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1. ABSTRACT 
 

This thesis is divided into three parts: the first part is focused on the history of computer systems 
and the fast expansion of ways of interacting with digital musical instruments. 
 
Part two presents the expression tools available today and contains examples on how different 
platforms help computer-music artists to create and express concepts in the digital domain. 
Composing and performing with the help of digital systems is what will be discussed. 
 
Part three concentrates on Virtual Reality1 experiences the author made during the 2 years 
master degree courses at the CINETIc Institute. This section will explore a personal approach 
of fusioning music, visual arts, performing arts and programming within a modern digital 
environment and its tools. 
 
The purpose of this thesis is to share a particular way of expressing emotions through digital art 
and hopefully to inspire other digital artists to communicate using the creative tools available 
today.  

2. INTRODUCTION 
 
Technology's evolution today leads humankind to significant growth of the ways we interact with 
complex machines or any kind of computer related musical systems, helping not only to translate 
ideas faster and more ergonomically but also creating patterns of expressivity and musical taste. 
 
The author aims to summarize some of the current practices of making music and visual art 
using today’s technology. The center point is focused on the interaction between musicians and 
digital instruments, in particular, but also the interaction with the Virtual Reality environment. 

2.1 EVOLUTION OF MUSICAL INSTRUMENTS 
 
Looking at music production and its evolution over time, it has become less and less expensive 
and easier to do since the introduction of personal computers. Pioneers of electronic music were 
using large machines linked together to produce one simple sound, over time, this process 
became more accessible, now, even a smartphone can generate complex sounds with ease. 
 
That’s why pioneers like Leon Theremin, the inventor of the world’s first electronic instrument in 
18202, Arseny Avraamov, inventor of Graphical Soundtrack3 or Daphne Oram who built the 
Optical Synthesizer Oramics Machine4 in 1960 are such important figures in the history of 
electronic music. Their contribution has established a solid background into what later would 
become state-of-the-art in music composition and would inspire future generations of techno-
fluent computer composers, creative coders and digital artists. 
 

 
1Virtual reality (VR) is an artificial experience where users are virtually transported out from the real world. 
2Theremin: https://en.wikipedia.org/wiki/Theremin 
3Graphical Soundtrack: http://120years.net/graphical-soundtack-arseney-avraamov-russia-1930/ 
4Optical Synthesizer Oramics Machine: http://120years.net/oramicsdaphne-oramuk1959-2/ 
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The tools available today have evolved and are simplifying the way we create digital content. 
What actually lies behind it, is the work of electronic instruments developers, the pioneers who 
put their efforts and vision into computer music evolution. 

2.2 INTERACTIVE MUSIC - The development of a new language 
 
In order to familiarize the topics under discussion, the author will try to present a philosophical 
framework regarding music and interactivity. 
 
Music as an art form is interactive, whether it is physical, mental or spiritual, it is defined by  
French modernist composer Edgard Varèse as the vibration or sound organized in time. Music 
has been seen as vibration and is what drives our sense of self. It is directly linked to the 
planetary system we are living in.  Music facilitates to relate with each other and together, on a 
larger scale, to connect with the universe.  
Pythagoras of Samos applied his discoveries in music theory to the behavior of celestial objects: 
“Pythagoras believed that the universe itself hummed with its own harmony-beautiful, divine, and 
inaudible to human ears. He characterized the intervals between successive orbits, such as 
those of Mercury and Venus, as either tones or half-tones (the smallest intervals in the musical 
scale), adding up to seven whole tones that form a perfectly harmonious natural order.” [1] 
 
The concepts that all life and matter are composed of the same substance and the energy 
waves, such as sound, represent a universal and undefined principle of all life, is gaining 
recognition in fundamental physics, string theory and the unified field of consciousness. [2] 
 
In regards to music, the interplay theory is born referring to the synergy created between 
musicians, dancers or performers engaged and interacting in a perpetual vibrational dialogue. 
 
In today's acceptance, vibration stimulates creativity and powerful emotions, and it is not limited 
to human species only, since it has been shown that animals are genuinely driven by sound and 
vibration. Based on echolocation, also called bio sonar, animals use vibration for navigation, 
foraging, hunting or courtship in various environments. [3] 
 
Jamie James noted, “For centuries, scientists and philosophers believed that the universe was 
a stately, ordered mechanism, both mathematical and musical. The perceived distances 
between objects in the sky mirrored (and were mirrored by) the spaces between notes forming 
chords and scales. The smooth operation of the cosmos created a divine harmony that 
composers sought to capture and express.” [4] 
 
There are several aspects in making music interactive, whether it is Interactive Music 
Programming, Interactive Music Composition or building a system that integrates and 
congregate everything a single scope, that is to enable us to interact meaningfully with music 
using computer code.  
 
According to Robert Rowe “Interactive computer music systems are those whose behavior 
changes in response to a musical input.” [5] 
 
For music to become interactive in the digital domain, it requires writing techniques of 
parametrization or creation of abstract structures of numbers from external inputs. Creating 
algorithms from streams of data can take up an extensive amount of processing power and with 
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each line of code the more latency occurs between input and output.  
 
The more structured and cohesive the algorithms are written, the less latency and more 
responsive and autonomous systems are created. With heavy processing power, the system 
can become more and more adaptable, having the ability to improvise themes on a certain 
pattern, mood, or theme, generating unique musical modules or make decisions of structures 
that are interesting and at the same time emotional, making the music responsive and also 
reactive to human input. 
 
Robert Rowe, classifies interactive systems based on a combination of three dimensions whose 
attributes help identify the musical motivations behind types of input interpretation, and methods 
of response: 
 
The first group of systems, the score-driven, and performance-driven systems:  
 

1. Score-driven systems. 
“Score-driven program uses predetermined event collections, or stored music fragments, to 
match against music arriving at the input.” 
The score-driven systems resemble more with traditional music where everything is notated on 
the score and a performer strictly follows the indications from the composer. See chapter 8.2 
The Journey case study for an example performance using this system. 
 

 
2. Performance-driven systems are those who “do not anticipate the realization of any 

particular score.” 
They are less restrictive than the traditional ones and give more space for the interpreter to 
intervene in the same manner that the composer wrote. 
 
The second group is based on transformative, generative, or sequenced materials: 

 
1. Transformative methods “take some existing musical material and apply transformations 

to it to produce variants.” 
These systems are based on a pre-recorded musical material and are being transformed using 
DSP (digital signal processing) and may or may not sound like the original, also the input can be 
transformed in real-time. 
 

2. Generative algorithms are the systems based on stored information like scales, durations, 
pitch, and dynamics.  

“Generative methods use sets of rules to produce complete musical output from the stored 
fundamental material, taking pitch structures from basic scalar patterns according to random 
distributions, for instance, or applying serial procedures to sets of allowed duration values.” 
 

3. Sequenced techniques “use pre-recorded music fragments in response to some real-time 
input.”  

 
It is at the latitude of the musician on how he intervenes and manipulates the chunks of music, 
similar to the Performance-driven systems, the player can apply changes to the tempo of 
playback, dynamics, and rhythmics. 
 
