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Abstract 

 

This is a dissertation about performing music with computers, and about constructing the 

tools that will facilitate playing and improvising with these computers. The primary aim of 

this research is to construct a theoretical framework that could serve in evaluating the 

potential, the possibilities and the diversity of new digital musical instruments, with the hope 

that these ideas may inspire and assist the construction of new and powerful instruments with 

which perform and listen to wonderful new and previously unheard music. 

 

Computer-based interactive music systems date back to the late 1960s, initially involving 

computer-controlled analog synthesizers in concerts or installations. The use of real-time 

algorithmic composition spread in the 1970s with the work of composers and performers 

such as David Behrman, Joel Chadabe, Salvatore Martirano, Gordon Mumma or Laurie 

Spiegel. However the most rapid period of growth probably occurred during the mid 1980s 

with the MIDI standardization and, subsequently, with the advent of data-flow graphical 

programming languages such as Max, which made the design and implementation of custom 

interactive systems simpler than ever before. In spite of this, nearly four decades after the 

works of these pioneers, the design of computer-based music instruments, and computer 

music performance and improvisation in general, still seem immature multidisciplinary areas 

in which knowledge does not behave in incremental and accumulative ways, resulting in the 

permanent ‘reinvention of the wheel’. 

 

New digital instrument design is a broad field, encompassing highly technological areas (e.g. 

electronics and sensor technology, sound synthesis and processing techniques, software 

engineering, etc.), and disciplines related to the study of human behavior (e.g. psychology, 

physiology, ergonomics and human-computer interaction components, etc.). Much of this 

focused research attempts to solve independent parts of the problem: an approach essential to 

achieve any progress in this field. However, as this dissertation will show, it is also clearly 

insufficient. I believe an approach dedicated to the integrated understanding of the whole is 

the key to achieving fruitful results. Integral studies and approaches, which consider not only 

ergonomic or technological but also psychological, philosophical, conceptual, musicological, 

historical and above all, musical issues, even if non-systematic by definition, are necessary 

for genuine progress. 
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Putting forward the idea that a digital instrument is a conceptual whole, independent of its 

potential components and features (e.g. the ways it is controlled or its sonic or musical output 

tendencies), we will investigate the essence and the potential highlights of new digital 

instruments, the new musical models and the new music making paradigms they can convey.  

 

This dissertation begins with the assumption that better new musical instruments based on 

computers can only be conceived by exploring three parallel paths: 

 

(i) identifying the quintessence of new digital instruments; what they can bring of 

really original to the act of music performance; how can they redefine it; 

(ii) identifying the drawbacks or obsolescences of traditional instruments; what 

limitations or problems could be eliminated, improved or solved; 

(iii) without forgetting the essential generic assets of traditional instruments; those 

qualities that should never be forgotten nor discarded. 

 

The identification of these points is the primary aim of this thesis. There is a complex 

interconnected relationship between the tasks of imagining, designing and crafting musical 

computers, and performing and improvising with them. This relationship can only be 

understood as a permanent work in progress. This thesis comes from my own experience of 

fifteen years as a luthier-improviser. Therefore the dissertation is both theoretical (or 

conceptual) and experimental in approach, although the experiments it documents span years, 

even decades. To better organize this, the thesis is divided in three parts.  

 

Part I progressively enlightens the aforementioned three fundamental exploration paths. This 

is achieved by introducing the new possibilities offered by digital instruments, in addition to 

providing a thorough overview of current know-how and of the technical and conceptual 

frameworks in which new instrument designers and researchers are currently working on. 

Several taxonomies that will help us in developing a more synthetic and clear overview of the 

whole subject, are also presented. This first part concludes in chapter seven, presenting the 

first fundamental contribution of this dissertation; a theoretical framework for the evaluation 

of the expressive possibilities new digital musical instruments can offer to their performers.  

 

Part II describes in depth seven musical instruments, the implementations of my journeys into 

Digital Lutherie, developed during the previous decade. Since all seven are conceptually very 

different, each of them serves to illustrate several paradigms introduced in Part I. Presented in 
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chronological order, these music instrument also help to clarify and understand of the path 

that has led me to the conception of the framework previously introduced.  

 

Part III incorporates the teachings and conclusions resulting from this evolutionary journey, 

and present the final milestone of this dissertation: the presentation of possible solutions to 

better accomplish the goals presented at the end of the part I. Finally this dissertation 

concludes with what could be considered ‘my digital lutherie decalogue’ which synthesizes 

most of the ideas introduced in the thesis. As a postlude, I offer the reacTable* to be  

presented as future work. The reacTable* is a digital instrument which constitutes the first 

one conceived from scratch, that takes into account all the concepts introduced in this thesis, 

the culmination thus far of my journey into Digital Lutherie. 
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Resum 

 

Aquesta tesi estudia l'ús de l'ordinador com a instrument musical, per a l'execució i 

improvisació de música en temps real. El seu principal objectiu és la construcció d'un marc 

teòric que ens permeti avaluar el potencial, les possibilitats i la diversitat d'aquests nous 

instruments musicals digitals, amb l'esperança que aquestes idees puguin servir de font 

d'inspiració per a la construcció de nous i sofisticats instruments que ens permetin crear i 

escoltar noves músiques meravelloses, inaudites fins ara.  

 

Els sistemes musicals interactius es remunten a finals dels anys seixanta, quan es 

desenvolupen els primers sintetitzadors analògics controlats per ordinador per a l’ús en 

concerts i instal·lacions interactives. En la següent dècada, les aplicacions de composició 

algorísmica en temps real es multipliquen amb els treballs de compositors i artistes com ara 

David Behrman, Joel Chadabe, Salvatore Martirano, Gordon Mumma o Laurie Spiegel. Però 

el creixement més important en aquesta àrea es produeix a mitjans dels anys vuitanta, gràcies 

a l’estandardització que comporta el MIDI i, poc després, amb l'arribada dels llenguatges de 

programació gràfics com ara Max, que faciliten enormement el disseny i implementació de 

sistemes musicals interactius. Lamentablement, gairebé quatre dècades després dels primers 

pioners, el disseny d'instruments musicals basats en ordinador així com, de forma més 

general, la improvisació musical emprant ordinadors són encara àrees multidisciplinàries 

immadures en les quals els coneixements no semblen sedimentar-se de forma incremental o 

acumulativa, i la roda és reinventada permanentment.  

 

El disseny de nous instruments musicals digitals és un camp molt ampli, que abasta àrees 

amb un alt component tecnològic (e.g. electrònica i tecnologies de sensors, tècniques de 

síntesi i de processament del so, programació informàtica, etc.) així com disciplines lligades a 

l'estudi del comportament humà (e.g. psicologia, fisiologia, ergonomia, interacció humà-

computadora, etc.), amb totes les connexions possibles entre elles. Molta de la investigació 

aplicada existent intenta solucionar parts independents del problema. Aquest plantejament, 

que constitueix un enfocament essencial per a qualsevol progressió veritable en aquest camp, 

resulta ser també, com demostrarem més endavant, clarament insuficient. Estudis integrals 

que tinguin en compte no només factors ergonòmics o tecnològics, sinó també psicològics, 

filosòfics, conceptuals, musicològics, històrics, i per sobre de tot, musicals, són absolutament 

necessaris, encara que no puguin ser totalment sistemàtics.  
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En aquesta tesi s'aborda la idea de l'instrument digital com un tot, independentment dels 

components que ho integren i de les seves característiques potencials (e.g. formes de 

controlar-lo, tipus de so que genera, etc.). S'investiguen l'essència i els punts forts d'aquests 

nous instruments digitals, així com els nous paradigmes d'interpretació musical i les músiques 

inaudites que poden aportar. Partim per a això de la hipòtesi que per a concebre nous i millors 

instruments cal forçosament explorar tres direccions paral·leles, consistents en: 

 

(i) identificar la quintaessència dels nous instruments digitals, quins són els 

elements autènticament originals que poden aportar a l'execució musical, com 

poden redefinir-la;  

(ii) identificar els desavantatges i els punts febles dels instruments tradicionals; 

quines de les seves limitacions o problemes podrien ser eliminats, millorats o 

solucionats;  

(iii) identificar les qualitats genèriques essencials dels instruments tradicionals; 

aquelles propietats que probablement, de tan implícites i assumides, romanen 

semiocultes, però que mai deuríem oblidar o rebutjar.  

 

La identificació d'aquests punts és doncs el primer objectiu d'aquesta tesi. Existeix una 

complexa interrelació entre les tasques d'imaginar, dissenyar i construir ordinadors musicals, 

executar i improvisar música amb ells, i analitzar i comprendre els resultats. Aquesta relació 

tant sols es pot entendre com un progressiu i permanent acostament. Aquesta tesi és el 

resultat de quinze anys d'experiència com a luthier improvisador. En aquest sentit, pot ser 

considerada com un treball teòric o conceptual, alhora que experimental, encara que els 

experiments que en ella es documenten transcorrin al llarg d'anys o dècades. Per aquesta raó, 

la tesi es divideix en tres parts.  

 

La primera part identifica progressivament els tres punts fonamentals abans esmentats. Ho fa 

introduint gradualment les noves possibilitats dels instruments digitals, així com aportant una 

descripció detallada dels coneixements tècnics actuals i dels marcs, tant tècnics com teòrics i 

conceptuals, en els quals investigadors i luthiers digitals es mouen. També es presenten 

diverses taxonomies que ens ajudaran a desenvolupar una visió més sintètica i clara de l'àmbit 

de treball. Aquesta primera part conclou en el capítol set, que presenta la primera contribució 

fonamental d'aquesta tesi; l'elaboració d'un marc teòric que ens permeti avaluar les 

possibilitats expressives que aquests nous instruments musicals poden brindar als seus 

intèrprets.  
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La segona part descriu en profunditat set dels instruments musicals que he desenvolupat al 

llarg dels anys. Atès que les set implementacions són conceptualment molt diferents, 

cadascuna d'elles permet il·lustrar diversos dels paradigmes introduïts en la primera part. 

Presentats cronològicament, aquests exemples il·lustren a més la trajectòria que condueix al 

marc conceptual prèviament introduït.  

 

La tercera part incorpora els ensenyaments i les conclusions resultants d'aquest viatge 

evolutiu i introdueix el segon punt més important d'aquesta tesi, suggerint possibles solucions 

per a assolir les metes establertes al final de la primera part. Conclou amb el que es podria 

considerar com el meu decàleg de lutherie digital, que sintetitza la majoria de les idees 

introduïdes en la tesi. Després d'això, el reacTable*, el primer instrument concebut des de 

zero a partir de tots els conceptes en ella introduïts, es presenta com a treball futur. 
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Resumen 

 

Esta tesis estudia el uso del ordenador como instrumento musical, para la ejecución e 

improvisación de música en tiempo real. Su principal objetivo es la construcción de un marco 

teórico que nos permita evaluar el potencial, las posibilidades y la diversidad de estos nuevos 

instrumentos musicales digitales, con la esperanza de que estas ideas puedan servir de fuente 

de inspiración para la construcción de nuevos y sofisticados instrumentos que nos permitan 

crear y escuchar nuevas músicas maravillosas, inauditas hasta ahora.  

 

Los sistemas musicales interactivos se remontan a finales de los años sesenta, cuando se 

desarrollan los primeros sintetizadores analógicos controlados por ordenador para uso en 

conciertos e instalaciones interactivas. En la siguiente década, las aplicaciones de 

composición algorítmica en tiempo real se multiplican con los trabajos de compositores y 

artistas como David Behrman, Joel Chadabe, Salvatore Martirano, Gordon Mumma o Laurie 

Spiegel. Pero el crecimiento más importante en esta área se produce a mediados de los años 

ochenta, gracias a la estandardización que conlleva el MIDI y, poco después, con la llegada 

de los lenguajes de programación gráficos como Max, que facilitan enormemente el diseño y 

la implementación de sistemas musicales interactivos. Lamentablemente, casi cuatro décadas 

después de los primeros pioneros, el diseño de instrumentos musicales basados en ordenador 

así como, de forma más general, la improvisación musical empleando ordenadores, son 

todavía áreas multidisciplinarias inmaduras en las cuales los conocimientos no parecen 

sedimentarse de forma incremental o acumulativa, y la rueda es reinventada 

permanentemente. 

 

El diseño de nuevos instrumentos musicales digitales es un campo muy amplio, que abarca 

áreas altamente tecnológicas (e.g. electrónica y tecnologías de sensores, técnicas de síntesis y 

de procesado de sonido, programación informática, etc.) así como disciplinas ligadas al 

estudio del comportamiento humano (e.g. psicología, fisiología, ergonomía, interacción 

humano-computadora, etc.), con todas las conexiones posibles entre ellas. Mucha de la 

investigación aplicada existente, intenta solucionar partes independientes del problema. Este 

planteamiento, que constituye un enfoque esencial para cualquier progresión verdadera en 

este campo, resulta ser también, como demostraremos más adelante, claramente insuficiente. 

Estudios integrales, que tengan en cuenta no sólo factores ergonómicos o tecnológicos, sino 
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también psicológicos, filosóficos, conceptuales, musicológicos, históricos, y por encima de 

todo, musicales, aunque no puedan ser totalmente sistemáticos, son absolutamente necesarios. 

En esta tesis se aborda la idea del instrumento digital como un todo, independientemente de 

los componentes que lo integran y de sus características potenciales (e.g. formas de 

controlarlo, tipo de sonido que genera, etc.). Se investigan la esencia y los puntos fuertes de 

estos nuevos instrumentos digitales, así como los nuevos paradigmas de interpretación 

musical y las músicas inauditas que éstos pueden aportar. Partimos para ello de la hipótesis 

de que, para concebir nuevos y mejores instrumentos se deben forzosamente explorar tres 

direcciones paralelas, consistentes en: 

 

(i) identificar la quintaesencia de los nuevos instrumentos digitales, cuales son los 

elementos auténticamente originales que pueden aportar a la ejecución musical, 

como pueden redefinirla; 

(ii) identificar las desventajas y los puntos débiles de los instrumentos tradicionales; 

cuales de sus limitaciones o problemas podrían ser eliminados, mejorados o 

solucionados;  

(iii) identificar las cualidades genéricas esenciales de los instrumentos tradicionales; 

aquellas propiedades que probablemente, de tan implícitas y asumidas, 

permanecen semiocultas, pero que nunca deberíamos olvidar o desechar.  

 

La identificación de estos puntos, es pues el primer objetivo de esta tesis. Existe una 

compleja interrelación entre las tareas de imaginar, diseñar y construir ordenadores 

musicales, ejecutar e improvisar música con ellos, y analizar y comprender los resultados. 

Esta relación solamente se puede entender como un permanente acercamiento progresivo. 

Esta tesis es el resultado de quince años de experiencia como luthier improvisador. En 

ese sentido, puede ser considerada como un trabajo teórico o conceptual, a la vez que 

experimental, aunque los experimentos que en ella se documenten transcurran a lo largo 

de años o décadas. Por esta razón, la tesis se divide en tres partes. 

 

La primera parte identifica progresivamente los tres puntos fundamentales antes 

mencionados. Lo hace introduciendo paulatinamente las nuevas posibilidades de los 

instrumentos digitales, así como aportando una descripción detallada de los 

conocimientos técnicos actuales y de los marcos tanto técnicos como teóricos y 

conceptuales en los cuales investigadores y luthiers digitales se desenvuelven. También 

se presentan varias taxonomías que nos ayudarán a desarrollar una visión más sintética y 
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clara del ámbito de trabajo. Esta primera parte concluye en el capítulo siete, que presenta 

la primera contribución fundamental de esta tesis; la elaboración de un marco teórico que 

nos permita evaluar las posibilidades expresivas que estos nuevos instrumentos musicales 

pueden brindar a sus intérpretes. 

 

La segunda parte describe en profundidad siete de los instrumentos musicales que he 

desarrollado a lo largo de los años. Dado que las siete implementaciones son 

conceptualmente muy diferentes, cada uno de ellas permite ilustrar varios de los 

paradigmas introducidos en la primera parte. Presentados cronológicamente, estos 

ejemplos ilustran además la trayectoria que conduce al marco conceptual previamente 

introducido.  

 

La tercera parte incorpora las enseñanzas y las conclusiones resultantes de este viaje 

evolutivo e introduce el segundo punto más importante de esta tesis, sugiriendo posible 

soluciones para lograr las metas establecidas al final de la primera parte. Concluye con lo 

que se podría considerar como mi decálogo de lutheria digital, que sintetiza la mayoría 

de las ideas introducidas en la tesis, tras lo cual, el reacTable*, el primer instrumento 

concebido desde cero a partir de todos los conceptos en ella introducidos, se presenta 

como trabajo futuro. 
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Chapter 1 
Introduction 

 

When asked what musical instrument they play, few 
computer musicians respond spontaneously with “I play the 
computer.’’ Why not? (Wessel & Wright 2002). 

 

Well, I play the computer, and that is indeed what I first answer, whenever someone asks me 

the former question. Sometimes the conversation progresses thus, “and what software do you 

use?”. My response to this question is, “I mostly design and build myself the different 

computer incarnations I use to perform. Many times, I also like to build them for other 

performers.” I do not only play them; I craft musical computers too. 

 

1.1 Digital lutherie: A personal story 

 

I hold a degree in Fundamental physics (but I do not consider myself a scientist). I did not 

study for many years at the conservatory, but I have been making music and inventing my 

own instruments, long before I knew what the C Scale was, back in the days in which 

computers were those cupboards full of light bulbs that I had only seen in movies, crudely 

spilling grocery bills.  

 

In September 1978, I started studying Physics and playing the saxophone. Although none of 

these activities are totally related with my present professional situation, both were in fact 

quite determinant for my current activities as a digital luthier. With the saxophone, my teen 

idols where not David Sanborn or Grover Washington Jr., not even Weather Report’s Wayne 

Shorter reincarnation (we are talking about late 1970s), but instead Eric Dolphy, Albert Ayler 

and especially, the latest John Coltrane: the cathartic drums-tenor duets of Interstellar Space 

[Coltrane 1967]1 were setting my future course. I began playing free jazz, which turned 

practicing the scales into a quite boring and dissatisfying activity. 

                                                      
1 Besides the customary bibliography, this thesis includes also discographical references which I have 

decided to organize in a separate list. In order to distinguish them from the bibliographical references, 

they are referenced in between brackets ‘[ ]’ instead of parenthesis ‘()’. 
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Four years later, two apparently unrelated incidents were significant in determining my 

career. I will start with the second one, which was seeing a snapshot of a Synclavier’s 

spectrogram on the back cover of Laurie Anderson’s Mr. Heartbreak, her second album from 

1984 (see figure 1.1) [Anderson 1984]. I had already studied the Fourier transform in a 

general and abstract way (no one ever talked about sound during my five years of physics), so 

I could intuitively understand what the image of the spectrogram was all about: sound (and 

therefore music) could be ‘understood’ by computers. 

 
Figure 1.1. Synclavier spectrogram from Laurie Anderson’s Mr. Heartbreak (1984)2 

 

The prior accidental milestone (which curiously also involves Mr. Fourier) had occurred only 

several months before, after our first and only university class of computer (BASIC) 

programming: “this is an IF and that is a WHILE. Go now to the third floor and start 

programming the Fourier transform for the next week”. I do not remember what computer it 

was, except that it had floppies bigger that vinyl LPs, and that we were the first fortunate 

class that had started typing into a keyboard, without having to punch cards! The important 

thing is that I discovered I loved to program.  

 

Linking both experiences, I soon clearly imagined that computers could be used for making 

music; even free jazz, I thought. And firmly believing that computers were far better suited 

than me to repetitive and unexciting tasks (they learn anything at the first take, and they can 

                                                                                                                                                       
 
2 Honestly, this is only a simulation. I lost the vinyl version a few years ago and have not been able to 

find another copy, whereas the CD inlay does not come with all the layouts. 
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repeat it for ever without a glitch, I thought), I finally dropped practicing the scales on the 

saxophone and started programming, hoping that, in a not too distant future, I would be able 

to improvise ‘my’3 own music with those machines. This is what, to some extent and with 

different degrees of success, I have been doing for the last fifteen years, and this is what this 

dissertation, which explores the possibilities for computers used as (realtime interactive) 

music instruments, is all about. 

 

1.2 Digital lutherie: Personal goals and statements 

 

1.2.1 Realtime performance vs. fixed music 

 

Recent developments of compositional tools … considerably 
enhance the possibilities of live-electronics, in that it 
becomes possible, during performance, to integrate other 
procedures such as real time sound synthesis as well as to 
control the reproduction in loco of pre-elaborated sounds. 
Such hybrid resources bring to the real time domain certain 
aspects that transcend the traditional meaning of live-
electronics discussed here, directly connected to live spectral 
transformations of instrumental/vocal sounds. Nevertheless, 
even so real time could never be compared with the 
unlimited possibilities of spectral elaboration and control the 
composer has in a differed time. (Menezes 2002). 

 

Taking into consideration how well suited computers are for endless work at all levels, 

including infinitesimal details, from the composer point of view, realtime computer music 

can surely be considered, not so much a paradox, as an obvious waste of potential (e.g. Pope 

1993a; Risset 1999; Menezes 2002). I feel the same way when editing and mastering concerts 

and live performances to be published on CD and especially when dealing with multitrack 

recordings. When undertaking such tasks, the scope to chirurgically modify, embellish, 

spatialize, distort, cut and paste, etc. is endless. In short, the ability to add new potential 

meanings to every bit of recorded music, torments and tempts me, until I finally resist, in 

                                                      
3 To what extent and in which cases this music can be considered ‘mine’ or better the machines’ is a 

topic we will start discussing in chapter 4. 
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favor of a little EQing, sometimes a bit of noise reduction or perhaps a little compression4. 

Matters of purism and truthfulness aside, it is well known that computers tend to favor the 

eternal work-in-progress, therefore my reason for little manipulation is also motivated by the 

need to finish and progress.  

 

Eliminating the performer entirely is hardly a desirable 
outcome, and one that few if any composers in the field 
would advocate. Their elimination is undesirable, beyond the 
purely social considerations, because human players 
understand what music is and how it works and can 
communicate that understanding to an audience… (Rowe 
1993: 5). 

 

In 1966 the Beatles ceased to perform. During that final period they launched five studio 

albums that have deeply influenced several generations of musicians and listeners [Beatles 

1966]. I do not believe that performers are always necessary. That I mostly concentrate on 

realtime music performance does not prevent me from occasionally composing ‘tape music’. 

Although, it is true that I personally do not like to present it at ‘tape concerts’, I do really 

enjoy composing fixed music for CDs [Jordà & La Fura dels Baus 1998], and I consider the 

live vs. tape debate as the most sterile one (V.A. 1991). I do not think that all computer music 

has to be interactivized, and do really dislike in fact, spicing fixed and deterministic 

electronic music with little superfluous interactive gimmicks. But I do also believe that new 

digital instruments with all their potential and their diversity, can do a lot for the future of 

music and for future performers.  

