean Tinguely, Len Lye and 

Takis are amongst many kinetic artists whose works use electromechanical technologies and 

principles that nuance elements of light and sound. By incorporating elements of kineticism, 

the experience of their works are enhanced through motion. Water Whirler (Figure 5) is a 

kinetic sculpture in Wellington, New Zealand by artist Len Lye, which creates patterns of 

motion with water as a revolving pole emits water [17]. Through kineticism, the medium of 

water is experienced in a different way and brought to life in the context of kinetic art. 

9

Figure 4: Light patterns within the space of installation, 32 prepared d-c motors, 230 light 
tubes, cardboard boxes 105x105x105 cm [15]



 

As another contemporary example involving kineticism and light, Deep Web is an immersive 

kinetic audiovisual installation and performance by WHITEvoid, the collaboration between 

light artist Christopher Bauder and composer/musician Robert Henke [18]. An amorphous 

sculpture of light and multidimensional sound is brought to life through kinetic lights and 

lasers, crafting an immersive and ephemeral sensory experience.  
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Figure 5: Water Whirler, kinetic art installation in Wellington 
Harbour, New Zealand [17]



Kineticism has come to be known as an emergent trend in the audiovisual realm. The use of 

electromechanical technologies to enhance the audiovisual experience through actuation in 

both performance and installation contexts is becoming prevalent. Kineticism nuances the 

expressivity and experience of both audio and visual elements through the movement of 

physical and tangible objects, presenting more immersive and innovative forms of kinetic 

audiovisual works that intersect digital art with the physical world. This is significant as it will 

both inform and impact the development of the creative work. 

2.3 Custom Performance Technology 

The incorporation of light and visual elements is critical to live music practice, which 

commonly uses extensive lighting rigs, LED screens/walls, and interactive media. The 

customisation of technology for live music is integral to the performances of musical artists 

as it attempts to encourage new experiences. Although the development of custom tools for 

live performance is not a new concept, it has become more relevant and important in recent 

years due to rapid advancements and the widespread availability of technology and the 

many affordances that it harnesses. Some of the most notable artists pushing the 

boundaries with immersive live performances within popular music are Nine Inch Nails, How 

To Destroy Angels, Sigur Rós, and Bjõrk. Live shows produced by these artists and their 

production teams incorporate the development of new forms of technology, often 

manifesting as interactive staging and visual elements. 

Custom-built performance technologies are an important aspect to these artists’ live shows, 

as they do not merely use this technology to illuminate the artist. Here, the technology is 

used to create an extension of the musical performance, that contributes to wider audience 

engagement. Audience engagement has become increasingly important in recent years due 

to the rise of the digital age and media streaming, placing a great level of significance on the  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experience of live shows. Bergstrom and Lotto assert that artists are able to transcend their 

performance practice through “using tools that they have largely developed themselves 

specifically to facilitate each performance at hand” [19]. 

Moment Factory is a multimedia company that specialises in creating “compelling multimedia 

worlds” [20]. They played a huge role in defining the live events industry, particularly with their 

work for Nine Inch Nails’ Lights In The Sky World Tour. This tour oversaw the evolution of the 

music performance stage as a “metaphysical visual extension of the band and their music; 

an instrument that reacts to the band’s position, movements and intensity” [21]. How To 

Destroy Angels’ Art Director, Rob Sheridan, became a part of the live performances for their 

2013 North American Tour, using light and the stage as his instruments during their 

performances [22]. A mechanised structure of surgical tubing was developed for these 

shows (Figure 6), which acted as a wall between the artists and the audience. Sheridan 

projected light onto this structure during their performances, and was also responsible for 

moving the structure, which has changed the way that the stage and set design are used in 

live music shows. 
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Figure 6: How To Destroy Angels’ surgical tubed projection curtain onstage [22]



To look to another example, Bjõrk’s Cornucopia is a theatrical live show developed in 

collaboration with other artists, musicians and designers, presenting her live music in a unique 

sci-fi pop theatrical music concert [23]. Cornucopia incorporates scenography, digital art, stage 

design and costume design to craft interesting, exclusive and exciting experiences. Designer Iris 