The third group is based on the instrument-player paradigm: 
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1. Instrument paradigm systems “are concerned with constructing an extended musical 

instrument.” 
Driven by the gestures of the human player the instrument is like an extension of the real 
instrument, broadening the capabilities of both the player and the instrument. See me:ta bolero 
 

2. Systems following a player paradigm “try to construct an artificial player.” 
The fusion of the player with the system will result in a duet-like where the system can have a 
personality and behavior of its own. 
 
All systems can be used live not only in the one-on-one, player-system performances but also 
extended to multiple players and multiple linked systems. 

4. INTERACTIVITY, ART AND THE BODY 
 
Interactivity as a general meaning is the process in which two or more objects or entities are 
influencing each other, with or without a certain goal. 
 
In 2003, Bob Field mentions in the article “Interactions of Energy and Matter” [6] that the 
interaction between energy and matter created the world as we perceive it today, and still without 
interaction between these energies and humans this equilibrium will cease to exist. Therefore 
interactivity can occur between objects, matter, humans, emotions and also between humans 
and computers, giving a broad opportunity for humans to express themselves also digitally. 
The theory evolved, today we can interact with intelligent emotion and behavior robots, built 
based on the adaptive resonance theory5. 
 
The applications of interactivity practices are broad. In the digital era of new-media the concept 
of interactivity implies direct communication between the artist, be it a musician, a dancer or a 
painter, with a trained computational system that instantly responds and reacts to sounds, 
gestures, colors or light, facilitating the real-time communication and a modern way of 
expression. These gestures are categorized according to the artistic area in which they are 
presented, each of them having its own language particularities that could start from a tiny 
gesture, a quiet sound or noise, up to brain waves that can control a computer behavior. 
 
In modern digital art, the Human-Computer interactivity concept suggests new connotations. HCI 
(Human-Computer Interaction)6, the concept is present in different yet related artistic domains 
like music, theater, and dance, where the human gesture is translated into computer language 
giving the creators the ability to perform interconnected and synchronous tasks with much more 
ease. 
 
Music affects feelings and subconsciousness and it conveys emotions. 
Let’s stay here for a moment and understand the etymology of the word “Emotion”: 
 

 
5Adaptive resonance theory (ART) is developed by Stephen Grossberg and Gail Carpenter, a theory on brain 
processes information, describing a number of neural network models using supervised and unsupervised 
learning methods to address questions on pattern recognition and prediction. 
6Human-computer interaction or HCI, studies the design and use of computer technology and is focused on the 
interfaces between users and computers. 
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“Music has the mission to awaken the spirit.” Octavian Nemescu. “Ritual rather than imposition; 
discovery through inner exploration”. 
 
In French the word émotion comes from émouvoir (to excite) and it is based on the Latin 
“ēmōtus”, meaning “to move”. 
 
Panksepp, Jaak in “Affective neuroscience: the foundations of human and animal emotions” 
writes that “emotion is a mental state associated with the nervous system.” [18] 
Also, Cabanac, Michel in “Behavioural Processes” writes that emotions are "brought on by 
chemical changes variously associated with thoughts, feelings, behavioural responses, and a 
degree of pleasure or displeasure.” [19] 
 
As Cacioppo, J.T & Gardner in “Emotion - Annual Review of Psychology", writes “Research on 
emotion has increased significantly over the past two decades with many fields, including 
psychology, neuroscience, endocrinology, medicine, history, sociology of emotions and 
computer science.” [20] 
 
“Emotions can be defined as a positive or negative experience that is associated with a particular 
pattern of physiological activity. Emotions produce different physiological, behavioral and 
cognitive changes. The original role of emotions was to motivate adaptive behaviors that in the 
past would have contributed to the passing on of genes through survival, reproduction, and kin 
selection.” [7] 
 
In the Japanese musical tradition, the term “MA” is suggesting the quiet space lying in between 
the sounds, the space that every performer must master. 
The French composer Claude Debussy (1862-1918) said that music is “The space between the 
notes”. This concept is also found in the music of composers like Mozart, Haydn, Beethoven, or 
John Cage, where silence has a very important role in the musical discourse, exposing its 
negative space, creating tension, leaving the listener really listening to itself. 
 
As Luciano Berio said, “The music is from the heart not the brain”, music is connection, an 
exchange of energy, an exchange of emotion. The difference between communication vs. 
connection is that Communication=Exchange Information, between devices, no soul in that 
technology. Connection=Exchange of feelings, an exchange of emotion. The author’s emotion 
is imprinted in their work, whether it is a painting, a song, a picture or a sculpture, it is charged 
with emotional or associative significance: 
 
In his book “How does music express emotions? three types of coding”, Patrik N. Juslin writes:  
“To explain why music appears to be expressing some emotions, rather than others, we need to 
take a closer look at the underlying process, particularly how the emotional meaning is coded in 
music (the specific manner in which the music carries the emotional meaning). I argue here that 
the emotional content of musical expression is constrained by the type of coding available and 
that distinct types of content are conveyed through different types of coding.” [8]  
 
Dowling W. J and Harwood D. L. [9] categorized systems based on the ideas of Charles Pierce 
as:  

● “Icon - refers to a response based on a formal similarity between the music and some 
other signal, such as a vocal expression or human movement. 
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● Symbol - refers to a response based on internal, syntactic relationships within the music 
itself. 

● Index - refers to response due to an arbitrary association between the music and some 
other event or object.” 

In “Psychological perspectives on music and emotion”, Sloboda J. A., Juslin P. N. writes:  “These 
three principles have been referred to as iconic, intrinsic, and associative sources of musical 
expression, in an attempt to make the concepts easier to grasp.” [10] 

Interplay or interaction can lead to surprising emergent phenomena. One example may be the 
instant reaction of the water molecules with musical vibration, forming a complex symmetrical 
fractal patterns in direct reaction to soundwaves in a physical system. 
 
To go further than physical systems, emotion can create a certain reaction in both humans and 
matter just by shifting the attitude towards them. 
An example is the experiment conducted by Dr. Masaru Emoto [11] in which he talked every day 
for a month to three different glass beakers filled with rice and water: 
 
To the first one, he would express gratitude and love saying “Thank you”, the second one was 
treated badly and every day he would say “You are an idiot” to it, and finally the last glass beaker 
was completely ignored. 
The results were surprising. After one month the rice that has been talked with kind began to 
ferment and started to grow with a strong and pleasant aroma, the rice in the second beaker 
turned black and died and the last rice in the beaker began to rot. 
  
This experiment displays the power of the words we speak, and the power of intention, water 
being a blueprint for our reality and that emotional energies and vibrations could change our 
physical structure. A good example of how our emotions affect every one of us and it is a lesson 
in regards to how we treat children. 
 
Another experiment related to music, also conducted by Dr. Masaru Emoto is called “The 
Message from Water”. In this experiment, Dr. Emoto exposed particles of water to music, 
freezing them and took snapshots of their molecular reaction to vibration, Fig. 4.0. 
 
The organisation of the molecules is changed while exposed to different kinds of music: 
 

 
Fig. 4.0: Snapshots of frozen water exposed to music. 

 
The results demonstrate that humans are also directly reacting to vibration, having more than 
70% of water in our bodies, but also to our planet which is also covered in the same amount with 
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water, the very source of our life. 

