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Preface

Music Interaction (also referred as Music and Human-Computer Interaction) is the
scienti�c �eld which studies the design, implementation, evaluation and analysis
of interactive systems that involve computer technology for musical activities [6].
This project follows that methodology in order to create a new interface for musical
expression.

The name of the instrument, "Flying Multi-tonal Zither", re�ects how this project
was in�uenced by the German instrument "Zither" and several tonal systems of dif-
ferent cultures. The instrument is designed so as to propose a new approach when
it comes to develop new synthesizers and MIDI controllers. In fact, this project
tries to bring a new digital musical instrument to string instruments players.

All source code and documentation is available at GitHub 1, where you can also
�nd a video demo of me playing the instrument. It is distributed under the MIT
license.

Aalborg University, December 18, 2020

Marco González Pérez
<mgonza19@student.aau.dk>

1https://github.com/Marquets/SMC-Master-Thesis

vii





Chapter 1

Introduction

Some studies have proved that people from all around the world are becoming
similar from a cultural point of view. In this regard, sociologists seem to agree
that, as a result of globalization, some aspects of our lives, which are becoming
more culturally similar, are being homogenized. In addition, compared to the past
century, human interactions don't know geographic frontiers. By using the Inter-
net, people are able to communicate whenever they want to and regardless of the
country in which their counterparts are located. [9]. Although this phenomenon is
a matter of concern for some citizens, it is undeniable that it has enabled to enlarge
the cultural knowledge of many people. As a result, the world has witnessed a
period in which people can discover new cultures by just doing a quick search on
the Internet.

Even before the creation of the Internet, the world started a slow race to be-
come a more globalized planet. As a result, musicians were able to discover new
musical elements from other cultures. Back into the 60's, one good example of this
phenomenon would be illustrated by The Beatles. The English band travelled all
around the world sharing their music with the world and creating the �rst ever sta-
dium tours. In the mid-1960's, when the band was one of the most celebrated and
in�uential rock groups of popular music, they began to use musical elements and
instruments from Asia in their songs. These in�uences came primarily from India,
where George Harrison started to learn how to play the sitar and recorded it in the
new songs of the Beatles [15]. A more recent example of this phenomenon could be
the King Gizzard and the Lizard Wizard's Flying Microtonal Banana (2017) album
in which every song was composed in a 24-note per octave tuning. The songs were
originally composed by using a baglama, a Turkish instrument, and then, in order
to record the album, the band decided to refret all their guitars and other instru-
ments. The band was therefore inspired by traditional Middle Eastern music and
applied these new tunings to their more familiar instrumentation of psychedelic
rock. [3].

1



2 Chapter 1. Introduction

These examples show how globalization is helping musicians to broaden their
musical options and their creative limitations by exploring new tonal systems from
other cultures. However, in some cases, this exploration into new tonal systems
might be a bit complex to materialize given that it requires to make some adjust-
ments to instruments so as to let the players play with those tunings.

As amateur musicians and string instruments players, this has always intrigued
us and we have always been willing to explore into tonal systems beyond the 12-
TET. In addition, as Sound and Music Computing students, we have always been
motivated by the idea of building a new gestural instrument so as to overcome
some limitations found by amateur music producers when exploring into new
tonal systems.

Consequently, this Master's thesis aims at creating a new digital musical in-
strument allowing the same level of expressiveness as string instruments and hav-
ing the �exibility provided by controllers usually found in keyboard synthesizers.
Moreover, this project explores how different scales from different cultures (such
as the equal tempered scale, polychromatic scales and microtonal scales) can be
integrated within the same device in order to create a �exible and versatile instru-
ment.



Chapter 2

Analysis

In this chapter, several points will be discussed regarding the state of the art and
the design requirements chosen in order to determine the direction of this project.
Firstly, the interaction goals of the instrument will be de�ned. Secondly, a list
of examples of old string instruments and new interfaces, which served as an
inspiration for this project, will be provided. Finally, the �nal problem statement
and an enumeration of the design requirements will be presented.