1.2.2 Crafting musical computers for new musics’ performance and 
improvisation 

As a performer, my goal when constructing the instruments I will play is clear. I need 

instruments that are enjoyable to play and that mutually enhance the experience when playing 

with other musicians. Thereby allowing me to create or co-create music that will surprise me 

as much as possible, that will keep revealing little hidden secrets at every new listening, that I 

will therefore enjoy listening on play back. Music not necessarily better, nor worse, than a 

                                                      
4 Unless I drastically decide to take it the other way round, and follow the Oswald-deconstruction (e.g. 

Holm-Hudson 1997) [Oswald 1993] or the Laswell-reconstruction (e.g. Toop 1994) [Davis 1998] 

approaches, which both result in new music completely different from the original. 
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piece that I could compose in the studio; but music, in essence, that could not have been 

created in any other possible way.  

 

As a ‘professional’ luthier, additional considerations are taken into account but the goals do 

not change. I aim to construct instruments which people can enjoy playing; instruments that 

will be able to enrich and mature the performers’ experiences in any imaginable way; 

instruments that allow scope for the performer (particularly in the case of a non-expert user) 

to be proud of the music created. 

 

This is a dissertation about performing music with computers, and about constructing the 

tools that will allow playing and improvising with them. Its primary aim is the construction of 

a theoretical framework that could help us evaluating the potential, the possibilities and the 

diversity of new digital musical instruments, as well as the possibilities and the expressive 

freedom of human performers, with the hope that these ideas may inspire and help us in the 

construction of new powerful musical instruments that will allow us to perform and to listen 

to new unheard wonderful music. 

 

There is a complex interconnected relationship between the tasks of imagining, designing and 

crafting musical computers, performing and improvising with them, analyzing and further 

understanding the instrument and ourselves (the performers). This relationship can only be 

understood as a permanent work in progress. This approach inevitably leads to an infinite 

closed feedback loop. A long-term loop, which can, sometimes, bring birth to new 

instruments, hopefully ‘better’, at least in some aspects, than previous ones. A loop which 

sees new instruments grow and evolve, and in turn ideas and thoughts: it brings new ideas 

from time to time, and it makes existing ones evolve, often in contradictory ways. Generally, 

these evolutionary processes do not go at a constant speed. Such evolutionary processes are 

sometimes stuck with a flat tire or they pause at a comfortable place to rest and meditate 

deeper. This thesis has been written at one of these mental pit stops, and its structure reflects 

the circular nature of the luthier-improviser design processes. 

 

In a sense, this dissertation can be considered to be both theoretical (or conceptual) and 

experimental. However, the experiments it documents span through years, even decades. This 

is why I could obviously not have written it fifteen years ago (at about an age in which most 

candidates write their dissertations). It is also an ideological dissertation in the sense that 

what I affirm, explain or defend cannot be separated from my own personal ideas, tastes or 
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believes, about music, aesthetics, perhaps even about politics5. For these reasons, in writing 

this thesis I shall frequently shift between the more conventional and impersonal plural (we) 

and the more personal singular (I). The choice for each is not random, as I will tend to use 

singular when exposing the more personal and subjective ideas or beliefs. However, 

whenever the third person is required (he/she; his/her) I will avoid these tiring and 

cumbersome repetitions; in such cases the choice will be random. 

 

This dissertation does not intend to constitute an exhaustive historical survey of all the 

achievements reached in a field which enters already its fourth decade. For that, the reader 

can refer to two recently published books such as (Rowe 2001) and (Dean 2003). The thesis 

is mostly based on my own work and research, but it is not either a mere descriptive 

inventory of the musical inventions, instruments or interactive systems I have conceived. 

While it discusses some of my implementations, together with several other ones from 

different creators that I consider canonical or especially paradigmatic, it confronts them with 

the wide body of writing and thought that exists in the field. 

 

1.3 Digital lutherie: Holistic study and conception 

1.3.1 Multidisciplinarity and fragmentation 

New digital instrument design is quite a broad subject, which includes highly technological 

areas (e.g. electronics and sensor technology, sound synthesis and processing techniques, 

computer programming), human-related disciplines (associated with psychology, physiology, 

ergonomics and human-computer interaction components), plus all the possible connections 

between them (e.g. mapping techniques), and the most essential of all, music in all of its 

possible shapes. Given the relevance of musical instruments in music creation it is no surprise 

that when considering new digital music instruments (or music instruments based on 

computers), researchers from diverse computer music disciplines claim to be working with or 

on them. In the young research area centered around new interfaces for musical expression 

                                                      
5 That I try to adopt a broader perspective, does not mean that I am not aware of the subjectivity of my 

musical preferences and of the limitations of my musical knowledge. In that sense, the discographical 

references which are included at the end of the dissertation can also serve the additional purpose of 

unveiling part of my ‘musical personality’. 
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(NIME6), the term musical instruments is often employed when actually referring only to 

input devices or controllers. Sound synthesis researchers invoke this term as well, but they 

apply it to sound generation methods and algorithms7.  

 

It is obvious that both groups are only half-right. NIME people focus on the input-playing 

side, while researchers in acoustics and synthesis concentrate on the output-sounding side. 

Sound synthesis (including interactive realtime synthesis and processing, as particular cases 

with specific technological needs and constraints) is a well-established technical discipline 

entering its fifth decade, with important congresses (e.g. DAFX8) and an impressive number 

of articles and books being published every year (e.g. Cook 2002, Miranda 2002). In recent 

literature a great deal of interest is also being devoted to new alternative controllers and many 

devices are being designed and implemented. More recently, under the field of mapping, 

research is being carried that studies and seeks to optimize the connectivity of input and 

output digital musical systems. The same can be said of realtime algorithmic composition and 

interactive music systems in a broad sense.  

 

In short, there is a myriad of research focusing on the realtime musical output capabilities of 

computer systems. Much of this focused research attempts to solve independent parts of the 

problem. This constitutes an approach essential for any real progression in this field, but as 

we will prove, it is also clearly insufficient. Integral studies and approaches, which consider 

not only ergonomic or technological but also psychological, philosophical, conceptual, 

musicological and above all, musical issues, even if non-systematic by definition, seem 

necessary.  

 

1.3.2 Not a science 

 

Musical interface construction proceeds as more art than 
science, and possibly this is the only way it can be done 
(Cook 2001). 

                                                      
6 NIME, International Conference on New Interfaces for Musical Expression: http://www.nime.org 

  
7 As early as 1963, Max Mathews, the father of digital sound synthesis, writes: “the digital computer as 

a musical instrument” (Mathews 1963). 

  
8 DAFX, International Conference on Digital Audio Effects: http://www.dafx.de/ 
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Cook’s statement may be appropriate at this point. Digital lutherie is in many respects very 

similar to music creation. It involves a great deal of different know-how and many technical 

and technological issues. At the same time, like in music, there are no inviolable laws. That is 

to say that digital lutherie should not be considered as a science nor an engineering 

technology, but as a sort of craftsmanship that sometimes may produce a work of art, no less 

than music. As it happens in music (if we ignore Frank Zappa’s famous boutade9), lutherie 

not being a science does not prohibit us from thinking, analyzing and writing about it, which 

is what we will do in this thesis. However, possible solutions or improvements will hardly be 

analytically demonstrated. Moreover, given that in our holistic approach what we face is how 

to conceive potentially ‘better’ (?) new ways of music making, results can hardly be proved 

either by means of statistical benchmarks. In the end, only the music performed with these 

instruments can be the decisive factor.  

 

1.3.3 New instruments for new musics 

Two axioms constitute the starting point of this thesis:  

 

1. New musics tend to be the result of new techniques, which can be both compositional 

or instrumental10. 

2. New instruments will be able to survive and succeed in the measure they are really 

innovative; i.e. they have something new to bring to music, and not merely because 

they are based on novel, previously unavailable technologies. 

 

Musical instruments are used to play and produce music, transforming the actions of one or 

more performers into sound. For Risset and Dufourt (Dufourt 1995) the music instrument is 

more than a mere machine; it is an energy conversion device with expressive goals. Designers 

of new instruments may be partially responsible for the music to come. When envisaging new 

instruments they can thus not limit their study to the instruments’ sonic capabilities (which 

can be absolutely any) or to their algorithmic power. They must also be especially careful 

                                                      
9 Often credited to Frank Zappa, the origin of the quote “talking about music is like dancing about 

architecture” is indeed uncertain, other candidates ranging from Thelonius Monk to Elvis Costello to 

name only two. 

 
10 New instrumental techniques encompass new playing techniques on existing instruments or, directly 

on new instruments. 
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about the instruments’ conceptual capabilities, and consider how new instruments impose or 

suggest new ways of thinking to the player, as well as new ways of establishing relationships, 

new ways of interacting, new ways of organizing time and textures. In short new ways of 

playing new musics.  

 

Often, a new instrument is derived directly from an existing 
instrument ……. We claim this transfer will often result in 
similar music from the two instruments, however. 
Conversely, one method for making truly new music might 
be to create an instrument that allows performers to 
experiment with new playing techniques (Rubine & 
McAvinney 1990). 

 

1.3.4 Premises and methodologies 

We will try to confront the idea of digital instrument as a conceptual whole, independently of 

its potential components and features (e.g. ways of controlling it, sonic or musical output 

tendencies, etc.). We will investigate the essence and the potential highlights of new digital 

instruments, the new musical models and the new music making paradigms they can convey. 

However, we will also explore what should not be discarded; what are some of the implicit 

and hidden properties that have made acoustic instruments as we know them, good enough so 

to resist the acid test of times.  

 

In that sense, I believe that the guidelines or criteria for conceiving better new musical 

instruments based on computers, can only be found by exploring three parallel paths: 

 

 

1. Identify the quintessence of new digital instruments; what they can bring of really 

original to the act of music performance; how can they redefine it. 

2. Identify the drawbacks or obsolescences of traditional instruments; what limitations 

or problems could be eliminated, improved or solved. 

3. Identify the essential generic assets of traditional instruments; what qualities we 

should never forget or discard. 

 

 

These three points can be considered to constitute the roadmap of this dissertation. 
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1.4 Dissertation Outline 

 

This thesis is divided in three parts. Part I tries to progressively enlighten these three 

fundamental questions. It does so by introducing digital instruments new possibilities, as well 

as by bringing a thorough overview of the current know-hows and of the technical and 

conceptual frameworks in which new instrument designers and researchers are currently 

working. For that purpose, we maintain the ‘traditional’ instrument partition. After 

introducing acoustic instruments in chapter 2, we dedicate separate chapters to study (a) 

gestural inputs and controllers (chapter 3), (b) musical outputs and interactive music systems 

(chapters 4 and 5) and (c) mapping, or the study of the connectivity between inputs and 

outputs (chapter 6). These chapters are not intended as an exhaustive survey or a catalogue of 

implementations, but more a survey of the bodies of thought and knowledge built around 

those concepts. They also present several taxonomies that will help us in developing a more 

synthetic and clear overview of the whole subject. Despite the content which is of a 

reviewing nature, these chapters are also brimming with personal ideas and judgments.  

 

Going back to the three aforementioned paths, chapters 3 to 5 illustrate new digital 

instruments’ new-fangled potentialities, whereas chapter 6 constitutes a first introduction to 

the two remaining topics (i.e. drawbacks and assets of traditional acoustic instruments), 

which are thoroughly dissected in chapter 7. This seventh chapter concludes Part I, and 

encompasses the first fundamental contribution of this dissertation, with the presentation of a 

theoretical framework intended to help with evaluating the potential, the possibilities and the 

diversity of new digital musical instruments, as well as the possibilities and the expressive 

freedom of human performers. 

 

Part II describes in depth seven implementations I developed during the previous decade. 

Since all seven are conceptually very different, each of them serves to illustrate several 

paradigms introduced in Part I. Presented in a chronological order, these music instrument 

examples also help to understand the path that has led me to the conception of the framework 

previously introduced. To accentuate this evolutionary journey, each example concludes with 

a discussion that discovers the instrument’s main drawbacks. If we agree on digital lutherie 

not constituting a science, the path to any progression in the field (if possible and meaningful) 

will mostly be guided by empirical and intuitive mechanisms, for which experience and 

maturity seem indeed essential components. In that sense, the work presented in Part II is also 

representative of my credentials. The second part first two chapters (8 and 9) describe six 
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music examples developed between 1989 and 1997, while chapter 10 is devoted to only one 

system, FMOL. This system I implemented in 1998 (although I still consider it a work in 

progress), was the first which I conceived holistically, as an instrument, and not merely as a 

music or sound generator to be controlled in some more or less fashionable way. Given that 

since 1998, FMOL has been used by hundreds of performers and by myself in dozens of 

concerts, jam-sessions and recordings, it can be considered as the definitive instigator of the 

framework presented at the end of part I. In a sense, this part can be then seen as a flashback, 

since it illustrates the evolution that predated and led to the framework exposed in chapter 7 

 

Part III incorporates the teachings and conclusions resulting from this evolutionary journey. 

Chapter 11 retakes FMOL and confronts it with the concepts explored in part I. It is also a 

talk aloud section that delves into and interconnects most of the topics previously introduced. 

The thesis concludes in chapter 12, with what could be considered as ‘my digital lutherie 

decalogue’ which synthesizes most of the ideas introduced in the thesis, after what the 

reacTable*, the new instrument my team and I are currently developing, is introduced as 

future work. The reacTable* constitutes the first instrument to be conceived from scratch, 

taking into account all the concepts introduced in this thesis.  

 

The dissertation is complemented with an accompanying CD extra that includes several 

tracks, compositions or improvisations performed with the described instruments along the 

last 15 years; although discussing about music instruments is perfectly feasible, it is always 

better to also hear them in action! The disc is completed with additional data files such as 

videos, source code or executables. Following, a further description of each chapter is given. 

 

1.4.1 Chapters’ contents 

 

PART I : THEORY 

 

Chapter 2: Acoustic instruments’ Prelude 

This preliminary chapter introduces the concept of the musical instrument, a device capable 

of producing sound under the control of one or more performers. The possibilities and 

limitations of traditional acoustic instruments are presented, both from the sound output side 

and from the control input side. Subsequently, computer based digital instruments are 

introduced and their inherent possibilities are briefly surveyed. An analysis of how these 

digital instruments can easily go beyond limitations governing acoustic instruments follows. 
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Chapter 3: Inputs and gestural controllers 

This chapter introduces controllers. Responsible for extracting the control information 

coming from the performers the input devices controllers constitute the first component of the 

digital instrument chain. Several types of controllers and taxonomies are presented, for 

example there are classifications according to the similarities to traditional instruments, and 

to the new performing paradigms they propose. A presentation of several technical concepts 

applicable to all types of controllers concludes this chapter. 

. 

Chapter 4: Interactive Music Systems 

This chapter introduces and discusses the concept of the ‘interactive music system’. An initial 

definition of this type of systems is provided and followed by a brief historical overview. 

Several paradigmatic examples of interactive music systems are examined. Following this 

investigation, a more accurate definition is developed, using the complementary ‘interactive 

music system’ descriptions and taxonomies that have been proposed by the pioneers and by 

different experts and practitioners of this field, since the early 1970s as a starting point. 

Several of the proposed taxonomies are discussed with regard to their respective strengths, 

weakness and pitfalls. A more general classification, based on the sole concept of interaction 

between the performer and the instrument, is proposed. The chapter concludes by 

highlighting the possibilities given by instruments that can run multiple and parallel musical 

processes at different structural levels, allowing shared control of these processes between the 

performer and the instrument. These are identified as the crucial and more distinctive 

contribution these new type of musical instruments can bring to musical performance. 

 

Chapter 5: Interactive Instruments: Old & New Paradigms 

This chapter begins with an in depth examination of the musical implications of a presently 

more accepted model of ‘interactive music system’ suggested by Robert Rowe, introduced in 

the previous chapter. Following examination of this model, the concepts of performer, 

composer, musical instrument, musical knowledge and computer-based improvisation are 

further refined. The chapter concludes identifying and studying two complementary musical 

possibilities new digital instruments can potentiate: (i) the microsound-macrostructural 

continuum and (ii) multi-user instruments, which are seen as a logical and promising 

extension to the multiprocess behavior of many digital instruments. 
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Chapter 6: Research in mapping and digital instruments design 

This chapter focuses on mapping, the discipline that studies and defines the logical 

connections between gestural parameters or any other kind of input, and sound and music 

control parameters. Several concepts of ergonomics are introduced, followed by descriptions 

of the main commonly accepted types of mapping (one-to-one, one-to-many and many-to-

one), some mathematical formulations and mapping case studies are given. The second part 

of the chapter argues that current mapping approaches impose characteristic limitations on 

computer instrument design. In conclusion, a more holistic approach, which considers music 

instruments as a whole, and not as the conglomerate of several interchangeable components, 

is proposed. 

 

Chapter 7: Towards a conceptual framework for new instruments design 

This chapter proposes and investigates novel criteria for the construction of a conceptual 

framework to best serve the design process as well as the qualitative evaluation of new 

musical instruments. For this purpose, the chapter starts by discussing the connotations and 

possible meanings implicit in the concept ‘good instrument’. Terms such as the ‘learning 

curve’, the learnability or the efficiency of musical instruments are also described and 

examined. Efficiency is put forward as a main drawback of traditional instruments, and a 

property that could be more easily improved in the design of new computer-based 

instruments. Subsequently, the novel concept of musical diversity of a musical instrument is 

introduced and thoroughly discussed; it is proven that while diversity is always high in 

traditional instruments, it is often neglected, with unfortunate consequences, for new digital 

instruments. Musical diversity is decomposed in three diversity levels, and their relations 

with more standard concepts such as improvisation, musical idiomatism, performance 

variability and reproducibility, virtuosity or expressiveness, are studied. The chapter and the 

Part I of the dissertation conclude with the identification of several musical needs that are 

used to establish a conceptual framework for the evaluation of new musical instruments. 

However, because human-instruments interfaces have not been studied, no design guidelines 

or universal recipes are put forward. Such postulations will be addressed in Part III of the 

dissertation.  
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PART II : PRAXIS 

 

Chapter 8: Pitel : Machine Listening and improvisation 

This chapter introduces Pitel, the first interactive system I designed in the late 1980s, and 

several of its main characteristics are discussed from a generic point of view. The concept of 

‘machine listening’, previously introduced in chapters 4 and 5 is retaken, and other concepts 

such as algorithmic composition or non-linear dynamics are introduced. The chapter 

concludes examining Pitel’s achievements and more specifically its drawbacks. A 

counterexample from the same period, the interactive composition Sólo Soles, is also 

discussed. 

 

Chapter 9: Afasia: Score-based systems and multimodality 

This chapter explains four projects I developed during the 1990s. Although quite different in 

their details – two of them involve for example audience participation, while the two others 

are designed for specific performers, three of them involve some types of mechanical robots, 

etc. – they all share several important commonalities such as the employment of open 

interactive scores. The possibilities, highlights and drawbacks of score-based musical systems 

are studied. The implementation of the fourth and more complex project, Afasia, is explained 

in depth from a technological point of view. Other more conceptual or even ideological topics 

such as the possibilities and implications of audience participation, or the correlation between 

multimodality and control, are also covered in this chapter. 

 

Chapter 10: Introducing FMOL 

This chapter documents in depth FMOL, the digital instrument wich I first developed in 1998. 

Apart from being a simple and ‘old-fashioned’ mouse-based instrument, FMOL has several 

characteristics that make it unique: it has been used by hundreds of net-performers, its music 

has been employed in several high-profile shows, and it is still my favorite instrument. For 

these reasons, and because FMOL can be seen as the prompt of this dissertation, it is here 

studied in detail. This chapter covers FMOL implementation and its peculiarities as a 

multithreaded, shared control instrument. It does not yet attempt to analyze its success, which 

is done in the following chapter, in the third and last part of this dissertation  
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PART III : TEACHINGS AND CONCLUSIONS 

 

Chapter 11: Interfaces: further reflections on FMOL 

This chapter examines the properties that have turned FMOL into a successful musical 

instrument, with focus on aspects of its interface design. The simultaneous access to micro 

and macro control processes, the development of virtuoso techniques, and the ways these are 

related to the instrument’s non-linear properties are studied. Following this study an 

evaluation of FMOL music output is proposed using the three diversity layers introduced in 

chapter 7 as criteria. The visual feedback and the direct access provided by its interface, 

which simultaneously behaves as input and output are examined, and serve as an introduction 

to the more generic study of graphical interfaces for music control. The chapter concludes by 

suggesting how multithreaded instruments with simultaneous micro and macrocontrol, could 

benefit enormously from visual interfaces that are able to display and monitor the states and 

behaviors of the instrument’s ongoing musical processes.  

 

Chapter 12: Conclusions and Future work 

This last chapter begins by enumerating in a logical progression the main characteristics and 

properties that can make new digital instruments more appealing, according to what has been 

studied and discovered along this dissertation. Subsequently this chapter introduces future 

work, a new music instrument, currently being developed by a team directed by the author at 

the Barcelona’s Music Technology Group. The reacTable* constitutes the first musical 

instrument conceived according to the principles exposed in this thesis. 
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Part I : Theory 
 

Overview, taxonomies and models
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Chapter 2 
Acoustic instruments’ prelude 

 

This preliminary chapter introduces the concept of the musical instrument, a device capable 

of producing sound under the control of one or more performers. The possibilities and 

limitations of traditional acoustic instruments are presented, both from the sound output side 

and from the control input side. Subsequently, computer based digital instruments are 

introduced and their inherent possibilities are briefly surveyed. An analysis of how these 

digital instruments can easily go beyond limitations governing acoustic instruments follows. 

. 

2.1 Luthiers, composers and improvisers 

 

In the 1970s there was an expectation that technology would 
liberate the composer from the practical limitations of 
acoustic instruments and human performers. What wasn’t 
perhaps foreseen was that by making the relationship of 
sound to creator an arbitrary one, music is stripped of its 
context, and becomes a more clinical and less meaningful 
activity. Thus, instead of freeing composers from 
instruments, composers have become more involved with the 
design and implementation of instruments. Perhaps 
implausibly, hobo/carpenter/composer Harry Partch has 
become a role model for the computer musician (Brown et 
al. 1996). 

A great deal of effort in this century has been spent on the 
invention of distancing techniques for the composition of 
music. From the Serialists to John Cage to the 
experimentalists of the post war generation, the project has 
been to deny the habitual or the hackneyed by developing 
techniques to restrain or condition the immediate process of 
choice. Whether the problem was seen to be the limitations 
of traditional technique or the excesses of romantic self 
expression, the solutions were either to adopt a formal 
method to distance choice or to choose a medium for which 
there was no existing habit. With computer music you get 
both: the distance comes for free but a distance which can 
only be viewed as problematical. The emphasis may in fact 
be shifting back towards a quest for immediacy in music. 
This is a realignment for both aesthetic and practical reasons. 
Aesthetically, the return of the composer/performer demands 
new ways to 'play' music. Practically, the use of computers 
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in music presents a formidable problem for composers and 
musicians for which an empirical approach may be a 
solution (Ryan 1991). 