Van Herpen and light artist Nick Verstand made Sphaera (Figure 7), a dress that acts as a visual 

aura around Bjõrk during the show, turning bioluminescent at specific moments. Through 

bioluminescence, Sphaera adds visual interest to Bjõrk’s costume, and sparks a new trend 

within performance costume design. This is important to keep in mind when developing the 

creative work, as new experiences may arise through developing novel forms of performance 

technology.  
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Figure 7: Sphaera, Bjõrk’s bioluminescent light dress [24]



2.4 Intersections 

Across the fields of audiovisual art, kinetic art and custom performance technologies, there is 

a prominent trend that focuses on physicalising art and technology. Within organisations like 

NIME, new interfaces, instruments and technologies are developed to enhance musical 

expressivity, often using mechanical systems in their design. If this trend is applied to the field 

of visual art within musical experiences, this will pave way for new experiences when working 

with light and sound. In order for this field to be expanded, custom performance 

technologies will provide the perfect platform for new forms of technology to be developed. 

Through the development of novel forms of performance technology, I propose that new 

experiences will unfold within the realm of live music performance. 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Chapter Three 
Implementation 
With trends identified in Chapter Two, two new artworks, ether and expanse, were developed. 

These works attempt to incorporate tangible forms of light into customised performance 

technology. This chapter presents ether and expanse, and the design methodology employed 

throughout the process of development. ether and expanse utilise fibre optic technologies, 

shifting focus from digital media and towards the physical world through the visualisation of 

tangible light.  

3.1 Methodology 

An iterative design methodology [25] was employed to reflect on and inform the development 

of ether and expanse. Iterative design was used as each work involved the creation of 

custom technology, which enabled the works to progress rapidly through the various 

development stages. Whilst ether and expanse are presented as separate artistic pieces, 

they are both a part of the same initial iterative cycle as both used the same developed 

technology, but vary with their contrasting applications. In accordance with the 

accompanying Business Plan Document, this is significant as both works utilised the 

developed technology in different formats, which resulted in lower production costs and 

effective use of time and materials. 
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The three dimensional CAD (Computer Aided Design) modelling software, SolidWorks, was 

used to design custom parts and prototypes before they were manufactured. Custom parts 

were 3D printed, and laser cut out of perspex, allowing for rapid production and progression 

of the creative work through the iterative cycle. Following the life cycle discussed, ether was 

developed by exploring fibre optic technology, and led to the development of a customisable 

hardware system that would enable its application in kinetic installation contexts. Wellington 

artist/producer Estère [26] commissioned the development of expanse for her live show Into 

the Belly of Capricorn after seeing the developed technology of ether. The development 

process for the individual works are discussed in-depth in Sections 3.2 and 3.3. 

A cyclical model of development involved prototyping, testing, evaluating and implementing 

changes. Upon the completion of a cycle, each work was evaluated in accordance with the 

design specifications discussed below in Sub-Sections 3.2.1 and 3.3.1. If changes were  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needed, additional rounds of the cycle would begin, only progressing through to the next 

stage of development upon meeting design specifications (Figure 8). 

3.2 ether 

ether is an audiovisual installation exploring tension and release with revolving fibre optic cables. 

Through the amalgamation of light, sound and kinematics, the audiovisual experience is 

accentuated by giving life to physical light sources. Inspired by naturally occurring phenomena 

in the physical world, paired mechanical ends of the system are accordingly referred to as 

tendril arms as they resemble stemming thread-like appendages of plants. The individual fibre 

optic cables make up the tendrils with their intertwining, stretched-out and fluid nature.  
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Figure 9: A fluid ether tendril arm installed in a blacked out space



Conceptually, ether visualises the invisible fibres that connect us all, with kineticism enhancing 

the movement of the crossing of paths of the tendrils. With this concept in mind, the fibre optic 

cables were used as they were tangible, more readily affordable and were modular by nature. 

3.2.1 Design Specifications 

The design criteria were formed by considering a number of objectives, which were informed 

conceptually, technically and in line with accompanying Business Plan Document. In order to be 

successful, the final system of ether should: 

 be programmable, so that it may be applied in varying contexts, 

have a rigging system enabling the installation between common structural entities like 

truss towers, microphone stands etc, so it can be travelled with easily and installed in 

spaces with equipment that are ubiquitous amongst the music and theatre industries, 

 have a low-cost reproducible design so that multiple units can be produced, 

 be portable and easily transportable, to allow for multiple installation contexts and travel 

on airplanes, 

allow the interchangeability of fibres, affording modularity and customisation for the 

space of installation, 

 have bright light sources, so that it can operate in environments of varied light settings, 

feature an isolated light source per individual fibre, so that each fibre is controllable 

allowing it to be composed for and performed with.  