5. IMMERSIVE VIRTUAL TECHNOLOGIES 
 
In the next section, the author will present a series of pioneering VR applications, their distinct 
purposes, starting from the early developments until recent dates. 

5.1 Virtual Reality in Entertainment 
“Remarkably, Virtual Reality is apt for amusement”. 
 
In 1968 Ivan Sutherland and Bob Sproull created the first Virtual Reality head mounted display 
called “Sword of Damocles”, a head-mounted display system hooked to a computer. Fig. 5.1.0. 
 

 
Fig. 5.1.0: Sword of Damocles VR Headset - 1968 

 
Virtual Reality environment provides a new perspective in the way users interact with the virtual 
experiences. It’s 360o video and audio capabilities, it’s haptic7 and sensorial features, offer a 
much more enjoyable virtual immersion, bringing users in the spotlight rather than being an 
observer from a distance. VR is the fundamental part of this thesis and that is why the author is 
willing to explore this tool in depth. 
 
Before we open the world of immersive virtual instruments let’s explore some of the Virtual 
Reality concepts. 
 
Virtual reality systems use two different ways of display. The first one is by virtual reality 
headsets, consisting of a HMD8 (Head Mounted Display), the second being multi projected 
environments on displays or screens. Images, sounds and force feedback technology offers the 
sensations of immersion, simulating the user feel like being a physical presence in the virtual 
environment. The user is able to freely move into this artificial world and interact with the virtual 
object inside. 
 

 
7Haptic is also found as kinaesthetic communication or three dimensional touch and it refers to a technology able 
to create an sensorial experience by applying vibration or motion to the user. 
8HMD: Head Mounted Display is a wearable screen hardware device used in front of the eyes.  
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The potential value of VR technology applies to many industries from entertainment, education, 
arts, sports to architecture and medicine, ranging from immersive film productions, games, 
artistic experiences to medical applications for treating patients of phobias of all kinds. 
Virtual Reality provides a safe life-size environment where people can exercise without any 
potential danger delicate procedures like piloting airplanes or surgeries. 
 
Virtual Reality headsets and experiences rapidly evolved and now many people can enjoy 
experiences in the comfort of their personal rooms. 
 
In recent years this technology has become noticeable at international exhibitions like IAAPA, 
Dubai Entertainment Amusement, Leisure Exhibition (DEAL), NEC Birmingham, Euro 
Attractions Show. There were many specialized exhibitions featuring Virtual Reality Technology 
such as VRLA, Miami VR Expo, WAVE, Augmented World Expo (AWE), Silicon Valley VR Expo 
(SVVR). 
 
The Virtual Reality equipment also evolved in time, thanks to the fast growth of computer speeds, 
graphics and the CPU’s newly discovered architectures that provide massive calculations of data 
in a very short amount of time. 
 
Either we're talking about virtual headsets (or HMD) or different simulators of VR, say 
motorcycles, airplanes or bicycles and even things on a much bigger scale like the Extreme-
Machine by Xtrematic, Fig. 5.1.1, VR technology is still in a continuous growth. 

 
Fig. 5.1.1: Extreme-Machine by Xtrematic 

5.2 Virtual Reality in Visual Arts 
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VR and AR9 (Augmented Reality) are portals to new worlds of creativity in arts. Virtual Reality 
applications have the ability to change our way of experiencing and communicating artistic ideas 
and concepts.  
The VR environment offers an artificial simulation of a 360o boundless space where users are 
transported, providing the ability to extend the user’s expression of their typical finite reality.  
 
Museums are currently applying VR and AR as practical applications, embracing new 
technologies to facilitate visitors a much more interactive experience. One example of an AR 
application is the Museum of Stolen Art, Fig. 5.2.0, where visitors are using smartphones, 
augmenting stolen or missing paintings on the screen. 
 

 
Fig. 5.2.0: Museum of Stolen Art 

 
There is a large number of contemporary artists that create Virtual Reality experiences and the 
number of content creators for this kind of environment will increase even more in the near future.  
 
Many artists gather in groups and create Virtual Reality Experiences. 
In the following section the author will present some of them: 
 

- Bruegel: the Fall of the Rebel Angels, March 2016  
URL: https://www.google.com/culturalinstitute/bruegel 
Built by: Google Cultural Institute 
Platform: 360o video or Google Cardboard VR 

- Virtually Real, Royal Academy of Arts, January 2017 
URL: https://www.royalacademy.org.uk/exhibition/project-virtually-real 
Built by: RA students on Tilt Brush 
Platform: HTC Vive 

- Magritte VR, Summer 2017 
URL: https://www.bdh.net/immersive/magritte-vr 
Built by: BDH 
Platform: Gear VR 

 

5.3 Other Applications of VR  
 
Virtual Reality in Medical Applications. One of the best practices of Virtual Reality is in the 
domain of healthcare where doctors can perform surgical operation simulations, phobia 
treatments and skill training. 

 
9Augmented Reality or AR is an interactive experience in which artificial objects are digitally augmenting the real-
world. 

https://www.google.com/culturalinstitute/bruegel
https://www.royalacademy.org.uk/exhibition/project-virtually-real
https://www.bdh.net/immersive/magritte-vr
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Applications are broad and include human simulation software which enables doctors or nurses 
and other medical personnel to interact with others in a safe interactive environment. Other 
applications of VR in healthcare can be treatment for PTS (Post Traumatic Stress Disorder), 
dentistry, autism treatment or nursing. 
 
Virtual Reality in Architecture. VR in architecture provides the best perspective of the finished 
article and the way it will look and feel being right there. It is way better than any 2D or 3D 
representation. 
VR tools are now used not only in simulation but also in design mock-ups, project collaboration, 
through to the finishing touches that make a building design go from good to great. 
 
Virtual Reality in Sports. VR is used as a training aid in sports such as golf, american football, 
athletics, NASCAR, soccer, basketball, skiing or cycling. It is used as an aid to measuring athletic 
performance as well as analysing technique and is designed to help with both of these. It is also 
used in clothing/equipment design and as part of the drive to improve the audience’s experience. 
 
Virtual Reality in Education. VR environment is a Game-Changer in education thanks to its 
ability to be as scalable as possible, as multi-layered as it needs and as immersive as never 
before. 
VR will soon be implemented as an educational platform, an alternative tool to traditional 
classrooms where teachers are drawing on the chalkboard or use Power-Point presentations, it 
will translate into a more efficient educational system by teaching through visual aids. 
 

6. VIRTUAL REALITY MUSICAL INSTRUMENTS - Applying HCI concepts to 
music 
 
Immersiveness of a virtual-musical computational environment has a lot to do with the controls. 
The more precisely the system reads your input, the more you feel like you are part of the 
creation so you can become more and more the instrument you interact with. 
 
In their seminar book “The Psychology of Human–Computer Interaction” [16], authors Stuart K. 
Card, Allen Newell and Thomas P. Moran defines the term HCI (Human-Computer Interaction) 
as “an open-ended dialogue between user and the computer. This field of research is situated 
in between computer science, human behaviour, media-networking and design.” 
 