For us, composing a piece of music is like building a new 
instrument, an instrument whose behavior makes up the 
performance. We act at once as performer, composer and 
instrument builder, in some ways working more like 
sculptors than traditional musicians. [Sleeve notes from 
Bischoff & Perkis 1989]. 

 

Like Max or Pure Data (Puckette 1988; Puckette & Zicarelli 1990; Puckette 1997), two of the 

prevalent software tools in the “live computer music” community, crafting computer music 

instruments and playing music with them, present two alternating modes. In “edit-mode” the 

musician is the luthier-composer confronted with the design, the programming and the 

mapping strategies of the instrument. In “run-time-mode”, the improviser-composer is faced 

with the questions posed by the luthier-composer and tries to find, in real time, answers to 

them . This thesis reflects also an ongoing schizophrenic swing between both modes, between 

Harry Partch (Parch 1949) [Partch 1995] and John Coltrane. Let Harry Partch have the floor 

first. 

 

2.2 Acoustic instruments: a quick overview 

 

Before approaching new digital instruments, we will dedicate this brief introductory chapter 

to set the instrument ground. We will present a quick look at traditional instruments and try to 

answer two basic questions: what can they do (output), and how can they be played, i.e. how 

their sonic possibilities are controlled (input).  

 

Most acoustic instruments consist of (a) an excitation source that can oscillate in different 

ways under the control of the performer, and (b) a resonating system that couples the 

vibrations of the oscillator to the surrounding air. Parts of the performer’s body generate the 

energy for the excitation of the instrument, interacting through the instrument’s control 

interface.  
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2.2.1 Sonic outputs 

In the 16th century, Praetorius had already classified instruments according to three 

quantitative characters: (1) how long the instrument can hold a tone, (2) whether its tuning is 

fixed or not, (3) whether it can be made to produce all the tones and voices of a piece, or only 

some, or only one voice at a time, (4) whether it can play notes beyond its natural range or 

not (Praetorius 1619, 1980). Our approach cannot be that different, because although 

traditional instruments may differ enormously from one family to another, with very few 

exceptions, their simplified possibilities (What can they do?) can still be summarized in a 

short list. 

 

If in a first approximation we omit attack, we can consider that an instrument starts playing a 

tone with a given pitch, at a given dynamic level and with a given timbre. Some instruments 

have a continuous choice of pitches (e.g. violin), while in others this choice is discrete (e.g. 

piano) or even non-existent (e.g. drum). The same applies to dynamics and to timbre (i.e. they 

can both be roughly continuous, discrete or unique). These available possibilities will 

condition the evolution of the tone in the ways summarized in table 2.1. 

 

2.2.2 Some additional remarks 

• Even in the cases in which these spaces are not continuous, instruments do not reach 

their discrete available values instantaneously. In this attack phase all three 

parameters (pitch, loudness and timbre) may be submitted to fast variations.  

• These fast variations considerations can be extended to the whole temporal evolution 

of many instruments’ sounds: their properties may vary but they cannot be controlled.  

• In some cases, once the initial choices or conditions are given, the internal evolution 

of several parameters can be further controlled, which means that we could 

distinguish between continuous/discrete selection and continuous evolution within a 

selection. The guitar can be considered to have a discrete choice of pitches, but the 

internal controlled evolution of one pitch can be considered continuous. The piano, 

instead, has a continuous choice of amplitudes, but its internal evolution cannot be 

controlled. The dynamic space of the harpsichord, for example, is discrete in all of its 

aspects (i.e. selection and internal evolution). 

• In polyphonic instruments this process can be started concurrently several times, 

while in monophonic instruments the current tone has to end before a new one starts. 

In some instruments the tone stops automatically after a short time. Other instruments 
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are capable of sustaining the tone at the player’s will, provided that the player keeps 

injecting energy into the system. 

• It could be also pointed out that while this simplified mechanism description may be 

applied to any existing instrument of any culture, its exposition reflects a 

considerable Western ethnocentrism. It favors discrete choices, steady states and 

discontinuous events with a beginning and an end, instead of an open and non-

hierarchical evolution of parameters as allowed by many instruments. 

 

Pitch variation 

When the pitch space is continuous, changes can be applied basically in three ways: 

 

1. Glissando (continuous variation from one pitch to another). By using this mechanism, 

monophonic instrument can go from one tone to another without stopping between 

(portamento). 

2. Vibrato (small and fast oscillating shifts). 

3. Trills (fast oscillations between two or more tones). 

 

• In many instruments, pitch can be considered continuous within a short region or range (e.g. 

guitar, trumpet). In that case, vibrato and trills are possible, but not glissandi. 

• When pitch is discrete, trills are the only pitch variations allowed. 

 

Dynamics variation 

When the dynamic space is continuous, permanent changes can be applied in two basic ways: 

 

1. Tremolo (small and fast oscillating shifts). 

2. Continuous variation of dynamic (controlled envelope). 

 

Timbre variation 

• Very few instruments allow for a continuous control of timbre (e.g. voice, didgeridoo).  

• Many instruments offer different discrete timbres, either because they combine separated 

parts (e.g. percussion sets), or because they can be played using different techniques (e.g. 

violin), or with different accessories (e.g. sticks or mallets). 

• Several instruments offer different timbre regions resulting from the instrument morphology, 

or permit reduced timbre and spectral effects (such as the use of mutes in brass instruments).  

• In the remaining instruments, timbre is strongly correlated with the other two parameters, 

pitch and dynamics. 

 

Table 2.1. A quick acoustic instrument possibilities overview 
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2.2.3 Mechanical inputs and control 

Concerning the second question we have posed (How can they be played?), acoustic 

instruments are not played in that many different ways. If we do not enter into nuances (e.g. 

scrape, shake, slide, ruffle, crunch, glide, caress, etc.: Pressing 1990), instruments receive 

energy in four possible ways, by being blown, struck, plucked or rubbed. These ways are 

conditioned by the instrument construction and are determinant for the instrument output 

capabilities. In order to attain all of the output possibilities included in the previous section 

and table, Cadoz (1988) describes three types of basic gestures:  

 

1. modulation (shaping a control parameter) 

2. selection (picking from a range of discrete values) 

3. excitation (putting energy into the system) 

 

Each instrument or family of instruments favors some of these possibilities over others. This 

aside, not all the output possibilities of many instruments are independent or controllable by 

the user. Some instruments allow players, for example, to exert some control on the duration 

of the attack phase but the condition the evolution of pitch, loudness and timbre within that 

phase. It should also be noticed that polyphonic instruments tend to afford limited continuous 

control possibilities (Pressing 1990; Rubine & McAvinney 1990; Vertegaal & Eaglestone 

1996; Levitin et al. 2002). The reasons for these restrictions are to be found in the physical 

and cognitive limitations of humans and not in the inherent properties of the instruments 

(Fitts 1954; Miller 1956; Fitts & Posner 1967; Cook 2001). Notice also that all the parameters 

evolutions, no matter how small they may be (e.g. modulations like tremolo or vibrato) have 

to be explicitly and permanently controlled, which usually means that some parts of the 

performer's body have to keep moving or oscillating. 

 

2.2.4 Summary 

This is only a very concise and rough introduction. In chapter 7 we will revisit the ways 

instruments allow us to browse through their continuities and their discontinuities, or to 

traverse and expand their ranges. What we should retain from here are three basic concepts: 

 

• Acoustic instruments, with few exceptions (including organs and several other 

keyboard instruments), impose by construction their own playability rules, allowing 

listeners to infer the type and form of the gesture from the generated sound. There 
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may still be room for some control design improvements but scarcely for capricious 

decisions or radical changes. 

• No instrument allows for a complete control over its whole sonic richness. 

Microevolutions of their parameters are often uncontrollable and subject to a 

combination of (a) complex correlations (b) structural and morphological constraints 

and (c) additional random -or ungraspable- factors. 

• With few exceptions (as it is the case of the organs) the excitation energy needed for 

the instrument to sound has to be provided by the performer.  

• With few exceptions, not only energy but also all type of temporal control variations 

or modulations of parameters (e.g. vibrato or tremolo) have to be explicitly and 

permanently addressed physically by the performer. 

 

2.3 The digital luthier’s framework: Everything is possible 

 

2.3.1 The digital instrument chain: Controllers and generators 

In Mechanical Music, Bartók (1976) establishes a continuum between the more human 

towards the more mechanical instruments, according to the foreign bodies that interfere 

between the human body and the instrument’s vibrant body, and the time the human body is 

in direct contact with the vibration of the instrument. Following these criteria Bartók orders 

instruments from the more human to the more mechanical (the voice, wind instruments, 

bowed strings, plucked strings instruments, pianos, organs, barrel organs, player pianos, and 

finally the gramophone and the radio).  

 

Following that list, in most of the acoustic instruments before the piano, the separation 

between the control interface and the sound-generating subsystems is fuzzy and unclear 

(Hunt, Wanderley & Kirk 2000; Wanderley 2001), whereas digital musical instruments, on 

their side, can always be easily divided into a gestural controller (or input device) that takes 

the control information from the performer(s), and a sound generator that plays the role of the 

excitation source. The controller is a piece of equipment that the player uses to control how 

the sounds (stored or created in real time by the computer) will be released. This separation 

between gesture controllers and sound generators was standardized by MIDI two decades 

ago, and sprouted the creation and development of many alternative controllers used for 

exploring new creative possibilities (e.g. Waisvisz 1985; Chadabe 1997; Wanderley & Battier 

2000). It also incremented musical flexibility. By allowing any controller or input device to 
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control any sound generator, MIDI became the “crossbar switch” between gesture and timbre 

(Rubine & McAvinney 1990) . 

 

By eliminating the physical dependencies, all previous construction constraints are relaxed in 

the design of digital instruments. Any input can be now linked to any output, and both 

components can offer a virtually infinite number of possibilities we will now only briefly 

scratch.  

 

2.3.2 Control inputs 

On the input side, the wider and ever increasing availability of sensing technologies enables 

virtually any kind of physical gesture or external parameter to be tracked and digitized into a 

computer. What is more, the wide accessibility of devices such a video cameras and analog-

to-MIDI interfaces (ADB I/O11, AtoMIC Pro12, EoBody13, I-Cube14, Sensorlab15, etc.) (e.g., 

Fléty & Sirguy 2003; Mulder 2003), which provide a straightforward means for the computer 

to access sensor data, easily programmable micro-controllers such as the Basic Stamp (e.g. 

Wilson et al. 2003), or even analytic interfaces which ‘hear’ musically, has definitely opened 

the plethora of input possibilities to anyone willing to explore the territories. We can still 

blow, strike, pluck, rub or bow, although the performer is not anymore directly responsible 

for transferring the energy needed by the instrument to sound16. We also can, obviously, 

click, double-click, type, point, slide, twirl or drag and drop, but we can try to do other things 

too. Physical controllers will be studied in the next chapter, while machine listening or 

systems with ‘ears’ will be first introduced in chapter 4. 

 

2.3.3 Sonic outputs 

The output side may start, by covering all the aspects included in the list of acoustic 

instruments possibilities (see table 2.1) without any restrictions.  

 

                                                      
11 ADB I/O: http://www.iwac.se/adbiotech/ADB_IO/ 
12 AtoMIC Pro:http://www.ircam.fr/288.html?&L=1&tx_ircam_pi2[showUid]=23&cHash=91f6f28fb5 
13 EoBody: http:/www.eowave.com/page_produit?prod=29 
14 I-Cube: http://infusionsystems.com/catalog/index.php 
15 Sensorlab: http://www.steim.org/steim/sensor.html  

16 “I can go on as long as the electricity comes out of the wall” (Robert Ashley in Holmes 2002: 12). 



CHAPTER 2 ACOUSTIC INSTRUMENTS’ PRELUDE  26 

 

• Any parameter variation can now be implemented as desired; continuously, 

discreetly, or as a combination of both.  

• Small periodic changes can still be applied to them, now with unlimited and precise 

control over all of the oscillation parameters (frequency, amplitude and shape of the 

oscillation), and these modulations do not have to be permanently addressed by the 

performer anymore since separate threads in the machine are taking charge of them. 

• The performer, who no longer needs to control all the smaller details, can control 

instead the processes that control these details.  

• Timbre does not have to be left out anymore. Any imaginable timbre can be rendered 

theoretically; it can change abruptly or evolve continuously, and even smooth 

transitions between any set of distinct timbres can be achieved (e.g. Grey 1975; 

Wessel 1979; Wessel et al. 1998).  

 

This thesis will not address however any research in sound synthesis, which, although 

essential to digital lutherie, is to be considered a topic of its own. Moreover, the study of 

sound synthesis control, or how to optimize the communication between human performers 

and digital sound producing units (e.g. Rovan et al. 1997, Wanderley & Depalle 1999, 

Ungvary & Vertegaal 1999), will only be tangentially studied in chapter 6, which is devoted 

to mapping, a term used to define the connection between gestural parameters (or any other 

kind on input) and sound and music control parameters (or any other output results). Sound 

synthesis control is indeed a crucial aspect in the successful design of new music instruments, 

but in this thesis, of all the possibilities of digital instruments, we will mainly concentrate on 

the ones that break the one gesture to one acoustic event paradigm and surpass the sound and 

note control level in order to embrace new musical possibilities and paradigms.  

 

We will see that with the added ‘intelligence’ that computers can bring, new extended 

instruments are not forced to remain at the sound and note level (Pressing 1990). New digital 

instruments can also flirt with composition, they can deal with tempo, with multiple and 

otherwise conventionally unplayable concurrent musical lines, with form, they can respond to 

performers in complex, not always entirely predictable ways (Chadabe 1984). We will start 

studying these expanded possibilities in chapters 4 and 5 and further examples will be given 

in the second part of this thesis. 
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2.3.4 Everything is too much 

When “everything is possible” it should be reminded again that the possibility of an 

instrument “to do everything” does not imply that a human player will be capable of 

controlling it all. Digital instruments memory and brain can be used in that sense to reduce 

some of the human control overload. They can take charge of several musical processes so to 

ease human control bandwidth. The added possibilities are infinite, as we will discover in the 

following chapters. However we will also quickly realize that any relief that ‘instrumental 

intelligence’ offers to ease the human burden at the sound control level, can be easily swept 

away by the newfangled musical possibilities that these new instruments may suggest.
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Chapter 3 
Inputs and gestural controllers 

 

This chapter introduces controllers. Responsible for extracting the control information 
coming from the performers the input devices controllers constitute the first component of the 
digital instrument chain. Several types of controllers and taxonomies are presented, for 
example there are classifications according to the similarities to traditional instruments, and 
to the new performing paradigms they propose. A presentation of several technical concepts 
applicable to all types of controllers concludes this chapter. 
 

3.1 Introduction 

 

The controller is the first component of the digital instrument chain. Controllers constitute the 

interface between the performer and the music system inside the computer, and they do so by 

sensing and converting continuous and discrete analog control signals coming from the 

exterior17 into digital messages or data understandable by the digital system. 

 

If we omit the multiple incarnations of the aforementioned ‘array of switches’ commonly 

known as music keyboard, music controllers can be considered a fairly recent when compared 

to musical instruments18. Among the 20th century pioneers we should mention Hugh Le Caine 

(Young 1989)[Le Caine 1999], the Canadian scientist and electronic luthier who in the 

1940s-1950 developed such expressive controllers as the Electronic Sackbut, a keyboard with 

an unusual capability for fingertip control of expression and nuance (Chadabe 1997: 13). But 

as it happened with most of the realtime oriented computer music branches, the burgeoning 

of alternative music controllers did not happen until two decades ago, when the advent of 

MIDI (International MIDI Association 1983; Loy 1985; Moore 1988) standardized the 

separation between input (control) and output (sound) electronic devices. 

 

                                                      
17 In a general case, these signals could come from one or several performers, from the [active] 

audience or even from the environment, as in the case of interactive installations. 

 
18 For an extensive and thorough discussion on keyboard-based synthesizer playing techniques, the 

reader is referred to (Pressing 1992). 
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Using MIDI as the ‘crossbar switch’, any input device capable of some kind of analog 

sensing and fitted with a MIDI OUT connection, can now be linked to any musical output 

device fitted with a MIDI IN connection. By eliminating the physical dependencies and the 

construction constraints that exist in traditional instruments, any input can be connected to 

any output, and both components can offer a virtually infinite number of combinations. This 

flexibility has sprouted the creation and development of many alternative controllers used for 

exploring new creative possibilities (e.g. Waisvisz 1985; Chadabe 1997; Wanderley & Battier 

2000). We will not discuss here the drawbacks, inconsistencies and pitfalls that this 

promiscuous approach can bring; this topic will be covered as we delve deeper into the thesis. 

In this initial chapter we are only offering a general overview of the field, presenting some 

taxonomies and several specific topics that will be helpful for the following of this text. 

 

3.2 Classifying controllers 

 

Given the number, diversity and idiosyncrasy of existing controllers, a systematic controllers’ 

taxonomy seems a difficult task to achieve. Considering that many studies and classifications 

such as Wanderley (2001) distinguish however between (a) instrument-like controllers, (b) 

extended controllers, and (c) alternative controllers, this is the first step we will take. 

  

3.2.1 instrument-like controllers 

In the first category, not only keyboards but virtually all traditional instruments like clarinets, 

saxophones, trumpets, guitars, violins, drums, xylophones, or accordions have been re-

conceived as MIDI controllers and commercially marketed. While their control capabilities 

and nuances are always reduced when compared to their acoustic ancestors (e.g. Rovan et al. 

1997), they offer as a counterpart an expanded, unlimited sound palette. For a detailed review 

of instruments pertaining to this first category the reader is referred to (Metlay 1989; Pressing 

1992), which although somewhat outdated, still constitute two excellent surveys of the field. 

 

3.2.2 Extended controllers and Hyperinstruments 

The second category, extended controllers, often relies on the principle ironically exposed by 

Perry Cook as “some players have spare bandwidth” (Cook 2001), illustrated in figure 3.1. It 

includes both controllers inspired in traditional instruments that allow the use of extended 

playing techniques (a subcategory that falls near the aforementioned instrument-like 
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controllers), as well as augmented traditional instruments (that sometimes can even be played 

‘unplugged’). The latter, thanks to the add-on of extra sensors, can afford additional playing 

nuances or extended techniques and, in consequence, supplementary sound or music control 

possibilities (Machover 1992; Wanderley 2001).  

 

 
Figure 3.1. Rahsaan Roland Kirk and John Mclaughlin  

(some players have spare bandwidth). 

  

That big family of augmented instruments is often generically denominated as 

hyperinstruments, although strictly the term only refers to the instruments developed at the 

M.I.T.’s MediaLab between 1986-1992 under the supervision of Tod Machover (Machover & 

Chung 1989; Machover 1992; Machover 1997). MediaLab’s Hyperinstruments project main 

goal was to provide virtuoso performers with controllable means of amplifying their gestures, 

suggesting coherent extensions to instrumental playing techniques. In that direction can also 

be mentioned the research of Marcelo Wanderley, who in his Ph.D. thesis carried out at 

IRCAM, studies and proposes the use of ancillary gestures (i.e. gestures common to an 

instrumental playing technique that do not have any real sound effect or consequence, but that 

probably carry a semantic musical connotation) to be used as additional control sources 

(Wanderley 2001). While Wanderley’s study focuses on the clarinet, Medialab’s 

Hyperinstruments mostly concentrated on bowed stringed instruments. 
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Here at the Media Lab, we have designed several systems for 
measuring performance gesture on bowed string instruments. 
These efforts began with the Hypercello, designed by Neil 
Gershenfeld and Joe Chung in 1991. In addition to analyzing 
the audio signals from each string and measuring the fretting 
positions with a set of resistive strips atop the fingerboard, 
the bow position and placement were measured through 
capacitive sensing, which is much less sensitive to 
background than most optical or other techniques. A 50 kHz 
signal was broadcast from an antenna atop the bridge, and 
received at a resistive strip running the length of the bow. 
Transimpedance amplifiers and synchronous detectors 
measured the induced currents flowing from both ends of the 
bow; their difference indicated the transverse bow position 
(i.e., the end closer to the transmitter produced 
proportionally stronger current), while their sum indicated 
longitudinal bow placement (the net capacitive coupling 
decreases as the bow moves down the violin, away from the 
transmitter). In addition, a deformable capacitor atop the 
frog, where the bowing finger rests, measured the pressure 
applied by the player, and a "Dexterous Wrist Master" from 
Exos, Inc. (now part of Microsoft) measured the angle of the 
bow player's wrist. This setup originally premiered at 
Tanglewood, where cellist Yo-Yo Ma used it to debut Tod 
Machover's hyperinstrument composition "Begin Again 
Again..."; it has since appeared in over a dozen different 
performances of Machover's music at various worldwide 
venues (Paradiso 1997). 

 

Several extended controllers have been tailored-made for well-known virtuosi such as Yo-

YoMa (Machover 1992) (see Figure 3.2), The Kronos Quartet or Winton Marsalis (Morrill & 

Cook 1989; Cook 2001). With few exceptions most of them are not being played on a regular 

basis, and none of them has managed to dethrone its traditional model. A notorious exception 

is the case of the violinist and improviser Jon Rose, who over the years and in collaboration 

with STEIM19 (Studio for ElectroInstrumental Music) in Amsterdam, has implemented a 

number of technological innovations for the violin as well as developed some unique 

‘deconstructed’ bowed-string instruments (Rose 1996). STEIM the Dutch laboratory directed 

by Michael Waisvisz is unquestionably one of the world lead centers in the research and 

custom design of new alternative and experimental controllers (Roads 1986; Ryan 1991, 

1992; Anderton 1994). 

 

                                                      
19 STEIM: http://www.steim.org 
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Figure 3.2. Yo-Yo Ma performing "Begin Again Again..." at Tanglewood. 

3.2.2.1 Some notes on violins 

From Laurie Anderson’s early-1980s experiments with tape-bow violins (Jestrovic 2004), 

Machover’s celleto, hypercello and hyperviolin, Jon Rose’s violin extensions, IRCAM’s 

SuperPolm20 for violinist Suguru Goto (Goto 2000), Peter Beyl’s use of infrared sensors on 

violins (Beyls 1991), the electronic performances of violinist Kaffe Mathews, etc., i.e. from 

the most conservative extensions to the most radical redefinitions, it seems that the violin 

family is especially adaptable and well suited for the creation of innovative controllers. The 

reasons may lie perhaps in the fact that the violin is one of the traditional instruments that 

offer more continuous degrees of freedom (bow position transverse to the strings, bow 

distance to the bridge, bow pressure, inclination and speed on each string plus the finger 

position on the strings) and that violinists are trained to control them. Livingston (2000) also 

                                                      
20 SuperPolm: http://www.ircam.fr/288.html?&L=1&tx_ircam_pi2[showUid]=27&cHash=55e7848091 
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proposes some extended playing techniques on the cello to be further extended with 

electronics. 

