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Abstract

This thesis collects and contextualizes several projects involving artistically di-
rected prototyping where new artifacts have been developed, in multi-disciplinary
groups of practitioners, for use in performance contexts. These projects and
their resulting publications have been team efforts, and therefore all papers
have more than one author. In the introduction, a complementary perspec-
tive to that of the publications is offered, engaging with the characteristics of
the digital innards of these artifacts and their digital material qualities. The
stance that software source code is a design material is argued, and the notion
of the crafting coder is used to view processes that use code as material for
artistic creation. Code is also prominently featured in the introductory chap-
ter with examples of some of the central components of the sound processing
techniques that have been successfully used in the projects described in this
thesis.

The artifacts that are described in the thesis are: The Throat, an instru-
ment for augmenting the singing voice using gestural control in real-time, The
Vocal Chorder, a string based instrument using full-body interaction that also
allows for audience participation through an installation mode, The Charged
Room, a video tracking installation that lets users manipulate sound by mov-
ing across a stage, and Nebula, a garment that senses the users movements
and responds with sound. These artifacts have been evaluated in the context
they are designed for, and not only tested in laboratory settings, to make
sure that the knowledge produced is valid. Several performances and peda-
gogical courses have been used as empirical foundation for the claims of em-
powerment, expressivity, and performance qualities ascribed to the developed
artifacts.
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Sammanfattning

I den här licentiatavhandlingen samlas och kontextualiseras flera olika ut-
vecklingsprocesser där nya artefakter för konstnärligt bruk har tagits fram.
Arbetet har skett i multidisciplinra arbetsgrupper och därför har också al-
la avhandlingens artiklar flera författare. Texten i de inledande kapitlen är
skriven för att ge ett mer personligt perspektiv på arbetet i artiklarna, med
fokus på det digitala innanmäte som möjliggjort de skapade artefakterna.
Detta görs med utgångspunkten att programkod är ett designmaterial med
partikulära egenskaper som informerar programmerarens arbete. Därför är
det också viktigt att kod ges utrymme i den faktiska texten, och flera exem-
pel på de mest använda ljudmanipulerings-teknikerna i projekten finns med
som körbara kod-exempel i texten.

Artikel I och II beskriver utvecklingen av The Throat, ett med gestik kon-
trollerat instrument för realtids-manipulation av sång. Artikel III beskriver
en annan artefakt: The Vocal Chorder, ett stränginstrument där användare
får bruka hela kroppen för att skapa ett klingande resultat. Artikel IV un-
dersöker hur designprocesser bör struktureras för att behandla de ingående
materialen på ett likvärdigt sätt, där det interaktiva ljud-skapande plagget
Nebula används som exempel. Artikel V är en sammanfattning av arbetet med
flera olika artefakter med fokus på hur de använts i en specifik föreställning.
Artikel VI r en mer teoretisk text som främst tar upp vikten av att utvärdera
interaktiva teknologier i deras tänkta kontexter.

Att lämna laboratoriemiljön och engagera sig i faktiska utmaningar i de
verkliga kontexter där artefakterna är tänkta att brukas är ett genomgående
tema i artiklarna. Artefakterna som beskrivs har också använts i flera fö-
reställningar och kurser, vilket bildar den underliggande empiri som styrker
påståenden om uttrycksfullhet och andra kvaliteter som tillskrivs artefakterna
i texten.
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Code and Sound Examples

Supplementary material to this thesis can be found at the thesis’ page in the DiVA
(Digitala Vetenskapliga Arkivet) repository. The page can be found either by
searching on www.diva-portal.org or using the URN for this thesis in the resolver
at the website of the National Library of Sweden.

Links
URN urn:nbn:se:kth:diva-176888
URN resolver http://urn.kb.se
Direct link http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-176888

Sound examples
The sound examples available on the DiVa page illustrate all the main techniques
that are described in Chapter 3, so the results of the code examples can be examined
without having to set up and run the code.

Code examples
All code listings in the thesis are available in plain text files. In the plain text
files, examples on how to run the examples and different parameter settings are
also available. These are omitted from the thesis for the sake of brevity.
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Chapter 1

Theoretical Background

1.1 Artistically directed prototyping

The empiric material of this thesis is the artistically directed prototyping that has
taken place in a series of ongoing projects since 2010. The overarching goal of the
prototyping was to craft new artifacts, or modify existing ones, out of interactive
materials. The artifacts were made to perform in a set of specific artistic contexts
and connected to the practice and tradition of opera and dance. The work was
highly collaborative in nature and involved both academic colleagues and skilled
practitioners from other domains of knowledge and practice.

The word artistically in the title of this section should be taken to mean that
the goals of the development process and therefore also the prototyping were always
artistic. Furthermore, any other perceived values, such as those internal to one of
the contributing disciplines, e.g. a correct vocal technique, were always secondary
to the overarching artistic goals. Put in another way, the contribution that was
the most suitable in the larger conceptual artistic structure was always preferred.
The method of evaluation of the prototypes was therefore how well they fit in the
artistic conceptual image of the piece at the time of evaluation. Note at the time
of evaluation, since this conceptual image was dynamic and shifted over the time
of the project. Therefore the evaluation could not be seen as either objective or
definitive, and that is why the term directed was chosen, to emphasize the act of
constant guidance and not a definitive end goal.

The final word in the title is prototyping because while all but one of the artifacts
described in this thesis have matured and been used in several stage performances
at the time of this writing, the texts focus on their conceptualization, their devel-
opment, and how they have been modified to fit new conditions, and in some cases
transformed from one material realisation to another. Furthermore, as is argued in
Paper VI, in the case of technology that is developed for artistic expression, being
used in a stage performance isn’t the end of development but rather the beginning
of the real evaluation period.

7
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1.2 Code

Crafting

The skill set needed to navigate the seemingly different worlds of general artistic
conceptualization, domain specific artistic practice, and technological development,
to produce bridging solutions can be seen as an interdisciplinary fusion of skills from
different fields. This type of inter domain understanding is certainly necessary,
especially to be able to communicate accurately over domain boundaries. However,
a deep knowledge of and skills to manipulate the interactive material are needed
to see and execute the technical solutions that fully connect with the artistic goals.
That is, sooner or later one has to connect with the actual material with which the
new artifacts are created. I propose that in this context, skillful use of material
qualities to achieve artistic goals constitutes code crafting.

This practice of programming, by now well established (see for instance [17]),
that is more comparable to labour organisation models of craftsmanship than to
the tradition of software engineering, provides the perspective through which the
projects described in the included articles will be viewed. Lindell describes it as
“an ability to see and solve problems simultaneously in the dialogue between hand
and mind.” [13], emphasizing the situated nature of the work. It is in doing that the
craftsman both explores, learns and creates. Similarly, Cox et al calls programming
“creative production” and that it “is performative, where the potential for change
is very much active and dynamic.” [4].

While software engineering organizes large groups over long time, the crafting
system is about joining a small group of dedicated experts, to allow all of their
skill to be automatically and continuously exploited. By simply being immersed
into as many aspects of the project as possible and using the full breadth of the
participants’ knowledge, fewer formal structures are needed to make sure that each
decision is based on suitable analysis. A crafting view of programming also creates a
symmetry with the other disciplines involved in stage production, where the ability
to see beyond the specific boundaries of ones own domain is expected. For instance,
a theatre costume maker is expected to understand aspects of choreography, stage
production logistics, and lighting design and perhaps be able to offer an opinion on
it, or at least artifacts that are made with those neighboring disciplines in mind.