2.1 Interaction Goals

As mentioned in [10], in order to design a new digital musical instrument, one
typically needs to take into consideration not only technical aspects but also what
kind of interaction the instrument is going to provide its users with. So as to
provide an overview of the interaction goals of this project, Birnbaum's seven-axis
diagram shown in [10] was used.

From the interaction perspective, the instrument designed for this project in-
cludes the following features:

• Role of Sound: the instrument should allow users to have a high degree of
expressiveness while playing it.

• Required Expertise: the instrument should target string instruments players
and users that know how to play music with MIDI controllers.

• Musical Control: users should be able to have "note-level" control in addition
to some sound design controllers.

• Degrees of Freedom: the device should provide some degrees of freedom in
terms of playability and sound design.

3



4 Chapter 2. Analysis

Figure 2.1: seven-axis diagram from Birnbaum for the Flying Multi-tonal Zither

• Feedback Modalities: the main primary communication (perception) channel
should be the auditory channel. Some tactile feedback might be added in
order to improve the instrument's feedback.

• Inter-actors: the instrument should be meant to be played by one user at a
time.

• Distribution in Space: the instrument should be distributed within a single
device.

Digital musical instruments (DMI), also known as gestural controllers, can be
classi�ed in several ways. For instance, Atau Tanaka classi�ed gestural controllers
into physical or nonphysical controllers [18]. In addition, the following way of
classifying DMIs was proposed in [10]:

• Acoustic instruments that are "augmented" by using different types of sen-
sors.

• Gestural controllers aimed at completely reproducing an original acoustic
instrument and its initial features.

• Gestural controllers inspired by existing instruments in order to overcome
some limitations of the original models. These gestural controllers don't at-
tempt to simulate them exactly.
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• New alternate controllers that don't have any resemblance to existing instru-
ments.

The instrument designed for this project could be classi�ed as a new gestural
controller inspired by existing instruments. All the existing instruments that served
as inspiration for this project are presented hereafter.

2.2 Background

2.2.1 Beyond control and interaction of regular keyboards

The musical keyboard found nowadays in pianos, organs, synthesizers and midi
controllers has characterized the Western music for many centuries. However,
thanks to the advance of new technologies, new approaches are coming into light
in order to offer new ways of expression to musicians. Usually, one of the research
questions addressed when creating a musical instrument is therefore how to make
sure that it allows a high degree of expressiveness. This lets the player be precise
and �uent in his/her performance [6].

In order to design a digital musical instrument with a signi�cant level of ex-
pressiveness, research into related instruments was conducted.

Some of the most relevant existing instruments are presented below:

The Roli's Seaboard

The Seaboard is a renovated version of the piano keyboard created by Roli 1. It
offers a smooth feel with a touch-responsive and super-sensitive surface that al-
lows to bend and modulate sounds in ways that make a standard keyboard feel
two-dimensional [8]. This instrument brings some similar gestures found in string
instruments and gives keyboard players the opportunity to enhance their expres-
siveness.

The Continuum Fingerboard

This digital instrument was created by Haken Audio 2 in 1998. The Continuum
was conceived as a new type of polyphonic music performance device. Instead of
using keys as a traditional synthesizer, it tracks the positions on the x, y and z axes
for up to ten simultaneous notes. The performer must place the �ngers accurately
to play in tune and can slide or tilt the �ngers for pitch bend and vibrato [5] (Figure
2.2b). This instrument was an important source of inspiration for this project given

1https://roli.com/products/seaboard
2https://www.hakenaudio.com/
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the possibilities it offers in terms of expressiveness and playing in different tonal
systems.

(a) (b)

Figure 2.2: The Roli Seaboard (a). The Continuum Fingerboard (b)

2.2.2 New gestural controllers exploring string instruments gestures

The study of gesture is a complex �eld of research. Many studies have explored
gestures in different contexts and the de�nitions provided vary greatly across re-
searchers. The word gesture usually means the opposite of posture. Gestures are
dynamic and they involve general body movements while manipulating an object
[10]. As described in [10], DMIs might be the result of breaking apart an acoustic
instrument, having a clear separation between the gestural interface and the sound
generator. This implies that those parts can be combined in multiple ways while
developing DMIs. Moreover, the same gesture used in the acoustic instrument can
lead to the production of completely different sounds on the DMIs. Having that in
mind, one of the main purposes of this project is to get inspiration from different
string instruments in order to create a synthesizer and MIDI controller using ges-
tures usually found in those instruments. Some related projects will be described
below.

