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Abstract 
 
 

This thesis focuses on the method for creation of automatic music visualisation based on human 

emotions. Through the investigation of psychological effects of music and also the psychological 

effects of visual imagery and art on humans, a scientific and mathematical method of bridging 

between the two art forms is created; a mapping from music to visuals that preserve emotional 

content. Since the method is based on objective, general human responses and emotions, this 

technique enables the creation of the first non-subjective design of music visualisation.  

 

One motivation behind this work is to create immersive audio-visual environments in order to 

enhance the experience of listening to music. For this purpose, a simple translation of music into 

visual imagery, such as a waveform, would not suffice. The aim is to create a genre of art in 

which two separate art forms not only co-exist harmoniously and synonymously, but are also co-

dependant in their influence on humans; an art form more than the sum of its parts.  

 

This thesis describes a number of significant advances. Firstly, an algorithm was developed to 

analyse and numerically characterise music in terms of emotions. This algorithm enables the 

measurement of the qualitative aspects of music. Secondly, an algorithm was developed for 

creation of a powerful tool designed for generation of artificial art based on visual tools and 

grammar of art and design. Thirdly, an algorithm was developed for extraction of emotions by 

analysis and numerical characterisation of visual imagery. Finally with the use of genetic 

programming, mathematical functions were derived which can translate salient and emotional 

content of music into salient aspects of visual imagery.  

 

Using the methods and algorithms described, automatic visualisation of music is possible. By 

further development of these algorithms and techniques in the future, the translation of music into 

visual arts will become ever more accurate in terms of the messages music intends to convey. 

Moreover, the techniques can be extended in the future to incorporate all genres of music and 

visual arts from around the world.  It is hoped that in the future, music visualisation will shed 

light on various aspects of our psychology whilst creating a new art form. 
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CHAPTER 1 
 
Introduction 
 

1.1 Motivation 

Audio and vision go hand in hand in our daily lives as closely as thunder and lightning. Unless 

one is visually or audibly impaired, it is difficult to look at moving imagery without hearing a 

sound and to hear a sound without looking for the source. Sound is added to wildlife and nature 

programs, even to plant growth, in order to create a more holistic and believable experience. We 

never see the same thing when we also hear nor do we hear the same thing if we also see, one 

perception influences and transforms the other (Chion 1994). Experiments in psychology and 

neuroscience have demonstrated the effects of sound and vision on each other and have even 

demonstrated that visual illusions can be induced by sound1. 

 

It has been claimed that music is the language of emotions (Juslin & Sloboda 2001). The aim of 

art and music throughout our history has always been to communicate ideas and feelings that are 

difficult to communicate verbally or any other way. Music and colour are extremely powerful, the 

effects of which have been proved on animals as well as humans (Birren 1965). Text is 

sometimes insufficient in conveying certain concepts, for example graphical guides to the feel of 

an animation (colour scripts), are used by animators and artists as a tool for communication of 

ideas. ”A colour script is the artwork that visually supports the emotional content of an entire 

story through general colour, lightning and mood.” Ralph Eggleston, Pixar Production Design2 

 

As powerful as they are in their own right, music and imagery have accompanied each other in 

various forms such as dance in a multitude of cultures over millennia. The powerful combination 

of audio and visuals has been exploited by the movie industry as far back as the days of silent 

films when movies were accompanied and aided by a live orchestra. The following quote is from 

the renowned movie director, Alan Parker on film music: ”When music and images gel they can 

take the audience’s brains to another plane emotionally and dramatically.”3 

                                                 
1 http://neuro.caltech.edu/publications/cog-brain-res-2002.shtml 
2 Pixar 20 years of animation at the London Science Museum 2006 
3 http://www.bfi.org.uk/sightandsound/filmmusic/scoring.php?t=d 
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When asked about the subject of film and music, movie director Norman Jewison replied: ”The 

marriage of the moving image and music is perhaps the most powerful visual communication we 

have.”2 Numerous film directors have commented on the enhancement of emotional impact and 

depth of movies by the use of music.  

 

The union of music and visual imagery is now being exploited by the music, advertising and 

games industries to name a few. The new technological mediums such as the iPod, mobile phones 

and handheld computers are all built with audio and visual capabilities. With the advent of digital 

technology, development of new audio-visual media enable and help the growth of one of the 

fastest growing industries; the entertainment industry. 

 

The combination of music and visual arts has proved to be a very powerful tool but now this 

combination is also being used as a powerful entertainment package in its own right. Music and 

visuals are becoming so entwined that a new song is rarely released without the accompaniment 

of the video and in a sense; the music sells the video and the video sells the music.   

 

Musicians in bands such as Gorillaz are replaced by animation even on stage as a new form of 

entertainment. The light shows on the dance floor are being replaced by the digital visualisations 

of the video disc jockeys, while concert halls and music festivals are rarely without a background 

screen for the visual imagery accompanying the music. Digital visualisers such as windows media 

player and iTunes are the common accompaniments of music played on computers. 

 

Even though the function of music has been very much studied in terms of enhancement of the 

impact of film, the digital music visualisation is at its infancy. Windows media player and the 

iTunes music visualiser create random visuals for music and although still effective, this does not 

allow visual imagery to enhance the impact and emotional depth of music.  

 

In current music videos, the relation between the soundtrack and visual track is often limited to 

points of synchronisation, where the image matches the production of sound in someway. For the 

rest of the time, each goes its separate way (Chion 1994). Understanding emotion in music and in 

art and design can create one of the possible and probably one of the most powerful links between 

music and visual arts.  
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”The dream of creating colour music for the eye, comparable with 

auditory music for the ear, dates to antiquity…” Dr. William Moritz, World-

renowned expert on animation, experimental film and visual music4 

 

The creation of a bridge between music and visual imagery has been attempted by many scientists 

and artists. Sir Isaac Newton was convinced that there is a connection between the seven notes of 

a musical scale and the seven colours of the rainbow, the belief which lead him to create his 

colour wheel in the seventeenth century5. In the early twentieth century European and American 

artists began to ‘compose’ abstract paintings that emulated the aesthetic purity of music. Abstract 

artists such as Paul Klee (Kagan 1983) and Wassily Kandinsky, composers such as Olivier 

Messiaen (Thames & Hudson 2005) and experimental film makers such as Oskar Fischinger6 

have all attempted to visualise music in one form or the other. However, such works depended on 

the subjective interpretation of the artist or the composer. 

 

Kandinsky and Messiaen (Thames & Hudson 2005) had a form of synaesthesia - joining of senses 

as a result of some kind of cross wiring in the brain (Ramachandran & Hubbard 2005) which 

enabled them to see colour and shapes while listening to music. There is evidence to show that we 

all start life with the potential for synaesthesia and that later in our development our senses 

become separated7. Synaesthesia may also be induced in non-synaesthetes by the use of 

hallucinogenic drugs such as mescaline8 or LSD (Cytowic 2002). 

 

The success of exhibitions such as ‘visual music, synaesthesia in art and music’ as recently as 

2005 in galleries such as Museum of contemporary art in Los Angeles, Musee national d’art 

Moderne, Centre George Pompidou in Paris and The Hirshhorn museum of sculpture garden, 

exhibits the importance and timeliness of this not so new human fascination with music 

visualisation. Events such as Optronica9 and Visual Music Marathon10 in 2007 are also a reminder 

of the increasing popularity of this form of art or even science. It must be remembered that the 

work of visual music artists in any of the mentioned events are purely subjective. 

 

                                                 
4 http://www.iotacenter.org/ 
5 http://www.color-wheel-pro.com/color-theory-basics.html# 
6 http://www.artforum.com/archive/id=9502&search=fischinger 
7 http://www.bbc.co.uk/radio4/science/hearingcolours.shtml 
8 http://www.macalester.edu/psychology/whathap/UBNRP/synesthesia/SYNBRA~1.HTM 
9 http://www.optronica.org/ 
10 http://www.music.neu.edu/vmm/ 

http://www.color-wheel-pro.com/color-theory-basics.html
http://www.bbc.co.uk/radio4/science/hearingcolours.shtml
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An automated visualiser of music capable of enhancing and translating the emotional content of 

music can therefore be an asset in this era of digital technological growth. In order to welcome 

existing and future technology, and also to take visual music to a new dimension, it is inevitable 

for such a system to emerge. In a sense we propose to create a form of sign language for music by 

building the foundations for a universal language shared by most humans. Moreover, this work 

creates a necessary platform for understanding any multi-sensory form of communication; 

through human psychology and emotions. 

 

 

1.2 Thesis Hypothesis 

The hypothesis of this work is: 

 

Visualisation of music can be improved by the use of computational methods that automatically 

analyse and exploit the emotional content of a piece of music.  

 

In more detail:  

 

• Visualisation of music means the abstract imagery constructed with colour and form 

rendered and synchronised with music as it is played.  

 

• ‘Improvement’ will be measured by human experiments, focussing on the ability of 

the visuals to evoke similar emotions to the corresponding music, compared to 

random visuals. 

 

• Computational methods mean the music and visuals analysis software that use 

literature on emotional communication in such media. Also the machine learning 

technique adopted by the Empathic Visualisation Algorithm based on Genetic 

Programming. 

 

• Emotional content refers to measurement of six basic feelings identified in the 

literature that can be expressed in music and visual arts, namely: Excitement, 

Serenity, Happiness, Sadness, Anger and Fear.  
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• A piece of music refers to music within genres of western popular music, namely: 

Soft Rock, Hard Rock, Heavy metal, Electronic Dance, Folk, Pop, Funk, Ballad and 

Film Music. 

 

 

1.3 Thesis Objectives 

In order to provide evidence supporting this hypothesis, the following 12 objectives are defined: 

 

1) Identify the emotions capable of being expressed in both music and in visual arts. 

 

2) Identify the important elements that contribute to the emotional content of music. 

 

3) Discover pieces of music known for their high levels of emotional content. 

 

4) Devise and implement a method of evaluation of the elements responsible for 

emotions in music from various music files, Audio, MIDI and music sheet. 

 

5) Devise a method of extraction of emotional content from pieces of music.  

 

6) Create and implement a method for generation of visual imagery based on visual 

building blocks such as colour hue, saturation, luminosity, form, pattern and size etc.   

 

7) Identify the components that contribute to the emotional content of visual imagery.  

 

8) Devise methods of extraction of emotional content from visual imagery. 

 

9) Implement Empathic Visualisation Algorithm - a form of machine learning based on 

genetic programming used for discovering mathematical functions for automatic 

generation of visual imagery representing the emotional content of pieces of music.  

 

10)  Match imagery and pieces of music with the same emotional content. 

 

11) Demonstrate the validity of the system on the whole by the way of controlled human   

testing. 
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12) Demonstrate that it is possible for a computer to learn how to map musical features to 

visual features in a manner that preserves some of the emotional content. 

 

 

1.4 Contributions     

In the course of this research, the following contributions have been made: 

 

1) Finding the emotions present in both music and in the visual arts and design. 

 

2) Exploring the important parameters in music for extraction of emotional content by 

dissection of pieces of music into their constituent parts. 

 

3) Creating a hierarchy of parameters and their contribution to the emotional content of 

music. 

 

4) Quantification and enumeration of parameters in music contributing to emotional 

content. 

 

5) Creating an algorithm for finding and categorising chords in MIDI files. 

 

6) Finding the most effective and most suited forms of music transcriptions (audio, 

MIDI, written sheet music) for extraction of various parameters. 

 

7) Finding the smallest units of music most appropriate for extraction of emotional 

content for use in visualisation. 

 

8) Automatic generation of computer graphic arts.  

 

9) Extraction of emotional content of visual imagery by dissection of visual imagery 

into their constituent parts. 

 

10)  Creation of hierarchy of parameters contributing to the emotional content of visual 

imagery. 
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11)  Quantification and enumeration of parameters contributing to emotional content of 

visual imagery. 

 

12)  A method of synchronisation of visual imagery and music.  

 

13)  Relating visual imagery to pieces of music in terms of their emotional content. 

 

14)  Utilising genetic programming to create mathematical functions capable of learning 

music visualisation. 

 

 

1.5 Publications and Artwork 

The following are based on the research presented in this thesis: 

 

Publications: 

• Behravan, R., Bentley, P. J. and Carlisle, R., (2003) Exploring Reaction-Diffusion 

and Pattern Formation. In Proc of the First Australian Conference on Artificial Life 

(ACAL 2003). 

 

• Behravan, R., Bentley, P. J., (2004) Exploring Reaction-Diffusion and Pattern 

Formation for Conceptual Architecture. Book chapter in Morel, P. and Feringa, J. 

(Eds.) Computational Architecture. (DAPA, French Governmental Fund for the Art, 

Archilab, FKBK).  

 

• Behravan, R., Carlisle, R., (2004) Interactive Organic Art. In Proc of the Seventh 

International Conference on Generative Art (GA 2004). 

 

Magazine Articles: 

• Behravan, R., (2004) New Scientist, Graduate Careers Special, Music visualisation. 

http://www.newscientistjobs.com/graduate/real/lives.jsp?id=real51 

 

Installations:  

• Behravan, R., (2004) Logo Design and Animation for Glassworks post production and 

Visual Effects Company.  http://www.glassworks.co.uk/r_and_d/ 
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• Behravan, R., Carlisle, R., Bentley, P. J. (2006) Sound Painting, An Audio-Visual 

Installation. FRAMED Performance event and showcase for media arts to mark the 

10th anniversary of the Slade Centre for Electronic Media in conjunction with Node 

London. 

 

Artwork: 

• Behravan, R., (2003) Artwork and Logo Generation for Network for Artificial 

Immune Systems. 
 