The technology driving ether is a mechatronic system, consisting of a stepper motor, motor 

driver, motor clamps and a microcontroller to afford motion. The system was designed around 

fibre optic cables because of their tangibility and alignment with the research objectives. Fibre 

optic cables do not emit heat like LEDs, and have a significantly lower cost in contrast with LED 

strips and other counterparts. Two rigging/installation assembly systems were explored, with  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half coupler clamps and microphone stand thread adapters. Half coupler clamps enabled the 

tendril arms to be installed from truss towers and other common structural staging entities, 

while thread adapters allowed for the installation on microphone stands. These two rigging 

assemblies were used as they are commonly used to install lights and other forms of technology 

within live music productions. 

3.2.2 Iteration One  

The goal of Iteration One was to produce an MVP (Minimum Viable Product) as proof of concept 

of the use of fibre optic cables and physical light sources in kinetic applications. In designing the 

first prototype of ether, the most important criteria to address were to make sure that the 

system could be provided with motion, as well as the ability for the fibres to maintain regular 

tension. In achieving these two aspects, Iteration One of ether was developed (Figure 10). 

Iteration one consisted of a basic mounting system that provided rotation from both sides of a 

tendril arm, with the key focus of this being the maintenance of tension of the fibre optic cables. 

Some smaller design goals were developed within Iteration One that contributed towards the 

overarching design criteria for the final system. These smaller goals included the design of an 

LED mounting system, a fibre optic clamping system and a structure that connected both of 

these to a motor.   

Iteration One used a NEMA 17 Stepper Motor , and an EasyDriver Stepper Motor Driver . The 8 9

use of a stepper motor and driver allowed stepping and directionality of the motor to be 

controlled and programmed. This is especially important as the final iteration will be 

programmable. The Teensy 3.6  microcontroller was used because of its built-in MIDI library,  10

 https://components101.com/motors/nema17-stepper-motor8

 https://www.sparkfun.com/products/127799

 https://www.pjrc.com/store/teensy36.html 10

19

https://www.pjrc.com/store/teensy36.html


allowing for management and programmability of MIDI data. The system was programmed 

using the Arduino IDE  (Integrated Development Environment), with Teensyduino  and was 11 12

coded in C/C++. Iteration One was programmed to rotate within set boundaries and was stand-

alone, non-reliant on user input for operation. 

Whilst Iteration One achieved its purpose with the visual concept and design goals central to the 

MVP, the system fell short resulting in it not being ready for performance or installation, primarily 

due to the absence of a rigging system. This provided a platform to explore ether with Iteration 

Two, addressing technical design issues in an improved system. 

 https://www.arduino.cc11

 https://www.pjrc.com/teensy/teensyduino.html 12
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Figure 10: Diagram of ether Iteration One 
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3.2.3 Iteration Two 

Iteration Two of ether involved re-designing the structural system to meet the design criteria. 

This system needed to consider the incorporation of a half coupler clamp . The clamp (which is 13

standardised) led towards the system being ready for installation in a fixed media setting, as a 

clamp allowed it to be installed from common stage structural entities. A modular staged 

platform system was designed for this change (Figure 11). This design afforded modularity to 

the system, allowing easy access to the electronics. Threaded rods replaced the stand-off 

spacers used in Iteration One, as threaded rods were more affordable, accessible and 

customisable, adhering to keeping the design and production costs low. Threaded rods were 

also incorporated into the motor shaft clamping system, extending the distance between the 

motor shaft and the LED/fibre plate, solving a technical issue where the LED wires were 

inhibiting the rotation of the motor shaft. For this change, both the motor shaft clamp and the 

LED/fibre optic plates were re-designed to accommodate for the new threaded rod mounting 

system.  

 https://www.surplustronics.co.nz/products/9636-half-coupler-slimline-100kg-black 13
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Figure 11: Diagram of ether Iteration Two

fibre optic cables

half coupler 

threaded rods

NEMA 17 stepper motor

electronics

LED back cover
LED

fibre front cover

LED/fibre plate

LED clamp
fibre clamps

motor shaft

shaft clamp

https://www.surplustronics.co.nz/products/9636-half-coupler-slimline-100kg-black


Two new parts, the fibre optic front plate and the LED back plate, were also developed to 

minimise the amount of light pollution from the LEDs. A half coupler clamp, a common fixture 

device amongst the lighting and theatre industries, was incorporated into the rigging assembly 

design to allow for installation between truss towers.  