The LinnStrument

The LinnStrument is an expressive MIDI controller for musical performance cre-
ated by Roger Linn. Unlike a standard MIDI keyboard, the LinnStrument tracks
the position of the player's �ngers in �ve dimensions, enabling musical perfor-
mance expression found on acoustic instruments 3. This instrument is a very good
example of how the expressiveness of MIDI controllers can be rethought. In ad-
dition, the fact of not having a sound engine but only a gestural interface shows
how versatile this instrument could be if it was connected to any sort of MIDI
synthesizer.

3https://www.rogerlinndesign.com/linnstrument
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Figure 2.3: Roger Linn with the LinnStrument

The Soundplane

New gestural controllers can also be the result of a research aimed at providing
expressive controls for performance for new complex sound synthesis algorithms
such as physical models. The Soundplane is a digital instrument created by Ran-
dall Jones. Jones developed this instrument while trying to answer the following
research question: “How can we make a computer mediated instrument with con-
trol intimacy equal to the most expressive acoustic instruments?” [7]. The Sound-
plane has the sensitivity and feel of an acoustic instrument. It tracks a wide range
of �nger gestures on its walnut playing surface, from a light touch to a very �rm
press. Unlike a MIDI keyboard, the Soundplane also communicates three dimen-
sions of information, x, y and pressure, over the entire duration of every touch
4.

2.2.3 Inspiration from real string instruments

At the beginning of this project, some research on several types of string instru-
ments from different cultures was conducted. Some of the instruments that were
found were an important source of inspiration when it comes to the shape and
sound design of our instrument.

4https://madronalabs.com/soundplane
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Figure 2.4: The Soundplane Model A

The Guqin

The Guqin is a plucked seven-string Chinese musical instrument (Figure 2.6). Its
main characteristics are the following ones:

• 7 silk strings and a resonance box.

• A range of about four octaves, its open strings being tuned in the bass register.

• Sounds are produced by plucking open strings, stopped strings, sliding strings
and harmonics.

• In terms of tuning, it uses the relative scale. The user tunes one string as the
"standard" and then tunes the others accordingly 5.

Figure 2.5: The Guqin

The Guqin was a source of inspiration not only in terms of designing the body
of our instrument but also when it comes to its �nal sound design.

5https://en.wikipedia.org/wiki/Guqin
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The Zither

The Zither is an ancient German string instrument generally played by strumming
or plucking the strings, either with the �ngers or with a plectrum. In addition, it
is possible to play it by beating the strings with specially shaped hammers. Like
guitars, its body functions as a resonating chamber. Its number of strings varies
from one to more than �fty 6.

Its body and how its strings are separated into two sections, the �ngerboard
"fretted" strings and the non fretted strings, in�uenced the design of our instru-
ment.

Figure 2.6: The Zither

Tom Stone and his Intonation Systems for Guitars

In [16], John Schneider analyzes the whole history of the modern guitar and its
evolution throughout the years. One of the most interesting ideas addressed by
the book has to do with Tom Stone's intonation system for guitars. Until the
1970's, string instruments using alternative tuning systems had used �xed frets,
limiting each instrument to one tuning system. In 1970, Tom Stone announced his
invention of a guitar with interchangeable �ngerboards.

The interchangeables �ngerboards are classi�ed in four categories:

• Pure Intonation series: a form of just intonation.

6https://en.wikipedia.org/wiki/Zither
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Figure 2.7: A guitar next to some interchangeables �ngerboards

• Experimental series: playing around with octaves and harmonics.

• Cultural series: japanese koto scales, east Indian (Hindustani) scales and
Classical Arabian scales.