• Behravan, R., (2005, 2006, 2007) Artwork on the cover of University College London 

Graduate handbooks for six individual departments of Engineering and Computing. 
 

• Behravan, R., (2005) Artwork in University College London Style Guide. 
 

• Behravan, R., (2005) Artwork used for the University College London Graduate 

handbook. 
 

• Behravan, R., (2006) Artwork used for the University College London Graduate 

handbook. 
 

• Behravan, R., (2006) Artwork in Engineering Doctorate Handout for the Electrical 

Engineering Department. 
 

Commercial Collaborations:  

• Carlisle R., Behravan, R., (2005) Music Visualisation for heaven nightclub. 
 

• Carlisle R., Behravan, R., (2005) Interactive audio-visual installation at the London 

future shorts, short film festival. 
 

• Carlisle R., Behravan, R., (2005) Graphics Synthesiser for the pop band Keane’s fears 

and hopes tour. 

 

• Carlisle R., Behravan, R., (2005) Concept development for Music visualisation for 

DMX music11. 

                                                 
11 http://www.dmx.com/default.aspx 

http://www.scemfa.org/
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1.6 Thesis Structure      

The remainder of this thesis is structured as follows: 

 

Chapter 2 explains the links between audio and vision and then goes on to explain the 

background in music and emotion and also in art and emotion, required for understanding the rest 

of the thesis.  It further describes genetic programming and the Empathic Visualisation Algorithm 

(EVA). The chapter then provides the background of all the related works in digital and non-

digital music visualisation. 

 

Chapter 3 describes the overview of the whole process in writing this thesis and the overall 

explanation of the implementation of automatic music visualisation in a nutshell. This entails 

methods of extraction of emotion from art and music, creation of an automatic art generator and 

the use of genetic programming for creation of an automatic music visualiser. The chapter then 

explains the method used for finding the emotions used in this thesis.  

 

Chapter 4 first goes through the existing literature relevant to this thesis on music and emotion. 

It then describes the method of choosing the songs for use with the music visualisation technique. 

It continues to explain the method of extraction of emotion from those songs step by step. Finally 

this chapter describes the result of such explorations. 

 

Chapter 5 explains the existing literature relevant to this thesis on art, visual imagery and 

emotion. It then describes the technique of harnessing such findings in order to create an 

automatic generator of art and design. The chapter then continues to explain the method of 

extraction of emotions from the visual imagery created by the art generator. 

 

Chapter 6 describes the method of utilisation of genetic programming in particular the Cartesian 

Genetic Programming together with the EVA in order to create mathematical functions over 

musical parameters capable of producing values in visual imagery. This method of machine 

learning ensures future automatic visualisation of music based on emotions.  

 

Chapter 7 explains the method of testing and experiments performed in order to prove that the 

system can create automatic music visualisation capable of mapping abstract visuals to music 

which contain equivalent emotional content. It then goes on to illustrate the results of such 

experiments. 
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Chapter 8 summarises the work presented in this thesis, demonstrating all objectives that this 

research has achieved. It then presents potential directions for future works. 

 

Chapter 9 addresses the commercial value of an automatic music visualiser and also the number 

of different applications of such software. 
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CHAPTER 2 
 
Background and Literature Review 
 

2.1 Introduction 

In this chapter the background for the thesis will be presented in addition to a literature review of 

related work i.e., music visualisation of various forms. In section 2.2 the relationship between 

sight and sound will be presented. In section 2.3 a description of emotion in music and visual arts 

together with a list of different elements which provide emotional impact in both art forms will be 

provided. Section 2.4 contains the background and history of existing and past music 

visualisations and their critical review. In section 2.5 the background required for genetic 

programming and the empathic visualisation algorithm will be described and the reasons for their 

use in this thesis. Finally section 2.6 provides the summary of this chapter. 

 

 

2.2 Sight and Sound 

In this section, the connection between sight and sound and their biological, neurological and 

physical link will be discussed.  

 

Connections between Hearing and Vision 

Both ear and the eye are sensing devices which with the aid of the brain convert sound and light 

into information about our environments. A significant modulation of neural activity has been 

observed in response to the pairing of concordant visual and auditory stimuli (Calvert et. al. 1999, 

Schroger & Widmann 1998) proving the existence of a strong link between hearing and vision. 

 

The result of experiments by Shams et. al. (2001) show that sound can alter the activity in the 

visual cortex and even create visual illusions. Their experiments have shown that when a single 

flash of light is accompanied by multiple auditory beeps, the single flash is perceived as multiple 

flashes (Shams et. al. 2004). Watanabe & Shimojo (2002) have shown that when two identical 

visual targets are moving across each other, they can be perceived either to bounce off or to 

stream through each other due to a brief sound at the moment the targets coincide. Vroomen & de 

Gelder (2000) have demonstrated that when an abrupt sound is presented during a rapidly 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Vroomen+J%22%5BAuthor%5D
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changing visual display, it looks as if the sound is freezing the visual stimulus for a short 

moment.  

  

Cross-modal interactions have also been observed in the perception of emotions. Listeners having 

to judge the emotion in the voice are influenced by whether a face expresses the same emotion or 

a different one. The converse effect has also been shown to occur, in which subjects have to judge 

a face while hearing a congruent or incongruent voice (Vroomen & de Gelder 2000).  

 

Effects of Sound on Colour Vision 

Simpson et. al., (1956) found in children a systematic relation between hue and pitch: The higher 

the pitch of a pure tone, the more likely it was to be associated with yellow and less likely with 

blue. 

 

In general, sounds of high pitch tend to shift the appearance of colour towards a lighter hue such 

as yellow, while low pitch shifts the same colour towards a darker hue such as blue or violet. 

High-pitched sound sharpens the contours of an after image while low pitches tend to blur them. 

Generally speaking, during sound, cones in the retina are more sensitive to green and to a lesser 

degree to blue, and less sensitive to warm colours, especially red (Kopacz 2003). 

 

The dimension of intensity is usually considered to be represented by brightness in vision and by 

loudness in hearing. In many experiments, it was reported that people match increasing loudness 

to increasing brightness (Marks 1974, Stevens & Marks 1965, Marks & Stevens 1966, Root & 

Ross 1965). In experiments by Marks (1974) Subjects searched for pure tones to match the 

brightness of grey surfaces. Nearly all repeatedly set increasing pitch to increasing brightness, 

such results have been confirmed by Karwoski & Odbert (1938).  

 

Synaesthesia 

Vision and hearing are inextricably linked in our brain, but this is only really apparent to the one 

or two per cent of us, those with a rare condition in which the senses merge, the synaesthetes 

(Highfield & Fleming 2006).  

 

Synaesthesia refers to the phenomenon in which stimulation of one sense modality gives rise to a 

sensation in another (Harrison & Baron-Cohen 1994). The term ‘synaesthesia’ originates from the 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Vroomen+J%22%5BAuthor%5D
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Greek syn (together) and aisthesis (perceive). The most common form of synaesthesia is known 

as colour hearing, the phenomenon of seeing colours and patterns when hearing music. Numerous 

artists, musicians and writers have used their gift of synaesthesia to produce some of the most 

remarkable pieces of art. Kandinsky, Messiaen, Scriabin, Gershwin, Nabakov and Boudelair to 

name a few of the prominent figures in history of art, music and literature were all synaesthetes 

(Brougher 2005).  

 

Studies have shown that some combinations of sound and vision go together better than others 

and we tend to agree on what goes well together. Synaesthetes are able to detect combinations of 

sight and sound that are more appealing to the rest of us (Highfield & Fleming 2006). The reason 

behind this is that it is thought that all humans start life as synaesthetes but most of us seem to 

loose this ability as we grow into adults. The sensory pathways are ill-defined in infants, and it is 

only later in a child's development that the senses are separated. Scientists are coming to the 

realisation that we may all have the capacity for vestigial synaesthesia, even if our sensory 

pathways have been separated out as normal12.  

 

The results of tests by Marks (1974) on sound and vision also mimic those of synaesthesia and 

suggest that most subjects may match auditory to visual brightness. Also results from drug tests 

show that a synaesthetic experience can actually be manufactured with the help of artificial 

stimulants (Cytowic 2002).  

 

 

2.3  Emotion in Music and Visuals Arts 

The intention of music and visual arts is to convey implicit messages in order to communicate 

concepts that are non-communicable verbally. According to Susanne Langer (Langer 1953) all 

works of art are purely perceptible forms that seem to embody some sort of feeling.  

 

 

 

 

                                                 
12 http://www.bbc.co.uk/radio4/science/hearingcolours.shtml 
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2.3.1    What is Emotion? 

 
”Everyone knows what emotion is until asked to give a definition.” Ferh & 

Russell (1984) 

 

It has been suggested that there are over 90 different definitions of emotion in existence in the 

scientific literature (Gaggioli et. al. 2003). Humans communicate their feelings and sensations in 

many different ways and through various channels. Communication can be explicit, i.e., 

conveying messages such as text or the musical score; or implicit such as gesture or eye gaze.  

 

The framework used by most literature on music and emotion is the Valence (pleasure or 

displeasure) and Arousal (activation) Emotion Space designed by psychologist J. A. Russell 

(1980). In this model, the affective experience refers to a circumplex, or circular ordering of 

emotion concepts around the perimeter of a circle, in which the lateral and horizontal axes are 

defined by the valence and arousal dimensions, see figure 2.1. This model offers the initial 

framework for the measurement and evaluation of emotion in the thesis.  

 

 

 

Figure 2.1 Russell Circumplex Model of Affect, courtesy of the APA permission office  
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Music and abstract art are channels which enable non-verbal communication of emotions. 

However not all emotions can be expressed in these art forms nor do they share all of the 

emotions capable of expression. 

 

2.3.2   Music and Emotion 
 

”Music is the shorthand of emotion.” Leo Tolstoy13 

 

The study of music is synonymous with the study of music and emotion. Music can profoundly 

affect our moods and this fact is a reality of every-day life. According to the music and 

neurophysiology scholar Clynes (1975), appropriate structured music acts on the nervous system 

like a key on a lock, activating brain processes with corresponding emotional reactions. Studies 

indicate that musical stimulation has measurable effects on even animals such as young chicks 

and their behaviours and brain chemistries (Panksepp & Bernatzky 2002). The influence of music 

is being exploited in all areas from therapy to marketing and retail to heal and to encourage sales 

(Bruner 1990). 

 

Appreciation of music seems to be innate in humans. About two weeks before birth, foetuses 

recognised the differences between the music heard daily by their mothers for weeks and a novel 

song. Infants as young as two months prefer consonant sounds to dissonant ones and can 

differentiate between two adjacent musical tones. They can also notice changes in tempo and 

rhythm in addition to recognising a melody when it is played in a different key (Weinberger 

2004).  

 

Tests by Blood et. al. (1999) show that different localised brain regions are involved in the 

emotional reactions when listening to consonant or dissonant chords. Blood and Zatorre (2001) 

also found that music activates some of the same reward systems that are stimulated by food, sex 

and addictive drugs. A case of a woman has been recorded who suffered bilateral damage to her 

auditory cortical regions. She could not sense nor recognise any music but had normal emotional 

reactions to different types of music and her ability to identify an emotion with a particular 

musical selection was completely normal (Weinberger 2004). 

 

                                                 
13 http://www.brainyquote.com/quotes/quotes/l/leotolstoy106870.html 
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Sloboda (1991) revealed that more than 80% of sampled adults reported physical responses to 

music, including thrills, laughter or tears. In a study by Panksepp (1995), 70% of several hundred 

men and women polled said that they enjoyed music because it elicits emotions and feelings. In 

tests performed by Krumhansl (1997), heart rate, blood pressure, respiration and other 

physiological measures were recorded during the presentation of various pieces that were 

considered to express happiness, sadness, fear or tension. Each type of music elicited a different 

but consistent pattern of physiological change across subjects. 

 

Studies in music psychology have tried for a long time to understand how it is that music 

communicates emotion to listeners. The major force of emotion in music has been the work of L. 

B. Meyer (1956) who made a number of key points that continue to influence thinking about the 

aesthetics and philosophy of music today.  

 

More recently, experimentalists have attempted to quantify emotional communication in music. 

Juslin (1997) conducted an experiment in which professional musicians were instructed to play a 

short piece of music so as to communicate one of four basic emotions to listeners. He then 

analysed acoustic correlates of tempo, onset time, and sound level in the performances, and tried 

to correlate these physical variables to the emotional intent of the performers. While he found that 

listeners were reliably able to detect the emotion being communicated, it was hard to determine 

exactly the physical parameters which conveyed the emotional aspects of the performance. A 

series of papers by Crowder and various collaborators (1985a, 1985b, Kastner & Crowder 1990) 

evaluated the association of the major tonality with ‘happiness’ and the minor tonality with 

‘sadness.’  

 

Musical Elements 

For students of music, one of the primary lessons would be to learn about rhythm, harmony and 

melody. These elements not only exist in almost any style of music, western or eastern, but they 

contribute to the emotional impact that music has on us. Gundlach (1935) concluded from his 

experiments that speed (tempo) is by far the most important factor for perceived expression in 

music, followed by rhythm. Several experiments by Hevner (1937) demonstrated that variables 

with the largest effects on listeners' judgments were tempo and mode. Crowder (1985b) showed 

that there are more happy-type responses to major chords than to minor chords. 
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For example, fast tempo is associated with various expressions of activity, excitement, happiness, 

potency, anger, and fear, while slow tempo is associated with various expressions of sadness, 

calmness, dignity, and solemnity. Loud music may determine the perception of expressions of 

intensity, power, anger, and joy whereas soft music may be associated with tenderness, sadness, 

solemnity, and fear (Camurri 2005).  