In this thesis, the concept of crafting code should be read as an immersive prac-
tice that engages in its domain fully to make use of all of the programmers knowl-
edge, about code as well as all other domains in which the coder is knowledgeable,
tacit or explicit. This immersion creates a situation of continuous iterative develop-
ment and delivery that can be characterized as being the opposite of the waterfall
model of software engineering. Therefore, this thesis can be read as a crafting
statement, sharing what knowledge these real world projects have produced, from
the perspective of a craftsman deeply immersed in the projects.



1.2. CODE 9

Code as contextualized material

In The problem of computer code: Leviathan or common power?, Adrian Mackenzie
puts forward a strong statement on how we should resist to “understand code as
a set of instructions that control the operations of a computing machine”, as it
is to reductionist. Instead, a larger, multilayered view of “many different kinds
of practices, interactions, instabilities, contests, disputes and events” should be
adopted [14]. Even without taking all these connected elements into account, the
many different methods of producing and relating to code can warrant interesting
discussions [1].

Dourish and Mazmanian write that digital material, or at least representations
of digital information, also possess material qualities and that they are “encoun-
tered only ever in material forms” and that one should “place contemporary digital
practice within a historical pattern of entwined development of representational
forms and knowledge practice” [7]. Kittler reads the material representations of
digital information and posits that there is no software, at least in the sense of
the perfect theoretical turing machines of computer science. As soon as you move
from theory to practice your possibilities are defined by the limits and idiosyn-
crasies of the particular hardware that you run you code on, making the code an
intellectual superstructure that hides the material reality of electrical signals in
the hardware [11]. One could easily argue that this view is too materialistic and
object oriented, losing track of the presence and practice of the programmer [19].
It would at the very least be an ineffective tool with which to analyse the material
presented in this thesis. In that spirit, the examples provided in this thesis will be
contextualized in a broader sense, and discussed from a code crafting perspective.
That is, both analysed as a product of the specific context, e.g., working group,
project, performance context, as well as a crafted artifact.

Software and art

The relationship between art and software has been widely discussed and there
are many views on this as well as many stances taken by artists and programmers
themselves on how their work should be seen. At the very least, we must analyze
software in an artistic context beyond black boxing it and confining it to a facilitat-
ing role. Cramer is critical of the way that “programmers are frequently considered
to be mere factota, coding slaves who execute other artist’s concepts” and states
that “To discuss “software art” simply means to not take software for granted, but
pay attention to how and by whom programs were written.” [5]. At the same time,
one must be weary of assigning the software too much agency. Ward states that
even though his code might run autonomously, the authorship of the results firmly
remains with him, making the code instrumental and not an end goal in itself [21].

This brings us back to the reasoning on code as a material, that the perspective
of the programmer is essential to understand situations that are affected by code,
not only as a craftsman but also as an artist. Berry even argues that “software,
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computation and code define our contemporary situation, becoming part of the
metaphors by which it is even possible to think today.” [2], a statement that certainly
motivates the adoption of the code crafters perspective.

This thesis takes no position in the discussion on whether software is or can
be art in itself, as the project that are described herein all have served to create
performative systems where code only has been one of the materials used. Like
the other components and their materials, it can and should be examined for its
particular qualities and nuances, but in the cases that are used as examples in this
text, the software parts alone do not approximate the artwork of the whole. Neither
does, to be clear, any other of the components. They are functional components
in the realisation of the piece of art, but the piece only emerges through a holistic
experience.

1.3 Summary

In summary, artistic goals are valid aims for technical development processes, and
the validation of the results of these processes must be artistic. However, there is
also a crafting aspect of the components used in these processes, where manipulation
of materials creates a set of substrata that inform the overarching process and that
the process relies on. In these substrata, a more domain specific discussion is
appropriate, where specifics of the material manipulations can be examined. These
introductory chapters constitute such a domain specific discussion.

In chapter two the different contexts where the empirical observations were
gathered will be presented. This includes a schematic view of the connections
between the different artifacts, their functionalities, and the materials used.

In the third chapter, examples will be presented where the material qualities of
code, or code specific concerns, steered or interfered with the development processes.
In some cases, the material qualities of the underlying technologies have feed back
into the artistic goals of the larger process. These examples will be viewed through
a crafting understanding of coding.



Chapter 2

Practical Background

2.1 Activities

The material presented in this thesis has been developed for, and in, a series of
courses, workshops, tours, and public performances. To examine the artifacts in
their intended environments, with performers and audience interacting and react-
ing, has been a conscious choice. It is a fundamental stance, assumed also in the
included papers, that knowledge about interactive technologies produced in artifi-
cial laboratory settings not approximate the knowledge gathered by intended use
in the targeted context. Both kinds of knowledge can be useful, but they are not
interchangeable. Therefore, it is also motivated to briefly summarize what these
activities were and to give an impression of the intertwined nature of development
and practice that has proven so fruitful for the projects on which this thesis is built.

Courses, workshops, and demos

During the period of 2011 to 2014, a series of four courses were held at the University
College of Opera in Stockholm. The courses served, among other things, as a
platform for highly skilled singers to explore the artifacts produced before and
during that time. This provided invaluable feedback and observations from all who
participated in or otherwise interacted with the activities of these courses, e.g.,
teachers, students, sound and lighting technicians, the audience at the resulting
performances. The courses have been described to some degree in the included
papers, and also more extensively in the dissertation of Carl Unander-Scharin [26].
The courses were hosted by The University College of Opera in Stockholm1, but
also featured collaborations with Stockholm Academy of Dramatic Arts2 and the
KTH R1 Experimental Performance Space and Presence Laboratory3.

1http://www.operahogskolan.se
2http://www.stdh.se
3http://r1.kth.se

11
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Some of the work described in this thesis has also been presented in workshop
formats at the Sound and Music Computing Conference invited workshop on syn-
thesized singing, in Athens, Greece, in 2014, as well as at the fourth Colloquium on
Artistic Research in Helsinki, Finland, in 2015.

The Throat, The Vocal Chorder, and Nebula, has also been presented at the
ACM CHI Conference on Human Factors in Computing Systems, in Paris, France
in 2013, in Toronto, Canada, in 2014, and in Seoul, Korea, in 2015 respectively. The
feedback, observations, and experiences, gathered at these exhibitions has been very
important in reflecting on this work. This is specially true for the Vocal Chorder and
Nebula, as those featured a more classical installation mode of audience interaction.
Nebula was also exhibited at the Festival della Scienza in Genoa, Italy, in 2015,
where visitors to the festival could try the garment and share their experiences.

Performances
There have been many performances using one or more of the works described in
this thesis. Instead of providing an exhaustive list, a few notable performances are
listed below.

2015: Extended Opera Performance
KTH R1 Experimental Performance Space, Stockholm, Sweden.

