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“It truly is, the journey is the reward”  
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Abstract 

 
Designing Dynamic Systems For Advancing Aesthetic Spatial Engagement In 

Sound Art  

 
This thesis documents three years of extensive research into the field of sonic spatial 

expression and is the culmination of years of fascination about all of the ways music is made. 

In particular, it focuses on the way sounds move through space. This research stems from 

artistic practice and a desire to deeply explore spatial aesthetics in sound art. A potential for 

further development of tools designed for aesthetic engagement with spatial attributes of 

music is identified. It is proposed that with new tools designed for the manipulation of spatial 

attributes, new spatial aesthetics might emerge. In exploring this proposition, a number of 

contributions to the field of spatial sound art are presented. The main approach taken is to 

apply new technologies to the design of spatialisation performance interfaces. It is hoped that 

in designing novel interfaces that specifically engage with spatial parameters, new ways for 

aesthetically engaging with space will be afforded for composers and performers. The tools 

designed all aim to exhibit a high level of intuitiveness in their control systems, allowing non-

expert users access to these spatially expressive tools. Additionally, the new tools aim to 

provide high levels of expressivity so that advanced composers who are looking for new ways 

to use space expressively may also use them.  

 

This thesis focuses on the design, development, implementation, analysis, and artistic use of 

new spatial interfaces. The design methodology implemented for all of the interfaces includes 

both testing and analysis phases that involve the composition and performance of new 

musical works.  The development of the interfaces is closely coupled with the development of 

the new musical works, with each design phase applied to a new work and each new work or 

spatial idea exploring the new aesthetics afforded by the tools. The assessment of these new 

tools takes various forms: they are assessed by critical evaluation of the new works created, by 
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user study evaluations from other composers who utilise the tools, and, where appropriate, by 

quantifiable methods of evaluation that are adopted to assess specific spatialisation tools.  

 

The new musical interfaces presented, described, and evaluated in this document were 

conceived of as musical instruments, each affording new approaches to spatial expression. 

This document also details an extensive collection of new musical works that feature the 

interfaces. It concludes by suggesting future directions for this research body and the 

spatialisation interface design field.  
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Chapter One 

 

Introduction 

 
1.1 The expressive potential of space 
The expressive characteristics of Western music are formed largely by: rhythm, pitch, 

harmony, timbre, and dynamics. Manipulating these parameters of sound and, in turn, of 

music, forms a key aspect of what is often called composition. There is another characteristic 

of sound and of music however that can also be manipulated for musical expression. This 

parameter is space. Every time one hears a sound, its spatial characteristics play an integral 

role in deciphering meaning from the sound [1], [2], [3], [4]. This thesis, and the research it 

outlines, explores the idea that new technology can afford new approaches to spatial 

interaction. With a particular focus on electroacoustic music and sound art in performance 

contexts, there can be seen a potential for further development of technologies designed for 

active spatial engagement. This thesis aims to address this observation by posing the 

following questions: whether the application of new technologies will increase the expressive 

potential of space and, if new tools are built with spatial engagement in mind, can these tools 

increase the range of approaches to spatial interaction in electronic art music? 
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The research presented in this document explores the above questions by presenting the 

design, development, and use of a number of new tools in the form of spatial sound 

controllers and spatialisation systems that are designed to advance what is currently possible 

for aesthetic engagement with spatial elements of sound art. A range of new tools is presented 

within this document, and their individual design goals and methodologies are discussed. 

This thesis not only introduces and evaluates new spatial tools, but also introduces a range of 

new musical works that utilise these tools and have contributed both to the creative process of 

composing for space and the design process for the development of the new technologies.  

 

The musical works created allow the beginning of an exploration of the expressive potential 

of the interfaces. However, the core focus of the pieces is contributing to the iterative design 

methodology so that in the future composers can utilise the interfaces to more fully explore 

their aesthetic potential independently from the instrument designer and in combination 

with their own sonic aesthetics.  Spatial perception is a factor of the spatialisation (resulting 

from the interface used), as well as the physical space the sound exists within, and the spatial 

information within the sound source (as will be discussed in Chapter Two). Due to this 

complex nature of spatial perception it is the interfaces themselves, and the composers 

interaction with the interface that are tested and explored in this thesis as the major 

contribution to the field. The core contribution of this research is the development of new 

spatial performance technologies; the design goals of the interfaces are independent of any 

correlation with source material so that relationships between sound source and space may be 

explored by the users of the interfaces, to provide musical intention in spatial works. 

 

In investigating the initial question posed, this research has been conducted utilising an 

iterative design methodology. This process involves first analysing and critiquing current 

spatial aesthetics and their ability to be performed in concert settings. Next, new spatial 

interfaces are designed with the specific goal of furthering potential spatial aesthetics, with a 

particular focus on real-time spatial control. New musical works are then created and 

performed in order to test both the interfaces themselves, and their ability to achieve the 

desired spatial interactions. The tools developed, and the musical works created, are then 
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critically analysed in regards to their ability to meet the design criteria and their spatial 

interaction approaches. On the basis of this analysis refinements to them are made, these 

refinements can involve creating new iterations of the current interfaces or even entirely new 

interfaces, as well as either revisions of the musical works or entirely new pieces. The 

creations of new musical tools and new spatial works are so deeply intertwined that often the 

development of the musical work cannot be separated from the development of the 

technology that allowed its creation. In many ways, the musical works presented in this thesis 

informed the artistic creation of the new tools as much as the new tools informed the artistic 

creation of the works. Throughout the thesis the perception of spatial effects from a listeners 

perspective is sometimes discussed in relevance to perception of the spatial aesthetics 

afforded by the interfaces, however the core of this thesis is concerned not with the 

perception of space from a listener’s perspective, but with the intentional spatial interaction 

from the composer’s perspective.  

 

At the conclusion of this thesis, through the presentation of new musical interfaces and new 

musical works that share a common concern with the expressive use of space as a core focus, 

it is advocated that new technology has much potential for affording new approaches to 

spatial interaction. In particular, this thesis shows that, if new technologies are applied to 

increasing the expressive capabilities of space, and if new tools are built with spatial 

engagement in mind, the potential for aesthetic spatial engagement in electronic art music 

may be increased, allowing for further exploration of the ways that spatial elements may be 

used in the portrayal of meaning and structure through music. 
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1.2 Document Structure and Overview 

 
Figure 1. Document structure diagram. 

This thesis aims to answer the initial question posed above: could the development of new 

interfaces designed for spatial expression afford new spatial interaction techniques? The 

outline of this document is illustrated diagrammatically in Figure 1. Following this 

introductory chapter, Chapter Two provides an overview of the field of spatial composition as 

well as discussions of the many elements that can be seen to be involved in the active 

engagement with space. Chapter Two serves as a review of the pertinent literature concerning 

spatial sound art and also provides the scholarly context for discussion of the spatial elements 

of sound. The discussion of spatial theory in electroacoustic music is provided not with the 

intention of defining parameters for spatial works, but as a lens through which all other 

works discussed in this thesis can be viewed; this includes both those works provided as 

background for the research and the new works proposed. The spatial theorists discussed in 

this section advocate that further analysis techniques are needed in order to bring space to the 

1: INTRODUCTION

2: SPATIAL COMPOSITION: A BEGINNING, A 
MIDDLE, BUT NO END

3: SPATIAL INTERFACE DESIGN

4: DYNAMIC MECHATRONIC LOUDSPEAKERS

5: CONCLUSIONS

APPENDICES

Spatial Theory Speaker Orchestras Extending LoudspeakersSpatial Interfaces

Chronus_2.0 tactile.motion mecha.space Performance Applications

speaker.motion Implementation Interaction Evaluations

Contributions Future Work Conclusions

Performance
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forefront of composition. This thesis advocates that the development of new technology is 

also needed to further spatial progression, in combination with the technological discussions 

that continue through the chapter these theorists contribute to the underlying idea that 

spatial performance is currently under developed. Further, Chapter Two focuses on areas of 

the spatial field that were deemed most relevant to the new works being developed and 

explored throughout the remainder of the thesis. The historical discussion begins with some 

early acoustic works that engaged with spatial composition in a variety of ways. It then 

provides a more thorough overview of the development of the loudspeaker orchestra as a 

major avenue for spatial exploration in electroacoustic works and the ways in which speaker 

orchestra systems have evolved over the past fifty years. As this research proposes the 

development of new spatial controllers as an avenue for exploration, there is a focus in 

Chapter Two on the current state of musical controllers designed for spatialisation. The 

chapter concludes by discussing ways that spatial engagement might go beyond that of 

traditional loudspeaker gain manipulation. All of the works presented in Chapter Two have 

served as motivations and as inspirations to the new works presented in this thesis. While the 

works discussed in Chapter Two are often assessed in a critical manner, this is undertaken 

with the goal of advancing the field of spatial sound art.  

 

Chapter Three introduces new spatial interfaces that were designed and built throughout this 

research as ways for composers and performers to engage with spatial aspects of music. The 

main focus of these interfaces is to extend the range of sonic trajectories able to be performed 

in a live context. The first of these new interfaces, Chronus_2.0, was one of the initial 

experiments conducted in the building of spatial controllers. The initial experiments helped 

in the development of the frameworks and interaction techniques that would inform 

subsequent aspects of the research. The second controller presented in Chapter Three, an 

iPad application named tactile.motion, was deemed the most promising of these early 

experiments and was therefore developed into a fully realised musical interface. The chapter 

describes the way that tactile.motion was developed and the novel features it exhibits and also 

includes a discussion of the way the interface was tested by various composers and how the 

results from these tests informed the iterative design process utilised in the interface’s 
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development. The third interface presented, mecha.space, is also an iPad application. 

Following the development of the loudspeaker-specific tactile.motion, mecha.space was built 

in order to extend the idea of advancing potential spatial trajectories to areas outside of the 

loudspeaker domain. The chapter concludes with a discussion of the musical works that were 

created for the interfaces. The discussion of musical works ranges from pieces developed and 

performed with the first prototypes of the tactile.motion system through to more recent and 

sophisticated spatialisation concerts.  

 

Chapter Four introduces speaker.motion, a new mechatronic loudspeaker system for 

increased spatial expression. Drawing upon inspiration from the model of the speaker 

orchestras discussed in Chapter Two, speaker.motion began as a way of questioning the static 

decisions made in concert halls about the orientation of loudspeakers. speaker.motion aims to 

add a dynamic element to the directionality of the loudspeaker in a concert environment by 

providing a new loudspeaker system that affords on-the-fly directionality changes. The 

chapter discusses the design and development of speaker.motion, including the modifications 

made to the loudspeaker, the design process, and the implementation of the mechanical 

aspects of the system. The chapter also discusses ways in which composers and performers 

may interact with the speaker.motion system. It provides examples of how these modes of 

interaction might be achieved, including the introduction of a new iPad interface designed 

specifically to control the speaker.motion system. The chapter includes a discussion of the two 

different approaches used to evaluate the speaker.motion system. The first approach uses an 

impulse response experiment to quantitatively assess the affect of changing the directionality 

of a loudspeaker. The second approach involved a qualitative user study in which composers 

who had used the speaker.motion system provided an evaluation of varying aspects of the 

system based upon their own experiences as well as a discussion of how they explored new 

spatial aesthetics afforded by the system. New musical works that have been performed with 

the speaker.motion system are also discussed. The discussion includes concerts and pieces that 

were developed for the system in order to test both technical aspects of the system as well as 

the spatial aesthetics afforded. The inclusion of the discussion of new musical works within 
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this chapter exemplifies the cyclical nature of the iterative design process and the close 

coupling of the musical works with the development of the system. 

 

Chapter Five presents the conclusions able to be drawn from this research. While the research 

presented in this thesis is able to provide performers and composers with the tools to answer 

the initial questions posed above, and to progress the field of spatial composition, there is still 

much scope for this research avenue to continue. After summarising the research and 

outlining the contributions made to the overarching research paradigm, Chapter Five 

provides insight into the ways that future researchers in the field might further advance the 

emerging discipline of spatial interface design.  

  

Following the conclusions of Chapter Five, the thesis contains a number of appendices. 

Appendix 1 outlines the works and content provided as supplemental media files. Appendices 

2 and 3 provide the full extent of data collected from the user studies of tactile.motion and 

speaker.motion. Similarly, Appendix 4 supplies all of the data collected from the impulse 

response experiments conduced with speaker.motion. Appendix 5 shows the user guide that 

was developed for prospective composers, outlining the specific MIDI messages used for 

control of the speaker.motion system. Finally, Appendix 6 presents the ethics approval 

documentation for the user studies that involved human subjects.  
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1.4 Publications Arising From This Thesis 

 

• B. Johnson, J. Murphy, and A. Kapur, “Designing Gestural Interfaces For Live 
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Chapter Two 

 

Spatial Performance 

Technologies: A beginning, a 

middle, but no end 

 
This chapter provides a comprehensive overview of the spatial performance paradigm that 

this research aims to further. The chapter begins with a discussion of the scholarly context 

from which this work stems. Scholars discussing the spatial attributes of electroacoustic 

music provide future researchers with a framework that can be used to help understand not 

only the sound art that proceeds from the research, but can also be applied to the work that 

precedes it. The chapter then continues with a discussion of spatial influences prior to the 

invention of the loudspeaker, before focusing on the major spatial performance field and the 

significant inspiration for this work, live diffusion systems. This chapter identifies separate 

stages of development in the history of diffusion performance and diffusion systems and 

highlights significant factors influencing their developments. As this research exhibits a 

strong focus on performance interfaces used for spatialisation, this chapter shares that focus. 

Figure 2 shows how diffusion history has been divided for discussion in this chapter; these 
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divisions also serve to provide the structure for part of this chapter. At the end of this section, 

there is a timeline contextualising the significant developments and systems discussed. The 

final sections of the chapter examine spatialisation beyond that of the speaker orchestra, and 

indeed the loudspeaker itself, providing discussions of extended spatial practice in sound art 

and extensions of the loudspeaker, all of which played pivotal roles and influenced the 

development of this research as a whole. 

 

 
Figure 2. Significant divergences recognised in diffusion history 
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2.1 Spatial Theory 
One of the key texts in the field of electroacoustic music theory is Denis Smalley’s 

‘Spectromorphology: Explaining Sound-Shapes’ [5]. This text provides scholars with a way to 

define and discuss various aspects of sound outside of traditional western music notation and 

analysis. Smalley’s terminology provides the electroacoustic composer and listener with a 

framework for the discussion of development and structure in sound art. Smalley focuses on 

the textures and gestures of sound created by amplitude, pitch, and timbre. In a later article, 

‘Space-form and the Acousmatic Image’ [1], Smalley furthered this terminology and 

discussion to include ways that can be used to interpret the spatial aspects of electroacoustic 

music. In this text, Smalley draws attention to the human experience of sound and the spatial 

nature of how humans perceive sounds and gain meaning from them, especially as sounds are 

interpreted by humans differently depending on their distance from them. Smalley argues 

that recorded sounds carry spatial information with them when used in an electroacoustic 

context: the resonance and envelope of a sound have the ability to imply a physical space 

within which the sound exists [6]. This affects the way that humans perceive sonic events and 

interpret their spatial locations. Smalley identifies acousmatic music as particularly open to 

spatial exploration and manipulation: “Acousmatic music is the only sonic medium that 

concentrates on space and spatial experience as aesthetically central” [1]. In this text Smalley 

provides taxonomy of terms for describing spatial experiences created through acousmatic 

music, these terms are used throughout this thesis, for a full glossary of the terms used please 

refer to [1]. 

 

In discussing the spatial relationships of sound and its use as an expressive musical 

parameter, there are two key avenues that must be understood. The first is the physical 

properties of sound and space and, in particular, the psychoacoustic characteristics of human 

hearing that affect the deciphering of spatial locations. The second is an understanding of the 

phenomenological impact of the spatial characteristics in the music. To understand spatial 

expression in electroacoustic music as a whole, one may turn to the key scholars from each of 

these avenues, as their contributions collectively contribute to an overarching model of the 

perception of space. Smalley, Barrett, and Kendall have provided the field with specific 
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terminology and discussion around the phenomenological impact of spatial expression. 

Blauert’s research has provided insight in the psychoacoustic properties of the human ears 

and brain that allow humans to decipher the location of sounds. The nuances of these 

properties have been manipulated by many artists and will be further discussed below. Sitting 

in the middle of the spectrum created by the range of these approaches, Blesser’s research into 

acoustic resonance and its potential for spatial expression contributes to both of these areas. 

In order to advance the field of spatial interface design, the contributions of this thesis 

(presented in the following chapters) use a combination of these scholars’ approaches and 

merge them into the design of new spatial interfaces.  

 

Smalley, Natasha Barrett, and others make a clear distinction between the intrinsic and 

extrinsic qualities of a sound [5], [7], [4]. They argue that the intrinsic qualities of sound are 

those that are inherent within the sound itself, such as, its timbre, dynamic qualities, or 

spectrum. Similarly, the extrinsic qualities are the sound’s ability or tendency to point the 

listener’s mind towards a real-world equivalent to the sound. This might be something with 

which the listener is familiar that could possibly produce the particular sound, or a sound 

similar enough for the listener to immediately create an association in his or her mind. 

Composers are often aware of both the intrinsic and extrinsic qualities of sounds in their 

pieces, and they exploit and manipulate these associations for aesthetic or structural reasons 

(or sometimes both).  These same intrinsic and extrinsic properties are also evident in the 

spatial domain. The intrinsic spatial aspects of a sound are the individual resonant properties 

of a sound source as well as the compositional creation of a spatial illusion. The extrinsic 

spatial aspects would then be a spatial allusion where the intention is not to have the listener 

believe that they are physically in the space being alluded to, but to have a tendency to point 

the listener’s mind in that direction. In the same way, composers can use the knowledge of 

the effect of spatial intrinsic and extrinsic qualities of sound in order to create friction (by 

specifically rejecting what is expected spatially) or resolution (by adhering to the listener’s 

expectation of a spatial quality).  
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Many scholars of spatial theory have focused on distinct spatial locations in sound 

spatialisation practice. Blauert’s research into psychoacoustics made significant advances to 

this field, bringing an understanding not only of the basic localisation techniques of the inter-

aural time and level differences (ITD, ILD), which contribute to the human ability to localise 

sound through the comparison of the audio information received from the left and right ears, 

but also in discussing the specific locations that humans are able to decipher more or less 

accurately [9]. For example, Blauert describes the ‘cone of confusion’ as an area around the 

head wherein sounds (emanating from this area) produce identical phasing issues, therefore 

rendering ITD and ILD information irrelevant. Blauert’s research created a foundation for 

composers to place sounding objects in specific locations within a loudspeaker array knowing 

that the listener would perceive the variations in source location in different ways. Blauert’s 

research in spatial perception is also discussed below in specific connection to the way it is 

used in combination with conceptual ideas from other scholars. 

 

In ‘On Sonic Art’, Trevor Wishart extends ideas of discrete spatial locations to the idea of 

spatial motion in composition, arguing that, in fact, many sound sources are in need of some 

spatial motion in order to be recognised [8]. A static bee humming, for instance, will often 

not make the listener think of a bee, but when it appears to be moving around a space, the 

listener is more likely to associate it with the image of a bee. The spatial metaphor of 

frequency (high frequencies come from above, and low frequencies come from below) often 

gives composers the ability to either compliment or contradict what can be expected, and 

therefore can be used to create conflict and resolution within a piece. The tenth chapter of 

‘On Sonic Art’, ‘Spatial Motion’, proposes many possible potential sonic trajectories and 

discusses how they may be used to deepen the portrayal of meaning and emotion in music.1 

However, in practice, many of these potential spatial trajectories are difficult to achieve. One 

of the major motivations for the research presented in this thesis is therefore to create ways 

for composers to more easily generate advanced spatial trajectories, particularly in real time.  

                                                        
1 Some imagery provided by Wishart around these spatial trajectories can be seen in Figure 

24, in Section 3.2.4. 
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With the new tools developed as part of this research composers can add a further layer of 

decipherable intention to their work, as conceptualised by the scholars mentioned above.  

 

The ability to add musical intention through spatial means is often discussed in connection 

with human psychoacoustic tendencies in the interpretation of spatial information and 

localisation cues.  For example, Blauert discusses the difficulties that humans have with 

distance localisation. Humans can often perceive distance based cues relative to other sounds 

(through deciphering relationships to frequency and amplitude, due to atmospheric 

absorption) as well as the reverberant nature of sounds however, deciphering measurable 

distance is far more difficult and less accurate[9]. Therefore composers manipulating spatial 

distance in pieces can use this ability to infer confusion or clarity in the listener, as well as to 

create relative distance relationships between sounding objects that might infer relativities in 

other characteristics in the same sounds. 

 

In a similar way humans interpret sounds from varying spatial locations as more or less 

threatening depending on their spectromorphology as well as their location. Evolved from a 

time where humans had more predators, sounds coming from behind the listener are 

perceived as more dangerous because sight is not able to be of assistance in determining the 

level of threat. This makes humans more cautious of ominous sounds appearing from behind 

them then of the same sounds appearing from in front of them [2]. The same types of 

inference can occur with height-based localisation. Though humans are not able to localise 

sounds coming from above as accurately as those closer to ear level (due to the lack of 

variation in the inter-aural time and level differences), traditionally humans had far less 

predators whose sounds might appear to be coming from great heights [9]. Therefore sounds 

coming from a above can be used to portray confusion in source location and can be 

perceived as more or less threatening than sounds placed on a plane closer to horizontal to 

the listener.  

 

The relationship between sight and sound has also been utilised by composers even in an 

acousmatic (or sound only) context. These relationships are closely related with source and 



 

 17 

space bonding as discussed by Smalley [5], [1]. When one is able to recognise a sound objects 

source as a physical object, Smalley argues that that sound object carries spatial relationships 

from its physical location with it into the new context of the composition. This spatial 

relationship can exhibit (and therefore be manipulated) two distinct approaches. The first is 

through the connection with the wider space that will be recorded with the sound source 

itself. The way any sound resonates through a space is inherently captured with it in the 

recording, but is also inferred through ones understanding of where that sound object would 

naturally occur. For example a recording of the ocean would be associated with its physical 

location (a vast outdoor environment). However the spectrum and reverberance of an ocean 

recording can be manipulated to either compliment or contradict the inherent spatial nature 

of that sound.  

 

The localisation of the sound is also relevant, along with the spatial information that is 

bonded to a source (source-bonded space) about its physical environment. While any 

recorded (or synthesised) sound would not necessarily carry its spatial location in the same 

what that it carries its reverberant information, when any sound is similar enough to a 

familiar source that it is semantically connected to that source the expected spatial location of 

the source can be implied with the location if the sound itself. For example a sound with a 

similar spectrum to a lions roar, coming spatialised from above might not be perceived as 

connected to the animal as it would coming from a vertical location more similar to the 

listener. Again composers can use spatialisation to either adhere to, or reject listener 

expectations about the perceived location of a sound to either more closely tie a sound with 

its original source, or to cause confusion and question the relationship between the sounding 

object and the source that might have produced it.  

 

Barry Blesser presented the field with ideas relating to the relationships between spatialisation 

and the acoustic environment through which music is presented. In his text Spaces Speak, Are 

You Listening, he discusses the idea that aural architecture is different from traditional 

acoustic architecture in that it takes into consideration the cultural aspects of the use of space. 

His term social spatiality refers to the ways in which humans react and respond to 
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environments differently based on their spatial acoustics. When designing site-specific spatial 

works or performing and composing music with spatial intent, an understanding of the 

specific aural architecture and manipulation of it can be used within the composition. In 

discussing aural architecture, and any spatialisation engaging with the physical architecture, 

the reverberant spatial qualities are of substantial significance. Blesser discusses the particular 

significance of reverberant spatialisation in religious structures where a single note can fill a 

large cathedral to the point where the connection to the original point source is lost and 

instead the reverberance of the sound fully envelops the listener [10]. This concept is further 

discussed (with musical examples) in Section 2.2. 

 

Social spatiality and spatial reverberance are two of the five fields of spatial consideration 

identified as part of aural architecture by Blesser that could also be considered for the 

research presented in this thesis as five areas for aesthetic spatial engagement. Also included 

by Blesser are symbolic spatiality, aesthetic spatiality, and music spatiality. Symbolic spatiality 

has connections to Smalley’s ideas of space bonding that will be discussed in the following 

paragraphs. However, unlike Smalley’s idea that spatial meaning is bonded to the sound 

source in symbolic spatiality, the meaning is bonded to an understanding of the physical 

space. Listeners might associate meaning from an understanding of the specific use of a 

physical space or activities that would often occur in that space. The acoustic properties of the 

physical space can become inherently linked to social activities that take place in that space.  

 

Blesser’s musical spatiality and aesthetic spatiality are of particular relevance to the research 

conducted in this thesis. Aesthetic spatiality refers to the way the physical space can be used to 

provide spectral colouration to sounds played within the space. Factors contributing to this 

spectral colouration include variations of surface materials, resonant cavities, or reflective or 

absorbent panels.  Through engaging with variation in the physical acoustics of a space, 

composers and performers can add colouration and changing textures to musical material. 

Musical spatiality describes the way the acoustics of a physical space influence and relate to 

the music that is played within that space. This incorporates the reverberant qualities as 

discussed above, but also the ways this reverberance can be used to manipulate structure and 
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form in music. Blesser uses a specific example of three separate notes played on a clarinet that 

might be perceived as rhythmic material in one space, but given enough reverberance in a 

performance venue could also be used to create a more chord-like structure in the music [10]. 

These forms of spatial expression are of particular relevance to the new research presented in 

Chapter Four of this thesis, which aims to give composers new technologies that allow 

dynamic engagement with these forms of spatial expression. 

   

From the listener's perspective, Pierre Schaeffer defines four modes of listening. Michel Chion 

later reduced these to three often-used modes; causal, semantic and reduced listening [11]. 

These listening modes can be used to better understand the creation of meaning in sound that 

is experienced through the act of listening, be it active or passive. Chion’s Listening Modes 

can be applied to both intrinsic and extrinsic spectromophological properties of sound, but 

can they also be applied to space? While Gary Kendall has often discussed the creation of 

meaning in electroacoustic music [12], he also argues that the lack of defined terminology for 

analysis of spatial attributes is inhibiting the artistic exploration and academic discussion of 

space [4]. Scholars such as Kendall and Smalley have produced new terminology to assist in 

further discussion about spatial attributes of sound however, the new terminology can 

possibly also inhibit the advancement of spatial aesthetics by providing a seemingly complete 

list of spatial terminology it is possible that the terminology itself can encourage composers to 

think spatially in a realm defined by that terminology [4], [1], [5].  

 

While Blesser proposes spatial attributes being inherently linked to the spaces in which they 

are performed, Kendall, through discussion of Rumsey’s research into spatialisation in 

acoustic music, provides an argument that there might be some benefit in removing the 

spatial attributes from their outside influences (such as the physical space) [4].  However, 

Kendall also argues that much of the research into spatialisation conducted by Rumsey is so 

specific to acoustic music that is cannot be accurately applied to electroacoustic music given 

that electroacoustic music is not limited to having its sources contained within any one 

environment. Kendall further argues that in describing and analysing spatial material, it is 

important to recognise variation in width, distance, depth and direction of a sound source 
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and that each of these can be perceived and analysed from the varying spatial perspectives of 

individual, ensemble, room and scene spaces. He also provides immersive attributes for 

spatial analysis that are largely based upon the perception of envelopment from both an 

environmental and source-related perspective. Given that electroacoustic music is no longer 

limited in scope to the recreation of acoustic spatial phenomena or real-world spatial fields, 

Kendall provides a discussion of the relevance of the terms describing spatial perspective 

(such as “room”), as in electroacoustic music these might be nested in either within a physical 

room (as is the case in acoustically produced music) or in a virtual room that might be 

implied through recording techniques or specific acoustic treatment of the signal. Kendall’s 

research in this area is closely related to the previous discussion of intrinsic and extrinsic 

relationships of sound source in electroacoustic music and furthers Smalley and Barrett’s 

ideas around the use of spatialisation to create the perception of auditory scenes in 

electroacoustic music. 

 

Further terminology that are of particular relevance to this work is Smalley’s terms describing 

variation in space caused by differing spatial projections and trajectories relevant to the 

loudspeakers position (or other sound source) and the listening position of the audience 

member. Terms such us arena space, distal space, circumspectral space, egocentric space, and 

panoramic space. The creation and perception of these differing spaces within acousmatic 

music is very dependent not only on the compositional aspects but also the physical space in 

which the piece is performed. In order to fully utilise and manipulate the depth available in 

these varying spatial scenes, in the new spatial interfaces described in this thesis there is a 

strong emphasis on the ability to create spatial relationships in real-time and intuitively so 

composers my reinterpret their spatial intentions in the new performance venue in real-time.  

 

Throughout this thesis Smalley’s spatial terminology is particularly useful in the description 

of the musical works and in the analysis of spatial relationships afforded by the interfaces and 

technology discussed. The terminology above and others from Smalley’s Space-Form are used 

throughout this thesis and appear in italics. However, as the analysis and descriptions in this 

thesis are often more concerned with the development of the spatial technology and the 
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composers spatial intent rather than the audiences perception of the composition, Smalley’s 

terms are not always appropriate. In these cases new terminology that further describes the 

specific spatial gestural interaction of the composer is defined by the author. For a thorough 

description of Smalley’s terminology please refer directly to the glossary provided in [1]. 

 

Examining the works of these scholars allows one to understand the complex nature that 

spatial attributes inhabit. There is much discussion in the field about the external forces 

impacting spatialisation as an art form. Throughout these approaches, there is an agreement, 

however, that in artistic spatial expression, spatial forces are not unique and are in many ways 

bonded to these external forces. Where Blauert’s more scientific approach could be 

interpreted to suggest a bonding between space and psychoacoustics, Blesser’s aural 

architecture suggests a bonding instead between the spatial attributes and the physical 

environment through which they are played. With particular attention being paid to 

electroacoustic music, Kendall and Smalley both suggest a strong bonding between the spatial 

attributes and the spectra of the source material. In its simplest form, artists can derive from 

these various approaches a consensus that spatial engagement is complex and linked to a 

number of external factors. In light of this, the research presented in this thesis aims to create 

technologies that will allow composers to further explore the complexities of all of these 

spatial relationships without placing emphasis on any single spatial bonding, leaving the 

composer the ability to explore these connections through the use of the interfaces presented. 

 

The research presented within this thesis contributes to these scholars suggestions that there 

are factors inhibiting the advancement of spatial music. These scholars contribute the needed 

terminology of discussion and analysis of spatial works, however this research aims to add to 

a series of technological advancements that allow new ways of performing spatial attributes to 

be explored by composers. The concepts developed in the literature afford sound artists a lens 

through which they can view and discuss spatial properties of their work, as well as in the 

work of others. The discussion of these concepts at the beginning of this chapter has been 

provided to present the reader with a framework to understand and approach the spatial 

works discussed throughout the remainder of the chapter, as well as the new works presented 
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in the following chapters. The spatial theories presented all make very clear and distinct 

correlation between the source material and the perception of the spatialisation. As the core 

contribution of this research (as outlined in Chapter One) is the development of the spatial 

interfaces, the design goals of the interfaces are independent of any correlation with source 

material so that the users of the interfaces may explore relationships between source and 

space individually as the key intention of spatial works. The development of the interfaces 

aims not to define or encourage any particular bonding of the source and the space, more to 

afford the composer with the appropriate range of tools so that bonded relationships may be 

more thoroughly explored in real-time as a compositional element.    

  

2.2 The Space Before Diffusion 
Composers and performers have expressively manipulated spatial relationships between 

performers and each other, as well as between performers and physical spaces, throughout the 

history of musical performance practice. Spatial considerations are evident in the music of 

many eras, ranging from the design of the stage and amphitheatre in theatrical performances 

of Ancient Greece or in the choir and church in Christian traditions through to the call and 

response and drum communication techniques in Africa. Throughout these examples, the 

spatial aspects of music play an important role in communicating meaning and structure to 

audiences, and were ripe for manipulation in artistic pursuits. Indeed, examples of use of 

spatial elements for aesthetic and structural ends can be found across a number of artistic 

periods in history. The following section will outline some of the key of historical uses of 

spatial aesthetics in music. 

 
2.2.1 Early Music and Space 
An aesthetic exploration of the physical space in which music is performed is one of the 

major categories of spatial expression. A good example of this is exhibited in the early spatial 

works composed for the San Marco Basilica (shown in Figure 3) in Venice in the 1500s [13]. 

Upon appointment as resident composer for the basilica, Adrian Willeart (and his student 

Andrea Gabrieli) were faced with a large basilica with two organs that were spatially 

separated. The idea of spatially separating instruments and choirs, and creating a spatial 
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antiphonal dialogue between them, became a common theme throughout their site-specific 

works, which were intended to be performed in the basilica. The most famous such piece is 

arguably Willeart’s 8-part Vespers (1550), which not only made use of this spatially separated 

dialogue or “cori spezzati”, but also included aesthetic use of the long resonant properties of 

the basilica, a concept later explored as physical acoustic expression [14].  

 

 
Figure 3. Inside Basilica San Marco.2 

The spatial concept of separation of performers exhibited through the separated choirs in the 

basilica was further explored through the spatial separation of specific instrumentalists for 

dramatic effect. A notable example of this appears in Hector Berlioz’s Requiem (1837), in 

which four brass ensembles are instructed to enter from the four points of a compass, 

creating not only a spatial separation, but also a semantic relationship between the physical 

space presented for the performance and the wider space represented by the points of the 

compass [13]. Later composers, such as Gustav Mahler and Giuseppe Verdi, exhibited an 
                                                        
2 Image from https://venicemusic.wordpress.com/ Accessed 03.01.16 



 

 24 

interest in the relationship between on-stage and off-stage performers and the way in which 

an audience perceived this. The instruction for certain performers to be off-stage provided 

variation in the localisation characteristics for audience members, as well as having those 

instruments be acoustically coloured by their physical surroundings in juxtaposition to those 

on-stage. These concepts are relevant to later discussions of phantom-source positioning, 

spatial location, and spatial separation in room-based diffusion, discussed below in Section 

2.5.  

 

The spatial concepts exhibited in the placement of performers both on- and, especially, off-

stage, was further explored by Charles Ives in the early 1900s. The Unanswered Question 

(1908) features on-stage string sections with an off-stage solo trumpeter and woodwind. 