One of the most common features of immersion is the loss of time and space perception, it can 
be influenced by multiple sensorial stimuli including static or moving images, music, tactile 
triggers or even by the olfactory sense. Immersion can occur while looking at a painting, while 
listening or playing music or while enjoying a game. It can also take place while closing your 
eyes at a concert or while meditating in silence. Immersion arises while no thoughts are present.  
Music has the quality of pulling your attention inwards, an experience that drags your mind 
toward introspection.  
 
As technology evolves and while digital machines are faster, the need to reinvent musical 
instruments arise and many composers and musicians are developing their own instruments. 
This way a new generation of musical instruments is born, “the immersive musical instruments”. 
 
The immersion experience is amplified by spatialization. Leonel Valbomand and Adérito Marcos 
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define Immersive Music Instruments, in their article “An Immersive Musical Instrument 
Prototype” [17], as a fusion of 3D stereoscopic visualization with 3D sound spatialization. “These 
technologies actually allow the exploitation of multi timbre sound generation using simultaneous 
visualized sound objects and the use of real-time gestures and body movements, as well as 
dynamic spatialization of the sound with physical, visual, and sound immersion”. 
 
There is a large collection of virtual instruments today, ranging from virtual drums and percussion 
to synthesized virtual keyboard, one that got the author’s attention is Coretet, a dynamic 
electronic musical instrument that allows the users to create and perform musically in Virtual 
Reality. 
 
Developed by Robert Hamilton in 2018, “Coretet is a virtual reality instrument that explores the 
translation of performance gesture and mechanic from traditional bowed string instruments into 
an inherently non-physical implementation. Built using the Unreal Engine 4 and Pure Data, 
Coretet offers musicians both a flexible and articulate musical instrument  to play as well as a 
networked performance environment capable of supporting and presenting a traditional four-
member string quartet”. 
As seen in Fig. 6.0 and Fig. 6.1, Coretet resembles a cello, played in VR using the two motion 
controllers in conjunction. 
 

 
Fig. 6.0: Coretet VR Instrument 
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Fig. 6.1:  Motion Controllers Shortcuts 

 
A complete instructional video about Coretet can be accessed at the URL: 
https://www.youtube.com/watch?v=cgODPY90pAU 
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7. PLATFORMS OF EXPRESSION IN DIGITAL MEDIA 
 

- Max/MSP/Jitter 
Developed by Cycling '74, Max is a visual programming language designed for multimedia 
applications. 
Operating system: Microsoft Windows, macOS   
URL: https://cycling74.com/ 
Max is used in the following case studies: 8.1 The Forest, 8.2 The Journey, 8.3 me:ta 
bolero, 8.5 Fly, Baby, Fly! - VR Experience 
 

- Antescofo 
A free module for Max and PureData10, designed for real-time musical recognition and 
extraction of audio data, an score-following and accompaniment software. 
Developer: MuTAnt team-project 
Operating system: macOS 
URL: https://forum.ircam.fr/projects/detail/antescofo/ 
In the case studies chapter, Antescofo application is found in 8.2 The Journey 

 
- MuBu 

A toolbox for multimodal analysis of sound and motion for Max, MuBu is also used for 
interactive sound synthesis and machine learning. 
Initiated by: Norbert Schnell, IRCAM 
Operating system: macOS 
URL: http://ismm.ircam.fr/mubu/ 
MuBu’s mfcc11 module is applied in the 8.3 me:ta bolero case study. 
 

- Wekinator 
An open source software designed to build gestural based musical instruments using 
machine learning. 
Initiated by: Rebecca Fiebrink 
Operating system: Microsoft Windows, macOS, Linux 
URL: http://www.wekinator.org/ 
Wekinator software is used in 8.3 me:ta bolero 
 

- Processing 
An object-oriented sketchbook software written in Java Language, based on data 
algorithms. 
Designed by: Casey Reas, Ben Fry 
Operating system: Microsoft Windows, macOS, Linux 
URL: https://processing.org/ 
An integration of Processing software can be found in 8.1 The Forest case study. 

 
- Lightact  

A node-base real-time Layer layouts12 visual scripting system that includes both hardware 
 

10Pure Data is an open source visual programming language designed for multimedia originally developed by 
Miller Puckette. 
11Mel-Frequency Cepstrum or MFC is a representation of the short-term power spectrum of a sound, based on a 
linear cosine transform of a log power spectrum on a non-linear mel scale of frequency. 
12Layer layouts visual scripting are based on Node blocks for playback or real-time content creation. 

https://cycling74.com/
https://forum.ircam.fr/projects/detail/antescofo/
http://ismm.ircam.fr/mubu/
http://www.wekinator.org/
https://processing.org/
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and software, designed for interactivity with lighting, video and audio. 
Designed by: Lightact 
Operating system: Microsoft Windows 
URL: https://lightact.io/ 
Lightact is used as a data-node module between Unreal Engine and Max in 8.3 me:ta 
bolero case study. 
 

- Touchdesigner  
Developed by Derivative, Touchdesigner is a node based visual programming language 
for real time interactive multimedia content. 
Operating system: Microsoft Windows, macOS 
URL: https://derivative.ca/ 
Touchdesigner is implemented as a DMX controlling software in the 8.5 Fly, Baby, Fly! - 
VR Experience case study. 
 

- Unreal Engine (VR) 
Is a Blueprint based game engine developed by Epic Games with extended applicability 
in Virtual Reality experiences. 
Operating system: Microsoft Windows 
URL: https://www.unrealengine.com/ 
Unreal Engine is used in 8.1 The Forest, 8.3 me:ta bolero and 8.5 Fly, Baby, Fly! VR 
experiences. 
 

8. CASE STUDIES 
 
This chapter will present various approaches to the synergy between performer and computer 
in regards to music composition, human input and computer response. This next section is 
focused on presenting an in-depth study of specific interactive performances, a detailed 
demonstration on how the human-computer interaction works and what is behind the spectator 
or the user experience. 
 
These examples were performed or exhibited during 2018-2019 at CINETIc Institute, in art 
galleries and digital-art festivals. 
 
 
 
 
  

 
URL: https://lightact.io/docs/5-layer-layouts-visual-scripting/ 

https://lightact.io/
https://derivative.ca/
https://www.unrealengine.com/
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8.1 The Forest - Interactive performance 
 
The Forest is a drums-piano-computer interactive performance based on a story about a boy 
who travels through imaginary worlds in search of her sister Lúa. 
 
Music composition. The musical architecture is in a ternary ABA sonata-form structure, a 
bashful homage to composers like Handel, Chopin and Bach. 
Composed in the key of E minor, the piano ad libitum theme introduces the title of the song. The 
piano theme is closely linked to the video projection where every piano note played, generates 
a star that appears on the screen, at the end of the improvisation theme, the main title reveals.  
 
The Exposition is written in the measure of 15/16 counted as 6/4 + 3/8, a largo feel pace. Fig. 
8.1.0 The instrumentation introduces a sound-designed stretched bell-sound, 2 flutes, 1 double 
bass, piano, harp and drums creating a surreal ambience where everything is still.  
The bell sound gives the impression of disconnection and it mimics what the boy feels about his 
sister. 
 