• Historical series: Pythagorean scales, traditional just intonation (7 and 12
tones), quarter-comma mean-tone and of course the equal temperament.

Those interchangeable �ngerboards inspired our project so as to introduce dif-
ferent tonal systems into the Flying Multi-tonal Zither.

2.3 Final Problem Statement

How can we create a new gestural controller inspired by existing string instru-
ments in order to keep expressive playing techniques and to overcome some tonal
limitations of the original instruments?

2.4 Design Requirements

The design requirements of this project can be categorized into three different cat-
egories: functional requirements, non-functional requirements and environmental
requirements.

2.4.1 Functional Requirements

The functional requirements are presented below :
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• The system should react in real-time (<10ms latency) to user input.

• It should provide �exible control over playing techniques and general musi-
cal attributes found in string instruments.

• The connected device should be able to interpret user inputs and produce a
corresponding sound.

In addition, it has to be noted that the instrument has three main sections: a
multi-touch section, a rubber cord stretch section and common controllers.

Multi-touch section

It should be able to:

• generate notes and semitones in different tonal systems (equal well-tempered,
cultural system - japanese, indian or arabian - and pythagorean scales).

• interpret different user inputs and produce sounds and/or midi for each
input.

• modulate the sound with a series of �nger gestures controlling vibrato, pitch-
bend/slide and picking.

Rubber Cord Stretch Section

It should be able to:

• vary the tuning of the Multi-Touch Section.

• produce notes and drone sounds.

Common Controllers Section

The Common Controllers Section contains controllers (an overall volume patch
selector, a patch selector, a tonal system selector and controllers to change and
modulate the sound of the instrument) that affect the whole system.

2.4.2 Non-Functional Requirements

When it comes to the non-functional requirements :

• String instruments players should be able to play the instrument.

• The device should be ergonomic and should be able to be held in three dif-
ferent ways (�at, “guitar” and “harp”).

• The device should provide some kind of tangible feedback when it is played.
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2.4.3 Environmental Requirements

The environmental requirements for this project are de�ned according to two dif-
ferent environments:

Physical environment

• The system is designed for indoor use.

• The system will be used in a semi-noisy environment.

Technical environment

• The product will run on a Teensy 4.0 and a Teensy Audio Shield.

• The device should be able to communicate with other digital instruments
using the MIDI protocol.

• The user input should be translated using 4 SoftPots linear potentiometers
with 3 conductive rubber cord stretch sensors (used for note generation) and
force sensitive resistors made of cupper tape and velostat (used for sound
modulation).



Chapter 3

Design & Implementation

In the following chapter, the design and implementation stages that shaped our
�rst ideas into the �nal prototype are explained in 6 sections. Firstly, section 1
will describe the inspiration taken from the state-of-the-art. Section 2 will analyze
the design process used in this project. Then, in sections 3, 4 and 5, the technical,
musical and aesthetic choices that were made will be exposed. Finally, in section
6, the prototype developed as a result of the previous choices and which led to the
�nal version of our instrument will be explained.

3.1 Inspiration

As mentioned in chapter 2, this project took inspiration from the following existing
instruments:

• The Roli Seaboard : the interface brings to the standard midi keyboard some
similar gestures found in string instruments in order to enhance the per-
former's expressiveness. This instrument was very inspiring for the design
of our MIDI and synthesizer oriented to string instrument players.

• The LinnStrument : it was very interesting to �nd an existing instrument
based on acoustic instruments that shows how versatile an instrument of this
kind can be. The LinnStrument was helpful in making design decisions so as
to develop our instrument.

• The Guqin : as this project tries to explore ways to enlarge the tonal possibil-
ities of MIDI controllers and synthesizers, a large research was conducted so
as to �nd world musical instruments. The Guqin was an important source of
inspiration in terms of sound design and musical gestures.

13



14 Chapter 3. Design & Implementation

• The Zither : this German instrument attracted our attention because of its
shape and its disposition of strings which are both re�ected in the aesthetics
of our instrument.