2014: Electric Body Songs
The Liszt Academy of Music, Budapest, Hungary

2013: Sing the Body Electric!
Cape Town Opera, South Africa

2013: Sing the Body Electric!
Scenkonstbiennalen, Jönköping, Sweden

2013: Sing the Body Electric!
The Royal Opera, Stockholm, Sweden

2012: Opera Mecatronica Live
Operadagen, Rotterdam, The Netherlands

2012: The Elephant Man
NorrlandsOperan, Umeå, Sweden

2.2 Technologies

In Table 2.1 the relationship between different functions, materials, and artifacts is
shown. Each column represents an artifact and each row a function, and in each
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cell there is a material or a combination of materials that fulfill that function for
the artifact in question.
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Chapter 3

Crafting perspectives

In this chapter, discussions on how the material qualities of the digital components
used affected the development processes, the design of the interaction, and the
conceptualization of the works. The examples are presented with a short summary
of the context and intentions of the design, followed by a more technical discussion
that offers a perspective that is less present in the papers included in this thesis.

A note on the code examples in this chapter: All examples are reformulations of
the original code, where surrounding functionality has been stripped away and the
essential signal processing lifted out and rewritten as standalone examples. Please
note that the first input channel of the system default audio input is used as the
signal source of all examples. This can lead to unwanted feedback depending on
the hardware configuration of the computer used to run the examples. Exercise
appropriate caution when running the code or change the dry variable to another
signal source.

3.1 The Throat in the Elephant Man Opera

The Throat is the name given to a series of performance systems for real time ma-
nipulation of the singing voice using gestural control. The version that is discussed
in this thesis is the Throat version 3. It originated as a commissioned work with a
clear cut artistic goal and later developed into a more open artistic and technical
collaboration. The framing for the initial development process was the opera pro-
duction The Elephant Man, a portrayal of the life of the historical person Joseph
Merrick, seen in Figure 3.1. The voice of Merrick was to be deformed but still
musically usable, leading to an initial design brief that involved descriptions of the
possible maladies that would have plagued Merrick and best guesses on how they
might have affected his voice, resulting for example in gurgling and coughing.

The design brief was also rooted in previous work with earlier versions of the
Throat, as both a positive and a negative example, i.e. trying to keep what had
been working, improve on what hadn’t and perhaps expand the possibilities by

15



16 CHAPTER 3. CRAFTING PERSPECTIVES

Figure 3.1: Joseph Merrick, also known as “the elephant man”.

adding completely new components. There were also many stakeholders to take
into account and interact with: the singer, the composer, the costume makers, the
sound technicians, all had their professional practice interfered with to some extent
by the introduction of the system.

The resulting system is thoroughly described in Papers I and II. A screenshot
of the software graphical user interface can be seen in Figure 3.1. Before the larger
context could be adressed and the new system be deployed, the fundamental task
of reshaping a beautiful operatic voice into a monstrous, disease riddled, but still
musically expressive sound, needed to be solved.

Technical material discussion
Initially, the task called for an open ended exploration of a myriad of signal process-
ing techniques, to get a sense of what directions that could be worth investigating
further. This was mainly done through sketching with code in the SuperCollider1

programming environment, where recordings of operatic vocal samples were used

1http://supercollider.github.io
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Figure 3.2: A screenshot of the graphical user interface for The Throat III.

as test signals for different combinations of processing. From this, many types of
processing techniques emerged that each provided different desired qualities for the
imagined voice of the Elephant Man. As the final system used a modular architec-
ture where the user was setting up combinations of several types of sound effects,
no one definite signal processing technique needed to be defined, instead, having a
large set of smaller building blocks was preferred. Below, three of the techniques
that initially came to define the sonic palette of the Throat will be described in
more detail. In The Throat, they were combined with other well known techniques
such as pitch shifting, filtering, dynamic compression, reverb and delays used for
more traditional echo effects.

The first two techniques are similar, but create distinct results. They both
rely on delay lines with delay times modulated with periodic functions. They
were referred to as warble effects. Running musical signals through delays while
modulating the delay time is an old technique, predating digital technology. The
chorus effect relies on mixing the original source sound with delayed, and possibly
also pitch shifted, versions of the source. In electronic emulations of the flanger
effect, originally created with disk recorders but popularized with reel to reel tape
decks [22], the effect is achieved by mixing a delayed copy of the original sound with
the sound itself. The phaser effect is similar but traditionally done with all-pass
filters instead of delays, creating more complex phase relationships between the
original signal and its delayed versions.

The main differences between the common implementation of these effects and
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the warble effect are a the frequency range for the oscillator modulating the delay
time, and, in some cases, the amount of modulation applied to the delay time
parameter. Dutilleux and Zölzer suggests a modulation frequency of 1 Hertz and
delay range of 0-15 milliseconds to achieve flanging, and a delay range of 10-25
milliseconds with a random modulator (low pass filtered noise), for the chorus
effect [9]. Roads puts the frequency range of the modulator in a flanger effect as
0.1-20 Hertz, but has a less prescriptive approach overall, stating that "there is no
single algorithm for chorus effect" [22].

The third technique involves spectral manipulation, where altered copies of the
original signal are created by performing a kind of non musical transpositions that,
when juxtaposed with the unprocessed voice, create a clustering effect that if trans-
posed upwards can create an artificial sheen that clashes with the harmonicity of
the spectrum of the original voice, or, if the copies are shifted downwards, create
a diffusion of the pitched quality of the voice by clustering in inharmonic intervals
close to the fundamental.

Common for all techniques is the creation of an altered version of a signal, that
is mixed back in with the original to form the output of the effect, not only to
control the balance between the unprocessed and the processed voice, but also to
allow for a subtle approach where the modified signal can be hidden behind the
natural voice to be brought out when appropriate for expressive effect. This served
both the artistic idea of creating a layered, uncanny, indeterminable identity for the
Elephant Man, and also the serial system architecture of the sound design software,
where several effects were connected in a row, allowing for the effects to stack up
instead of being replaced altogether.

Low frequency phase modulation

The first technique is a low frequency warble effect with modulation frequencies
in the range of 4-32 Hertz. The delay time is modulated between 0 and up to 50
milliseconds, using a delay with cubic interpolation. A linear or non-interpolating
delay is not appropriate for this type of application. The resulting signal is the
run through a high-shelf filter to boost frequencies above 3 kHz and is then mixed
with the original signal. The effect produced by this technique is often made more
pronounced by slight amplification of high-mid to high frequencies, but the exact
frequency and amount is dependent on the frequency content of the original signal.

Listing 3.1: SuperCollider code illustrating low frequency phase modulation.
1 SynthDef.new(\lowFrequencyPhaseModulation, {
2 arg modFrequency = 0.5, modAmplitude = 0.5, dryWetMix =

0.5;
3 var dry, wet, output, modulator,
4 maxDelayTime, minModFrequency, maxModFrequency,
5 argumentLagTime;
6
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7 maxDelayTime = 0.050;
8 minModFrequency = 4;
9 maxModFrequency = 32;

10 argumentLagTime = 1;
11
12 dryWetMix = dryWetMix.clip(0, 1);
13 dryWetMix = Lag.kr(dryWetMix, argumentLagTime);
14 modAmplitude = modAmplitude.linexp(0, 1, 0.001, 1);
15 modAmplitude = Lag.kr(modAmplitude, argumentLagTime);
16 modFrequency = modFrequency.linexp(0, 1, minModFrequency,

maxModFrequency);
17 modFrequency = Lag.kr(modFrequency, argumentLagTime);
18
19 modulator = SinOsc.ar(modFrequency).range(0, maxDelayTime

* modAmplitude);
20
21 dry = SoundIn.ar(0);
22 wet = dry;
23 wet = DelayC.ar(wet, maxDelayTime, modulator);
24 wet = BHiShelf.ar(wet, 3000 , 1, 6);
25 output = SelectX.ar(dryWetMix, [dry, wet]);
26
27 Out.ar(0, output ! 2);
28 }).add;

High frequency phase modulation

The second technique is a high frequency warble effect with modulation frequencies
in the range of 32-256 Hz. Here the modulation amount was smaller than in the
low frequency warble, in fact, having the default modulation amplitude decrease
linearly with the modulation frequency was a reasonable starting point to dial in
the final sound, that was very much material dependent.