 

Not all literature agree on which musical elements are most important in terms of evoking 

emotions. The fact that music is more than the sum of its parts might be the reason for the      non-

uniformity of literature on music and emotion. Music is a very complex phenomenon and  no 

musical factor works in isolation, its effects are dependent on other factors present (Hevner 1935, 

1937, Rigg 1964). This fact is reminiscent of theories in Gestalt psychology which states that 

we are built to experience the structured whole as well as the individual sensations (Koffka 

1935). With this fact in mind, the elements that occur frequently in literature are as follows: 

tempo, mode, harmony, pitch register, volume, rhythm and timbre, each of which will be 

explained together with their emotional impact in chapter 4. 

 

2.3.3    Abstract Visual Arts and Emotion 

 

”A work of art which did not begin in emotion is not art.” Paul Cezanne14 

 

The following statement was made by Rudolf Arnheim (1958) on the subject of psychology of 

art: ‘The particular aspects of reality caught and reproduced by the work of art are said to be 

accessible neither to sensory perception nor to the intellect but instead to the third capacity, called 

feeling’.  

 

Neurologist, S. Zeki (1999a) believes that a common neural, visual and emotional organisation 

and workings of the brain allows us to communicate through art without the use of the spoken or 

written word. He believes that the visual arts obey the two important laws of the brain: The law of 

constancy; to seek knowledge of the constant and essential properties of objects and the law of 

abstraction; the process in which the particular is subordinated to the general, so that what is 

represented is applicable to many particulars.  

 

                                                 
14 http://quote.robertgenn.com/auth_search.php?authid=92 



 18 

Dondis (1973) believes that abstraction can increase the attainability of the message and mood. In 

his words: ‘The abstract conveys the essential meaning, cutting through the conscious to the 

unconscious, from the experience of the substance in the sensory field directly to the nervous 

system, from the event to perception.’  

 

Modularity of the Visual Brain 

Different areas of the brain undertake different tasks, there are separate colour and visual motion 

centres (V4 complex and V5 complex, respectively) in the visual cortex (Zeki 1999a). The result 

of recent psychophysical experiments demonstrate that we do not become conscious of different 

visual attributes at the same time, for example we perceive colour before we perceive motion 

(Moutoussis & Zeki 1997a, b).  

 

Some cells in the primary visual cortex, area V1, respond to a straight line of specific orientation 

(Hubel & Wiesel 1962) while cells in other areas are concerned with the direction of motion 

(Zeki 1974, Maunsell & Van Essen 1983). Orientation-selective cells correspond to lines of a 

particular orientation and are thought to be of neural ‘building blocks’ of form perception (Zeki 

1999b). 

 

Charles Cross et. al. (Frisby 1979) discovered some cells with highly complex and specific trigger 

requirements by recording from single cells in the inferotemporal cortex. Examples of shapes 

used to stimulate an inferotemporal cell, in order of increasing ability to drive the neuron:  

 

• Circle and Rectangle  

• Fan edged circle   

• Rectangle with a triangle on top (generic shape of a house) 

• Half a fan edged circle  

• Quarter a  fan edged circle (Frisby 1979) 

 

Each part of an input image is analysed by a neural machinery which looks at a particular part of 

an input and assesses what feature types are present i.e., lines, slits and edges, and what their 

characteristics are: orientation, contrast and fuzziness. When we see things, we are engaged in a 

process of identification - of features (shape, texture, size, movement etc.), objects, and other 

attributes of the scene (Frisby 1979).  
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It is therefore helpful to think of visual imagery in terms of their constituent parts and also to go 

about creation of visual imagery using such visual elements; however the emotional assessment of 

the whole visual scene may not be as simple. Dondis (1973) has named the following list of visual 

elements which can be used to create any visual imagery:  

 

• Colour 

• Line 

• Texture or pattern 

• Shape 

• Motion 

• Direction 

• Scale 

• Dimension 

 

Only two-dimensional imagery will be used in this thesis and explanation of some of the elements 

mentioned here and their emotional association will be presented in chapter 5. 

 

 

2.4 Music Visualisers     
 

”Most of us prefer images and sounds combined, rather than either in 

isolation, this finding may also explain why we like attending concerts, 

whether to see an accompanying light show or to watch the massed 

movement of violin bows.” Dr. J. Ward, Professor of psychology U.C.L.15 

 

The result of experiments suggest that although most of us do not literally ‘hear’ colours, the 

experience of ‘visual music’ can be appreciated by all of us (Highfield & Fleming 2006). In this 

section, other existing visualisation of music will be discussed. First of all a history of visual 

music in addition to a list of artists and scientists that have delved into this form of art will be 

presented. This is the history of the subjective creation of visual music. The second half of this 

section will present the automatic visualisers of music which form four categories: abstract 

random visualisations, realistic random visualisations, realistic visualisations based on emotions 

and abstract visualisations based on emotions. 

                                                 
15 http://www.telegraph.co.uk/news/main.jhtml?xml=/news/2006/09/05/nscience105.xml 
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2.4.1   History of Visual music 

Visual music is a form of multimedia which refers to methods that can translate music into a 

related visual presentation by means of a mechanical instrument, artist's interpretation, or a 

computer.  

 

The idea that music is linked to visual arts goes back to ancient Greece, when Plato (427 – 347 

BC), first talked of tone and harmony in relation to art16. Aristotle (384 – 322 BC) speculated that 

the mysteries of colour harmony might have something to do with musical harmony, an idea that 

would resonate for centuries. The spectrum of colours, like the language of musical notation, has 

long been arranged in stepped scales17. In the 17th century, Sir Isaac Newton divided the 

naturally-occurring light spectrum into 7 colours, one for each note of a musical scale. In this 

way, vibration of sound waves could be linked to corresponding wavelength of light in one 

mathematical formula (Klein 1926).  

 

The history of visual music, sometimes called colour music, includes experiments with colour 

organs and mechanical or electromechanical devices built to represent sound or accompany live 

music. French Jesuit monk Jesuit Louis-Bertrand Castel, proposed the idea of Ocular 

Harpsichord in the 1730’s. It had 60 small coloured glass panes, each with a curtain that would 

lift briefly to show a flash of corresponding colour when a key was struck18. Castel predicted that 

every home in Paris would one day have an Ocular Harpsichord for recreation, and dreamed of a 

factory making some 800,000 of them. But the clumsy technology did not really outlive the 

inventor himself, and no physical relic of it survives (Klein 1926). 

 

In 1844 D. D. Jameson published his pamphlet, Colour-Music, in which he described a system of 

notation for the new art form and an apparatus that filtered light through liquids of various 

colours and reflected it off of metal plates onto a wall (Peacock 1988). In 1877 Bainbridge 

Bishop, who was interested in the concept of ‘painting music,’ constructed a device that sat on 

top of an organ, allowing light to be projected onto a small screen as a piece of music was being 

performed on the organ. His projections used daylight at first and later on an electric arc (Peacock 

1988). 

 

                                                 
16 http://www.telegraph.co.uk/arts/main.jhtml?xml=/arts/2006/06/10/bakandinsky10.xml&sSheet=/arts/2006/06/10/ixtop.html 
17 http://www.villareal.net/vismusic_kimmelman_nytimes.html 
18 http://www.awn.com/mag/issue2.1/articles/moritz2.1.html 
 

http://en.wikipedia.org/wiki/427_BCE
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http://www.awn.com/mag/issue2.1/articles/moritz2.1.html
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One notable example of colour organ construction is the Clavier à lumières invented by British 

painter Alexander Wallace Rimington in 1893. He believed that sound and colour were both due 

to vibrations that stimulated the optic and aural nerve endings. So if one could perform music 

whilst creating lighting effects that, metaphorically speaking, were on the same wavelength, it 

would be possible to capture more realistically the composer's intentions. Basically, the 

equipment projected varying hues onto a curtain or a screen so that those present would receive 

audio and visual interpretation of the composer's ideas19. In 1911 Rimington wrote a book on the 

subject called ‘Colour-Music, the Art of Mobile Colour’ (Klein 1926). 

 

In the 1920s Thomas Wilfred built a colour organ called the Clavilux that produced light displays, 

which, to modern eyes, resemble lava lamps and Hubble space photos (Kimmelman 2005). By 

1930, he had produced 16 ‘Home Clavilux’ units. Glass disks bearing art were sold with these 

‘Clavilux Juniors’ and he coined the word lumia to describe the art. Significantly, Wilfred's 

instruments were designed to project coloured imagery, not just fields of coloured light as with 

earlier instruments (Peacock 1988).  

 

American concert pianist Mary Hallock-Greenewalt created an instrument, a form of colour organ 

which she called the Sarabet in 1918 and she patented nine inventions related to her instrument, 

including the rheostat. Hallock-Greenewalt also produced several reels of hand-painted films 

meant to be visualisations of musical form (Peacock 1988). 

 

Other known visual music were the hand-painted works (now lost) produced by Arnaldo Ginna & 

Bruno Corra between 1911 and 1912 after experimenting with colour organ projections in 190920. 

In the 1920’s Ludwig Hirshfeld-Mack discovered that by using bulbs of different colour, shadow 

shows could be enhanced in ways that related to music. He developed this colour organ, 

Farbenlichtspiel, at the Weimar Bauhaus school (Peacock 1988).  

 

Abstract painters, having come up against the limitations of painting also tried their hands at 

colour organs. Daniel Vladimir Baranoff-Rossine gave his first optophonic concert in Moscow 

based on theories contained in Alexander Laszlo’s Die Farblichtmusik (Colour-light music) 

(Gerstner 1986). In the early 1930’s, Morgan Russell and Stanton Macdonald-Wright, also 

experimented with a kinetic light machine as a way of animating (Kushner 1990). These two 

Americans tried to build an entire artistic movement around musical ideas, dubbed 

                                                 
19 http://www.strandarchive.co.uk/history/colourmusic1.htm 
20 http://www.awn.com/mag/issue2.1/articles/moritz2.1.html 
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‘Synchromism’ seeking to take the musical analogy as far as it could go; designing light-

projecting machines that would make patterns of colour and form play out in space over time, as 

the notes of music do (Gopnik 2005). Over the first half of the 20th century, artists turned out 

‘colour organs’ with names such as the Synchrome, Kineidoscope, the Clavilux, the Lumigraph, 

Optophonic Piano and visual symphonies (Gopnik 2005).  

 

The simultaneity of acoustic and visual perception became a new challenge for those who were 

preparing the way for abstract painting. The list of artists included the Russian painter Wassily 

Kandinsky (1866-1944) who is generally credited as the first artist to produce purely abstract 

works of art21. He said his paintings were meant to translate the specific qualities of music into 

visual terms. A key experience for the synaesthetically inclined Kandinksy was contact with the 

music of the composer Arnold Schönberg (1874-1951). His 1911 painting ‘Impression 3‘ was 

created as a result of this musical input (Gopnik 2005). 

 

Kandinsky achieved pure abstraction by replacing the castles and hilltop towers of his early 

landscapes with stabs of paint or, as he saw them, musical notes and chords that would visually 

‘sing’ together. In this way, his swirling compositions were painted with polyphonic swathes of 

warm, high-pitched yellow that he might balance with a patch of cold, sonorous blue or a silent, 

black void. After 1910, he split his work into three categories: Impressions, Improvisations and 

Compositions, often adding musical titles to individual pictures such as Fugue, Opposing Chords 

or Funeral March. He also conceived three synaesthetic plays combining the arts of painting, 

music, theatre and dance into Wagnerian total works of art or Gesamtkunstwerks, which were 

designed to unify all the senses22. 

 

The Bauhaus was a special place where the different arts could develop symbiotically. Many of 

the masters teaching fine art there were extraordinarily interested in music, like for example 

Oskar Schlemmer, (1888-1943) and László Moholy-Nagy (1895-1946), Paul Klee (1879-1940) 

and of course Kandinsky. Klee, being an excellent violinist discovered a relationship between 

painting and music at a very early stage23 and he repeatedly included motifs from music in his 

drawings and water-colours.  

 

Klee's colour compositions stimulated Ludwig Hirschfeld-Mack (1893-1965), who was still 

registered as a Bauhaus student at the time, to conduct his first experiments with light projections. 

                                                 
21 http://www.washingtonpost.com/wp-dyn/content/article/2005/06/22/AR2005062202394.html 
22 http://www.telegraph.co.uk/arts/main.jhtml?xml=/arts/2006/06/10/bakandinsky10.xml&sSheet=/arts/2006/06/10/ixtop.html 
23 http://www.medienkunstnetz.de/themes/image-sound_relations/sounding_mage/12/ 
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javascript:openMknWin('/artist/wassily-kandinsky/biography/',2)
javascript:openMknWin('/works/impression3/',2)
javascript:openMknWin('/artist/moholy-nagy/biography/',2)
javascript:openMknWin('/artist/hirschfeld-mack/biography/',2)
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His first ideas for the so-called ‘Farbenlicht-Spiele‘ (Colour-Light Games) date from 1921-22. 

The abstract play of coloured forms was performed at the Bauhaus in 1923, accompanied by 

piano music. Several fellow performers were needed to realise the score the artist had devised. 

The colour forms emerging from the darkness of the projection room are directly reminiscent of 

Klee's water-colour compositions. An early example of composers and artists working together is 

provided by the Russian Futurist Alexei Krutschonych's opera. 