• Tom Stone's Intonation Systems for Guitars : Tom Stone and his interchange-
able �ngerboard gave us some clues about how to display the different tonal
systems chosen for our project.

As described by Overholt in [13], the goal of creating a new gestural controller
is to de�ne a framework and an approach for developing a powerful gestural inter-
face for music performance and composition. In other words, the goal is to allow
humans to be musically expressive through the use of advanced technologies.

Figure 3.1: This �gure taken from [13] explains what approach should be followed when developing
new gestural controllers. In this regard, new technologies are used and combined with an interface
so as to provide an expressive device for music performance and composition.

The main characteristics of the above mentioned instruments were a source of
inspiration not only for creating the framework in which our instrument is placed
but also for trying to overcome some intrinsic limitations found in acoustic instru-
ments. For instance, when it comes to the Tom Stone's Intonation System, this
project tries to overcome the tonal limitation found in string instruments by in-
tegrating several tonal systems within the same device. In this regard, Overholt
explains in [13] that the mere fact of blending human skills and machine capabili-
ties can result in a level of expressiveness that can be near or even surpass that of
traditional acoustic instruments.
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3.2 Iterative Design Process

From the beginning of this project, an iterative process was followed in order to
design the instrument. In fact, the main concept of the instrument was settled from
the early stage of the project. However, in order to start shaping more in detail the
instrument, some new ideas were soon put on the table: the number of gestures
from string instruments that were going to be featured, the tonal systems that were
going to be used and the kind of sound design that was going to be provided with.

The initial concept relied on the use of a DIY pressure sensitive matrix pre-
sented like a mat so as to have a continuous sensitive surface to play the notes. The
instrument would look like a framed mat inspired by the ATV's aFrame instrument
1. Nevertheless, it was decided to completely change that initial concept because
the research conducted on real string instruments made us change our mind and
go for a more look-alike string instrument version. In addition, it has to be noted
that drawing inspiration from some acoustic instruments, such as the Guqin or
the Zither, seemed to be more adequate when it comes to designing a new instru-
ment which was meant to have some gestures and level of expressiveness related
to string instruments. Some of our �rst ideas and sketches are shown in �gures
3.2a and 3.2b.

(a) (b)

Figure 3.2: First (a) and Second (b) design iterations

One particular characteristic usually found in several string instruments is that
they can be played by holding them in several ways. For instance, guitars can be

1http://www.aframe.jp/
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played either while standing up by using a strap or while sitting on a chair. In ad-
dition, guitars can be played either by using the regular playing techniques or by
using a slide such that the guitar is played as a lap steel guitar. This speci�c char-
acteristic of guitars also in�uenced our choices when designing our instrument.
Indeed, this led us to look for an ergonomic shape for our instrument in order to
make it possible to hold it in different ways.

(a) (b)

Figure 3.3: Different ways of playing guitar

3.3 Technical Choices

3.3.1 Why Teensy?

Teensy is a "is a complete USB-based microcontroller development system, in a very small
footprint, capable of implementing many types of projects. All programming is done via
the USB port."2. This microcontroller development board is compatible with Ar-
duino software and libraries that offer a great versatility when implementing au-
dio projects. In addition, it can be upgraded by using an audio shield so as to add
high quality 16 bit, 44.1 kHz sample rate (CD quality) audio. Moreover, the audio
shield supports not only stereo headphones and stereo line-level output but also
stereo line-level input or mono microphone input 3. As a result of all the versa-
tility offered by Teensy and the audio shield, it was decided to use this board for
developing our instrument.

2https://www.pjrc.com/teensy/
3https://www.pjrc.com/store/teensy3_audio.html
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3.3.2 Why Teensy's Audio Design Tool?