These concepts were both furthered and discussed in a scholarly manner by Henry Brandt, 

whose works often exhibited ‘total antiphony’ with up to five spatially separated choirs and 

explicitly composed spatial trajectories. Brandt’s compositions contain instructions to 

performers to physically move in certain pre-determined paths throughout the performance 

space, creating dynamic spatial trajectories [15].  

 

Throughout these early examples of composers using spatial aesthetics in their works, three 

ways of conceiving and engaging with spatial expression can be determined: 1) source 

positioning (be it phantom or physical), 2) the use of the acoustic characteristics of the 

physical space (as with the resonance of the San Marco Basilica), and 3) the perceived spatial 

dispersion of sources within the room (as with the on-stage versus off-stage presence of 

performers). Though modern technology allows for unprecedented control and expressivity, 

these concepts will continue to be the main threads for spatial expressivity throughout this 

thesis and throughout the research conducted within it. 

 

2.2.2 New Music and Space 
In electroacoustic and other forms of electronic music, the potential for spatial interaction 

has been explored in many ways. This section provides an overview of the use of space in 

early electroacoustic and mid-twentieth-century art music.  In 1951, Pierre Schaeffer and 
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Pierre Henry presented the potentiometre de space, a custom-built interface of induction coils 

used to dynamically control the gain of a tetrahedral array of loudspeakers [16]. The array 

(which consisted of loudspeakers placed around the audience to the front-left, front-right, to 

the back, and above) as well as being a live dynamic spatialisation is an early example of the 

creation of a three-dimensional spatial field. The performance interface afforded highly 

theatrical performance gestures and shows an early example of both specific interface design 

for spatialisation and a desire to have spatial motions performed gesturally and in real time. 

French schools of acousmatic music have since placed a strong emphasis on expressive 

spatialisation in both studio and performance settings, as will be outlined in subsequent 

sections of this chapter. These early explorations into spatialisation of art music had lasting 

impressions on future generations of composers, and their influence continues to be 

prominent in the research presented throughout the rest of this chapter.  

 

In the early 1950s, Karelheinz Stockhausen travelled to work under Schaeffer in his musique 

concréte studio. Many of Stockhausen's works featured a composed or live spatially expressive 

element. Kontakte (1960) was written for a quadraphonic loudspeaker array with 

loudspeakers positioned to the left, right, front and rear. As part of the piece, Stockhausen 

aimed to create the effect of a sound orbiting the audience [17]. He achieved this by placing a 

loudspeaker on a turntable and having it spin around while he re-recorded the sound. In re-

recording, he placed four microphones in the quadraphonic setup in which the loudspeakers 

would later be placed to capture the spatial effect (shown in Figure 4). This is an early 

example of a composer's desire to use complex spatial trajectories in musical works. The 

orbiting trajectory is one that has continued to cause composers much trouble when 

attempting to realise it in real time, and will thus feature in later research contributions 

outlined in this thesis. Stockhausen's work placed an emphasis not only on discrete spatial 

positioning but also on spatial movement and the creation of audience-perceivable spatial 

trajectories.  
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Figure 4. Stockhausen recording a rotating speaker.3 

 

His work Stimmung (1968) for six vocalists, played through a circular array of six 

loudspeakers, places the audience in the centre of the loudspeaker array (now commonly 

referred to as the “sweet spot”). This practice is common in octophonic (or similar) works 

today: by placing audience members inside the loudspeaker array, all audience members may 

                                                        
3http://stockhausenspace.blogspot.co.nz/2015/08/stockhausen-on-electronic-music-wdr.html 

Accessed 3.1.16 
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experience the spatial movements in the piece. While each audience member will perceive the 

location of sounds differently, when sounding objects are actively in motion within the 

loudspeaker array this motion is perceivable independently of any specific location, as long as 

the audience members are inside the array. This approach to the creation of dynamic motion 

is furthered in discussion of the new spatial interfaces presented in Chapters Three and Four 

and the new spatial technologies developed in this research focus more on the creation of 

dynamic sound fields that are therefore perceivable independently of the sweet spot, though 

they will of course be perceived in varying ways depending on the audience members 

location.  
 

Early in the development of electronic music, there is evidence of the desire to experiment 

with large arrays of loudspeakers. One of the first recorded examples of a large-scale speaker 

orchestra was in 1958 at the Phillips Pavilion at the Brussels World Fair. The Pavilion, 

designed by Iannis Xenakis, featured an 11-channel sound system made up of 425 

loudspeakers. The feature work of the expo was Edgar Varèse’s tape-based composition 

Poème Electronique which was composed as a multimedia piece and synchronised with 

projected visuals. The loudspeaker system had nine different pre-programmed spatial 

trajectories that involved systematically changing the gain of groups of loudspekaers [13]. 

While the piece and spatial movements were pre-determined and not able to be dynamically 

adjusted in real-time, this piece was the beginning of concepts later explored in the speaker 

orchestras discussed in Section 2.3. 

 

One of the most influential spatial performances involving large numbers of loudspeakers 

was Stockhausen’s piece in the 1970 Osaka World Fair, shown in Figure 5. For the fair, the 

German Pavilion built a spherical auditorium that was 28 metres in diameter and featured 58 

loudspeakers organised in vertical rings, allowing the creation of orbiting and spiralling 

trajectories [13]. The audience listening and viewing space was on a platform in the middle of 

the sphere, ensuring that they were completely enveloped by sounds coming from all 

directions, including above and below. A performance station, which included 

potentiometers and joysticks, afforded live interaction with the loudspeaker system, allowing 

for live diffusion of sound through the 58 loudspeakers. Stockhausen's performance also 
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featured instrumentalists spatially separated throughout the pavilion. This serves as an 

example of spatialising more than just the loudspeaker, an idea further explored in Chapter 

Three. Stockhausen describes the experience: 

 

To sit inside the sound, to be surrounded by the sound, to be able to follow and 

experience the movement of the sounds, their speeds and forms in which they 

move: all this actually creates a completely new situation for musical 

experience. ‘Musical space travel’ has finally achieved a three-dimensional 

spatiality with this auditorium, in contrast to all my previous performances 

with the one horizontal ring of loudspeakers around the listeners. [13] 

 

Stockhausen’s pieces at the Expo are notable examples of loudspeaker-intensive pieces, 

however, other noteworthy configurations appeared at the same exposition. One such work, 

featured at the Japanese Pavilion, by Iannis Xenakis, included 800 loudspeakers, though no 

live diffusion. These early examples of large-scale loudspeaker arrays were immense in size 

but simpler in their functionality. Since then, a great deal more research has gone into 

increasing the potential for expressive control of systems of this nature, as will be discussed in 

Sections 2.3 and 2.5. 
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Figure 5. Stockhausen inside the spherical auditorium at the Osaka World Fair.4 

 

At a similar time in the United States, John Cage’s work also pioneered many spatial 

techniques that are still in practice today. His work William’s Mix (1952) featured eight 

monaural tapes that were arranged in what would now be considered a standard octophonic 

configuration. Later, in 1969, Cage collaborated with Lejaren Hiller on a multimedia 

environment, HPSCHD. HPSCHD featured (amongst many other things, such as live 
                                                        
4 http://homepage.eircom.net/~braddellr/stock/ Accessed 3.1.16 
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spatialised instrumentalists) 58 discrete loudspeaker channels amplifying both harpsichords 

and tapes, corresponding with an elaborate visual display [18]. Cage’s works featured an 

emphasis on mixing electronic or tape sounds with acoustic instruments, and spatialisation 

was considered for both facets, creating complex spatial imagery on many levels.  

 

Another collaborator of Cage’s was David Tudor, whose work also explored spatial elements. 

One of Tudor’s most well-known pieces, Rainforest IV (1973), spatially mixed live sounds of 

found objects and suspended sculptures with transformed reflections of themselves mixed 

through an audio system. Tudor considered the spatial positioning of the sculptures and their 

reflections as an expressive aspect of the piece. This position also served to create a more 

complex spatial environment of both original sound sources and their transformations 

through the loudspeakers [19]. Tudor’s work encouraged audience members to move 

through the room to experience the piece from different locations:  

 

It becomes like reflections and it makes, I thought, a quite harmonious and 

beautiful atmosphere, because wherever you move in the room, you have 

reminiscences of something you have heard at some other point in the space  

– David Tudor, [20] p 131 

 

Throughout these early spatial experiments in electroacoustic music, a number of avenues for 

spatial expression can be identified, as was the case with earlier instrumental compositions. 

These avenues continue to be the basis for contemporary spatial explorations. One such 

avenue, particularly exemplified by the above works, is the development of systems used to 

explore the blending of differing spatial techniques together in one spatial performance 

system.  
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2.3 The Emergence of the Speaker Orchestra 
Throughout the 1970s and 1980s, spatialisation concerts became a common occurrence in 

acousmatic practice across Europe and the United Kingdom: many prominent institutions 

invested in large-scale speaker orchestras. Some of the most notable examples include the 

GRM Acousmonium [21], the Institut de Musique Electroacoustique de Bourges’s 

Gmebaphone, later renamed the Cybernephone [22],  and the University of Birmingham’s 

Birmingham Electroacoustic Sound Theatre (BEAST) [23]. Early speaker orchestras consisted 

of a relatively small number of loudspeakers. The 1973 Gmebaphone (shown in Figure 6) 

featured around 20 loudspeakers, mostly made up of pairs of loudspeakers. Each pair had its 

own characteristics, colouring the sounds played through them in a unique way. It was this 

differing coloration of unique loudspeaker combinations, and the physical spatial positioning 

of the loudspeakers both on stage and throughout the concert hall, that the diffusion artist 

used to manipulate and interpret the space in his or her piece. The diffusion performer would 

interact with the system by affecting the gain of each set of loudspeakers, usually with a 

mixing desk, to create perceived spatial variation in the piece. The variation comes from the 

diffusion artist manipulating the gain of each loudspeaker or group of loudspeakers therefore 

changing the perceived location and dispersion of the source, as well as the way it activates 

the room acoustics. Through the enacted mode of delivery5 of the diffusion artist the spatial 

perspectives can be dynamically adjusted. Therefore through the act of diffusion, the artist 

may guide the audience through various modes of spatialisation that are independent of, 

though inherently linked to, the sonic material.  

 

Some speaker orchestras were designed to be portable and therefore could be set up in many 

different concert spaces. The ability to adapt to a new space was an integral part of their 

success, given that at this point in time, the diffusion artist’s main real-time aesthetic 

contribution was based upon a live interpretation of his or her piece in the concert space [24]. 

The novel research presented later in this thesis aims to also be sympathetic to requirements 

                                                        
5 The active diffusion of perspectival space in public listening [1]. 
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of the diffusion artist. Issues of portability and real-time capabilities are addressed in the new 

diffusion interfaces presented in Chapters Three and Four. 

 

 
Figure 6. The 1973 Gmebaphone [16]. 

 

2.4 Algorithmic Advancement 
In the speaker orchestra systems so far discussed, the performer’s aesthetic decisions are 

concerned with expressively manipulating the way sound is dispersed through a room [24]. 

The channel routing of the particular diffusion system greatly influences the potential for 

creating dynamic trajectories in space. The most common routing for early systems was to 

have pairs of loudspeakers separated between the left and right, but equally spaced vertically 

throughout the room. This was a somewhat intuitive setup: because the pieces played on the 

speaker orchestras at the time were often composed in stereo, such pairings were an extension 

of stereo. The pieces already held the left-right spatial spread data intrinsically, leaving the 

performer to control depth and spread created through the choice of gain of each loudspeaker 

pair. 

 

The increasing sophistication of spatial rendering algorithms has greatly influenced diffusion 

performance, beginning with research conducted in psychoacoustics that led to more 
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accurate pan-pot laws for stereo panning [25], [9], [26]. A significant early example of this is 

Michael Gerzon’s research into ambisonics in 1977 [27]. Further spatialisation advancements 

came in the 1990s with developments in Vector Base Amplitude Panning (VBAP) [28], Wave 

Field Synthesis [29], and Higher Order Ambisonics [30]. Whilst a thorough explanation of 

advanced spatialisation algorithms is beyond the scope of this thesis, it is important to note 

that all of these techniques rely heavily on very specifically configured equidistant 

loudspeaker arrays.  Both VBAP and Ambisonics are only accurate in a pantophonic ring6 or 

sphere, with a minimum of eight loudspeakers.7 The creation of phantom source positions 

gains accuracy and perceptibility as the number of loudspeakers used increases. Thus, to most 

effectively use these techniques in diffusion concerts, the configuration of the concert hall 

would need to be optimised, a luxury not always afford to electroacoustic musicians.  

 

As a result of such technological advancements, composers were able to think about 

spatialisation in their pieces in a very different way, and to engage in a new range of spatial 

aesthetics. Tools for control and rendering of these techniques found their way into the 

Digital Audio Workstations that composers often use in the studio. The most common forms 

of spatialisation tools allowed the composer to drag a virtual representation of the source of a 

sounding object and place it within a graphical depiction of the loudspeaker array. This 

approach to the user interface is still highly prominent in DAW GUI (graphical user 

interface) design today. The new spatialisation interface tactile.motion, presented in Chapter 

Three, draws inspiration from the user interface designs of these systems.  

 

In the studio, composers can have more time to place sounds in exact desired locations and 

trace out specific trajectories with the mouse on the screen. In performance, however, all 

                                                        
6 Pantophonic refers to an array of loudspeakers, which are equally distributed in a circular 

manner. 
7 While eight loudspeakers is considered the minimum to avoid the creation of holes in the 

pantophonic field by many researchers, others have also made claims that six loudspeakers 

can create accurate source positioning. 
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motions need to be achievable in real time. As spatialisation algorithms became more 

sophisticated, composers were able to think about where they wanted to place sounds 

discretely within the space rather than just the way they were dispersed. In light of this, from 

the late 1990s onwards, a significant split in the paradigm of diffusion practice can be 

observed, the results of which will be discussed in the following section. 

 

2.5 Recent Trends In Diffusion History 
In the 1990s, there was a perceivable change in the way some composers approached 

spatialisation in their pieces, both in the studio and in live performance. Previously in 

diffusion concerts, the composer’s intent was typically to use the loudspeakers’ acoustic 

qualities and placement within the concert hall to spatially enhance his or her composition 

[24], [31], [32]. The aesthetic engagement was with the overall perception of the piece in the 

environment, rather than the placing of a specific sounding object in a discrete location. In 

this approach, the audience’s perception of the composer’s intention is a function of their 

physical position within the space. The concerts tended to take place in a configuration in 

which the performer is positioned in the sweet spot, and the audience seated generally behind 

the performer with little to no view of the performer or the performance interface. This gives 

the audience a very different auditory perspective of the spatial field than that of the 

performer. Obscuring the audience’s view of the performer also makes the performers 

physical gestural connections that portray the composer’s intent difficult to be visually 

perceived by the audience. 

 

As a result of this new practice, a significant divergence into two separate branches in 

diffusion performance can be identified. While other spatial theorists have noted divergences 

based around the way space is composed and perceived (such as Smalley’s listening space and 

composed space [1]), the recognised divergence here is the conceptual difference relating to 

the way the composer interacts with the spatial tools in order to actively engage with varying 

spatial attributes. These two branches are identified as ‘room-based diffusion’ and ‘phantom 

source positioning diffusion’. Room-based diffusion upholds the ideals of the spatial 

interpretation of the piece through spatial dispersion and colouration through variation in 
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the loudspeakers, but has undergone significant advancement in technologies and techniques 

used. Phantom source positioning diffusion, on the other hand, embraces advanced 

spatialisation algorithms with the goal of creating dynamic spatial fields. This second branch 

is currently undergoing rapid development, with many research institutions across the globe 

devoting time and resources to the real-time control of source positions in performance and 

to gestural interactions between the performer and space. This divergence is also shown 

above, in Figure 2. 

 

While separation is between the two developments evident, there are common trends in the 

development of the two branches, and many systems attempt to blend them. For example, 

practitioners of both branches of diffusion have shown a strong desire to increase the 

complexity of potential spatial trajectories. This is often implemented with an emphasis on 

behavioural functions exhibited by particle systems, such as is the case in [33], [34], and [35]. 

Practitioners in both branches have also exhibited a strong interest in the development of 

three-dimensional and spherical sound fields. 

 

There are also many areas of development that differ between the two branches identified. Of 

particular interest to this research is the difference in the user interfaces being utilised for live 

performance across the two branches. Source positioning diffusion has begun to place a 

greater importance on the performance interface used in concerts and to focus development 

on advancing interfaces for intuitive spatial control. These new interfaces afford the user the 

ability to gesturally perform complex trajectories, intuitively and in real time. Conversely, in 

room-based diffusion, the development has been focused more on software and PC-based 

GUI designs rather than physical interfaces. Each of these branches, along with significant 

examples of each branch presented, will be discussed in the following subsections. 

 

2.5.1 Room-Based Diffusion 
The original ideas of colouration and live interpretation that were developed with early 

speaker orchestras and diffusion performances had a lasting impression on the spatial 

performance field. The conceptual spatial engagement in this branch of diffusion could be 
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likened to Smalley’s idea of listening space where the composer actively considers the 

listening or performance environment and its spatial attributes. However, in the dynamic 

approach to spatialisation that live diffusion systems afford there is also a strong connection 

to Smalley’s composed space. In light of this, as identified in the preceding section the 

separation in the development of diffusion that is referred to as room-based diffusion is based 

on the way gestural way the performer interacts with the spatialisation technology. This 

branch of diffusion is still a common one today: both the BEAST and Gmebaphone systems 

introduced in Section 2.3 are still in use and continue to evolve. There have been a number of 

areas within the speaker orchestras that have experienced much development over time. 

These developments will be discussed below. 

 

The BEAST system now regularly features over 100 loudspeakers that can be configured in 

many different ways. As the power of the modern PC advanced, systems were capable of 

more complex audio processing. As a result of this increase in computing power, one of the 

most significant advancements to speaker orchestras has been the inclusion of advanced 

software tools for the programming of autonomous spatial trajectories and complex spatial 

distribution patterns. For example, the developers of BEAST publically released 

BEASTmulch, the software that now drives the BEAST concert system. Alongside 

BEASTmulch is BEASTmulchLib, a SuperCollider class library that includes many tools for 

diffusion performance, including interfacing with MIDI controllers, implementing 

spatialisation algorithms, and automating trajectories [36]. The release of BEASTmulchLib 

has made these more advanced spatialisation techniques accessible to a wider range of 

composers and performers.  

 

The Gmebaphone system has always placed great emphasis on the colouration provided by 

varying the types of loudspeakers used and ensuring the highest possible audio quality 

throughout the signal chain [22]. In 1997, the sixth iteration of the Gmebaphone, renamed 

the Cybernephone, embraced digital hardware. With a digital system came a new range of 

possibilities for networking, which quickly became a major emphasis of and asset to the 

system. The Cybernephone is capable of networked diffusion: artists can perform remotely. 
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Composers can also pre-record all of their spatial trajectories and have them played back for 

the concert. Whilst arguably significantly reducing the performative element of diffusion 

concerts, such pre-recording does greatly increase the potential complexity of trajectories, 

thus fulfilling a major goal in both branches of diffusion.  

 

Complementing the developments taking place through these flagship systems is the 

emergence of a new wave of diffusion systems. Some systems, such as Belfast Sonic Art 

Research Centre’s (SARC) The Sonic Laboratory [37] exhibit an ability to easily adjust 

loudspeaker configurations within the space by mounting the loudspeakers on a grid-based 

rail system, including loudspeakers below audience level. The University of Sheffield’s M2 

[38] and later ReSound [39] also aim to increase expressivity in speaker orchestra 

performances. M2’s system is highly portable and configurable, allowing on-the-fly routing 

changes to be incorporated within a piece. The ReSound system adds an ability to include 

some autonomous motions that can be triggered and affected in real-time. These systems 

have encouraged a new level of modularity and usability, making the art of diffusion 

performance accessible to a wider range of composers, as well as creating an engaging and 

immersive experience for the audience member. 

 

Throughout these systems, there is also a focus on the reproduction of holophonic8 sound-

fields within the wider sonic environment. It is now commonplace for a larger speaker 

orchestra to be divided into sub-groups and have, for example, a middle eight loudspeaker 

group that implements a VBAP algorithm. There is also a capability to designate a particular 

spatial motion to a group of loudspeakers such as BEAST’s Spatial Swarm Granulation [36], 

or ReSound’s Mexican Wave [39]. Spatial renditions based of naturally occurring dynamic 

spatial patterns such as these are not necessarily as prominent in this branch of diffusion as 

they are in the branch discussed below, they are present and widely used, and room-based 

diffusion has still been greatly affected by algorithmic advancement and phantom source 

                                                        
8 Holophonic sound-fields refers to the creation of a full spherical sound field where sounds 

can be placed virtually at any point within the field.  
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positioning. The progress made by these diffusion systems has allowed subsequent works, 

such as those presented in this thesis, to be undertaken.  

 

2.5.2 Phantom Source Positioning 
Running in parallel with developments in the sophistication of the speaker orchestra, a trend 

to increase interaction with phantom source positioning in spatial fields has arisen. While this 

branch of diffusion would conceptually more closely be related to Smalley’s idea of composed 

space, as with room-based diffusion, phantom source positioning focuses on the dynamic 

creation of spatial trajectories rather than pre-composed spatial fields. The real-time nature of 

these spatialisation techniques also links them quite strongly with the physical space of the 

concert environment and the listening space. Again, the distinction in phantom source 

positioning is made based of the gestural interaction with the performance technology rather 

than the way the spatial relationships are perceived by the listener. Concerts from this branch 

of diffusion have placed less emphasis on increasing the amount of loudspeakers they are able 

to drive and more on the creation of an all-encompassing holophonic sound field, made 

possible by the advances in spatial algorithm development, as discussed above in Section 2.4. 

 

One of the major advantages of the holophonic sound field approach is that fully immersive 

sound fields can be created with as little as eight loudspeakers and one audio interface, thus 

significantly reducing the cost of deploying such a system. With much shorter (though still 

considerable) setup times and a performance environment closer to that of a standard 

electroacoustic studio, composers can be afforded more rehearsal time in the space. 

 

In traditional diffusion performance practice, the artist actively engages with the system by 

directly adjusting the gain of individual loudspeakers, pairs, or groups of loudspeakers; in 

source position diffusion, however, the performer manipulates the perceived position of a 

source. Such an approach is exhibited in the GSMAX software, which aims to encourage 

dynamic sound field creation by affording the performer the ability to trigger spatial 

trajectories and dynamically set them in motion [40]. The system makes the appropriate 
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calculations to control the gain of individual loudspeakers for the specified location, and 

creates the phantom source.  

 

Another approach to the speaker orchestra system is large-scale multi-media dome 

environments. One of the early examples of this is Stockhausen’s Osaka World Fair 

performance of 1970, discussed above in Section 2.2.2. A more recent example is the 

University of California, Santa Barbara’s AlloSphere [41]. The AlloSphere expands a 

traditional diffusion environment and is used for both performance and interactive 

installation and includes 3D visuals as well as spherical sound. For a complete overview of the 

AlloSphere’s speaker configuration and audio capabilities, please refer to [42]. Advanced 

spatialisation systems such as these have the ability to expose a wider range of audience 

members to immersive spatial experiences and can encourage composers to use advanced 

spatial techniques. 

 

 
Figure 7. Diagram of a new concert setting for diffusion performance concerts. 
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The phenomenon of the sweet spot plays an interesting role in this branch of diffusion. 

Traditionally in diffusion concerts, there is still a strong notion of a stage (though a performer 

is not necessarily on it), with the loudspeakers themselves fulfilling the physical presence of 

an instrument or performer on stage. The mixing desk (and performer) is often set in the 

middle of the space, and the audience is set both behind and, sometimes, in front of the 

performer. Very few audience members are situated within what would be considered close 

enough to the sweet spot to receive an accurate spatial image. Compromises will always need 

to be made due to the physical implications of seating a large audience within a performance 

space. However, the importance placed on the sweet spot in a concert setting is diminishing 

somewhat. For example, recent electroacoustic concerts at the New Zealand School of Music 

(NZSM) have taken place with an 8-channel loudspeaker array driven by VBAP algorithms. 

The concert setting attempts to try to place all audience members within the loudspeaker 

array (as shown in Figure 7) but place the performer in the sweet spot as to link physical 

performance gestures more transparently with perceived sonic trajectories. While no 

audience member experiences the same sound field perception as the performer does, the 

emphasis is placed more on the dynamic movements of sound, which are perceived 

independently of the sweet spot, rather than the discrete localisation of an exact position by 

all audience members. 

 

With performers now interacting directly with source positions rather than loudspeaker 

gains, many researchers in the field have begun to question the validity of the mixing desk 

and indeed, the fader (a vertical potentiometer), as a desirable performance interface. The 

ergonomics of the mixing desk significantly limit the types of trajectories able to be 

performed. This problem is well recognised within the field [40], [43], [44] and has given rise 

to a new sub-field of diffusion practice that has recently exhibited a phase of rapid 

development: the design of custom performance interfaces for diffusion practice. Although 

this new sub-field has been largely driven by source positioning diffusion, it does span both 

branches of diffusion and will be discussed in depth in the subsequent section. 

 

 



 

 41 

2.6 Spatial Performance Interface Design 
The majority of new interfaces being used for diffusion performance can be arranged into 

three categories: those using existing tools (mostly from the gaming industry), those using 

multi-touch interfaces (both tablet-based and table-top surfaces), and those using entirely 

new hardware interfaces inspired by the NIME community. The advances discussed in this 

chapter have worked to encourage new aesthetics in diffusion and to afford the performer 

heightened control of spatial positioning in the sound field. The following subsections will 

provide an in-depth examination of each of these three categories and will introduce notable 

examples from them, highlighting their strengths and weaknesses. Some of the new interfaces 

that have been developed as contributions to this research are also included in this section, to 

place them within the categories in which they sit in the wider research field.  

 

2.6.1 Appropriating Existing Tools 
The mixing desk is by far the most notable user interface of those made from existing tools. 

Originally designed for the recording and broadcast industries, mixing desks were developed 

to take multiple lines of audio input simultaneously and mix them down to a small number of 

lines of output. For a diffusion concert, the opposite of this is required: a small number of 

inputs need to be dispersed throughout a larger number of outputs. However, many standard 

mixing desks have at least 8 direct outputs, meaning that the interface does work for the 

purpose of sound diffusion. Still, the literature contains examples of performers who have 

found the interface ergonomics of the mixing desk to be quite limiting to the potential sonic 

trajectories [44]. For example, dynamic circular motions are difficult to create on a mixing 

desk. As there is no specific standardised fader assignment configuration, performers need to 

adjust quickly to whatever setup is being used for that concert space, which may or may not 

be the setup that they prefer or on which they have rehearsed. When the needs of every 

performer in a concert are taken into consideration, the configuration becomes complex and 

lengthy changeover times between performers result. 

 

In response to the limitations of the traditional mixing desk, a number of alternative 

hardware interfaces have been developed. The BEAST system uses a customised mixing desk 
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that has been optimised for large–scale diffusion [45]. The M2 and ReSound systems take 

BEAST’s innovation one step further with a fully custom-built fader interface that can be 

rotated 90 degrees to give a more intuitive relationship to left/right motion, in a manner 

similar to that of the crossfade on a DJ mixer [38]. Resound can be used with any MIDI 

controller, and the faders (or other control sensors) can be dynamically mapped to 

loudspeaker groups or behaviour properties on the fly [39]. Whilst these advances certainly 

increase expressive control and potential sonic trajectories, the fader-based user interface 

leaves performers with many of the same problematic couplings caused by the mixing desk 

that these systems aim to reject. 

 

Research into gestural controllers from the gaming industry has seen artists from many fields 

appropriate these tools for artistic practice. Joysticks [46], Gametraks [47], and Wiimotes [48] 

have been common controllers in popular electronic performance, and have all been used for 

live spatialisation. More recently, the Microsoft Kinect has also become popular for gesture 

tracking in live music performance. The Centor9, from University of Montreal, is used in 

conjunction with customised gesture tracking software as a diffusion interface for control of a 

three dimensional loudspeaker dome (similar to the AlloSphere). The Kinect tracks gestures; 

the custom software then recognises specific performance gestures to ‘pick up’ and ‘move’ 

sounds through the space, with a separate gesture to ‘put down’ or ‘leave’ sounds in a spatial 

location once they are moved. In theory, this system is quite intuitive, allowing a direct one-

to-one mapping of physical movement to spatial output. In practice, however, the performer 

is limited (as in many systems) to moving only two sounds at a time, as they only have two 

hands with which to create gestures. The system does allow for a highly expressive range of 

sonic trajectories to be performed. Although the connection between the performers action 

and the spatial movement is very intuitive, systems such as these can have long calibration 

times and many quirks to learn, taking up valuable rehearsal time. Other gesture-tracking 

systems will be discussed in Section 2.6.3. 

                                                        
9https://www.behance.net/gallery/Centor-Gestural-interface-for-live-sound-

diffusion/8926479  Accessed 26.2.2016 
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2.6.2 Multi-Touch Tools 
The introduction of the Reactable [49] in 2005, and other touch-based interfaces before it 

[50], [51], saw the wider electronic music community embrace the use of multi-touch 

surfaces as performance interfaces. With the majority of early applications for such devices 

focusing on synthesis models, it quickly became apparent that such interfaces can be used not 

only in performance but also for collaborative installation use and as studio tools [52]. Some 

research teams [53], [54], have explored the development of multi-touch studio mixing tools. 

These tools have included spatial rendering, although they have largely been limited to stereo 

or quadraphonic loudspeaker systems, and their focus has been more on the use of other 

studio mixing techniques. 

 

Large-scale multi-touch tables have also been used more specifically as spatialisation tools. 

The SoundScape Renderer, first devised as a spatial rendering system for collaborative 

installation and studio use, started as an application for a large-scale multi-touch table [55]. A 

later version of the interface was ported to the Android operating system and is now a free 

downloadable application for Android-based systems [56]. The SoundScape Renderer is 

capable of higher-order ambisonic, binaural, or VBAP rendering and employs an object-

based approach wherein the user interacts with graphical representations of each audio file 

rather than focusing on control of loudspeaker gains, as is common in many of these 

performance interface-driven systems. The object-based approach and stage view are 

common trends amongst new diffusion systems and, in particular, those employing touch 

based interfaces [57]. 
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Figure 8. Multi-touch table surface the BrickTable [58]. 

A multi-touch table application that was built specifically for diffusion performance is the 

author’s tactile.space, shown in Figure 9 [59]. tactile.space was built to run on the table-top 

surface The Bricktable (shown in Figure 8) [58]. Though many music performance 

applications had previously been built for The Bricktable [60], tactile.space was the first 

specifically designed for diffusion performance. The application allows the user to input the 

number of loudspeakers and audio stems desired, as well as other customisable user settings, 

before compiling. The user is then presented with a graphical user interface where he or she 

can simply drag visual representations of each of their sound files into their desired location 

within the spatial field, resulting in a real-time spatialisation. The interface proved successful 

in many aspects with an easily learnable and intuitive user interface [61]. tactile.space not 

only makes it easy for artists to perform complex spatial trajectories, but also introduces 

control of spatial spread. By placing a second finger inside an audio object, the user is able to 

spread the object into an arc shape to widen the perceived sound source. The arc’s position 

and distance can then be adjusted by moving small circles drawn in the arc’s centre. The 

width of the spread can be adjusted by moving either of the circles at the arc’s edges. The arc 

can be spread into a full circle to completely immerse the audience. In 2012, tactile.space was 
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evaluated by composer-performers who worked with the interface, the results of which can be 

found in [62]. As a major precursor to the research presented in this document, tactile.space 

has undergone much development, eventually resulting in a new application named 

tactile.motion, discussed in depth in Chapter 3.  

 

 
Figure 9. The tactile.space touch table application running on the BrickTable allows the 

user to drag audio objects around a space. 

2.6.3 New Physical Interfaces 
The third category of spatial interfaces has arguably seen the least development across the 

field. Inspired in part by the community surrounding the New Interfaces for Musical 

Expression (NIME) conference, a new wave of custom-built hardware controllers has 

emerged as interfaces for diffusion performance. Many of these systems are similar to the 

Kinect-based gesture-tracking systems mentioned above in Section 2.6.1, but include artist-

built controllers attached to the performer's hands that can be tracked. There are also 

examples of entirely new physical interfaces built to compensate for the ergonomic 

weaknesses of the mixing desk as a diffusion interface. Examples of such interfaces are 

described in the following paragraphs. 
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One example of a gesture-tracking-based system is SARC’s Hand-Held Light Emitting Pen 

Controllers [43]. By placing an LED on the pen controller, its position can be tracked by a 

camera. The performer holds one pen in each hand, and the position of the pen is directly 

mapped to the spatial location of each half of a stereo signal. While this system affords 

intuitive control of spatial trajectories, it limits the performer to control of only two audio 

stems at a time, a limitation that has been recognised in other systems, mentioned above. 

Each pen has two LEDs, allowing the system to recognise a twist of the wrist, which is 

mapped to source spread. The system encourages intuitive relationships between gesture and 

sonic trajectory, affording the performer a wide range of spatial trajectories and, therefore, 

expressive control of space. Like all vision-tracking systems, however, the performer is 

limited by their own reach and their inability to control two more than two stems 

simultaneously. Additional shortcomings include sensitivity to stage lighting and proximity 

and the necessity of a line-of-sight between of performer and camera. 

 

Another example of a custom-built system is a diffusion interface using the Polhemus Liberty 

Tracking System [63]. In this system, the performer wears a custom glove that sends spatial 

position information, which can be unpacked in either Max/MSP or Pd. By using up to six 

infrared cameras, this vision-tracking implementation aims to improve some of the 

limitations of other tracking systems that rely on the line-of-sight of one or two cameras. The 

user has reflective spheres placed on his or her hands, and each sphere only needs to be 

within the view of at least two cameras to have its position tracked. 

 

An example of an entirely new interface designed specifically for sound diffusion is the 

author’s Chronus_1.0 [64]. Chronus_1.0 (pictured below in Figure 15) features a rotary 

encoder-based design for spatial positioning in a pantophonic field. The rotary encoder is 

similar to a standard knob-based potentiometer, although it can be continually rotated past 

the point of 360 degrees. This allows the position to be directly mapped in space without 

limiting any spin-based trajectories to a single rotation (as commonly-used single-rotation 

potentiometers do). This interface served as a prototype to Chronus_2.0, a contribution to the 

research being presented in this thesis (discussed in depth in Section 3.1). Additionally, while 
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not a physical controller as such, the speaker.motion system presented in Chapter Four also 

best fits into this category of new spatial hardware interfaces. 