 
Fig. 8.1.0: Exposition Score 

 
Development and Transition, Fig. 8.1.1. Written in 5/8 time signature, allegro pace exploring a 
colorful world where as a contrast to the Exposition, everything here is in motion. 
 

 
Fig. 8.1.1: Development and Transition Score 

 
Recapitulation. Getting back to the Exposition mood, the state changes back to stillness, 
reintroducing the initial orchestration, recalling the stretched bells where "Lúa flies away to her 
new home, the moon”. 
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Logic Pro13 is used for mixing and mastering. Fig. 8.1.2 
 

 
Fig. 8.1.2: Logic Pro Track Mixer View 

 
Programming and Visuals. For the live performance, the author uses four specific softwares 
interlinked via OSC14. Ableton Live15, Max16, Processing17 and Resolume18, one Wiimote 
Controller19 and one Leap Motion20 controller. Fig. 8.1.3 
The Wii controller motion sends OSC messages to Max/Msp that controls the Ableton’s stretched 
bell sound. 
Leap motion captures hand gestures and generates particles using Processing software. 

 

 
Fig. 8.1.3: Processing particle generator, Wii and Leap Motion Gesture Tracker 

 
Max/Msp acts like a node-base between hardware and software, consisting of data input 
modules, condition statements and data outputs routed to Ableton Live and Resolume. Fig. 8.1.4 
 

 
13Logic Pro is a digital audio workstation/sequencer software for macOS platform. 
14Open Sound Control (OSC) is a protocol for communication among computers and other multimedia devices 
that is optimized for networking technology. 
15Ableton Live is designed to be an instrument for live performances. 
16Max, also known as Max/MSP/Jitter, is a visual programming language for multimedia. 
17Processing is a free open-source graphic library with an integrated development environment. 
18Resolume is an application designation for real-time video playback. 
19Controllers that use accelerometer and optical sensor technology to capture gestures. 
20Leap Motion is a hardware device for tracking hand gestures in real-time. 
More info: https://developer.leapmotion.com/ 
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Fig. 8.1.4: Max/Msp Data Node Base 

 
For the visuals, there are several pre-rendered video clips triggered via Wii Controller, using 
Resolume Arena, also the two LED light bars sequences are controlled played back from Ableton 
Live to Martin Lightjokey21 software using a dedicated midi score. Fig. 8.1.5 and Fig. 8.1.6 
 

 
    Fig. 8.1.5: Resolume clip triggered by Wii.    Fig. 8.1.6: Martin Lightjockey 

 
 
 
 
 
 
 
 
Conclusion. The Forest live performance goal is to make a fusion of classical music with 
modern technology using tools that act as an extension of human motion. It was first presented 
in 2018 as part of the master exam in the CINETIc surround lab. 
 

 
21Lightjokey is a Windows-based light design software controlling multiple DMX fixtures. 
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A video with the live performance can be found here: https://youtu.be/ajiHpNpPiFE 
 

8.2 The Journey 
 
The Journey is a real-time score following and coordination study for Piano in conjunction with 
Antescofo22, Max/Msp, Resolume and Lightkey23. 
 
The story is about people, about the role each of us has and it is inspired by the design of the 
Venezuelan artist Maria Inmaculada Guadarrama "There Are People That Are The Journey, Not 
The Destination". The character design is made by Maria Ivan-Gurzu. Fig. 8.2.0 
 

Fig. 8.2.0: The Journey Cover Design 
 
Music composition. Written in the key of C# minor with a ternary ABA sonata-form structure, 
the piano score is performed in an ad libitum manner. 
 
Exposition, Fig. 8.2.1. The piano score inspires a surreal static mood, a sunrise in a silky 
magenta cloudy space. The main character's theme is introduced, floating alone on a 
comfortable boat, he travels alone.  

 
22Antescofo is a free Max external object for real-time score following applications. It accepts music scores, 
listening to the performer via audio or MIDI input and launching electronic actions pre-written by the artists.  
More info: https://forum.ircam.fr/projects/detail/antescofo/ 
23Lightkey is a visual DMX lighting control software for Mac. 

https://youtu.be/ajiHpNpPiFE
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Fig. 8.2.1: Exposition Score 

 
Development, Fig. 8.2.2. The musical atmosphere progresses, describing a new chapter in his 
life, meeting his love.  
She waits for him in a lost space, describing her state of mind, carefully jumping in his boat, 
continuing their journey together. 
 

 
Fig. 8.2.2: Character Development Score 

 
Transition, Fig. 8.2.3. The two encounter a storm, describing their inner thoughts and feelings, 
blaming each other for the hard times they live together.  
 

 
Fig. 8.2.3: Transition Score 

 
Recapitulation, Fig. 8.2.4. The mood changes back, echoing the beginning, the journey ends 
with the two characters separating. 
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Fig. 8.2.4: Recapitulation Score 

 
Design and Visualization. The characters, Fig. 8.2.5 are designed by Maria-Ivan Gurzu and 
are animated in After Effects24 using the Inverse Kinematic Animation plugin DUIK Basel 
software25, Fig. 8.2.6. 
 

 
Fig. 8.2.5: Character Design by Maria-Ivan Gurzu 

 

 
Fig. 8.2.6: Inverse Kinematic Animation in After Effects 

 
As seen in Fig. 8.2.7, the 3D perspective is generated using the 2D plates rotated in Cinema 
4D26. 
 

 
24Adobe After Effects is a digital application for visual effects, motion graphics, and compositing. 
25Duik is an animation and rigging application for Adobe After Effects. 
26Cinema 4D is a 3D software for animation and modeling developed by MAXON Computer GmbH. 
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Fig. 8.2.7: Cinema 4D Perspective View 

 
Programming. The live performance is based on a real-time score following using Antescofo 
Max external objects. As seen in Fig. 8.2.8, the Max patch listens to the audio input from the 
piano that is sent to the Antescofo score follower, Fig 8.2.9: 
 

 
Fig. 8.2.8: Max Patch, Live Audio Input Routing 
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Fig. 8.2.9: Antescofo Score Follower 

 
The Antescofo is designed to trigger events based on the player performance timeline that are 
sent to Resolume, controlling video playback and Lightkey, controlling the light design, Fig. 
8.2.10 and Fig. 8.2.11 
 
Antescofo Code Example: 
 
; ----------- measure 1 --- beat 0 --- time signature 4/4  
 
BPM 80 
    actioneaza 0  
 actioneaza bang 
NOTE 0 4 measure1 
EVENT 1 EVENIMENT1 
    actioneaza 1  
 actioneaza bang 
; ----------- measure 2 --- beat 4 --- time signature 4/4  
 
NOTE 0 1/2 measure2 
CHORD (C#4 E4) 1/8 
NOTE 0 5/16 
NOTE B3 1/6 
NOTE 0 5/16 
CHORD (C#4 E4) 1/12 
NOTE 0 41/16 
; ---------------------------------------------------------------------- 
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Fig. 8.2.10: Resolume Video Playback    Fig. 8.2.11: Lightkey Software, Lights Design 

 
The Journey was publicly performed at: 
 

- I.T.P.M.A Master Degree Exam - CINETIc 
Date: February 2019. 