 

Upon completing an iterative cycle, Iteration Two was ready for installation (Figure 12), and was 

installed in a blacked out space attached from sticks of truss (Figure 13). Four tendril arms were 

built to test in a fixed media installation with each tendril arm setup between four sticks of truss, 

creating an immersive square of light around the installation space. From the installation, it was 

discovered that although the half coupler clamping system was effective, the sticks of truss did 

not align with ether aesthetically, and compromised the seamless nature of installation. The 

visible orange LED lights indicating the operating motor driver and the light refractions on the  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Figure 12: Iteration Two ether systems, ready for installation



truss towers interfered with the visualisations of the tendrils. These factors led to the final 

iteration of ether, with some smaller changes to the design assembly. 

3.2.4 Final Iteration 

The final iteration presents a new enclosure assembly (Figure 14) that addresses the short-falling 

design of the staged mounting and half coupler system in Iteration Two. To align with multiple 

design criteria and to increase the scope of places the system could be installed, an enclosure 

assembly was introduced that incorporated a microphone stand attachment system, making it 

faster and easier to install. This new design (Figure 15) facilitated the re-direction of focus back 

towards the illuminated fibre optic cables, as well as helping the piece to achieve aesthetic 

cohesion. 
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Figure 13: Iteration Two of ether rigged from a truss tower during the test installation
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Figure 15: The Final Iteration of ether, installed upon a microphone stand

Figure 14: Diagram of the Final Iteration of ether
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3.2.5 System Compendium 

This section discussed the development of the fibre optic system that drives ether. Through the 

use of fibre optic cables, ether visualised physical tendrils of light that represent the fibres the 

connecting us all. In its current state, ether explores this fibre optic technology and 

autonomously moves the tendrils within the space of installation. Artistic applications of ether in 

installation contexts are discussed in Chapter Four, and the accompanying Business Plan 

Document. 

3.3 expanse 

Following the final iterative cycle of ether’s Final Iteration, expanse was commissioned for the 

upcoming live show Into The Belly of Capricorn for the Wellington artist/producer, Estère. Into 

The Belly of Capricorn seeks to take the audience on a journey into the unconscious mind 

through an imaginative and immersive exploration of sound, music and visual production 

elements. expanse is a wearable application of the fibre optic light system that has been 

developed during this research, and is a visual extension of Estère’s musical performance via a 

custom-built light system that interfaces with the performance DAW (Digital Audio Workstation), 

Ableton Live. expanse is presented as a working prototype, currently being developed in 

collaboration with Estère, along with a fashion/costume designer and other collaborators of the 

live show. The prototype of expanse is a fibre optic electronics system (Figure 16). Key 

development milestones are explored in the accompanying Business Plan Document. 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3.3.1 Design Specifications 

The design criteria and goals for expanse were developed based on the aesthetic and functional 

requirements of Estère’s live show, as well as the primary objectives of this research; to bring 

physical light sources to life. In this case, the motion of the light was based on using the 

movement of the human body with Estère wearing a garment interwoven with illuminated fibre 

optic cables. By incorporating the fibre optic light system into a wearable format, a light body 

was created, aligning with the themes and concepts being explored within Estère’s live shows. 