 

Diffusion systems and performances have come a long way since their conception in the 

1940s. Whilst the concert setting, speaker orchestra, and performance interfaces have all 

undergone significant change, diffusion has remained a primary form for performance of 

multichannel acousmatic works. Influenced by the advancement of spatialisation algorithms 

through the 1980s and 1990s, the trend most relevant to this research is the design of custom 

user interfaces for spatial performance practice.  

 

While new user interfaces have emerged in different ways across the field and have taken 

many forms, they also share many common design goals. New spatialisation interfaces have a 

focus on transparency in the relationship between physical gestures and sonic trajectories, 

and in increasing the sophistication and complexity of spatial motions able to be realised in 

real time. In order to contextualise these advances, Figure 10 shows the interfaces discussed in 

this section arranged in chronological order.  
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Figure 10. A timeline of significant interfaces and techniques in the development of the 

spatial performance field. 
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2.7 Extended Spatial Practice 
A further way in which composers are creatively engaging with space is through the aesthetic 

use of the physical acoustics of the performance space, as was evident in the work of Willeart 

and Gabreli in Section 2.1.1. A more recent example of this is Alvin Lucier’s I am sitting in a 

room (1969), in which Lucier records his own voice speaking the now-iconic phrase: 

 

I am sitting in a room different from the one you are in now. I am recording the 

sound of my speaking voice and I am going to play it back into the room again 

and again until the resonant frequencies of the room reinforce themselves so 

that any semblance of my speech, with perhaps the exception of rhythm, is 

destroyed. [65] 

 

The piece starts out with a clear acoustic image of Lucier’s voice, however Lucier then plays 

the recording back into the room, and records the result. This process is repeated a number of 

times and from the very first repetition a listener may notice timbral differences in the voice. 

This repetition and spectral transformation is created through the static playback and re-

recording of the audio through the room. As this process is repeated, each iteration results in 

more variation evident in the resulting audio. Toward the end of the piece, the connection to 

the original recording of speech is semantically lost: instead one hears rhythmic intonations 

within the resonant frequencies of the room. In I am sitting in a room, it may be said that not 

only is the physical space the main signal processing effect, but is the main aesthetic output 

for the piece. Other examples of this spatial interaction where spectral transformation occurs 

through engagement with room acoustics include Denis Smalley’s Empty Vessels (1997) [66], 

and Peter Ablinger’s Weiss/Weisslich (1996).10  

 

A great deal of research has been conducted on how one can build ideal performance spaces 

that allow sound to travel large distances with minimal colouration from the physical space 

[67], [10], [14]. However, in Lucier’s piece and in the research that will be presented in 

                                                        
10 http://ablinger.mur.at/ww31.html Accessed 23.3.16 
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Chapter Four, the idea of using the physical space is not in an attempt to compensate for the 

less-than-ideal properties of the room, but is rather intended to embrace its unique physical 

qualities (that give rise to its acoustic properties) and to use them for aesthetic and 

compositional exploration.  

 

Another trend that can be identified in the aesthetic use of spatialisation techniques is the 

inclusion of physics-based systems to manipulate spatial trajectories. The algorithmic 

development and understanding of human psychoacoustics, discussed in Section 2.4, allowed 

composers to accurately create phantom-source positions in space. This accuracy allowed 

composers to conceive of and implement intricate spatial movements in their compositions. 

While physics-based systems have been used in algorithmic composition for some time, they 

have more recently also been used to drive the spatial movement of sounds. For example, 

David Kim-Boyle has deeply explored the use of particle system behaviours as a means of 

expressing spatial trajectories [33]. Many modern diffusion systems such as BEAST and M2 

(discussed in Section 2.5.1) also allow composers to trigger particle system behaviours, such 

as swarming and flocking, to create autonomous spatial motion patterns. These behaviours 

have been particularly popular for spatialising granular timbres: Michael Norris’s spin/drift 

software uses the concept of grains of sound and takes from particle systems the idea of an 

‘emitter’ that generates particles; these can then be spatialised in either a circular ‘spin’ or a 

linear ‘drift’ motion [34]. Such physics-based spatialisation systems have greatly influenced 

the research presented in this thesis, as they allow the creation of dynamic complex spatial 

trajectories.  

 

2.8 Extending The Loudspeaker 
While not always intended for spatial effects, throughout history there have been a number of 

augmented loudspeakers. In 1940, Donald Leslie began selling his Leslie loudspeaker, which 

was designed to simulate on an electric organ the spatially resonant qualities of the pipe 

organ. It explored this effect by rotating a loudspeaker at such speeds as to create a Doppler 

effect. The original Leslie could only be run at one speed, but a later version was able to run in 

slow ‘Chorale’ and fast ‘Tremolo’ modes. The audio effect created by the Leslie has since 
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inspired a number of musical effects systems that were very popular in the 1960s and 1970s, 

and are still in use today. The Sharma loudspeaker, by Keith Hitchcock, also sold in the 1960s 

and 1970s, was designed in direct competition with the Leslie. The cabinets that enclose these 

loudspeakers mean that the sound coming from them was still very much localised to one 

point in space, in a similar manner to a traditional loudspeaker cabinet. The use of these 

rotating systems was to spectrally modify the audio and create variation in the timbre rather 

than to create spatialisation effects. Later, as guitar pedals and other similar tools were able to 

simulate the same audio effects as the Leslie and Sharma loudspeakers, the loudspeaker units 

themselves experienced a significant drop in popularity. In spite of this, they are still available 

today, and the timbre they create became strongly associated with the sound of much popular 

music of the era [68]. 

 

More recently, Dan Trueman and colleagues developed hemispherical loudspeaker arrays as a 

way of simulating, in electronic instruments, the complex acoustic radiation patterns created 

by acoustic instruments [69]. These hemispherical loudspeakers also allow electronic 

musicians to create the same point source localisation when collaborating on stage that would 

be experienced through localising sounds to specific instruments in an acoustic orchestra. 

The hemispherical arrays have been used extensively in laptop orchestras and robotic music 

ensembles. While not necessarily the original intention, the shape of these loudspeakers does 

allow musicians to conceive of spatial trajectories by creating specific panning patterns 

throughout the individual cones of the loudspeaker unit.  
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Figure 11. Hemispherical speakers in a rehearsal space for the Princeton laptop orchestra 

PLOrk [70]. 

 

The spatial elements of hemispherical loudspeakers have been explored in more depth by 

Gerriet Sharma and colleagues, who have used their icosahedral loudspeaker system as a way 

of spatialising sound [71]. This is accomplished through the creation of complex spatial 

trajectories with the individual cones of the icosahedral loudspeaker as well as by positioning 

the speaker array in the room in particular ways to allow the composer to manipulate room 

reflections. 

 

The speaker.motion system presented in Chapter Four draws inspiration from all of the above 

areas of spatialisation research and performance practice: like these prior works, by 

expanding the design of the loudspeaker itself, it aims is to provide composers with a new 

level of aesthetic spatial engagement. 
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2.9 Spatial Performance Technologies Summary 
Amongst all the developments of the spatial performance paradigm, the original goals of 

diffusion are still the driving force of all development: to increase the composer's aesthetic 

engagement with space. It is with this concept in mind that the research presented in the 

remainder of this thesis has been conducted. Through all of the examples taken from various 

times throughout the history of spatial music, some common themes are evident: there are a 

number of approaches to spatial expression that are evident both in electroacoustic music of 

the past seventy years, and, before those times, in chamber music and orchestral music. 

Though composers have been using spatial elements as expressive parameters for hundreds of 

years, modern technology allows new spatial interaction techniques to be developed. The 

main goal of the research presented throughout this thesis is to apply new technologies to the 

field of spatial performance in the hope that this application will increase the aesthetic 

engagement with space that composers utilise. It is also hoped that by providing new and 

intuitive technologies for spatial expression, these expressive elements will become more 

accessible to composers. The research presented in the remainder of this thesis draws 

inspiration from all of the works discussed in this chapter; the critical analysis of such works 

has contributed to the design approach and methodology of these new technologies and the 

musical works created with them.  
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Chapter Three 

 

Spatial Interface Design 

 
The previous chapter identifies a need for development to take place in the design of new 

performance interfaces for spatialisation to afford composers new ways to engage with spatial 

aspects of music. In particular, a need for new interfaces for the control of live spatialisation 

systems that exhibit a phantom source positioning approach was identified. The goal of these 

types of user interfaces is to allow the composer/performer the ability to directly manipulate 

the perceived source of the sound rather than the individual loudspeaker’s gain. As a major 

contribution to this research, a range of new spatial interfaces that explore this type of 

interaction mode are developed, tested, and used in performance contexts. Their success has 

led to the development of similar interfaces that go beyond the paradigm of gestural control 

of source position and into broader spatial aesthetics.  

 

This chapter outlines the user interfaces built as part of this research. It discusses their design 

principles and design methodology as well as the ways they were tested, performed with, and 

the evaluations received from composers who utilised them. Particular attention is paid to 

tactile.motion: as the most mature of these spatial interfaces, the chapter uses tactile.motion to 

describe the iterative design methodology that was implemented for the development of these 

interfaces. Figure 12 shows the interfaces developed in context with where they contribute to 

the recognised areas of spatial interface design, as identified in Chapter 2. 
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Figure 12. The new interfaces introduced in this chapter placed in context with the 

categories for interface development as recognised in Chapter Two. 

 

The first section of this chapter introduces Chronus_2.0 (shown at left in Figure 13), a new 

physical user interface for phantom source positioning. The chapter then introduces two new 

spatialisation controllers that were developed for the iPad. The first iPad application, 

tactile.motion (at centre in Figure 13), is a performance tool for live diffusion. A thorough 

overview of tactile.motion, including the design goals and design methodology in its 

development, is provided. There is also discussion of evaluations of the interface from a range 
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of composers/performers. The chapter then proceeds to explore the idea that there can be 

much more to spatialisation than the spatial control of loudspeakers: there will be a 

discussion of mecha.space (at right in Figure 13), an iPad application designed for interaction 

with spatialised mechatronic musical instruments. The chapter concludes with discussion of a 

selection of musical performances that took place utilising the tactile.motion interface. These 

performances contributed to the iterative design methodology as both technical tests of the 

interface’s features as well as tests of the new spatial affordances that the interface exhibits. A 

further iPad application for live spatial control was also developed as part of this research; 

however, as its focus is on the control of the speaker.motion spatialisation system, it will be 

discussed as part of that system in Chapter Four.  

 

 
Figure 13. The spatial interfaces introduced in this chapter, Chronus_2.0 (described in 

3.1), tactile.motion (described in 3.2), and mecha.space (described in 3.3). 

 

3.1 Chronus 
Chronus_2.0 is a physical interface developed as part of this research to address many of the 

technical and performance-related issues exhibited by other systems discussed in Chapter 

Two. The design goal was to produce a new physical interface that can be used for diffusion 

performance and may easily be incorporated into any musician’s live electronic setup. 
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Additionally, it was a design goal that the interface be highly intuitive so that performers may 

learn to use it rapidly. Finally, it must not require constant physical contact, so the performer 

is able to control the spatialisation as an addition to his or her performance without 

hindering his or her standard practice.  

 

Chronus_2.0, shown in Figure 14, affords the real time positioning of phantom source images 

through physical movements of the interface. A spinning disc controls the angle of the source 

position and a linear potentiometer controls the distance. A microcontroller reads the 

position of the potentiometer and the disc (via a rotary encoder), allowing physical gestures 

of the controller to position sounds in space in real time. The interface connects to a 

computer via USB; it also uses the USB connection to power the interface. 

 

 
Figure 14. The Chronus_2.0 Physical Spatial Controller. 
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3.1.1 Technical Design 
The first version of Chronus, described in detail in [72] and shown in Figure 15, was able to 

directly map the physical rotation of a spinning disc to a sound object’s position in space. The 

design featured a rotary encoder that was controlled via a free-spinning disc operated by the 

user. While this prototype indicated that the disc design was easy-to-use and very fast-to-

learn for performers, it only allowed angular position control data to be input. In order to 

increase expressivity and potential sonic trajectories, a second prototype of the interface, 

named Chronus_2.0 (shown in Figure 14), was designed and built. The main design goal of 

Chronus_2.0 was to afford the user control of both radial and angular positioning in space. 

The following sections explain the upgrades made to the Chronus system to include the radial 

position in a cost-effective manner and without compromising the intuitive control of the 

controller.  

 
Figure 15. The Chronus_1.0 controller featured a rotating disc connected to a rotary 

encoder. This system allows angular positioning within a pantophonic loudspeaker array, 
but has no way to control distance within the array. 
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The main advancement of Chronus_2.0 over Chronus_1.0 is the addition of a potentiometer 

that can control spatial distance. In order to keep the spatial mapping direct to the physical 

gesture, the fader must spin with the disc and constantly point to the sound source’s desired 

phantom source location. This would cause the wires associated with any standard linear 

potentiometer to tangle and render continuous circular trajectories impossible. To counter 

this, Chronus_2.0 incorporates a slip ring in order to allow free movement of the wired fader 

and intuitive gestural interaction with space without wires limiting rotation. The controller 

was designed with the aid of CAD program SolidWorks ,11 where a 3D model was first built, 

allowing various parts of the assembly to then be exported and cut with a laser cutter. 

 
Figure 16. The slip ring allows the wires coming from the top to freely rotate while 

remaining in contact with the stationary wires at the bottom. 

The slip ring, shown in Figure 16, is a device that allows electrical signals to be transmitted 

from a rotating structure (the spinning disc) to a stationary structure (the microcontroller). 

Rotating steel discs within the slip ring make contact with a stationary metal ring throughout 

the rotation, allowing current to flow through the two points. The slip ring affords 

continuous real-time transmission of data without limiting any circular trajectories. The 

rotating section of the slip ring is attached to the spinning disc via a metal tube. When the 

user rotates the spinning disc, it causes the tube and, in turn, the upper section of the slip ring 

                                                        
11 http://www.solidworks.com/ Accessed 7.12.15 
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to rotate as the angular position is changed. The wires from the contact points on the 

potentiometer are guided through the inside of the tube to the slip ring, protecting them and 

ensuring there is no chance of them becoming entangled as the disc rotates. 

 

The linear potentiometer and slip ring are a necessary inclusion into the design in order to 

allow the desired range of motion to be obtained. However, they interfere with the 

connection between the spinning disc and the rotary encoder that senses the disc’s angular 

position in the Chronus_1.0 design.  A range of commercial encoders exist that may attach to 

the outside of the tube; however, their relatively high price made them inappropriate for this 

intentionally low-budget design. In order to ensure lower prices and to allow for full 

functionality with a standard encoder (available for under $5), Chronus_2.0 incorporates a 

gear system. Two involute meshing gears software laser cut from 6 mm Perspex transfer the 

motion from the tube to the encoder’s shaft. The first gear is attached to the tube that rotates 

with the spinning disc; this rotational motion is then transmitted with a 1:1 ratio to the 

second gear, which is attached to and transmits the motion to the encoder, allowing the 

movement to be read by the microcontroller. This assembly is outlined in Figure 17. 

 
Figure 17. The Chronus_2.0 gear and encoder system allows the wires for the 

potentiometer to be run down the tube and through the slip ring whilst also transferring 
the motion from the rotating tube through the gears to the encoder. 
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The full internal structure of Chronus_2.0, shown in Figure 18, is based around the slip ring, 

gears, and rotary encoder all being able to be controlled from the one rotation of the spinning 

disc. This design ensures that the user is able to control the movement with only one hand, 

and therefore is able to use Chronus_2.0 simultaneously with other musical controllers within 

a live performance.  

 

 
Figure 18. Chronus_2.0’s internal structure allows the physical rotation of the spinning 
disc to be transferred to the encoder via the gear system as well as allowing the fader to 

continuously rotate with the spinning disc, and to have its wires run through the slip ring. 

 

The internal structure sits within a purpose-built enclosure laser cut out of clear 6 mm 

Perspex. The 6 mm thickness was chosen to support the weight of the internal structure and 

to ensure durability, making the controller easy to transport. All features of the structural 

design are placed within the enclosure with only the spinning disc sitting above the enclosure, 
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as shown in Figure 19. The encoder and slip ring are attached to a false bottom, separating the 

rotating parts from the stationary ones. This also allows the microcontroller to sit underneath 

the false bottom and to be enclosed by the outer structure, ensuring that no wires are left 

exposed. The external structure was designed to protect and support the weight of the disc 

and allow the tube to spin with ease. The clear Perspex of the structure allows the user to see 

all the internal parts to check that everything is functioning as desired. 

 

 

Figure 19. The external view of the Chronus_2.0 structure, including the purpose-built 
enclosure. 
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3.1.2 Chronus_2.0 Protocols and Communication 
A modular framework for interface driven spatialisation was developed for the Chronus_2.0 

interface that is outlined below. The was also implemented in the spatial interfaces discussed 

later in this chapter. The positional data from Chronus_2.0’s potentiometer and encoder are 

read by an Arduino microcontroller. The Arduino sends serial data to be processed by a 

custom-built sketch written in the Processing programming language. The first step is to scale 

and convert the data to polar coordinates (an angle and radius). The angular data can be 

converted to either degrees or radians, and the radial data is scaled based on a program 

variable of a maximum distance (the radius of the desired spatial scene). The data is then sent 

via OSC [73] messages as its polar coordinates. The data is calculated in this manner with the 

intention of having the interface easily integrated into any spatialisation system. The protocol 

implementation is designed so as not to isolate the interface to work with specific 

spatialisation algorithms: polar coordinates are the common input messages for the majority 

of advanced external spatialisation objects in Max/MSP, including both VBAP and 

ambisonics implementations.  

 

While the controller is designed specifically for intuitive spatial positioning of sounds, the 

intended modularity of the system means that the interface itself merely sends the control 

data to be processed elsewhere. Therefore, there is no reason that the controller could not be 

mapped to any other musical parameter or used with any other software. Any audio software 

capable of receiving OSC messages could potentially unpack the messages and map them to 

gain factors. A custom Max/MSP patch that drives all of the audio for the spatialisation has 

been developed alongside the Chronus_2.0 controller. The patch unpacks OSC messages and 

directs them to control the audio signal to which they correspond. The patch accepts up to 8 

channels of audio in any combination of live inputs or audio files and can output anything up 

to 16 loudspeaker channels. The signal flow for the system is shown in Figure 20. The 

Max/MSP patch for spatialisation with the Chronus_2.0 system is almost identical to that of 

tactile.motion, discussed below in Section 3.2.6. The entire hardware/software system is 

designed to be as modular as possible, with each section able to be interchanged at any point.  
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Figure 20. Chronus_2.0 system overview showing the communication protocols 

implemented. 

 

3.1.3 Chronus_2.0 Conclusions  
The Chronus_2.0 controller affords the performer accurate and gesturally intuitive control of 

spatial positioning within a pantophonic sound field.  The inclusion of the slip ring and gear 

system gives the performer a second axis of control while maintaining an intuitive gestural 

relationship to sonic trajectories at an affordable cost. A full modular spatialisation system (as 

outlined above)12 has been designed to utilise Chronus_2.0 and other performance interfaces 

in order to encourage heightened control and greater expressivity in spatial performances. 

While designed to be incorporated into the Chronus_2.0 hardware/software system, the 

physical interface can be used with any spatialisation algorithm and could easily be set up to 

                                                        
12 Further details about the modularisation of spatialisation systems is available in B. Johnson, 

M. Norris, and A. Kapur, "Modularity and Protocol in New Diffusion Systems" In The 

Proceedings of the Australasian Computer Music Conference (ACMC'14). Melbourne, 

Australia. 2014 
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send MIDI messages in order to communicate directly with Ableton Live or other DAWs in 

both studio and live applications. A demo video of Chornus_2.0 is available as item ten of the 

supplemental media files (detailed in Appendix One).   

 

3.2 tactile.motion 
The second user interface designed for increasing the range of spatial interactions possible in 

a live performance is tactile.motion. The tactile.motion application, shown in Figure 21, was 

initially conceived of as a mobile version of the author’s previous work, tactile.space [59]. 

tactile.space was developed for The Bricktable [58], but the platform of the iPad allowed the 

application to advance beyond the original to afford new approaches to spatial expressivity 

and aesthetic spatial engagement, as well as improved accessibility: indeed, one of the main 

goals in developing tactile.motion for the iPad was to increase the accessibility of the user 

interface. Running tactile.space involved extensive and specialised hardware, calibration of 

the open source tool Community Core Vision13, compiling the main application built in 

Processing, and manually loading audio files into a custom-built Max/MSP Patch. This 

process took much time and domain-specific expertise, significantly restricting the number of 

performers and institutions able to use the interface. By running on the iPad, tactile.motion 

requires no calibration, is not affected by stage lighting, can be used by novice performers, 

and can be freely distributed via Apple’s online store. The iPad has a much lower purchasing 

cost than a complete multi-touch table, and people may already own the device. It is hoped 

that these factors, as well as significant development of features, will ensure that the new 

application is much more accessible to a wider audience, as well as able to afford further 

spatial exploration. 

 

                                                        
13 http://ccv.nuigroup.com/ - Accessed 13.6.2016 
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Figure 21. A user moves an audio object on the tactile.motion iPad application. 
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3.2.1 The iPad Platform 
The interfaces discussed in Section 2.6.2 exhibited evidence that the multi-touch environment 

is capable of affording high levels of expressivity and that it warranted further and more 

specific development of new spatialisation interfaces. Because of this, Apple’s iPad was 

chosen as a platform for the design of new spatialisation interfaces. There has been a great 

deal of exploration and development of musically expressive applications for the iPad, 

iPhone, and other mobile platforms from the NIME community; some prominent examples 

include [74], [75], [76] and [77].  

 

Many artists and developers from the NIME community have built expressive musical 

interfaces using this platform. Ge Wang’s Magic Flute [74] and Magic Fiddle [75] are notable 

instruments based on the design of acoustic instruments. They were designed to utilise the 

capabilities of the tablet and smart phone technologies: their control systems include touch 

events, accelerometers, breath control (through microphone input), and GPS location. Even 

though these instruments are designed to replicate pre-existing acoustic instruments, they 

also extend their capabilities through utilising features of the new technology. For example, 

they include the potential for multi-user networked performance. There is also a vast array of 

synthesis applications written for touch screens that are accessible to the novice user as well as 

professional musicians. Some examples of these synthesis applications include The Arturia 

iMini,14 Moog Animoog,15 and the Korg iMS-20.16 

 

A further trend contributing to the decision to use the iPad in the development of the 

applications presented in this thesis is the use of portable touch screen technologies as control 

interfaces (rather than as standalone instruments). Many PC-based music software programs 

are now capable of receiving control information from touch-based interfaces. For example, 

                                                        
14 https://itunes.apple.com/app/imini/id603340125?mt=8 Accessed 5.3.16 
15 https://itunes.apple.com/app/animoog/id471638724?mt=8 Accessed 5.3.16 
16https://itunes.apple.com/nz/app/korg-ims-20/id401142966?mt=8&ignmpt=uo%3D4 

Accessed 5.3.16 
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the Logic Remote app17 allows direct communication with the DAW Logic Pro X. Rather than 

generate audio on the application itself, the application uses the iPad to send communication 

data back to the computer to control the general functionalities of Logic Pro X. There are also 

multiple control interfaces available to interact directly with Ableton Live, in both studio and 

performance settings, many of which are graphical representations of popular hardware 

interfaces. Some examples of iPad applications with the ability to control Ableton Live 

include touchABLE,18 Conductr,19 and Lemur.20 Similarly, tactile.motion, mecha.space, and 

the speaker.motion iPad applications serve as remote controllers for PC-based software. This 

short list of examples shows that portable multi-touch technologies have quickly found their 

place as expressive interfaces both in the NIME community and in the commercial realm. 

 

3.2.2 tactile.motion Concept and Basic Use 
In approaching the idea of intuitive phantom source positioning, tactile.motion works on the 

principal of interaction with the specific source’s location. Traditionally, the source location 

has been a function of the user’s control of individual loudspeaker gains. With tactile.motion, 

the loudspeaker gains are calculated as a function of the desired source location. The user is 

presented with a graphical representation of each of their audio stems and is able to 

dynamically manipulate their source positions by updating their locations within the spatial 

field. The simplest spatial interactions take place by manually dragging the audio objects 

around the screen; real-time calculations are made to create the dynamic source locations 

based on the objects’ locations. The GUI, shown in Figure 22, also presents the user with a 

graphical representation of the spatial field (including the loudspeaker’s positions) making it 

easier for the user to maintain awareness of the wider spatial field. The positioning of audio 

objects in this way creates an intuitive and easily learned diffusion interface. The system 

places no limit to the number of audio objects that may be moved simultaneously. The user is 

                                                        
17 https://itunes.apple.com/nz/app/logic-remote/id638394624?mt=8 Accessed 6.3.16 
18 https://itunes.apple.com/en/app/touchable/id385949475?mt=8 Accessed 6.3.16 
19 https://itunes.apple.com/app/apple-store/id686559982?mt=8 Accessed 7.3.16 
20 https://liine.net/en/products/lemur/premium/livecontrol-2/ Accessed 7.3.16 
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able to perform any number of complex trajectories in real time simply by tracing the desired 

trajectory on the screen. The high frame rate, in-built smoothing algorithms, and accurate 

touch detection provide the user with a very natural response when dragging an object. 

 

 
Figure 22. The tactile.motion graphical user interface with the major elements for user 

interaction labeled. 

 

The act of dragging of the audio objects through the space potentially gives the system the 

intuitive nature previously exemplified in the gesture tracking systems discussed above in 

Section 2.6.1. However, tactile.motion accomplishes this intuitive control in a manner that 

invokes the connection of the user’s gestures to the greater spatial field by doing so within a 

graphical representation of the space. Conversely, this connection is easily lost in hand 

tracking systems that lack any provision for positional feedback. tactile.motion also removes 

the constraints of these prior hand-tracking systems by allowing for the moving of more than 
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one object per hand. Whilst the user is still constrained by the spread and movement of his or 

her own hands and fingers, the screen size of the iPad means that these constraints are far less 

restrictive than they were in the previously-discussed tracking systems. As a result, each 

individual user defines their spatial potential and may further engage in multi-user 

collaborations.  

 

3.2.3 Design Goals and Methodology 
There are a number of key design criteria that the development of tactile.motion aims to 

accomplish. These criteria are based upon the overarching goals of this document’s research: 

to increase the potential for spatial engagement in sound art and to develop spatial interfaces 

capable of use by a wider range of performers and composers. The key design goals for the 

tactile.motion user interface include: 

 

• An ability to perform complex spatial trajectories in live contexts  

• The capability of real-time spatial movement 

• An ability to maintain an intuitive relationship between the gestural movements of the 

performer and the sonic output 

• A high level of portability 

• An easy-to-learn interface that encourages more composers and performers to use the 

interface 

• An interface that is not be affected by stage lighting 

• No limitations to the number of audio stems that may be in motion at any one point 

in time 

• Environmental control to further the sonic trajectories that may be achieved 

• Ease of set up 

 

tactile.motion was designed and developed using an iterative design methodology, working 

on a cyclical model of prototyping, testing, analysis, and refinement; this process is shown 

diagrammatically in Figure 23. In line with this methodology, a prototype was first developed 

and tested (at first by the developer only), and adjustments made as necessary. The initial 
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prototype was built in openFrameworks21 and run on an iPod Touch. This prototype was 

performed with in the concert discussed in Section 3.4.1, where it became apparent that there 

was a need for the larger screen size of the iPad, and a need to refactor the code to be written 

in Objective C, to make better use of the iPad application-programming interface (API). 

Once further features were added, the new prototype, running on the iPad, was then given to 

a range of users for performance use and to thoroughly test the interface. After the testing, 

users participated in the analysis phase by way of a user study that will be discussed in Section 

3.2.7. After receiving the analysis of the system from the users, the interface entered its 

refining process where the comments and concerns of the users were considered and applied 

to the next iteration of the interface.  

 

 
Figure 23. The iterative design methodology, showing its stages of design and how they 

were applied specifically to the development of tactile.motion. 
                                                        
21 http://openframeworks.cc/documentation/ Accessed 17.2.16 
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3.2.4 Extending Spatial Trajectories 
One of the ways that new diffusion systems work to increase expressivity is to add a palette of 

predetermined complex spatial trajectories that can be set in motion during performance, as 

discussed in Chapter 2. One popular direction is to implement common motions from 

particle system behavioural patterns, such as those introduced by Kim-Boyle [33], and apply 

them to spatial movement. 

 

 
Figure 24. An example of complex trajectories desirable in spatial music, according to 

Trevor Wishart [2] 

 

In a traditional diffusion system with a mixing desk as the user interface, many desirable 

spatial trajectories are extremely difficult to perform. Trevor Wishart’s ‘Spatial Motion’ 

chapter in ‘On Sonic Art’ gives various examples of desirable complex spatial trajectories 

(shown in Figure 24). However, very few of these are able to be performed by most diffusion 

artists in realm time on a mixing desk of any configuration [2]. As discussed in Section 2.5, 

some spatialisation systems in the late 1990s began to introduce the capability of triggering 

circular motions and other spin-based trajectories. Spin-based trajectories are one area that 

was particularly difficult to achieve in real time with the standard configurations of a mixing 

desk. There are a number of examples of systems that allow the performer to trigger and 
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control complex trajectories such as GSMAX and ReSound [40], [39]. However, the 

triggering of these behaviours has mostly occurred manually: inputting parameters directly 

into a computer or through a mixing desk controls the behaviours. tactile.motion aims to 

build on the concept of triggered autonomous motion, but also to add a performative element 

into the process and to maintain intuitive gestural relationships between the performer and 

the spatial output. To achieve this, gesture tracking algorithms were designed and built into 

the tactile.motion source code. tactile.motion is able to recognise specific gestural trajectories 

on the iPad and translate them into continuous spatial motion.  

 

3.2.4.1 Spin-Based Trajectories 
The first of the gesturally triggered behaviours developed is a spin-based trajectory. Dragging 

an audio object in a circular motion (as shown in red in Figure 25) around the central sweet 

spot triggers a spin-based trajectory. In order to be recognised as a spin motion, the object 

must be moved at a constant rate and remain at a relatively constant distance from the centre 

point. If the object excessively deviates from an ideal circle’s path, it will be considered a 

standard ‘drag’ gesture and no motion is triggered. If the velocity changes too dramatically 

throughout the motion, it will not be recognised and again remain a standard drag gesture. 

Once the motion is recognised, the system deciphers the average velocity with which it was 

drawn and uses that velocity to continue the motion. The object continues along the path, 

spinning around the centre, in a circular motion until the user causes it to stop.  

 

The gesture recognition works by storing the data of any drag movements as the object is 

moved. On releasing the drag, the stored positions are programmatically examined to see if 

they correlate to what is considered a circular motion. The system converts the positional 

data of the object’s location received into polar coordinates, with the origin being the centre 

of the space22 it then evaluates whether the distance from the centre was consistent and 

                                                        
22 In Objective C or Swift the data of a UIView’s (in this case the audio object’s) location is 

calculated in Cartesian coordinates with the origin being the bottom left of the screen. The 
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whether the radial position was updated consistently and in only one direction. The gesture 

recognition has a number of system-defined parameters that are easily updated to make the 

desired gesture more or less sensitive to triggering. These parameters were first defined 

empirically by the author; further testing was then conducted through the user study. In the 

user study (described in further detail in Section 3.2.7), it was determined that performers 

found the spin motion difficult to trigger; thus, these parameters were relaxed to make the 

spin motion easier to trigger. A balance needed to be found in allowing ease of triggering the 

desired motion in a performance environment but avoiding “false positive” triggering events. 

  

 
Figure 25. Dragging an object in a circular motion will trigger a spin gesture. 

                                                                                                                                                                            

viewable screen area is all considered to be in the same quadrant, hence the need for a 

conversion to polar space, as well as the translation to a four-quadrant system.  
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For the human brain, left/right and front/back localisation cues are significantly more reliable 

to decipher than distance cues [9]. Therefore, it is much easier for humans to recognise 

circular motions that rotate around them rather than those that rotate around an arbitrary 

point in space [2]. In light of this, tactile.motion only implements spin-based trajectories that 

anchor around the sweet spot or the listening perspective. 

 

3.2.4.2 Linear-Based Trajectories      
In addition to spin-based trajectories, tactile.motion also implements both vertical and 

horizontal linear-based gesturally triggered trajectories. This motion uses similar algorithms 

to the previously mentioned circle gesture recogniser in order to determine if the moved 

object's trajectory follows a straight path towards the edge of the loudspeaker array (as shown 

in red in Figure 26). With the inclusion of the distance encoding signal processing in the 

audio system, this motion gives sounding objects the perception of moving past the listener, 

or fading in and out of focus (similar to a Doppler effect). The linear motions are velocity-

sensitive in the same way that the circle-based motions are: the system calculates the average 

velocity at which the original drag occurred and aims to continue the movement at that rate 

once it takes control of the movement (when the finger is removed from the object). On 

coming into contact with the edge of the loudspeaker array, the object will then bounce back 

and continue its motion along the same linear path in the opposite direction. This motion 

continues back and fourth until the user actively stops the motion in ways discussed in the 

following section.  
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Figure 26. Dragging an object in a linear motion will trigger a linear-based gesture. 

 

3.2.4.3 Stopping Motion      
Moving audio objects may be dynamically stopped at any time after the motion is triggered. 

There are two ways to stop a motion: a double tap on the object or a single tap on the object’s 

phantom button (shown above in Figure 22). In a similar way to the gestural triggering of the 

motion from the object itself, the double tapping makes is easy for performers to dynamically 

stop motions without having to move their interaction outside of the representation of the 

loudspeaker array. User study findings indicated that some performers found the double tap 

feature to be difficult to trigger when the objects were moving with a fast velocity. In order to 

counteract this issue in performance, the phantom button was developed. When each object 

is moved from its start-up location (at the bottom of the screen), a transparent version of it, 
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the object’s phantom button, remains stationary. A single tap on any moving object’s 

corresponding phantom button at any point will stop its motion at its current location. Many 

performers have found this feature easy to use, as it does not require attempting to follow a 

fast-moving object. The second icon in the top right corner of the screen stops all motions. 