While the wet qualities of low frequency warbler were enhanced by amplifica-
tion of the mid to high frequency content of the resulting signal, the high frequency
warbler, its modulator being many octaves higher, does not benefit from such am-
plification and instead need attenuation of the very high end of the spectrum to
reduce aliasing and a digital noise quality that was deemed distracting and lacking
in the otherwise organic quality of the effect. A 12 decibel per octave low pass
filter was therefore introduced after the delay, as can be seen in line 28 of the code
example in Listing 3.2. The filter cutoff frequency is set in the code to 8kHz, but
the actual value would be very dependent on the spectral content of the source
material.
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Listing 3.2: SuperCollider code snippet illustrating high frequency phase modula-
tion.

1 SynthDef.new(\highFrequencyPhaseModulation, {
2 arg modFrequency = 0.5, modAmplitude = 0.5, dryWetMix =

0.5;
3 var dry, wet, output,
4 modulator, maxDelayTime,
5 minModFrequency, maxModFrequency,
6 argumentLagTime;
7
8 maxDelayTime = 0.005;
9 minModFrequency = 32;

10 maxModFrequency = 256;
11 argumentLagTime = 1;
12
13 dryWetMix = dryWetMix.clip(0, 1);
14 dryWetMix = Lag.kr(dryWetMix, argumentLagTime);
15
16 modAmplitude = modAmplitude.linexp(0, 1, 0.001, 1);
17 modAmplitude = modAmplitude * modFrequency.linlin(0, 1, 1,

0.01);
18 modAmplitude = Lag.kr(modAmplitude, argumentLagTime);
19
20 modFrequency = modFrequency.linexp(0, 1, minModFrequency,

maxModFrequency);
21 modFrequency = Lag.kr(modFrequency, argumentLagTime);
22
23 modulator = SinOsc.ar(modFrequency).range(0, maxDelayTime

* modAmplitude);
24
25 dry = SoundIn.ar(0);
26 wet = dry;
27 wet = DelayC.ar(wet, maxDelayTime, modulator);
28 wet = LPF.ar(wet, 8000);
29 output = SelectX.ar(dryWetMix, [dry, wet]);
30
31 Out.ar(0, output ! 2);
32 }).add;

Multiple Bin Shifting

The third technique uses a phase vocoder, introduced by Flanagan in 1966 [10]
and good overviews for the kind of application described here are Dolson [6] and
Laroche and Dolson [12]. Described very briefly, a phase vocoder is a process
where an incoming signal is analysed using a Fourier transform to create a spectral
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representation of the signal, commonly referred to as a transformation from the
time domain (a sequential series of sample values) to the frequency domain (a set
of phase and magnitude values for each frequency bin). These magnitude and phase
value can then be manipulated, and then converted, or re-synthesized, back into
the time domain using an inverse Fourier transform [25].

The central idea behind this technique is to shift the data in the bins between
analysis and re-synthesis, creating an uncanny effect, especially when several bin
shifted copies of the original source signal is combined with the unmodified source
signal. In the code example in Listing 3.3, three differently shifted copies are added
to the original sound. In line 22 the FFT is performed, the shifted copies are
generated in line 23. The inverse Fourier transform is performed in line 24, after
which the copies are summed, attenuated, and mixed with the original sound in
the subsequent lines.

The most important parameter in this technique was the shift amount, or how
far the copies of the original were transposed. In the Throat, the individual shift
of the three copies (as can be seen in line 7), was either 0.25, 0.5, or 1.0 times the
shift amount set by the user. The altered copies were also individually attenuated
by, -1, -3, and -5 decibel respectively, making the most transposed copy the most
dampened.

Listing 3.3: SuperCollider code snippet illustrating bin shifting using a phase
vocoder.

1 SynthDef.new(\binShift, {
2 arg shiftAmount = 0, dryWetMix = 0;
3 var dry, wet, chain, output,
4 shiftFactors, dampeningFactors,
5 argumentLagTime;
6
7 shiftFactors = [0.25, 0.5, 1.0];
8 dampeningFactors = [1.neg, 3.neg, 5.neg];
9 argumentLagTime = 1;

10
11 shiftAmount = shiftAmount.linlin(0, 1, −1024, 1024);
12 shiftAmount = Lag.kr(shiftAmount, argumentLagTime);
13
14 dryWetMix = dryWetMix.clip(0, 1);
15 dryWetMix = Lag.kr(dryWetMix, argumentLagTime);
16
17 dry = SoundIn.ar(0);
18 wet = Silence.ar;
19
20 3.do({|i|
21 var shiftedCopy;
22 chain = FFT.new(LocalBuf.new(4096), dry);
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23 chain = PV_BinShift.new(chain, 1, shiftAmount *
shiftFactors[i], 1);

24 shiftedCopy = IFFT.new(chain);
25 shiftedCopy = shiftedCopy * dampeningFactors[i].

dbamp;
26 wet = wet + shiftedCopy;
27 });
28 wet = wet * 6.neg.dbamp;
29 wet = LPF.ar(wet, 11000);
30
31 output = SelectX.ar(dryWetMix, [dry, wet]);
32
33 Out.ar(0, output ! 2);
34 }).add;

3.2 The Choir in The Throat

The idea to put choir functionality in The Throat was not in the initial design brief
for the development in the system, neither was similar functionality present in the
examples of the previous work. Instead it was born out of material affordances
discovered through open ended exploration that was informed by the goals of the
development process but not wholly defined by them. What was present however,
was the idea of pitch shifting. Pitch shifting is not a technique per se, but rather
a goal: to change the pitch of a sound independently of its duration. By simply
playing a sound faster, the pitch does indeed go up, but the duration also shortens,
and playing a sound slower lowers the pitch while making the duration longer.
Controlling pitch and duration independently is something that requires more effort
(controlling duration independently of pitch is often referred to as time stretching).

There are more than one way to do pitch shifting, one common technique is
granular synthesis [23], and it is the one that the choir function in The Throat
uses. When pitch shifting is used to create a musical transposition and the resulting
sound is mixed back in with the source, it is sometimes referred to as a harmonizer
effect. Harmonizing, or tonal pitch shifting has been used for instruments and voice
in many applications. Examples of commercial applications include guitar pedals,
two popular manufacturers producing pitch shifters are Electro Harmonics2 and
DigiTech3. The most notable example of pitch shifting voice in recent years is
perhaps pitch correction software like Antares AutoTune4. The work of Schnell et
al, for the opera “K...” [20], links synthesis techniques to choir production in an
operatic context, but their goal is to construct a choir synthesizer using recordings

2http://www.ehx.com/
3http://digitech.com/
4http://www.antarestech.com/
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of a choir singer, whereas the solution presented here is intended as a real-time
effect [24].