Another good reason for using Teensy as a microcontroller development board
was its Audio Design Tool. Teensy is provided with a powerful audio library
(oscillators, sound effects, sound analysis...) which became the DSP engine of our
project. Teensy's Audio Design Tool lets users easily draw a diagram in order to
design the sound processing part of their projects. Moreover, the design tool can
generate some code in order to integrate it into the Arduino editor 4. In this regard,
one of the synthesizers of our instrument was implemented by using this design
tool. Figure x shows the diagram produced with it:

3.3.3 Why Faust?

Faust (Functional Audio Stream) is a functional programming language for sound
synthesis and audio processing with a strong focus on the design of synthesizers,
musical instruments, audio effects, etc. It targets high-performance signal process-
ing applications and audio plug-ins for a variety of platforms and standards 5.
As Faust can be easily used within a Teensy board, it was decided to rely on this
powerful programming language to implement a version of the Karplus-Strong
algorithm for our project.

3.3.4 Why Softpots and Force Sensitive Sensors

The Softpot is a linear potentiometer made by Spectra Symbol 6. By pressing down
the strip with the �nger, the resistance of the potentiometer changes and allows the
user to calculate the relative position of the �nger on the strip 7. These potentiome-
ters have already been used in several music projects such as the "XT Synth" made
by Gustavo Oliveira, which is another good example of new controllers for string
players [17], and this is the reason why we decided to use them for our project.
Moreover, in order to provide our instrument with more control and expression
over different sound parameters, it was decided to add some force sensitive sen-
sors (FSRs). As mentioned in [14], current technology enables us to easily build
force sensitive sensors by using copper tape and velostat, a material made of a
polymeric foil impregnated with carbon black so as to make it electrically conduc-
tive 8.

4https://www.pjrc.com/teensy/gui/
5https://faust.grame.fr/
6https://www.spectrasymbol.com/
7https://www.spectrasymbol.com/product/softpot/
8https://en.wikipedia.org/wiki/Velostat
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3.3.5 Why Rubber Cord Stretch Sensors?

Rubber cord stretch sensors were used in our project so as to simulate regular
strings. This carbon-black impregnated rubber behaves in a very similar way as
the FSR and it is often used to measure force. In our project, these sensors trigger
notes when they detect that the cord has been stretched9.

The use of Sofpots, FSRs and Rubber cord stretch sensors allow our musical
instrument to have gestures similar to those of string instruments as well as some
features found on synthesizers and midi controllers:

• Slide and Vibrato : thanks to Softpots, the instrument is not only able to track
the �nger position in order to trigger the notes but also to slide through the
notes in a continuous and similar way as is the case for string instruments.

• Picking : The rubber cord gives the player the tactile feedback usually per-
ceived when picking a string of an acoustic instrument.

• Velocity control : FSRs were a great add-in to our instrument so as to have
control over the velocity of the notes triggered. In fact, the player has the
possibility to control the force with which a note is played.

• Sound Parameter control : in addition, with the same FSRs, the player is able
to control some parameters commonly found on synthesizers such as the
cut-off frequency of a �lter and a pitch bend.

• Midi Mapping : �nally, when the instrument is working as a midi controller,
the user can choose to map the �rst FSR to any midi parameter of a digital
instrument or DAW.

3.4 Musical Design Choices

3.4.1 Why being inspired by string instruments?

As musicians familiarised with string instruments, synthesizers and midi con-
trollers, it was considered that it could be very interesting to mix both worlds
in order to create an hybrid instrument.

When it comes to string instruments such as guitars, they offer a great level
of expressiveness given that the player can control several characteristics of the
notes with hand gestures (pitch-bend, vibrato, slide...). In addition, a large range
of string instruments are used in different cultures with different tonal systems.
However, there are few string instruments that make it possible to play in different

9https://www.adafruit.com/product/519
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tonal systems without having to retune the strings or to put additional frets on
their �ngerboards. Furthermore, even though we can �nd nowadays some midi
controllers inspired by string instruments, this is not the common rule for instru-
ment companies, which still use the keyboard as a regular standard.

As a result, this project tries to overcome the string instruments' tonal limita-
tions while integrating their gestures within a midi controller and a synthesizer.
On a more general note, the development of new interfaces for musical expression,
string instruments as well as world music were related to our research interests
and were therefore the driving force that led us to develop our instrument.