This feature can be used to simultaneously stop the motion of the entire spatial field for 

aesthetic affect, but can also be useful for fast resetting of the space in rehearsal contexts.23   

 

3.2.4.4 Environment Control 
To further the potential for varied aesthetic development in addition to the dynamic control 

of individual audio objects, some global features were implemented into the tactile.motion 

system. The global speed control slider, placed at the top of the interface, will affect any 

objects that are currently in motion. The slider defaults to a neutral centre position. Moving 

the slider to the left slows down the movements of all moving objects, with the far left 

position causing objects to come to a complete stop. Moving the slider to the right increases 

the objects’ speeds, with the far right extremity doubling the original speed of the object. The 

global speed control addresses each object individually as a factor of both the global speed 

parameter and the individual velocity of the specific moving object. Therefore, objects 

moving at varying speeds will maintain their relative speed differences while also being 

affected by the new global conditions. This feature has desirable effects for performers and 

listeners alike. Both visually (on the interface) and aurally, the global speed control can be 

likened to adding or removing an amount of friction into the system. The global speed 

control feature was used extensively for spatial expression in the Inner Space Concert 

discussed in Section 3.4.4. Significantly, the global stop motion button discussed in the 

previous section overrides the speed control and stops all motion.  

 

 

 

                                                        
23 These features, as well as others, are demonstrated in the tactile.motion demo video 

provided as item eight in the supplemental media outlined in Appendix One. 
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3.2.5 Calculations and Communications      
The audio object’s spatial position is calculated in polar coordinates in relation to the centre 

of the loudspeaker array. These coordinates are then sent over an ad-hoc Wi-Fi network 

hosted by a PC, to be received by a purpose built Max/MSP patch. The OSC protocol was 

chosen for sending the data due to its flexibility and ease of use. The full spatialisation system 

with its communication protocols is displayed diagrammatically in Figure 27. The 

communication with the tactile.motion application is initiated with Bonjour service discovery 

method:24 the Max/MSP patch broadcasts its ability to accept incoming OSC messages over 

the network hosted by the computer. Once the communications are received, the patch 

unpacks the OSC data based off its address to decipher for which audio stem the messages are 

intended. When stop and play messages are received, they are sent to all audio stems.   

 
Figure 27. Communication system for tactile.motion. The application and accompanying 
computer software use the Bonjour communication scheme to broadcast and receive OSC 

messages over a network. 
                                                        
24 https://www.apple.com/nz/support/bonjour/ Accessed 15.4.16 
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When the user first starts the tactile.motion application, they are presented with a settings 

screen shown in Figure 28. The Max patch broadcasts itself as a host of the tactile.motion 

network: the user only needs to tap on the tactile.motion name to make the connection. There 

are also other customisable user settings available at this point, including the number of audio 

stems and loudspeakers desired for use. 

 

 

Figure 28. The settings screen of tactile.motion showing the tactile.motion receiver 
application highlighted for user selection as well as other user settings. 

 

While the tactile.motion system has been developed to incorporate all elements needed to 

perform a diffusion concert, the system was designed with similar modularity principals to 

that of Chronus_2.0: the tactile.motion iPad application simply sends OSC data of the 

appropriate format for spatial positioning within a holophonic array, and can therefore be 
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used as a control application with a different spatial audio engine or, indeed, to control other 

musical parameters if the user desires.  

 

3.2.6 The Audio Engine         
As discussed above, tactile.motion is designed with enough modularity to be incorporated 

into any diffusion system. However, a purpose-built Max/MSP patch has been developed 

alongside the tactile.motion application as its audio driver. The patch uses a Vector Base 

Amplitude algorithm [28] to decipher and implement gain factors for each loudspeaker in 

order to create phantom source positions for each audio stem. The patch can take up to 8 

audio inputs (monaural audio files) and works with up to 16 outputs (loudspeakers).25 The 

OSC data sent from the application and the way it is used in the Max patch is shown below in 

Table 1. 

Table 1. OSC messages sent from the tactile.motion application and their actions. 

OSC message address Message Message Action 

/play 1  All audio files start 

/play 0  All audio files start 

/object0 float radius float distance change gain factors 

/object1 float radius float distance change gain factors 

/object2 float radius float distance change gain factors 

/object3 float radius float distance change gain factors 

/object4 float radius float distance change gain factors 

/object5 float radius float distance change gain factors 

/object6 float radius float distance change gain factors 

/object7 float radius float distance change gain factors 

 
                                                        
25 Though the current patch is designed for this number of inputs and outputs, these numbers 

are largely arbitrary and are based upon the number of loudspeakers available for testing. The 

modularity of the patch means that larger numbers of inputs and outputs may be 

accommodated with ease. 
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The main function of the Max/MSP patch is to receive the positional data, convert it to gain 

factors, and apply them to the correct audio file. The data flow of the implemented audio 

driver is outlined in Figure 29. 

 

 
Figure 29. Data flow block diagram of the tactile.motion audio driver. 

 

In addition to the standard audio playback and spatialisation, the audio engine also has 

features designed to increase the ease of use on the performer or technician’s side. There is an 

eight-channel noise burst sub-patch that provides a way to line check the loudspeaker 

system.26 There is also an implementation of a two-dimensional array,27 built by Michael 

Norris. The array allows the categorical storage of a number of audio files organised into their 

pieces.  This system makes each new piece selectable, automatically loading the desired stems 

                                                        
26 Octophony is the most common speaker configuration used in the author’s institution. 

Hence, many features were optimised for work with octophonic rigs but may be rapidly 

adjusted depending on the desired loudspeaker array’s configuration. 
27 This is a two-dimensional array in the programming sense, not a loudspeaker array.  
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for the piece and removing any previous files. This feature allows fast changeover times 

between pieces in a concert environment. 

 

3.2.7 Performer Evaluations 
In order to assess the tactile.motion user interface, a concert of diffusion works was 

performed; subsequently, the performers participated in a user study. A concert took place in 

the Adam Concert Room at the New Zealand School of Music, where fifteen composers 

performed live diffusions using tactile.motion. Together, the concert and user study allowed 

the assessment of tactile.motion across many aspects relevant to its key design criteria (as 

outlined in Section 3.2.3). After the concert, the composers each completed an evaluation of 

the user interface. All participants of the user study were composition students in their 

second year of study, and were performing their own compositions. Prior to the concert, the 

composers were given two short introductory sessions about using the tactile.motion 

interface, and were given time to rehearse their performances in an octophonic studio 

environment. This subsection outlines the methodology implemented to undertake the user 

study and the rationale behind it, as well as results collected as part of the evaluation. The 

results discussed in this section are a section of the data that most clearly addresses the design 

goals of the interface. It provides an overview and a summary of the results as well as 

discussion of some notable findings. This user study implements the analytical phase of the 

iterative design methodology discussed in Section 3.2.3. The results discussed below are a 

selection of results that best allow an evaluation of the design goals for tactile.motion and 

exemplify the use of the iterative design methodology, in particular the novel gesture 

recognition features. The full extent of the data collected is available in Appendix Two at the 

conclusion of this document.  

 

Overall, the response to the interface was quite positive. The majority of users felt that the 

interface had potential to be an expressive and intuitive performance tool. However, the user 

study also identified areas where improvements could be made. In line with the iterative 

design methodology implemented for the development of this research, many of the issues 
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with the interface identified in the study have since been updated or changed to reflect the 

performers’ experiences. 

 

3.2.7.1 Selected User Study Results 
In addition to the aforementioned development of the phantom buttons (described above in 

Section 3.2.4.3), a number of other significant observations about tactile.motion were made 

during the user study, and are presented below. 

 

 
Figure 30. The user study results for the following question: on a scale of 1-10 (1 = never 

10= always) to what extent did you feel the drift motion was accurately triggered? 

 

The parameters that define the gesture recognition were adjusted based upon user study 

finding. Initially, many users found the linear trajectories were triggered too easily and that 

they were often triggered accidently. The results of a survey question regarding the accuracy 

of linear triggering are shown in Figure 30. Subsequently, the amount of points28 needed to be 

within the standard deviation of an ideal path for the gesture to be recognised was increased. 
                                                        
28 Where most languages use a physical pixel to define a position on a GUI, in developing for 

iOS devices Apple instead uses a pixel-size-invariant ‘point’ to define the position.  
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Instead of looking at the previous 25 point locations, the gesture recognition now compares 

the previous 50 points. The standard deviation (the amount of points away from the average) 

of the gesture recogniser was also empirically decreased. These adjustments mean that the 

user needs to make a more accurate and deliberate gesture to trigger the motion.   

 

 
Figure 31. The user study results for the question on a scale of 1-10 (1 = never 10= always) 

to what extent did you feel the spin motion was accurately triggered? 

 

Users’ experiences regarding the accuracy of triggering of the spin motion scored even lower, 

as can be seen in Figure 31. Many users found that the spin motion was difficult to trigger and 

stated that they had times where they struggled to have it trigger when desired. These results 

were some of the poorest responses from the user study; hence, it was the first area to be 

addressed in the system’s next iteration. The parameters for recognising a spin motion were 

relaxed by the same methods used to tighten the linear motion, so the spin motion would be 

more easily triggered. 
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Figure 32. The user study results for the following question: on a scale of 1-10(1 not at all 

10 fully) to what extent did you feel that the inclusion of these behaviours added to the 
expressive range of the interface? 

 

While many users felt that the gesture recognition accuracy needed improvement, they did 

feel that the inclusion of these gestures added to the expressivity afforded by tactile.motion 

(the results pertaining to this question are shown in Figure 32). This was one of the most 

positive responses across the study, strongly indicating that it was worth pursuing the 

addition of autonomous motion in live spatial controllers, and confirming the autonomous 

motions’ ability to increase aesthetic spatial engagement. To observe these findings at a 

midpoint in the iterative design cycle indicated not only that the tactile.motion interface met 

its key design goals, but also that the goals of this research as a whole, as outlined in Chapter 

One, were being achieved. 

 

The tactile.motion interface also scored high in the area of learnability, shown in Figure 33. 

This was an important area to assess, as one of the major design objectives of the interface 

was to afford intuitive performance gestures and to be easy for new performers to learn.  
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Figure 33. The user study results for the following question: on a scale of 1-10 (1= very 

difficult, 10= very easy) how easy was it to learn to diffuse using tactile.motion?  

 

 

A further area that was high scoring was ease of connectivity (shown in Figure 34) and 

configurability (shown in Figure 35). These areas were important to assess because a key 

design goal was for the interface to be able to be used by non-expert users. The ability to 

quickly and easily connect the tactile.motion iPad application to the rest of the system was 

important for encouraging its use as a performance tool. The ease of configurability referred 

to the selection of parameters on the settings screen. These parameters included the 

maximum distance and the number of stems used.  
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Figure 34. The user study results for the following question: on a scale of 1-10 (1= very 

difficult, 10= very easy) how difficult did you find connecting to the tactile.motion network? 

 

 

 
Figure 35. The user study results for the following question: on a scale of 1-10 (1= very 

difficult, 10= very easy) how difficult did you find tactile.motion to configure? 
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In a comments section at the end of the user study, many participants expressed a desire to 

control the motion of more than one object at a time and also to dynamically change the 

speed of an object in motion. The global speed control parameter (described in Section 

3.2.4.4) was implemented as a direct result of these user comments.  

 

The results of this user study highlighted specific areas for improvements to the interface; 

they also allowed an assessment of the main objectives of the interface. Overall, the responses 

suggest that users found the interface easy to use and an intuitive one with which to perform. 

All of the participants of the user study suggested that they would use the interface again for 

diffusion performance. Of particular interest to the evaluation of the goals of this wider 

research were the responses to the question focusing on the compositional process. When 

asked if the use of tactile.motion as a performance interface changed anything in their 

compositional strategies, one user responded,  

 

I began to think in terms of the available creative expressions of spatialisation. 

 

This and similar responses (shown in Appendix 2) were encouraging not only for the 

assessment of the tactile.motion performance interface but also for the goals of the wider 

research presented in this thesis. Such comments suggest that new technologies such as 

tactile.motion do have the ability to positively affect and encourage new approaches to 

spatialisation and spatial performance.  

 

3.2.8 Explored Aesthetic Applications 
The following section outlines musical performances that were conducted during the course 

of the iterative development of the tactile.motion performance interface. The discussion and 

performances included in this section serve as part of the iterative design methodology 

implemented for the development of tactile.motion: the critical reflection after each 

performance informed further design criteria and aesthetic decisions as well as compositional 

goals for the technologies and for future works. The pieces are presented in chronological 

order, as each piece or concert became part of the iterative design cycle.  
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The motivations for each piece or concert discussed were twofold. The initial pieces were 

intended principally for testing the technical aspects of the interface as part of the iterative 

design methodology. However, even from these first performances the second motivation was 

also evident: to test and explore new spatial aesthetics afforded by the interface. As the 

research continued and the interface increased in its sophistication, the performances began 

more to focus on the testing of spatial affordances of the interfaces (though some new 

technical aspects were still tested).  

 

The following subsections detail three concerts that utilised the tactile.motion interface at 

various stages in its design. In the first concert, the performance of fine.tones focused 

principally on the testing of networking capabilities and the spatial effect of freely moving 

audio stems. The second concert, a student live diffusion event, tested the new interaction 

afforded by the interface on the iPad, its gesture recognition and autonomous behaviours, 

and its ability for use by multiple composers. With a high number of pieces taking place at 

this concert, various composers explored a number of new spatial aesthetics. For the third 

concert (Inner Space, presented in 3.4.3), the majority of tactile.motion’s technical testing had 

already been completed. However, the concert did involve the new feature of live audio input. 

This final concert explored a number of new spatial approaches afforded by the interface, and 

tested the interface’s use outside of the traditional diffusion performance setup.  

 

3.2.8.1 fine.tones - Wellington City Gallery  
fine.tones was performed in the Theatre at the Wellington City Gallery on November 21st, 

2013 as part of the Wound Sound concert. This concert was the premier of the tactile.motion 

performance application. The preliminary prototype of tactile.motion, used in this concert, 

was written in openFrameworks, and was developed for an iPod touch29 (with a much smaller 

screen size than an iPad). The composition and performance of fine.tones tested a number of 

aspects of the system. One of the most significant aspects tested was the system’s networking 

                                                        
29 The iPod touch was first used due to its lower purchase cost. 
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capabilities; the performer was situated away from the computer driving the audio, and all 

communication occurred wirelessly.  

 

The sonic elements of the piece are derived from sine tones generated from an EMS Synthi 

analogue synthesiser. Four stems were created in total, with two ascending in pitch (one over 

seven minutes and one over four minutes), and two descending in pitch (again, one over 

seven minutes and one over four minutes). The two longer stems were doubled in the 

spatialisation (two separate stems existed for each audio file). The piece was performed with a 

quadraphonic loudspeaker array due to the shape and safety restrictions of the venue. The 

tiered seating of the theatre meant that the back loudspeakers were raised significantly, which 

affected the accuracy of the creation of phantom source images but not the perception of the 

dynamic movements in the piece. The spatialisation aesthetics for fine.tones were based upon 

the concept of the sine tones chasing each other around the room. Spinning around the 

audience and slowly increasing in speed, the tones were manually positioned more 

proximally to one another in the space as they became closer in pitch. This motion continued 

until all six stems were moving in unison, at which point they began spiralling towards the 

centre of the room. 

 

For the Wound Sound concert, each piece merged into and out of the pieces preceding and 

following it in the concert’s running order; therefore, the beginning of fine.tones was 

composed to grow out of the preceding piece. To accommodate this transition, fine.tones 

began with recordings of paper being torn and crumpled; these sounds were spatialised at the 

back end of the concert hall specifically to separate them from the preceding piece (which was 

localised to the stage at the front). For the preceding piece, all acoustic sounds were 

emanating from the stage area (ensemble space); any amplification was coming through only 

the loudspeakers at the front of the stage. As the preceding piece faded out, the sine tones that 

make up the basis of fine.tones faded in and were initially placed in the audiences lateral 

space. The piece was separated into six audio stems; each stem was slowly brought around the 

sides of the audience to create immersive space and finally to become spatialised in the front 

and join the ensemble space. The tail end of the piece merged into Mo H. Zareei’s very 
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rhythmic work for his mechatronic instrument Rasper [78]. The fluid pitch movements of the 

stems in fine.tones contrasted with Zareei’s discrete rasping rhythms. The slow movement of 

the gestural content in fine.tones also contrasted but complemented Zareei’s shorter gestural 

material. Likewise, the varying spectral content of the two pieces contrasted through the 

purity of the texture of the sine tones, in comparison to the denser noise element of the 

textures created by Rasper. The static spatial placement of Zareei’s piece at the front of the 

stage contrasted in localisation with the stems of fine.tones, which continued to circle around 

the audience. The variation in the spatial approaches to the two pieces emphasised their 

spectromorphological differences. The enacted mode of delivery of tactile.motion and the 

circular spatial movement of fine.tones meant that there were times where the two pieces were 

spatialised in such a way that merged their sonic worlds. The variation and emergence of 

arena30 and ensemble space31 were able to be manipulated slowly and subtly to suit the present 

spectral space of both pieces.  In this instance it was the spatial manipulation afford by 

tactile.motion that allowed the two performers to collaborate in a performance setting but 

also to develop and evolve their sonic material independently. 

 

                                                        
30 A sub-category of performed space – the whole public space inhabited by performers and 

listeners, within which gestural space and ensemble space are nested. [1] 
31 A sub-category of performed space – the collective space within which gestural spaces are nested. 
[1] 
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Figure 36. Left: the first iteration of tactile.motion running on an iPod touch (the image 
was taken at the sound check for the concert with the performer listening from the sweet 

spot of the perspective of the audience). Right: performing with the first version of 
tactile.motion. The rhythmic instrument Rasper, which was merged into the end of the 

fine.tones piece, can be seen on the table behind the performer. 

 

Though there were no technical issues hindering the performance for this first use of 

tactile.motion, it did become apparent that the screen size of the iPod touch was too small to 

be effectively used as a gestural performance interface for live spatialisation. As mentioned, 

one of the most significant technical aspects to be tested for this performance was the validity 

of performing while communicating spatial data across a wireless network. The network 

communications of this piece proved more stable than anticipated; however, the act of 

configuring the network was found to be inflexible and in need of further development: this 

iteration of the interface involved the manual creation of an ad-hoc network on the 

computer. The IP address of the network had to be manually entered into the source code of 

the application, and the application re-compiled accordingly. This process only worked 

because no non-expert users were the attempting to perform with the interface. Through 

experiences gained in this performance, it was found that the network connection protocol 

needed to be addressed immediately and intuitive connection procedures became a key 

design criteria. Further to advancements in the implementation of the communication 
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schemes, the move to begin developing for the iPad over the iPod touch and away from the 

limitations of openFrameworks were also a high priority.  

 

This premier of fine.tones served largely as a proof-of-concept for the new tactile.motion 

application and was the initial performative phase in the iterative design methodology. The 

piece also served as a key first assessment of the tacile.motion interface and the spatial 

interaction methods it affords. A stereo audio file for fine.tones is available as item one of the 

supplemental media files (see Appendix 1).   

 

3.2.8.2 CMPO 210 Diffusion Concert – Adam Concert Room  
After the initial development of tactile.motion for the iPod touch and the performance of 

fine.tones, a complete refactoring of tactile.motion took place, resulting in the new iPad 

application. These changes warranted further study in a performance context, leading to a full 

diffusion concert where all composers used the new iteration of the interface. The concert 

took place on 15th of May, 2014. This was the first full test of the new tactile.motion 

application, and involved 15 second-year composition students, each of whom performed live 

diffusions of their own compositions on the tactile.motion performance interface. This 

concert featured less experienced composers and therefore was ideal for testing the key design 

criteria of usability and intuitiveness of the tactile.motion system. The user study discussed in 

Section 3.2.7 was conducted as a result of this concert and provides the major contribution of 

the concert to the research. The concert was performed on an 8-channel pantophonic 

loudspeaker array, in the European standard for octophony (shown diagrammatically in 

Figure 40). The performer was positioned in the centre of the array; the audience was situated 

in concentric rings around the performer, with the aim of seating the audience in close 

proximity to the performer. The concert tested a number of technical features of the new iPad 

application as well as the interface’s intuitiveness and ease of use for novice diffusion 

performers: performers utilised the dynamic source positioning of tactile.motion as well the 

gesturally triggered autonomous motions afforded by the interface. The concert also tested 

the interface’s ability to create dynamic spatial environments: each composer applied new 

spatial approaches to their works (as is discussed through the user-study results). 
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Figure 37. Concert configuration for the diffusion concert performers used the iPad 

application tactile.motion in the middle of the loudspeaker array. 
 

For this concert, the tactile.motion application ran on an iPad (with the networking 

capabilities as described in Section 3.2.5). Though largely satisfactory, minor connectivity 

issues encountered during the setup phase of this concert raised questions about giving both 

the performer and the technician more visual feedback about the state of the system and the 

network (discussed further in Section 5.2). 

 

This diffusion concert allowed user testing of the in-development tactile.motion application 

to be performed and key design criteria to be assessed. Findings from this concert and the 

accompanying user study informed future developments of the interface, as discussed in 

Section 3.2.7.1.  
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3.2.8.3 Inner Space – Carter Observatory 
After further iterations to the tactile.motion interface were implemented as a result of the 

CMPO210 Diffusion Concert and the accompanying user study, the Inner Space concert took 

place as a showcase of the current tactile.motion interface. Inner Space was a collaboration 

between Wellington psychedelic rock band Spartacus R, visual artist Lady Lazer Light, and 

author Bridget Johnson. The concert was performed as part of the 2016 Wellington Fringe 

Festival and took place in the Carter Observatory on February 26th and 28th, 2016.  This was 

the first instance of tactile.motion being used to control live audio input instead of pre-

composed audio stems. While this concert was the first to test the addition of live audio input 

to the audio driver, the motivations for this piece were focused on testing and exploring the 

aesthetic affordances of the system, discussed in subsequent sections. The main spatial 

approach unique to this concert was tactile.motion’s ability to afford active spatial 

improvisations to explore aesthetic relationships with musical content of a similarly 

improvisational nature.  

 

The planetarium room of the Observatory featured an octophonic sound system controlled 

live with tactile.motion as well as 3D visuals projected onto the dome. This piece featured the 

first use of tactile.motion outside of a traditional electroacoustic framework, and allowed it to 

be widely received by audience members from disparate demographics. The concert featured 

a relatively complex live configuration: the live band performed in a room approximately 40 

metres away from the octophonically-rigged planetarium room. If the band were to be 

present in the planetarium room, the spatial images created by tactile.motion through the 

octophonic array would lose perceptibility as phantom source locations, as there would be 

interference through the localisation of the original sound source. The live sound, visuals and 

spatialisation were synced through audio cues, and precise time based cues.  
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Figure 38. Inside the octophonic dome room of the Inner Space concert. 

 

From the digital mixing desk in the band room, all of the individual channels were 

transmitted to live engineer Lee Prebble in a separate room roughly 30 metres from the band 

room. Prebble mixed all of the inputs into 8 audio stems, ready for spatialisation. The 

resulting configuration of the full setup of Inner Space is shown in Figure 42. The mix to 

stems was arranged as one stem per band member (seven members) with the eighth stem 

doubling certain members at selected times for aesthetic affect. The eight audio stems were 

brought through to the dome room via an analogue snake, and each track’s feed was input 

directly into Max/MSP. The only signal processing that occurred from this point was as part 

of the distance encoding process for phantom source positioning.  
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Figure 39. The full configuration for the Inner Space concert at the Carter Observatory. 

 

The theme of the piece was space travel, resulting in an audio-visual journey that formed the 

basis of the composition: structurally, the piece was divided into seven segments, with each 

section invoking the travel through a different area of the Solar System and deep space; the 

visuals projected onto the dome also followed these themes. Spatialisation themes were 

decided on for each section of the piece: while the journey of the piece was structurally pre-

composed, there was still a great deal of improvisation from both the band and the diffusion 

artist. The use of tactile.motion as the diffusion interface allowed dynamic spatialisation 

approaches (within the musical and spatial themes) to be employed to compliment the live 

improvisation of the band.  

 

One of the more interesting spatial results that was evident was the effectiveness of moving 

the drum’s audio stem throughout the space. Initially, it was expected that drums separated 

spatially from other instruments, and moving through the array, would sound very abnormal 
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to the listener and might even cause the listener to feel as though the band was out of time. 

However, in practice this wasn’t the case: in fact, the effect of slowly moving drums created a 

great deal of spatial motion throughout the piece and was well received by band and audience 

members. tactile.motion’s dynamic spatial interaction provided spatial form to a sound scape 

that would generally be perceived statically both in a live and recorded context. The spectral 

space associated with a standard drum kit does not generally imply dynamic spatial motion. 

Utilising the gesturally triggered spin-based trajectories of tactile.motion allowed new spatial 

motion with this sound source to be explored intuitively throughout the performance and 

dynamically controlled to constantly mimic and expand upon longer gestural motion created 

throughout rhythmic development of the drums. 

 

  
Figure 40. At left, the poster for Inner Space at the Carter Observatory, Wellington New 

Zealand. At right, inside the band room with the live visual feed from the done room 
projected behind the band members. Elements of the octophonic rig can be seen in the 

projected image. 
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The piece (outlined in Figure 44) began with all stems situated in what could be considered 

the front of the array.32 In the musical context of this performance the space would 

commonly feature the physical presence of the band defining an ensemble space, the placing 

of all stems in this location was to provide that same ensemble space connection with the band 

that the audience would be familiar with. As the overall piece was one hour long, it was 

deemed important to not cause listener fatigue by featuring too much spatial movement early 

in the piece. As the piece continued, the instruments that were the most active were spread to 

the side to take up the front half of the dome. These movements were slow and subtle, so that 

rather than drawing attention to dynamic movements, the overall effect was that the sonic 

field was slowly growing as the initial establishment of all sound objects within an ensemble 

space was able to evolve towards an arena space, and further an immersive space. 

 

 
Figure 41. Structural diagram of spatial interaction themes for Inner Space. 

 

                                                        
32 In reality, the audience members were situated in concentric circles around the centre of 

room, as can be seen in Figure 42, so it was really only deemed the front as it was the opposite 

side to the room from the entrance doors.  
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The section of the piece representing the transit of the Solar System’s Asteroid Belt was the 

first to feature more dynamic movement of stems. Sonically, this section featured a drum solo 

mostly focused around the use of timpani and washed out cymbals. To complement the 

gestural content created from the drums, the drum stem was manually moved synchronously 

with the phrasing of the music. Each rhythmic phrase would be introduced in a new spatial 

location throughout the dome, the intention through this movement was to explore as much 

as possible movement through distal space with diagonal forces. Rather than perceiving the 

sound’s movement through, this involved short, sharp movements timed so that each new 

phrase appeared from a different location. The enacted mode of delivery afforded by 

tactile.motion allowed the distal and diagonal force spaces to be explored as static but 

connected movements. This was a unique approach as these types of spaces are more 

commonly explored through movement towards or away from the space throughout the 

sonic gesture. As the new instruments were introduced, they began to follow the spatial 

movement of the drums. This was intended to give the impression that the instruments were 

wondering through outer space together. The multi-touch capabilities of tactile.motion were 

used to manually control the movement of all stems simultaneously, linking the spatial 

gestures with the sonic gestures created from the band.  

 

The ‘Asteroid Belt’ section was the first to feature more dynamic movement of stems. 

Sonically this section features a drum solo mostly focused around the use of timpani’s and 

washed out cymbals. For this section the drum stem was moving with the rhythmic phrase of 

the music. Each rhythmic phrase would be introduced in a new location throughout the 

dome. This involved short sharp movements timed so that rather than perceiving the 

movement itself the audience just heard each new phrase appear from a different location. As 

the synths are introduced to this section they begin to follow the spatial movement of the 

drums. At this point the drums were moving slowly around the space (through manual stem 

movement). This is to give the impression that the drums and synths are wondering through 

space together, time has slowed as they navigate their way through the asteroid belt. As other 

instruments are introduced to this section at first they remain static and the synths and 
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drums move through them but then one by one they are gesturally triggered to spin motions 

at a fairly slow pace and distance wise, to the mid to outer of the space.  

 

In the ‘Jupiter’ section all the instruments are moving, the bass and drums are ‘chasing’ each 

other in a circular movement, while the other instruments are moving on varying linear axes. 

This section also maintains relatively slow motions, however the global speed control is used 

to vary the speed of the full spatial field in line with the changing sonic motion of the piece. 

As the piece develops more motion is added and the speeds of motion increase. This 

culminates in the finale of the black hole section. The black hole section involves all stems 

spinning at high speeds and the global speed control is used to bring everything to a sudden 

stop in line with the visuals, and then continue to dynamically adjust this to create a starting 

stopping affect (again in line with the visual material). 

 

As the piece progressed, more dynamic spatial movement was introduced. The instruments 

were spatialised based on their sonic relationships at the time. For example, at one stage in 

the piece, the bass and drums were spatialised such that they chased each other in a circular 

movement as these instruments became the focus of the gestural material; at the same time, 

the other instruments were moved on varying linear trajectories to create the backing 

soundscape. The global speed control was used to vary the speed of the full spatial field in line 

with the changing sonic motion of the piece. The spatial movement culminates in the finale of 

a section that simulates an entry into a black hole. This black hole section involves all stems 

spinning at high speeds. The global speed control was used to repeatedly bring all elements to 

a sudden stop in correspondence with the projected visuals. After stopping, the speed control 

was adjusted to restart the stems’ motion, resulting in an abrupt starting and stopping effect. 

These spatial interactions were made possible by the novel features exhibited by the 

tactile.motion interface. In particular, the spin motion was used extensively to explore 

spatialisation attributes designed to complement the musical themes of travel through outer 

space. 
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A binaural audio recording from Inner Space is available as item eight of the supplemental 

media files, (see Appendix One).  An interview about the Inner Space concert featuring bass 

player Tim Prebble, engineer Lee Prebble, and spatialisation artist and author Bridget 

Johnson appeared on Radio New Zealand and is also available as item seven of the 

supplemental media files. 

 

3.2.8.4 Performance Conclusions 
The performances discussed in this section have played a critical role in the iterative design 

process that was implemented for the research conducted in this thesis. There is a progression 

evident through the pieces discussed that show the development of the interface itself, as well 

as a progression in the spatial aesthetics that emerge. Key lessons learnt during these 

performances focused upon aspects of the interface that contribute to its performability: these 

aspects include portability, reliability, and robustness, all of which became central design 

criteria in subsequent iterations of the interface.  

 

Table 2. Summary of performances on tactile.motion and the key features they tested. 

Performance Technical Aspects Tested Aesthetic Aspects Explored 
fine.tones Wireless communication 

 
Free movement of stems 
through virtual space 

CMPO 210 diffusion 
concert 

Multi-performer use 
Ability for novice users to engage 
with the interface 
Gestural triggering of 
autonomous motions 
 

Many approaches to spatial 
interaction employed by 
different composers 

Inner Space Live audio input 
 

Ability for live spatial 
improvisation 
Creation of dynamic sound 
field complementing musical 
themes 
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In a traditional model of iterative design methodology, this performance phase would serve as 

the major facility for the testing of the interface. In the development of interfaces specifically 

for advancing musically expressive capabilities, the performances test more than just the basic 

functionality of the interfaces. While the performances tested many aspects both technical 

and aesthetic, the main tests for each performance are summarised in Table The fine.tones 

performance took place with the very first prototype of tactile.motion and served as a proof of 

concept performance leading to the more thorough development of the interface. The CMPO 

210 diffusion concert featured 15 composers all of whom performed spatial works with the 

tactile.motion user interface. This concert tested the newly developed application running on 

the iPad as well as the intuitiveness of the interface and its spatial affordances. The Inner 

Space concert featured spatialisation of a live band alongside live visuals. The performance 

implemented many new approaches to spatialisation the creation and control of a dynamic 

spatial field. The musical performances and composition of new works for the interfaces are 

an important aspect of the design process that not only allow the assessment of the technical 

aspects and aesthetic affordances of the interfaces, but also inspire iterations to be made to 

the interfaces to continue the development of spatial performance techniques. 

 

3.2.9 tactile.motion Conclusions 
The use of multi-touch user interfaces in music performance has been widely received by the 

community of musical interface users. Practice-driven developments of these interfaces have 

led to them to be able to significantly increase the expressive range within sub-fields of 

electronic music; recent trends in diffusion practice have embraced the design of new 

interfaces for performance. Likewise, the new tactile.motion interface aims to encourage 

diffusion performers to more actively engage with phantom source positions in a space. The 

ability to freely move audio objects around a loudspeaker array means that complex spatial 

trajectories can be performed with ease and without limiting potential trajectory paths. The 

addition of intuitively triggered autonomous behaviours and control of global environmental 

parameters further increases the aesthetic potential and allows the performer to dynamically 

control a much larger number of sound sources at once. The results of the user study form a 

key aspect of the iterative design methodology implemented. The positive results from 
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composers allow the assessment of the interface to ensure that it is meeting its key design 

criteria, as well as highlighting areas that can be improved upon, allowing the iterative 

methodology to take its cyclical form. A demo video of tactile.motion is available as item nine 

of the supplemental media files (detailed in Appendix 1).   

 

3.3 mecha.space 
mecha.space is an iPad application developed as a way to expand dynamic spatialisation 

aesthetics beyond the paradigm of acousmatic music and the loudspeaker.  With so much 

research focused on dynamic spatialisation across loudspeaker arrays (such as that presented 

elsewhere in this thesis), the question arose of whether the same aesthetic considerations 

could be applied to the spatial positioning of other instruments in order to create new 

spatialisation aesthetics. The mecha.space application takes the spatialisation separation 

techniques employed by Charles Ives and other composers (as discussed in Section 2.2) and 

uses new technology to apply them to emerging musical mediums. In particular, they are 

applied to the emerging medium of mechatronic instrument ensembles, in hopes of affording 

similar expressive potential.  

 

The tactile.motion interface showed the potential for iPad applications to achieve dynamic 

live spatialisation without limiting possible spatial trajectories. This led to the idea that the 

same spatial approaches achieved through spatialisation of loudspeakers with the 

tactile.motion application might possess potential beyond a loudspeaker-based paradigm, and 

could further increase aesthetic engagement with space through spatialised instruments. The 

mecha.space application (shown in Figure 37) was designed to explore this potential. It 

affords user interaction with a spatialised mechatronic percussion ensemble in both 

performance and installation settings. The ensemble that mecha.space was designed for is 

musical roboticist Jason Long’s mechatronic percussion ensemble, shown in Figure 36 [79].  