3.2.2.2 Some notes on trombones 

Unlike the violin family, extending trombones has not become that fashionable yet. However, 

trombones seem ideal candidates for extended instruments. Given the low overhead of the 

right hand on the slide, a keypad could easily be adapted to be played with the right hand 

fingers. This is in fact what Nicolas Collins has done with his trombone, although he only 

uses it to propel electronics and never plays it acoustically (see figure 3.3) (Collins 1991) 

[Collins & Cusack 1996].  

 

 
Figure 3.3. Nicolas Collins ‘trombone’. 

Some devices in this family have evolved far from their 
parents; for instance, the STEIM performer Nicolas Collins 
has turned a trombone into a multimodal performance 
controller by putting a keypad onto an instrumented slide, 
and using this to control, launch and modify a variety of 
different sounds; the trombone is never "played" in the 
conventional sense. (Paradiso 1998) 

 

Collin’s calls his instrument Trombone-propelled electronics, a name which exemplifies the 

difference between the tacitly accepted concept of Hyperinstruments and that of extended 

instruments. The first usually profit from existing playing techniques or ancillary gestures 

(Wanderley 2001) while the second demand for the incorporation of additional new 

techniques: trombonists could easily push buttons with their fingers, but they were never 

asked to; indeed prior to Collins, they never felt the need to do so. 
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3.3 Alternative controllers 

3.3.1 Taxonomies 

When it comes to the ‘others’, the remaining ones, meaning alternative controllers that do 

not imitate and cannot therefore be included in any previous category, different authors tend 

to classify them according to different principles. These criteria can be technological (e.g. 

how they work, what physical variables they sense and how they do it), ergonomic or more 

human-centered (e.g. what they demand to performers, how they are used or worn), 

mathematical (e.g. number and resolution of measured parameters), etc. 

  

For a technical classification based on sensing technologies as well as on the types of muscle 

movements involved, readers may refer to Bongers (2000). Several authors such as (Buxton 

1987; Card et al. 1991; Wanderley & Orio 2002) propose taxonomies of input devices that 

are based on Human Computer Interaction (HCI) methodologies, considering aspects like the 

physical variables being sensed (position, motion, pressure, etc.), their degrees of freedom 

and their resolution. From the usability and the performance point of view, Rubine & 

McAvinney (1990) constitute a good introduction to the discussion of the temporal, spatial, 

and dynamic resolutions of some of the current sensing technologies (although some of the 

values they show may have improved in recent years).  

 

Other considerations such as the type of expertise these controllers may require, the number 

of users they permit, their design appropriateness, the motor and cognitive loads they 

comport or the perceived naturalness of the link between action and response (e.g. Blaine & 

Fels 2003; Jordà 2002a; Jordà 2002c; Pressing 1990; Spiegel 1992), which are more related 

with the main subject of this thesis, will be discussed in subsequent chapters. Notice also that 

several of these properties cannot be studied using mere controllers since they require the 

existence of a predefined output behavior. 

 

3.3.2 The work of Joseph Paradiso 

Joseph Paradiso should be considered as one of the first experts in sensing and field 

technologies for controller design (e.g. Gershenfeld & Paradiso 1997) and he is also 

responsible for the creation of dozens of alternative controllers at the MediaLab. His work 

focuses on non-contact based controllers, but he has also constructed many contact 

controllers (dancing shoes, magic carpets, etc.), applying almost any existing physical 

principle to achieve an outcome (e.g. Paradiso 1996; Paradiso et al. 1997; Paradiso et al. 
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1999; Paradiso & Hsiao 2000; Paradiso et al. 2000; Paradiso et al. 2001). His work and 

research has been vital in the production of the Brain Opera, a project led by Tod Machover 

that turned the MediaLab focus from Hyperinstruments for professional musicians to devises 

for amateurs and non-musicians as well, designing many new, often toy-like interfaces. The 

Brain Opera is currently a permanent installation in Vienna’s House of Music, which gives 

the audience the opportunity to explore the hands-on instrument as preparation for the 

performance (Paradiso 1999)21. 

 

Paradiso’s classification of controllers (Paradiso 1997) favors the performer’s point of view 

and not the designer’s approach, classifying controllers according to how they are used or 

worn, instead of considering how they work internally or how they can be constructed. The 

new categories he proposes are: 

 

• Batons 

• Wearables (including gloves and biosignal detectors) 

• Non-contact gesture sensing (which includes Theremins, ultrasound, computer 

vision, etc.) 

 

We will briefly discuss several implementations and related topics within each of these 

categories. 

 

3.3.3 Batons  

The Radio Baton, one of the more widespread controllers in academic electronic music 

performance was developed by computer music pioneer Max Mathews together with Bob 

Boie in the early 1980s (Lawson & Mathews 1977; Mathews & Schloss 1989; Schloss 1990; 

Mathews 1991; Boulanger & Smaragdis 1995). It consists of two batons (one for each hand) 

that the performer wave on top of an electrostatic plate, which continuously tracks the 3D 

location of each baton (Boulanger & Mathews 1997). Other batons include the commercially 

available Lightning, developed by Donald Buchla (Rich 1991) that uses IR based optical 

tracking and thus provides a wider working area, the MIDI Baton which uses accelerometers 

as switches to detect tempo (Keane & Wood 1991), or the Digital Baton (Marrin 1996, 2000), 

which combines IR technology with accelerometers and pressure sensors, for bringing no less 

than eleven degrees of freedom. 

                                                      
21 ‘Instruments for novices’ is a topic that will be revisited in section 7.7.3. 
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3.3.4 Bodysuits and Exoskeletons 

Examples of affixing a sensor system to the body or clothing of a performer can already be 

found in 1971, when the composer Gordon Mumma inserted accelerometers and wireless 

transmitters into dancers' belts. A well-known case is the one of Laurie Anderson who in the 

early-1980s put a whole drum machine (the pads) into her suit and performed by tapping 

different parts of her body (Jestrovic 2004). Anderson probably inspired the commercial 

version Brocton-X Drum Suit, with attachable Velcro percussion sensors and heel-mounted 

triggers, and the Control Suit, constructed at the Norwegian Network for Technology, 

Acoustics, and Music (NoTAM) in 199522. More recent and sophisticated systems are Van 

Raalte and Severinghaus’ BodySynth23 (Van Raalte 1998), which measures muscle changes 

via sensors attached to the body that detect electrical signals generated by muscle 

contractions, or Marc Coniglio’s MidiDancer system (Coniglio 2000), which uses flex 

sensors and a wireless transmitter to convey joint angle information to a computer. A 

conceptually similar system based on strain gauges on spring steel and a wireless transmitter 

is described by Siegel and Jacobsen (1998). Mulder (1994b), Winkler (1995) and more 

recently Morales-Manzanares et al. (2001) provide good overviews of systems that produce 

music from body movements.  

 

As a surprising excursion to the uncharted territory of interfaces made by a large commercial 

company, Yamaha developed a unique new instrument called the Miburi (shown in figure 

3.4) that was introduced in Japan in 1994. The system contains two small hand-held keypads 

with eight buttons, a vest embedded with arrays of resistive bend sensors at shoulders, 

elbows, wrists and a pair of shoe inserts with piezoelectric pickups at heel and tow. It sends 

control data wirelessly from the central controller mounted to a belt-pack. Playing the Miburi 

involves pressing keys on the hand-controllers and simultaneously moving the joint-angles, in 

a sort semaphore-like gestural language. There are several separate settings, selectable from 

the synthesizer unit, which define how the individual movements and key-presses trigger 

sounds. Joint movements can also trigger drum-sounds or alter pitch. Although several 

followers developed virtuosic and somewhat athletic performances, the Miburi, was never 

marketed outside Japan (Paradiso 1998).  

 

                                                      
22 NoTAM: http://www.notam.uio.no/notam/kontrolldress-e.html 
23 The BodySynth:http://www.synthzone.com/bsynth.html 
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Figure 3.4. Yamaha’s Miburi 

 

 
Figure 3.5. Tomie Hahn in Pikapika 

 

Afasia, one of the projects I have developed, which will be discussed in chapter 9, involves 

the presence of a custom developed exoskeleton (Jordà 2002b). More recently, Tomie Hahn 

and Curtis Bahn (2002) have developed Pikapika, a performance which combines 

choreography and interactive theater and in which the performer Tomie Hahn wears a 

bodysuit with sensors and speakers (see figure 3.5). 
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Figure 3.6. Atau Tanaka performing with the BioMuse 

 

3.3.4.1 Biosignals 

A complementary approach to the wearable concept consists of measuring neurological and 

other biological signals by means of medical devices, and then use these data to control 

musical processes. Antecedents can be found in Alvin Lucier’s Music for Solo Performer, in 

which the performer activates, by means of hugely amplified brain waves, sympathetic 

resonances in an ensemble of percussion instruments (Lucier 1976), and in the experiments of 

Richard Teitelbaum in the late-1960s (Teitelbaum 1976). During the 1970's, composer David 

Rosenboom pioneered these experiments in the digital domain (Rosenboom 1990). Apart 

from EEG brainwave data, other biofeedback signals, such as skin resistivity, skin 

temperature have been used by several performers and composers. Atau Tanaka, has turned 

the BioMuse, a medical device developed by BioControl Systems, which is able to gather 

EMG (muscle), EOG (eye movement), EKG (heart), and EEG (brainwave) signals, the 

instrument of his own (see figure 3.6). He has been performing with it more for than a 

decade, bringing it into numerous different musical situations, becoming along with Michel 
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Waisvisz (see section 4.3.4.3), one of the first truly new instruments virtuosi (Tanaka 1993, 

2000).  

 

3.3.5 Playing with space 

 

The world caught up with Leon Theremin in the 1960s and 
1970s when several composers rediscovered the exploration 
of movement to create electronic music. Of particular note is 
Variations V (1965), a collaborative work featuring music by 
John Cage and choreography by Merce Cunningham, with a 
system designed by Gordon Mumma and David Tudor to 
derive sounds from the movements of dancers, who 
produced music based on their proximity to several 
electronic sensors placed on stage. Thus, the entire floor was 
transformed into a musical instrument responsive to 
movement throughout the space (Winkler 1995; Nyman 
1980). 

 

Independently of the appearance or the physical principles which make up the controllers 

(e.g. batons, gloves or other wearable or non-wearable and invisible devices that track body 

positions and movements) a wider category could be considered, which includes all 

controllers that allow a performer to play with and in space24. Historically, the epoch started 

eighty years ago with the Theremin, the first instrument to be played without physical touch 

(Theremin 1996; Glinsky 2000; Holmes 2002). In the 1960s several composers such as John 

Cage or Joel Chadabe (see next chapter) exported the same technological principle to a bigger 

scale allowing Theremins to be controlled by body movement, thus transforming the entire 

floor into a musical instrument. (Mulder 1998) calls these instruments ‘virtual musical 

instruments’ (VMI). He suggests, by comparing them to acoustic, electroacoustic (e.g. the 

electric guitar) and electronic (e.g. synthesizer) instruments, that the progressive decoupling 

of the physics of the human gesture from the physics of the sound making mechanisms, 

points toward ‘empty handed’ performers that generate data according with their bodies’ 

movements. 

 

                                                      
24 Notice also that when talking about alternative controllers, any classification cannot be perfectly 

orthogonal. Batons, for example, could also be understood as wearables; more clearly, a wearable such 

as a datasuit could be used for the same purpose that a baton. Besides, some batons, like the Radio-

Baton, could also be considered as percussion controllers. 
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No matter what the technology involved is, two subcategories seem to naturally emerge: 

systems that allow users to play with the hands (either naked or fitted with gloves, batons, 

etc.) like the case of the ‘traditional’ Theremin, and systems that allow users to play with the 

whole body, like dancers do. The reasons for this division are merely anthropocentric. They 

are not biased by technological issues and are not necessarily dichotomist (some controllers 

or technologies can perfectly work in both domains).  

 

Researchers like Rubine (Rubine & McAvinney 1990), Mulder (1994b, 1998), Fels (1994) 

and Marrin (2000) have concentrated more on the ‘hand category’, while others such as 

Winkler (1995), Camurri (2000), and Morales-Manzanares et al. (2001) have focused on the 

‘body category’. In the first category we could mention the work of Mulder (1998), who has 

studied the concept of sound sculpting in the air. He models the real world physical analogy 

to a virtual interface by creating virtual surfaces that the user twists and stretches between the 

thumbs and fore fingers of his hands, using datagloves.  

 

In any case, when dealing with space controllers, it is a matter of how to extract, analyze and 

map the information on the position and the movements of the human body (or parts of the 

body) in ways that can make the most musical sense. It is undoubtedly a complex area of 

research in which musculo-skeletal, neuromotor and symbolic levels all have to be addressed. 

In general, it can be said that while novices tend to like non-contact interfaces, waving hands 

in the air or moving the body with virtuoso precision is a difficult skill to master. 

 

3.4 “Cheap” and borrowed controllers 

 

The universe of gestural controllers may appear at first glance as a quite exclusive club. We 

will prove in this section that this is not necessarily so. The examples that follow do not 

represent any technologically or musically biased categories. They are included it here 

because many of the following devices are (a) cheaper than musical controllers, (b) widely 

available and (c) not necessarily less functional. 

 

3.4.1 Joysticks and gamepads 

The joystick is a wonderful controller: it has two, three or more degrees of freedom and 

several buttons and triggers which directly allow it to behave in a time multiplexed way 

(Buxton 1986), by assigning different parameter combinations to different buttons. The 
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joysticks’ two main degrees of freedom (x and y) are highly coupled, which makes it ideal for 

controlling dependent parameters such as the resonance frequency and quality (Q) of a filter. 

Unlike the mouse, it is a tool conceived and designed for ‘real’ realtime interaction, with 

strong efficiency constraints coming from such demanding area as ‘real’ flight control25. 

Musical use of the joystick is described in (Wessel & Wright 2002; Kessous & Arfib 2003)26. 

A personal implementation using a joystick is also discussed in chapter 9. 

 

USB joysticks used for computer games also have good 
properties as musical controllers. One model senses two 
dimensions of tilt, rotation of the joystick, and a large array 
of buttons and switches. The buttons support ’’chording,’’ 
meaning that multiple buttons can be pressed at once and 
detected individually. Ali Momeni at CNMAT developed a 
modal interface in which each button corresponds to a 
particular musical behavior… With no buttons pressed, no 
sound results. When one or more buttons are pressed, the 
joystick’s tilt and rotation continuously affect the behaviors 
associated with those buttons (Wessel & Wright 2002). 

 

Following the same trend, the number of alternative game controllers is increasing every year 

(joysticks and gamepads of all shapes and sizes, steering wheels and pedals, guns, floor 

carpets…), and there is no reason why any of these devices could not inspire an experimental 

controller designer (Wright et al. 1997). 

 

3.4.2 3D positioning and home-market gloves 

On the productivity and business area, many alternative mice and pointing devices are being 

developed every year, some of them allowing for real 3D detection (e.g. Gyration Mouse27). 

Data gloves were originally developed for virtual reality environments. While professional 

models are still expensive several cheap toy-like versions sporadically hit the market. In 1989 

the Mattel Power Glove, a low-cost version of the VPL DataGlove intended for the home 

gaming market, was available for less than $100US. Although its lack of success caused its 

                                                      
25 The joystick was not invented for flight simulators; it is the steering mechanism that has been used 

in airplanes for most of the last century. 

 
26 The reader can also refer to Gerard Van Dongen site, http://www.xs4all.nl/~gml, which describes the 

experience of a musician (Van Dongen) who currently performs with force feedback joysticks. 
27 Gyration Mouse: http://www.gyration.com/ 
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quick disappearance from the shelves, many experimental musicians bought the last available 

units, and the Power Glove became a sought-after device, with even Max patches especially 

written for it. Composers and performers who have used it, we could mention Ross Bencina, 

Richard Boulanger (Boulanger & Smaragdis 1995), Suguro Goto (2000), Scott Gresham-

Lancaster, James McCartney, Tom Meyer, Axel Mulder (Mulder 1994a) an Mark Trayle. 

Nowadays, the P5 Glove28, also available for less than $100US is likely to share a similar 

fate. 

 

3.4.3 Graphic tablets 

Another group of input devices that have proven application for music are graphic tablets. 

Many Wacom tablets offer, for example, 32,000 points along the x-y axis and pressure and 

angle sensibility. In addition, each UltraPen –the pen like stylus that is used as an input 

device- can have its own ID. Daniel Arfib’s team from Marseille’s Laboratoire de Mécanique 

et d’Acoustique, has built and played many Wacom based instruments (Kessous & Arfib 

2003; Arfib et al. 2005) Other musicians include David Wessel (Wessel & Wright 2002) or 

Luke Dubois, who plays the Wacom tablet with the Freight Elevator Quartet29. (Steiner 2005) 

provides a unified and consistent toolkit for the straightforward connection and mapping of 

these easily affordable input devices (joysticks, tablets, gamepads, etc.) in Pd. 

 

Currently, we are studying the use of different type of 
controllers in the context of the strategy use for the pitch 
control in the Voicer. These controllers are a touch screen, a 
tactile surface (Tactex), a graphic tablet (graphire2), a pen-
based touch screen (Wacom Cintiq), and also a joystick. The 
involved considerations are the use of a stylus or not, the use 
of the fingers or not, and there degree of use (directly or to 
move a tool like a stylus), the way that the fingers are used 
(with cooperation or not, use of the thumb-index pliers), the 
possibility to use different fingers (even with a monophonic 
implementation), and finally the direct or indirect relation 
between manipulation and visualization (Arfib et al. 2005). 

 

                                                      
28 P5 Glove: http://www.p5glove.com 
29 Luke Dubois: http://www.cycling74.com/community/lukedubois.html 
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3.4.4 MIDI boxes 

Analog to MIDI interfaces provide a straightforward means for opening the computer to the 

external world. Devices such as the (ADB I/O, ICube, Sensorlab, SAMI, AtoMIC Pro, 

EoBody, etc.) (e.g., Fléty & Sirguy 2003; Mulder 2003) are widely available and often allow 

for up to 16 or 32 analogue inputs, which can accept any suitable sensor, converting their 

analogue values into any type of MIDI message. Newer devices also permit Ethernet of USB 

connection to the computer, providing a much wider bandwidth and faster data transmission. 

Cheaper (and slightly less straightforward) options are offered by the easily programmable 

micro-controllers such as the Basic Stamp30 (e.g. Wilson et al. 2003) which permit 

constructing a custom an analog-to-MIDI interface for less than 50 €. Sensors for measuring 

all kind of physical parameters are also readily available and can be connected to any of these 

devises (Fraden 1996). The stage is definitely set for experimentation with new controllers. 

 

3.4.5 Graphical interfaces 

The ubiquitous mouse and the ASCII keyboard are still by far the most employed “alternative 

musical controllers”. After seeing and discussing so many controllers, the ‘return of the 

mouse’ may seem like an odd step-backwards. They may not be that fancy, they may not look 

that cool on stage, however, the possibilities of mouse controlled Graphical User Interfaces 

(GUI) should not be dismissed too quickly.  

 

During two decades of massive use the mouse has proven to be an invaluable controller for 

interacting with computers GUIs (e.g. Card, English & Burr 1978; Rutledge & Selker 1990; 

Douglas & Mithal 1994), although it has been shown that the live performance of music, with 

such specific topics as simultaneous multiparametric control and precise timing, is far more 

demanding than many other HCI activities (Orio, Schell & Wanderley 2001; Wanderley 

2001). It is also a fact that, independently of how fancy they may look, most of the software 

GUI do still emulate knobs, buttons and sliders. In these cases, there is no place for doubt: 

playing music with real physical controllers will undoubtedly allow for a faster and easier 

simultaneous multiparametric control (Hunt & Kirk 2000). Nevertheless, not all GUI need to 

follow this model. A clever seminal exception can be found for example in Music Mouse, the 

interactive music software developed by Laurie Spiegel in the mid 1980s (Gagne 1993; 

Spiegel 1987a)31. No hidden knobs or sliders on its screen; this accurately named program is 

                                                      
30 Basic Stamp: http://www.parallax.com/  
31 Music Mouse will be further described in the next chapter. 
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the perfect paradigm of a musical instrument designed for being played with a mouse. Its 

outstanding musical results can be heard for example in the CD Unseen Worlds, which 

contains live improvised pieces by the author of the software [Spiegel 1991].  

 

More recent innovative examples with comparable approaches, can be found in the work of 

Golan Levin (Levin 2000) or the IXI software collective32 (IXI 2002). Paradoxically, many of 

the most imaginative instruments appearing recently are screen based! In future chapters we 

will discuss back why this provocative assertion may not be so paradoxical after all. In 

chapters 10 and 11 we will also study a GUI-based implementation of my own. To conclude, 

mice (and joysticks to a minor extent) are universally available, which is not a minor feature 

when considering the design of free music interfaces. 

 

3.4.6 Microphones 

Microphones as controllers? Microphones allow to control music systems by means of 

external sound or music. Machine listening, as we will call it, is a wide topic that we will 

cover in the following two chapters devoted to interactive music systems. Therefore, we will 

not enter into any of the implications of this approach now. We will only mention that, 

musical sound can typically enter the computer instruments in two distinct ways: as raw 

sound or as symbolic musical information (i.e. pitches and intensities, typically in the form of 

MIDI messages, which is called pitch tracking) (e.g. Leman 1993). A decade ago, this second 

symbolic pitch tracking option was only possible by means of an external interface situated 

between the microphone and the computer, usually referred as pitch-to-MIDI converter33. 

Nowadays, with the ever increasing power of personal computers, the task of converting raw 

input sound (but still ‘musical’) into MIDI pitches is a triviality. Therefore, microphones 

offer a wide number of options, from raw sound to sequences of notes, which we shall further 

study. 

 

They are not microphones but they relate to the voice, mouth or tongue. (Wessel 1991a), 

claims that the tongue, which can manipulated in extremely refined manners, constitutes 

perhaps the most precise voluntary motor control mechanism we have in our bodies, and 

proposes the design of tongue-controllers than could sense the position and shape of this 

organ. Using mainly simple webcams, since 1995, Michael Lyons has concentrated on the 

                                                      
32 IXI Software: http://www.ixi-software.net 
33 (Pressing 1992: 378) provides a good introduction to the use of pitch-to-MIDI converters. 
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field of face and gesture controlled interfaces. He has developed systems such as the 

Mouthesizer (shown in figure 3.7) which converts facial action to MIDI. In a paradigmatic 

application, which clearly illustrates the goal of natural and intuitive interaction, the 

Mouthesizer has been used by guitar players to control a wah-wah pedal simulator (Lyons et 

al. 2003). 