3.4.2 Sound Design

The instrument was not meant to be designed only for a speci�c music genre.
Therefore, many of the sound design choices were oriented towards letting create
music that could suit several genres. For this purpose, the device has 2 differ-
ent synthesizers designed to provide the instrument with an intuitive and simple
sound engine.

• On the one hand, it has a Simple synth inspired by the Sequential Circuits
Prophet 600 (Figure 3.4)). This synth is a subtractive synthesizer with only 2
oscillators whose waveforms and pulse widths can be modi�ed by the user.
In addition, this synth lets the user detune slightly the oscillators between
them. Moreover, by pressing the FSRs, the user controls the cut-off frequency
of a �lter.

Figure 3.4

• On the other hand, it has a Karplus-Strong synth. As explained in [4], the
Guqin can be easily modeled by using the Karplus-Strong algorithm. Given
that the Guqin was an important source of inspiration for our project, it was
coherent to add a sound engine in our instrument so as to simulate the Guqin.
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3.4.3 Tonal systems

In the context of this Master's thesis, the word "tonal" refers to two different con-
cepts: intonation and timbre. From a musical point of view, intonation means the
pitch in which a tone is played 'in tune' or not 10. On the contrary, the timbre
is related with the harmonic content that characterizes the sound of a speci�c in-
strument. In fact, those harmonics are responsible for letting people distinguish
a C chord played on a piano from the same chord played on a guitar. Given that
the user can play with different sounds in our instrument, it can be said that it
can produce different timbres. In addition, it was decided to implement several
intonations in order to let the user play in different tuning systems from different
cultures. As a result, this means that the user is able to choose how the notes are
displayed along the softpots. This is, in the end, equivalent to adding or removing
frets on string instruments. The tuning systems that were chosen for this project
are shown in �gure 3.8:

Figure 3.5: List of tonal systems

10https://trainer.thetamusic.com/en/content/intonation-and-tuning
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3.5 Interface and Visual Design

3.5.1 Searching for an Ergonomic Design

(a) (b)

(c)

Figure 3.6: 3D models of the instrument ordered from the �rst to the last design

It was an important design choice for this project to make an ergonomic design
so as to enable the user to hold the instrument in different ways. After a process of
doing sketches and 3D models with OpenSCAD 11, it was decided to use the design
presented in �gure 3.6c. Thanks to this design, players can hold the instrument in
3 different ways as explained in section 3.2. The following pictures explain visually
how users can play the instrument.

(a) (b) (c)

Figure 3.7: 3 different ways of holding the instrument

It has to be noted that the �nal design was highly inspired by the Zither, which

11https://www.openscad.org/index.html
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has a similar shape compared to that of our instrument but cannot be held in
different ways. The Zither's shape gave us indeed a clue to design the shape of
our instrument in an ergonomic and versatile way.

Regarding the dimensions of the device, we chose to make the instrument as
thick as regular guitar bodies (4 cm) and with a length of 60 cm. These dimensions
were appropriate to hold the instrument with both hands and were also deter-
mined by the length of the softpots. Finally, the bottom of the instrument presents
a "U" shape that can be �tted on a person's leg as shown in 4.2a.

3.5.2 Control mapping and Grouping

Once the shape and size of our device were determined, we started an iterative
process in order to choose where the controllers were going to be located in the
device. Subsequently, decisions were made about how to map each controller with
the player inputs.

Control mapping

Our instrument uses a one-to-one mapping and a one-to-many scheme. Some
controllers modulate a single parameter but others modulate several ones. For
instance, the softpots and the stretch sensors send the raw data to Teensy which
is in charge of translating the analog input into notes. When it comes to the FSRs,
the mapping changes depending on the mode selected by the user (Simple Synth,
Karplus-Strong Synth or Midi Controller). The following table explains how the
mapping works in each case.

Figure 3.8: Table explaining how the mapping works with the FSRs

The rest of the controllers are potentiometers that are mapped to the synth
parameters (waveform, pulse width and �ne) and to others general parameters
(volume, synth selector and tonal selector).

Control grouping

The controllers of the device can be grouped into 3 categories:
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