The design specifications for expanse were developed with Estère to ensure that the system 

was reliable, optimal and novel for her performances. The prototype system for expanse should: 

be easily controlled by musicians or technicians, synchronising the lights with Estère's 

music, 

utilise RGB (red, green and blue) LEDs, to allow the creation of a custom colour palette, 

be designed using a compact enclosure assembly so that it can be fitted into a garment, 

be easily transportable for travelling and touring, 

be able to visibly stand out amongst stage lighting and varied light settings, 

use a modular and detachable system for the fibres so that the garment can be washed 

or altered, 

be reliable and performance ready.  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Figure 16: expanse Prototype System with illuminated fibre optic cables



The iterative design methodology used differs with expanse, as there were a number of 

collaborators involved who had input at various stages of development. The prototype of 

expanse will be ready to use within the production rehearsals and for the development of the 

garment with a fashion/costume designer. The prototype will be a compact pack that will 

contain the electronics and a fibre optic mounting system. Similarly to ether, the Teensy 3.6 was 

chosen as the microcontroller as expanse will be using usbMIDI as its communication and 

control protocol when interfacing with Ableton Live. The system was programmed in the 

Arduino IDE, using the Teensyduino libraries. Diffused RGB Piranha LEDs  were chosen for 14

their brightness and increased ability to focus the light source into the fibre optic cables from its 

diffused lens. These LEDs have four pins: red, green, blue, and common anode. By having three 

colour pins, the microcontroller was programmed to use PWM (Pulse Width Modulation), which 

allowed each pin to be controlled individually and blended together to form custom colours. 

This allowed each LED and its colour pins to be individually controlled, contributing to the 

programmability of the system. 

3.3.2 Performance Conditions  

Before a prototype of expanse could be developed, a number of potential critical problems 

needed to be mitigated in order ensure that its application is optimal for use in a full-scale music 

production. As lighting and digital media are integral to modern live music performances as 

discussed in Section 2.3, the technical performance, visibility and spectacle of the developed 

fibre optic technology will be compromised if the limits and operative requirements of the 

system are not determined with vigorous testing and evaluation. A key problem that could 

potentially jeopardise the performance of expanse is the visibility of varied lighting conditions of 

live performance environments. In order to ensure that this problem is mitigated, the fibre optic  

 https://www.adafruit.com/product/1451 14
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technology was tested in performance conditions particular to live music, as well as being 

subject to stress testing in order to determine the endurance and viability of expanse.   

A production rehearsal space was chosen to test varied lighting conditions. For the purposes of 

testing the visibility of the fibre optic technology against varied light intensities, it was important 

to use lighting dynamics of popular music concerts. By doing so, the technology could be 

tested reliably and the levels of operation against varying light intensities of production lighting 

fixtures could be determined. To best mimic the stage set up, the lighting fixtures were arranged 

to illuminate a performer in the middle of a stage with a generous amount of front light so that 

the performer is able to be seen (Figure 17). This is important as the visibility of the performer is 

a top priority within live musical performance lighting. If this was not tested vigorously then it 

would result in unrealistic performance deliverables. 

This testing identified three states of lighting conditions:  

Optimal: a harmonious balance between lighting fixtures and the fibre optics,  

Minimum: no deduction of intensity from external lighting fixtures making it very hard to 

see the fibre optic lights,  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Figure 17: Fibre optic visibility test with ether tendril, with generous front light 



Maximum: compromising the intensity of external lighting fixtures allowing the fibre optics 

to stand out. 

From this, it was discovered that the fibre optic cables were discernible amongst the light from 

lighting fixtures, but was most effective when the external lighting fixtures were at a lower 

intensity. In consulting with Estère and the lighting designer of the show, it was decided that the 

lighting fixtures and the fibre optic cables would interact in an asynchronous manner, with the 

lighting fixtures moving between states of being on and off, giving the fibre optic cables room to 

be the focus at particular points during the live show. This testing also identified other aspects 

that could compromise the effect of the fibre optic lights in a wearable application, particularly 

the fabric/texture of the fitted garment and the focus of the light emission into the fibre optic 

cables. A sheet of black fabric was used in place of a garment behind the fibre optic cables 

during the light testing. This fabric had a reflective gloss that created glare refractions, which 

informed the collaboration and specifications with the fashion/costume designer. The focus of 

light into the fibre optic cables was prominent alongside these  light refractions, as the lack of 

focus into the cables created intensive discrepancies between illuminated fibre optic cables. 