 

 
Figure 3.7 The Mouthesizer 

 

3.5 Controllers’ mathematics primer 

 

We will conclude this chapter with some basic number crunching. If we completely abstract 

controllers and omit such important concepts as motor and cognitive loads, design 

appropriateness, naturalness, required or attainable expertise, etc. (i.e. the ones that in the end 

really matter!), a controller can be simply considered as a realtime data generator. This data 

can be sent, synchronously or asynchronously, into several channels (dimensionality) with 

varied resolutions and varied rates, these channels can be more or less coupled or completely 

independent, binary switches may be also needed, etc. 

 

3.5.1 Controllers’ dimensionality 

We will call dimensionality the number of different channels or degrees of freedom a 

controller can sense and communicate. This number can be varied. From the one-dimensional 

knob to the eleven dimensions of the Marrin’s Digital Baton (see section 3.3.3) anything is 

possible. The simplest baton, for example, has typically three degrees of freedom (x, y, z) 

since normally only one point of the baton is being tracked. If the two extremes were tracked, 
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we would have six degrees of freedom (i.e. the coordinates x1, y1, z1 and x2, y2, z2 of two 

points of the baton, or equivalently, the coordinates of one point (x, y, z) plus the orientation 

of the baton given by the three angles α, β, γ (or pitch, yaw and roll, as shown in figure 3.8). 

 

 
Figure 3.8. Degrees of freedom of an object in space 

 

Interestingly, a glove, may usually offer eleven degrees of freedom or even more on each 

hand (six degrees for position and orientation as in the two-point baton plus the torsion of 

each finger). Some models offer additional binary information indicating, for instance, when 

the thumb and a second finger close. The more dimensions, the more parameters to control, 

an interesting feature for complex instruments although, as we will see in chapter 6, human 

motor and cognitive ergonomics poses limits to what is feasible or recommended. 

  

3.5.2 Resolution and sampling 

The precision of a measurement depends, like in the audio case, of two main components, the 

resolution of the analogue to digital conversion (ADC) and the sampling rate. The 

requirements tend to be lesser than in audio. For the resolution, 8-bit or 12-bit are often 

employed, which give respectively 256 and 4,096 possible values, although if MIDI is the 

chosen communication protocol, this resolution is typically lowered to only 7-bit (i.e. 128 

possible values). 
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The sampling rate is also far below the ones needed for audio (i.e. 44,1, 48 or 96 KHz), and 

can typically range from a low 25 Hz when using video-camera based detection systems, to 

much more convenient rates of several hundred hertz (~100-1,000 Hz). 

  

3.5.3 Dimension coupling 

Dimensions can be coupled or independent (Goudeseune 2002). A bank of N sliders has N 

degrees of freedom, all independent, while a joystick may offer two or three slightly coupled 

dimensions. Coupled dimensions are preferred when performance gestures are desired more 

in the product space of these dimensions than in each individual dimension. “To draw 

freehand, one prefers a mouse; to draw straight vertical and horizontal lines, the humble Etch-

a-Sketch is better” (Buxton 1986). A clear musical example would be the simultaneous 

manipulation of the resonance frequency and the Q factor of a filter, which is perfectly 

controlled with a two-dimensional joystick.  

3.5.3.1 Time multiplexing 

In such cases in which the number of parameters to control makes unwieldy to have all the 

controls directly accessible, there is the option of using secondary controls to change the 

behavior of the primary controls. This approach is sometimes referred as ‘time multiplexing’ 

(Buxton 1986; Goudeseune 2002) (in opposition to the standard ‘space multiplexing’). Time 

multiplexing is extensively employed and described in the performance Afasia, studied in 

chapter 9. 

 

3.5.4 Hold / return / bypass / skip 

• Return or hold refers to whether a parameter returns (snaps back) to a nominal value 

(as the pitchbend wheel in most MIDI keyboards) or keeps it position upon release 

(as the modulation wheel in most MIDI keyboards).  

• Bypass can be seen as the combination of return and hold, or as the quick alternation 

between two values, one of them being typically a zero effect position. 

• Skip reflects the ability to have direct access to arbitrary values. Most controllers do 

not allow this and are forced to traverse intermediate values instead. An example of a 

controller able to skip is the ribbon present in several analog synthesizers from the 

1960s and 1970s (Pressing 1990). 
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These features and variations of them will be retaken at several points in the second part of 

the thesis. 

 

3.5.5 Switches 

Often binary controllers or switches are needed. Switches can show different behaviors. They 

can toggle (changing state at each new pressing) or show two clear distinct states. Buttons 

can also have more than two states (advancing to the next state at every new selection, like 

when sending program change messages with a foot controller). Several alternate discrete 

states can also be controlled by means of various connected buttons (radio buttons). Buttons 

or switches can also be used to multiplex the function of another ‘continuous’34 controller 

(e.g. using a joystick to control different pairs of parameters depending on the trigger state). 

This type of buttons is often referred as secondary controls (they change the behavior of 

primary controls) (Buxton 1986). 

 

3.5.6 Event driven vs. fixed rate 

Parameters can be sent out periodically at a given fixed rate (e.g. 100 Hz) or only when their 

values change. Fixed rate is typically used in devices which update globally their internal 

state, sending all its parameters at every step. If the dimensionality of the controller is high, 

this may easily cause bandwidth problems in the transmission. 

 

3.5.7 MIDI bandwidth 

MIDI, we have seen, is the lingua franca in the controller’s world; the protocol that binds and 

easily connects any controller with any synthesizer or musical output system. But MIDI does 

not come without restrictions and criticisms. Created twenty years ago, the ubiquitous, MIDI 

is undoubtedly restrictive and restricted for today’s benchmarks. It offers low bandwidth, low 

resolution, inaccurate timing, half-duplex communications, an inflexible mapping scheme, 

etc., many of these limitations being already pointed out soon after its birth (Moore 1988; 

Zicarelli 1991). Obvious consequences of speed and bandwidth limitations should be noted.  

 

MIDI speed is limited to 31,250 bps. Considering that most MIDI messages have an average 

size of 30 bits, every message takes about 1 msec to transmit, and messages rate is therefore 

                                                      
34 Where continuous simply means with a little more than one bit. 
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limited to about 1,000 messages/second. This typical bandwidth can change dramatically 

depending on the change, or not, of the message type, which favors single dimensional 

threads over multidimensional ones (a continuous one-dimensional MIDI thread of 

information can consume, for instance, around 84 % less - instead of 50% - than a 

bidimensional thread). 

 

3.6 Summary 

 

The field of musical controllers is rich and diverse. An example of its vitality can be found in 

the annual conference New Interfaces for Musical Expression (NIME35) which started in 2001 

as a 15-person workshop and holds now yearly, almost 200 researchers, luthiers and 

musicians from all over the world that gather to share their knowledge and late-breaking 

work on new musical interface design. The design of new musical controllers is now more 

accessible than ever before. The wider and ever increasing availability of sensing 

technologies, enables virtually any kind of physical gesture or external parameter to be 

tracked and digitized into a computer. The broad accessibility of devices such a video 

cameras and analog-to-MIDI interfaces which provide a straightforward means for the 

computer to access sensor data, of easily programmable micro-controllers such as the Basic 

Stamp; or even of analytic interfaces which hear musically, these factor have definitely 

opened a plethora of input possibilities to anyone willing to explore new territories. This 

wealth is yet to be reflected in the commercial market. With honorable exceptions like the 

quasi-epic work of Donald Buchla36 (e.g. Rich 1991), companies have mostly focused on 

constructing MIDI-controller versions of traditional instruments, and no alternative controller 

has yet significantly rivaled the popularity of those ‘MIDIfied’ classics.  

 

In this chapter we have presented several controller taxonomies and illustrated different types 

or models with implementation examples. The reader desiring to discover more real 

implementations can find a quite exhaustive review of non imitative controllers in (Cutler, 

                                                      
35 NIME: http://www.nime.org 

 
36 Donald Buchla has always been one of the few manufacturers who have regarded the keyboard as a 

suspicious source of infection of old performance attitudes and styles (Pressing 1992: 376). 
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Robair & Bean 2000) published in the pages of Electronic Musician and available on-line37, 

which covers dozens of controllers such as control surfaces, gloves, non-contact devices (or 

devices that allow to play in the air) or wearable and bioelectrical devices that analyze and 

interpret signals coming from different parts of the body. The proceedings of the 

aforementioned NIME conferences constitute obviously the ultimate and more up to date 

source of information. 

 

We have seen how controllers can preserve all the traditional playing modes, allowing us still 

to blow, strike, pluck, rub or bow our new digital instruments. Given their computer-based 

nature, new instruments can also obviously be clicked, double-clicked, typed, pointed, slid, 

twirled or dragged and dropped. Nevertheless, we have seen how other physical approaches 

are also possible. New instruments may also be caressed, scrabed, kissed, licked, danced, 

hummed or sang. They can even disappear or dematerialize and respond to our movements, 

our muscle tension or our facial expressions. In chapter 5 we will describe how they can 

‘blend into’ the environment to be shared by a variable number of users. Further examples 

showing instruments that can be ‘assembled’ or ‘disassembled’38 will also be given in the 

second part of this thesis.  

 

Some final important words: music controllers are the components of the instrument chain 

that look more like instruments, thus are often mistaken as such. However, they are not 

instruments. They are only one of the components of the chain, mere controllers; not even 

musical! Such controllers could just as easily be used control lights or videos in a 

performance setup (as they often do), word processors39, flight simulators or a domotic home. 

We are only at the beginning of our journey. In the next two chapters, we will investigate 

another essential component of this instrument chain, the one responsible for the sonic or 

musical output 

.

                                                      
37 Electronic Musicians’ Outer Limits: http://www.jamodrum.net/Articles/outerlimits.pdf 
38 I.e., as a way of ‘being played’, not prior or after playing with them. 
39 Michel Waisvisz claims to have used the Hands for writing emails (V.A. 2000). 
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Chapter 4 
Interactive Music Systems 

 

This chapter introduces and discusses the concept of the ‘interactive music system’. An initial 
definition of this type of systems is provided and followed by a brief historical overview. 
Several paradigmatic examples of interactive music systems are examined. Following this 
investigation, a more accurate definition is developed, using the complementary ‘interactive 
music system’ descriptions and taxonomies that have been proposed by the pioneers and by 
different experts and practitioners of this field, since the early 1970s as a starting point. 
Several of the proposed taxonomies are discussed with regard to their respective strengths, 
weakness and pitfalls. A more general classification, based on the sole concept of interaction 
between the performer and the instrument, is proposed. The chapter concludes by 
highlighting the possibilities given by instruments that can run multiple and parallel musical 
processes at different structural levels, allowing shared control of these processes between 
the performer and the instrument. These are identified as the crucial and more distinctive 
contribution these new type of musical instruments can bring to musical performance. 

 

L’instrument philosophe est sensible; il est en même temps 
le musicien et l’instrument. Comme sensible, il a la 
conscience momentanée du son qu’il rend; comme l’animal 
il en a la mémoire. Cette faculté organique, en liant les sons 
en lui-même, y produit et conserve la mélodie. Supposez au 
clavecin de la sensibilité et de la mémoire, et dites-moi s’il 
ne se répétera pas de lui-même les airs que vous aurez 
exécutés sur ces touches. Nous sommes des instruments 
doués de sensibilité et de mémoire (Diderot à D’Alembert, 
Diderot 1951: 880). 

4.1 Introduction 

 

After introducing controllers in the previous chapter, it is now time to study what outcomes 

can be achieved using the control they provide, more specifically, in what manners computers 

can be used to output sound and music in real time.  

 

First of all, the most obvious advantage of the computer, in comparison to traditional 

instruments, lies in its ability to create an infinite sonic universe by means of a multitude of 

sound synthesis techniques: imitations and extensions of physical instruments, digital 

emulations of analogue synthesis methods, and inventions of new principles only attainable 

in the digital domain. Indeed the potential to explore timbre has been by far the most 
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important aspect of computer music. But, as David Zicarelli so controversially put it in his 

ICMC2001 keynote address (Zicarelli 2001), there is more to music than timbre. As we 

pointed out at the beginning of this thesis, we will not be addressing here any research in 

sound synthesis, which, although essential warrants a topic of its own. Likewise, we will not 

directly study sound synthesis control (or how to optimize the communication between 

human performers and digital sound producing units) (e.g. Rovan et al. 1997; Wanderley & 

Depalle 1999; Ungvary & Vertegaal 1999, 2000). This topic will only be tangentially studied 

in chapter 6, devoted to mapping, a term used to define the connection between gestural 

control parameters and sound or music control parameters.  

 

Sound synthesis control is indeed a crucial aspect in the successful design of a given type of 

music instruments, those commonly defined as ‘synthesizers’. Indeed 90% of research on 

musical mappings is devoted to this ‘synthesizer’ type of instruments. However, in this 

chapter (and likewise in the whole dissertation) we will mostly concentrate on the 

possibilities that new music instruments offer, which significantly differ from those presented 

by traditional instruments. Of all the possibility that digital instruments present, we will focus 

on those that are likely to break the ‘one gesture to one acoustic event’ archetype, and surpass 

the sound and note control level in order to embrace new musical models and paradigms. 

This is the area in which new digital instruments have the most to offer. 

. 

4.2 Setting the ground 

4.2.1 From ‘scored’ to ‘intelligent’ instruments 

Traditional instruments can be played with a score (i.e. the actions the player has to exert on 

the instrument can be notated in advance), but excepting some rare cases like the player 

piano, they do not embed these scores. New digital instruments on the other hand, do not 

have to be necessarily scoreless. Time lines of different kinds can be embedded into them, 

which may allow the system to control everything on its own, from subtle parameters and 

nuances to a whole piece, with events either fixed in time (scored) or dependent on other 

events. When back in 1969, Max Mathews was designing the Conduct program for GROOVE 

- possibly one of the first computer-based musical systems that can be considered as an 

instrument - he chose to store the sequence of pitches to be played (Mathews & Moore 1969; 

Mathews & Moore 1970; Mathews 1991). He made the choice after realizing that in most 

compositions, pitch was the parameter most rigidly fixed by the composer. Consequently, the 

GROOVE + Conduct system allowed a performer to control certain musical effects like 
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amplitude, tempo and balance over the course of an entire piece of music, excepting the 

pitches, which were predetermined. 

 

It …seemed to me that there were a number of aspects of 
music where the performer didn’t have any freedom of 
choice. The sequence of notes to be played, for example, was 
an area in which the computer could legitimately help a 
performer in making it easier to do things correctly (Roads 
1989, interview with Max Mathews).  

 

If an instrument is capable of knowing which note comes next, some more knowledge may 

enable it to make decisions on the fly. Instead of using predetermined pitch sequences, each 

note to be played could, for instance, result from a combined decision made by both the 

player and the instrument. This is what Chadabe (1977) describes as going from ‘memory 

automation’ to ‘process automation’. In a be-bop improvisation context for example, the 

player could select pitches from a set that would contain only the permitted pitches within the 

current chord or mode (Nishimoto et al. 2003). 

 

4.2.2 Intelligent instruments and interactive composition 

In traditional instruments, the only ‘embedded’ intelligence is the one provided by its luthier. 

Therefore, only the performer makes decisions in real-time during the dialog that occurs 

between a performer and the acoustic instrument. However, new digital instruments can 

independently make millions of decisions per second, which brings us to intelligent 

instruments, a term that was first coined by Laurie Spiegel and Max Mathews in about 1973 

(Spiegel 1987b; Chadabe 1997) and used by other authors since (e.g. Polansky et al. 1987). 

This added ‘intelligence’ suggests now a continuum that may range from the absolutely 

passive conventional instruments, to fully autonomous (human independent) performing 

machines.  

 

In between these two poles, new ‘intelligent’ musical instruments can respond to performers 

in a myriad of complex, not always entirely predictable ways, forcing thus performers to react 

in their turn, and opening possibilities for what Chadabe defines as Interactive Composing, a 

term he invented in 1981 to describe a performance process wherein a performer shares 

control of the music by interacting with a computer music system (Chadabe 1984, 1997). It is 

a stage that involves simultaneous composition and performance.  
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Intelligent Musical Instruments are instruments that first 
sensed its performer’s intent by the type and context of the 
performer’s actions and then extended the performer’s 
controls to execute the music automatically. Intelligent 
instruments let people play the music on a compositional 
level (Gagne 1993, interview with Laurie Spiegel). 

It is a characteristic of Interactive composing that a 
performer, in deciding each successive performance action, 
reacts to information automatically generated by the system 
(Chadabe 1984). 

 

The two terms, intelligent instrument and interactive composing were the first to be adopted 

and widely used for defining the emerging possibilities for music performance brought by the 

use of digital computers. Later, some authors, including several of the original instigators, 

started complaining about these and related terms, claiming that they were somewhat coined 

on-the-fly without the ambition of becoming archetypes and that they do not clearly reflect 

the nuances existing between them (e.g. Spiegel 1987b, 1992) 40. 

 

What do the various buzz words used in this area (e.g., 
"hyperinstruments," "intelligent instruments," "interactive 
composition systems") really mean, if-as I doubt-they mean 
anything at all (outside the marketing departments of 
companies or the public relations departments of institutes of 
technology)? Where does one draw the line between an 
instrument with a stored procedural response to pre-specified 
input (my understanding of "hyperinstruments"), and 
instruments which generate material based on user 
interaction with a model of their compositional algorithms 
(my understanding of "interactive composition systems")? 
Are there meaningful definitions of "composition" and 
"performance" whereby the new instruments and 
performance situations make sense (and the term "interactive 

                                                      
40 The distinction between tools for algorithmic composition (or for interactive composition in general) 

and intelligent instruments is somewhat blurry, having to do with the creator’s personal sense of role, 

with the balance between realtime interactivity and predetermination, and with the nature, complexity, 

and inherent interest of the relationship between user input and musical output (Spiegel 1987). 

 …it should be borne in mind that terms such as intelligent instrument, algorithmic composition, and 

interactive composition program came into being at a point in computer music history when the 

primary reason for such terminology was the simple need to communicate to others what 

unprecedented things we were trying to do, in the absence of any established terminology describing 

creative automation in music (Spiegel 1992: 5-6). 
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composition" is made an oxymoron)? … If we had a 
meaningful taxonomy of these systems, how could it help us 
to develop more flexible human-instrument interfaces and 
more interesting computer-based musical instruments? (Pope 
1993b). 

 

A decade later, the answers to these questions remain still quite open-ended. There is not a 

clear, common understanding about what the essential properties of these type of systems are, 

and how this understanding could aid in producing improved designs and developments. 

Despite this lack clarity, what seems unquestionable, is that the trend towards music 

instruments with more complex and active responses to performer stimuli represents one of 

the most promising areas of realtime computer music creation. In this chapter we will try to 

move towards a better comprehension of this wide and boundless area. Due to the lack of a 

better label that could encompass all of these manifestations and possibilities, we will start by 

trying to define the term “interactive music system”, the expression that has been most 

commonly used for the last two decades, and the one with which we have decided to title this 

chapter. 

  

4.2.3 Interactive Music Systems : Defining in extension 

 

interaction: the action or influence of people, groups or 
things on one another (Webster’s New Encyclopedic 
Dictionary 1993). 

 

From a general, not strictly musical, nor computer-based perspective, the concept underlying 

the term ‘interaction’ implies a mutual or reciprocal action or influence between two or more 

systems. The only conditions that need to be satisfied are therefore the presence of at least 

two systems, of unspecified specified, and a two-way communication channel between them.  

 

Few of our daily activities do not involve some kind of interaction. We humans, constantly 

interact with other humans, as well as with many - not necessarily digital - devices. Driving a 

car or swinging on a rocking chair, are two examples of interactive activities with mechanical 

systems, since they both involve the presence of a feedback loop. Performance with any 

acoustic musical instrument is also a highly interactive situation that engages several 
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communication channels (tactile, haptic and kinesthetic in addition to sonic41) (Loomis & 

Leederman 1986; Bongers 2000). Strictly speaking, the very idea of ‘interactive music 

system’ is a platitude since music has always been a highly interactive activity. Musicians 

can be considered to interact with their instrument, with other musicians, with dancers, with 

the audience and even with a score (Casserley 2000). Ironically enough, the 19th and 20th 

centuries technological advances were the ones responsible for the loss of many of these 

interactive components. It is now the turn for technology, by means of the ever-increasing 

power of computers, to repay the musical interactivity ‘debts’ of former epochs42.  

 

A definition of ‘interactive music systems’ cannot come therefore from the sole interpretation 

of the term, but only though an extended understanding gained by enumerating the 

fundamental properties that a system of this kind should possess. We will start claiming that: 

 

Interactive music systems 

 

1. Are computer-based 

2. Are interactive 

3. Generate a musical output at performance time43, under the control of one or several 

performers 

 

Considering, as we have previously said, that all music instruments are interactive, these 

properties define very generic digital musical instruments. A ‘conventional’ digital 

instrument, such as the venerable Yamaha DX7 that is played on a traditional note-to-note 

basis by means of a keyboard, would still perfectly fit in this definition, although it is not 

                                                      
41 Non sonic feedback channels will be discussed in chapters 6 and 11. 

 
42 Recorded music eliminated at first the feedback dialog between the audience and the musicians, 

turning music performance into a one-way communication. Several decades later, with the advent of 

multitrack recording, this dialog also disappeared between different players (Winkler 1998). 

 
43 This condition is more restrictive that in ‘real time’: given the increasing computer power, many of 

the current computer based musical tools employed in studios for composition, also offer realtime 

interaction. 
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usually considered an ‘interactive music system’44. The key-point is that the second property 

(i.e. interactive) should be refined further. 

 

Chadabe, believes that new interactive possibilities lead to the discovery of new music 

territories where a performer shares the control of the music with a computer music system, 

not unlike many improvisational situations, combining elements of both composition and 

performance45. For this dialog to exist, the computer has to able to engage the performer by 

behaving in somewhat unpredictable ways, forcing performers to react and respond to these 

transformations, as if replying; thus the music continues much like a conversation between 

performer and instrument. We could then finally add, that: 

 

Interactive music systems must be ‘interactive’ enough to affect and modify the performer(s) 

actions, thus provoking an ongoing dialog between the performer(s) and the computer 

system. 

 

4.3 Live-electronic music: quick historical overview 

 

Before discussing the many implications arising from the above-mentioned statement, it is 

necessary to give brief overview of some of the early works as well as to several that predated 

and inspired them. The history of live-electronic music spans well over a century and features 

a great many fundamental highlights; therefore we will only mention a few. For a more 

detailed information on live-electronic music ( especially in the 1960s and 1970s), the reader 

can refer to (Mumma 1975; Davis 1985; Holmes 1985, 2002 & Chadabe 1997). 

 

                                                      
44 (Belkin 1991) orders the computer’s role in musical performance, starting from this case - the 

keyboard synthesizer played as a traditional instrument - and ending with the active listener which has 

the ability to affect the entire performance. (Pressing 1992) provides an extensive and thorough 

discussion on keyboard-based performance techniques applied to synthesizers, in which he highlights 

the idiosyncrasies of the keyboard synthesizer compared to traditional keyboard instruments.  