 

French painter Robert Delaunay (1885-1941) used the rules of simultaneous contrast to create 

vibrations in the eye. Time became a new category within artistic creativity, taking over from the 

meaning of space with a central perspective to a certain extent. Rhythm created a particular 

affinity between art and music. Alongside Delaunay's painterly approach, artists also tried to 

compose colour rhythms as real movement. Leopold Survage (1879-1968) designed over seventy 

studies for his film project Rhythme Coloré in 1913. This was a colour-rhythm symphony that 

was unfortunately never realised24. 

 

As expression of music analogy, these paintings always fall short in one important respect. Music 

is of course, a time-based medium and abstract film developed as if in direct response to this 

shortcoming. Although not all visual music is abstract, it overlaps to some degree with the history 

of abstract film a subgenre of experimental film. Many experimental filmmakers were inspired by 

Kandinsky and continued where he left off and devised abstract movies. In 1916, under 

Kandinsky's influence, Man Ray painted his colourful Symphony Orchestra, whose only 

recognizable feature is the keyboard of a piano. The abstract film makers at first created silent 

movies and then animated musical scores. The shapes they used were pretty much the same as the 

ones in the paintings swirling lines, concentric circles, zigzags, confetti bursts that now pulsed, 

shimmered and flickered (Kimmelman 2005).  

 

The 1930s bred various pioneers in abstract animation. Figures such as Len Lye and Oskar 

Fischinger (who at first worked on the popularisation of visual music in Disney's Fantasia) made 

geometric and biomorphic shapes go dancing across the movie screen, sometimes truly rivalling 

what leading abstract painters were doing on their static canvases (Gopnik 2005). 

 

Fischinger's Lumigraph produced imagery by pressing objects or hands into a rubberised screen 

that would protrude into coloured light. The imagery of this device was manually generated, and 

was performed with various accompanying music. It required two people to operate: one to make 

                                                 
24 http://www.medienkunstnetz.de/themes/image-sound_relations/sounding_mage/11/ 
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changes to colours, the other to manipulate the screen. Fischinger performed the Lumigraph in 

Los Angeles and San Francisco in the 1950s. The Lumigraph was licensed by the producers of 

the 1964 sci-fi film, Time travellers25. 

 

Len Lye produced animations by painting straight onto filmstrips. A hand-painted animation by 

Lye from 1935, ‘A Colour Box,’ set to a jaunty tune, ran as a hit short before feature films in 

British theatres; it includes, midway through, an advertisement for the postal service, which 

sponsored Lye, the initials for the post office dancing briefly across the screen (Kimmelman 

2005).   

 

From Los Angeles, John and James Whitney exploited nascent computer technology, starting in 

the 1950s, to compose hypnotic, multi-screen abstract films set to raga and other forms of zone-

out music. Jordan Belson collaborated on polymorphous audio-visual concerts in the late 1950s 

and early 1960s that set the stage for the era's psychedelic light shows (Kimmelman 2005).   

 

The Swedish painter Helmuth Viking Eggeling (1890-1925) and the Dadaist and film pioneer 

Hans Richter (1888-1976) met in Zurich in 1918, and worked together for several years in their 

search for a universal language. They and Walter Ruttmann (1887-1941) count as pioneers of the 

abstract film26.  

 

Visual music filmmakers working in this tradition include Oskar Fischinger, John and James 

Whitney, Norman McLaren, Hans Richter, Viking Eggeling, Mary Ellen Bute (films called 

Seeing Sound films), Marcel Duchamp, Man Ray, Len Lye, Walter Ruttmann, Arnaldo Ginna & 

Bruno Corra, Hy Hirsh, Harry Smith, Jordan Belson, Stan Brakhage and many contemporary 

artists. These artists present different approaches to abstraction-in-motion: as an analogue to 

music or as the creation of an absolute language of form, a desire common to early abstract art. 

 

In the 1960s and 70s, the term 'colour organ' became popularly associated with electronic devices 

that responded to their music inputs with light shows. In the psychedelic 1960s, certain 

experimental artists and collectives such as Single Wing Turquoise Bird and the Joshua Light 

Show emerged from the artistic margins to design the elaborate projections that ran at concerts by 

Frank Zappa, Pink Floyd and the Who27. 

 

                                                 
25 http://www.answers.com/topic/color-organ 
26 http://www.medienkunstnetz.de/themes/image-sound_relations/sounding_mage/11/ 
27 http://www.washingtonpost.com/wp-dyn/content/article/2005/06/22/AR2005062202394.html 
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Advances in technology, well used by contemporary artists like Leo Villareal, who uses 

computer-controlled LED displays to create hypnotic light sculptures, and Jennifer Steinkamp, 

who uses computer animation software, have gone a long way toward erasing the last remaining 

boundaries between sound and image. A work of art which integrates the visual with the musical, 

ever-shifting colour fields and hypnotic electronic music is a five-part collaboration by Cindy 

Bernard and Joseph Hammer, ‘projections + sound’ (O'Sullivan 2005).  

 

Contemporary artists also include Paul Friedlander who creates light sculpture from music in 

which spinning strings vibrate in harmony, and thereby create ‘visual chords’28, see figure 2.2. 

 

  

 

Figure 2.2 A sculpture of harmonics by Paul Friedlander, Courtesy of Paul Friedlander 

 
 
Artists such as Larry Cuba utilise mathematics for visualisation of music. Cuba explores 

geometry, mathematics, patterns, perspective, visual perception and computer animation to create 

visualisations that are accompanied by music. Using a completely different approach, Edward 

Zajec translates a musical composition into its visual counterpart, not with arbitrarily set free-

form or mathematical themes, but according to predefined rules for the reading of musical scores. 

He establishes a correspondence of units in time to units in space.  

 

                                                 
28 http://www.paulfriedlander.com/text/visualmusic.html 

http://www.paulfriedlander.com/text/visualmusic.html
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Synaesthet musicians 

The modern French composer Olivier Messiaen was said to ‘see’ flashes of colour that 

corresponded to chords in the music he played. Such stories provided a kind of real-life analogy 

to, and justification for, the ‘visual music’ proposed by early abstractionists (Gopnik 2005). For 

Messiaen music was composed of many colours which he saw in his imagination, and which 

prompted him to compose his own form of ‘musique coloreé’ (Brougher et. al. 2005).  

 

The works Alexander Nikolayevich Scriabin, Russian composer and pianist are often considered 

to be influenced by synaesthesia. Indeed, influenced also by his theosophical beliefs, he 

developed it towards what would have been a pioneering multimedia performance. His unrealised 

magnum opus Mysterium was to have been a grand week-long performance including music, 

scent, dance, and light in the foothills of the Himalayas that was to bring about the dissolution of 

the world in bliss (Brougher et. al. 2005). 

 

Scriabin wrote only a small number of orchestral works one of which was Prometheus: The Poem 

of Fire (1910), which includes a part for a ‘clavier à lumières‘, also known as the Luxe, - a colour 

organ. It was played like a piano, but projected coloured light on a screen in the concert hall 

rather than sound. Most performances of the piece have not included this light element, although 

a performance in New York City in 1915 projected colours onto a screen. Other synaesthet 

composers include Arnold Schoenberg, George Gershwin, Michael Tork, Miles Davis and Arthur 

Bliss (Brougher et. al. 2005). 

 

2.4.2   Physical Visualisations of Sound and Music 

Harmonograph 

Around 2,500 years ago Pythagoras discovered that the aesthetic experience of musical harmony 

comes when the ratio of the frequencies consist of simple numbers and ratios (Ashton 2003). The 

frequency of the notes an octave apart in music have the ratio of 2:1 and the interval of a fifth has 

the ratio 3:2 for example. 

 

In the mid-nineteenth century, mathematician Jules-Antoine Lissajous studied the patterns created 

by the intersection of two sine curves whose axes are perpendicular to each other (Ashton 2003). 

He concluded that if the frequencies or oscillations per second were simple whole number ratios 

to each other such as 1:1, 1:2, 1:3, they produced aesthetic shapes called Lissajous figures 
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(Ashton 2003). In fact, one can produce Lissajous figures even if the frequencies are not in 

perfect whole-number ratios to each other.  

 

A Harmonograph is a device consisting of two coupled pendulums suspended through holes in a 

table, oscillating at right angles to each other, which are attached to a pen. Using a 

Harmonograph, Lissajous figure can be created and the frequencies of musical intervals and their 

ratios can create very interesting visual curves, see figure 2.3. 

 

 

 

Figure 2.3 Harmonograph drawings of the interval of an octave, Reprinted by permission of Walker 
& Co. (Ashton 2003) 

 
 

Chladni Plates 

Ernest Florens Friedrich Chladni (1756-1827) made waves in a solid material visible by vibrating 

metal plates by stroking them with a violin bow. Substances such as sand or salt spread on the 

surface of the plate settle to places where the metal vibrates the least, making such places visible. 

The oscillating areas thus become empty. The plates vibrate at pure, audible pitches, and each 

pitch has a unique nodal pattern. Chladni demonstrated that sound actually does affect physical 

matter and that it has the quality of creating geometric patterns, see figure 2.4.  

 

 

http://scienceworld.wolfram.com/physics/Pendulum.html
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Figure 2.4 Different vibration patterns in a drawing by Chladni, Reprinted with permission of 
Walker & Co 

 

Sonovision 

Sonovision was developed by Lloyd G. Cross in 1968 in the United States in order to visualise 

music with laser patterns (Wagler 1970). Sonovision makes a visual display in colour correlated 

to sound by projecting a krypton or helium-neon laser light beam on to a screen. When a simple 

sound or a musical note is introduced into the device, a dot moves in an ellipse at the frequency of 

the sound. The size of the ellipse is directly related to the loudness of the note and when a 

different note is played, a different ellipse with a different orientation is produced. When two 

different notes are played simultaneously, the laser beams produce a combination of the two 

ellipses (Wagler 1970). 
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2.4.3    Commercial Music Visualisers 

A Video Jockey or VJ is a performance artist who performs moving visual art on large displays, 

often at concerts, nightclubs and music festivals. Often using a vision mixer, VJs blend and 

superimpose various video sources into a live motion composition. The techniques and equipment 

vary but the basic principles remain the same (e.g. selecting, cross fading, scratching, cutting and 

sampling a rhythm). The evolution of computers has allowed for VJ-specific programs to be 

produced and has allowed for easier accessibility to the art form. The Light Surgeons29 and 

Coldcut30 are notable examples of this sort of VJ crew and similar work can be seen in many 

dance clubs31.  

 

A Night Club in Amara Beach Resort Hotel, Antalya, Turkey is employing a mood-altering, 

colour-changing dynamic dance floor lit by Colour Kinetics’ LED technology. The lighting 

effects are designed to complement the DJ’s wide-ranging musical selections, from moderate 

tempo to high energy. Effects include both gradual and fast-paced colour washes, vibrant fixed 

colours, chasing rainbows and disco-esque strobe effects. The Light design was programmed so 

that a controller keypad provides a simple interface to choose any of the eight stored light shows 

– altering the club’s mood with the push of a button32. 

 

A Symphony of Lights is a choreographed light and sound show combining special interactive 

light and musical effects by showcasing 18 key buildings along the waterfront of Victoria 

Harbour33 in Hong Kong, see figure 2.5. Since January 17th 2004, Hong Kong’s harbour-front 

skyline comes to life in a blaze of colour and sound each night for almost 20 minutes by 

Symphony of Lights. 

 

 

                                                 
29 http://www.thelightsurgeons.co.uk/ 
30 http://www.coldcut.net/coldcut/html.php 
31 http://www.pixelache.ac/2003/hki/artists.php?name=light_surgeons 
32 http://www.colorkinetics.com/showcase/installs/amara 
33 http://www.laservision.com.hk/page.asp?lid=1&sec=Hot+Press&id=8 
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Figure 2.5 Symphony of Lights, Hong Kong, printed with permission from Laservision 

 
 

2.4.4   Automatic Software-Based Music Visualisers 

Four different types of automatic visualisers can be found today. The abstract non-emotive digital 

visualisers are one type of automatic visualisers of music. They move random elements in visual 

imagery to the volume and different frequencies of the raw audio. A second kind of automatic 

music visualiser renders non-abstract imagery such as a digitally created human face, to randomly 

move to music. Neither of these two genres of music visualisation takes into account the emotive 

qualities of music. The third genre of music visualisers, assess the emotive content of music and 

visualise this with realistic imagery, either in a human body as in dance movements or in a 

computer generated human face. Finally, the fourth type of visualiser uses the emotional content 

of music to drive abstract imagery. All four forms of visualisers will be introduced and discussed 

below. 

 

Abstract Non-Emotive Visualisers 

Among the earliest and pioneering works of music visualisation with computer graphics, Mitroo 

et al. (1979) can be mentioned who used musical attributes such as pitch, notes, chords, velocity, 

loudness, etc, to create colour compositions and moving objects. Cardle et al. (2002) have 

extracted musical features from MIDI and audio sources to modify motion of animated objects in 

a random fashion.  

 

Nancy Herman sets out to create an aesthetic and emotional experience for the viewer in her art, 

still and moving visual music, see figure 2.6. She has tried to find a fixed set of colours that 

would represent a musical scale. Although Herman’s work is based on translating western music 
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into art or to get ‘colour to sing’, by her admission in an e-mail to this author, any form of mood 

represented in her art is directly from the words written by the composer. 

 

 

 

Figure 2.6 Mozart First Minuet, Courtesy of Nancy Herman 

 
 
Driving computer graphics animation from a musical score is created by Lytle (1990), in which a 

common MIDI score is used to steer both sound synthesisers and an animated orchestra in ‘More 

Bells and Whistles’. This work focuses on extracting low level parameters from the MIDI score 

such as note pitch, note velocity, duration, pitch bend, and volume, and using them for motion. 