Two methods of interaction were developed: the first allows the users to send a message to 

any particular instrument to tell it to play a single note (in this case, for the mechatronic 

apparatus to strike the corresponding percussion instrument). The second method of 

interaction allows the user to pre-program various rhythmic sequences and then dynamically 
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control which instruments play the notes of that sequence. The articulation of space with the 

mecha.space application is through both the spatial spread and separation of the mechatronic 

instruments, and the creation of phantom images (in a similar manner to loudspeakers) in 

the second mode of interaction. The following section describes the GUI, the interface 

structure, and usage applications for mecha.space. 

 

 
Figure 42. Collage of the mechatronic percussion ensemble that mecha.space was designed 

to control. 

 

3.3.1 mecha.space GUI 
The graphical user interface for mecha.space, shown in Figure 37, allows the user to drag 

visual depictions of the physical instruments in a manner similar to that of tactile.motion 

(presented above in Section 3.2). Each mechatronic instrument is represented by a red square 

on the GUI. The user can drag each square into the virtual space, to coincide with where 

those instruments have been placed in the physical space. Once satisfied that the instrument 

objects are placed correctly in the virtual space, the user can ‘lock’ their positions, to avoid 

further unintentional movement during performance. The user may then tap on the 

instrument object to immediately send a single note event to that particular instrument.  
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Figure 43. The mecha.space iPad application. Each red square can be tapped on to send a 
single hit to an instrument, or will play a sequence if it is within the scope of a blue outer 

circle. 

 

There are also a number of round green objects that represent various programmable 

rhythms. The user can interact with these green circular objects to start a rhythmic sequence 

and to dictate how this sequence is spread throughout the instruments. The user taps on the 

circle to start the sequence playing; the sequence will continue to loop until the object is 

tapped again, causing it to stop. While the sequence is playing, the object will pulse by 

dynamically changing its brightness of colour to give the user visual feedback about the 

sequence’s state. Each green circle also has a blue outer circle around it, known as its 

radiation width. The outer circle represents the space that each object should encompass. The 

application is able to recognise which of the red instrument objects are within the space of the 

blue outer circle objects. If an instrument object falls within the space of the rhythmic object’s 
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radiation width, it will receive messages to play that sequence. The user can dynamically drag 

the rhythmic objects around the space to determine which instruments should play its 

sequence. The user may also change the size of the outer radiation circle by adjusting its 

corresponding slider at the top of the GUI, therefore adjusting which objects fall within its 

range. The velocity (loudness) of each particular instrument is determined by its position 

within the radiation width of the object relative to the centre. Instruments on the edge of the 

object’s parameter receive only a low velocity and will therefore play much more quietly; 

instruments positioned directly in the centre of the object play at full velocity. The width of 

the radiation circle may be as large as the full screen, meaning that all instrument objects, no 

matter where they are placed, will play that particular sequence (albeit at different velocities). 

The differences in velocities between all the instruments playing the sequence can create 

variation in perceived spatial dispersion patterns due to the human emphasis on the inter-

aural time and level differences, in the same way loudspeaker arrays create phantom source 

positions. 
 

3.3.2 Mechatronic Instrument Control Framework 
mecha.space follows a framework for intuitive user interaction with mechatronic instruments 

that has been proposed as part of this research. In following with the proposed framework, 

the mecha.space application has a start-up screen where the user can enter the details of the 

desired network and port. The data about the instruments is then sent out via OSC messages 

over the wireless network. For a tap received on an instrument object, a single message is sent 

with an ID corresponding to the instrument that was tapped. For the sequencing objects, a 

message is sent for each instrument that falls within its scope. The message contains two tags: 

one for the instrument’s ID and one for the object’s ID. The message also contains a 

percentage value, based upon its proximity, that corresponds to the velocity value. This 

percentage value indicates how close to the centre of the object it is, therefore dictating the 

amplitude with which that instrument is played. This communication framework is outlined 

in Figure 38. 
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Figure 44. The communication protocols (left) and corresponding hardware systems 

(right) used for the new framework for intuitive interaction with mechatronic 
instruments. 

 

The sequencing takes place in Max/MSP where the MIDI data needed to actuate the 

percussion ensemble is produced. The user can create rhythms to sequence within Max that 

can be played by the mechatronic percussion ensemble and controlled by the sequencing 

objects. While mecha.space was designed to work with a specific mechatronic percussion 

ensemble, a major advantage of the framework it utilises is that it could very quickly and 

easily be adjusted for use with any instruments that are controlled via MIDI. The same 

framework has been implemented for control of the speaker.motion system, discussed in Chapter 4. 

The flexibility of framework has resulted in its application to colleagues’ projects outside the direct 

scope of this document’s research, such as its implementation for Blake Johnston’s CARME 

application controlling his Polus mechatronic string ensemble [80]. 
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3.3.3 mecha.space Conclusions 
The mecha.space application allows aesthetics developed and conceived through spatialisation 

techniques for loudspeaker arrays to be applied outside of the loudspeaker paradigm. The 

interactive nature of the application also allows users from a novice background to interact 

with complicated mechatronic musical systems. In Section 2.2, many of the examples featured 

acoustic instruments that were spatially spread throughout the performance venue; the spatial 

separation of instruments allowed spatial relationships to be composed and expressed 

throughout the compositions. mecha.space draws upon those traditions but applies these 

spatial concepts to new types of music being made with contemporary technologies. Through 

the use of mecha.space, the mechatronic percussion ensemble can utilise the same types of 

expressive spatial elements that other forms of music have embraced. 

 

The framework developed through the mecha.space application and communication with the 

mechatronic percussion ensemble can be applied to other musical mechatronic systems as 

well. The strength of developing this framework lies in the ability to control multiple 

mechatronic instruments in a customisable, intuitive, and convenient way for a range of users 

from expert to novice. This expands the possibilities of these exciting new mechatronic 

systems to users beyond the very small group of expert builders and makers. The mecha.space 

application also allows new mediums such as mechatronic instrument ensembles to utilise 

spatialisation as an expressive and intuitively controlled element in compositions made for 

them. Through the combination of new mediums in the mechatronic instruments and new 

approaches to spatial interaction through the mecha.space application, the potential for 

increasing spatial aesthetics is evident.   
 

3.4 Spatial Interface Conclusions 
This chapter introduced three new spatial interfaces, each of which affords new approaches to 

spatial performance. Chronus_2.0 contributes to the underdeveloped field of new hardware 

interfaces designed for real-time spatial control. In ensuring the potential for performance of 

complex spatial trajectories, Chronus_2.0 allows the control of both radial and distance 

positioning. Through the implementation of the slip ring and encoder system, the 
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Chronus_2.0 controller maintains intuitive relationships between physical gestures and sonic 

movements while also allowing continuous rotational trajectories to be performed. 

tactile.motion also affords intuitive control of phantom source positions without placing 

technological limitations on the possible trajectories able to be performed. It also includes 

gestural triggering of autonomous spatial motion to further increase the potential for the 

creation of dynamic controllable spatial fields. tactile.motion underwent an extensive design 

lifecycle that involved numerous musical performances which served to test both its technical 

and aesthetic capabilities. Additionally, tactile.motion was the focus of a user study that 

assessed its worth as a new spatial tool. Finally, mecha.space allows the spatial approaches that 

had previously been implemented for loudspeaker performances to be applied to the new 

medium of mechatronic music ensembles.  

 

The interfaces described in this chapter all represent varying approaches to achieve a wider 

goal: they aim to contribute added layers of expressivity to spatial performance. While each 

interface has its own specific design considerations, they also have much in common: they all 

aim to provide complete systems ready for performance, but also to exhibit a modular 

approach to their design so as to not limit their use to any specific performance system or 

application. They also exhibit novel approaches to spatialisation performance in varying 

forms. Further, they share a common goal of being highly intuitive and easy to learn so as to 

encourage new spatial performance techniques to a wide range of composers and performers. 

The interfaces also aim to contribute to the area of source positioning spatialisation identified 

in Chapter Two. Chronus_2.0 and tactile.motion do so with the creation of phantom sources 

using VBAP algorithms, advancing this category of spatial performance. mecha.space uses a 

similar concept of variation in the location of a source. However, in the case of mecha.space, 

the source is a mechatronic instrument rather than a phantom source created with 

loudspeakers. Together, the expressive avenues afforded by these interfaces indicate a ripe 

future of aesthetically driven spatial performance. 
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Chapter Four 

 

Dynamic Mechatronic 

Loudspeakers 

 
This chapter presents the speaker.motion system: a novel mechatronic system for dynamic 

loudspeaker directionality manipulation, designed and developed as a major contribution to 

this research. The concept behind this new instrument is the development of a tool to further 

allow composers and performers to actively manipulate the way sound travels through a 

performance space as a part of their piece.  speaker.motion (shown in Figure 45) is a 

mechatronic instrument that has been designed to allow real-time manipulation of the sound 

projection vector of a loudspeaker. By dynamically manipulating the directionality of the 

loudspeaker, the composer/performer is able to use the way sound travels through and 

reflects around the physical area of the performance space, which affects the way that it is 

perceived by the audience. This chapter begins by outlining the design criteria and 

methodology used to build the system. It then provides an in-depth discussion of the 

speaker.motion system itself, including hardware, software, and PCB design as well as an 

outline of the varying modes of interaction with the system that are available to the 

performer. The chapter further provides an assessment of the system; the evaluation of the 

speaker.motion system includes both qualitative and quantitative data. The results of an 
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impulse response experiment provide quantifiable data about the effects of dynamically 

changing the orientation of speaker.motion. A user study was also conducted that asked 

composers who had performed with the speaker.motion system to qualitatively describe their 

experiences and the validity of the system, as well as the spatial aesthetics afforded to them by 

the speaker.motion system. The final section of the chapter outlines a number of musical 

performances that were conducted featuring the speaker.motion system. In a similar style to 

tactile.motion’s development cycle, the initial performances primarily tested technical aspects 

of the system and formed an integral role in the iterative design methodology implemented. 

As the instrument developed in sophistication, and composers began to explore the aesthetic 

affordances of such a system, the motivations for concerts and pieces became less about 

technical testing of the instrument and more about testing and exploring its potential for new 

spatial aesthetics. This process culminated in the speaker.motions concert, which featured six 

new works for the speaker.motion system and will be discussed in Section 4.8.5. 
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Figure 45. The speaker.motion mechatronic loudspeaker. 
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4.1 Concept and Motivation 

The final version of the speaker.motion system allows a pre-existing loudspeaker to be 

automated to change its azimuth and elevation. Prior to the commencement of this project, 

however, many ideas were discussed pertaining to the building of a new loudspeaker system 

to allow the position of a loudspeaker within a room to be automated, giving the composer 

access to a large range of spatial trajectories to manipulate within their piece. However, as 

many systems (such as those presented in Section 2.5.1) require permanent installation in a 

space, it was decided that a more portable option would be desirable, allowing the system to 

be used in any number of performance spaces. As a result of these discussions, the portability 

of the system became a major design objective. 
 

The idea of an automated system that rotated and tilted an otherwise stationary loudspeaker 

first came about upon witnessing a concert in a large cathedral. For one particular piece, the 

composer manually rotated certain loudspeakers in order to direct their sound further up 

through the cathedral instead of directly at the audience. The audience’s experience of the 

spatially reflected sounds was significantly coloured compared to the sounds that were aimed 

straight at them. There was perceivable variation in reverberance as well as differing areas of 

perceived localisation either around the loudspeaker itself, or further into the chambers of the 

cathedral. This experience raised the question of whether these expressive qualities created by 

changing the directionality of the loudspeaker could themselves become an integral part of a 

composition: by creating a dynamically repositionable loudspeaker, such varying sonic 

outputs could be continually explored throughout the duration of a piece, and become part of 

the aesthetic output. The main design criteria for the new system exploring this new spatial 

approach is summarised below and are discussed further in the following subsection. It was 

decided that the final result must: 

 

• afford on the fly directionality changes of a loudspeaker, 

• afford independent and simultaneous movement of a loudspeaker across two axes, as 

to not limit the potential for complex trajectories, 

• be able to be produced at a relatively low cost, 
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• feature a reproducible design so an ensemble of the interface may be produced, 

• feature loudspeakers of high audio quality, 

• be intuitively controlled by composers of both expert and novice mechanical 

backgrounds, 

• remain capable of standard audio playback,  

• be portable to explore spatial approaches to multiple performance venues. 

 

4.2 Design Criteria 
There were a number of objectives that were considered in the initial design of the 

speaker.motion system (summarised in the previous section). As the most important objective 

was to afford an extensive range of possible spatial trajectories, it was deemed that each 

loudspeaker must be able to continuously rotate in either direction indefinitely, in a similar 

way to the Chronus system (discussed in Section 3.1). The importance of this key design 

criterion meant that a solution to having cables tangle during rotation had to be found. Also, 

it was decided that the loudspeaker must not only be able to rotate on its azimuth, but should 

also feature a further degree of rotational freedom achieved by a tilt parameter. As such, a 

second actuator would be needed so that each axis could be controlled both independently 

and simultaneously. To ensure electroacoustic musicians could embrace the system, the 

quality of audio reproduction was also of great importance: the loudspeakers needed to be 

capable of reproducing a high-fidelity audio output with a wide frequency response. In 

choosing the loudspeakers, weight was also a considerable factor, in order to ensure not only 

portability, but also that the tilt parameter was possible. The ideal loudspeakers were to be as 

lightweight as possible to ensure relatively low cost components could be used for the 

mechanics within the balance of the desired fidelity range.  

 

The overall price of the system was also taken into consideration. While there was no set 

budget for the project, it was hoped that a range of institutions researching spatial 

composition in the future could utilise the loudspeaker system. To ensure this possibility, 

keeping the system at a relatively low cost while not reducing audio quality or impeding 

potential trajectories was an important aspect of the design. The system was also required to 
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make only minimal changes to the loudspeaker itself so as to not significantly change the 

resonance and frequency response of the loudspeaker. It was intended that speaker.motion 

should be easily controlled by composers, and should be intuitive enough that composers 

without a technical or engineering background may be able to fully explore the aesthetic 

potential of the system. It was deemed that speaker.motion should also be controllable in real 

time so that composers may explore spatial characteristics of new spaces on the fly. It was 

decided that the loudspeaker system should not be linked to any particular type of audio 

reproduction. Instead, it should be capable of the same playback options as a regular 

loudspeaker so as not to impose specific aesthetic considerations on the composer. It was also 

deemed important that the loudspeaker system exhibit a strong visual element that would 

draw the attention of both listener and composer to the spatial aspects of the piece. As the 

intention was to build an ensemble of these speaker.motion units that could be spread 

throughout a performance venue, any design features also needed to be easily reproducible so 

that all members of the ensemble were as similar as possible. speaker.motion is part of the 

larger body of research presented in this thesis, the goal of which is to provide a new range of 

tools that afford new approaches to dynamic spatialisation.  
 

4.3 Design Methodology 

The speaker.motion system was designed using a number of rapid prototyping techniques and 

an iterative design methodology. This was the same design process that was implemented for 

tactile.motion and was displayed diagrammatically in Figure 23 in Section 3.2.3.  The process 

involved the development of prototypes, the testing of established prototypes through 

musical performances, and critical analysis of the prototypes, leading to refinement of the 

design. A three dimensional computer aided design (CAD) model of each of the major 

iterations was created in SolidWorks to allow the creation of custom parts that could then be 

laser-cut and 3D-printed. In the first iterations, many parts were 3D-printed; as the process 

continued, one of the goals was to minimise the amount of pieces that were 3D-printed as 

load bearing parts, as they were found not to be sufficiently strong for long-term use.  
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4.3.1 Iteration One 

The first iteration of speaker.motion used small, lightweight loudspeakers which could only be 

rotated on the horizontal axis. The main design aspect tested in this initial iteration was the 

use of a low-cost slip ring.33 In particular, this iteration was meant to address the question of 

whether the slip ring would introduce noise or distortion to the audio signal. However, in 

testing the slip ring with audio, this proved not to be the case. The slip ring informed many 

design decisions throughout the process when moving to the design iteration that used 

larger loudspeakers. This first iteration used a small stepper motor and a timing belt to rotate 

the structure supporting the loudspeaker. 
 

 

Figure 46. The CAD model of Iteration 1.1 of the speaker.motion system. 

                                                        
33 This is the same slip ring used in Chronus_2.0 and discussed in Section 3.1.1. 
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This first iteration (shown in Figure 46) also tested some of the techniques intended to secure 

the loudspeaker to the rotating structure. The smaller loudspeakers had no mounting points; 

instead, two side plates were cut out Perspex and clamped together by threaded rod pulled 

tightly enough to secure the loudspeaker in place. Whilst this was adequate for a loudspeaker 

of such light weight, it was deemed that a different approach would be needed for larger 

loudspeakers. As such, the presence of sufficient mounting systems was added to the criteria 

for a desirable loudspeaker for later versions. The enclosure and timing belt system would 

also need to be re-designed: in iteration one, the timing belt used was quite long and therefore 

placed the loudspeaker to the far side of the enclosure, as shown in Figure 46. For the next 

iteration, the weight distribution of everything above the top of the enclosure would need to 

be addressed by centring the mass and adding a bearing to help distribute the weight 

throughout the enclosure’s structure.  

 

A number of minor changes were made to the first iteration, resulting in Iteration 1.1. 

Though still an early prototype, for Iteration 1.1 a servo with a 3D-printed servo horn was 

added to allow control of the tilt parameter of the loudspeaker. The servo provided 180 

degrees of rotation, which was deemed satisfactory given that, in combination with the full 

spinning of the motor, it would allow the loudspeaker to aim at any point in space. While a 

standard hobby servo provided enough torque to tilt the loudspeaker, it was already near the 

upper limit of weight that the servo could hold without slipping. It was clear that to upgrade 

to a heavier loudspeaker, some type of gear reduction would be needed in order to increase 

the actuator’s torque. 
 

An Arduino Uno microcontroller controlled the motor and servo. The stepper motor used an 

EasyDriver34 stepper motor driver to control its stepping and directionality. A small Arduino 

shield was created as the printed circuit assembly for the system, which provides a connection 

for the servo and the motor driver to the Arduino board. At this early stage, the firmware 

implemented was designed just to test that the motor and servo were capable of moving the 

                                                        
34 https://cdn.sparkfun.com/datasheets/Robotics/A3967-Datasheet.pdf Accessed 21.1.16 
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loudspeaker to the desired range of locations; communication protocols would begin to be 

explored in later versions.  
 

The success of using the slip ring for the audio signal allowed the design to progress to the 

next phase, which includes the use of higher-fidelity studio monitor loudspeakers begins to 

address some of the changes needed for the system to cope with the added weight of the new 

loudspeaker.  
 

4.3.2 Iteration Two 

The second iteration of speaker.motion was almost a complete structural redesign to start the 

transition to designing for a larger and heavier loudspeaker. Many of the 3D-printed parts 

were either redesigned to add structural strength or excluded from the design altogether. The 

same process occurred in strengthening the laser-cut parts. As the second iteration is very 

similar to the final version in terms of hardware, this hardware will be discussed further in 

Section 4.4. For this iteration, the enclosure was built with top and bottom Perspex plates 

held together with lengths of bolted threaded rod (shown in Figure 47). The lack of enclosure 

walls allowed easier access to the mechanical structures in the design phase. 
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Figure 47. Iteration Two of speaker.motion with its most significant parts labeled. 

 

Though the second iteration, shown in Figure 47, also used an Arduino Uno with a small 

prototyping shield (shown in Figure 48), some small differences had been made to allow the 

increase to 24 V input for this iteration’s larger stepper motor. As the servo required 5 V 

input, a voltage regulator35 was used to drop the 24 V down to 5 V for a stable 5 V supply to 

specific components. It also included a change of motor driver36 to provide more power to the 

motor, control the dissipation of heat, and allow more freedom with selection of micro-

stepping behaviours. The mechanical elements of the system could be controlled via serial 

                                                        
35 Texas Instruments PTN78000WAH  http://www.farnell.com/datasheets/1766991.pdf 

Accessed 21.1.16  
36 Pololu DRV8825 Stepper Motor Driver  https://www.pololu.com/product/2133 Accessed 

21.1.16 
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communication protocol, which, while allowing the user dynamic control, meant that the 

Arduino needed to be plugged into a computer with a USB cable. While such connections 

would be acceptable for one loudspeaker unit, it was always intended that the full 

speaker.motion system would comprise at least four loudspeakers. Therefore, for an ensemble 

of speaker.motion units, it would not be practical to require that each unit have an individual 

USB cable plugged into a computer. Solutions to these issues will be discussed in the 

following section.  

 

 
Figure 48. The PCB for Iteration Two was a shield for an Arduino microcontroller. 

 

4.4 Speaker.Motion Implementation 

The following sections refer to the speaker.motion system as it exists after the aforementioned 

initial design stages; from this point on, the system was deemed functional and ready to be 

used in performance.  
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Figure 49. All four speaker.motion units. 

The speaker.motion system includes four identical units that can be used individually or 

daisy-chained together. Figure 45 shows a single speaker.motion unit; Figure 49 shows all four 

speaker.motion units in their current state. Each unit features a Genelec 8010A loudspeaker 

mounted in a purpose-built mechanical structure. The loudspeaker itself is mounted inside a 

gimbal-like cage structure that gives the loudspeaker the desired azimuth and elevation 

control. A miniature servomechanism mounted on one side of the cage drives the 

loudspeaker’s tilt, and a stepper motor drives the rotation of the entire cage. By rotating the 

full cage structure, speaker.motion is able to adjust both the tilt and the rotation 

simultaneously. Where possible, the moving parts are all mounted inside the enclosure 

underneath the cage. This design helps with structural stability, protection of the mechanical 

parts, and safety concerns by limiting access to moving parts. The design also contributes to 

the visual aesthetic component of the system that draws attention to the loudspeaker itself as 

the gesturally active object. The following subsections provide more detail about each of the 

subassemblies that make up the speaker.motion system. 
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4.4.1 Mechanical Design 

The motion control is achieved through use of a NEMA 23-sized stepper motor to achieve the 

rotational motion and a servo to achieve the vertical tilt. Both devices are geared down to 

achieve a higher torque level, allowing smooth and repeatable control of the directionality of 

the loudspeaker. The stepper motor is geared through a pan drive system, which includes two 

differently sized pulleys and a timing belt (shown in Figure 50). The pan drive system also 

helps distribute the weight of the loudspeaker. The servo is geared down with a high ratio 

involute gear. Continuous rotation with no wire tangling is achieved through use of a slip 

ring. The slip ring connects the audio cables from the loudspeaker amplifier to the 

loudspeaker cone. It also runs the power and ground lines to and from the servo, as well as 

the signal line back to the microcontroller, so the servo may freely rotate with the rest of the 

structure. 
 

The stepper motor was chosen for its ease of precision movements, since being able to 

achieve predictable and repeatable loudspeaker angles is a central design goal for the system. 

A photo-interrupt sensor is also used in order to ‘home’ the motor on start-up, ensuring the 

directionality of the loudspeaker in relation to the corresponding input messages is always 

accurate and consistent. The servomechanism has an internal closed-loop control system that 

achieves the same homing function allowing the same level of directional repeatability as the 

stepper motor. Whenever the speaker.motion unit is powered up, the motor and servo both 

search for their home positions. Once homed, the system is ready to accept communications. 

The stepper motor operating in microstepping modes affords smoother movement and 

acceleration patterns, and allows the motor to operate at a much lower output of mechanical 

noise. 
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Figure 50. Diagram of the internal structure of the speaker.motion system. 

 

4.4.2 The Loudspeaker 
A number of commercial and custom-built loudspeakers were considered for the 

speaker.motion system. It was decided that using a commercial loudspeaker would help to 

ensure that the system was easily capable of being reproduced by institutions or individuals 

internationally. The main factors considered in the choice of loudspeaker were weight, cost, 

and audio quality, with the ease of mounting also a contributing factor. After consideration, it 

was decided to investigate the suitability of Genelec studio monitors. While dismantling a 

Genelec 8010A loudspeaker, it was observed that the driver board of the loudspeaker may 

easily be dismantled and removed from the enclosure (which could then be reassembled), as 

shown in Figure 51. Such removal of the amplifier assembly would be needed in the 

speaker.motion system. The frequency response of the 8010A is 67 Hz – 25k Hz (-6 dB) [81] 

and it is capable of producing an amplitude of 96 dB. Further, the loudspeaker is 1.5 kg. As 
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there were no other widely available loudspeakers found of comparable specifications that 

also were comparably lightweight, small in size, and easily dismantled, the Genelec 8010A was 

selected as the loudspeaker for speaker.motion.  

 

4.4.2.1 Loudspeaker Modifications 
The choice to remove the amplifier board from the Genelec was made in order to reduce the 

physical weight of the loudspeaker and to ensure the 240 V power input for the loudspeaker 

was not being sent through the slip ring. It was also decided that the power and PCB for the 

loudspeaker should remain entirely separate from that of the actuator control elements of the 

mechanical side of the unit. This has two major benefits, the first being that, should anything 

go wrong with the mechanical elements during performance, there would be no change to the 

audio and the piece would continue to play. The composer could smoothly restart the 

mechatronics without interrupting the piece. The second benefit to separating the audio and 

actuator control boards is that the loudspeaker can still be used as a stationary standard 

loudspeaker without powering the mechanical components of the unit.  

 

 

 
Figure 51. Inside the Genelec 8010A loudspeaker before the speaker.motion modifications 

were made. 
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A separate enclosure was built to house the Genelec loudspeaker amplifier driver PCB 

(printed-circuit-board). This enclosure both protects the board from any damage and 

provides safety from human contact with live power. The Genelec 8010A uses a double 

insulation method for protection from live power: placing the loudspeaker driver in its own 

enclosure within the wider enclosure ensures that the double insulation is maintained and 

therefore keeps the speaker system in compliance with New Zealand power safety standards. 

The inside of the Genelec 8010A that allows the required modifications is shown in Figure 51.  

 

 
Figure 52. The extensions made to the power and audio lines to allow the panel mounting 

of the IEC power and XLR connectors. 

 

After performing with the speaker.motion system a number of times, it became apparent that 

the XLR audio and power sockets on the Genelec systems relied on the external structure of 

the loudspeaker enclosure to maintain their stable positions within the unit. Having removed 

them from their original enclosure, they were slowly becoming loose with repeated pressure 

of plugging and unplugging the unit. Another issue that arose was that, having removed the 

driver board, the user also lost access to the power switch that allowed the loudspeaker to be 
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switched off without unplugging the power cable. For performance purposes, this is a 

desirable feature. As a result, the power and audio connections were extended so that a 

standard IEC power cable could be used. These extensions are shown in Figure 52.  

 

The extension to the power lines then go through a switch (allowing the loudspeaker to be 

switched off and on) and a fuse, which is then panel-mounted to the outside of the enclosure 

in the same way that the power to the mechanical side of the system is implemented. The 

panel mounting of the power and XLR connections are shown in Figure 53.  
 

 
Figure 53. The power and XLR audio connections are panel mounted to the enclosure 
along side the MIDI and power connections for the mechatronics. The added switch 

allows the power to the loudspeaker to be turned on or off from outside the main 
enclosure. 
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4.4.3 PCB Design and Firmware 
The speaker.motion mechatronics are controlled by an microcontroller37 and an 

implementation of the MIDI hardware specifications. Figure 55 shows the schematic for how 

these aspects were implemented (including all added hardware for debugging purposes, such 

as the diagnostic LEDs). A purpose-built PCB was made for each unit, which expedites 

construction of future speaker.motion modules. The resultant custom PCB assembly is shown 

in Figure 54, with each specific area of the PCB outlined.  

 

 
Figure 54. The custom PCB of the speaker.motion system with each specific area outlined. 

 

                                                        
37 ATMEGA328, http://www.atmel.com/devices/atmega328.aspx Accessed - 28.5.2016 
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Figure 55. The schematic of the mechatronic side of speaker.motion. 
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The microcontroller’s firmware is programmed to receive incoming MIDI messages and 

decode those relevant to its particular unit based on the MIDI channel. Each speaker.motion 

unit is assigned its own MIDI channel. The messages sent for other channels are ignored by 

the unit and passed on to other units via the MIDI Thru. This allows multiple speaker.motion 

units to be daisy-chained together with MIDI cables. Once messages are received, the 

firmware separates them based on their MIDI control change number and uses them to 

update either the position of the servo or the stepper motor (see Section 4.4.4 for a full 

description of the MIDI parsing scheme used by speaker.motion).  

 

 
Figure 56. A block diagram of the of the speaker.motion hardware/firmware interaction. 

 

The firmware also implements the homing function for the stepper motor that runs on start-

up, in order to ensure that the messages result in accurate positioning throughout the 

performance, as was described in Section 4.4.1. When the unit first receives power, the motor 

starts slowly rotating in a clockwise direction until the trigger attachment reaches a point 

where it breaks the light of the photo-interrupter beam. This position is then deemed ‘home’ 



 

 133 

for the stepper motor and all movements are based around this position. The homing routine 

also attaches the servo and homes it according to its internal potentiometer. At the end of the 

start-up routine, a red LED inside the unit flashes five times (the loudspeaker remains 

stationary at this point) to provide the user with visual feedback as to the system’s state. After 

the LED flashes, the system is ready to receive MIDI commands. Any MIDI messages sent 

before this time will be ignored by the system. A functional block diagram of the 

speaker.motion firmware is shown in Figure 56. 
 

4.4.4 MIDI Communication 

The MIDI protocol was selected for its ease of use and reliability, as well as for its prominence 

within electronic music communities. A further benefit of MIDI is the ability to run MIDI 

cables over long distances without a loss of signal integrity. This opens the speaker.motion 

system up to a much wider variety of performance configurations and performance spaces. 

Each loudspeaker unit runs on a separate MIDI channel (1, 2, 3, 4), with the individual MIDI 

channel for each particular unit labelled on the base of the unit.  

 

The MIDI logic implemented by speaker.motion is shown in a program flow diagram in 

Figure 57. The actuators of the speaker.motion system respond to MIDI control change 

messages. Control Change 6 (CC 6) dictates the state in which the motor will run. A value 

between 0 and 44 causes the motor to run in position mode. In this mode, the user is able to 

determine an angle to which the motor will move; once the desired position is reached, the 

motor remains there until a further position is received. A CC 6 value between 44 and 88 

causes the motor to run in clockwise rotation mode. The loudspeaker continuously rotates in 

a clockwise direction until it receives a change of modes message. In this mode, the control 

change messages on CC 7 will change the speed at which it rotates. A value between 88 and 

127 will cause the motor to run in counter-clockwise rotation mode. CC 7 differs depending 

on the state that the motor is in as determined by CC 6. In position mode, the value will be 

the position to rotate to. A value of 0 is the ‘home’ position and 127 will be a full rotation back 

to the home position. A value of 64 causes the loudspeaker to rotate to 180 degrees from 

home. In either of the rotation modes, the value sent will determine the speed at which the 

loudspeaker rotates, with 0 the slowest speed possible and 127 the fastest speed possible. CC 8 
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is the value of vertical tilt, with a value of 127 aiming the loudspeaker downwards and a value 

of 0 aiming the loudspeaker upwards.   

 

 
Figure 57. Program flow diagram of the MIDI functionality for the speaker.motion 

system’s firmware. 

4.5 Methods Of Interaction 

The flexibility and modularity of the system allows a wide range of user interaction methods. 

This was intended to ensure a wide range of live electronic musicians could use the system. A 

design goal is that anyone with some familiarity with a DAW can use the speaker.motion 

system to its full potential without needing an understanding of how the mechatronics or the 

firmware works. As previously stated, the speaker.motion units respond to specific MIDI 

messages, which could be configured in any number of ways. In essence, speaker.motion can 

be controlled by anything able to craft and send MIDI messages. The modularity of the 

system and daisy-chaining style of the MIDI IN and MIDI THRU also means that composers 

may choose to physically arrange the speaker.motion system in many ways depending on their 
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aesthetic needs. Performances have taken place using one, two and four speaker.motion units, 

with a number of examples of all four loudspeakers used in a variety of configurations. This 

subsection will give some examples of common ways with which composers have chosen to 

interact with the speaker.motion system. 

 

4.5.1 Ableton Live/DAW’s 

One of the simplest ways for composers to control the speaker.motion system is via Ableton 

Live (or any other DAW). Using speaker.motion in this method only requires experience in 

the use of a DAW; it was assumed that most electronic musicians would have such 

experience. Ableton Live makes the creation and sending of MIDI messages very easy. The 

composer first configures the MIDI output device and assigns the desired MIDI channel. He 

or she can then draw in the changing MIDI values in a similar way to drawing any other 

automation parameter, as shown in Figure 58.  

 

Another benefit of Ableton Live is that in the arrange view, the software makes it very easy for 

composers to engage in time-based synchronisation of speaker.motion movements with 

specific parts of audio. This simplifies the creation of meaningful gestural relationships 

between the audio being produced and the movements of the loudspeaker. It also allows the 

comparison of the movements of each individual speaker.motion unit at any given point in 

time. While the creation of MIDI messages in this format can be performed in real-time, 

Ableton Live has proven to be a widespread choice for composers wishing to pre-program the 

speaker.motion movements. This interaction method was chosen by many composers in the 

speaker.motions concert discussed in Section 4.8.5 (exemplified in the the author’s 

performance of Snow All Around). It was also used for performances of final.motion and 

Douglas Lilburn’s Lines and Distances (Sections 4.8.3.1 and 4.8.3.2) and Music For 

Mechatronic Speakers (Section 4.8.4). 
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Figure 58. The Ableton Live Session for Snow All Around (discussed further in Section 

4.8.5.1). The diagram shows the various elements set up to send MIDI to speaker.motion. 

 

4.5.2 Max/MSP 
Another often-used choice among speaker.motion users is to control the loudspeakers 

through use of a Max/MSP patch. Max/MSP has built-in MIDI objects that are easily 

configured to the correct messages for communications with the speaker.motion system. A 

Max/MSP patch able to communicate with the speaker.motion system is shown in Figure 59. 

This is a widely-used choice for those wishing to use the speaker.motion system in a more 

performative manner or those who wish to add the speaker.motion system into a previous 

piece that utilises live generative audio production. This interaction method was utilised for 

the live sonification of earthquake data to dynamically change speaker.motion directionalities 

in A Fractured Earth (described in detail in [82]). It was also used to translate the incoming 
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data from a hand gesture controller to speaker.motion movements in a performance as part of 

the speaker.motions concert discussed in Section 4.8.5. 