Technical material discussion
The basic signal flow of the choir is as follows: First the pitch of the incoming
voice signal is analysed, using the Tartini pitch estimation algorithm [18]. The
estimated pitch is then compared to a desired pitch and the ratio between the two
pitches is computed. Then, a transposed version of the incoming voice is generated
by running it through a granular pitch shifter that is configured to shift the sound
according to the inverse of the computed ratio. Thus, the transposed version will
be locked to a pitch, no matter what pitch the incoming voice is. By creating
several individually transposed versions of the incoming voice, the code example in
Listing 3.4 uses five, and tuning them to the pitches of a chord, a choir is created. If
several sets of tunings, such as the harmonies of an aria, are put in a sequence and
the position in that sequence can be changed, whole songs can be performed. The
implementation of the Tartini algorithm in SuperCollider also gives an estimate on
whether the signal that is analysed is pitched or not. This is used to control the
amplitude of the transposed versions of the voice, so that the choir only harmonizes
when the incoming sound is singing, and not something else, like talking.

Since the transposed versions of the incoming voice are constructed out of small
snippets, or grains, of the incoming voice, the articulation and vowel sounds of the
singer propagates to the choir, as does the vibrato. The reason that the smaller
fluctuations in pitch make it through is not only because the transposed sound
is made out of recordings of the original sound, but also because both the pitch
estimate and the granular synthesis need time, in the order of tens of milliseconds,
to perform their analysis and processing, respectively. This means that when the
analysis is done, the audio that is the next to be shifted is newer than the audio
used to do the analysis, and furthermore, the result of the analysis can only be
applied to the transposition of the next grain, which could be several hundredths of
a second later. This can be problematic for two reasons, firstly, the use of vibrato
is central to the operatic practice, secondly, the use of vibrato is highly individual
and tuning a system to fit all singers becomes difficult.

While some general settings for the parameters were found through experi-
mentation that worked well for many singers, there was an interesting difference
in relationships between performer and digital in the case of the choir function.
Where in other cases the digital always was to adapt to the mechanical or the per-
formative, here, instead, to perform in a way that made the choir sound good was
an achievement. A different approach than the more common one, where sounding
good is a default result and anything less then that automatically being the fault
of technology. Perhaps this is connected to the fact that the choir function sprang
forth from within the material and not from an artistic demand, framing it as a
possibility and not a problem to solve. The circumstances in which the choir in The
Throat was created are very much in alignment with the software craftsmanship
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manifesto [16], where the craftsman not only responds to change, but also steadily
adds value by being attentive and keeping in contact with the material.

The code example seen in Listing 3.4 shows an implementation of the choir
functionality using stock SuperCollider components, with the exception of Tartini
that needs to be installed externally, it can be replaced by the native pitch detection
function, simply called Pitch, and a commented line in the code example shows how
that would be done. Note that Pitch has performed with less accuracy than Tartini
when used for singing voice during the prototyping of The Throat.

Listing 3.4: SuperCollider code illustrating the polyphonic pitch shifting technique
used in the Choir function in the Throat system.

1 SynthDef(\choir,{
2 arg dryWetMix = 0.5,
3 freq1 = 130.813,
4 freq2 = 155.563,
5 freq3 = 195.998,
6 freq4 = 233.082,
7 freq5 = 293.665,
8 pitchDispersion = 0.0, timeDispersion = 0.5,
9 octave = 1,

10 hasFreqThreshold = 0.9,
11 attack = 0.1, release = 0.1,
12 grainLength;
13
14 var lagTime, sourceFreq, amplitude, hasFreq, freqs,
15 hasFreqGate, ampGate, output, dry, wet;
16
17 lagTime = 0.5;
18 dryWetMix = Lag.kr(dryWetMix.clip(0, 1), lagTime);
19 pitchDispersion = pitchDispersion.linexp(0, 1, 0.001, 1);
20 pitchDispersion = Lag.kr(pitchDispersion, lagTime);
21 timeDispersion = Lag.kr(timeDispersion.clip(0, 1), lagTime

);
22 octave = Lag.kr(octave, lagTime);
23 grainLength = grainLength.linexp(0, 1, 0.05, 0.25);
24 grainLength = Lag.kr(grainLength, lagTime);
25 attack = attack.linexp(0, 1, 0.05, 2.5);
26 attack = Lag.kr(attack, lagTime);
27 release = release.linexp(0, 1, 0.05, 5);
28 release = Lag.kr(release, lagTime);
29 hasFreqThreshold = hasFreqThreshold.linexp(0, 1, 0.6,

0.99);
30 hasFreqThreshold = Lag.kr(hasFreqThreshold, lagTime);
31
32 dry = SoundIn.ar(0, 1);
33
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34 //#sourceFreq, hasFreq = Pitch.kr(dry);
35 #sourceFreq, hasFreq = Tartini.kr(dry, 0.93, 1024);
36
37 hasFreq = K2A.ar(hasFreq > hasFreqThreshold);
38 hasFreqGate = LagUD.ar(hasFreq, attack, release);
39 amplitude = Amplitude.ar(dry);
40 amplitude = amplitude.clip(0, 0.2) * 5;
41 ampGate = LagUD.ar(amplitude, 0.01, 0.05);
42
43 sourceFreq = Gate.kr(sourceFreq, hasFreq −

hasFreqThreshold − 0.01);
44 sourceFreq = sourceFreq.clip(25, 2500);
45 sourceFreq = Lag.kr(sourceFreq, 0.015);
46
47 freqs = [freq1, freq2, freq3, freq4, freq5];
48 freqs = Lag.kr(freqs, 0.1);
49 freqs = Lag.kr(octave / sourceFreq, 0.01) * freqs;
50 freqs = freqs.min(4.0).max(0.125);
51
52 wet = PitchShift.ar(dry, 0.1, freqs, pitchDispersion,

timeDispersion);
53 wet = Mix.ar(wet);
54 wet = wet * hasFreqGate * ampGate;
55 wet = LPF.ar(wet, 9000);
56 wet = HPF.ar(wet, 80);
57
58 output = SelectX.ar(dryWetMix, [dry, wet]);
59
60 Out.ar(0, output ! 2);
61 }).send(Server.default);

3.3 The Charged Room

The Charged Room installation combines dance and vocal performance, stage light-
ing, computer vision and audio synthesis. It has been realized in a few different
versions that serve different artistic works, but the basic setup remains the same:
A ceiling mounted camera views the stage from above, tracks performers position
on stage and use that information to control sound producing software. It is a
re-implementation of an older system that was based on obsolete hardware and
software, making it an unsustainable option because of the difficulties involved in
maintaining a working setup.

The two basic categories of interaction that have been realized with the Charged
Room installation are triggered playback of audio files, and realtime manipulation
of parameters of an ongoing sound. Singers enter the space and move according to a
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choreography that both serve the artistic intentions of the piece that is performed,
but also take care of the logistics of moving the singer around to the intended areas
of the stage in the correct order, while leaving the exact timing of events to the
interpretation of the singer.

When used to manipulate an ongoing sound, the source material has always
been a recording of the singers’ own voice that was presented in a mechanic or
distorted style using granular synthesis or other looping techniques. The singer’s
position on stage was used to control what portion of the file that was used and
other parameters of the sound model. This allowed the sound to be mapped onto
the stage floor with the sequence of the phrase in the original audio file flowing
from stage right to stage left, and the characteristics of the playback mapped from
smooth at the front of the stage and irregular and random at the back of the stage,
for instance. In the case of triggered sample playback, virtual trigger zones were
defined as rectangles in the camera image and when the singer entered the zone, the
corresponding sample would be played. This was staged both as the singers being
in control, confidently stepping into a portion of the stage and singing together
with the played sample as accompaniment, or the other way around, as the singer
exploring the stage and reacting to the played samples, using them as impulses for
choreographed movements.