 
45 Shortly after Chadabe’s paper, (Chabot et al. 1986) proposed the use of the complementary term 

composed improvisation.  



CHAPTER 4 INTERACTIVE MUSIC SYSTEMS  60 

 

4.3.1 First electronic musical inventions  

The history of electronic music begins with live-electronic 
music. The events of that history closely parallel, and often 
dependent upon, the history of science and technology… 
During the nineteenth century science and technology, and 
particularly the concept of electricity, were first applied on a 
broad scale to industry and commerce. In the second half of 
the century electrical science was applied to communications 
(Mumma 1975). 

 

In the crucial decade of the 1870s, Edison’s audio recording technology emerged and 

bringing with it the microphone, invented almost simultaneously by Elisha Gray and Graham 

Bell. During that same period, Gray, also constructed the first electric music keyboard while 

Bell put up the telephone. Also of note is Thadeus Cahill’s Telharmonium (1896-1905) -a 

200 tone electronic music synthesizer monster that was used to broadcast easy-listening 

music to some up-market New York hotels, decades before Muzak and predating even the 

invention of the radio. In a completely opposed context, we should also mention the sonic 

experiments of the Italian Futurists prior to World War I. However, the true revolution came 

with the invention of the triode by Lee Forest in 1906, which opened the development of the 

radio, electronic sound, wireless telegraphy or television. An early fruit of this technology is 

the well-know Theremin (1920) (Theremin 1996; Glinsky 2000; Holmes 2002), probably the 

first musical instrument to be played without being touched. Some subsequent relevant 

inventors were the Frenchman Maurice Martenot, creator in 1928 of the Ondes Martenot, the 

German Friederich Trawtwein who developed the Mixturtrautonium and especially the 

Canadian Hugh Le Caine (Young 1989)[Le Caine 1999] who after World War II constructed 

many innovative and visionary instruments such as the Electronic Sackbut. In the late 1950s, 

Raymond Scott constructed instantaneous music composition performance machines that 

could automatically harmonize a melody or provide rhythm accompaniments. He was also a 

pioneer in approaching electronic music from a pop perspective (Chusid & Garland 1994) 

[Scott 2000].  

 

All of them were interested by the realtime music performance possibilities of electronics. 

Additional information, references and resources can be found in (Davies 1984, 2002) or 

(Battier 2000). 



CHAPTER 4 INTERACTIVE MUSIC SYSTEMS  61 

 

4.3.2 The 1960s 

Jumping directly into the 1960s, in Cartridge Music (1960) [1991] John Cage puts 

phonograph pick-ups and contact microphones on stage and applies them to any available 

object. Four years later, in pieces like Mikrophonie I (1964), Mixtur (1964) and Mikrophonie 

II (1965), Karlheinz Stockhaussen [1995] begins to play with audio feedback, audio filters 

and ring modulators. In the early 1960s, most live-electronic music activity occurred in the 

United States. There were many American based composers working with the medium 

including, Robert Ashley, David Behrman, Philip Corner, Max Deutsch, John Eaton, Alvin 

Lucier, Gordon Mumma, Max Neuhaus, Pauline Oliveros, Ramon Sender, Morton Subotnick, 

David Tudor, and La Monte Young, among others. In Hornpipe (1967) Gordon Mumma 

predates the machine-listening based interactive systems (which will be covered in the next 

chapter), constructing an analog device that analyzed and responded to the resonances of the 

room, while the composer was playing his French horn. 

 

In the second half of this decade, under the influence of the emerging free jazz (Carles & 

Comolli 1971), several electronic music improvisation groups started to appear. Musica 

Elettronica Viva (MEV), formed in 1966 in Rome, is integrated by Frederic Rzewski, Allan 

Bryant, Alvin Curran, Jon Phetteplace and Richard Teitelbaum [V.A. 2000b]. Although they 

occasionally incorporated some of the first commercially available analog synthesizers, the 

group mostly developed their own low-budget electronic equipment. Comparable groups 

were AMM [1966], headed by the composer Cornelius Cardew (Cardew 1971), The Gentle 

Fire or Naked Software, all settled in the UK (Davies 2001a; Cox 2002). 

 

With the advent of the first commercial analog synthesizers by Robert Moog (Moog 1965), 

Donald Buchla [Subotnick 1967], Paul Ketoff or Peter Zinovieff, several free jazz keyboard 

players such as Paul Bley and especially Sun Ra, begin to experiment with these instruments. 

Several recorded improvisational duets including electronic devices are available from that 

period, such as Don Cherry/John Appleton [1970], Marion Brown/Elliot Schwarz [1973] or 

Richard Teitelbaumm/Anthony Braxton [1977]. Around the end of the 1960s, these 

synthesizers also emerge in the rock scene and the instruments achieved massive sales 

(Holmes 1985, 2002). 

  

4.3.3 The first hybrid systems 

In the late 1960s, computers did not have yet the power needed for realtime synthesis, but 

they are indeed able to receive/send lower bandwidth information from/to the real (analogue) 
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world. They can receive and digitize voltages (coming from sliders, buttons, sensors, etc.) 

and they can also send voltages back. They are therefore able to drive voltage-controlled 

analog synthesizers in an interactive fashion. Considering that the commands (i.e. the 

voltages) that are to be sent to the synthesizer can be (a) previously stored in the computer 

memory (i.e. sequenced), (b) generated in real time according to the composer gestures or 

ideally, (c) any combination of both (i.e. the input from the performer being able to modify in 

real time the data stored in the computer, before this is sent to the synthesizer), the 

technological base is ready for the introduction of the first real interactive music systems, as 

we have defined them46. 

 

4.3.3.1 Max Mathew’s GROOVE 

The GROOVE (Generated Realtime Operations on Voltage-Controlled Equipment), 

developed by the father of digital synthesis, Max Mathews and F. Richard Moore at Bell 

Labs, from 1968 to 1979, is a hybrid system that interposes a digital computer between a 

human composer-performer and an analog sound synthesizer. All of the manual actions of the 

human being (applying a keyboard, twisting a knob, and so forth) are monitored by the 

computer, and can be stored in its memory and/or selectively output to control up to fourteen 

independent variables (pitch, modulation, filter cut-off, etc.) of a modular synthesizer 

(Mathews & Moore 1970; Mathews et al. 1974; Lawson & Mathews 1977). Mathews 

developed the Conductor software for this system, which permitted the entry of a score, note 

by note in “edit-mode”, and later triggering them while adding articulations and phrasing 

details in real time, allowing thus the conduction of the scored piece. A decade later, the 

composer Laurie Spiegel, who had worked intensively and composed with GROOVE at Bell 

Labs in the early 1970s [Spiegel 2001], would develop Music Mouse, one of the first 

commercial interactive music systems (see section 4.3.5.2). 

 

4.3.3.2 Joel Chadabe 

Chadabe is well known as a pioneer in interactive instruments. He began experimenting with 

automated and random controlled Moog synthesizers in live performances in 1967. He called 

                                                      
46 Although often overlooked because of its non-digital logic, modular analog synthesizers also 

provided comparators, sample and hold and other functions which could indeed be configured to 

provide complex musically interesting transformations of player input. They could, in that way, also be 

considered interactive or intelligent (Spiegel 1987).  
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his approach a ‘design-then-do’ process. At the ‘design’ stage, the composer constructs the 

specifications of the system that will later produce the music, including a definition of the 

nature of the performer’s interaction. The ‘do’ stage is the functioning of the system to 

compose and simultaneously perform the music (Chadabe 1997:288). Starting with the giant 

CEMS (Coordinated Electronic Music Studio) a synthesizer made to measure by Robert 

Moog between 1967-1969, which included eight analog sequencers that allowed automated 

and random control of rhythm and timbre, Chadabe’s hardware became progressively smaller 

and more portable. In 1977, for his piece Solo, he connected two Theremin antennas to a 

Synclavier (one of the first commercially available digital synthesizers) and controlled 

though the antennas, the tempo and the timbre of several simultaneous but independent 

sequences (see figure 4.1). Moving his hands in the air allowed him to “conduct” an 

improvising orchestra. As a result of these experiments, he coined the term ‘interactive 

composing’. Several years later, Chadabe founded the company Intelligent Music, which in 

1986 released the programs M and Jam Factory (Zicarelli 1987), which constituted (together 

with the aforementioned Music Mouse) the first commercial interactive music software 

[Chadabe 1981, 2004]. 

 

 
Figure 4.1. Joel Chadabe performing ‘Solo’ (1977) 

4.3.3.3 Salvatore Martirano 

In the mid-1960s at the University of Illinois, Salvatore Martirano started building electronic 

music instruments, which by the end of the decade were becoming increasingly digital. The 
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SalMar Construction, finished in 1972 and shown in figure 4.2, included 291 touch-sensitive 

switches, connected through a massive patch bay to a combinatorial logic unit that could 

affect in real time four concurrently running programs that drove the four voices of a custom 

analog synthesizer. Some switches affected the four programs while some affected only one. 

The fact that the four processes run in parallel, concurrently modifying parameters such as 

pitches, loudness, timbre, envelopes, etc. made impossible to fully predict the system’s 

behavior (Martirano 1971; Franco 1974; Walker et al. 1992). In Martirano’s own words, 

“performing with the system was too complex to analyze… Control was an illusion. But I was 

in the loop. I was trading swaps with the logic… It was like driving a bus” (from Chadabe 

1997:291) [Martirano 1974; V.A. 1989]. 

 

 
Figure 4.2. The SalMar construction 

4.3.4 The microcomputers’ era 

By the mid-1970s small microcomputers such as the KIM-1 or the Intel 8008 started to be 

affordable, opening the ground to a new generation of musicians and experimentalists such as 
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the group The League of Automatic Composers or the trombonist George Lewis, both of 

which will be studied deeper since they constitute two different and perfectly paradigmatic 

examples of interactive music systems. 

 

4.3.4.1 The Net paradigm: The League of Automated Composers 

Computer music by its nature could until recently only be 
individual, solitary music. However, with the introduction of 
microprocessors at a reasonable cost, composers can now 
own microcomputers, and true computer bands, free from 
major institutions, are possible. Though such bands can take 
many forms, network music seems more suitable and 
contemporary (Bischoff et al. 1978). 

 

Of this new generation of independent experimentalist that started performing with 

computers with little means and outside of the more academic circles, an important focus 

took place in California’s Bay Area. There met John Bischoff, Rich Gold, Jim Horton and 

later Tim Perkis, and formed the League of Automatic Composers, the first microcomputer 

band and also the first network band in history. 

 

It just knocked me out. It was electronic, but it had this 
feeling of improvised music, that everyone was talking at the 
same time and listening at the same time, and I thought, 
“How did they do this?” Chris Brown, after hearing The 
League of Automatic Composers playing on KPFA Radio, 
1982 (from Chadabe 1997: 296-297). 

 

Each member of the group owned a KIM-1 microcomputer with its own sound output, either 

by means of a digital-to-analog converter (DAC) or through digitally controlled external 

electronic devices. Each member programs his own computer with a music program that is 

able to produce music by itself, but also able to receive data that will affect its musical 

behavior, and to output data that will affect other computers’ programs. They perform 

connecting their computers in different configurations. A typical League’s setup is depicted 

in figure 4.3. 
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Figure 4.3. The League of Automatic Music Composers  

Perkis, Horton, and Bischoff (left to right), performing at Ft. Mason, San Francisco 1981 

(photo: Peter Abramowitsch) 

 

Their networks can be simultaneously understood as having their own musical intelligence or 

as three people listening to each other and making music together. This approach makes 

possible a collective style while allowing each composer the opportunity to invent and play 

complete designs not necessarily subordinated to other parts or wholes. 

 

When the elements of the network are not connected the 
music sounds like three completely independent processes, 
but when they are interconnected the music seems to present 
a “mindlike” aspect. Why this is so or why we can perceive 
some but not all activities as the product of an artificial 
intelligence is not understood (Bischoff et al. 1978). 

 

The League kept playing extensively until they disbanded in 1983. Two years later the former 

members Tim Perkis and John Bischoff, joined by Scot Gresham-Lancaster, Phil Stone, Chris 

Brown and Mark Trayle, formed a new computer-network band, The Hub, embracing this 

time the new technology that made all connections much easier, MIDI (Gresham-Lancaster 

1998; Perkis 1999; Brown & Bischoff 2002).  
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The League’s importance cannot be overestimated. Not only it constituted the first 

microcomputer band, predating by a quarter of a century today’s plethora of improvising 

laptop groups, they also established many of the basic principles and models of network 

music in use nowadays. The League itself understood their musical net both as a net of 

instruments and as a collective instrument that is indeed much more than the sum of its parts. 

When computers start sharing data between themselves, human performers are not anymore 

the only ones allowed to ‘listen’ to each other, which opens to a multiplicity of interaction 

and complexity networks, as illustrated in figure 4.4. Their work will be covered back several 

times in this dissertation. 

 
Figure 4.4. The League topology  

Flyer from the League's Blind Lemon concert of Nov. 26, 1978. 

(designed and drawn by Rich Gold). 

 

4.3.4.2 George Lewis’ Voyager  

George Lewis was already a professional jazz trombonist and improviser, member of the 

AACM of Chicago (Association for the Advancement of Creative Musicians), when he 

attended a League concert at Mills college in 1978.  

 



CHAPTER 4 INTERACTIVE MUSIC SYSTEMS  68 

 

It sounded a lot like a band of improvising musicians. You 
could hear the communication between the machines as they 
would start, stop, and change musical direction. Each 
program had its own way of playing… I felt like playing too, 
to see whether I could understand what these machines were 
saying (Lewis interviewed in Roads 1985b:79). 

 

Influenced by the League and following the advices of David Behrman47, George Lewis 

bought a KIM microcomputer himself and started studying assembly programming, how to 

connect a synthesizer to it and how to get sound into it, because his basic idea was to be able 

to play (the trombone) with a computer48. 

 

Modeling a human listener is part of it… I don’t like playing 
solo trombone concerts. I would rather play with someone 
else. I wanted to make a program to see what sorts of things 
an improviser has to know in order to play successfully with 
another improviser (Lewis interviewed in Roads 1985b:83). 

.  

As a first-rate free jazz improviser, Lewis decided to undertake the gigantic task of trying to 

understand improvisation, not mimicking a specific musical language or code in particular, 

but looking to comprehend improvisational mechanisms in a generic way. How do 

improvisers structure their listening? How is musical context understood? In 1982 Lewis 

moved to Paris and did research at IRCAM, where he started developing the program 

Chamber Music for Humans and Nonhumans, later to become Voyager [Lewis 1993] (East 

1995; Lewis 2000); a program that still keeps evolving after twenty years.  

 

Voyager is according to his author, an “interactive music composer-listener”; it listens to 

Lewis’ trombone (or some times to other improvisers such as Steve Lacy, Derek Bailey, etc.) 

through a pitch-to-MIDI converter (a device which extracts pitch information and sends note-

on MIDI messages to the computer) and plays itself controlling an external MIDI synthesizer. 

                                                      
47 A member of the Sonic Arts Union in the late 1960s, Behrman is also one of the pioneers of 

interactive artificial listening, as depicted in his album from [1977] in which the microcomputer hears 

the pitches made by live musicians and responds with sounds of its own. 

 
48 In this sentence and in George Lewis’ approach in general, “play with a computer” has a meaning 

much closer to “play with Anthony Braxton” than to “play with a trombone”. These issues will be 

further discussed in the next chapter. 
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The Voyager software analyses aspects of the soloist’s performance, using that analysis to 

guide an automatic composition-improvisation program that generates both complex 

responses to the musician’s playing and independent behavior that arises from its own 

internal processes.  

 

Lewis was not the first neither the last to deal with which is often termed as ‘machine 

listening’ (more on section 4.5 and on chapters 5 and 8) but it is its most preeminent example. 

We will also come back to Lewis’ work to study his peculiar approach to “instrumental 

control”.  

 

4.3.4.3 Michel Waisvisz 

Composer, improviser and STEIM director Michel Waisvisz, started building electronic 

music instruments in the late 1960s, because “he was the kind of composer that wanted to 

hear musical results fast in order to make the right decisions within the same train of musical 

thoughts” (Waisvisz 1985). Several of the first analog instrument he built were based on 

feedback circuits in which some of the wires were diverted to touch pads, so that the 

conductivity of the skin and the different degrees of pressure and of moisture of the fingers 

would enable to interact with the circuits. Waisvisz went digital in the early 1980 with the 

first version of his still favorite instrument The Hands, shown in figure 4.5.  

 

The Hands consist of two aluminum ergonomically shaped plates with sensors, 

potentiometers and switches strapped under the hands of the performer. The analog 

information generated by fingers and hands movements are send out as MIDI messages to the 

sound and music generator. Of all the systems discussed in this and in the following chapter, 

The Hands most conforms to the traditional idea of music a instrument. As we will see 

further on, twenty years later, Waisvisz can still be considered as one of the very few new 

instruments virtuosi. During these years, Waisvisz has kept changing the sound producing 

units (i.e. the synthesizer part) and the mappings49 that connect them with The Hands’ 

controller but his ideas about how an instrument of this characteristics could and should 

behave are extremely interesting, completely related with the interactive systems paradigms 

we are discussing, and quite distant from the traditional instrument viewpoint. In 1985 he 

already introduced the use of what he terms “Control Signal Algorithms” that bring in some 

non-linearity and uncertainty into the mapping chain (Waisvisz 1985). His ‘GoWild’ 

                                                      
49 Mapping will be further studied in chapter 6. 
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algorithm, for instance, deliberately generates erratic information when the input control data 

exceeds a certain threshold, while the ‘That’s Enough’ algorithm, decides by itself at odd 

moments that things start to become boring and changes the mapping behavior. 

 

 
Figure 4.5. Michel Waisvisz with ‘The Hands’ 

 

4.3.5 MIDI et al. 

With the first available microcomputers, things had started to be more affordable from the 

economical point of view, but musicians had still to rely on low-level programming and tin 

soldering. A greatest technological and democratic breakthrough occurred a few years later, 

in the mid-1980s, when the MIDI standardization finally allowed to effortlessly connect 

every synthesizer with every computer (International MIDI Association 1983; Loy 1985; 

Moore 1988). The MIDI standard coincided with the definitive popularization of 

microcomputers, initially 8-bit machines (e.g. Sinclair ZX81, Apple II, Commodore VIC20 

and C64…) and 16-bit since 1984, with the release of the Apple Macintosh soon to be 

followed by the Commodore Amiga and the Atari ST. The combination of MIDI and 

available and reliable microcomputers finally triggered the commercial music software 

market. The release of many musical applications began, most of them MIDI sequencers, but 

there was also room for more experimental and idiosyncratic programs that could fall into the 

‘interactive music’ category. Although we cannot give a complete overview of all the 



CHAPTER 4 INTERACTIVE MUSIC SYSTEMS  71 

 

interesting interactive music software that appeared during the late 1980s (Larry the O 1987; 

Yavelow 1986, 1987), we will mention several of the more paradigmatic applications. 

 

4.3.5.1 Interactive sequencers 

Ironically, the first available software MIDI sequencers were far more experimental and open 

than today’s current mainstream versions. Sequencers such as Dr. T’s K.C.S. (Keyboard 

Controlled Sequencer), written in 1984 by Emile Tobenfeld, Jack Deckhard and Jim Johnson 

for the Amiga and the Atari, allowed a fine interactive control from the ASCII keyboard 

while the sequencer was running. This included muting/unmuting, transposing tracks, 

changing in real-time, parameters such as time delays, orchestration, etc., and controlling also 

several realtime algorithmic music generation features. Tobenfeld liked to perform and 

improvise with his software (Tobenfeld 1984, 1990, 1992; Jordà 1991a), but his approach in 

conceiving sequencers as studio and realtime interaction tools, did not have too many 

followers, possibly until the arrival of Ableton Live (Lasso 2002), the recent MIDI and audio 

loop sequencer especially conceived for performance. Similarly, The Sequencer by Dave 

Oppenheim of OpCode Systems in 1985, which also permitted to apply on-the-fly several 

transformation such as transposition, rhythmic and durations variations, and melodic 

permutations (Spiegel 1987b). 

  

4.3.5.2 Music Mouse 

Music Mouse, developed by Laurie Spiegel, was released in 1985 for the Macintosh. Soon 

after it became available to the Commodore Amiga and three years later to the Atari ST. 

Music Mouse fits perfectly into the intelligent instrument definition. While the program does 

not use most of the structure traditionally associated with expert systems, it does fulfill one of 

the primary criteria of an expert system, i.e. enabling non-experts to perform as if they were 

experts. Music Mouse turned a computer into a musical instrument that anyone could play. As 

a user moved the mouse through an onscreen grid to choose notes (see figure 4.6), the 

computer automatically generated accompaniments and ornaments for the notes, based on the 

context of the user's previous choices and keys pressed on the computer keyboard. Several 

keys facilitated change in the harmonic structure (chromatic, diatonic, pentatonic, middle 

eastern, octatonic, or quartal harmonies), while other controlled dynamics, articulation, 

tempo, transposition and pitch quantization (Spiegel 1987a). Music Mouse was a powerful 

instrument, not only suited for amateurs but also for professionals, as the recordings of 

Spiegel’s compositions and improvisations performed with it, testify [Spiegel 1991]. 
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Figure 4.6. Music Mouse main screen 

4.3.5.3 M & Jam Factory 

In 1986, Joel Chadabe together with David Zicarelli (soon to become one of the main Max 

programmers and later director of the music software company Cycling7450) found the 

company Intelligent Music, Inc. and launch the two programs M and Jam Factory, initially 

for the Macintosh, soon also for the Amiga and the Atari. For Zicarelli, the motivation 

writing Jam factory was the interest in creating programs that would listen to MIDI input and 

“improvise” immediately at some level of proficiency, while allowing the performer to 

improve its ability. For that Jam Factory uses transition tables for pitch and rhythmic values 

(first to fourth-order Markov chains) which are previously calculated from phrases played by 

the user, to generate similar material while the user modifies sliders that affect the way the 

data is generated.  

 

M works in a similar manner but deals with higher level material (chords, rhythmic, melodic, 

accent or articulation patterns, intensity ranges, etc.) and more sophisticated control. The 

work develops in three stages. First the user introduces this basic musical material in real or 

in step time, and then determines the ways that this basic material will be transformed. 

Finally the music is performed by manipulating screen controls, by playing control keys on a 

                                                      
50 Cycling74 (http://www.cycling74.com) is the company that since 1997 ships Max/Msp and other 

related software. 
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MIDI keyboard, or by "conducting" with the mouse on a multidirectional grid (Zicarelli 

1987). 