3.3.3 expanse Prototype 

The prototype of expanse consists of a system with six LEDs inside an enclosure, designed to 

be fitted into a garment. The system is user controllable from Ableton Live, equipping the user 

with control of basic parameters of the LEDs by interacting with MIDI data (Figure 18). This 

prototype is wired and connects to Ableton Live via USB (Universal Serial Bus) and is 

configurable as a MIDI OUT device that uses MIDI CC (Control Change) data to control 

parameters of the LEDs.  
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A custom colour palette was built into the firmware of expanse so that the intensity levels and 

desired colour of each LED could be controlled intuitively by the performer, which kept the 

system simple to use. In Ableton Live, the MIDI CC control interface possesses the same 

characteristics as audio whereby an ADSR (Attack, Decay, Sustain, Release) envelope controls 

the parameters of the LEDs, making it intuitive and simple for musically-minded people to 

understand and use by drawing in automation (Figure 19).  
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Figure 18: expanse user interaction diagram

Figure 19: expanse automation control in Ableton Live



In this prototype, each LED occupies four MIDI CC channels, translating to a channel each for 

red, green, blue and white colours, while MIDI velocity values from 0 — 127 control the 

brightness of each LED. The LEDs are individually controllable, so that each LED can be 

programmed to operate together or individually. As an alternative to drawing in automation, the 

system can also be controlled via interaction with an external MIDI controller/keyboard, which 

makes it performable and interactive for seamless integration into live music performances. This 

is a significant feature for custom performance technologies to possess, as this makes it easy 

for a performer to interact with onstage, as discussed in Section 2.3. 

As the technology was designed to be wearable, the enclosure system was designed to be 

compact, modular and light weight. Similarly to ether, a fibre optic clamping system was 

designed to secure the fibres to the electronics enclosure. The design implemented into the 

prototype allowed for either the clamp attachment system to detach from the enclosure, or for 

the fibre optic cables to be interchangeably removed from the clamps. This meant either the 

fibres could be disconnected from the electronics enclosure, or the fibre clamping system could 

be detached so that it could stay with the garment. The clamping system incorporates a three 

layered design: a bed layer to house the LEDs, a middle layer to align the fibres with the light 

source, and a top layer to secure and clamp the fibres in place. This clamping system attaches 

to the main enclosure assembly (Figure 20), and permits ten fibres to be fixed to a single LED, 

providing potential for abstract designs to be made with the fibres when incorporated into a 

garment. 
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Once this prototype was built, stress testing was carried out to ensure the system was reliable 

in production rehearsals for the festival shows. Stress testing involved pushing elements of the 

system, particularly the visibility of the fibres, to determine their limits. This provided useful 

insights into whether or not the system was stage-ready, and technical aspects that needed to 

be addressed or altered. This process allowed the system to be feature locked so that its overall 

functionality could be determined for the festival shows. From this, the technical requirements 

for collaboration with a fashion/costume designer were able to be determined, allowing the 

system to progress to the next step of development. Some design ideas for the arrangement of 

the fibre optic cables were also made (Figure 21), which gave Estère, the fashion/costume 

designer and other collaborators a better understanding of what the final system might look like 

and how it will work in with other elements of the live shows. 
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Figure 20: CAD enclosure assembly for expanse
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3.3.4 System Compendium 

This section discussed the design specifications, development and testing processes of the 

initial system and prototype of expanse. Developed for Estère’s upcoming live show Into The 

Belly of Capricorn, expanse gives life to a light body by incorporating the developed fibre optic 

light systems into a wearable garment. In this application, expanse is not kinetic in design, but 

instead becomes kinetic as Estère performs and moves. This enhances the themes and 

concepts explored during the show, evolving and coming to life as Estère takes the audience on 

a journey into the unconscious mind. expanse is ready to be user tested within the upcoming 

production rehearsals for Estère’s live show, alongside being ready to progress to the next stage 

of development with a fashion/costume designer. 
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Chapter Four 
Applications 
This chapter presents artistic applications of the developed fibre optic technologies for kinetic 

audiovisual art, discussing completed, planned and proposed applications as presented in line 

with the accompanying Business Plan Document. Future improvements, applications and 

features are discussed for ether and expanse, along with their viability, potential configurations 

and manifestations of the developed fibre optic systems for Estère’s live show. ether has already 

been shown in two installations, discussed below.  