It its current implementation, described in Paper V, the installation consists of
a high definition digital video camera, a GoPro Hero 3 5, connected to a computer
running two pieces of software, one analysing the incoming image and the other
generating sound. The image analysis software is written in the general purpose
programming language C++ using openFrameworks6 and the build in openCV [3]
openFrameworks add-on ofxOpenCV 7. The audio generating software is written in
the SuperCollider programming language. While in itself a quite simple technical
system, the possible scenic possibilities have proven very useful, especially in the
pedagogical practice of introducing singers to new interactive technology for use on
stage, as it requires very little in terms of adaptation, e.g., not wearing any sensors
or performing very intricate fine tuned movements while singing.

Technical Material Discussion
In this system, the component that offered the fewest configuration possibilities
was the camera. Because of this, the camera became the main static object that
the other components, everything from stage direction to custom software, had to
relate to. To maximize resolution in the tracking space on stage, the camera was
positioned so that the area that was to be active more or less filled the whole image
that the camera captured. The camera’s lens had a wide angle quality, bordering
on the characteristics of a fish-eye lens, with spherical distortion increasing as one
got closer to the edge, therefore, this distortion was the most pronounced on the

5https://gopro.com/update/hero3
6http://www.openframeworks.cc/
7https://github.com/openframeworks/openFrameworks/tree/master/addons/ofxOpenCv



3.3. THE CHARGED ROOM 27

outer limits of the trackable space. This meant that a performer that was standing
in the middle of the stage, under the camera, appeared correctly to be viewed from
above, while a performer that was standing on the edge of the stage, while still
visible to the camera, would appear as viewed from the side but also curved like
in a fun house mirror. This caused a discrepancy between where the installation
positioned the singer on stage and where the singer actually was.

Some issues like these, where the logic of an interaction differs from the logic
of the perceived situation, can be mitigated by training or adjusting the behavior
of the interaction, and to some extent almost all interaction is learned in this way,
but it relies on that the needed adjustment in behavior is possible for the user to
estimate. A button that needs to be pressed harder than what you initially assume
is easy to use the second time, a key that needs to be turned a specific way is
something that perhaps takes longer to learn but soon becomes second nature. The
spherical distortion of the camera image seemed to be very hard to estimate or to
even get an intuitive feeling for.

When interacting with something virtual, unseen, it is very important that the
user immediately gets the desired amount of control of the situation, and that the
user is confident in the connection with the interactive system. It is in the very
first moments of contact between user and system that this needs to be established.
The scenic premise of entrances and exits exacerbated this issue as the distortions
were the most pronounced close to the edge of the image, where the singers would
initialize their interaction with the system.

The first step taken to mitigate these issues was to sacrifice some of the reso-
lution by cropping out the outer parts of the camera image to remove the worst
distortions, and repositioning the camera so that the cropped image now covered
the desired surface of the stage, however, this only offered a small improvement
as the remaining resolution had to be substantial to allow for detection of smaller
movements, perhaps not those of a finger but definitely those of an arm. As move-
ments of the arms and torso were to be the expressive focus of the interaction,
the performers wore white coats on top of their otherwise dark costume, in order
to increase the accuracy and robustness of the blob tracking done in OpenCV of
those body parts. Unfortunately, moving the focus of the tracking higher from the
ground increased the effect of the spherical distortion, creating a larger discrepancy
between where the feet of the performer actually stood on stage and where the sys-
tem positioned the performer. Beside having to take the lens distortion issues into
account, different performers also had different movement patterns, were different
heights, had different body types, etc.

The system needed to be adaptable, both in the sense that it was reprogrammable
to different styles of performance and different styles of costume, but also that it
needed to adapt automatically to the situation on stage. For this purpose the blob-
tracking was augmented with a weighting algorithm that could either emphasize the
centroid position of the performer, or use the area covered by a bounding box that
enclosed the performer. Tuning the system in this way made it possible to cover
several different interaction styles. Fundamentally, the added layer of interpreta-
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tion shifted the behavior of the installation closer to the performer’s proprioceptive
understanding of the interaction.

3.4 The Vocal Chorder

The Vocal Chorder is a performance instrument and an installation where users,
e.g. performers, visitors or audience members, can explore full body interaction.
The installation consists of a set of strings that are strung from the floor to the
ceiling of the performance space, often a base of wood is used to anchor the strings
and a truss is rigged on an appropriate height above the base, one such setup can
be seen in Figure 3.4. The interaction is centered on the pushing and pulling of the
strings. The sensors used to detect the displacement of the strings are quite simple:
the string runs over a wheel that rotates freely and in the center of that wheel, a
potentiometer is attached, so that the rotation of the wheel translates to a rotation
of the potentiometer. This is combined with a rubber band that allows the string
to be pulled and, in turn, rotate the wheel and by doing so change the resistance
of the potentiometer, allowing the rotation to be read electrically. A schematic
diagram of a string is shown in Figure 3.4. As the strings are made of steel wire
because of the sensing solution used, the installation is very robust and invites full
body interaction where the user can lean, push and pull with arms and legs, and
put their whole body weight on the strings.

Several different pieces have relied on The Vocal Chorder for the realization.
From supporting an audiovisual experience with live singing, to playback of sampled
choir phrases, a vocal duet with The Vocal Chorder split in two, then again back
to the audiovisual original but in a new version. It has also been used successfully
as an installation where an audience have been invited, after a performance, to
manipulate the strings to control recordings of the voice of the singer that just
performed. Of course, anything that can be controlled by a set of continuous
variables could potentially be controlled by The Vocal Chorder.

Technical material discussion
A large reworking of The Vocal Chorder was necessary due to its reliance on both
out of date hardware and software, a discontinued Control Voltage to MIDI pedal
and an patch made using an old Max/MSP8 version. The CV to MIDI pedal was
used to translate the varying voltages of the potentiometers to MIDI, that was
read by the Max/MSP patch and used to generate sound. This set up meant that
the CV was sampled with a depth of 7-bits, as per the MIDI standard, giving
the resulting reading a value range of 0-127. As this directly translates to spacial
resolution, it had a large impact on the interaction. The strings could easily allow
for a horizontal pull distance of 50cm, meaning that the systems resolution would
be 0.4 cm, assuming that the whole voltage range was used in the CV to MIDI

8https://cycling74.com/products/max/
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Figure 3.3: The Vocal Chorder Installation at Operadagen 2012, in Rotterdam.

conversion. However, there were two reasons why this was not the case. First,
the CV range of the CV to MIDI pedal was not perfectly matched to that of the
potentiometers, although the effect of this was very small. The second reason was
more troublesome, for the whole voltage range to be used, as much as possible of
the potentiometers possible rotation had to be used.

The construction with the string running over the rotating wheel relies on that
the downward force of the pulling user pins the string agains the wheel so that
it rotates with the string. However, when the user lets go and the horizontal
retracting force of the rubber band pulls the string back, less friction is introduced
on the wheel, making it roll back ever so slightly less than it was rotated forward.
This means that the minimum potentiometer rotation slowly creeps upwards.