 
- Organic Proxy Interactive Installations Exhibition 

Date: 19.04.2019 
Location: The National Museum of Contemporary Art, Bucharest 
Estimated visitors: 100 

 
Video Link: https://www.youtube.com/watch?v=Upqsk_mFYfA 

8.3 me:ta bolero - Transforming analog signal to digital feedback 
 
The “me:ta bolero” is a fusion of VR, live performance and audio-reactive composition inspired 
by the French composer Maurice Ravel’s classical ballet “Bolero” written in 1928 and it’s 
choreography performed by Sylvie Guillem created by the French choreographer Maurice Béjart. 
 
The word meta, comes originally from the Greek meta - “μετά” which means "after" or "beyond", 
in English it indicates a concept or an abstraction for another concept, often used to complete or 
add to the latter. 
 
“Boléro is a one-movement orchestral piece by the French composer Maurice Ravel (1875–
1937). Originally composed as a ballet commissioned by Russian actress and dancer Ida 
Rubinstein, the piece, which premiered in 1928, is Ravel's most famous musical composition”. 
[12] 
 
 
 
The me:ta bolero experience requires two performers, one musician, and one dancer.  

https://www.youtube.com/watch?v=Upqsk_mFYfA
https://en.wiktionary.org/wiki/meta-
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The musician performs on both analog and electronic instruments and the dancer, wearing a VR 
headset controls the movement of a virtual character while he dances and interacts with both 
the music and the VR environment. 
Everything that the dancer sees in VR is projected on a 1:1 scale video wall so that the audience 
will see a dance between a real person and a VR character interacting with each other. 
 
The dancer also has the ability to perform on a real instrument having a virtual representation 
instrument overlayed in the VR world. Fig. 8.3.3 
 
The me:ta instrument is a fusion of multiple acoustic and digital instruments mixed and digitally 
processed in Max/Msp using MuBu27 / PiPo28, mfcc or Mel-Frequency Cepstral Coefficients 
audio descriptors for analyzing, computing and transforming the audio signal into data streams. 
 
The Temple Instruments, Bass Temple Bow and the Spring Temple Plate, designed by Dan 
Șerbanescu are the core of the me:ta instrument together with a cymbals stack, a drum sampler 
and an analog synthesizer all connected via Max/Msp that sends data flow to Wekinator29, Fig. 
8.3.5, using machine learning to build an electronic musical instrument. 
 
The VR/Video environment, Fig. 8.3.0 is created in Unreal Engine30, a game engine developed 
by Epic Games that facilitates real-time human-computer video interaction. 
The data flow is passed back to Max/Msp via OSC (Open Sound Control) a protocol for 
communication among computers, sound synthesizers, and other multimedia devices that is 
optimized for modern networking technology. Fig. 8.3.4 
The resulting data is then independently sent to Lightkey, a professional lighting control 
application using DMX31 (Digital Multiplex) protocol to control DMX-compatible fixtures, such as 
moving heads, scanners, or lasers and to Resolume Arena, an instrument for VJs, AV 
performers and video artists that allows users to quickly play and improvise visuals in real-time 
to control the LED Stripes. 
 
Finally, all the data flow is shared between the Audio and the Unreal Engine’s VR environment 
through Lightact32. Fig. 8.3.2 
 
Next the author will present in detail key aspects in the development of the experience looking 
in depth of the music creation and software programming in making the me:ta bolero VR 
experience. 
 

 
27MuBu is a toolbox for multimodal analysis of sound and motion, interactive sound synthesis and machine 
learning. 
28PiPo is an extremely simple plugin API for modules processing streams of multi-dimensional data such as 
audio, audio descriptors, or gesture and motion data. 
29Wekinator is a free, open-source software for machine learning created by Rebecca Fiebrink in 2009. 
30The Unreal Engine is developed by Epic Games, a game engine with extended applications in VR. 
31DMX or DMX512 is a standard for digital communication networks commonly used in stage lighting and effects 
control. 
32Lightact is a node-based visual scripting tool that can build conditional action flows based on myriad different 
triggers. 
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Music and interaction programming. As a music creation tool, Logic Pro is used, a Digital 
Audio Workstation and MIDI sequencer software application for the macOS platform in 
conjunction with live percussion and synthesizer instruments like Novation - Peak. 
 
The tempo is following one of the original score reversions that Ravel did indicating 72bpm. The 
interpretation of this musical piece is in the regards of time signature where the author is using 
4/4 time signature instead of 3/4 as the original notation but keeping the Ravel’s straightforward 
unchanging ostinato rhythm construction and phrasing for all the instrumentation. 
 
A multitrack session played as a controlled sequence in Ableton Live (DAW designed to be an 
instrument for live performances). Fig. 8.3.1 
 

 
Fig. 8.3.0: Video Projection Screen, 1:1 Scale 

 

 
Fig. 8.3.1: Ableton Live Arrange View 

 
Ableton live in conjunction with Max/Msp is sending and receiving data to Unreal Engine via 
OSC protocol as follows: 
 

- Sending signature, tempo and tick events to the Oculus Touch Controllers making the 
dancer to have a haptic representation of tempo and a dedicated vibration score. 

- Ableton Live receives Next-Scene-Events from Unreal Engine via Lightact software sent 
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using the OSC protocol from the Oculus devices controlled by the dancer who can 
improvise on the order of the scenes. 

 

 
Fig. 8.3.2: Lightact Node Routing 

 
Unreal Engine 3D character and environment interaction. The performer is facing in the VR 
environment a 3D Character visually connected to the Touch Controllers he wears, using virtual 
cables. Everytime the performer clicks and drags the controllers the 3D Character ballerina 
reacts and is responding to his movement creating a zero-gravity dance interaction between the 
performer and the 3D Character. 
 
Virtual environment contains an instrument that perfectly mirrors the real instrument, Fig. 8.3.3. 
 

 
Fig. 8.3.3: Temple-Spring-Instrument in real life (left) and virtual representation (right) 

 
 
The virtual instrument in conjunction with the Touch Controllers reacts and creates an 
environment change by generating particles. The sphere particles are generated by the real 
instrument using its analog output as follows: 
 
The sound from the instrument is passed to the computer’s sound card in Max/Msp using 
PiPo/Mel frequency analyzer. The data flow is then passed to Wekinator that uses machine 
learning algorithms to identify certain frequencies (in this case the spring sound in reaction to 
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the controllers plastic surface), after this process Wekinator outputs OSC events sent to Max for 
Live device plugin, Fig. 8.3.6 which is passed to Unreal Engine who generates the sphere 
particles. 
 

 
Fig. 8.3.4: Max/Msp, Pipo~ frequency analyzer 

 

 
Fig. 8.3.5: Wekinator Machine Learning Software 
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Fig. 8.3.6: Max for Live Device Plugin 

 

 
Fig. 8.3.7: Ableton Live Frequency Shifter Effect (controlled by motion controllers) 

 

 
Fig. 8.3.8: Ableton Live DSP controlled by motion controllers 

 
Virtual Reality design and programming. The me:ta bolero VR experience is entirely 



30 

produced in Unreal Engine 4.22 game engine developed by Epic Games and it uses the Paragon 
Yin 3D Character, entirely retargeted its purpose as a floating ballerina for this experience. 
 