 

In his PhD thesis Konstantinos Giannakis (2001) created a graphical interface for sound synthesis 

based on auditory-visual associations. He found one-to-one links between musical features and 

features in the visual domain, see figure 2.7. As can be seen this form of visualisation of music to 

visual imagery is arbitrary and the overall message of music is not conveyed, neither are the 

emotive contents of music. 
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Figure 2.7 Giannakis visualisation framework 

 
 
The shape of the song34 is web-based software by New York-based digital artist Martin 

Wattenberg for visual interpretation of MIDI files. A MIDI song can be loaded and it will be 

visualised by drawing translucent arches that correspond with various parts of the music. Each 

arch connects two repeated, identical passages of a composition and the diagram illustrates the 

deep structure of the composition, see figure 2.8.  

 

The shape of the song is very useful for search and visualisation of the patterns and repetition in 

songs as well as other forms of data. However this tool does not take into account any other 

aspects of music, in particular the mood.  

 

 
 

Figure 2.8 A Shape of the song representation of Eleanor Rigby by the Beatles 

 

                                                 
34 http://www.turbulence.org/Works/song/index.html 

      Visual Domain              Auditory Domain 

 

        Colour                           Pitch 

  Hue                      Chroma 

 Brightness                 Octave 

      Saturation                       Loudness 

        Texture                            Timbre 

       Coarseness                    Sharpness 

           Granularity              Compactness 

 

http://uk.gizmodo.com/2006/08/16/the_shape_of_song_visualizing.html
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Sound-and-light displays, churned out by ‘visualisation’ programs are built into most of today's 

media players. Digital Music Visualisation, a feature found in some media player software, 

generates animated imagery based on a piece of recorded music. The imagery is usually 

generated and rendered in real-time and synchronised with the music as it is played. Visualisation 

techniques range from simple ones such as simulations of oscilloscope display to more elaborate 

ones. The changes in the music's loudness and frequency spectrum are among the properties used 

as input to the visualisation35. 

 

The real distinction between music visualisation programs and other forms of music visualisation 

such as music videos or a laser lighting display is the visualisation programs' ability to create 

different visualisations for each song every time the program is run. Also, unlike music videos 

and laser shows, visualisation programs create a sense of personalisation. The viewer receives a 

unique experience every time, creating an enhanced sense of wonder. It may also give the 

musicians a greater appreciation of their music when they see it in motion. 

 

Music or Audio players for personal computers became widespread in the mid to late 1990's as 

applications such as Winamp, Audion, and SoundJam. Winamp was one of the first players to 

release a visualisation SDK (software development kit), allowing third party software developers 

to visualise the currently playing audio in any way they chose. These days there exist several 

dozen freeware music visualisers in distribution that are highly regarded by computer, music, and 

art enthusiasts worldwide36. 

 

In particular, Geiss by Ryan Geiss, G-Force by Andy O'Meara, and Advanced Visualization 

Studio (AVS) by Justin Frankel, iTunes and Windows Media Player visualiser plug-in became the 

most popular music visualisations. AVS is part of Winamp and has been recently open-sourced, 

and G-Force was licensed for use in iTunes and Windows Media Center and is presently the 

flagship product for Andy O'Meara's software start-up company, Sound Spectrum. 

 

iTunes visualiser displays a repertoire of effects such that if music has an easily identified beat, 

the visualiser’s effects synchronise. The plug-ins for iTunes include: Eyephedrine37, 

Ultragroovalicious38 and Fractogroovalicious. 

                                                 
35 http://en.wikipedia.org/wiki/Music_visualisation 
36 http://en.wikipedia.org/wiki/Music_visualisation 
37 http://www.apple.com/downloads/macosx/ipod_itunes/eyephedrine.html 
38 http://www.apple.com/downloads/macosx/ipod_itunes/ultragroovaliciousitunesvisualizer.html 

http://en.wikipedia.org/wiki/Media_player
http://en.wikipedia.org/wiki/Software
http://en.wikipedia.org/wiki/Computer-generated_imagery
http://en.wikipedia.org/wiki/Oscilloscope
http://en.wikipedia.org/wiki/Loudness
http://en.wikipedia.org/wiki/Frequency_spectrum
http://en.wikipedia.org/wiki/Music_videos
http://en.wikipedia.org/wiki/Laser_lighting_display
http://en.wikipedia.org/wiki/Personalization
http://en.wikipedia.org/wiki/Winamp
http://en.wikipedia.org/wiki/Audion_%28software%29
http://en.wikipedia.org/wiki/SoundJam
http://en.wikipedia.org/wiki/SDK
http://en.wikipedia.org/w/index.php?title=Ryan_Geiss&action=edit
http://www.soundspectrum.com/g-force/
http://en.wikipedia.org/wiki/Andy_O%27Meara
http://en.wikipedia.org/wiki/Advanced_Visualization_Studio
http://en.wikipedia.org/wiki/Advanced_Visualization_Studio
http://en.wikipedia.org/wiki/Advanced_Visualization_Studio
http://en.wikipedia.org/wiki/Justin_Frankel
http://en.wikipedia.org/wiki/ITunes
http://en.wikipedia.org/wiki/Windows_Media_Center
http://en.wikipedia.org/wiki/SoundSpectrum
http://en.wikipedia.org/wiki/Music_visualization
http://www.apple.com/downloads/macosx/ipod_itunes/ultragroovaliciousitunesvisualizer.html
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Eyephedrine uses OpenGL 3D graphics to react to spectrum and waveform values using 

techniques like multiple layers blending, real-time cube mapping, reflections, motion blur, and 

light bloom. Ultragroovalicious also uses OpenGL 3D graphics that react to music inspired by 

mathematical and natural forms which include electric field lines, swarm behaviour, the 

spirograph, plant growth, flowers, and the morphing parametric equations. Fractogroovalicious 

renders julia fractals in real-time which react to music.  

 

All three iTunes plug-ins have a few visual elements such as colour, forms and waves which can 

be generated with different values and sizes that move to music. Hence a large set of random 

visualisations can be created by altering the amount of each variable. These plug-ins move 

different visual features to various frequencies of music but none of them conveys any sort of 

information about the piece of music they are visualising. Being based on natural forms, 

Ultragroovalicious is more refined than the other two but still creates random visualisations and 

the same visualisation can be seen on two completely unrelated pieces of music, see figure 2.9. 

 

 

   

Figure 2.9 Screenshots of Eyephedrine (Left) and Ultragroovalicious (Right) 

 

 

Figure 2.10 Screenshot of Fractogroovalicious 
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Winamp plug-ins include: MilkDrop39 , Geiss40, Advanced Visualization Studio41 and G-Force42. 

MilkDrop is a popular, hardware-accelerated visualisation plug-in for Winamp, which was 

originally developed by Ryan Geiss using Direct3D. Advanced Visualization Studio (AVS), is a 

music visualisation plug-in for Winamp designed by Justin Frankel, the creator of Winamp itself. 

 

MilkDrop, just like the iTunes plug-in visualisers has a combination of different wave styles, 

effect filters and colour palettes which play over one another randomly. In addition to this 

however, MilkDrop allows the change and saving of the different variables and hence a better 

form of personalisation. MilkDrop is generally accepted as a better music visualiser, see figure 

2.11. But again the visualisations are arbitrary and do not reflect any affective values of music. 

 

 

   

Figure 2.11 Screenshot of MilkDrop (Left) and Geiss II (Right) 

 
 
G-Force can be thought of as a heavier, more refined and complex version of iTunes43 visualiser 

and seems to be the most commercial of all the automatic visualisers mentioned in this section. 

G-Force has been used by rock bands such as Journey and Aerosmith and jazz musician Herbie 

Hancock. Sound Spectrum worked closely with the band’s lighting and video directors, providing 

them with precise automatic and manual visual controls. The resulting customised version of G-

Force with a fully remapped keyboard is running on a MacBook Pro, with the output fed into the 

main stage video screen. Drayton Manor Theme Park and Topshop have also used G-Force.  

 

                                                 
39 http://www.nullsoft.com/free/milkdrop/screenshots.html 
40 http://www.nullsoft.com/free/geiss2/ 
41 http://en.wikipedia.org/wiki/Advanced_Visualization_Studio 
42 http://www.soundspectrum.com/g-force/ 
43 http://ask.metafilter.com/mefi/18977 

http://en.wikipedia.org/wiki/Hardware_acceleration
http://en.wikipedia.org/wiki/Music_visualization
http://en.wikipedia.org/wiki/Plugin
http://en.wikipedia.org/wiki/Winamp
http://en.wikipedia.org/w/index.php?title=Ryan_Geiss&action=edit
http://en.wikipedia.org/wiki/Direct3D
http://en.wikipedia.org/wiki/Music_visualization
http://en.wikipedia.org/wiki/Plugin
http://en.wikipedia.org/wiki/Winamp
http://en.wikipedia.org/wiki/Justin_Frankel
http://journeymusic.com/
http://www.aerosmith.com/
http://www.herbiehancock.com/
http://www.herbiehancock.com/
http://www.herbiehancock.com/
http://www.draytonmanor.co.uk/Default.aspx
http://www.topshop.co.uk/
http://www.soundspectrum.com/g-force/
http://ask.metafilter.com/mefi/18977
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Scripts are in a special format and contain G-Force commands and time indexes when they are to 

be executed. With some time and practice, personalised scripts can be made for chosen songs and 

planned effects can be rendered as certain beats and rhythms occur in the audio track.  

 

With its superiority over other commercial visualisers, G-Force is yet another random, arbitrary 

form of music visualiser which does not convey any aspects of music intended to be conveyed by 

the composers. Other digital visualisers include: Smoke, tripleEx3, Exotron, R2 and R4, all 

similar to the automatic abstract visualisers already mentioned. 

 

 

   

Figure 2.12 Screenshot of Advanced Visualisation Studio (Left) and G-Force (Right) 

 
 

All of the visualisation plug-ins for media player programs create arbitrary random abstract music 

visualisations. The visualisation seen on Hendrix’s voodoo child can be seen on Beethoven’s 

Moonlight Sonata. Moreover, the quality of the graphics and the colour pallet is very poor and 

sometimes nothing reacts to music. The advantage of such software is that some can be used to 

create personalised visualisations. 

 

Realistic Non-Emotive Visualiser 

Animusic44 focuses on the production of 3D computer graphics music animation and blends 

music, visuals and humour together. The music played is MIDI and hence digitally synthesised. 

Virtual instruments are invented by building computer graphics models of objects that would 

appear to create the sound of the corresponding music synthesizer track. Graphical instruments 

are reminiscent of existing instruments. The technique is analytical, note-based, and involves a 

pre-process (as opposed to being reactive, sound-based, and real-time). 
                                                 
44 http://www.animusic.com/ 
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This software although graphically advanced, only plays ready made music in MIDI format and 

so can not be applied to new pieces of music. The imagery is also rendered beforehand so like a 

piece of film or a recorded music video it can only be seen exactly the same way every time. The 

visualisation of Animusic looks semi-abstract with a number of instruments being played 

autonomously without any correlation with the emotional content of music. 

 

Realistic Music Visualisers based on the Emotional content of music 

Virtual Musicians is an interactive Virtual Musicians Project created by Eric Singer in 

collaboration with Robert Rowe (1997). This software controls an animated musician, a virtual 

sax player, Gregor, who listens to a jazz piano accompaniment and improvises on saxophone. 

Gregor attunes his musical performance and his body language based on analysed attributes of the 

piano performance (for example, a ‘hotter’ piano performance yields a livelier musical and visual 

performance by Gregor), see figure 2.13. 

 

 

 
Figure 2.13 Gregor, the virtual musician, courtesy of Singer, Goldberg, Perlin, Castiglia & Liao 

 

 

The main aspect of this project is based on interactivity and believability of the animated actors, 

rather than the conveyance of the emotional content of music. In fact the audio and musical 

features are new additions to this system. 
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ANIMUS, is a virtual character who has the ability to perceive musical input and to encode it in a 

way consistent with previously defined organisational models for tonal music (Taylor et. al. 

2005). This project describes an immersive music visualisation application which enables 

interaction between a live musician and a responsive virtual character. The character reacts to live 

performance in such a way that it appears to be experiencing an emotional response to the music 

it ‘hears’, see figure 2.14. 

 

 

 

Figure 2.14 The user interacting with a virtual character, Courtesy of Taylor, Boulanger and Torres 

 
 
ANIMUS interacts with a live vocals and MIDI keyboard after extraction of pitch, amplitude and 

tone. These musical features responsible for emotional impact are necessary but maybe not 

sufficient for understanding the emotive aspects of music in depth. The visualisation of ANIMUS 

is mainly based on the body language of the character and colour and other forms of subliminal 

visual forms of communication are ignored. 

 
DigitalBeing is an ambient intelligent system that aims to use stage lighting and lighting in 

projected imagery within a dance performance to portray dancer’s arousal state (El-Nasr & 

Vasilakos 2006). The dance space tracks dancers’ movements and the data is passed onto a 

lighting system that adapts the onstage and virtual lighting to show dancer’s arousal level.  

 

DigitalBeing is based on the visualisation of the emotional state of dancers rather than music. It 

seems that music has to be translated into the dancers various emotional states and then translated 

into light or other forms of visualisation. It could be argued that this method adds an unnecessary 

third layer to the interactivity of music and its visualisation. 
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MusicFace, a method devised by Steve DiPaola and Ali Arya (2004), allows extraction of the 

affective data from a piece of music and then uses that to animate an emotionally expressive 

computer generated human face. The method used for MusicFace is based on the works of Ekman 

and Friesen (1978) who illustrated that basic human emotions and the facial expressions 

conveying such emotions are universal among different cultures. The musical features that were 

extracted from music in MusicFace for affective information were as follows: 

 

• Tempo: Using beat detection on the amplitude envelope, the average tempo is calculated  

• Timbre: Frequency spectrum is analysed for timbre-related cues 

• Articulation: Structure of music refers to notes being legato or staccato  

• Melody: Density and the pitch of each note 

• Tonality: Chords used in the music and the key information, major/minor, etc. 