The reworking of The Vocal Chorder tackled this by changing the method of
reading the potentiometer to a custom solution used in The Throat, using a 10-bit
analog to digital converter that immediately increased the theoretical maximum
number of steps in the digitized signal from 128 to 1024, an immediately noticeable
change in spatial resolution. Furthermore, more convenient calibration and map-
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Figure 3.4: A diagram of the functionality of a string in The Vocal Chorder.

ping options were added so that the software could adapt to changes in the input
range, even during a performance. While this was an undoubtable improvement,
it transformed the problem to a slightly more subtle one. Since the wheels still
worked the same way, and the minimum potentiometer values still crept up, and
the maximum value was set, i.e., the potentiometer can physically only rotate so
much, by constantly recalibrating the mappings in the new version of the software,
the range of possible output was slowly collapsing. While the older software had
more obvious issues where the user might have had problems achieving the highest
output value or for the string wheel to fully roll back, these problems were directly
linked to the visible moving parts of the installation, whereas the degrading due
to bit depth loss in the sampling of the potentiometer voltage led to a much more
vague sense of loss of connection or different response from the system.

What the work on the Vocal Chorder shows is that issues that spring from
physical shortcomings of a design can be mitigated digitally. However, in doing so,
the issues may be transformed into another materiality that impose different rules
and exhibit different behaviors. The internal relational logic to these behaviors
might be harder to communicate to a user that is not familiar with the digital
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material than a physical or mechanical issue, where applicable intuition might be
more readily available.

A recent development in the ongoing process of working with and re-working
The Vocal Chorder is that, at the time of this writing, the current mechanical based
solution using rubber bands and friction as described above, will be discarded in fa-
vor of a solution using potentiometers and retractor balancers. This is a choice that
is informed by both the mechanical and digital materials, to provide an improve-
ment in positioning, calibration, as well as performance. Engaging with all material
components on equal footing when designing or improving an artifact is a power-
ful design and development strategy. Another example of this is presented in the
next chapter that describes Nebula, an interactive garment designed for functional
aesthetics.

3.5 Nebula

The Sound Clothes project was an exploratory design study with the aim to gain
insight into interdisciplinary speculative design methods. The main outcome of
the project was the Nebula Garment, and while it has not yet as of this writing
been used on stage, it has functioned as a technical probe to investigate the artistic
potential of a certain sensor technique. So instead of having a given context and
an artistic goal to work towards, Nebula offered a novel mode of interaction with
a highly aesthetic physical artifact to allow the wearer to speculate as to what
possible contexts or artistic goals would be possible to pursue using the garment.

Nebula is a cape or mantle like garment made of black thick fabric that is covered
in studs. The studs are made of uncoated metal and are therefore conductive. This
is exploited in the garment by a web of conductive thread that connects the studs
on the inside of the garment, between the outer fabric and the lining. The studs
were grouped together into clusters by the conductive thread and each cluster was
connected to a wireless I/O board, the x-OSC [15] by x-io Technologies9. Some
clusters were connected to a positive voltage output and some to digital inputs
of the board. This made it possible to detect movement activity and position on
the garment, as the studs of different clusters touched when the garment moved.
The garment itself was designed and fabricated with this interaction method in
mind, with excessive fabric creating many folds and thus many possible connections
between the studs, as can be seen in Figure 3.5.

As the overarching goal of the Sound Clothes project was to connect wearables
with sound, the data generated by the garment was fed to a set of sound models that
gave an artistic interpretation of the activities of the wearer. The user was given
a choice between five different sound models that ranged from abstract percussive
sounds created with sample based granular synthesis to tonal sounds mapped to
equal tempered scales. Two sound models were selected at the same time and
mapped to the left and right part of the garment allowing the wearer to carry

9http://www.x-io.co.uk/products/x-osc/
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Figure 3.5: The Nebula garment.
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different auditive qualities on different parts of their body. This design exploited
natural movement patterns, like walking or gesturing during conversation, allowing
for both intentional and unintentional modes of interaction.

Using the studs as a central concept was successful since it was both technically
simple to implement as well as robust. The mesh wiring had a built in redundancy
where several connections could be broken without functionality being affected, the
studs themselves would not wear out or change their output over time like some
other sensors do, and apart from the I/O board, there were no active components
in the whole garment. Furthermore, it was an explicit goal in the design process to
build on an idea that would perform functions in all the disciplines involved in the
production of the garment, and the studs was precisely such an idea as they were
the defining visual component, the defining interaction component, as well as the
defining component for the technical infrastructure of the system. In other words,
no sensors were attached to the garment after its design was finished, added as a
functional afterthought, but the design itself integrated all the crafting aspects of
the garment as an interactive artifact.

Technical material discussion
From a data gathering perspective, the state of the system, i.e. whether the stud
clusters were touching or not, was determined by polling rather than an event
detection or a callback. As the I/O board simply reported the voltage at the inputs
of the board at a certain frequency, there were no possibilities to trigger an action
exactly when the input voltage changed from one state to another, e.g. from low
to high, indicating activity. However, since the polling was done at 100Hz, it was
considered sufficient to detect the movements of the wearer as the physical inertia
of the garment made interactions on a sub 10 millisecond scale quite difficult. Also,
the stud clusters were quite large, meaning that while some very brief activity on
an individual stud might begin and end between to polling points, the risk of all of
the studs doing that was considered miniscule.

While the data collection per se was considered adequate, early tests showed
that the binary nature of the data didn’t translate to the expected results suggested
by the proprioceptive and tactile experience of interaction with the garment. The
perceived nuances of the possible movements were lost when reduced to a simple
on/off state.

To improve the situation, an intermediary layer of inertia was introduced, taking
a cue from the material qualities of the physical interaction. Much like the folds
followed, but never preceded the body, a virtual model of energy was constructed.
All receptive clusters on the garment were given a measure of energy in the software.
For each polling of the stud clusters, if a connection was detected, a fixed term
was added to the energy measure, otherwise the energy value was multiplied by
a decaying factor. This meant that the energy rose linearly, allowing the wearer
to quite quickly illicit a response from the garment, even when starting from no
energy. When the activity stopped, or lessened, the energy decayed exponentially,
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Figure 3.6: The visualization of the activity calculations used for the Nebula gar-
ment. Each number on the x-axis corresponds to a section of the garment and the
y-value at that point corresponds to the current level of activity in that section.
The centroid reading below the graph is used as a measure of where, from top to
bottom, on the garment the activity is highest. The visualization is slightly altered
to be more legible in print.

mirroring the fabric that often kept swinging like a pendulum, even after the wearer
had stopped moving. The energy measure was used to control the audible presence
of the sound model connected to that cluster, using a combination of amplification
and filtering on a per model basis. As the physical position on the garment of
each stud cluster was known, an estimate of the position of the activity could be
computed. This was done by arranging the activity estimation in an order that
corresponded to the clusters’ position on the garment from top to bottom and
computing the centroid of the graph, a visualization of this can be seen in Figure
3.6.

When the software offered a model of interaction that rang true for the users,
the garment could be used to speculate about possible future applications. While a
more cryptic, opaque, or unpredictable interaction also could make for an interesting
probe, the ecological mapping of the Nebula garment allowed the users to get past
questions like how does this work?, and approach questions like what could I use
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this for? which was considered a successful result of the process.