“Unreal Engine uses Blueprint visual scripting system. Fig.8.3.9 [13] and it features a high degree 
of accessibility for artists with less programming knowledge and also a large portability feature. 
It is a tool used by many game developers, in visual arts, entertainment and architecture design.” 
 
“One of the major features of UE4 is the real-time global illumination, eliminating pre-computed 
lighting.” [14] 
 
In developing the VR experience the author is using particular visual scripting modules to 
interconnect the dancer’s movement and its wearable controllers with the Ableton environment, 
Max/Msp, Wekinator via Lightact. 
 

 
Fig. 8.3.9: Global representation of UE4 Level Blueprint 

 
 
Data interchange flow in Unreal Engine is facilitated by the Lightact system via JSON Shared 
Memory Listener33, Fig. 8.3.10. JSON34 (JavaScript Object Notation). 

 
33Shared memory is memory that may be simultaneously accessed by multiple programs with an intent to provide 
communication among them or avoid redundant copies. 
34JSON is an open-standard file format or data interchange format that uses human-readable text to transmit data 
objects consisting of attribute-value pairs and array data types. 
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Oculus35 Touch Controllers x,y,z position and rotation is captured by the Oculus sensors and 
interpreted as arrays of data in UE4. This array is sent via JSON memory share to Lightact using 
the module in Blueprint36 system.  
 
 

 
Fig. 8.3.10: JSON Memory Share Blueprint 

 
At the same time, the Oculus Controllers position and rotation, Fig. 8.3.11, is used as motion 
capture controlling Ableton Live DSP effects for individual instrument sound processing, Fig. 
8.3.8 and also the DMX LED stripes that are attached to Resolume, Fig. 8.3.12.  
 

 
35Oculus Rift is a HMD device for virtual reality. 
36Blueprints Visual Scripting is the main visual scripting system in Unreal Engine software. 
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Fig. 8.3.11: Max/Msp Controllers Data Flow 

 

 
Fig. 8.3.12: Resolume and led DMX Stripes 

 
The data flow sent from the Temple-Spring instrument via Wekinator is passed to UE4 via OSC 
protocol and the system is triggering the spawning of sphere particles in the environment. Fig. 
8.3.13: 
 

 
Fig. 8.3.13: Particle spawn via Wekinator, Max/Msp 

 
The 3D character is controlled by the performer's hands position, Fig. 8.3.14, capturing the 
motion of the dancer wearing the Oculus Touch Controllers. The data is applied to the motion of 
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the 3D character using the Get All Actors with Tag module, Get World Location of the motion 
controllers and Set Actor Location for the first virtual cable vertex point, Fig. 8.3.15: 
 

 
Fig. 8.3.14: 3D Character control via Blueprint 

 

 
Fig. 8.3.15: Rigged Paragon Yin 3D Character 

 
me:ta bolero experience was initially presented in the CINETIc Institute in June 2019 and it is 
still in development. 
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8.4 The Forest - VR Experience 
 
The VR experience is an immersive game placed in an interactive space that challenges the 
user to solve a coloured-musical-sound puzzle. Solving the riddle the user will safely elevate to 
the stars. 
 

 
Fig. 8.4.0 - VR user perspective 

 
Using Unreal Engine 4.2 in conjunction with Leap Motion controller the user can see a virtual 
representation of his hand in the VR environment, squeezing any of the hands a particle sphere 
is generated. Focusing his view on and hitting several surrounding objects, the user discovers 
four different colors and sounds that create a melody. Triggering the melody in a specific 
sequence, the user solves the puzzle and the camera elevates him to the sky leaving the ground 
and revealing the place called “HOME”. 
 
Designing the environment involves 3D objects modeling made in Cinema 4D Software, Fig. 
8.4.3 and SpeedTree Software37, as shown in Fig. 8.4.1. 
 

 
Fig. 8.4.1: SpeedTree Model 

 

 
37SpeedTree is a vegetation programming and modeling software, generating virtual foliage for video games and 
demanding real-time simulations. 
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Fig. 8.4.3: Unreal Engine - Environment Design 

 
In the environment there are four interactive objects that the user is invited to discover. 
When the experience begins, the user is surrounded by orange spheres, four of them having an 
emissive color attached as seen in Fig. 8.4.4: 
 

 
Fig. 8.4.4: Unreal Engine - Emissive Sphere Color 

 
 
Game Mechanics. The user is invited to explore the hand gestures that allows him to interact 
with the environment. Fig. 8.4.5: 
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Fig. 8.4.5: Instructions Screen / Grab Hands Gesture 

 
The Squeezing hand gesture generates a sphere particle using the Pinch Leap Motion Library 
inside UE4. 
 
When the gesture is made, a series of events are triggered in sequence as seen in Fig. 8.4.6: 
 

1. Branch (checks if condition is true or false) 
2. Do Once (acts like a gate that triggers only one time)  
3. Add Audio Component (adding an audio sample at location)  
4. Spawn Emitter Attached (getting the vector position of the hands and emit particle 

accordingly)  
5. Delay (switching off the Do Once gate module) 

 

 
Fig. 8.4.6: UE4 Leap Motion Gesture Visual Coding 

 
The sequence puzzle. In order to resolve the puzzle, the user has to discover and hit the 
spheres in a particular order. 
Each sphere has its own particular ID, see Fig. 8.4.7, a color and a sound that goes into an 
Array. 
The Make Array Module sets an Array Variable. Each time the user hits a sphere, the Array 
Variable is checked. If the array matches with the hit sequence order a true statement is set and 
the puzzle is solved. 
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Fig. 8.4.7: UE4 Array Sequence Variable 

 
Dynamic Materials. Fig 8.4.8. Each time a sphere is hit the material is changed and a sound is 
added to that particular object Using Dynamic Materials Module. 
The Dynamic Materials are used in conjunction with Set Vector Parameters Value on Materials 
Module that allows to dynamically change material properties in real-time. 
In this example the author used Emissive color to signal that a sphere is activated. 
 

 
Fig. 8.4.8: UE4 Dynamic Material 

 
When the puzzle is solved, a Cinematic Sequence is triggered that takes the user to the next 
level. Fig. 8.4.9: 
 

 
Fig. 8.4.9: Top view of the environment 

 
The Forest VR experienced was publicly presented at the following events: 
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- The White Night of the Art Galleries 2018 
Date: October 5, 2018 
Location: CINETIc institute, Bucharest 
Estimated visitors: 200 
 

- Organic Proxy Interactive Installations Exhibition 
Date: 19.04.2019 - 19.05.2019 
Location: The National Museum of Contemporary Art, Bucharest 
Estimated visitors: 4000 
 

- AMURAL V - Festival Visual 
 Date: 28.08.2019 - 01.09.2019 
 Location: Brasov 
 Estimated visitors: 1000 

 
Additional files are available on the DVD attached. 
A video teaser can be watched here: https://youtu.be/bB-9SP_SRag 

8.5 Fly Baby, Fly! - VR Experience 
 

 
Fig. 8.5.0 - Poster 

 
Fly Baby, Fly! is an immersive Mixed Reality38 experience where the user is invited to experience 
once again the journey every human has right before they are born. 
 