 

4.3.5.4 From the 1980s to the 1990s… 

We have only given a concise introduction to several of the more paradigmatic software 

programs that attempted to bring ‘interactive music’ to a wider audience. There are many 

other noteworthy examples not covered by this thesis, including Instant Music, Oval Tunes, 

Jam Session, UpBeat, Different Drummer or RGS. (Yavelow 1986, 1987).  

 

Of note historically are several interactive music programming languages, including 

Hierarchical Music Specification Language (HMSL). HMSL is an object oriented language 

aimed at realtime interactive composition and performance, developed by Larry Polansky, 

David Rosenboom and Phil Burk at Mills College (Polansky et al. 1987; Burk & Marsanyi 

1992; Polansky 1994). especially designed for affordable microcomputers (the first version 

was implemented in the Commodore Amiga), in 1991 it did already include audio capabilities 

with no additional hardware (Burk 1991). In many ways, HMSL predated in several years the 

arrival of other languages such as PD or Max/MSP. 

 

Nowadays, two decades later, there seems to be less room left for experimentation. While 

there are freeware or shareware applications that propose idiosyncratic ways of making music 

in realtime, the commercial programs fell into but a few well-known and well-defined 

categories: MIDI sequencers and audio multitrackers, audio editors, software synthesizers 

and a myriad of sound processing plugins. Is the situation so bad? Well, in fact not. Because 

the late 1990s finally brought the few tools which (musically speaking) allow almost anyone 

to do almost anything. 

 

4.3.6 From the 1990s to today… 

As discussed previously, alternative and custom made controllers have become widely 

available and affordable (by using ready to plug analog-to-MIDI converters). The same can 

be said of their software counterparts: in recent years, the increasing power of personal 

computers has allowed the definitive bloom of realtime software synthesizers and 

programming environments, such as PD (Puckette 1997; Puckette et al. 1998), Max/MSP 

(Puckette et al. 1998; Puckette 2002; Zicarelli 2002) or Supercollider (McCartney 1996, 

1998, 2002), among many others. With the combination of new controllers and these easy-to-
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use data-flow graphical programming languages, the design and implementation of custom 

interactive systems has become simpler than ever before (Rolnick 1992). In that sense, the 

inclusion of audio synthesis and processing capabilities into these programs since the late 

1990s has been determinant. Strictly speaking, virtual or software synthesizers do not 

represent any new concept, but they have important differences with their hardware 

counterparts, as they provide unlimited scope for freedom of sonic expression, 

experimentation and imagination. No need to stick to restrictive MIDI and music conventions 

(e.g. notes) or venerable audio synthesis methods anymore. Presently almost anything seems 

within reach of the hand, ready to be ‘interactively’ controlled or manipulated. 

 

However, independently of these favorable conditions, interactive realtime music creation 

using computers still seems a burgeoning and underexplored multidisciplinary area. It clearly 

constitutes a creativity umbrella under which music theory, cognitive science, music 

performance and music improvisation theories, algorithmic composition techniques, new 

controller interfaces design, ergonomics, realtime sound synthesis and sound processing 

techniques can all converge, in order to construct new interactive music-making paradigms. 

Let us further explore this potential. 

 

4.4 Interactive music: taxonomies and metaphors 

 

Pope (1993b) (see section 4.3.2) wonders if a meaningful taxonomy of interactive music 

systems could help to develop more flexible human-instrument interfaces and more 

interesting computer-based musical instruments. Spiegel (1992) suggests that terms which 

were adequately descriptive when first coined are now insufficient for differentiation within 

the much larger range of approaches now actively pursued. It seems hard to provide a 

taxonomical view that covers the multiplicity and the multidimensionality of interactive 

music systems or intelligent instruments possibilities. We will start by reviewing the 

classifications and distinctions that some of the fundamental researchers and artists in this 

field have set up during the last two decades. 

 

4.4.1 Chadabe’s ‘music interaction’ metaphors 

As already mentioned, Joel Chadabe is one of the ‘interactive music’ pioneers and the one 

responsible for coining the term ‘interactive composing’. Chadabe (2004) currently 
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differentiates between three main realtime computer music interaction metaphors, which he 

describes as: 

 

a) Sailing a boat on a windy day and through stormy seas 

b) The net complexity or the conversational model 

c) The powerful gesture expander 

 

• Chadabe’s first metaphor clearly reflects the idea that the performer is not in control of 

everything. Some external, unpredictable forces, no matter what their real origin or 

strength are, affect the system on their turn. The output is the result of this permanent 

struggle. George Lewis’ Voyager or most of Chadabe´s own systems (e.g. Solo, M, etc.) 

can fall in that category since they all make extensive use of probabilities and 

randomness. 

 

… the system is designed to avoid the kind of uniformity 
where the same kind of input routinely leads to the same 
result (Lewis 2000, on his interactive music system Voyager) 

51. 

Interactive music is like a piece of sports equipment, a 
bicycle, say, or a sailboat. The design is very important, but 
all the experiences of bicycling or sailing can't be foreseen or 
controlled..(Behrman52). 

The intelligence algorithm in Solo and in Rhythms consists 
of a random-number generator. Like other random-number 
generators, it is mechanistic and, by itself, does not suggest 
intelligence. The important quality of random-number 
generators, however, is what I have come to call 
complexity… [meaning] that the rules which determine a 
certain succession of events … are underlying and elusive 
and not evident in the succession of events they generate 
(Chadabe 1984). 

 

• In the second metaphor, unpredictability results from the complexity of the elements 

involved in the dialog. The aforementioned SalMar Construction and the League of 

                                                      
51 The unpredictability vs. control conflict is an essential issue that will often appear in this thesis, and 

which will be deeply discussed in sections 7.11 and 7.12. 

 
52 David Behrman, in http://www.cdemusic.org/artists/behrman.html 
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Automatic Composers, constitute good examples of this type of behavior. Since no 

performer can take into account all the variables occurring and affecting the system at 

any given moment, no performer can completely be in charge of the system or predict its 

behavior in its totality. Notice that no indeterminism is needed though in this case. The 

behavior of that system could be perceived as chaotic, but if Laplace’s devil was in the 

audience he could still be able to predict it! 

 

• The third metaphor encompasses all extended or knowledge-based instruments that 

expand input control gestures for attaining complex musical outputs. The Groove system 

or a realtime automatic arpeggiator, harmonizer or rhythmic patterns generator such as 

Laurie Spiegel’s Music Mouse could fall in this category. These type of systems are 

completely deterministic. Given that the performer can only get surprised because he or 

she does not share the knowledge of the system’s behavior, according to Chadabe, the 

members of this third group should not be considered interactive music systems. 

However, no matter how interactive we may consider them, it is undeniable that these 

systems do also open a plethora of new creative possibilities especially for the non-

experts musicians (more on chapter 7). 

 

…it becomes possible for more people to make more 
satisfying music, more enjoyably and easily, regardless of 
physical coordination or theoretical study, of keyboard skills 
or fluency with notation. This doesn’t imply a dilution of 
musical quality. On the contrary, it frees us to go further and 
raises the base-level at which music making begins. It lets us 
focus more clearly on aesthetic content, on feeling and 
movement in sound, on the density or direction of 
experience, on sensuality, structure and shape-so that we can 
concentrate better on what each of us loves in music that lies 
beyond the low level of how to make notes, at which music 
far too often bogs down (Spiegel 1987a). 

 

Many real systems can show properties of the three categories. Michel Waisvisz approach, in 

which naughty agents add some spice and distortion when things get too simple, too complex 

or simply too boring, can be considered as a combination of all the three cases. 

 

4.4.2 Interactivity: managing intelligence, complexity and surprise 

It seems that when Laurie Spiegel´s defines intelligent instruments she is facing the question 

from the computer system viewpoint, whereas Chadabe’s interactive composing is more the 
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result of approaching it from the performer’s side. Moreover, for Spiegel, intelligence and 

thus complexity are obtained from an expert system, whereas for Chadabe, intelligence is 

understood as the capability to surprise more than the ability to deal with complexity. The 

sources of unpredictability or surprise can indeed be many: simple and explicit random 

processes, unrememberable or unholdable complexity, nonlinear processes, or even erratic 

control interface or engine design (Pressing 1990).  

 

Whether surprise and dialog is encouraged through randomness, by ungraspable complexity 

or by added knowledge, independently of the degree of unpredictability they possess, these 

new instruments often shift the center of the performer’s attention from the lower-level 

details to the higher-level processes that produce these details themselves. The performer 

performs control strategies instead of performing data, and so these type of instruments tend 

towards more complex responses to performer stimuli, often breaking the note-to-note, ‘one 

gesture to one acoustic event’ paradigm present in all traditional instruments (Chadabe 1977). 

They are able to play at different macrostructural or compositional levels, perhaps controlling 

tempo or density, constructing sections, blurring, in short, the roles of composer and 

performer, provoking realtime or on-the-fly composition (Pressing 1988; Alperson 1991); in 

other words, improvisation.  

 

A beautiful and concise definition of improvisation is to be found in the Grove Dictionary of 

Music and Musicians: ‘The art of thinking and performing music simultaneously’ (Grove 

1954). While this definition seems indeed rather unkind for the non-improviser (Bailey 1992: 

66), the need to think while playing appears to be essential for the interactive systems 

performer. To a minor extent, it also needs to be simulated (though in a very vague and 

permissive way) by the digital system. In order to guarantee a fluid ‘interactive’ dialog, the 

two components (i.e. performer and instrument) must be able to make decisions on the fly. To 

conclude this section, it must be noted that unpredictability does not mean the output has no 

perceptual connection with the input; otherwise the input would loose its meaning and there 

will be no reason to perform. 

 

4.4.3 Pressing’s traditional music metaphors 

From the aforementioned, it seems that such systems permit creative approaches that are 

sometimes closer to music activities other than the one we conventionally understand by 

‘playing an instrument’. (Pressing 1990) lists some of these new possibilities with the help of 
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traditional music making metaphors, introducing concepts that were already implicitly 

present in many of the precursory works we have described in the previous sections: 

  

• playing a musical instrument 

• conducting an orchestra 

• playing together (ensemble) with a machine 

• acting as a one-man band 

 

4.4.4 Laurie Spiegel’s classification 

A more systematic Aristotelian taxonomy of ‘interactive music systems’ with finite, well 

defined and hierarchical categories seems hard to achieve, and authors prefer to propose 

multidimensional models of classification, in which methods and systems can be localized as 

positions and movements along various continua. In that direction, Laurie Spiegel (1992) 

proposes a highly multidimensional representation as an open list with the following axes: 

 

1. degree of human participation (completely passive listening versus total creative 

responsibility)  

2. amount of physical coordination, practice, and/or prior musical knowledge required 

for human interaction 

3. number of variables manipulable in real time 

4. number of variables manipulable by the user (not the coder) prior to realtime output 

("configurability") 

5. amount of time typically needed to learn to use a system 

6. balance of task allocation (human versus computer) in decision-making in the 

compositional realms of pitch, timbre, articulation, macrostructure, et cetera, and/or 

in labor-intensive tasks such as notation or transcription 

7. extensiveness of software-encoded representation of musical knowledge (materials, 

structures, procedures) 

8. predictability and repeatability (versus randomness from the user's viewpoint) of 

musical result from a specific repeatable human interaction 

9. inherent potential for variety (output as variations of a recognizable piece or style, 

versus source not being recognizable by listeners) 

10. ratio of user's non-realtime preparation time to realtime musical output 

11. degree of parallelization of human participation 

12. degree of parallelization of automated processing 
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13. number of discrete non-intercommunicative stages of sequential processing (e.g. 

composer-performer-listener or coder-user-listener versus integrated development 

and use by single person or small community) 

14. degree of multi-directionality of information flow 

15. degree of parallelization of information flow 

16. openness versus finiteness of form, duration and logic system 

17. et cetera. 

 

While arguably, Spiegel’s list may be considered too extended to provide a simple 

classification framework, some of the items raised are extremely visionary and still highlight 

essential topics that, more than a decade later, are yet to be deeply investigated. We will come 

back to several of these concepts in chapter 7, which constitutes the core of this dissertation 

(and where we will study what may constitute the essential needs for different types of 

musicians, and which can be the elements that may turn a sound toy into a tool for musical 

expression). 

 

4.4.5 Robert Rowe’s ‘Interactive Music Systems’ 

Robert Rowe’s book “Interactive Music Systems” (Rowe 1993) exposes a conceptual 

framework that is still considered today by many, as the key reference and common 

background for the discussion and evaluation of these kinds of systems. He starts the book by 

defining the concept and claiming that: 

 

Interactive computer music systems are those whose 
behavior changes in response to musical input. Such 
responsiveness allows these systems to participate in live 
performances of both notated and improvised music (Rowe 
1993). 

 

This definition is, in my opinion, too restrictive. It first takes for granted the existence of a 

common understanding of what ‘musical input’ should mean (Paine 2002). Is that realistic? 

How should an input be, in order to be ‘musical’ enough? The trick is that Rowe is implicitly 

restraining ‘interactive music systems’ to systems which posses the ability to ‘listen’, a point 

that becomes clearer in the subsequent pages of his book. Therefore, in his definition, 

‘musical input’ means simply ‘music input’; as trivial and as restrictive as that! Todd 

Winkler, who can be considered as one of Rowe’s main followers, pictures also a similar 

approach in the first page of his book “Composing Interactive Music” (Winkler 1998). 
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Interactive music is defined here as a music composition or 
improvisation where software interprets a live performance 
to affect music generated by computers (Winkler 1998). 

 

We obviously believe that interaction can also take place using distinct communication 

channels (as illustrated in figure 4.7). The ‘listening’ ability is not the essence of what we 

should understand by interactive music system, but it clearly represents an important 

possibility. The potential of a system that is able to receive and analyze sound as an input - as 

we have already seen in George Lewis’ Voyager - is not to be dismissed at all. 

 
Figure 4.7 Human-Music system feedback loop interaction 

using (left) only audio transmission and (right) two distinct communication channels. 

 

4.5 Machine listening 

 

We have until now defined a context for ‘interactive music systems’, described some of their 

properties and possibilities and given several examples of implementation. One typical lack 

in the research and production under that specific domain is that often, only the musical 

output is taken into account; the input the system receives is regarded as abstract data, the 

way the system is to be controlled is not considered. An exception to that tendency would be 

the interactive systems ‘with ears’, which have the ability to listen to human performers. 

 

4.5.1 Score followers 

Score-followers (Dannenberg 1984, 1988, 1989) or synthetic listener-performers (Vercoe 

1984; Vercoe & Puckette 1985), two terms that relate to similar concepts, started to be 

developed in the early 1980s. The idea behind them was to solve most of the synchronization 

problems inherent in taped accompaniment and break the ‘music-minus-one’ syndrome that 

characterizes tape+instrument pieces. Score-followers are programs that are able to 

accompany a human instrumental soloist by matching the realization of a particular score, 

against the stored representation of that score. The concept is simple; the implementation is 

not. These systems have to process the input from the live performer, analyze it in order to 
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extract pitch information, match this input (which can definitely contain human performance 

and computer analysis mistakes) against a score of expected input, and generate the timing 

information necessary to control the generation of the accompaniment53. 

 

4.5.2 Interactive machine listening 

We have already discussed the work of George Lewis, who uses pitch information from the 

human performer to generate a synthetic improviser with an autonomous behavior. We will 

now comment some additional examples. 

 

4.5.2.1 IRCAM, 4X and MAX 

Combining the progresses attained in score following by Roger Dannenberg (Dannenberg 

1984, 1988, 1989) and especially by Barry Vercoe and Miller Puckette (Vercoe 1984; Vercoe 

& Puckette 1985), with the development of the 4X synthesizer by Giuseppe Di Giugno (Di 

Giugno et al. 1981), during the 1980s IRCAM specialized in a type of compositions that 

could be defined as “Interactive Signal Processing” (Favreau et al. 1986; Winkler 1991; 

Lippe 1996)54. 

 

While Giuseppe Di Giugno conceived the 4X as the most powerful realtime digital 

synthesizer, the system was mainly used as a sound processing unit devoted to transform 

acoustic instruments. Many of the realtime processing pieces composed and developed at 

IRCAM in the late 1980s, early 1990s, involved score followers. All the effects to be applied 

were scored, but instead of depending on a fixed time, they were dependent on the 

information given by the score follower, which kept telling the system the position of the 

human performer within the score. (Lindeman 1990; Puckette 1991; Lippe & Puckette 1991) 

[V.A. 1990]55. 

  

                                                      
53 It is very frequently noted that a pitch follower actually performs much worse in concert than in 

rehearsal, because the musician plays differently, more musically, in concert. The better the instrument 

is played, the worse the computer will track it (Puckette & Settel 1993). 

 
54 We will see soon that they probably were not that interactive. 

 

55 As a curiosity, we can say that the later ubiquitous and powerful Max was indeed born in Ircam at 

that time, originally, only as a score-follower for the 4X! (Favreau et. al 1986). 
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at IRCAM…intelligent real-time interaction between 
musicians and computers…is perceived by composers as a 
real necessity : use of tapes or automatic execution of pre-
written computer music prohibits the flexibility of 
instantaneous interpretation, and use of direct interaction 
instruments like synthesizers or passive transformation 
boxes prohibits the use of intelligent computer processing 
(Boisnée et al. 1986). 

 

Philippe Manoury’s Jupiter (for flute and 4X, 1987) and Pluton (for piano and 4X, 1989), or 

Cort Lippe’s Music for Clarinet and ISPW (1992) constitute perfect examples of this type of 

compositions. In Music for Clarinet and ISPW, a score-driven interactive music system 

follows a clarinetist (playing an acoustic clarinet) and responds with sophisticated timbral 

transformations, which engages the real clarinet in an expansive dialog with a second musical 

voice, that is a regeneration and reinterpretation of the real clarinet own score (Settel et al. 

1992; Rowe 1993: 90). 

 

4.5.2.2 Cypher 

Robert Rowe worked in IRCAM as a composer and researcher during the mid-1980s where 

he produced the interactive piece Hall of Mirrors (Baisnée et al. 1986). Several years later he 

developed his own ‘interactive system with ears’, Cypher (Rowe 1992; Koblyakov 1992) 

[Lamneck 1992]. Cypher and the aforementioned book “Interactive Music Systems” (Rowe 

1993) are both the results of his Ph.D. thesis. Cypher, which is based on a multiagent system 

inspired on Marvin Minsky’s Society of Mind (Minski 1986), is systematically discussed in 

his book, depicting a methodological approach for the conception of this type of interactive 

music systems. The book, which has become one of the key references in the field, also 

constitutes an ambitious and thorough attempt at establishing a taxonomy and a conceptual 

framework for the study and the development of interactive music systems. Rowe’s 

taxonomy will be partially discussed in the next section and along the following chapter.  

 

4.5.2.3 Other related systems 

Several systems with similar approaches have been developed during the 1980s and the 

1990s. Some systems are designed for playing specific compositions; others follow a more 

flexible and improvisatory approach. Some are only compositions (i.e. they do always play 

the same piece), while others like The Hub, the net-band inheritor of The League, try to 
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define new ways of interaction at every piece, keeping the emphasis on the network as a 

shared instrument (Gresham-Lancaster 1998; Perkis 1999). 

 

It used to be common to discuss the computer as an 
extension of the human nervous system; today, it makes 
more sense to think of the computer network as an extension 
of the society… We want to surprise and be surprised by 
each other, and, in playing together, to also be surprised by 
our own odd computer network instrument (Hub 1994). 

 

Whereas some of these systems do not posses a general musical knowledge, and follow thus a 

more idiosyncratic approach, others tend to have a wider and higher level musical knowledge 

and are designed to adapt themselves to different musical contexts. Some of them are to be 

controlled by acoustic instruments fitted with a pitch-to-MIDI converter, while others are 

already designed for ‘listening’ to musical MIDI instruments or controllers. Jean Claude 

Risset’s Duet for one piano and Richard Teitelbaum Solo for three pianos, especially 

designed for MIDI pianos, are two examples of this last case. Duet for one piano (Risset 

1990; Risset & Duyne 1996), uses a Yamaha Disklavier to construct the virtual version of the 

four-hand piano; two hands are human (Risset’s) while the rest is left to the computer. 

Richard Teitelbaum (a member of MEV in the 1960s) also conducts his system The Digital 

Piano through a MIDI piano. In Solo for three pianos the music that enters the computer 

coming from one piano, is superposed, delayed, inverted, randomized, etc. and sent to two 

other pianos (Rowe 1993, 2001). In Wildlife, composers and performers David Jaffe and 

Andrew Schloss use also two MIDI controllers (respectively a Zeta violin and a Radio-

Baton), although their instruments can also send additional MIDI control messages (Jaffe & 

Schloss 1992). Some, like the author’s Pitel (Jordà 1991b)56 or systems like the ones 

developed by David Wessel (1991), allow a performer-conductor to sit in front of the 

computer, thus becoming one player more in the game. 

 

This ‘system-with-ears’ approach is indeed an extremely powerful model that brings many 

new possibilities to the way music can be created. In the following chapter we will come 

back to this topic, and we will discuss additional implications of this model. 

 

                                                      
56 Pitel will be extensively discussed in chapter 8. 
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4.5.3 Robert Rowe’s classification 

Complementing some of the aforementioned musical metaphors with another 

multidimensional approach, Robert Rowe proposes in his book (Rowe 1993) a three-

dimensional classification which is still considered by many as the common conceptual 

framework in interactive music systems (although it is not exempted of pitfalls as we shall 

later discuss): 

 

 

1. Transformative, generative, or sequenced response methods. 

2. Score-driven vs. performance-driven systems. 

3. Instrument vs. player paradigms. 

 

 

The author also suggests that the descriptors he uses for any given dimension, are only points 

at the extremes along a continuum of possibilities, and that these points should not be 

considered as distinct classes (Rowe 1993:6). We will now discuss the first two dimensions 

leaving the last one for the next chapter. 

 

4.5.3.1 Transformative, generative, or sequenced response methods 

Chadabe (1977) already brings these methods to the scene when discussing memory vs. 

process automation. ‘Sequence’ and ‘generation’ are in the essence of digital instruments 

since, as we started claiming at the beginning of this chapter (see section 4.2.1), these can (a) 

store any amount and type of data and (b) make decisions on the fly. In that sense, 

‘transformation’ could be also understood as the combination of both. It would be easy to 

draw a continuous imaginary line, from the absolute deterministic repetition (sequence) to the 

absolute indeterminist random generation, which would traverse a transformation zone 

(though curiously, Rowe does never put the three terms in that order, i.e. with transformation 

in the middle).  

 

The transformation of music information with compositional purposes is a common practice 

in all styles of music composition and improvisation. In that sense, most of the techniques 

that have been employed in non-realtime algorithmic composition or even in non-computer 

based composition contexts, can be adapted to the needs of realtime interactive music (e.g. 

Koenig 1970; Ames 1987; Loy 1989; Simon & Summer 1993; Eno 1996; Deutsch 1999). 