3.6 Concluding remarks

Successful projects, especially those intended for novice users, must have an internal
consistency that communicates concepts, interaction logic, physical material, and
digital material, as a coherent reality. As can be seen in the examples in this
chapter, the digital materials unique pliability can be used to make the interaction
fulfill this requirement. However, it is very important to refrain from drawing the
conclusion from this that code or digital materials not have any material qualities.
As can bee seen in the theoretical discussion in the beginning of this thesis, as well
as in the discussion in this chapter, working with code gives an experience of rich
material qualities and, like other design materials with particular characteristics,
there is an irreducible and irreplaceable experience of working with them. From
this experience, intuitions, ideas and knowledge may emerge. However virtual it
might seem from the outside, code is very real to people who manipulate it.

That same virtual quality, when viewed from the outside, is also a factor when
physical or mechanical problems are mitigated by transferal into the virtual. As
can be seen in the examples of The Vocal Chorder and The Charged Room, when
the material qualities of the digital start to affect the interaction, they might very
well be harder to explain to users than their mechanical real-world counterparts.

In the case of the Choir in The Throat, the material qualities of the code and
the affordances of the SuperCollider programming language invited an open ended
exploration that, while founded on a larger expertise in signal processing and artistic
audio production, led to a discovery of a new tool that was very much in line with
the overarching artistic goal of the project. The difficulty in analyzing these types
of intuited explorations post hoc is exactly why a crafting perspective is necessary.
When viewed as an immersed, material-centered, practice, these types of leaps
of fuzzy logic are completely understandable. In the Sound Clothes project, to
explore this mechanism further, it was made into an explicit goal to let the materials
take the lead by trying to find a design concept where the different materials and
practices involved were joined on equal footing and nothing being added as an
afterthought.

Perhaps the perceived malleability and infinite adaptability of the digital ma-
terials that seem ubiquitous in HCI, NIME and other similar fields of research is
due to an imbalance in the skill sets of the researchers in these fields, we are simply
better at manipulating the digital than we are at manipulating other materials,
e.g., woodworking, metalworking, sowing, pottery. While there are examples of
work in these fields that exhibit great skill in many crafting disciplines [8], it is
still a worthwhile perspective to use in reading work produced in these fields. For
example, from this perspective, it is easy to see the transformative power of 3d
printing, laser cutting, CNC-mills, and other computer controlled fabrication tech-
niques, as they allow the physical manifestation of digital material, exploiting the



36 CHAPTER 3. CRAFTING PERSPECTIVES

crafting skills in one domain to achieve results in others.
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Paper I
Elblaus, L., Hansen, K. F., & Unander-Scharin, C. (2012).
Artistically directed prototyping in development and in practice.
Journal of New Music Research, 41(4), 377-387.

An expanded version of a paper that was presented at the Sound and Music Com-
puting conference in 2011, that in turn was based on Ludvig Elblaus’ master’s
thesis. Initial concept by Carl Unander-Scharin. The practical development was
made in collaboration by all authors. All software was written by Ludvig Elblaus.

Paper II
Unander-Scharin, C., Höök, K., & Elblaus, L. (2013).
The throat III: disforming operatic voices through a novel interactive instrument.
In SIGCHI Conference on Human Factors in Computing Systems, 27 April-2 May,
2013, Paris, France (pp. 3007-3010). ACM Press.

Carl Unander-Scharin was the main contributor to the text, Höök and Elblaus
contributed to manuscript authoring. Conceptual and artistic work with developing
The Throat shared between Carl Unander-Scharin and Ludvig Elblaus, software
development by Ludvig Elblaus.

Paper III
Unander-Scharin, C., Unander-Scharin, Å., Höök, K., & Elblaus, L. (2014, April).
Interacting with the vocal chorder: re-empowering the opera diva.
In CHI’14 Extended Abstracts on Human Factors in Computing Systems (pp. 603-
606). ACM.
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Interactivity companion to another paper on the historic development of The Vocal
Chorder [27]. Earlier development by Carl Unander-Scharin and Åsa Unander-
Scharin, further development for the version exhibited at interactivity shared be-
tween Carl Unander-Scharin, Åsa Unander-Scharin, and Ludvig Elblaus. Höök
contributed to manuscript authoring. All software for the version exhibited at
interactivity, both for audio and visuals, was written by Ludvig Elblaus.

Paper IV
Elblaus, L., Tsaknaki, V., Lewandowski, V., & Bresin, R. (2015, April).
Nebula: An Interactive Garment Designed for Functional Aesthetics.
In Proceedings of the 33rd Annual ACM Conference Extended Abstracts on Human
Factors in Computing Systems (pp. 275-278). ACM.

Main contribution to manuscript authoring, concept and design work by Ludvig
Elblaus, Vasiliki Tsaknaki, and Vincent Lewandowski. All software written by
Ludvig Elblaus. Roberto Bresin contributed to overall design, project direction,
and manuscript authoring.

Paper V
Elblaus, L., Unander-Scharin, C., & Unander-Scharin, Å. (2014).
Singing Interaction: Embodied Instruments for Musical Expression in Opera.
Leonardo music journal, 24, 7-12.

All authors contributed equally to the design, development, and conceptualization
of the installations and works presented in the paper. All software in the most
recent versions of all the work, at the time of writing the paper, was written by
Ludvig Elblaus.

Paper VI
Elblaus, L., Hansen, K., & Bresin, R. (2014).
NIME Design and Contemporary Music Practice: Benefits and Challenges.
In Workshop on Practice-Based Research in New Interfaces for Musical Expression,
NIME 2014.

Authored by Ludvig Elblaus with assistance by Kjetil Falkenberg Hansen and
Roberto Bresin. Presents a summary of views that have been arrived at through
several years of discussion between all authors.
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Papers not included in the thesis

Elblaus, L., Unander-Scharin, C., & Unander-Scharin, Å. (2015) Which scenic sub-
jects may emerge when interaction with machines through vocal and bodily virtuos-
ity. Fourth Colloquium on Artistic Research, Helsinki 2015.

Elblaus, L. (2015) When Intelligent Machines Say No. Workshop on “Collaborat-
ing with Intelligent Machines: Interfaces for Creative Sound” ACM Conference on
Human Factors in Computing Systems (CHI), Seoul, Korea, 2015.

Elblaus, L., Goina, M., Robitaille, M. A., & Bresin, R. (2014). Modes of sonic
interaction in circus: Three proofs of concept. In Proceedings of the Sound and
Music Computing Conference, Athens, Greece, 2014.

Bresin, R., Elblaus, L., Hansen, K. F., Månsson, L., & Tardat, B. (2014) Musik-
cyklarna/Music bikes: An installation for enabling children to investigate the rela-
tionship between expressive music performance and body motion. Sound and Music
Computing Sweden, 2014.

Elblaus, L., Hansen, K. F., & Unander-Scharin, C. (2011). Exploring the design
space: Prototyping “The Throat v3” for the elephant man opera. In proceedings of
the Sound and Music Computing Conference, Padova, Italy, 2011.

5.1 Other associated publications

Nebula in “Demo Hour” in Interactions.
Demo Hour. Interactions, 2015, 22.5: 6-9. ACM, New York, NY, USA.

The Vocal Chorder in “How Was it Made?” in Interactions.
How Was it Made. Interactions, 2014, 21.6: 14-15. ACM, New York, NY, USA.
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The Vocal Chorder in “Demo Hour” in Interactions.
Demo Hour. Interactions, 2014, 21.5: 6-9. ACM, New York, NY, USA.
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