 

 
Figure 59. An example of how to configure the MIDI control change out object in 

Max/MSP to communicate with speaker.motion. 

 

4.5.3 The speaker.motion iPad application 
The speaker.motion system affords new ways to interact with the physical space in 

composition. To more fully embrace this novel affordance, an entirely new control system for 

speaker.motion was built. An iPad application that belongs to the same family of applications 

discussed previously in Chapter 3 was developed as a control interface for the speaker.motion 

system. The speaker.motion iPad application follows the same communication framework 

developed for control of mechatronic instruments discussed in Section 3.3.2. The goal of the 

speaker.motion iPad application is to afford intuitive live control of each speaker.motion unit 

simultaneously. The control of speaker.motion exhibits many of the same restraints of spatial 
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performance that tactile.motion aimed to address. After the success of tactile.motion, a similar 

approach was employed to for performer interaction with speaker.motion. Interaction with 

speaker.motion involved many of the same design criteria as the tactile.motion system 

(discussed in Sections 3.2.1 and 3.2.3) including control across multiple axis of control with a 

single gesture, ease of set up, intuitive control, and not being effected by stage lighting, 

therefore the same platform, the iPad, was deemed appropriate for further development.  

 

 
Figure 60. The speaker.motion iPad application. The loudspeaker to the top left would be 

aimed slightly down from centre on the tilt axis and rotated towards the centre of the 
room. The loudspeaker on the lower right hand side of the screen would be tilted as low as 

possible towards the ground and would be rotated to aim towards the back of the room 
and somewhat to the left. 
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The iPad application was developed with the goal of maintaining highly intuitive gestural 

relationships between the movement of the speaker.motion system and the physical 

movements of the performer. The application shows graphical representations of the space 

around all four loudspeakers. The space is displayed as a series of consecutive circles 

(illustrated in Figure 60). The user interacts by moving a graphical ball-shaped object around 

the space representing the directionality of the loudspeaker. The radial movement is intuitive, 

as the ball’s position inside the circle directly correlates to the radial direction of the 

loudspeaker. The tilt is controlled by the ball’s position within the consecutive circles. 

Positioning the ball over the outermost circle results in the loudspeaker tilting towards the 

floor, while positioning the ball over the innermost circle causes the loudspeaker to tilt 

directly up. The GUI of the consecutive circles was designed as a compromise, as the user 

needs to be able to interact with a 3-dimensional object from a 2-dimensional screen.  
 

 
Figure 61. The speaker.motion control application network settings screen. 

 

To control the speaker.motion movements, the iPad application sends OSC data over a 

wireless network in the same way that mecha.space does. The first screen that the user is 

presented with upon starting the application is a settings screen (shown in Figure 61). The 

user can enter the IP address and port number of the desired location for the OSC messages 

to be sent. This OSC data might be unpacked in any application capable of receiving it, 
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maintaining modularity of the system, as a major design goal of all the systems presented in 

this research. While any appropriate application is capable of receiving this data, 

accompanying Max/MSP patch has been developed to translate the data and control the 

mechatronic loudspeakers. Figure 62 outlines this framework and the communications 

protocols at each stage.  

 

 
Figure 62. The communication protocols implemented for using the iPad to control 

speaker.motion in real time. 

 

The basic role of the Max patch is to act as a translator between the OSC data coming in over 

the network from the iPad application and the MIDI data that needs to be received by 

speaker.motion. The OSC messages coming in are first unpacked based on their address, 

which indicates the speaker.motion unit for which their message is intended. These messages 

are then sent to the appropriate instance of the MIDI sub-patch that unpacks the tilt and 
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rotational angle from the OSC message and scales and translates the message so that it may be 

re-packed to fit MIDI protocols and sent to the speaker.motion unit.  

 

The speaker.motion iPad application allows both performers and non-expert installation users 

to interact with the mechatronic loudspeakers in a gestural way. The direct mapping of the 

app to the physical movements of the loudspeakers themselves means that musicians and 

other users can use the application easily without an understanding of how the mechatronics 

of the system works. This framework removes the need for domain-specific knowledge in 

interacting with this mechatronic ensemble and affords the use of speaker.motion as an 

expressive tool to a wider and more diverse range of users in both performance and 

installation settings.  
 

4.6 Impulse Response Recordings 

In order to assess the ability of the speaker.motion system to create variation in the way audio 

travels through a performance space, an impulse response experiment was conducted. The 

experiment involved rotating the speaker.motion unit to different angles of rotation and tilt to 

excite a room in varying ways. In addition to assessing the behaviour of speaker.motion, the 

resultant impulse responses allow composers/performers to begin to realise the extent to 

which directionality of a loudspeaker affects the way audio is perceived by the audience 

members. This information shows the potential benefit of being able to automate such 

movements in performance to increase spatial expressive potential throughout the piece. The 

following subsection explains how the experiment was conducted and provides a discussion 

of the results that were gathered. It also provides a discussion of what may be concluded 

about the validity of the speaker.motion system and its design criteria from these results. 

 

4.6.1 Experiment Methodology 

The impulse response experiment was conducted in the Adam Concert Room, as it is the 

primary concert space for performances at the New Zealand School of Music. The space itself 

is quite complex with an open mezzanine level providing access to the lighting rig system, as 

well as a pipe organ and two grand pianos permanently stored in the room (as can be seen in 
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Figure 63). Stripping the room of these acoustic resonators would be impractical also leaving 

the room as it was commonly configured would give a more accurate depiction of the likely 

concert scenario. The experiment was conducted at night to minimise any outside noise that 

might occur with general use during the day.  
 

 
Figure 63. The Adam Concert Room at the time of the impulse response experiment. 

 

The room itself is 14.5 metres x 13.35 metres (see Figure 64). The speaker.motion unit was 

placed 4 metres in from each wall at a height of 1.1 metres (measured to the loudspeaker 

cone). The microphone was placed on a standard microphone stand in the exact centre of the 

room, at a height of 1.2 metres. This configuration was designed to mimic the approximate 

height of the ear level of an audience member while seated for a concert. The microphone 

used was an AKG 41438 set to an omni-directional polar pattern at 0 dB with all in-built roll-
                                                        
38 http://cloud.akg.com/7744/c414xls_xlii_manual.pdf Accessed 14.2.16 
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off removed. The microphone was connected to an audio interface via a balanced 10 metre 

XLR cable. The audio interface used was a PreSonus Firestudio Project39, set to 24-bit, 96 kHz. 

The same microphone input level was used for all recordings, ensuring any amplitude 

difference is a result of the loudspeaker’s directionality.  

 
Figure 64. A top view of the Adam Concert Room as it was set for the impulse response 

tests. 

                                                        
39 http://www.presonus.com/products/FireStudio-Project/techspecs Accessed 14.2.16 
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An audio chirp was used as the input to the room. The chirp had a frequency range of 60 Hz 

to 20 kHz, aligning with the frequency response of the Genelec loudspeaker, with the sweep 

taking place over 2 seconds. The chirp consisted of 20 frequency sweeps back to back, 

allowing each sample to be averaged to remove extraneous noise. The output of the audio 

interface set at 45% of full capabilities, this level resulted in no noticeable distortion of the 

loudspeaker’s output at any frequency. The audio output level was the same for all 

loudspeaker directions, ensuring that any amplitude difference evident in the results is due to 

the directionality of the loudspeaker and its interactions with the space.  

 

 
Figure 65. The loudspeaker and microphone configuration for the impulse response 

experiment. 

Recordings were taken with the loudspeaker pointed at eight different rotational angles. Each 

of these was taken at four different tilt angles, giving a total of 32 positions recorded. Table 3 

shows the complete list of recordings that were made, with the angles of horizontal rotation 

and vertical tilt of speaker.motion at the time.  
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Table 3. Table of  recordings taken in the impulse response experiment. For the angle of 
rotation 0° was the loudspeaker pointing directly towards the audience. For the tilt 0° was 
the loudspeaker pointing directly towards the ground. Figure 65 shows the loudspeaker in 
position for take one. 

Recording Angle Tilt 

1 0° 45° 
2 45° 45° 
3 90° 45° 
4 125° 45° 
5 180° 45° 
6 235° 45° 
7 270° 45° 
8 325° 45° 
9 0° 90° 

10 45° 90° 
11 90° 90° 
12 125° 90° 
13 180° 90° 
14 235° 90° 
15 270° 90° 
16 325° 90° 
17 0° 125° 
18 45° 125° 
19 90° 125° 
20 125° 125° 
21 180° 125° 
22 235° 125° 
23 270° 125° 
24 325° 125° 
25 0° 170° 
26 45° 170° 
27 90° 170° 
28 125° 170° 
29 180° 170° 
30 235° 170° 
31 270° 170° 
32 325° 170° 
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4.6.2 Results 

By comparing the recorded response of various takes, the difference in the audio recorded 

through loudspeaker directionality changes is evident. Variation can be observed in changes 

on both axes. The results from each individual take are different, with no two takes appearing 

exactly the same. While related response changes may be obtained using other effects 

techniques (spectral filtering), the results depicted in this section’s figures show that 

speaker.motion allows the room itself to become the effect; these observed results highlight 

the extent of variation possible with just one speaker.motion unit. The full extent of the results 

of this experiment can be found in Appendix Four. 
 

 

Figure 66. The response with the loudspeaker positioned at the same tilt (in this case 45°) 
with one recording featuring the loudspeaker facing directly across the room (Recording 3 

shown in red) and one with the loudspeaker facing directly down (Recording 1 shown in 
blue). 
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Of particular interest was the difference between directionalities that sent the primary sound 

trajectory either directly lengthways or widthways, as shown in Figure 66. Due to the shape of 

the room, which is longer than it is wide, comparing the two directionalities shows a great 

deal of variation. This suggests that the ability to manipulate the loudspeaker’s directionality, 

particularly in non-square rooms, can have an affect on the reception of sound.  

 

 

Figure 67. The response with the loudspeaker positioned at the same azimuthal angle (in 

this case 0°) but with one recording featuring the loudspeaker facing down towards the 
ground (Recording 1 shown in blue) and the other with the loudspeaker tilted almost 

directly up towards the ceiling (Recording 25 shown in red). 

 

Similarly, the responses with the loudspeaker aimed in the same rotational angle but at 

varying vertical tilts show a great deal of variation. Figure 67 shows this variation by 

comparing a recording whose vertical tilt was 45° (with a 0° tilt being that facing directly 
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towards the floor and a 180° tilt directly towards the ceiling), with a recording whose vertical 

tilt was at 170°.  

While the figures above show some of the more extreme juxtapositions evident from these 

recordings, it is also of interest to compare the recordings taken with less extreme variation in 

the directionality of the loudspeakers.  

 

 
Figure 68. The responses of Recordings 14 (blue) and 15 (red). Both recordings featured 

the loudspeaker aimed at a vertical tilt of 90°. Recording 14 had a horizontal angle of 235°; 
Recording 15 had a horizontal angle of 270°. 

 

Figure 68 compares Recording 14 with Recording 15. Recording 14 has an angle of 235° and a 

vertical tilt of 90°, while Recording 15 has the same vertical tilt and an angle of 270°. These 

two recordings represent the smallest difference in directionality of the loudspeaker of the 

positions that were used. Even in these relatively similar speaker configurations, significant 

variation in the response of the room is evident. Some variation can be seen across the full 
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frequency spectrum, but there is a much greater level of variation in the mid-high to high-

frequency bands.  

 
Figure 69. The responses of Recordings 22 (blue) and 30 (red). Both recordings featured 

the loudspeaker aimed at a vertical tilt of 90°.  

 

Figure 69 compares Recording 22 and Recording 30. These recordings were taken at the same 

angle of 235° but represent minimal change in the vertical tilt. Recording 22 had a vertical tilt 

of 125° and Recording 30 had a vertical tilt of 170°. In a similar way to Figure 68, the resulting 

audio shows that even those recordings taken with smaller amounts of variation in the 

directionality of the loudspeaker show variation in the resulting audio.  
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Figure 70. The responses of Recordings 4 (blue) and 32 (red). These two recordings were 

conducted with the loudspeaker pointing in opposite directions. 

 

Comparing Recording 4 with Recording 32 provides an example of the loudspeaker aimed in 

the most opposing positions possible; this comparison is shown in Figure 70. In Recording 4, 

the loudspeaker is placed at 125° with a vertical tilt of 45°, aiming the speaker cones towards a 

far corner of the Adam Concert Room and towards the floor. Recording 32 is placed at 325° 

with a vertical tilt of 170°, aiming it in the opposite corner much closer to the speaker.motion 

unit, and pointing towards the ceiling. These results are interesting, as one might assume that 

they should exhibit the most drastic variation between recordings; however, this is not the 

case. In fact, Figure 70 shows less variation than many of the other graphs presented in this 

section. One possible explanation for this is that both of these positions of the loudspeaker 

would cause any audio to bounce from a number of surfaces in the room before reaching the 

microphone and, therefore, the audience. The resulting audio might be more representative 
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of the overall resonance and activation of the room caused by positioning the loudspeaker in 

this way. This information supports the suggestion that the use of speaker.motion in 

dynamically adjusting the directionality of the loudspeaker affords the composer the ability to 

actively engage the physical performance space as the signal processor.  

 

The variation in data shown in Figures [66–70] suggests that the ability to manipulate the 

loudspeaker’s directionality across multiple axes, particularly in rooms of non-square shape, 

can have an effect on the reception of sounds. This implies that the potential for 

manipulation for aesthetic and compositional reasons warrants further exploration. While 

this experiment recorded a diverse selection of potential directionalities of the loudspeaker in 

performance, the speaker.motion unit is capable of moving to a great deal more positions than 

were measured. The performer has access to a much wider range of positions in performance, 

and is able to explore the extremes of differing directions (as is represented by much of this 

data), but also has the freedom to make more subtle explorations of all the less variant spaces 

in between. The resulting audio of the impulse response experiment highlights the potential 

for manipulation of loudspeaker directionalities for aesthetic and compositional reasons.  

 

4.7 Performance Evaluation 
While the impulse response experiment provides quantifiable results about the effects of 

changing the directionality of a loudspeaker, it neither determines whether a composer might 

find this to be useful nor qualifies the potential for aesthetic spatial engagement. Therefore, a 

user study was also conducted that asked composers who had performed with the 

speaker.motion system to qualitatively describe their experiences and assess the validity of the 

system.   

 

Six composers of electronic music completed the user study, each of whom had performed 

with the speaker.motion system. The composers all came from a background in 

electroacoustic composition and had all performed with other custom-built instruments 

before. After performing with speaker.motion, the composers completed a questionnaire that 

asked a range of questions about how they utilised the system and the aesthetic 
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considerations they made both spatially and through their wider compositions. They were 

also asked questions about their experience as audience members participating in concerts 

utilising speaker.motion. Further details about the specific performances and concerts that 

took place are provided in the Section 4.8. As with the tactile.motion user study, the selected 

results are those that best pertain to the design goals of the system. The full extent of the data 

collected from this user study is available in Appendix Three. 

 

The response from the user study was positive. All of the composers felt that speaker.motion 

had changed the way they that thought about space in their compositions and that, having 

used the speaker.motion system, a heightened level of spatial engagement would now 

continue in their future compositions. Selected composer statements in response to questions 

about this area include: 

 

Spatial elements have been a strong element in my compositional process, but 

what speaker.motion affords is a more complex, dynamic and controllable 

interaction and intention within the spatial parameters of ideas 

 

Even without speaker.motion, I feel that I have now been made more aware of 

the great potential afforded by using non-traditional speaker configurations 

 

It is possible that the physicality and visual phenomenon of seeing the loudspeaker actually 

rotate helps to draw attention to the spatial elements of a piece and their compositional 

intent. These comments suggest that having deepened their spatial awareness through their 

use of the speaker.motion system, the composers will now continue to think about the spatial 

aspects of their music in that depth, even when they are not using the speaker.motion system.  

 

All of the composers felt that there were aspects of their piece that they would not have been 

able to achieve without the speaker.motion system. All of the study participants also described 

ways in which they used the speaker.motion system to engage with the physical space in which 
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they performed, which validates a key design goal of the system. Some composer comments 

related to this include: 

 

I was able to aim the speakers specifically at the various reflective surfaces in 

the space. I also found that, by aiming at the more absorbent audience, I could 

affect timbral change. 

 

By having two symmetrical pairs of rotating speaker, which rotated in different 

phases, some very interesting phasing effects were created (with the same source 

sent to each pair). 

 

Five out of six composers also felt that the speaker.motion system drew their attention to 

spatial attributes as a listener or audience member.  

 

The way composers used space as a compositional tool was much more evident 

then traditional speaker setups. 
 

The visual coupling led me to consider their use of space more than with a 

traditional loudspeaker array. 

 

The speakers were brought to life as a very important aspect of the composition, 

so was the space itself. 

 

When given an opportunity to suggest changes to the system, all of the composers felt that 

they would like to see the system explored with larger loudspeakers; this is an avenue that will 

be explored in subsequent iterations. Many composers also suggested that they would like to 

see further dampening of the mechanical sounds created by the system, another aspect that is 

intended to be addressed in future versions of the system.  Such future improvements will be 

discussed in detail in Section 5.2. 
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4.8 speaker.motion Explored Aesthetic Applications 
The following section outlines musical performances that were conducted as part of the 

iterative design process for the development of speaker.motion. In this section, there is a 

mixture of discussion of individual pieces, where compositions made for the new 

technologies were featured in larger concert settings, as well as discussion of one concert that 

was conducted as a showcase for the new speaker.motion system, wherein all composers 

performed with speaker.motion. This section serves as a performance journal, written in a 

reflective manner with entries being made soon after each performance. The observations 

about the spatial affects were made through the author’s observations and personal listening 

experience. Due to the unique spatialisation techniques utilised in the pieces, audience 

members at varying physical locations throughout the performance venues would have 

experienced these spatial effects differently. The writing of this section helped to serve as a 

part of the iterative design process implemented for the development of speaker.motion. The 

critical reflection after each performance informed the design criteria and aesthetic decisions, 

as well as compositional goals for the instrument and for future works. The pieces are 

presented in chronological order, as each piece became part of the iterative design 

methodology and many pieces informed the aesthetics and implementation of their 

successors.  

 

As with compositions exploring tactile.motion, the pieces presented in this section begin with 

a number of works that focus on technically oriented outcomes. As the technology developed, 

this focus shifted toward pieces that explore new spatial approaches and interactions. This 

process culminated in the speaker.motions concert, which will be discussed at the end of this 

section. For speaker.motions all technical aspects of the system had previously being tested 

and the concert and works created for it featured more in depth exploration of the aesthetic 

affordances of the system.  

 

4.8.1 Parliament 150 Celebrations – New Zealand Parliament  
This concert was the first performance use of the speaker.motion system. It took place at the 

New Zealand Parliament grounds on July 26th 2015. A single speaker.motion unit was utilised; 
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it was placed in the forward centre of the stage area.  The physical space featured acoustic 

variation due to the variation of the materials of the surrounding reflective surfaces. One wall 

was made of marble, one of glass, one open, and the other plasterboard with glass panels 

hanging from it. 

 

 
Figure 71. speaker.motion on stage at the Parliament Concert. A single loudspeaker was 

used, placed in the middle of the stage. 

 

The piece performed was tidal.motion, developed by creating multiple filtered layers of a field 

recording taken from a water pump on the South Coast of Wellington, New Zealand. The 

piece features slowly evolving drones of low to mid frequencies and was the first technical test 

using a speaker.motion loudspeaker in a performance setting. It also tested the spatial 

affordance of speaker.motion’s continuous rotation features by having the loudspeaker point 

at varying reflective surfaces throughout the room. 

 

The first version of the tidal.motion piece served as an in-progress composition; in this initial 

testing phase, speaker.motion’s MIDI implementation was not yet complete. The single 

speaker.motion unit was hard-coded to continuously spin in one direction, with a slow initial 
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speed of one revolution per minute. This slow speed allowed the reflections of each surface to 

be explored and experienced acoustically. The speed of rotation increased throughout the 

piece as the intensity of the audio increased. With each rotation, the tilt angle of the 

loudspeaker also changed, slowly working its way to a fully upright position.  

 

 
Figure 72.  speaker.motion in mid rotation whilst performing tidal.motion. 

 

When the loudspeaker was tilted at 45 degrees upwards, the colouration of the audio achieved 

through the changing reflective surfaces of the space was at its most prominent. The variation 

of the audio from the reflective properties of the space as the loudspeaker panned past each 

position and wall could clearly be heard. The audio of the piece in combination with the 

spatial properties of the room also created audible motions when the pulsing frequencies 

began halfway through the piece. The combination of frequency beating in the audio and the 

continuous motion of the loudspeaker created a phenomenon somewhat like beat 
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frequencies. However, rather than localising this phenomenon within their heads, listeners 

experienced it as mediated through the pulsing spatial colouration. 

  

The spatial variation of tidal.motion was limited due to the technical capabilities of the 

speaker.motion system at the time. However even with just a loudspeaker set to rotate in a 

single direction new spatial interaction techniques were present. The sonic material of the 

filtered drone had only a small amount of gestural motion within the sonic material itself 

however, in combination with the physical motion of the loudspeaker, the spectral motion 

was highlighted and became the main feature of the piece. In this piece the spectral space was 

implied through the spatial motion. The difference in the reflective surfaces that encapsulated 

the physical space meant that the attention was often torn between the immersive space and 

the arena space (though in this case the speaker.motion unit itself is what creates the 

perception of ‘stage’ or ‘performer’). 

 

Even from this first concert with a single speaker.motion unit, the potential for the system to 

create new spatial aesthetics was evident. The system and unit performed technically as 

expected, though it was obvious that the MIDI implementation (rather than the movements 

being hard-coded into the firmware) would greatly increase the usability of the system. The 

author’s experience of the unit’s ability to activate spaces in the course of tidal.motion 

justified the finalisation of the remaining three speaker.motion units and the completion of 

the system’s MIDI implementation.  

 

4.8.2 Lilburn For Lunch - National Library – Concert One  
With the tidal.motion performance successfully testing the use of a single speaker.motion unit, 

the merit and potential for spatial affordance was already evident. The next step was to begin 

testing the use of multiple speaker.motion units and to begin to establish the aesthetic 

affordances of multiple units working together. The Lilburn for Lunch concert series was held 

in July 2015 at New Zealand’s National Library in celebration of the centenary of composer 

Douglas Lilburn’s birth and provided an opportunity to continue to test speaker.motion in a 

new performance venue. This performance venue offered unique spatial characteristics that 
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also allowed an assessment of how speaker.motion could be used to activate acoustic spaces. 

Two speaker.motion units were used: they were both hard-coded and were spatially separated 

through the room and through the audience 5 metres apart. The piece performed was 

final.motion.  

 

4.8.2.1 The Composition 
The concept for this concert was the creation of a piece celebrating Lilburn’s pioneering 

works with analogue synthesisers. The piece final.motion was made purely from recordings of 

an EMS Synthi. In a similar fashion to fine.tones (see Section 3.4.1), the piece features four 

sine tones layered on top of each other with a slow evolution of their pitches. The similarities 

present in the two pieces, fine.tones and final.motion, allowed for the exploration of ‘inwards’ 

and ‘outwards’ spatialisation.40 In fine.tones, spatialised with tactile.motion through a 

quadraphonic loudspeaker array, the space that is manipulated aesthetically is the space 

inside the speaker array’s perimeter; this space also encapsulates the audience. In 

final.motion, spatialised with the speaker.motion system, the space that is being expressively 

manipulated is the wider space around the loudspeakers, the outer space of the concert hall 

(outside of the space that the audience sits). In keeping the two pieces similar in spectral and 

structural development, the artist could explore these opposing approaches to spatial 

engagement. 

 

The two sine tones that begin final.motion start with low frequencies and work their way up 

at different rates, and the other two are the reverse of this, starting with high frequencies and 

ending with low frequencies. The piece is stereophonic; however, there was minimal 

difference between the two channels. The use of sine tones at changing frequencies was 

intended to activate the space to resonate and to heighten the audience’s attention to the way 

                                                        
40 ‘Inwards’ spatialisation is where the interaction is with a space around the sounding object 

(the loudspeaker) and the physical space that is inside the spatial parameter defined by the 

loudspeakers. Outwards space is where the interaction is with the space at the end of the 

trajectory, the space that the speaker directs its output towards.  
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the sound was moving through the room. The changing spectral information created varied 

resonances in the room and in the spatial dispersion patterns.  

 

 
Figure 73. The two speaker.motion units spaced in a line bisecting the audience. 

 

4.8.2.2 The Space 
The two loudspeakers were pre-programmed to spin, beginning slowly and gradually 

increasing their speeds to match the sonic intensity of the piece. As they spun, one 

loudspeaker slowly tilted towards the ceiling and the other towards the floor, drawing 

attention to the difference in resonance from the upper and lower parts of the room. On one 

side of the room were two smaller atrium-style enclaves that were made of glass (as can be 

seen in Figure 73). For audience members seated in or around these areas, the resonance 

changed dramatically as the loudspeaker panned past that area. As the loudspeaker’s aim 

approached the glass enclave, the loudspeaker was easily identified as the source of the sound. 

However, as the angle reached the edge of the enclave, there was a moment where the sound 

source became increasingly difficult to localise. When the loudspeaker was pointing directly 

into the glass enclave area, the sound (particularly the higher frequencies) reflected off of the 
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glass so dramatically that the brain often localised the sound source to the inside of the 

glassed enclave instead of from the loudspeaker. With the loudspeaker panning by, the effect 

was somewhat like a slow motion and heightened Doppler effect. There are times in the piece 

where the loudspeakers are pointing in just the right direction for the whole room to 

resonate, resulting in the sensation that the room itself was pulsating.  

 

 
Figure 74. A close up image of the speaker.motion unit in the Lilburn for lunch concert. 

 

Even though the Genelec 8010A loudspeakers are small in size, they were able to achieve a 

strong sonic presence in the room. The sound was able to completely fill the room even with 

just the two loudspeakers, and as they panned around it was somewhat similar to what one 

would expect from lining the walls with a large number of loudspeakers. Although there were 

a few times where the mechanical sounds were audible, the presence created by the audio 

coming from the loudspeakers was mostly more overpowering then the mechanical sounds 

themselves. The success of this concert allowed a deeper understanding of what these 

speakers were capable of, and how effective the listening experience was. This was a 

motivation to continue working on the MIDI controlled aspect to allow for real-time control. 
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4.8.3 Lilburn For Lunch - National Library – Concert Two  
For the next concert in the series, the concept was based on the exploration of Lilburn’s 

connection to the New Zealand landscape. The concert took place at the National Library in 

August 2015. The concert also featured a spatial interpretation of Lilburn’s Lines and 

Distances, with the piece spatialised through the speaker.motion system. This concert was the 

first that featured speaker.motion in its fully realised state: all four speaker.motion units were 

used, and were controlled in real time via MIDI input. This concert was the first instance of 

the speaker.motion system utilising the firmware with MIDI communication (as discussed in 

Section 4.4.4). The physical space was exactly as was described in Section 4.8.2.2. However, in 

this case all four speaker.motion units were lined up horizontally across the stage (as can be 

seen in Figure 75); the loudspeakers were spaced 1.5 metres from each other. Placing the 

loudspeakers on stage like this immediately causes some interesting listening phenomena that 

can best be described through Idhe’s concept of listening spaces [83]. Idhe describes the 

phenomenon of the listening space and the impact it has on the listening experience. The 

loudspeaker is often used to project out away from the stage; with speaker.motion in 

particular, the attention is often drawn to the wider listening space rather than the traditional 

attention being on the stage. By placing the speaker.motion system on stage, the listener can 

experience some contradiction in where to direct their attention. From Idhe’s perspective this 

is the conflict between the listening spaces created through experiencing difference in the 

auditory fields. The placing of the loudspeakers on stage is also reminiscent of early speaker 

orchestras (such as The Gmebaphone [22]) discussed in Section 2.3. 
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Figure 75. All four speaker.motion units configured in a line across the stage, spaced 1.5 

metres apart. 

 

4.8.3.1 tidal.motion 
The first piece performed at the concert was tidal.motion. The piece is made of filtered field 

recordings from a water pump in New Zealand’s Cook Strait. The original drone has a 

timbrally dense tone but very little timbral change. The idea for the piece was to constantly 

play similar audio through the loudspeakers to draw heightened attention to the way the 

loudspeakers’ positions caused perceived movement in the audio. A video file for tidal.motion 

is available as item two of the supplemental media files (Appendix 1).   

 

In the four-channel version of this piece, each audio channel features slightly different 

spectral filtering, allowing the piece to draw attention to the characteristics of the room at 

specific resonant peaks in the audio. In line with the original rendition of the piece (described 
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in Section 4.8.1) all four loudspeakers were set to start spinning gradually in one direction 

and, over time, increase in speed. All four loudspeakers also raised their tilt angle until 

directed almost vertically toward the ceiling at the climax of the piece. Two of the 

loudspeakers are set to spin clockwise and two counter-clockwise. This motion was chosen in 

order to create varying spatial relationships not only between each loudspeaker and the space, 

but also between each of the individual loudspeakers. At times, the two loudspeakers that spin 

in the same way can appear to be working together to activate the space in similar ways, a 

phenomenon heightened by their relatively close proximity. At other times throughout the 

rotation, two loudspeakers spinning in opposite directions meet to be facing each other, 

causing interesting pair-like relationships. For a moment, the two loudspeakers would work 

together to create phantom source images that would last for a short duration before 

dissipating and causing the localisation to return at first back the physical loudspeaker and 

then out to wider loudspeakers trajectory path.  

 

The specific speeds of the motors and the frequencies drawn out by the filtering of the drone 

were developed to synchronise together to create a rich timbre in the piece that is perceived 

though the combination of all sounds present, both mechanical and audio. It was observed 

that this caused an effect by which the listener became unaware of which sounds are 

mechanically emanating from the device and which are audio emanating from the 

loudspeaker. The timbre of the drone and the motor align together to create complex 

harmonies and timbres. Further, the gestural motion created through the filtering is 

mimicked and livened by the both the physical gesture of the rotation and the spectral 

gestural motion of the mechanical sounds. After these relationships became evident in 

tidal.motion, they were further explored as the basis of a new piece that will be discussed in 

Section 4.8.4.  

 

4.8.3.2 Lines and Distances  
Lines and Distances, an electroacoustic piece by Douglas Lilburn, was one of his four-channel 

works with a spatialised element. The spectra and structure of the piece allows for extensive 

spatial relationships to be explored. The adaptation of the piece to be spatialised through the 
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speaker.motion system allowed the spatiomorphology to be explored in a wide range of ways. 

This new spatial exploration occurred through a heightening of the acoustic qualities of the 

physical space of the concert hall, the immediate perceived space of the stage, and the spectral 

space of the piece. This piece tested both the full capabilities of the speaker.motion firmware 

(including changes between modes of the motors) as well as the aesthetic goal of re-

interpreting an already existing spatial piece through the new lens of the speaker.motion 

system to further explore potential spatial characteristics of the piece. 

 

The beginning of the piece featured a number of short phrases with a small amount of space 

between each, allowing the listening palette to be reset. This feature of Lilburn’s composition 

was emphasised by having each loudspeaker move to a different direction before the 

beginning of the new phrase and reset to a new location at the end of the phrase. For example, 

the first phrase featured the loudspeakers with their directionalities shown by the arrows on 

the top line of Figure 76. The loudspeakers then rearrange in the sonic break between phrases 

to be positioned as shown in the bottom line of Figure 76. For these phrases, the physical 

distance from the walls, combined with their particular angle, re-positions the space for the 

audience to interpret each phrase as unique, though related, in the same way the phrases are 

musically presented.  

 

 
Figure 76. Diagram of the loudspeaker positions for the beginning of Lines and Distances. 
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As the piece continues, the segmented phrases evolve into longer sustained gestural content. 

At this point, the loudspeakers were programmed to begin spinning each at slightly different 

speeds, drawing attention to both the trajectories being created by the movement of the 

loudspeakers and the way those frequencies cause the room to respond. The speeds were 

synchronised to follow the gestural motion created in this section of the piece. The 

loudspeakers emphasise faster spectral movement by mimicking that with an increase in their 

spinning speeds. A sudden severe drop in speed is synchronised with a rhythmic element of 

the piece, suggesting a change back to the original phrase-based movement.  

 

As more phrase-based sonic material returns, the loudspeakers return to their positional 

mode, in which they all move together to target different areas of the room as the phrases 

occur. However, in this case, the position changes slightly before the end of the phrase to 

emphasise the spectral movement present in each of the musical phrases.  

 

After the phrase-like material, following a melodic line that quickly ascends, the loudspeakers 

return to rotational movements one at a time, working at differing speeds but all quickly 

ramping to spin almost to their maximum speed at the climax of the piece. The loudspeakers 

then suddenly stop and end the piece’s bird-like phrases with more gentle and subtle 

movements of the loudspeakers. The spectral content and structural development of this 

piece lends itself to an exploration of the physical space in many ways. This was the first 

attempt at having the loudspeakers change modes of use, but it ran without any glitches and 

the results created more spatial variation to be explored through varying these modes.  

 

In a similar notion to Inner Space the re-spatialisation of Lines and Distances featured a new 

approach to spatialisation where the spatial relationships are developed independently to the 

composition of the sonic material and by a separate composer (rather than in parallel as is 

most commonly the case). In this case the spatial relationships are explored as a basis only of 

a new composers own interpretation of the piece. Both set directionality and dynamic spatial 

motion afforded by speaker.motion system were explored in the piece and were synced with 

phrases in the music that were interpreted as exploring similar themes. Where longer spectral 
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motion was explored with the sonic material, the spatialisation was also explored through 

gestural motion of the speaker system. Where new material is presented in shorter phrase 

based sections, the directionality control afforded by speaker.motion was used to present each 

new phrase of sonic material with new directionality, and thus variation in the effected 

acoustic activation.    

 

A video file for Lines and Distances is available as item three of the supplemental media files, 

(see Appendix 1).   

 

4.8.4 New Zealand School of Music Composer Competition – Adam Concert 

Room  
The concert of finalists for the 2015 New Zealand School of Music Composers Competition 

took place in the Adam Concert Room on 26th of September 2015. Music for Mechatronic 

Speakers was jointly awarded 2nd place. A video file for Music For Mechatronic Speakers is 

available as item four of the supplemental media files (Appendix 1).   