The user sits comfortably on a cocoon-like hammock, put the VR glasses and transpose into a 
virtual world, standing on a white cloud, held by a stork, Fig. 8.5.1. 
The virtual experience is multi-sensorial, the whole setup being intended to be placed in a cold 
temperature room, with three air-ventilators simulating the wind made by the stork wings. 
 

 
38Mixed reality is a fusion of reality and virtual reality, encompassing both augmented reality and augmented 
virtuality via immersive technology. 

https://youtu.be/bB-9SP_SRag
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Fig. 8.5.1: Room Setup 

 
Music composition. The music for this experience is intended to be descriptive and 
programmatic. Written in the key of F-sharp Major, the ambiental mood and pace delivers a safe-
cosy-aura that makes the user feel suspended in thin air. 
The orchestration features classical instruments like, contrabass, cello, viola and violin (a 
classical quartet), adding celeste, piano, electronic instruments, synthesized voices, and sound 
design effects. 
The music is mixed and mastered for surround playback, Fig. 8.5.2, an array of six speakers is 
needed for a proper audition.  
 

 
Fig. 8.5.2: Ableton Surround Playback 

 
The Virtual Reality Design. The visual design and experience is made in Unreal Engine 4.23, 
involving a large scale open world linked by an transhumance tunnel, Fig. 8.5.3: 
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Fig. 8.5.3: Game Starting Screen 

 
The 360o environment invites the user to look around and discover himself on a cloud, held by 
a stork in her beak. The user is then invited to read a short story and, when ready, to focus his 
eyes on the text for 5 seconds in order to start the flight. Once the experience begins, the stork 
opens her wings and starts flying, carrying the user in different worlds as seen in Fig. 8.5.4. The 
wings animation triggers the ventilators movement, pushing cold air. 
 

 
Fig. 8.5.4: Third Person Environment View 

 
Programming and data flow. The VR Experience is based on data flows generated by Unreal 
Engine to Lightact using Shared Memory Listener, see Fig. 8.5.5, sent over the LAN Network 
via OSC to Max/Msp and Touchdesigner39 with DMX protocol. 
 
Unreal Engine calculates the path in which the stork follows and sends an alpha channel from 
0-1. This float number is sent to Lightact using Shared Memory. In Lightact, the data is parsed 
and transformed to String Value and sent via LAN over OSC, Fig. 8.5.6: 
 

 
39Touchdesigner is a node-based visual programming language for real-time interactive multimedia content, 
developed by Derivative. 
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Fig. 8.5.5: Unreal Engine Shared Memory Listener 

 

 
Fig. 8.5.6: Lightact String to OSC Data Control 

 
Data received in Max/Msp over OSC, Fig. 8.5.7 is sent to Ableton Live and Touchdesigner via 
MIDI with the use of a simple condition, in this case, the Alpha float channel. 
When the float is at 0, one Midi note is generated and if the float is bigger than 0.0 but less than 
1.0, the second MIDI note is generated. 
 

 
Fig. 8.5.7: Max/Msp Patch, OSC Data Flow 

 
The use of the MIDI notes is as follows:  
 
In Ableton, MIDI Note 1 plays Scene 2 starting the music and SFX in sync, MIDI Note 2 Plays 
the Second Scene, stopping the whole sequence. 
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Fig. 8.5.8: Ableton Scenes Playback 
 

At the same time, the two MIDI Notes sent from Max/Msp are sent to Touchdesigner software 
controlling the three ventilators speed individually via DMX. 
 

 
Fig. 8.5.9: Touchdesigner DMX Air Flow Control 

 
Fly, Baby Fly! VR experienced was publicly presented at the following events: 
 

- The White Night of the Art Galleries 2019 
Date: 11.10.2019 
Location: CINETIc Institute, Bucharest 
Estimated visitors: 100 
 

- BINAR 2019 
Date: 21.11.2019 - 24.11.2019 
Location: The Creative Neighborhood, George Enescu Square, Bucharest 
Estimated visitors: 1000 

 
Additional files are available on the DVD attached. 
Video is available here: https://youtu.be/QS49FBZDulo 

9. ANALYSIS 
 
Based on the examples presented in this thesis, the next section will address some facts 
regarding the musical expression language that the author uses in his practice.  
One of the most often met elements of interaction with the computer uses the score-driven 
system augmented with performance-driven elements. This fusion of classical environment with 
the digital tools provide a high degree of performance freedom, a place where other elements of 
art can intertwine. 
As technology evolves in a “Jumping Jesus” pace40, musical instruments also evolved as a 
response to human needs of expressing in new manners, with a new set of gestures and 
feedback. A process that will constantly evolve until we as human beings will be able to 
consciously communicate and share ideas intuitively, with each other and also with computers. 
 

 
40Jumping Jesus is a phenomenon found in the “The Acceleration of Knowledge: The Jumping Jesus 
Phenomenon” audio book about the exponential doubling of knowledge throughout history and the inevitable 
migration of technology, culture to space and beyond. 

https://youtu.be/QS49FBZDulo


43 

There is also a counterpoint in the musical instruments evolution, one being that the human 
expression comes from the tools they encounter. With the fast expansion list of instruments 
recently invented, musicians tend to be selective and to focus more of their attention to those 
instruments or experiences that continue and expand their personal way of musical expression 
rather than exploring others that are totally new to them. 
 
A study made in 2008 by Thor Magnusson in his phd dissertation “Epistemic Tools”, [15] shows 
how people deal with new instruments at that time and how they were perceived: 
 
“I don’t feel like I’m playing a digital instrument so much as operating it.” 
“Eternal upgrading makes me nervous.” 
“Full control is not interesting for experimentation. but lack of control is not useful for 
composition.” 
“Can a software ‘instrument’ really be considered an instrument, or is it something radically 
different?” 
“The relationship with my first instrument (guitar) is a love/hate one, as over the years I 
developed a lot of musical habits that are hard to get rid of ;-)” 
“I think acoustic instruments tend to be more right brain or spatial, and digital instruments tend 
to be more left brain and linguistic.” 

10. CONCLUSIONS  

 
Until the invention and the evolution of VR, people would go to concerts, enjoy music or visual 
experiences as a spectator, were able to look at a screen or stage limited by the surrounding 
space. Today the VR environment provides a new way of experiencing music and visual-arts 
being able to get immersed into an imaginary world and even to contribute to its creation by 
adding your perspective to it. 
 
Perhaps VR is a preparatory environment in technological evolution, a step towards full 
immersion where the heavy weighted glasses will be replaced by thin contact lenses and where 
the hardware processing components will be replaced by microscopic nano-implants. 
 
The evolution of digital instruments is a turning point in the author’s way of creating music and 
visual experiences, in the ways of sharing and exchanging emotions with others. The new way 
of interaction with the help of the latest technologies that provide a new platform for expressing 
and communicating ideas and emotions. 
 
Enhancing ourselves by taking advantage of the latest technologies and science is part of our 
artistic evolution but is important not to forget our human nature, our roots that are strongly linked 
to earth, nature, air and direct human interaction. This process is very beneficial in many aspects 
of life but they also can create a gap in regards to human-to-human relationships, of deep 
feelings, love and care. So let’s take a step back for a moment and concentrate our attention on 
us as organic creatures. 
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