• Duration: Times are measured for each note attack, sustain, release, and decay  

• Sound Level or Power: Signals root mean square (RMS) level for each sub-band 

together with the sum of them is used. 

 

The emotions that they extracted from music are happiness, sadness, excitement and sleepiness. A 

rule based fuzzy system decides on the facial emotions and movements using the extracted 

musical features that have been translated into emotional states, see figure 2.15.  

 

MusicFace is based on extraction of only a small number of musical features responsible for 

emotional impact in music. Although all very important, the features might be somewhat limited. 

The visualisations can be quite representative which puts a smile on the viewers face. Yet the 

human face may not be the best representative of all emotional impact in music, even though we 

all seem to have an innate understanding of it. 
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Figure 2.15 An image from MusicFace, Courtesy of DiPaola and Arya 

 
 
EmotionFace created by Emery Schubert (2004) is a software interface for visually displaying the 

emotions expressed by music as facial expressions. Smiling and frowning of mouth represents 

valence (happiness and sadness) and amount of opening of eyes represents arousal. EmotionFace 

is based on the report of participants who are asked to listen to pieces of music in order to make a 

response at the end of the piece, see figure 2.16. 

 

 

 

Figure 2.16 An image from EmotionFace, courtesy of Schubert 

 
 
EmotionFace is based on human reports of emotional impact of pieces of music and not 

automatic extraction of emotions. Even though the graphics in EmotionFace are quite simple and 

limited, they are informative of the emotive aspects of the piece of music. Of course similar 
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problems for representation of all the emotions expressed in music on a human face exist in 

EmotionFace, as they did in MusicFace.  

 

Abstract Music Visualisers Based on the Emotional Content of Music 

Tom DeWitt (1987) set out to translate the emotional content of music with abstract visual 

imagery. He looks into the psychology and physiology of sight and the intuitive uses of this 

psychology by visual artists in order to extend the emotionally evocative aesthetic of music to 

visual arts. His work uses ideas in the emotive aspects of colour and contrast.  

 

DeWitt seems to have researched aesthetics of visual arts and the human response to visual 

stimuli, however the extraction of emotional contents within music are his own subjective work.  

 

Fred Collopy (2000) begins to describe how an artist might use colour and form to illustrate the 

emotional content of music in his paper, ‘colour, form and motion’. However the description is 

very brief. For example he writes: ‘Adjacent hues reflect a calm harmonious moment in the Blue 

Glass’, see figure 2.17. He adds: ‘A moment of musical tension is reflected in the relationship of 

the individual lines just before they join to form a resolved structure.’ Also ‘A slight departure 

from symmetry adds to the implied energy.’  

 

 

 

Figure 2.17 Collopy’s Blue glass, courtesy of Fred Collopy 
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Collopy briefly talks about form and motion in his work but not to any great degree. In a way he 

directs the artists to the emotive aspect of music and gives suggestions for creation of subjective 

visual music.  

 

Lynn Pocock-Williams (1992) created a rule based computer system to assist in the automatic 

translation of sound to abstract imagery based upon theoretical and emotional characteristics of 

music. She developed an abstract, geometric visual language and used the elements of the pitch 

and melody in music for visualisation. Changes of the imagery are controlled by the computer 

and they include operations such as scaling, translating, pulsating and replicating. She paid 

special attention to the way objects enter, exit and cross paths. Using MIDI data, the movement of 

pitches in melody were analysed, i.e., going up or down. Her system would then try to find a pre-

dominant pattern in the slopes created by the melody and randomly selects from the library an 

animation phrase that has been pre-classified as being a visual expression of the music, see figure 

2.18.  

 

 

Figure 2.18 A frame from the automatically generated animation, Courtesy of Pocock-Williams 

 
 

Pocock-Williams creates abstract visual imagery for music but only based on MIDI and 

modulation of melody. This technique is very limited and up to a point subjective. Having said 

this, technology has come a long way since she produced her visual music and also much 

research has been carried out on music and emotion and also extraction methods from raw audio.  

 

 



 43 

2.5 Genetic Programming & Empathic Visualisation Algorithm 

One approach to automatic music visualisation is to use a machine learning method to extract the 

emotional content in music and automatically produce a mapping from music to visuals that 

preserves that emotional content. Genetic programming and the Empathic Visualisation 

Algorithm provide a method to achieve this. 

 

2.5.1   Evolutionary Computation 

Evolutionary Computation is based on search. A computational problem can be expressed in 

terms of a massive collection of potential solutions to the problem (search space) and any point in 

this space defines a particular solution (Kanal & Cumar 1988). Evolutionary search is a search 

algorithm based on the mechanism of evolution in nature and hence performs search by evolving 

solutions to problems. Evolutionary search considers a large collection or population of solutions 

at once in the search space (Holland 1973). 

 

Genetic Programming (GP) is one form of evolutionary computation made popular by John 

Koza (1992). GP begins with a randomly created population of candidate solutions, known as 

individuals. Each individual consists of a genotype (coded solutions) and its corresponding 

phenotype (actual solutions), before the quality or fitness of each solution can be evaluated. 

Phenotypes usually consist of collections of parameters while genotypes consist of coded versions 

of these parameters. A coded parameter is normally referred to as a gene and each gene can take a 

different value known as an alleles. A collection of genes in one genotype is often held internally 

as a string, and is known as a chromosome. In GP chromosomes are represented as tree-like 

structures. 

 

GP evolves variable-sized hierarchical tree-structures which can be interpreted as computer 

programs or functions. The genotype of every individual in the population is initialised with 

random alleles. The main loop of the algorithm then begins, with the corresponding phenotype of 

every individual in the population being evaluated and given a fitness value according to how 

well it fulfils the problem objective or fitness function. These scores are then used to determine 

how many copies of each individual are placed into a temporary area often termed the ‘mating 

pool’ (the higher the fitness, the more copies are made of an individual). The decision process in 

which chromosomes can join the mating pool and hence be parents for the next generation is 

called selection.   
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Two parents are then randomly picked from this pool and their randomly chosen branches are 

then interchanged to produce a pair of child trees, typically quite different from each other and 

from either parent. GP's mutation operator picks a random sub-tree, and replaces it entirely with a 

new randomly generated sub-tree. Using crossover and mutation, offspring are generated until 

they fill the population with all the parents discarded. This entire process of evaluation and 

reproduction then continues until either a satisfactory solution emerges or the GP has run for a 

specified maximum number of generations (Koza 1992, Holland 1975, Goldberg 1989, Davis 

1991), see figure 2.19. A more detailed discussion of the GP algorithm follows. 

 

 

 

                                   Figure 2.19 A Typical Evolutionary Algorithm 

 
 

Initialisation of the population 

GP populations typically contain n randomly created individuals. Each individual can be created 

for example as tree of a mathematical function constructed by numerical variables, numerical 

constants and arithmetical operators such as +, -, / and *. The function f1 = 3x + 2.2 can be an 

example of such an individual.  

Selection 

Reproduction 

Using Crossover & 

Mutation 

Initialise Population 
 

New Population 
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Evaluation 

After the creation of a population of candidate solutions, each individual has to be assessed for 

their level of ‘goodness’ or ‘badness’ with respect to a problem at hand. In order to attain this 

measure the next step is the process of evaluation. Evaluation involves assessing each individual 

in the population according to a fitness function. In GP this typically involves executing the 

candidate program (testing the candidate function) using known input data and comparing the 

output with desired output values. 

 

Selection 

At this stage, a population of n individuals (each of which represents a candidate solution to the 

problem at hand) and the level of their fitness is obtained. The next step is selection. In order to 

be able to breed the next generation of solutions from our existing population, ‘survival of the 

fittest’ selection scheme is needed to be able to pick relatively fit individuals to act as parents. A 

common scheme is roulette wheel selection. 

 

Reproduction 

Two of the most common operators of reproduction in GP are crossover and mutation. Crossover 

recombines the genetic material of two parents resulting in two offspring. Two individuals are 

randomly picked and their randomly chosen branches interchanged in order to produce two child 

trees. This process is often disruptive in GP (compared to GA) and so is often used sparingly. 

 

Mutation introduces variation into a population (Goldberg 1989). GP's mutation operator picks a 

random sub-tree from an individual, and replaces it entirely with a new randomly generated sub-

tree. 

 

New Population 

The final step involves the new population. Selection decides which individuals are to act as 

parents, and reproduction creates offspring and inserts them into the ‘next population’. In order to 

complete the GP algorithm, the new population of offspring then becomes the current population. 

This process continues until either a satisfactory solution emerges or the GP has run for a 

specified maximum number of generations (Holland 1975, Goldberg 1989, Koza 1992). 
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2.5.2 Evolutionary Computation and Art 

Evolutionary computation has been used for generation of art and music by artists such as Karl 

Sims45 and William Latham46 and musicians such as Tim Blackwell47 and Eduardo Miranda48. 

Methods for generation of art using evolutionary computation have been explored in section 5.3 

and also appendix C. An art project relevant to this thesis is the Electric Sheep49, a screen saver 

dependent on the input of people around the world i.e. psychology of the masses. The screen 

saver comes on and the computers start to communicate with each other via the internet in order 

to share the work of creating morphing abstract animations known as "sheep". People vote for 

their favourite animations and the more popular sheep live longer and reproduce using Genetic 

Algorithms. Thus the flock evolves to please its global audience. 

 

2.5.3   Empathic Visualisation Algorithm 

The EVA was developed by Mel Slater (1999) and was further used by Andreas Loizides (2003) 

for empathic visualisation of financial data. The EVA has the capability to produce naturalistic 

visual structures (such as a human face) from multivariate data sets in order to discover hidden 

features in the data. This research was concerned with information visualisation and techniques 

for visualising large scale multivariate data sets in order to help in understanding and exploration 

in financial data and business information. 

 

The way EVA accomplishes this is by providing an automatic mapping from semantically 

important features of the data to emotionally or perceptually significant features of the 

corresponding visual structure. In other words a single glance at the visual structure should 

inform the observer on the global state of the data. EVA uses GP to map the quantitative 

measurements from the multidimensional data set to the qualitative measurements of the visual 

structure.  

 

One form of visualisation of such data would be to arbitrarily map different elements of the data 

to a visual form. However this method does not take into account the overall impact of the 

visualisation on the emotions of the observer. Hence the mapping from data to visual structure 

cannot be arbitrary and must be constructed in such a way that a visual homomorphism or 

equivalence is realised, from the data to the visualisation. 
                                                 
45 http://www.genarts.com/karl/ 
46 http://www.nemeton.com/axis-mutatis/latham.html 
47 http://www.timblackwell.com/ 
48 http://neuromusic.soc.plymouth.ac.uk/ 
49 http://www.electricsheep.org/ 
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To begin with, raw data is collected and organised, transformed and presented in a way that gives 

it informational meaning. Data are numbers or similar quantifiable information in a form that can 

become input to a computer. This collection of raw data is then transformed into a set of 

quantifiable variables. Also the important aspects of the visual structure that are also measurable 

are identified. The fundamental goal is to find functions over the raw data that would result in the 

relevant visual features. Such functions are then searched for and discovered by GPs. 

 

In a nutshell, EVA requires both the data (musical features for this thesis) and the visual elements 

(abstract visual features) to be decomposed into a number of quantifiable parameters or variables. 

Then mathematical functions over the musical features are sought which can result in the correct 

measures of visual parameters. These functions can then be later used for correct empathic 

visualisation of music. 

 

The Financial Data Experiment 

In Loizides’ experiment, the data for 150 companies was collected which included 10 variables 

from a Profit and Loss Account and the Balance Sheet items. Potential users of financial 

statements, each with their individual needs were shareholders, banks and other capital providers, 

potential investors, employees, creditors, and the government. The 10 variables were: Ordinary 

Share Capital, Equity Capital and Reserves, Fixed Assets, Current Assets, Current, Liabilities, 

Long Term Liabilities, Preference Share Capital, Earnings before Interest and Tax, Profit after 

Tax and Ordinary Dividends (Loizides & Slater 2003). 

 

Three variables were of interest to his experiment. These were based on financial ratios calculated 

from the data upon which the financial situation of a company was to be assessed. The three 

variables were: Profit over total assets, Current ratio, and Gearing ratio. Each company in the data 

set was given a score between 0 and 100 for each ratio. A computer generated face with a variety 

of facial expressions using 18 facial muscles (9 on each side) was produced. Also three aspects of 

the visual structure, measurable and significant to human perception were chosen. These were the 

degree of happiness, degree of fear and degree of anger. 

 

A function was to be found that minimised the distance between the three variables based on 

financial ratios and the aspects of the visual structure. The GP was run for 150 generations with a 

population size of 750 in order to find this minimisation function.  By doing this, the GP was able 

to learn a mapping from the financial data to the facial representations. The result of the 
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experiment was a set of faces generated that were later tested on people for the validity of 

emotional representation. Figure 2.20 illustrates 4 faces each representing a company. The top 

right and the bottom right faces represent ‘ill’ looking companies, while the bottom right face 

represents a healthy company.  