 

4.8.4.1 Music For Mechatronic Speakers Concept 
Music For Mechatronic Speakers explores relationships between sound source and 

performance space, and between the sound source and its mechanism. In doing so, it 

attempts to draw the listener’s attention to the resonance of the room by constantly aiming to 

excite and then to pull back the focus between the wider space and the more intimate space 

created by the mechanism itself. The timbrally rich sounds were created to resonate through 

the Adam Concert Room, allowing the positioning of the loudspeaker to cause the room to 

ignite attention to resonant harmonies created by the room itself. Music For Mechatronic 

Speakers challenges the conception that the loudspeaker is merely a playback mechanism and 

the room a performance venue and instead draws attention to both of their potential as 

expressive instruments. 
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4.8.4.2 Recording Techniques 
The piece is composed entirely of mechanical sounds made by the speaker.motion units. Any 

recorded audio consists of recordings of the speaker.motion mechanisms. The main technique 

deployed in developing the audio element of the piece was an Alvin Lucier-inspired re-

recording process. The speaker.motion unit’s movements were first composed and then, as 

the speaker.motion unit played through these movements, the mechanical sounds resulting 

from the physical movements were recorded. This recording makes up Audio Track One. 

Audio Track Two comprises of a recording of Audio Track One’s audio played back through 

the loudspeaker while the unit is in motion. Due to this process of recording the audio 

emanating from a spinning loudspeaker, the audio levels fade in and out as the loudspeaker 

spins closer to the microphone. This creates the dynamic pulse that is evident throughout 

much of the piece. The pulse creates a natural flow to the drone textures produced by the 

motor’s mechanical noises being layered on top of each other.  

 

Audio Track Three continues this process, working through third and fourth layer 

abstractions of the audio recordings. The only manipulation in any of the audio tracks is in 

Track Two (where a slight edit has been made to the section of silence 5 minutes into the 

piece). A recording of the servo has been cut and moved slightly forward so that the listener 

hears the movements of the servo just before they see the servo move. This gives the 

impression that the mechanics are responding to the audio, and further emphasises the lack 

of distinction between the mechanical sounds and recorded audio.  

 

4.8.4.3 Piece Description  
The piece, which is outlined in Figure 77, begins with only the front two loudspeakers 

ramping up their speeds to quickly move through a number of pitches sounded by the motor 

itself to create a melodic line. The audio heard at this stage is the mechanical noise of the 

system performing the composed movements: no audio is played through the loudspeakers 

themselves at this point. The speaker.motion units then continue their rotation at a slow rate, 

with one loudspeaker slightly faster than the other to create a denser harmonic spectrum by 

the variation in pitch produced by the differing motor speeds. At one minute into the piece, 
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the third and fourth speaker.motion units also begin to slowly rotate, adding further density 

to the drone being created at this stage by all four mechanical systems. The physical 

movement of the loudspeakers implies movement in the timbre of the drone created, and 

thus is perceived as a subtle pulsing to the drone. At around 1.30, the first hint of any audio 

being played through the loudspeakers is introduced this is the first shift away from 

mechanised space.41 This aims to build the timbral density for just a few seconds and quickly 

fades back out. At around two minutes into the composition, the recorded audio fades back 

in, now coming through both front loudspeakers at a louder volume with additional layers on 

top of each motor that sound as the loudspeakers slowly change their speeds of rotation to 

continue the melodic change. Though this shift in and out of the mechanised space is present, 

mechanised space is implied throughout the entire piece as all recordings come from the 

mechanical elements of the system in their origin. The unique mechanical properties of the 

speaker.motion system afford this relationship between actual mechanised space and implied 

mechanised space to be explored throughout the composition. 

 

 
Figure 77. Structural development diagram for Music for Mechatronic Speakers 

                                                        
41 A source-bonded space produced by sound-emitting machines, mechanisms and 

technologically based systems, independently of human activity.  
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Between two-and-a-half and three minutes, the pulsing through the drones created by the 

movement in the second and higher-level abstractions becomes more prominent. Similarly, 

between three and four minutes into the piece, this audio becomes much louder and 

effectively activates the room to begin to resonate and pulse with the loudspeakers as the 

rotations continue to get louder. All loudspeakers and audio come to a sudden stop at four 

minutes into the piece, leaving around 20 seconds of silence where the only sound that can be 

heard is the high-pitched hum of the motors resting though still engaging their coils42.  

 

The first break of the silence comes from a very subtle hint at the movement of one of the 

speaker.motion unit’s servos, a recording of which slowly begins to fade in. The recorded 

audio from the servo is followed by increasing physical movements from all four servos. 

These movements emit mechanical noise, creating rhythmic patterns with each other and 

with the playback of the audio from loudspeakers one and two (whose positions are shown in 

Figure 78).  The sound of the servos continues as one motor begins to spin, creating a low 

harmonic floor above which the servo sounds sit. Again the relationship between actual 

mechanised space and implied mechanised space is explored. One final abrupt movement 

from all four servos at once (synchronised with the servo recordings) creates an abrupt end to 

the section. The piece then transitions back to recapitulate ideas from the beginning of the 

piece by building layers of rotating motor sounds at different speeds. This continues with 

intermittent noise from by the servos, combining both the harmonic and rhythmic elements 

of the piece. The piece ends at seven minutes with a final synchronised gesture of all the 

motors quickly returning to their home positions, creating a lyrical final phrase.  

                                                        
42 Even while stationary, a stepper motor’s coils may be actively engaged to maintain the 

motors position. This engagement of the coils of the motor can emit a high-pitched humming 

type sound due to the current limiting circuitry that will differ depending on where the motor 

is within a step. The position within the full step determines how hard the motor needs to 

work to maintain its position: when the motor is working harder, it will buzz more loudly. 
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Figure 78. Stage plot with placement of speaker.motion units for Music for Mechatronic 

Speakers. 

 

4.8.5 speaker.motions concert – Adam Art Gallery  
The speaker.motions concert took place at the Adam Art Gallery on the 11th of November, 

2015. The concert came about after a proposal to the Adam Art Gallery to use the building for 

a sound art concert with a focus on exploring the potential acoustic intricacies of the building. 

A video compilation of the speaker.motions concert is available as item five of the 

supplemental media files, (see Appendix 1).  The Adam Art Gallery itself was specifically 

chosen for this concert due to the unique acoustic properties of the space. The architecture 

and materials of the building cause each room in the building to have its own distinct acoustic 

qualities. Participation in this concert formed the basis of the user study that was discussed in 

Section 4.7 and the results of which can be found in Appendix 3. 

 

The concert took place in two halves separated by an intermission. The first half of the 

concert featured works developed for the Kirk gallery room at the Adam Art Gallery (shown 

in Figure 80). A relatively small black box gallery, this dark room has a low ceiling and a 

rubber-tiled floor. Composers Mo H. Zareei, Jon He, and Flo Wilson composed new works 
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for the space. Each of the pieces was unique in its way of approaching the use of the 

speaker.motion system and the composers’ engagement with the physical space of the concert 

room. The three composers using this space jointly agreed to a loudspeaker configuration of a 

diamond shape (as shown in Figure 79). This configuration itself was a unique approach to a 

quadraphonic loudspeaker array and allowed one loudspeaker to be directed very closely to 

each of the walls of the space. This configuration gave the performers a great deal of variation 

between loudspeaker directions aimed at or away from each of their corresponding nearest 

walls.  

 

 
Figure 79. The performance setup for the Kirk Gallery room in the speaker.motions 

concert. 
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Each of the three composers chose different methods to interact with the speaker.motion 

system. One composer used a small MIDI controller to control the motions of the 

loudspeaker in real time. A second composer pre-programmed the MIDI commands for the 

movements of the loudspeakers and choreographed specific movements for the piece to 

coincide the structural changes in the piece. The third composer mapped the movements of a 

custom-built hand gesture controller to the movements of the loudspeakers.  

 

 
Figure 80. The black room (Kirk Gallery) set up for the speaker.motions concert. Four 
speaker.motion units were set at the points of a diamond, with performers performing 

from the middle of the diamond. 
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These pieces each had a live performance element to their piece. This represented the first 

time the speaker.motion system was used with both live audio input (one piece feature a live 

vocal track) and live control: previously all pieces had pre-composed the speaker.motion 

movements. The composers were not given a large amount of rehearsal time in the 

performance space, and many of the pieces featured live control of the loudspeakers as a way 

to explore the spatial characteristics of the room in real-time.  

 

 
Figure 81. The four speaker.motion units configured as a rectangle with 12 metres 

separating the speakers on the long axis of the rectangle. 

 

The second half of the concert took place in the long room of the Adam Art Gallery, shown 

from floor level in Figure 81. This room has a long reverb tail but processes sound in very 

different ways depending on the perspective of the audience member. One of the most 

interesting aspects of this particular space was significant variation in the length of the room 

compared to its width and height. The long room is composed of three separate gallery spaces 

that are stacked vertically in a mezzanine configuration, as shown in Figure 82. While all four 
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speaker.motion units were placed on the lower level of the gallery, audience members had a 

number of options as to where they chose to experience the pieces. Each viewing/listening 

location resulted in the sounds arriving to the listener having been processed in different 

ways depending on how many and what type of surfaces from which they had significantly 

reflected before reaching the audience member. This resulted in three very distinct listening 

perspectives on the same pieces. The audience members were not only encouraged to choose 

their own listening spaces but also to move around throughout the concert so that they could 

experience the different acoustics of the varying physical locations.  

 

Three pieces were composed for this space. All pieces were new works using all four 

speaker.motion units. The composers for the long gallery were Jim Murphy, Blake Johnston, 

and the author, Bridget Johnson. The height available in the room and the different heights 

that could be explored by composers made the vertical tilt element of speaker.motion a great 

asset for spatial explorations. The composers chose to place the speaker.motion units in a 

rectangular shape, shown in Figure 82. The two ends of the rectangle created were 12 metres 

apart. Two speaker.motion units were placed directly under the mezzanine level above, 

meaning they had a lower ‘ceiling’ height. The other two units were placed near to the wall on 

the opposite side of the room, placing them directly underneath the full extent of the height 

of the three floors of the gallery. The result was that sounds could be directed straight up the 

wall and towards the true ceiling without passing through the structure of the mezzanine 

floor. The following sub-section will focus in more depth on the author’s piece for the 

speaker.motions concert, Snow All Around.  
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Figure 82. Blake Johnston performs in the lower gallery at the speaker.motions concert. 
Audience members can be seen listening from all three levels of the gallery. The image is 

captured from the second level of the gallery. 
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4.8.5.1 Snow All Around 
Snow All Around (outlined in Figure 83) was the piece written by the author for the 

speaker.motions concert43. By the time Snow All Around was composed, the technical aspects 

of speaker.motion had all been tested and were working well. Therefore, Snow All Around 

tested aesthetic explorations of the physical space. Snow All Around used an acoustic guitar as 

the original sound source and digital signal processing to create rhythmic and timbral affects 

on the piece. The piece used minimal spectral processing to use the room itself as the main 

signal processor. Reversed guitar strikes were used to create evolving gestural content that 

resulted in a drone-like effect. The layers of varying drones were created to bring out room 

resonances of the space and to use the long reverberant nature of the space to add depth to 

the composition. The introduction of the piece evolves over two minutes. The first major 

structural change in the piece comes from the introduction of more rhythmic material at two-

and-a-half minutes.  

 

 
Figure 83. Structural diagram of compositional and spatial elements for Snow All Around. 

 

This rhythmic material bounced off the walls of the space in different ways depending on the 

directionality of the loudspeakers, drawing attention to the reflective nature of the space. 

From the upper floor of the gallery, the rhythmic material was so spatially processed that it 
                                                        
43 The audio for Snow All Around can be found as item six on the supplemental media files 

(Appendix 1).  
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merged with the more drone-like material to create layers of gestural content. From the lower 

levels, the more distinct rhythmic events held their character separate to the drone sounds 

beneath them. The same audio files played from all four speaker.motion units. The motions of 

the loudspeakers were subtle and directional rather than programmed for more dynamic 

motion. Each of the loudspeakers was in positional mode until six minutes and forty seconds 

into the piece.  Throughout this first half of the piece, each loudspeaker had only moved on 

its horizontal rotational angle four times, each time pointing to a new wall in the space. Such 

pointing to different walls was intended to allow sufficient time for the acoustic properties of 

each surface to be explored through varying acoustic material. The vertical tilt parameter was 

also uniform across all four speaker.motion units, with the loudspeakers largely pointing in 

variations of upward directions. The aim of this was to explore the variations in the height of 

the room with the varied acoustic material.  

 

In the second part of the piece, all four speaker.motion units slowly spun in the same 

direction. This action was taken for further exploration of the acoustics in a more dynamic 

way. The speed was kept slow so that as differences in the acoustics emerged through the 

change in loudspeaker directionalities, there was time for these to be explored and the 

differences between them to be observed.  
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Figure 84. Bridget Johnson performing Snow All Around. The Ableton Live session 

controlling speaker.motion system can also be seen. The speaker.motion unit visible in the 
middle of the image is pointing toward the underside of the upper mezzanine level. 

 

4.8.6 speaker.motion Performance Conclusions 
The performances discussed in this section have played a critical role in the iterative design 

methodology that was implemented for the research conducted in this chapter. There is a 

progression evident through the pieces discussed that shows the development of 

speaker.motion as well as progression in the spatial aesthetics.  By presenting the pieces in 

chronological order, the cyclical nature of the research is evident. The developments of the 

speaker.motion system motivate changes in the compositional spatial aesthetics employed. 

These compositional developments in turn motivate new developments in speaker.motion, as 

was exemplified with the implementation of the MIDI protocol and real – time control of the 

mechanical movements.  

 

The mechanical sounds of the speaker.motion system were at first considered ‘noise’ (an 

unwanted sound). However many composers chose to extend and explore this element of the 
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speaker.motion system. A number of composers actually chose to treat the mechanics of the 

system as the sounding object rather than the loudspeaker itself, and composed their sonic 

material for the movements of the system or a combination of both (as is the case in Music 

For Mechatronic Speakers). The fact that the mechanical sounds are created through physical 

motion (the moving of mechanical parts) gives a unique ability to infer such motion in any 

sonic material that occurs at the same time. The MIDI implementation allows such motions 

to be synchronised with specific sonic material of the composers choosing. This 

synchronisation allows the composer to explore relationships between the space and the 

motion that is bonded with the sonic material of the piece, and that which is inferred by the 

physical motion of not only the loudspeaker, but the motor and servo as well. These 

relationships between mechanised space and a new implied mechanised space created novel 

ways to explore and manipulate the perceived source and space bonding of the sounding 

object. This was further by the fact that the sounding object was not always clear, and was 

often implied through a mechanised space, as much as it was through both physical motion 

(of the loudspeaker) and spatial motion (of the trajectory). 

 

The spatial explorations by various composers at the speaker.motions concert brought out a 

number of interesting spatial relationships afforded by the system. The comparison between 

the relatively dead space of the Kirk gallery and the largely reflective space of the multileveled 

gallery brought up interesting comparisons in directionality effects. Often only spaces with 

large reverb times are considered for spatial expression in regards to composing for the 

reflectivity of a space. However using speaker.motion in the Kirk gallery makes the lack of 

reflection just as expressive as a resonant space. With the directionality changes of 

speaker.motion (particularly with the rubber flooring) the choice to direct the speakers in 

various ways that encourages further absorption of sound can also become an expressive 

element. The lack of resonance allows the loudspeakers to be considered more in terms of 

gestural space (intimate space around the object) rather than through their wider impact on 
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circumspace44 as is often considered with loudspeaker-based works and was amplified in the 

pieces performed in the long gallery space. 

  

The three pieces in the long gallery were experienced from a number of listening perspectives 

each of which would have effected the perception of the spatial aspects of the works. The 

variation in listening perspectives itself questions prospective space and the fixed vantage 

point, no one position was considered the ideal listening position. A common theme amongst 

all compositions was to use directionality patterns that explored the height of the space. Both 

Murphy and Johnston explored the circumspectral space45 by repositioning the directionality 

of the loudspeakers in between the gestures or their sounds. Both composers chose to aim the 

loudspeakers at the wall with access to the most height variation. They directed sounds with a 

shorter envelope and in particular with a short attack time at this wall to allow the sound to 

travel up the wall before reflecting back through the larger space. The combination of this 

directionality of the loudspeakers with the envelope of the sonic gestures enabled the 

attention of the listener to first be focused on the immediate space (the loudspeaker and the 

wall), but then mid-gesture, to move the attention to the elevated space46 and the immersive 

qualities that the elevated space along with the large resonant qualities of the room activated 

by speaker.motion created.  

 

These relationships and the ability to dynamically adjust the attention of the listener to 

varying receptions of space were also explored in Snow All Around. Similar exploration of 

immediate space contrasting with vectorial space47 was present in this piece, though in this 

                                                        
44 The wider space that is prominent through the projection of sound in a specific direction. 
45 The spatial distribution or splitting up of the spectral space of what is perceived as a 

coherent or unified spectromorphology [1].  
46 A vertically high zone in the physical space. 
47 The space traversed by the trajectory of a sound, whether beyond or around the listener, or 

crossing through egocentric space [1].  
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case it was explored with longer gestural material that featured a rhythmic pulsing element 

within the individual gesture. The envelope of the smaller gestures within the longer phrase 

constantly contradicted attention being drawn to the immediate space and the vectorial space. 

The difference in vantage point48 particularly from the height perspective also effected where 

the immediate space of the loudspeaker was activated, and where the full extent of the 

vectorial space of the large wall was activated.  

 

Many lessons were learned through the performances discussed in this section. There were 

developments regarding to the speed of desired rotation as well as the importance of real-time 

communication and the ability to link audio with movements of the loudspeaker itself. As 

with the iterative design methodology employed in the development of tactile.motion, these 

performances serve as a means by which the instrument may be tested. In the development of 

interfaces specifically for advancing musically expressive capabilities, the performances test 

more than just the basic functionality of the interfaces: they also test their expressive 

capabilities and highlight what aspects of the interface afford new spatial techniques.  

 

4.9 speaker.motion Conclusions  
The speaker.motion system has now been used by a number of composers in concerts at 

different physical locations, many of which were described in this chapter. The ability to 

dynamically adjust the directionality of the loudspeakers has afforded the composers a new 

range of ways to interact and engage with the physical space of the concert venue. The MIDI 

communications implementation has proven to be successful at allowing composers a variety 

of options in choosing how they interact with the system. For example, the variety of control 

methods used in the speaker.motions concert exemplifies the wide range of possibilities for 

spatial interaction afforded by the speaker.motion system. The physicality of the moving 

loudspeaker has also proven popular from the audience’s perspective. The spinning gestures 

                                                        
48 The position from where the listener views perspectival space, and perceives and receives 

the acousmatic image [1]. 
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of the moving loudspeaker can at times appear to be choreographed in a more dance-like 

fashion, and the character that becomes the loudspeaker has incited a great level of curiosity 

from the audience members. While variation in spatial attributes may be achieved through 

synthesising variation in filter frequency and amplitude within any concert hall, the physical 

motions of speaker.motion effectively make the room itself both a signal processor and an 

expressive instrument.  

 

The expressive spatial control afforded by speaker.motion allows composers and performers 

new ways to interact with physical space. In the wider body of research presented throughout 

this document, speaker.motion contributes a new spatial approach by encouraging spatial 

interactions with the physical space as well as the spatial movements through it.  
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Chapter Five 

 

Summary and Conclusions 

 
 

This thesis document and the research it outlines, furthers the potential for space as an 

expressive parameter of music and musical composition. It has identified the ability of spatial 

parameters to contribute to a work’s expressive compass and has furthered the field through 

the development of new technologies specifically designed for active spatial engagement. 

With specific emphasis on electroacoustic music and sound art, the research presented 

throughout this document has explored a number of areas for increasing ways a composer or 

performer can interact with spatial parameters. In doing so, the research presented a number 

of tools that were developed to increase a composer’s or performer’s ability to aesthetically 

engage with space. In common with all the tools developed, there were a number of key 

design criteria that ensure the tools can be used by artists from a diverse range of 

backgrounds. These criteria include portability, reliability, intuitive control, real-time control, 

meaningful gestural relationships to sonic output, and the affordance of new spatial 

aesthetics. An iterative design methodology that included composing music for and 

performing with the tools was implemented in order to evaluate how well they met these 

design criteria. Throughout the research, two of the tools developed showed themselves to be 

particularly successful and, as such, were most fully developed. These tools were performed 
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with in a number of ways and by a number of composers, establishing their worth not only as 

expressive tools for the developer but also for other musicians.  

 

In reviewing the literature in Chapter Two, it became apparent that there were a number of 

different ways composers and performers could actively use spatial parameters. These spatial 

elements include changing the location of a sounding object within a physical space, varying 

the surroundings of the sounding object, the creation of phantom source locations through 

varying the amplitude of loudspeakers, and engaging with the acoustic properties of the room 

in different ways. In particular, it was recognised that the dynamic changing of these 

parameters has traditionally been difficult, impossible, or constrained. The desire for spatial 

attributes to be dynamic is exemplified by the chapter’s discussion of Charles Ives’ scores, 

which not only dictated where a particular performer should stand, but also how they should 

physically move through the space: the parametric trajectory of such spatial elements was 

composed as part of the piece. Similarly, Alvin Lucier’s I Am Sitting in a Room used the 

physical space in which he recorded as the main signal processor for his composition. 

Researchers utilising speaker orchestras and other electroacoustic spatialisation systems have 

spent a great deal of time researching the positioning of loudspeakers, as well as how to easily 

move sound sources between them in real-time for live spatial interpretations of acousmatic 

works. All these varying approaches used spatial elements as expressive parameters for music. 

 

In light of the diverse spatial approaches identified in Chapter Two, the breadth of the new 

interfaces and spatial systems presented in this research has aimed to acknowledge and 

contribute to the wide range of approaches that a composer might employ to interact with 

spatial characteristics. tactile.motion and Chronus_2.0 provide simple, intuitive ways to 

increase the possibilities of creating complex spatial trajectories of phantom-sources that can 

be performed in real time. mecha.space uses the same principles of the speaker orchestra and 

spatial distribution, but applies them to mechatronic instruments, extending these expressive 

techniques from the loudspeaker medium into new media. In doing so, the development of 

mecha.space also provided a framework for intuitive interaction with mechatronic 

instruments, ensuring they were accessible for a wider range of users. This framework has 
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since been implemented in other mechatronic music systems, as discussed in Chapter Three.  

Finally, speaker.motion gives the composer the ability to dynamically change the 

directionality of four loudspeakers, allowing the composer to manipulate the spatial spread 

and actively engage with the acoustic idiosyncrasies of any performance space in real time.  

 

The communication protocols used in the interfaces were a very important aspect of the 

research. In designing new musical interfaces, the protocols (which use MIDI and OSC) and 

their implementation becomes the language through which musical ideas are expressed. In 

designing the communication protocols for the interfaces, the aim was to make them as 

generic as possible in order to further increase the accessibility of the interfaces. A number of 

spatialisation systems were being designed in tandem, all of which take a modular approach 

to dynamic spatial systems. Therefore, an open-ended and extensible protocol 

implementation was developed, in order to allow individual aspects of the systems to come 

together in different ways. The protocols were shared between all the interfaces and their 

implementations needed to be intuitive enough that they could easily be incorporated into 

other spatialisation systems, which would increase the likelihood that other composers and 

performers might use them.  More information about the modularisation of spatialisation 

systems presented in this research, and the	rationale behind their communication	styles and 

protocols, can be found in [84].  

 

While the interfaces presented in Chapters Three and Four vary in their approaches to 

spatialisation, their successes may be attributed to a common iterative design methodology. A 

two-pronged testing phase was included as a major part of this methodology. The interfaces 

were tested both through musical performances utilising them and also, where appropriate, 

through quantitative and qualitative means: an impulse response experiment was conducted 

for speaker.motion, assessing the affect of the directionality changes to a loudspeaker; 

additionally, two user studies were conducted, assessing both technical and aesthetic aspects 

of tactile.motion and speaker.motion from the perspective of the composer. Collectively, both 

forms of testing of the interfaces contributed to the iterative design methodology, and 

iterations to the interfaces were made based upon their results. 
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The following section will first summarise the contributions made to the field of spatial sound 

art throughout this research. The chapter will then include a discussion of both short-term 

and long-term ideas for furthering this research beyond the scope of this thesis and will close 

with a number of conclusions that may be drawn about the use of space by sound artists, with 

the goal to actively explore the wider potential for musical expressivity that space exhibits. 

 

5.1 Summary of Contributions  
The initial goal of this research was to create a number of new musical interfaces designed to 

manipulate and engage with the spatial characteristics of sound and music independent of 

any particular physical space or source material, allowing composers to use the interfaces in 

their own compositional endeavours with a wide range of aesthetic approaches. In doing so, it 

was hoped that these tools would afford new ways of spatial interaction with expression and 

form, and would further the ways in which space can be used as an expressive musical 

characteristic. To achieve this goal, a number of novel contributions were made directly 

within the field of live spatial performance. However, in developing these tools, the research 

presented in this document makes wider contributions to musical interface design and 

performance techniques. The collective contributions of this research are summarised below. 

  

• A new physical controller with the ability to create phantom source images through 

manipulation of loudspeaker gain and distance encoding  in real time has been 

presented. Chronus_2.0 solves a major limitation of the control of both angular and 

distance positioning with a physical controller. It achieves these multiple axes of 

freedom through use of a spinning disc with rotary encoder and a linear 

potentiometer connected to a microcontroller via a slip ring.  

 

• mecha.space, an iPad application that controls a spatialised mechatronic percussion 

ensemble, was developed. mecha.space affords the use of one-to-one mapping to send 

a single strike to a particular instrument. It also affords the control of sequenced 

rhythms of which the spatial distribution can be manipulated dynamically. 

mecha.space allows non-expert users to intuitively control complex and spatially 
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distributed mechatronic instruments. These features of mecha.space form a new type 

of application for the spatial control of musical mechatronics. 

 

• Through the development of mecha.space, a further contribution was made that 

applies beyond the scope of spatialisation performance and installation: the 

framework for control of mechatronic instruments via custom iPad applications can 

be applied to any type of mechatronic instrument ensemble. This new framework can 

help to afford expressive use of mechatronic instruments without requiring any expert 

knowledge from the user. This framework has already been implemented by other 

artists [80], and also in the speaker.motion mechatronic loudspeaker system. 

 

• The iPad application tactile.motion was detailed as a contribution to this research. 

tactile.motion not only affords the ability for complex spatial trajectories to be 

performed in real time, but also includes gesture recognition for the triggering of 

dynamic spatial motions. It also introduces control of global spatial environment 

parameters for further increasing expressive potential in performance environments.  

 

• Through the development of tactile.motion, a series of easily implementable platform-

agnostic gesture recognisers were developed and tested for both circular and linear 

gestures. The recognition of more complex gestures on a mobile device could easily be 

implemented into any other application under development, a possibility discussed 

further in Section 5.2, below. 

 

• speaker.motion, a mechatronic loudspeaker system that affords real-time 

manipulation of the directionality of a loudspeaker, was introduced. The 

directionality of the loudspeaker can be adjusted across two axes: a horizontal angular 

axis and a vertical tilt axis. speaker.motion allows composers to consider the ways that 

they interact with the physical space of the concert environment by directing the 

loudspeaker to point to different surfaces. By communicating via a hardware 
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implementation of the MIDI protocol, speaker.motion allows the composer to choose 

their preferred mode of interaction with the system. 

 

• In addition to the speaker.motion loudspeaker system, a further iPad application was 

developed for real-time control of each individual loudspeaker. The speaker.motion 

iPad application removes the need for the user to have any experience with MIDI 

protocols and provides an intuitive direct mapping of gestural interaction to the 

physical output of the system.  

 

In addition to the designing and building of these user interfaces and performance systems, 

this research also included novel contributions by way of the assessment of the tools 

developed.  

 

• An impulse response experiment was conducted which measured the response of a 

concert room with a speaker.motion unit aimed in a number of different directions. 

The variation shown in these measurements proves that the directionality changes of 

a loudspeaker can affect the colourisation of a sound to a degree that allows for 

creative use of the space. The dramatic extent to which this variation was evident 

provided enough evidence to further pursue the assessment of speaker.motion from 

the composer’s perspective. The effectiveness of this evaluation methodology means 

that future developers of dynamic loudspeaker systems may utilise these approaches 

in order to assess their own tools. 

 

• A user study was conducted as a form of independent assessment for the 

tactile.motion iPad application. The user study gathered data not only about the 

features of the interface itself but also about the use of phantom-source positioning 

for spatial expression in electroacoustic music, and about the expressive potential of 

spatial manipulation of this nature. It also assessed the contribution of dynamic 

automated spatial motion to the development of expressive spatial performances. 
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Further to this, it furthered the assessment of the platform of the iPad as an expressive 

musical instrument. 

 

• A second user study was conducted to assess the speaker.motion system. This user 

study collected data about the use of the mechatronic loudspeaker system as well as 

providing a platform for composers to discuss ways that they use the musical 

parameter of space expressively.  This user study also provided information on the 

experience of the speaker.motion system from listeners’ perspectives. 

 

The results of these two user studies allow the conclusion to be drawn that the development 

of new tools specifically for spatial engagement has the ability to encourage new approaches 

to musical expression and the development of musical structure with space, and musical 

performativity with space.  

 

Further to the novel contributions discussed above, a number of musical works for 

performance were developed to explore the new spatial aesthetics afforded by the tools 

developed. The performances contributed to the assessment and testing phases of the iterative 

design methodology, with performances taking place with the interfaces in various stages of 

their design. The initial performances were intended more as a test of technical aspects of the 

interfaces, and to conduct initial experiments into the spatial affordances of them. As these 

performances continued and the interfaces themselves were refined, the performances begin 

to be less focused on the testing of technical aspects, and more focused on the exploration and 

testing of new spatial aesthetics. Table 4 lists significant performances that took place 

throughout the course of this research. This list is followed by further discussion of the most 

notable of these performances.  
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Tables 4 and 5. A table of performances that took place over the course of this research to 
test both technical aspects and spatial affordances of the interfaces developed. 

 

Concert/Piece Venue Date Interface Used 

tidal.motion New Zealand 
Parliament 26.7.15 speaker.motion 

Lilburn For Lunch – 
final.motion 

Wellington National 
Library 30.7.15 speaker.motion 

Lilburn For Lunch – Sounds 
and Distances 

Wellington National 
Library 6.7.15 speaker.motion 

Lilburn For Lunch – 
tidal.motion 

Wellington National 
Library 6.7.15 speaker.motion 

Music For Mechatronic 
Speakers Adam Concert Room 26.8.15 speaker.motion 

Speaker.motions Adam Art Gallery 11.11.15 speaker.motion 
Snow All Around 
(speaker.motions) Adam Art Gallery 11.11.15 speaker.motion 

 

 

• The CMPO210 Diffusion Concert involved 15 composition students, who used the 

tactile.motion user interface for live diffusion of their compositions. This was the first 

concert where large numbers of people were able to perform with the tactile.motion 

system, and was the first concert that featured the gestural triggering of advanced 

spatial trajectories. 

 

• Numerous concerts took place with the speaker.motion system, as outlined in Section 

4.8. Each of these concerts explored new spatial aesthetics and exposed more audience 

members to the spatial interactions between the composer and spatial attributes. The 

concerts featured world premieres of musical works by the author.  

 

Concert/Piece Venue Date Interface Used 
fine.tones Wellington City Gallery 21.11.13 tactile.motion 

CMPO 210 Diffusion Concert Adam Concert Room 15.5.14 tactile.motion 
Inner Space Carter Observatory 27.2.16 tactile.motion 
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Two premiere concerts also took place where novel performance methodologies were 

employed. A flagship concert took place for both tactile.motion and speaker.motion, each of 

which contributed new performance techniques to live spatialisation fields.  

 

• This concert featured six sound artists who used the speaker.motion system to engage 

with the spatial aspects of their works in different ways. Through the physical 

movements of the loudspeakers, the audience members were able to perceive the sonic 

variations affected by the directionality of a loudspeaker. This was the first concert 

that featured all works utilising a mechatronic and dynamic loudspeaker system.  

 

• The Inner Space concert was the first use of the tactile.motion performance interface 

with live input instead of pre-recorded audio stems. Performed at the Carter 

Observatory as part of the Wellington Fringe Festival, the concert featured live 

diffusion of a live band that was situated in a room approximately 40 metres from the 

diffusion room. This concert also served to bring the art of live diffusion out of the 

academic framework and into a more popular music setting.  

 

The variation in the scope of the contributions presented in this research accurately depicts 

the multidisciplinary nature of research of this type. It includes the design and development 

of new technologies, the creation of new musical works and the performance of them, novel 

approaches to the assessment of new technologies, and new aesthetic developments. It is 

through development and experimentation across all of these areas that the artistic goals of 

this research could be achieved. Though the performances presented in this research are quite 

varied, the interfaces presented still have much more spatial aesthetic qualities yet to be 

explored, and while this thesis document represents the end of a specific phase of this 

research, performances of this nature will continue in the future. 
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5.2 Future Directions  
The work presented in thesis demonstrates how the development of new technologies for 

spatialisation performance affords new approaches to spatialisation. Having said that, the 

research presents many more opportunities to further develop and continue contributing to 

the growing field of spatially active performance. Immediate avenues for future work can be 

divided into two categories, though, as this research suggests, these two deeply intertwined 

avenues are far from mutually exclusive. The first category is that of further technical 

developments to the interfaces presented; the second category is that of the composition of 

new musical works that continue to explore the new spatial aesthetics afforded by the 

interfaces. 

 

A further iteration of the Chronus_2.0 system could afford even more advanced spatial 

trajectories. By applying the techniques developed for tactile.motion, such as global parameter 

control and the ability to trigger spatial trajectories, Chronus_2.0 has the potential to combine 

the performance of complex spatial aesthetics exhibited by tactile.motion with the compelling 

visual engagement for audience members exhibited by speaker.motion.  

 

The mecha.space application also exhibits great potential for further exploration. Again, the 

dynamic concepts explored in tactile.motion may be applied to mecha.space. The simple and 

intuitive nature of the mecha.space user interface would also lend itself well to installation 

settings, allowing novice users to interact with complex mechatronic systems. As discussed in 

Section 3.3.2, the framework developed for control of these systems has already been applied 

to other mechatronic instruments and there is scope for this development to continue. 