4.1 Artistic Applications 

The fibre optic systems central to both ether and expanse were designed to be multifaceted, 

with the ability to be applied across different contexts and applications enabled through their 

modular design and configurability. As presented in the accompanying Business Plan 

Document, two main applications have been identified: fixed media and performance oriented 

applications. To date, ether has been applied in two public events showcasing its modularity 

and configurability in varying contexts.  
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4.1.1 Exposure Exhibition 

Through customisability and configurability, the fibre optic systems are effective in fixed media 

applications. A modular design allows for consideration of various configurations and 

installations. Throughout the iterative design process, ether was designed to be configurable 

and modular to the space of installation. The positioning of the structural entities and the length 

of the fibre optic cables contribute to different experiences of the piece, whereby the physical 

form alters the way that the fibres move, behave and interact with space. During the Exposure 

Exhibition of 2019, the final iteration of ether was installed with the microphone stand 

attachment system. This design meant that bigger structural entities, such as truss towers, 

were not necessary for installation. Instead, this provided more freedom when configuring the 

tendril arms within the installation space. Within this installation, ether’s tendril arms were 

installed in parallel pairs, descending from a mid-point that confronted spectators ‘face to face’ 

with a revolving fibre optic light system, visualising an other-worldly entity  navigating existence 

within the installation space (Figure 21) [27]. ether was setup in this configuration to present a 

challenging and confronting experience to the audience. An audio element was required in this 

installation to enhance an other-worldly and challenging sensory experience, utilising an etheric 

spatial soundscape composed for this installation. 
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Figure 22: ether configuration for the Exposure Exhibition of 2019



4.1.2 VNZMA Event 

The configurability of ether in fixed media applications can be explored in many ways. After the 

Exposure Exhibition, ether was curated for installation as a stand-alone light sculpture for the 

VNZMA (Vodafone New Zealand Music Awards) Artisan Awards, which took place on the 4th of 

November  

2019. The work was featured in the control rooms of the event space. Within this event, the 

work artistically emphasised the ‘internal brain’ of the recording consoles, likened to a visual 

representation of the internal neural networks and nervous systems of the Neve and SSL (Solid 

State Logic) consoles inhabiting the control rooms. One tendril arm was installed between the 

monitors at the rear of each console, at the forefront of the separating glass windows so that 

the tendril arms were visible from the inner live room of the recording studio (Figure 22). This 

simple configuration aligned effectively with the concept, providing a subtle ambience to the 

control rooms. Because of the separate space of installation from the main live room where the 

event took place, the work did not require a sound element and was instead installed strictly as 

a sculptural light installation. This shows how the work is able to adapt to the requirements of 

varying applications.  
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Figure 23: ether tendrils setup for the VNZMA Artisan Awards 



4.1.3 Performance Oriented 

As proposed in Section 2.4, performance oriented applications are an important avenue in the 

development and contextualisation of this research. The incorporation of kineticism in light as 

part of live music performances will extend the experience of the audiovisual phenomena. 

Although expanse was developed to be incorporated into a fashion garment, the system could 

be re-configured and adapted to take form as or within other visual elements within Estère's live 

show. This could oversee expanse as extending to be a part of the wider stage and 

scenographic design, as well as other props and wearable costumes for the other performing 

musicians accompanying Estère onstage. The possibilities are endless when considering the 

overall design, layout and format, which contributes to an abundance of configurations and 

applications for the developed systems. By being customisable, these systems are able to be 

tailored to the requirements of a particular live show, allowing for new and novel experiences to 

unfold. 

4.2 Future Considerations 

This section presents future features that could be implemented into both ether and expanse to 

enhance their effect, interaction and experience. Additionally, future works are proposed 

exploring possibilities beyond ether and expanse. 

4.2.1 ether 

Extending from the final iteration of ether, there are key features that will expand its effect and 

allow it to become a performative kinetic light instrument. The integration of a MIDI system will 

contribute to this, allowing it to interface with Ableton Live and other DAWs. Alongside this, 

transferring the motion from the motor via a slip ring or other systems will enable continuous, 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infinite rotation of the tendril arms, eliminating the restrictive LED wires of the Final Iteration. The 

lack of cable restriction will nuance the expressivity of the motor acceleration and rotation of the 

tendril arms, invoking performative actions. Other electromechanical parts may also enhance 

future systems, such as exploring the placement of the tendril arms with linear actuators, 

allowing the tendrils to move side to side, or front to back within space. Alongside this, the 

implementation of an LED control system via the basic MIDI firmware built into the final iteration 

will allow it to be user programmable. Including RGB LEDs and the control algorithm used in 

expanse could extend the visual capabilities of a future system, enabling more elaborate visual 

effects. Customising the placement of fibres on the tendril arms could also be explored in a 

future system, contributing a variety of light patterns with different effects.  