 

 

 

Figure 2.20 Faces produced by Loizides’ experiment 

 

 

2.6 Table of Music Visualisers and their Attributes 
 
Table 2.1 summarises and lists the music visualisers explored in section 2.4 in terms of their 

attributes. This is done to clarify the necessity of the work in this thesis in comparison to the 

others.  
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Lye F M S No No No A No 

Fischinger F M S No No No A No 

Eggeling F M S No No No A No 

Ritcher F M S No No No A No 

Ruttmann F M S No No No A No 

Kandinsky P M S No No No A No 

Klee P M S No No No A No 

Moholy_Nagy P M S No No No A No 

Schlemmer P M S No No No A No 

Delaunay P M S No No No A No 

Survage P M S No No No A No 

Greenewalt L & P A & M S No O No A No 

Corra L & P A & M S No O No A No 

Mack L & P A & M S No No No A No 

Castel L A S No  O No A No 

Jameson L A S No O No A No 

Bishop L A S No O No A No 

Rimington L A S No O No A No 

Wilfred L A S No O No A No 

Russell L A S No No No A No 

Macdonald-Wright L A S No No No A No 

Bernard & Hammer L M S No No No A No 

Friedlander L A S No No No A No 

Belson L M S No No No A No 

Cross L A S No A No A No 

DigitalBeing L A S Yes No No  A No 

Villareal C & L M S No ---- No A No 

Whiteney C M S No No No A No 

Steinkamp C M S No ---- No A No  
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Cuba C M S No No No A No 

Animusic C M S No M F R No 

DeWitt C M S Yes No No A No 

Collopy C M S Yes No No A No 

VJ material C M S No No No R No 

EmotionFace C M O Yes M F R No 

Zajec C A S No No No A No 

Mitroo C A S No M  F A No 

Cardle C A S No M & A F A No 

Herman C A S No M F A No 

Lytle C A S No M F A No 

Giannakis  C A S No M F A No 

Wattenberg C A S No M F A No 

Singer C A S Yes M & A F R No 

Pocock-Williams C A S Yes M F A No 

MilkDrop, Geiss , AVS,  

G-Force, Eyephedrine 

Ultragroovalicious etc. 

C A S No A F A No 

Animus C A O Yes M F R No 

MusicFace C A O Yes M & A F R Yes 

Work in this thesis C A O Yes M & A M A Yes 

Table 2.1 List of music visualisers and their attributes 

 
 
What is meant by automatic in table 2.1 is if the visuals are automatically picked or generated 

rather than selected or created by artists.  None of the automatic visualisers in the table above are 

fully automatic and various aspects of them are manually manipulated. For example in Castel’s 

work, every key of the organ would be connected to a colour light, whether this method of 

visualisation of music is considered completely automatic can be a subject of debate. A fully 

automated system without any intervention or choices of the programmers may not even be 

possible at all, thus the terms manual and automatic should be thought of as points on a 

continuous scale. By subjective or objective we refer to the way the visualisation is performed, 

i.e., based on artistic taste or based on some objective rule based method derived from scientific 

testing of subjects. Table 2.1 also contains information such as if any specific musical format 

such as MIDI, audio or even keys of the keyboard are used to visualise music rather than just a 

human listener. Additionally, whether many, a few or even no elements musical elements such as 

tempo have been used in order to create visualisation is given in the table. 
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2.7 Summary    
 
In this chapter, the existing music visualisers and the empathic visualisation algorithm were 

introduced. From the visualisers that have been mentioned in this chapter it can be found that, 

traditionally, visualisation of music was executed by artists. This form of visualisation was 

completely dependant on the artist’s subjective taste produced by the medium or the instruments 

of the artists’ choice. Also automatic visualisers were presented that create movement in imagery 

using volume and frequency from MIDI or audio not taking into account the emotive aspects of 

music. Furthermore, digital visualisers of music based on the affective values of music were 

provided, but such works were representational and non-abstract.  

 

No detailed, objective method of abstract, digital and automatic music visualisation was found 

based on psychology. Since music is an abstract form of art in quest of communication of 

emotions, it is therefore essential to visualise it firstly based on its affective content and secondly 

to do so in an abstract and subliminal manner. The creation of an automatic abstract visualiser of 

music based on emotions is therefore timely and likely to reveal new links between emotional 

communication in music and visual imagery.  
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CHAPTER 3 
 
Overview of the System and the Choice of Emotions 
 

3.1 Introduction  

In order to clarify the research performed in subsequent chapters, the mechanisms behind the 

Emotive Music Visualiser will be summarised in this chapter. The aim of this thesis is to translate 

the language of music into visual imagery via the medium of emotions. In order to summarise the 

process of creating the automatic music visualiser, different stages of development must be 

covered and several novel techniques described. Section 3.2 goes through the different stages 

which will be fully covered in chapters 4, 5 and 6. Section 3.3 provides the method of finding the 

emotions common in music and in visual arts while section 3.4 provides the summary to this 

chapter. All of the software for the development of the automatic music visualiser was written in 

the programming language C++ in conjunction with the open graphics library or OpenGL. Figure 

3.1 visually summarises how the system works. 

 

 

 
 

Figure 3.1 Block diagram of the whole process of automatic music visualisation 
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3.2 Stages of the Music Visualiser 

The various stages traversed in order to create the automatic music visualiser based on emotions 

will be explained in this section. 

 

Identifying the Correct Emotions - Since this project is based on emotions in art and music, the 

first step is to identify the emotions that can be conveyed in both art forms. The emotions found 

most relevant are: excitement, serenity happiness, sadness, anger and fear (see section 3.4).  

 

Finding the Pieces of Music - 13 songs are chosen known for their portrayal of each of the 6 

emotions e.g., a sad song or an angry song, (minimum of one song per each emotion) as input to 

the system created for this thesis. 

 

Evaluation of Music into various levels of Emotions 

Numerical Characterisation of Music - Using musical elements or parameters responsible for 

emotional content, such as tempo, the chosen pieces of music are then used as input to be 

numerically characterised. For example the value of tempo, the chord type, the key signature and 

many other elements, have to be evaluated for each bar of each song. Unlike tempo, which is 

inherently measured numerically, some musical elements such as chord complexity are usually 

non-numeric; hence a method is provided for the numerical characterisation of each such element. 

All relevant musical elements are thus evaluated for each bar of music. For simplicity, it is 

important to keep all values in the same range, therefore all values are then normalised. 

 

Artificial Ear - The next step is to quantify each musical element according to as many of the 6 

emotions as possible. Sometimes it is not possible to link an element to all of the emotions in 

question. This quantification is based on the understanding of how the emotional effect of a 

parameter changes as the parameter increases. For example, the increase in the value of tempo, 

results in the increase in the value of excitement and decrease in the level of serenity.  

 

For every bar of music, the values found by the numerical characterisation are passed on to the 

artificial ear in order to be emotionally assessed. The value of each emotion is calculated as a 

collection of all the parameter values which contribute to that emotion. If the value of the emotion 

increases in accordance with the increase in the value of a parameter, then the exact value of that 

parameter is contributed to the value of that emotion. However if the increase in the value of the 

parameter corresponds to the decrease of the value of the emotion, the value of 1.0 – parameter 
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value, will be contributed to the value of that emotion. For example if the normalised value of 

tempo is 0.2, then the value 0.2 is added to the excitement level (since excitement increases as the 

value of tempo increases) and the value 1.0 – 0.2 = 0.8  to the level of serenity (since serenity 

decreases as the value of tempo increases). If however some emotions are not evoked by an 

element or no literature could be found on the subject, the amount of 0.5 will be contributed to 

their value. Each emotion is evaluated as the sum of all such values together with the weight of 

each parameter since every parameter has a different weight or importance for evoking each 

emotion. 

 

Thus the individual emotions are evaluated. This can be done for various points in the music for 

which the musical parameters have been assessed, every bar of music in the case of this thesis.  

 

Generation of Visual Imagery and Their Emotional Assessment 

The Art Generator – A system capable of automatic generation of visual imagery is also used in 

this work. The imagery is built numerically and is capable of being emotionally assessed by 

software. The visualiser exploits tools based on the fundamental techniques in visual art and 

design, employed by painters, designers and graphic artists. Such tools include translation, 

rotation and scaling which can be found in most common 2D and 3D software. Using knowledge 

of significant emotive elements within visual arts, and also influenced by a set of control 

parameters produced by the EVA, the art generator is utilised to produce visually emotive 

graphics. 

 

Numerical Characterisation of Visuals - For every new image produced by the art generator, 

the precise elements used (such as hue, number of objects in an image etc.) are then captured and 

stored as a numerical characterisation of the image. 

 

Artificial Eye - Each image generated by the art generator has to be translated into various levels 

of the 6 emotions. As with the artificial ear, this translation is done by establishing the increase of 

the value of the elements according to the corresponding increase or decrease of the value of each 

emotion. For example as saturation in colour increases, the level of excitement increases. The 

method uses exactly the same parameters for all imagery for emotional assessment. Hence since 

saturation is an element assessed for evaluation of emotional content, then every image must have 

a saturation value. 
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As with music, the weight of each visual element is found and this information is used in order to 

evaluate each emotion for each generated image. 

 

Use of GP and EVA 

The main aim is to generate emotionally compatible imagery for bars of music. This is achieved 

by finding mathematical functions over the parameters of music that result in the right values for 

the parameters in the visual domain.  In this way, automatic creation of imagery, which translates 

the emotional content of music, becomes possible. Formulating mathematical functions capable 

of such a task is possible using the EVA and genetic programming.  

 

In this work, Miller’s Cartesian GP (Miller & Thompson 2000) is used to derive the mapping 

functions. Selection towards the correct functions is provided by the fitness evaluation. The 

fitness of each candidate solution is calculated by using the current mapping function to map the 

numerically characterised music to visual elements, resulting in a series of images corresponding 

to each piece of music. The emotional values (found by the artificial ear) corresponding to the 

music are then compared with the emotional values (calculated by the artificial eye) 

corresponding to the visuals. The fitness value of each candidate solution is the difference 

between the two sets of emotional values. When this difference is minimised, both the visuals and 

music should be evoking equivalent emotions. 

 

The list below elucidates the different stages of this process. The required solutions are a set of 

functions over the parameters of music which will result in the value for some visual element. For 

example, one possible mapping might be a function that takes the current tempo of a song and 

produces corresponding changes to the colour saturation in the visuals. Once all necessary 

functions over the parameters of music have been found, each representing different visual 

elements in the imagery, and if those functions have the best fitness score, then the task is 

complete.  

 

 

 

 

 

 

 



 56 

In more detail: 

 

1- Prior to execution of the system, for each bar of music, values for each of the 6 emotions 

are assessed using the artificial ear.  

 

2- The initially random population of candidate solutions are created. Each solution 

comprises a set of functions over the musical parameters using the function set: + , - , * , 

/, square and square root.  

 

3- Each candidate solution is evaluated by decoding and calculating the mapping from 

music parameters to visual elements.  

 

4- Using the values obtained for each visual element from the functions over the musical 

elements, the emotional content of the whole image (a value for each emotion) is 

assessed by the artificial eye.  

 

5- The fitness of each solution is found by calculating the difference in emotional values 

between the visuals and the music for that solution. 

 

6- The fittest member of the population is mutated in order to generate the new population 

of candidate solutions. 

 

7- The process continues until a satisfactory level of difference between the emotional 

content of the piece of music and their visual counterpart is obtained. 

 
 
As outlined here, the Emotive Music Visualiser automatically assesses the emotional impact of 

both music and visual imagery. In order to achieve this, it is necessary to focus on a suitable set 

of emotions that are commonly expressed in both music and visual arts that software can assess 

automatically. 
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3.3 The Choice of Emotions 

Much work has been done on the ability of music and visual elements to evoke emotional 

responses in listeners and viewers. However, not all emotions experienced by humans can be 

conveyed in music or in visual arts. As described in chapter 2, most of the recent work on music 

and emotion is based on Russell’s Valence Arousal space derived from the ‘circumplex model of 

affect’, which looks at emotions in terms of pleasure, displeasure and arousal (Russell 1980).  

 

The emotions in music that were chosen for this project were based on substantial literature on 

music and emotion and also art, colour, form and emotion. It was necessary to find a bridge 

between music and visual arts based on human emotions which can be found in both subject 

areas. To find such emotions, extensive literature was studied and the appearance of emotions 

was enumerated. In table 3.1 a list of literature in music and emotion can be found together with a 

list of emotions cited in each. Table 3.2 includes a list of literature on visual imagery and emotion 

together with a list of emotions found within the literature. 

 

 

 

Literature  

         →          

Emotions 

      ↓ 

Scherer 1977 
 Juslin 1997 

H
evner 1936 

 Lindstrom
 1997 

K
rum

hansl 1997 

W
atson 1942 

G
undlach 1935 

M
aher 1982 

Balkw
ill 1999 

Thom
pson 1992 

Im
berty 1979 

Excitement ●  ●   ●  ●  ●  
Serenity  ● ● ●  ● ●  ● ●  
Happiness ●  ●   ● ● ● ● ●  
Sadness ● ● ●  ● ● ● ● ● ● ● 
Anger  ●  ●      ● ● 
Fear ● ●   ●       
Disgust ●           
Boredom ●         ●  
Surprise ●           
Tender ● ●  ●        
Agitation   ●         
Dignified   ●   ● ●     
Gloom   ●         
Triumphant      ● ●     
Uneasy       ●     
Sentimental       ●     

Table 3.1 List of emotions and the their citations in literature on music and emotion 
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Literature  

         →          

Emotions 

      ↓ 

Poffenberger 
1924 

K
opacz 2003 

C
ullari 

2000
50 

K
andinsky 

1912 

Terw
ogt 

1995 

R
usinek 2004 

K
aya 2004 

V
aldez 1994 

W
right 1962 

K
ouw

er 1949 

W
exner 1954 

Excitement  ● ● ●   ● ● ● ● ● 
Serenity  ● ● ●   ● ● ● ● ● 
Happiness ● ●  ● ● ● ● ●  ● ● 
Sadness ● ● ● ● ● ● ● ●  ● ● 
Anger ● ●   ● ● ●   ● ● 
Fear  ●  ● ● ● ● ●  ● ● 
Quiet ●      ●     
Boredom  ●     ● ●  ●  
Lazy ●           
Disgust     ●  ●     
Secure  ●      ●  ● ● 
Agitation ●           
Serious ●           
Radiant  ●          
Romantic   ●         
Comfort  ● ●    ● ●   ● 

Table 3.2 List of emotions and their citations in literature on visual imagery and emotion 

 
 
As should be clear from tables 3.1 and 3.2 that the common emotions most frequently found in 

the literature were as follows: excitement, serenity, happiness, sadness, anger and fear. For this 

reason, these emotions will the basis of the work in this thesis.  