 

Similarly, the tactile.motion application has much potential for further development in a 

number of different aspects. The intuitive ways that tactile.motion uses gestures to move 

sound around a space make complex spatial trajectories fast and easy to achieve, which could 

have uses in studio-based spatialisation as well as in the current live performance setting. To 

further explore this studio-based applications, the porting of tactile.motion to an Audio Unit 

or similar DAW plugin is of high priority for future developments.   
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The addition of the global environment controls to tactile.motion is another area that will be 

explored when applying new features to the application. Giving the user further control of 

global parameters and increasing the range of global effects would help to further the range of 

sonic trajectories able to be achieved. Continuing to embrace physics-based control by 

implementing concepts such as swarming, flocking, and attraction would also increase the 

potential for the creation of dynamic spatial sound fields. 

 

There are also areas that have been identified for future improvements to help with the 

usability of the tactile.motion interface. The eight-channel line-checking sub-patch that was 

added begins this area of further advancements; however, there are more features that could 

be added to further increase the useability of the interface. Adding some user feedback 

regarding network connectivity between the iPad and the Max/MSP patch would be of great 

use, particularly in situations where the performer with the iPad is away from, or out of sight 

of, the host computer. A graphical connectivity indicator would allow users to be sure that the 

network is sending and receiving data with out any issues, and could alert the user of any 

network dropouts. In all of the iPad applications the use of multi-peer connectivity 

framework could be implemented for zero-configuration of nearby networking in order to 

remove the need for network selection or IP address input.  

 

The speaker.motion system also has much room for future developments. There are three 

main areas for development of the speaker.motion system, all of which could be substantially 

developed individually. These include technical development of the mechatronic system, 

interaction development of the iPad application or other new interaction methods for the 

system, and musical aesthetic development. The expressivity afforded by the dynamic control 

of the directionality of loudspeakers suggests further development of this technique could 

afford a great deal of expressive use in the future.  Each of these areas will be discussed in 

detail in the following paragraphs. 

 

The most immediate area of technical development is the creation of a new version of 

speaker.motion that uses larger loudspeakers, allowing the system to be effective in larger 
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concert venues and for a wider range of musical outputs. Lowering the mechanical noise 

component currently present in the system would also be a significant improvement, 

especially for compositions of a quieter and subtler nature. The first approach to achieving 

some of these technical aspects might be to change from a stepper motor to a DC motor, 

which would have a lower output of mechanical noise. In a similar fashion, replacing the 

servo gear motor that controls the vertical tilt parameter to a larger DC motor on a timing 

belt system might allow the tilt aspect to operate with higher torque levels that would allow a 

loudspeaker of greater weight to be used.   

 

The speaker.motion system affords composers new approaches for spatial interaction in a 

manner similar to the loudspeaker arrays discussed in Chapter Two. The interfaces described 

in Chapter Three explored the idea that through the development of new controllers 

specifically for manipulation of (loudspeaker arrays) spatial parameters, new spatial aesthetics 

could be afforded. In a similar way, the development of new interaction techniques for the 

speaker.motion system is likely to afford new spatial aesthetics achieved through the use of the 

speaker.motion system. While the iPad application created as part of the speaker.motion 

project begins this line of development, there remains much that could be explored regarding 

new user interface paradigms. Such explorations might take the form of further developments 

of the current speaker.motion iPad application, or might involve the development of new 

hardware or software-based controllers for speaker.motion.   

 

Throughout this research a range of experienced electronic musicians used the new 

speaker.motion loudspeaker system. In the user studies conducted, a majority of users felt that 

the system afforded new ways to interact spatially in performance. So far, only a relatively 

small number of pieces have been written for the system, meaning that there is still a great 

deal of room for composers to write new musical works that use the speaker.motion system 

and to explore how the directionality of a loudspeaker might be used for aesthetic purposes.  

 

Similarly, the new interfaces presented in Chapter Three all have scope for much more 

development of new musical works being created for them. In particular, a number of the 
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interfaces showed great potential for use not only in performance settings but also in 

installation settings. While the musical works described in this document were developed to 

explore spatial performance settings, such spatial interactions hold great promise in 

installation settings as well. Spatial installation avenues will be further explored in future 

works. 

 

The body of work described within this thesis shows the potential for further research in this 

field using the methodologies presented to continue to expand the aesthetic capabilities of 

spatial music. The iterative methodology implemented for the development of these spatial 

interfaces could be applied to the development of other musical interfaces as well. Through 

the addition of the testing and analysis phases specifically applied to musical interfaces, the 

author was able to not only assess the interfaces themselves, but also assess musical 

interaction and composition techniques. Equivalent assessment methodologies are likely to 

be similarly effective in other music technology and sound art sub-disciplines. 

 

Any one of the areas presented in this subsection has the potential for a great deal of 

development to continue to take place by any number of future researchers to contribute 

further to the field. The more development across both technical and compositional areas of 

this research discipline that takes place, the more spatial interaction techniques will be 

explored and applied to varying avenues of sound art.  

 

5.3 Conclusions  
This thesis began by questioning whether new technologies could afford new approaches to 

spatial interaction. It suggested that applying new techniques to encourage new methods of 

spatial engagement might further advance space as an expressive characteristic and a 

fundamental structural element of music. In exploring these questions, an iterative design 

methodology was implemented that included novel approaches to the design of new spatial 

interfaces as well as the presentation of new spatial works and the assessment of the collective 

end result. This thesis has allowed these questions to be thoroughly explored, and many new 

works have been developed as a result. The creative approaches to spatialisation exhibited by 
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these works, show the potential for spatial advancement afforded by the development of new 

technologies. 

 

The literature presented in Chapter Two provided a comprehensive overview of the state of 

the spatial field, with a focus on particular areas that have recently experienced considerable 

development. The chapter also provided an assessment of the various ways in which 

composers from different genres of music and across different periods of time have 

considered and included spatial elements in their works. Through this assessment, and 

through categorising these modes of spatial engagement, areas for continued development of 

spatial aesthetics have been recognised. The assessment of the broad field of spatial 

engagement in electroacoustic music and sound art ensures that the contributions of this 

research, and of any future research that might emerge from this work, reflect the breadth of 

potential for musical expression that spatial characteristics present.  

 

Chapter Three introduced a range of new spatial controllers, each with its own contributions 

to the field, while together exhibiting a range of novel approaches to achieving spatial 

interaction. The methodology implemented to create these interfaces involved design and 

development phases as well as performance and assessment phases. Importantly, these phases 

were always driven by compositional ideas and goals: a desire for new spatial aesthetics led to 

the implementation of a new controller (or a new feature within an existing controller), which 

in turn informed new spatial ideas that were implemented through the development of new 

musical works. 

 

Chapter Four detailed a new approach to spatial aesthetics through the dynamic 

repositioning of the directionality of a loudspeaker within a performance. The design of this 

system was driven by a compositional desire to be able to constantly change a loudspeaker’s 

direction. The intuitive nature of this system was an integral part of ensuring that new spatial 

aesthetics were not only available to the researcher but also to other composers and artists. 

speaker.motion affords new approaches to spatial composition and performance through its 

intuitive and novel approach to spatial engagement.  
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In both Chapters Three and Four, a number of new musical works that explored the spatial 

aesthetics afforded by the interfaces were presented. Initially, these pieces were experiments 

and technical tests existing within the iterative design process. However, as the interfaces 

developed and became more sophisticated and more stable, and as composers (including the 

author) began to gain more experience in working with the interfaces, the development 

process culminated in novel musical approaches to sound art, and the performances became 

tests and explorations of the spatial affordances of the interfaces. People from both within 

and outside of the sound art community attended these concerts. Each performance 

contributed to the furthering of the field of spatial sound art, and also to encouraging the 

diversity of the field and helping to introduce the field to new audience members.   

 

The research presented in this document not only furthers the field of spatial sound art by 

providing new tools through which spatial expression might be achieved, but also provides 

future researchers with a comprehensive overview of the field as well as categorising an array 

of approaches to spatial interaction. It also provides a framework and tested methodology 

that future researchers may apply to the development of further spatialisation interfaces, as 

well as novel ways to assess not only the spatial tools developed but also the way composers 

consider spatial aspects in their work and how they aesthetically engage with space in their art 

forms.  

 

While this research has taken significant steps in advancing spatial engagement, the field 

remains ripe for further exploration. Though the musical works presented and the comments 

provided through user studies show that a wide range of new spatial aesthetics have been 

achieved throughout this research, perhaps the most exciting implication of this work is the 

abundance of spatial aesthetics that are yet to be explored, and the potential that composers 

will continue to push the boundaries of spatial composition. These boundaries are being 

pushed not only in the composition of musical works, but also in the extension of the 

compositional process to include the development of new technologies, exemplifying the 

cyclical nature of the making of new art. 
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This research presents case studies that include the development and use of new tools for 

spatial expression. However, the mentality underpinning this research goes beyond that of 

those specific tools and, indeed, beyond even that of spatial expression. The design process, 

design methodology and, most importantly, the design concept of artists applying their 

compositional process not only to a musical output but to the creation of musical interfaces 

(as was presented throughout this work) aims to encourage other artists to search for new 

ways to creatively compose. A common metaphor considered often during this research 

process was that of the invention of the piano. Did the compositional process of all 

subsequent works for the piano begin with the design decisions made during the 

development of the piano? Did the development of this musical interface afford completely 

new ways for subsequent composers to engage expressively with music? This research does 

not claim to ‘invent the piano;’ instead it asks the reader to consider that the creative process 

of musical expression can begin with the development of new tools with which to create 

music. It also suggests that, when the development of these musical tools becomes deeply 

intertwined with the compositional process, new aesthetic affordances and applications can 

emerge. While this thesis demonstrates the application of this to spatial works as the primary 

artistic interest of the artist, the concept as a whole may be applied to any art form. 
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Appendices 

Appendix One: Supplemental Media File Contents 
1. fine.tones (Bridget Johnson) complete stereo audio file. 

2. final.motion (Bridget Johnson) complete video file. 

3. Lines and Distances (Douglas Lilburn, spatial interpretation Bridget Johnson) 

complete video file. 

4. Music For Mechatronic Speakers (Bridget Johnson) complete video file. 

5. speaker.motions concert compilation video file. 

6. Snow All Around (Bridget Johnson) complete stereo audio file. 

7. Inner Space Radio New Zealand interview audio file. 

8. Inner Space binaural recording of the full concert.  

9. tactile.motion demonstration video. 

10. Chronus_2.0 demonstration video. 

11. PDF of thesis document 

 

 

All files may also be downloaded from: 

https://www.dropbox.com/sh/xb7dgxepp7pf1d7/AAAZXhKQnw9jQ1SXXqUSTnRya?dl=0 
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Appendix Two: tactile.motion User Study Questions And Answers 
1. Is tactile.motion the only diffusion interface you have ever diffused on? 
Two participants had used other diffusion interfaces 

 

1a. If not please list any other interfaces you have used. 
Both had used mixing desks previously 

 

Intuitiveness:  

2. On a scale of 1-10 (1= not at all, 10= to full extent) to what extent did you feel 
tactile.motion used intuitive gestures to spatialise sounds?  

 
 

3. On a scale of 1-10 (1= very difficult, 10= very easy) how difficult did you find 
tactile.motion to configure? 
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4. On a scale of 1-10 (1= very difficult, 10= very easy) how difficult did you find 
connecting to the tactile.motion network? 

 
 

5. On a scale of 1-10 (1= very difficult, 10= very easy) how easy was it to learn to diffuse 
using tactile.motion?  

 
6. On a scale of 1-10 (1= no control, 10= complete control) how much control of the 
spatial positioning of the angle of sounds did you feel you had with tactile.motion?  
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7. On a scale of 1-10 (1= no control, 10= complete control) how much control of the 
spatial positioning of the distance of sounds did you feel you had with tactile.motion?  

 
8. On a scale of 1-10 (1= no control, 10= complete control) how much control of the 
spatial movement of the angle of sounds did you feel you had with tactile.motion?  

 
9. On a scale of 1-10 (1= no control, 10= complete control) how much control of the 
spatial movement of the distance of sounds did you feel you had with tactile.motion?  
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Creativity:  

10. On a scale of 1-10 (1= no expression, 10= a great deal of expression) how much 
creative spatial expression did tactile.motion allow you?  

 
11. On a scale of 1-10 (1 = never 10= always) to what extent did you feel the spin motion 
was accurately triggered? 

 
12. On a scale of 1 – 10 (1 = not at all accurate, 10=very accurate) how accurate did you 
feel the velocity sensitivity of the spin motion was? 
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13. On a scale of 1-10 (1 = never 10= always) to what extent did you feel the drift motion 
was accurately triggered? 

 
14. On a scale of 1 – 10 how accurate did you feel the velocity sensitivity of the drift 
motion was? 

 
15. Did you use the double tap on the object feature to stop motion? 
Only one user did not use this feature. 

 

16. Did you use the phantom buttons (the transparent buttons that remain at the bottom 
of the screen) to stop motion? 
Only two users did not use this feature.  

• “Yes, Saved my performance” 

• “Yes, very good” 

• “Yes, more than double tapping” 

• “Yes, much easier than chasing objects” 



 

 217 

17. On a scale of 1-10 (1 = never 10= always) to what extent did you feel the inclusion of 
the phantom buttons aided the performance? 

 
18. On a scale of 1-10(1 not at all 10 fully) to what extent did you feel that the inclusion of 
these behaviours added to the expressive range of the interface? 

 
Liveness/Performativity:  

19. On a scale of 1-10 (1= not at all, 10= full extent) to what extent did the use of 
tactile.motion as a performance interface give you the feeling you were performing? 
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Compositional Techniques: 
20. Did the use of tactile.motion as a performance interface affect anything in your 
compositional strategies? 
 

• Yes 11 

• Unsure 2 

• No 3  

 

20a. If so how? 

• It allowed me to mix multiple stereo fields, which when spatialised gave a great variety 

of detail 

• Determining what stems had in them. If I knew that this was the end result of the 

composition, the piece would have been created differently 

• The spin motion was a great inclusion in a relative representation of sound movement 

• I began to think in terms of the available creative expressions of spatialisation 

• Ability to spatially perform a piece 

• I reduced panning and though about the sounds location in the DAW 

• I chose to use a greater number of audio files in my piece and added low-pitched 

material. I also re-mixed/mastered all my stems individually. 

• I tried to include more gestural content that could be moved around to greater effect. 

• I completely recreated my tracks because of the multi-channel systems and availability 

of performable parameters 

21. Did you feel the screen size of the iPad had any effect on the success of the interface 
(either negative or positive)? 
One participant felt the application would be better with a bigger screen size. All other 

applicants were happy with the size.  

  

23. Would you use the tactile.motion interface for diffusion performance again? 
All participants answered yes.  
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24. Do you have any suggestions for improving the interface? 

• When you tap the phantom buttons, rather than stopping the stem's movement 

suddenly, just decelerate to a smooth stop. Ropes between stems would be awesome, 

as well as gravity. Some way of knowing what each stem is would be nice, some visual 

cue as to the nature of each track. Changing the colours myself would be a good 

feature too. Larger stem objects would be a good feature too. Larger stem objects 

would be interesting, especially if the density went down when the size goes up, so 

that the sound is more diffused but quieter. 

• Have a waveform of the piece as a timeline on the interface. A bounce object - if any 

moving stems hit the object they bounce back to the opposite direction. A gesture to 

make all stems move towards the centre. 

• Volume, pong glide. 

• Improvement of initiating spin motion with fingers maybe change the labelling from 

0 upwards to 1 upwards as it was confusing. 

• Perhaps an overriding technique selection of buttons: 1 gesture based 2 pan 3 rotate 4 

rotate arcs. 

• Something to speed up and slow down moving stems without touching the object 

itself. A way to duplicate a stem during performance. 

• A button that allows/disallows movement, I didn't want any in mine but kept 

accidently triggering it. More flexible pausing of group and individual strands. 

Changeable object physics, eg. gravity, solidity, weight, size. 

• Labelling - more options on stems to label what we want. 

• Size of stems - maybe if less stems make them bigger? 

• I would have liked the circles to be easier to trigger, often mine would go in the 

opposite direction as intended. 

• Try to make the gestural stuff more accurate, reliable, easy to use. 

• Creating better gestural recognition. 

• Circle control very difficult to get to work. 

• Accuracy and sensitivity to gestures need to be tweaked. More parameters 

controllable, Motion sensor triggering, Add fader to control levels for the performer 
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25. Please use the space below to add any further comments about your experience with 
the tactile.motion interface. 

• It was a lot of fun. The gestures were perhaps a little to set off, so it'd be interesting to 

have different brushes or something which change banks of different gestures. An 

auto-connecting feature would be cool too, so you just boot the app and not have to 

think about whether it's connected or not. 

• It was a lot of fun and easy to use. Really added another element to the sounds. 

• loved it!!! 

• Fantastic, thankyou for the experience  

• I found the screen a little tricky to slide my finger smoothly 

• very cool 

• It was a different experience to usual performance. Exciting prospect for the future 

• It is an awesome app - easy to use from our end and creates a great effect 

• I found it to be an extremely intuitive way to spatialise audio and much prefer 

tactile.motion to the standard mixer-speaker set up. 

• Really cool, I enjoyed using it 

• It was very fun to use and quite useful when you get the feeling for it. 

• loved it 

• Maybe consider the possibility of being able to draw a shape that one of the stems can 

follow. For added detailed automation, because now these is only vertical, horizontal 

and circular shapes. 
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Appendix Three: speaker.motion User Study Questions And 

Answers 
1. Is speaker.motion the only interface you have used for spatialisation? 

• Yes 

• No 

• No 

• No 

• No 

• No 

1a. If not please list any other interfaces you have used.  

• - 

• tactile.motion, rear surround 

• I have done manual panning on an 8-channel setup up. I used Ableton Live to 

manually set the speaker gains.  

• Regular mixing desk 

• Diffusion mixer board 

• Ambisonics, custom 40 channel hanging speakers, Quad, PLANAR for Eurorack 

 

2. How many speaker.motion units did you use in your composition? 
All participants used 4 speakers 

 

3. How did you interact with the speaker.motion system? ie did you use the custom iOS 
app, hard code the movements, or send MIDI from a DAW? 

• MIDI was sent from Max/MSP. These controls/commands set each speaker's motion 

• MIDI from Ableton 

• I send MIDI from a hardware controller (an M-Audio Oxygen 8 keyboards 

potentiometers). This MIDI was passed through Ableton Live and sent to the speaker 

units. This setup allowed me to have real-time interactive control over azimuth and 

elevation on all four units. 
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• Sent MIDI messages both from Ableton Live and a MIDI controller 

• MIDI from a DAW 

• I used a custom wearable interface and MYO with Max to send MIDI data, and for 

classification of hand gestures/postures to affect speakers’ movements. 

 

4. Please describe the technical set up you used for your composition eg, fixed media, 3 
speakers with string quartet, 1 speaker and solo guitar ect.  

• 4 speaker, fixed media 

• Fixed Media, Ableton -> MIDI -> speaker.motion 

• I used a custom - developed Reaktor patch that output procedurally generated audio 

to each of the four speaker units. 

• 4 speakers and MIDI controller 

• 4 speakers, partially fixed media, some processed voices, solo performer. 

• Live sampling, solo, 4 speakers, custom hand interface and MYO 

 

5. Please describe the physical performance space you utilized for your composition. 

• MS 209 a classroom at the NZSM approx 8 x 8 m in size. Various wall textures and 

room furniture affecting the reflection/diffusion of sound. Low Level of mechanical 

room noise adding to overall sound (aircon ect) 

• The long room in the Adam Art Gallery the room is multi-levelled, and has 

interesting characteristics 

• My piece was realised in the Adam Art Gallery’s large open space on its lower level. 

This space was long and narrow with a high ceiling and two levels which audience 

members could experience the work. 

• A room in a gallery. Approximate dimensions 8m (w) x 10m (L) x 4m (h) 

• A darkened gallery space with no natural light/windows. Medium size, low-ish roof, 

rectangular in shape with an exit in the back corner. 

• Rectangular black room, normal ceiling height. The breadth of the room was fairly 

short. 
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6. Can you please describe the physical way you used the speaker.motion system? ie. any 
particular gestures you programmed? Were you mostly using moving trajectories or 
stationary directional elements? 

• The movement of the speakers was various moving trajectories. Two sets of speaker 

pairs moved in opposing trajectories to the other. 

• I used a mix of position and rotational behaviours. The positional behaviours, were 

used to excite different elements of the space. In my piece, the high ceiling of the space 

was used to create a diffusion cloud of sound. trajectories were also used to create 

complex phasing between speakers, as all the speakers were rotated at different speeds. 

• I manually (and in real-time) controlled the speakers elevation and azimuth. Using 

this scheme, I manually moved the speakers from pose to pose, aiming them at 

different surfaces in the space. 

• A combination of both but overall, the speakers were constantly in motion 

throughout the pieces. The rate of motion gradually increased as the piece developed 

toward the end. 

• I programmed mainly jitters and jolts with the speakers, choreographing chain 

movements of the speakers moving up and down. There were 2 major rotations in the 

piece, which signalled sections in the piece, which demanded different directions. 

• RH: clenched fist -> All speakers position mode 

 wave left -> speakers rotate anticlockwise 

 wave right -> speaker rotate clockwise 

 spread fingers -> sample for 5 seconds 

 LH: posture 6 -> controls tilt of speakers (pitch) 

 posture mid down -> controls speakers rotations about z-axis which in 

position mode, control speed when in rotate mode 

when hand is not stationary -> trigger samples playback 
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Aesthetics 
7.  Did using the speaker.motion system change the way you thought about space in your 
composition? 

• Yes. There were a number of placement options for the speakers. Different placements 

within a space would have produced different results and possibly necessitated a 

change in motion control. Different spaces would respond differently to different 

speaker placements as well. 

• Very much. The spatial elements of the pieces become a main creative parameter, as a 

had a high level of dynamic control over the fine spatial positioning of the speaker. 

• Yes. In particular, I more actively engaged with the space’s height. While I have 

previously treated multi-channel setups as a flat place of audio, the control over 

elevations with speaker.motion led me to explore all dimensions of the space. 

• It definitely opened up higher degrees of freedom/complexity in terms of the spatial 

aspect of the performance, and therefore, was taken into account as a major 

compositional tool.  

• Yes 

• Yes, somewhat. 

 

7a. If so do you feel like this engagement will continue throughout future work with or 
without the speaker.motion system? 

• Yes. I will be more aware of the effect of the space on sound based on speaker 

placement and possibly audience location. 

• Yes, spatial elements have been a strong element in my compositional process, but 

what speaker.motion affords is a more complex, dynamic, and controllable interaction 

and intention within the spatial parameters of ideas. 

• Even without speaker.motion, I feel that I have now been made more aware of the 

great potential afforded by using non-traditional speaker configurations. 

• Absolutely 

• Absolutely 

• Yes 
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8. Please describe the piece you wrote for the speaker.motion system. 

• The piece consisted of the sonification of seismic data. This data was parsed to form 

four waveforms. These were processed by four forms of synthesis and each sent to the 

speakers. 

• inner.spaces is a piece that is derived from piano samples, which explores different 

spatial concepts of our experience. room intimate single notes, to large clouds of 

iterative piano textures, the piece is an exploration of immensity and intimacy. The 

piece is spatialised through speaker.motion, which allows for the spatial ideas to be 

directed and reflected through the space, exciting different characteristics of the 

performance space. 

• My pieces used the four speakers to project procedurally-generated audio at different 

surfaces in the gallery space. I alternated between aiming them all at separate surfaces 

and all at the same surface. The piece was a solo structured improvisation. The 

speaker ease of control made them very suitable for use in an improvisational context. 

• The piece starts with a drone-like sound that is distributed in two symmetrical pairs 

across the four speakers that shape a cross. At first the digitally-created drone is very 

quiet, so the mechanical buzzing of the speakers motors as the start to rotate is the 

prominent audible sound. The speakers gradually speed up, and as their buzzing tone 

goes higher in pitch, the noisey drone is brought up to mix with the mechanical noise. 

When the speakers reach maximum rotation speed, some synthesized rhythmic 

elements are introduced. As the whole piece becomes more and more rhythmic, the 

movements of the speakers is also modified to sync with the rhythm. The piece ends 

in a highly synchronous audio-visual phase in which the speakers create an almost 

synchronised dance like motion.  

• I sourced materials from the speakers themselves, my voice, the inside of a piano 

board and the pieced developed from more mechanical sounds, blurring into more 

nuanced, extended vocal techniques, to more tonal vocal material. 

• Human mechatronic interaction, utilizing hand gestures (left hand) from traditional 

performance techniques to intuitively control speaker motions. Firstly no sounds were 

placed from the speakers but the sound of the mechatronic movements were used. 
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Later, live samples of these sounds were played through the speakers with some 

processing to further induce musicality. 

 

9. Were there any particular spatial attributes you feel you would not have been able to 
achieve without the speaker.motion system? 

• The piece benefited from the speaker's movement. With fixed speakers, a dimension 

of the overall sound would have being missing. The additional diffusion and reflection 

of the sound by the speaker.motion movement added a dynamic element to the overall 

sound where as fixed speakers would have produced a more static sound. 

• Yes, I used the high ceilings in the Adam Art Gallery, which wouldn’t have being 

possible with a traditional speaker set up. Also, the phasing that was achieved through 

rotation is unique to speaker.motion. 

• While I could have achieved many of my goals with traditional speakers, I would have 

needed a very large number of them, each aim prior to performance. In practice, I 

wouldn’t have been so open to spatial experimentation without the speaker.motion 

system.  

• Yes, almost everything that was used (both sonically and visually) was specific to this 

system and wouldn’t have been possible to be recreated without it.  

• The mechanical sounds, definitely. I also felt like I was able to compose as a 

choreographer so there were sounds I made which I felt the needed to happen and 

timing sounds of the structure of the piece wouldn’t have happened without thinking 

spatially or with movement.  

• Changing the physical projection of sound in real time. 

 

10. Can you describe any particular instances in your piece where you matched specific 
motions of the speaker to musical motions/gestures/timbral changes/spectral content in 
your piece?  

• There were none as the nature of the data changes each time adding tot he 

unpredictability of the overall sound. 
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• Speakers positioned to the ceiling when the second section started which contains 

distant clusters of piano notes. 

• During particularly sharp and abrasive timbral passages. I aimed the speakers at 

reflective surfaces. During denser, “washy” passages, I aimed the speakers straight up, 

taking advantage of the reverb offered by the spaces high ceiling. 

• Yes, In the entire piece the movement was tightly coupled with the sound 

• Yes, and I played with recorded speakers sound to subvert these movements in the 

piece. 

• Refer to Q, 6 

 

11.  Can you describe ways in which the motions or positions of speaker.motion were 
designed to engage the physical space? 

• As this was the first performance of the piece the speaker movement and placement 

was somewhat experimental. With more time it would have been good to try different 

placements and motion sequences. 

• The speakers were organized through the idea of direct positioning towards the 

audience 4 different positioning towards the walls and ceiling. This became a 

compositional tool, as diffusion, immersive textures could be built, and contrasted 

with intimate, direct sounds. 

• I was able to aim the speakers specifically at the various reflective surfaces in the 

space. I also found that, by aiming at the more absorbent audience, I could affect 

timbral change.  

• By having two symmetrical pairs of rotating speakers, which rotated at different 

phases, some very interesting phasing effects we created (with the same sound source 

sent to each pair). 

• Moved and positioned in three different ways throughout piece. Phase One: All 

speakers positioned in a diamond facing outwards at first. Phase Two: All speakers 

move anti-clockwise 90 deg all facing left. Phase Three: All speakers face inwards, 

move 90 deg anti-clockwise. 
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• real -time change in propagation and combine different elements of a physical space 

ie, activating the top corner of the room and the floor with a time interval, using an 

impulse/ping. 

 

Audience Experience 
12. As an audience member, did you feel that the speaker.motion system drew your 
attention to spatial attributes more so then standard loud speakers? 

• Yep 

• Yes 

• Absolutely 

• Yes 

• Not quite 

 

12.a If so how? 

• The way composers used space as a compositional tool was much more evident then 

traditional speaker setups.  

• The visual coupling led me to consider their use of space more than with a traditional 

loudspeaker array. 

• The speakers were brought to life as a very important aspect of the composition, so 

was the space itself. 

• Movement accentuated different areas and highlighted ‘empty’ or ‘free’ spaces in the 

gallery. At one point I was on the third level of the gallery and the speaker moved 

directly up as it got higher in pitch, it was fully sick.  

 

13. As a listener can you describe your physical exploration of the space ie. did you view all 
pieces from the same perspective? Where were you positioned in regards to the speakers?  

• There was a big difference between the two spaces, both were interesting in their own 

way. From [composer A]’s dynamic, noisy and very rhythmic control of the speakers, 

to [composer B’s] careful manipulation of the space through ambient textures. This 

really made me explore different parts of the spaces.  
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• I listened to the pieces both from the same height as the speakers and from a platform 

about 5 metres above them. This led me to experience the speakers’ effects on the 

space both from up close and further away.  

• Unfortunately I wasn’t able to explore the space as much as I liked (as I was filming), 

But, I saw the audience moving across the spaces in a highly engaged manner.  

• I explored close space near the speakers, mid-space on the platform above the main 

gallery and 3rd level up high of the Adam Art Gallery. I moved towards and away 

from the speakers throughout.  

• I viewed the pieces from several perspectives, within/among the speakers, away, 

outside, and above the speakers.  

 

14. Can you please describe any other relevant aspects of your experience as a listener to 
the speaker.motion system? 

• The size of the space and my spatial position in relation to the speakers had a huge 

effect on my experience. I think given the conventions of the musical performance 

audience, an installation with the speakers, which allowed for a more physical 

exploration of the space would be amazing. 

• I was surprised at how much the speakers’ movements affected the space’s resonances 

when experienced from relatively far from the speakers.  

• The physical movement of the speakers is highly effective in emphasizing the 

significance of the spatial aspect of the work and a performance venue.  

• I felt it was really important to move away from the directional sound of the speakers 

but close my eyes and experience how they impacted the space. 

• The moving speakers itself is quite a spectacle that it drew a lot of my attention. The 

experience of space is rather site-specific.  
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15. Is there anything you would like to see changed/added/improved on the 
speaker.motion system? 

• Bigger speaker! Not really. As the speaker can be used in a number of ways of 

performances any suggestion would have to be reasonably generic so not to tie them 

to specific uses. 

• An aspect that could enhance the capabilities of the system would be louder speakers, 

and possibly a mix of the speakers and a sub. 

• The noise of the system is something that needs to be considered when composing for 

the system. Of course, the could of the system is inevitable, however, reduction of that 

noise could be benefit some situations. Of course, others (like Mo’s piece) have 

worked this as an integral part of the piece, which has worked really well.  

• Maybe future versions could have the ability to use an enable/disable line for the 

motors, so when you’re not moving anything, there is no sound made by the motors.  

• I would like to see the system realised with larger speakers (to allow louder sounds to 

be played). Also, I would like to be able to disable the azimuthal motors (to prevent 

buzzing while stationary). Finally, a version with quieter actuators would be welcome 

for allowing for silent positioning of the speakers.  

• Software perhaps a more efficient way of talking to the speakers that uses one MIDI 

message (instead of two), where for example MIDI note number determines the state 

and velocity number determines the control change. Hardware: having the option to 

dampen the mechanical noise (plus, higher speed capabilities are always fun).  

• It would be cool to see if they could be mounted on the roof. Also would be cool if 

there were 8 units even? Yeah.  

• I wished the speakers were more directional (have a much, more narrower field like a 

parametric speaker. Quieter movements even though I like the sound of the 

movements as well. Perhaps a simulation software so we can composer to it without 

being physically present with the speakers. 
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Appendix Four: speaker.motion Impulse Response Data 
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Appendix Five: speaker.motion User Guide 
The speaker.motion system speaks MIDI this can be outputted from a number of DAW’s or 

other music software including but not limiting to Ableton Live, Logic Pro, Max/MSP, Chuck 

etc.  

 

If you are unfamiliar with this type of software I would recommend Ableton Live as the MIDI 

output is very intuitive and simple.  

 

Each speaker unit runs on a separate MIDI channel 1, 2, 3, 4. The MIDI channel for each 

particular unit labelled on the base of unit. (Please be careful tilting the speaker unit to look 

underneath).   

 

On start up the speaker runs a homing routine to allow both the servo and motor to position 

themselves correctly. At the end of the routine a red LED inside the unit will flash 5 times (the 

speaker will also remain stationary at this point), now it is ready to receive MIDI commands. 

Any MIDI messages sent before this point will be ignored by the speaker.  

 

Once the correct channel is selected you can send it control change messages between 0-127.  

Control Change 6 dictates the state which the motor will run in.  
 

A value between 0 - 44 will cause the motor to run in position mode. This allows you to tell 

the motor to go to a direct position and stay there until it receives a new position.   

A value between 44 - 88 will cause the motor to run in clockwise rotation mode. The speaker 

will continuously rotate in a clockwise direction until you change modes. In this mode the 

control change messages on 7 will change the speed at which it rotates.  

 

A value between 88 - 127 will cause the motor to run in anti-clockwise rotation mode. This 

mode is as above but in the opposite direction.  
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Control Change 7 differs depending on the state that the motor is in as determined by 
control change 6. 
In position mode the value will be the position to rotate to. 0 is the ‘home’ position and 127 

will be a full rotation back to the home position. 64 will cause the speaker to rotate 180 

degrees. 

 

In either of the rotation modes the value you send will determine the speed in which the 

speaker rotates. 0 will be the slowest speed possible and 127 the fastest speed possible.  

 

Control Change 8 is the tilt angle.  
127 will be the speaker aimed almost to the floor. 0 will tilt the speaker straight up in the air.  

 

Other tips: 

The speaker waits until it receives messages before it moves. Therefore you need to make sure 

if you are changing between modes it receives the updated ‘mode’ change before you then 

give it the new speed or position. Whilst the servo can deal with automation curves in the 

data been sent, it does cause the servo the make more mechanical noise. The motor prefers 

not to receive automated curves of data. Just the new value when it needs changing.  

 

The mechanical side of the speaker unit remains completely separate to the audio. Therefore 

on the rare chance that something were to fail on the mechanics style it will not affect the 

playback of your piece.  
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Appendix Six: Ethics Approval Documentation 

 
 

 



 

 246 

 

 

 

 