4.2.2 expanse 

As expanse is currently a prototype for Estère’s live show, there are key features to be explored 

and implemented into future iterations in order to extend the capabilities, impact and operation 

of the system. Some future features include the integration of a wireless communication 

protocol and hardware system, and enabling colour blending in real-time from Ableton Live. The 

implementation of a wireless hardware system will free Estère of restrictive cables and potential 

hazards involved with a wired setup, allowing her to move freely during her performances. This 

system will involve the development of two components— a transmitter (TX) and a receiver (RX) 

pack. The TX pack will be connected to a computer and will receive MIDI data from Ableton Live 

via the usbMIDI function built into Teensyduino, scaling and sending MIDI data to the RX pack 

that will be connected to the lights and worn by Estère. RF (Radio Frequency) modules will be 

used to achieve this wireless configuration. 

	  

Although the current control system of LED colour is satisfactory for expanse, the introduction 

of a new control scheme enabling colour blending from Ableton Live will increase the user  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programmability/performability by allowing the user to blend colours in real-time, as opposed to 

interacting with a fixed palette as exhibited in the prototype. This could enable interesting 

experiences in live music performance to emerge, particularly if the lights and colour are 

significant to a live show. 

4.3 Future Steps 

Extending from ether and expanse, future works may explore designing custom interfaces to 

control the developed fibre optic systems. Such interfaces may surpass the use of a DAW, 

which may enable the control of kinetic audiovisual systems to become its own performance 

practice with unique, context specific interactions that are more effective at controlling such 

systems.  

In future systems, elements of sound could be explored alongside light, stepping away from 

using sound as a supportive element. This may involve using dimensions of light and sound to 

influence and affect the other. Within live music performances, large-scale works are common, 

so adapting and building upon current configurations will be something to consider alongside 

the development of new large-scale, site-specific works. 
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Chapter Five 
Conclusion 

This exegesis has examined three significant fields that inform ether and expanse: audiovisual 

art, kineticism and custom performance technologies. Because of a trend focusing on the 

physicality of mediums across the fields of musical robotics and kinetic art, there is room for the 

development of kinetic works that have the ability to be audiovisual by nature. The realm of live 

music performance has provided a perfect platform for these works to be developed, which 

enables new experiences to emerge through its incorporation into live musical performances. 

The following research objectives were outlined in Section 1.2: 

to use mechatronic and kinetic systems to give life to physical light sources, 

to provide new immersive experiences of kinetic art. 

In addressing these research objectives, ether and expanse were developed using an iterative 

design methodology. By using this design methodology, features such as modularity and 

customisation emerged as a result of developing the works over multiple iterative cycles. The 

fibre optic light systems that have been developed throughout the course of this research are 

central to both ether and expanse, which have focused on physicalising LEDs through utilising 

fibre optic cables. Two key areas of application were identified: installation and performance, 

allowing both pieces to be developed and explored within different contexts. Through their 

modular design, ether and expanse were able to be tailored for other formats of presentation, as  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discussed in Sub-Section 4.4.1, where ether was selected as a light sculpture for the VNZMA 

Artisan Awards, instead of an audiovisual piece. This is notable, as the context and application 

of presentation ultimately determines how the work is installed and experienced. Because of 

this, ether and expanse were both developed for two contrasting formats, with other potential 

applications discussed in the accompanying Business Plan Document.  

5.1 Final Remarks  

Through the development of kinetic fibre optic light systems, this exegesis has presented two 

works that physicalise light in kinetic applications, evoking new embodied visceral experiences. 

It is clear that there is a lot of potential for new forms of kinetic art, expression and performativity 

to arise across many contexts and applications by nuancing elements of light. Kineticism 

nuances the visceral and other-worldly experiences of the developed fibre optic light systems. 

The use of kinetic and mechatronic systems ultimately enhance our interactions with the 

physical world by experiencing and observing kinetic audiovisual art. The possibilities are 

limitless for applications, scale and manifestations of the fibre optic systems developed.  To this 

end, the realm of live music provides an exciting and interesting platform for new experiences to 

arise through developing and centralising immersive kinetic works into musical performances. 
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