 

Since various literature on music and emotion have used different words to convey similar 

emotional expressions in music, for this thesis some words are considered analogous. To decide 

which words can be considered the same, Hevner’s adjective circle (1936) was consulted as well 

as our own judgement. For example excitement, agitation, restlessness, intensity, tension and 

activity have similar meanings for this work. Serenity, calmness, peacefulness, softness, 

tenderness, relaxation, boredom and tranquillity are also considered to be the same. Happiness, 

joy, gladness and gaiety are analogous and so are sadness and lamentation and also fear and 

anxiety (see figure 3.2).  

 

                                                 
50 http://www.madsci.org/posts/archives/2000-10/971986045.Ns.r.html 
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Figure 3.2 Hevner’s adjective circle, adjectives arranged in related groups 

 

 

3.4 Summary 

In this chapter an overview of the automatic music visualiser based on emotions was presented. 

Various steps that need to be traversed for creation of the system were also provided. Also the 

method of choosing the emotions used in this thesis was presented and why the 6 emotions will 

form the basis of the work in this thesis. 

 

The following two chapters will describe the methods of extraction of emotions from music and 

visual imagery in detail together with methods of automatic generation of visual imagery. 
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CHAPTER 8 
 
Future Work and Conclusions 
 

8.1 Introduction 

In this thesis the creation of a computer program capable of visualisation of music based on its 

emotional content has been described. A wide review of existing literature related to this topic 

was provided, with the conclusion that no such computer system currently exists. All aspects of 

the system were then described in depth: translation of pieces of music into varying levels of 

emotion, creation of visual imagery and their translation into varying levels of emotion, the use of 

genetic programming in order to discover mathematical functions over parameters of music 

resulting in the values of elements in visual imagery. The ability of this system was then verified 

by human testing. 

 

In the introduction to this thesis, a list of the intended capabilities of the system was provided. 

Section 8.2 summarises the actual capabilities of the system, as observed through 

experimentation, in terms of this list. Following this, a discussion of how the capabilities of the 

system could be extended is offered in section 8.3 together with suggestions for future research. 

Finally, conclusions are drawn in section 8.4 and the novel and significant advances made by this 

research project are summarised.  

 

 

8.2 Summary of System Capabilities 

In Chapter one, it was stated that there are 12 objectives for the creation of a system of Emotive 

Music Visualisation should have the following twelve principal capabilities. Explicitly, it was 

necessary to: 

 

1.  Identify the emotions capable of being expressed both in music and in visual arts. 

As was shown in section 3.3 of chapter 3, 6 emotions were identified namely: excitement, 

serenity, happiness, sadness, anger and fear, occurring in literature on music, visual arts and 

psychology. How such emotions were chosen and the literature they were obtained from was also 

presented.  These 6 emotions were to be used as the backbone of the psychological assessment in 

this thesis. 
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2.  Identify the important elements that contribute to the emotional content of music. 

The literature used for identification of the important elements in music responsible for evoking 

emotions in humans was provided in section 4.2.2 of chapter 4. There, 25 different elements 

responsible for evoking emotions with varying importance were identified. The reason for the use 

of each element and the emotions they are capable of evoking was also presented and explained.  

The weight or the level of importance of each element in terms of evoking each of the 6 emotions 

was provided in section 4.3.3 of chapter 4. Furthermore, the method for arriving at such 

conclusions was provided. 

 

3.  Discover pieces of music known for their high levels of emotional content. 

The iterative method for discovering pieces of music identified for being representative of 

specific emotions was explained in section 4.2.1 of chapter 4. This was done by asking numerous 

people to identify to name very emotional songs, based on the 6 emotions already identified. An 

iterative process of truncation of the list using expert knowledge, and referring to Internet 

resources in order to list 13 emotional songs for use in this thesis was also explained in chapter 4.  

 

4.  Devise and implement a method of evaluation of the elements responsible for evoking 

emotions in music from various music files, Audio, MIDI and music sheet. 

In section 4.2.3 of chapter 4, the process of the different methods of quantification, enumeration 

and evaluation of each of the 25 elements from various formats such as audio and MIDI files, 

musicians and music scores was described. Each of the 25 elements identified as responsible for 

evoking emotions in music were evaluated for every bar of music. The method of evaluation of 

each element and the medium they were extracted from was also explained in section 4.2.3. The 

reason for the use together with the difficulties relevant to each medium was also provided in that 

chapter.  

 

5.  Devise a method of extraction of emotional content from pieces of music.  

How the value of each element was quantified and enumerated according to each emotion was 

provided in section 4.3.1 of chapter 4. This information together with the weight of each element 

was used in order to represent the value of each emotion in terms of mathematical functions of 

musical elements.   

 

6.  Create and implement a method for generation of visual imagery based on visual 

building blocks such as colour hue, saturation, luminosity, form, pattern and size etc.   
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In section 5.3 of chapter 5, the method of implementation of the ‘Art Generator’ was described. 

Numerous literature from which the data was extracted for identification of the building blocks of 

visual imagery were presented. In section 5.2.2 it was shown how basic natural patterns together 

with forms seen by neurological activities such as synaesthesia and hallucinations can be used for 

generation of visual imagery. Also the information of how such patterns can further be 

manipulated in order to expand the palette for generation of automatic visual imagery was also 

given in chapter 5. 

 

7.  Identify the components that contribute to the emotional content of visual imagery.  

In section 5.2 of chapter 5, the elements which contribute to the emotional content of visual 

imagery based on various literature were explored. Elements such as form (triangles, circles etc.) 

and colour (hue, saturation, luminosity) and their psychological effect on humans were also 

presented.  

 

8.  Devise methods of extraction of emotional content from visual imagery. 

In section 5.4 of chapter 5, it was explained how it is possible to extract emotional content from 

imagery created by the art generator based on elements such as hue, saturation, shape and 

attributes such as simplicity versus complexity. The weight and importance of each element in 

terms of evoking each emotion was then evaluated. The information provided enabled the 

evaluation of each emotion as a function of the elements of visual imagery. 

 

9. Implement Empathic Visualisation Algorithm (EVA) - a form of machine learning 

based on genetic programming was used for discovering mathematical functions for 

automatic generation of visual imagery representing the emotional content of pieces of 

music. 

In section 6.2 of chapter 6, it was shown how the Empathic Visualisation Algorithm was utilised 

which in turn exploited the Cartesian Genetic Programming (CGP). It was explained in section 

6.4 of chapter 6 how the CGP used the data from the previous chapters for training purposes and 

for generation of imagery with similar emotional content as the underlying music. The data used 

was the emotional values of the 13 songs together with the imagery created by the art generator.  

 

10. Match imagery and pieces of music of the same emotional content. 

It was shown in section 6.5 of chapter 6 how a succession of the automatically generated imagery 

with the help of the CGP and the art generator represented the equivalent emotional content of 

music. 
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11. Demonstrate the validity of the system on the whole by the way of controlled human 

testing. 

Tests with 33 people were carried out using the methods described in chapter 7. The result of the 

tests provided in section 7.3, clearly indicated the authenticity of the whole system. The whole 

system, starting from the emotional assessment of music, the generation and emotional 

assessment of visual imagery and finally exploitation of the EVA and the CGP for training 

purposes proved to produce positive results. 

 

12. Demonstrate that it is possible for a computer to learn how to map musical features to 

visual features in a manner that preserves some of the emotional content.  

Following the test results, it is apparent that it is possible to train the computer to map musical 

features to features in visual imagery while preserving the emotional content. The system created 

for the purposes of this thesis is simplistic relative to the wealth of information that could be 

incorporated in to the learning system. Even so, clearly the computer training was successful and 

provides the first steps towards the automation of emotionally valid visualisation of music. 

 

Consequently, this thesis has provided clear evidence to support the hypothesis: 

 

Visualisation of music can be improved by the use of computational methods that automatically 

analyse and exploit the emotional content of a piece of music.  

 

Where ‘improvement’ was measured by human experiments focusing on the ability of the visuals 

to evoke similar emotions to the corresponding music compared to random visuals, as detailed in 

section 1.2. Looking at the attributes in table 2.1 (page 49 – 50) it is clearly evident that no 

computer based, automatic and objective music visualiser exists that utilises numerous elements 

in music and visual imagery based on emotions which is also a learning system to create abstract 

visual imagery.  Hence a system that incorporated all of the attributes mentioned will be an 

improvement on existing music visualisers.  

 

8.3 Future Work 

Various elements should be considered in terms of expansion of the research carried out in this 

thesis. The foremost concept to be aware of is the fact that music and visual arts are best 

considered holistically rather than dissected. What is meant by this is that the full effects of music 

can only be captured by listening to a piece from the beginning to the end. In this thesis pieces of 
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music were dissected so that emotional assessment could be carried out by software. An 

extension to this research could incorporate the emotional content of a piece of music on the 

whole with accumulative emotional effects. The same idea applies to visual arts, by dissecting an 

image, it is easy to misunderstand or loose the intended meaning and the emotional content. 

Again psychological assessment should be performed on imagery on the whole, together with 

psychological tests to improve the understanding of this area. Also more emotions should be 

incorporated into the future works on music visualisation. All three main areas of music, visual 

arts, psychology and machine learning can be reconsidered for future work.  

 

8.3.1   Musical Factors that should be utilised for Future Work 

For this thesis, many different data formats such as audio, MIDI, sheet music and musicians were 

used in order to enumerate musical factors. Extraction of emotional content from raw Audio 

would be extremely beneficial for future automatic visualisation of music. Chord recognition, 

mode recognition, beat tracking, melody recognition and identification of musical structures from 

audio should be utilised in the future in order to create a fully automated system of music 

visualisation. The use of tools developed in such areas in order to obtain correct values 

throughout would have proved extremely time-consuming for the purposes of this thesis. 

 

Most of the literature found in music and emotion for this thesis were based on western classical 

music. It is hoped that this work can be broadened to cover various genres of music and to 

include music from different parts of the world accompanied by relevant visuals together with 

psychological tests to aim such endeavours.  

 

8.3.2    Visual Factors that should be utilised for Future Work 

In this thesis, only one motif taken from Kluver’s form constants was used to generate visual 

imagery. The full use of basic natural patterns and Form constants as motifs can provide a vast 

palette for use in visualisation.  

 

Another element that could be worked on in the future is testing to obtain results in terms of 

visual imagery and psychology. For this thesis, finding literature on visual arts and psychology 

was a very difficult task. Moreover many of the literature found were very old and did not agree 

with each other. New techniques should be devised to find more unified results such subjects. 
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viewer. Detection of movement is essential for survival since moving objects are likely to be 

either dangerous or potential food (Gregory 1966).  

 

Anger (Dahl & Friberg 2003) for example is associated with large, very fast, uneven, and jerky 

movements; happy with large and somewhat fast movements, Sadness with small, slow, even and 

smooth movements, Fear with fast, somewhat small, jerky and uneven movements and serenity 

with slow movements (Castellano 2006). Movement is factor that should definitely be used in 

future works for visualisation. 

 

8.3.3   Learning Systems that could be utilised for Future Work 

Although successful, the GP did not find perfect mappings from the musical features to visuals 

based on their emotional content. It is likely that the complexity of the problem prevents such a 

perfect mapping, but nevertheless improvements may be possible. Hence the visuals may be 

enhanced by improving the ability of the GP algorithm to optimise functions with large numbers 

of parameters. Alternatively other forms of learning systems such as neural networks and fuzzy 

logic could be utilised in the hope of improvement of the results.  

 

Although the evolved chromosomes were provided in Appendix D, the mathematical functions 

over the parameters of music resulting in values of the parameters in visual imagery were not 

provided in this thesis. However it is possible to write a program to derive the exact mapping 

functions (from music to visuals) that have been evolved. A detailed analysis of these functions 

could be very revealing about which aspects of music and visuals seem to be most important, 

however this analysis is beyond the scope of this work.  

 

  

8.4 Summary 

This thesis has presented a novel way of creating automatic visualisation of music. It has shown 

that exploiting the psychological effects of music and visual arts can indeed contribute to creation 

of emotionally valid music visualisation whose authenticity can be tested.  

 

This thesis was built on the numerous literature written and tests performed by scientists on music 

and psychology, visual art and psychology and evolutionary computation. It is clear that many of 

the results obtained from all such literature are accurate and exploitable. The fact that the 
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literature found on classical western music could be used for pop music is also indicative of the 

universality of the psychological effects of music.  

 

The days of random movement of simple visual elements to the frequencies and volume of the 

audio of music are close to an end. It is anticipated that a new era of more intelligent systems for 

visualisation of music can be based on some of the concepts discussed in this thesis. The 

following chapter describes initial work towards commercial exploitation of these ideas. 
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