These three forms of response (transformative, generative and sequenced) seem to also 
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encompass the methods employed in most improvisation oriented practices with traditional 

instruments. If we take for instance jazz as a case study, we could probably conclude that 

before bebop (i.e. New Orleans, swing, etc.) improvisation was more based on transformation 

methods (paraphrases and distortion of the theme) while bebop and hard-bop improvisations 

(1940s-1950s), more based on chord patterns, and with a better defined set of rules, suggests 

a more generative approach. Since in both cases improvisation is usually based on a theme 

that has also to be played, sequenced methods seem also important. In free jazz (circa 1960s), 

the importance of sequenced methods diminish while the remaining two concepts 

(transformation and generation) seem to coexist. John Coltrane’s approach, for instance, 

could probably be considered more transformative than Cecil Taylor’s (more generative). As 

in the jazz arena, many interactive music systems tend to employ combinations of the three 

approaches. 

 

4.5.3.2 Score-driven vs. performance-driven systems 

Rowe’s second dimension distinguishes between systems that tend to use predetermined 

event collections or stored music fragments, vs. performance-driven systems. In that sense, 

although the quality of “having or not a score” is traditionally dichotomical, a continuum is 

still easily imaginable starting from score-driven systems, surely more ‘compositional’, 

deterministic and classically oriented, towards the increasingly improvisational and freer 

performance-driven approaches. A first criticism we can apply to Rowe’s taxonomy is that 

these first two dimensions seem highly correlated. It seems intuitive for instance, that score-

driven systems tend also to be of a sequenced matter. Rowe mentions for instance, score-

followers as a clear example of score-driven sequenced systems, but no alternative examples 

of score-driven generative nor transformative systems are given throughout the whole book. 

Score-driven pieces in general, and compositions using score-following techniques in 

particular, pose however a more fundamental question: when the performer is supposed to 

follow a predetermined path, what should be really considered as being interactive?  

 

Score-following techniques, for instance, have been often tagged as ‘interactive’ apparently 

just because the computer behaved in a more ‘intelligent’ manner. I claim, however, that 

score-followers constitute a perfect example for intelligent but zero interactive music 

systems. In a typical music-minus-one situation, with a performer playing against tape music, 

the tape behaves as the master and the human performer as the slave (Kimura 1995; McNutt 

2003). Score-followers invert the roles, a situation which is per se, no more interactive than 

the former example. There is no need for the two components (human and machine) to follow 
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each other. When they both try to do it, the global system tends in fact to play faster and 

faster, until its collapses (if the tempo of the score follower rushes and the player rushes to 

catch up, the result is a closed-loop tempo runaway) (Puckette & Settel 1993). Keeping with 

the ‘interaction’ conversational metaphor, score-following appears indeed as a quite useless 

conversation, in which both of the interlocutors are only able to understand and to reply to 

what they expected to hear… sort of like the governmental candidate TV interview before the 

elections!  

 

Bongers (2000) uses the term ‘reactive’ to describe the behavior which is often mistaken as 

being interactive, although it is as predictable as a (very complicated) light switch. 

 

Note that in some cases only parts of the loop can occur, for 
instance when the cognition is left out on one side or the 
other this part rather reacts than interacts. Many interactive 
systems in new media arts are in fact reactive systems. 
Ideally, interaction between a human and a system should be 
mutually influential (Bongers 2000). 

 

4.6 Interaction as mutual influence 

 

Interaction, as we have already pointed out, implies a mutual or reciprocal action or 

influence between two or more systems (see figure 4.8). Interaction is not a binary concept. 

Some activities are more interactive than others (putting salt on the soup could usually be 

considered, for instance, far more interactive that putting sugar on the coffee57). We also 

admit that interaction not always occurs in perfectly symmetrical or balanced ways; often one 

of the sides has more to say or is more active than the other, but we should at least expect that 

some information flows in the two directions, and that these flows affect the receivers’ 

behaviors in some manners. 

 

                                                      
57 Coffee usually comes with no sugar, while soup already tends to include some salt. As a result, for 

many, putting sugar on the coffee is a invariant gesture with a predefined dose. It is was more 

interactive, the question ‘how many spoonfuls of sugar?’ would not make any sense. 
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Figure 4.8. Human-Machine interaction (from Bongers 2000) 

 

Assuming these ideas, the quantity and the quality of the interaction between any two 

elements (in our case a human-performer and a musical machine) could be represented in a 

two-dimensional space according to the amount of influence each system (i.e. human-

performer or machine) exerts on the other. Garnett (2001) poses himself two questions: “what 

do human performers bring to computer music?” and “what do computers bring to human 

performance?” Although I do not completely agree with his answers, the following 

classification is somehow inspired by his questions. Figure 4.9 attempts to classify interactive 

music systems according to this balance principle. The influence the human performer 

behavior has on the digital system is represented in the x-axis, while the y-axis indicates the 

digital system influence on the performer. 

 

Let us comment and locate on the graphic, some paradigmatical music performance 

situations. For doing so, we will start by browsing along or near both axis, which we should 

remember, describe situations not at all interactive, in which dialog or feedback are absent. 

 

Tape music is situated at the coordinates origin (0,0). In its less interactive flavor, tape music 

requires only one bit from the human to the computer: start. If the piece is supposed to end 

automatically (the diffuser has not to hear it to detect the end), the influence of the machine in 
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the performer is null, otherwise there is an additional bit (stop) that goes the other way round 

(from the machine to the performer). 

 

 
Figure 4.9. Interaction as mutual influence 

(Human Computer influence is represented in the x-axis. Computer Human influence is 

represented the y-axis) 

 

4.6.1 Some situations that mainly involve Human Computer influence 

 

• Advancing on the x-axis, we find a more active diffusion of tape music, which 

involves some mixing or perhaps some spatialization. Notice that when these actions 

are not predetermined by a score, but are taken at the diffuser will instead, we will 

also be ascending vertically along the y-axis. 

  

• Advancing a bit more within the same concept, we could have a typical prerecorded 

techno venue. Compared with the previous case, apparently quite similar in nature, 

this situation typically involves more parameters and more drastic changes on the 
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music (tempo changes, timbre changes by means of resonant filters or MIDI program 

changes, delays, density changes by means of muting/unmuting tracks, etc.) showing 

therefore a higher x-value. These kinds of performances also tend to be much more 

flexible and open to the environmental situation, which means also higher y-values. 

 

• A completely different concept that also shows high x and low y values is the score-

following paradigm, in which the machine adapts its tempo to that of the performer. 

The human performer indirectly controls the machine behavior, but – as already 

explained – has to remain mostly deaf and insensible to the machine’s output. 

 

• The “strict” conductor paradigm, in which a performer renders an electronic score, 

either triggering it note by note (as in Max Mathew’s Conductor program), either 

controlling its tempo, pictures a situation similar to the score-following case. Some 

additional increments along x can be probably gained depending on the conductor’s 

additional possibilities to control the system (e.g. dynamics). 

 

• On the x-axis extreme, but with y still tending to zero, we could find the “virtuosiest 

virtuoso on the world hyperest hyperinstrument58”, controlling hundreds of 

parameters in real time, performing the densest score of all times, the one Boulez or 

Ferneyhough always dreamed to compose! 

 

To synthesize, all the musical paradigms situated along or near the x-axis correspond to 

musical contexts that, from a performer point of view, are strongly deterministic and score-

dependent. Performers involved in these situations firmly rely on a score and are supposed to 

follow the ‘written path’, independently on how their behavior may affect the computer part.  

 

4.6.2 Some situations that mainly involve Computer Human influence 

Musical models situated along or near the vertical y-axis in turn imply, situations in which it 

is the machine that follows a predetermined path, independently of the human performer 

actions.  

 

• Starting at the origin and ascending a bit along the y-axis, we find the tape+performer 

piece paradigm. Although the player’s score is completely written, and what the 

                                                      
58 Hyperinstruments (Machover & Chung 1989; Machover 1992) were introduced in chapter 3. 
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player plays, does not affect at all the computer performance, the player has to keep 

track (i.e. listen) of the computer output. Notice that in this context the influence of 

the machine over the performer is greater than in the score-following paradigm. 

  

For the player, performing with fixed accompaniment is like 
working with the worst human accompanist imaginable: 
inconsiderate, inflexible, unresponsive and utterly deaf 
(McNutt 2003). 

 

• Ascending more along the y-axis, we find all the realtime audio processing 

techniques of the first IRCAM pieces for the 4X (Di Giugno et al. 1981; Baisnée et 

al. 1986), of which Boulez’s Répons is the perfect paradigm [Boulez 1998]. The 

machine affects human performers by modifying the sound humans emit. Score-

following, and thus the so-called interactive signal processing, is not yet applied; the 

effects are sequenced and therefore independent of the performer. 

 

• At the y-axis extreme but with a minimum x-component, stands the absolutely deaf, 

completely insensible, totally capricious, but still infinitely powerful realtime audio 

digital system; one that turns each player performance into a nightmare. Surely we 

have all seen more than one on stage! 

 

4.6.3 The ‘interaction and technology’ debate 

The ‘IRCAM paradigm’ poses also a fundamental and clarifying conceptual question. As we 

have already mentioned, IRCAM’s realtime processing pieces from the late 1990s, involved 

the presence of a score-follower. While the effects to be applied were still scored, instead of 

depending on a fixed time, they were dependent on the information given by the score 

follower. This gave the performer an added flexibility, allowing him to be less dependant on 

the machine. Considering that score-followers show an important component of H C 

influence, while realtime audio processing techniques show a C H component, one could 

erroneously conclude to have found a balanced interactive system. These kinds of systems are 

in fact often described as “Interactive Signal Processing” (Winkler 1991), but in most of the 

cases, they are not however truly interactive. 

 

The existence of an apparent two-way communication does not guarantee interaction, which 

takes only place in the presence of a feedback loop. In the ‘interactive signal processing’ 
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paradigm, it is often the tempo of the performer that determines the sound processing effects 

to be applied, which in turn, modify the sound emitted by the performer, but not necessarily 

the tempo! This system, as shown in figure 4.10, is better epitomized by two parallel 

discourses than by a fluid conversation.  

 
Figure 4.10. Interactive signal processing scheme 

 

Interaction is more or less true depending on the amount of feedback present in the system: 

i.e. how much will the processing of its own voice, consciously affect the performer’s 

playing? Contrary to the commonly assumed thinking path, interaction does not tend to 

increase with the use of more complex technologies. If we compare IRCAM’s ‘Interactive 

Signal Processing’ with the archetypical fully-geared electric guitarist, we can deduce that, 

although the latter may be using older and simpler (possibly even analog) technology59 (see 

figure 4.11), he will be controlling the sound in a much more interactive way, carefully 

listening to the results and reacting consequently, showing thus a much higher x-value. In 

fact, as pointed out by Paradiso (1997), if nonlinear behaviors start to emerge (e.g. guitar + 

amplifier feedback) the situation can reach near chaotic zones, with very high interactive 

components60 [Hendrix 1970]. 

From what we have said, it is also clear that interaction should be hard to find in hierarchical 

situations in which the performer is following the instructions of someone else.  

                                                      
59 (Thompson 1997) gives a wonderful tour through the vast menagerie of effects boxes invented 

mainly for guitarists. 

 
60 Sadly, Holmes (1985, 2002) is one of the few authors to consider Jimi Hendrix in an electronic 

music anthology. 
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Figure 4.11. The electric guitarist’s gear 

  

4.7 Musical processes and multithreaded instruments 

 

The idea of instruments, ‘intelligent’ enough to undertake musical processes by their own, 

has repeatedly appeared along this dissertation, with a special emphasis given in this current 

chapter. I will still insist on this topic because I believe it constitutes the quintessence of the 

type of instruments we are discussing, independently of the degree of (un)determinism they 

may exhibit. As pointed out in section 2.2, in traditional instruments the performer is 

responsible for controlling every smallest detail, leaving nothing to the instrument 

responsibility. In new interactive music instruments, the instrument’s ‘intelligence’ may be 

partially responsible for one or more musical processes, the control of which may be entirely 

left to the instrument’s responsibility or may be shared in different ways with the performer. 

When performers delegate some control to the instrument, their role is also approaching that 

of composers, who do have to delegate control of their work to instrumentalists.  
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Figure 4.12. Human vs. non human (a) excitation energy and (b) process automation 

in acoustic and electric instruments 

 

We could point out that this automation idea is already implicit and available in many electric 

and electronic analog instruments. Applying a vibrato by means of a Leslie rotary speaker in 

a Hammond organ or of a variable-speed motor in modern vibraphones is indeed very 

different from maintaining the finger oscillating on a violin string. Following this suggestion, 

figure 4.12 classifies several acoustic and electric instruments according to the ways (a) 

energy and (b) processes’ control are administrated.  

 

The LFO on modular analog synthesizers (e.g. Chadabe 1975) presents a special and more 

sophisticated control case, not necessarily because of the electronic nature of the instrument, 

but because at any moment, the performer (i) can decide what controls to transfer to the 

instrument, (ii) slightly modify the control behavior, and (iii) still share this control with the 

instrument. With analog synthesizers, in effect, the performer can change the frequency, the 
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amplitude or the shape of any LFO, and decide to what parameter to apply it. Once this is 

done, the performer is liberated from having to permanently twirl this parameter’s knob, but 

she still can do it if she wants, resulting in a shared control of this parameter. By means of 

these controlled processes, the performer is allowed to exert an indirect macro or meta-

control (as opposed to a direct micro-control) on parameters. Instead of controlling directly 

all the perceptual musical parameters, the performer may be controlling the parameters that 

control the processes that in turn control the final perceptual parameters. Figures 4.13 and 

4.14 symbolize both models. 

 

When instruments become digital, we have seen the possibilities explode. Processes do not 

need to be trivial LFOs and are not limited in number. They may be more dependent on rules 

or on stored data; they may share (or not) the control with the performer in different manners. 

Any combination of micro and macro-meta-control is now conceivable. Different layers or 

levels may even exist. The dialog, as discussed within this chapter, may be more or less 

present or implicit, but what is clear is that within this approach, instruments tend to surpass 

the one-action  one-event and the note-to-note playing paradigms, thus allowing them to 

work at different musical levels (from sound to form), and forcing performers to make higher 

level (i.e. more compositional) decisions on-the-fly.  

 

Whether these instruments should still be identified as interactive music systems is of no real 

importance, although I would personally prefer to call them multiprocessing, multithread or 

parallel digital instruments with shared control61. What seems undeniable is that a whole 

universe of new possibilities opens with them. 

                                                      
61 From a strict computer science point of view, the main difference between threads and processes lies 

in the fact that threads share common memory between them, whereas processes do not. In that sense, 

the computer based music instruments we are describing, seem more closely related to the former 

concept of multithread than to the multiprocess one. It should be pointed out though, that this concept 

has not be managed with a strict computer science mentality. An example of this could be the fact that 

the more popular computer systems for building ‘multithreaded musical instruments’ (i.e. Max or Pd), 

are not multithread nor multiprocess, but are indeed single-threaded! 
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Figure 4.13. The traditional instrument microcontrol 

 

 

 
Figure 4.14. The ‘interactive instrument’ hybrid micro + macrocontrol 

 



CHAPTER 4 INTERACTIVE MUSIC SYSTEMS  96 

 

4.8 Some final esthetical and ideological considerations 

 

4.8.1 Interaction, control and freedom 

Composer Chris Brown pertinently affirms, “It makes sense to accept that computer music is 

not a single type of music, but a musical instrument technology that applies to many kinds of 

music” (Brown 1996). The same can be said of interactive music systems. There is no such a 

thing as an interactive music style or type of music, and it seems logical that these 

technologies can encompass complementary or even opposed approaches, depending on one 

selfsame musical, cultural or ideological background. 

 

Concert music is still a vital part of our musical life. To 
ensure that it remains so in the decades to come, despite 
drastic changes in style and technological resources, we must 
reflect on why people go to concerts at all. We suggest that 
one of the significant aspects of live performance (from the 
point of view of the audience) is virtuosity, and that there is 
a danger that perception of virtuosity may erode as new 
technologies are applied to musical performance (Schloss & 
Jaffe 1993). 

Classical music is a historically significant and information-
rich tradition, but lacks appeal and relevance in modern 
society. By sensitively developing tools that enhance the 
performance and experience of classical music, we are 
perhaps revitalizing a tradition that deserves to be continued 
and extended (Marrin 2001). 

 

While some may look at interaction as the key for the "preservation" of concert or classical 

music (e.g. Zahler 1991), others see it as a symbolic opposition against Control. 

 

An orchestra should have a structure that exhibits the best 
types of sociopolitical arrangements imaginable… The 
patterns of control in a system tend to reproduce the 
organizational chart of the institution that designed the 
system (Bischoff et al. 1978). 

The system is designed to avoid the kind of uniformity 
where the same kind of input routinely leads to the same 
result. Voyager’s aesthetic of variation and difference is at 
variance with the information retrieval and control paradigm 
that late capitalism has found useful in framing its preferred 
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approach to the encounter with computer technology. As I 
have observed elsewhere, interactivity has gradually become 
a metonym for information retrieval rather than dialogue, 
posing the danger of commodifying and ultimately reifying 
the encounter with technology (Lewis 2000). 

The work I and others in the experimental tradition have 
been doing grows out of a different conception of computer 
technology, that in a sense sidesteps the problems of control 
specification. One can conceive of a computer system as a 
framework for embodying systems offering complexity and 
surprise, rather than as a tool which performs the 
bookkeeping tasks associated with recording and organizing 
one's compositional materials. This work inherits from the 
somewhat contradictory but complementary insights of Cage 
and Xenakis, both relying on mechanisms open to chance 
operations to lighten the burden of specifying details of 
complex musical structures. Under this paradigm, 
composition is the design of a complex, even wild, system 
whose behavior leaves a trace: this trace is the music. This 
work reflects an intent quite different than that inspiring the 
crafting of highly polished sound objects (Tim Perkis in 
Brown et al. 1996). 

 

I would like to highlight the inference that interactivity does not always imply or guarantee 

more freedom. In too many cases, setting the rules of the interactive game does indeed cut 

many otherwise available choices (Jordà 1996). In that sense, interaction could also be seen 

as Big Brother’s mechanic hare, the one that keeps us running happy. We could for instance 

imagine, as suggested by Garnett (2001), a very interactive and yet very dictatorial musical 

system, that would be displaying a score on the computer screen, telling the performer what 

to play at every moment, while permanently modifying it, according to the own performer’s 

interpretation; a masochist performer’s dream! That said, my work is still about trying, albeit 

in a very narrow and unpretentious sense, to be and let others be morte free. 

 

4.9 Conclusion 

 

In this chapter, we have introduced, defined and explored the tautological concept of 

‘interactive music system’. I believe that it is within these type of systems that new digital 

instruments can offer their best. Instruments whose output is based on traditional paradigms, 

such as one-to-one control of pitch+timbre+amplitude, have hard competitors on existing 
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traditional instruments. Furthermore new instruments will only appeal to creative musicians 

in the measure that they are able to make new music in truly new ways.  

 

These new instruments are new because they can run multiple processes in shared 

responsibility with their performers, they can surpass the one gesture to one acoustic event’ 

paradigm and go beyond the sound and note control level in order to embrace new musical 

possibilities and paradigms. They are interactive music systems, extended instruments, 

composed instruments, intelligent instruments… Terms are probably not so important and 

will make no difference in the end. 

  

The word ‘instrument’ which has been named eight times in this conclusion has been less 

abused though during this whole chapter. Interactive music systems and music instruments 

may have many points in common (the biggest one, the possibility to output music), but they 

may also represent slightly different concepts. In the next chapter we will continue discussing 

interactive music systems, this time from a more ‘instrumentalistic’ point of view.
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Chapter 5 
‘Interactive Instruments’ : Old & New Paradigms 

 

This chapter begins with an in depth examination of the musical implications of a presently 
more accepted model of ‘interactive music system’ suggested by Robert Rowe, introduced in 
the previous chapter. Following examination of this model, the concepts of performer, 
composer, musical instrument, musical knowledge and computer-based improvisation are 
further refined. The chapter concludes identifying and studying two complementary musical 
possibilities new digital instruments can potentiate: (i) the microsound-macrostructural 
continuum and (ii) multi-user instruments, which are seen as a logical and promising 
extension to the multiprocess behavior of many digital instruments. 

 

5.1 Introduction 

 

In the previous chapter we have suggested several of the boundless musical output 

possibilities of interactive music systems. We have glimpsed the capabilities of these 

systems, although we have not discussed other issues typically associated with the idea of 

music instruments. Many authors, composers, inventors or performers of the ‘interactive 

music’ arena do not use the term ‘instrument’, interestingly others show what we could call a 

more ‘instrumentalistic’ mentality. 

 

At STEIM the emphasis is on what could be called 
'instrumentation'. In music system design instrumentation 
extends from the mechanical design of sensors and 
controllers, through the electronics and software of 
interfaces and finally to the modeling of the higher level 
relations between performer and composition. The issues 
here are many and the need for computer instrumentation 
varies from the simple need for a controller for the 
articulation of a well defined musical parameter to analytic 
interfaces which hear musically and provide data to 
influence rather than to control (Ryan 1991). 

 

Is the idea of control inherent to the music instrument itself in contradiction with the idea of 

interactive dialog’? What it does, should or might mean, to play or to improvise with a 

computer? What are the main differences, novelties, highlights or drawbacks of computer 
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based instruments, compared to traditional ones? In this chapter we will be addressing these 

puzzling questions. 

 

We have illustrated in the previous chapter how these new instruments are better suited for a 

higher level of control, for playing with complex elements usually more associated with 

composition than with performance. Further, how these new instruments can - by means of 

their embedded knowledge, either in the form of data and/or rules – help the performer to 

behave like an expert.  

 

In the previous chapter, we also introduced the three-dimensional taxonomy of Robert Rowe, 

leaving undiscussed its third axis (instrument vs. player paradigms). Given that we just want 

to focus on instruments, this is a good starting point to launch discussion. His book will also 

serve us as a guide for the four complementary concepts we shall later discuss in the present 

chapter: musical knowledge, improvisation with digital instruments, symbolic (music) vs. 

acoustical (sound) level representation and manipulation (e.g. Leman 1993), and multi-user 

instruments. 

 

5.2 Instruments, players, listeners and composers 

 

5.2.1 The instrument-player dichotomy 

In his book Interactive Music Systems: Machine Listening and Composing Robert Rowe’s 

(1993) proposes the following three-dimensional classification: 

 

 

1. transformative, generative, or sequenced response methods. 

2. score-driven vs. performance-driven systems. 

3. instrument vs. player paradigms. 

 

 

We have already covered the first two items; we will now discuss the third and last one, 

which is of special interest for the purpose of this dissertation. Rowe defines the instrument-

player dichotomy as follows: 
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Instrument paradigm systems are concerned with 
constructing an extended musical instrument: performance 
gestures from a human player are analyzed by the computer 
and guide an elaborated output exceeding normal instrument 
response. Imagining such a system being as played by a 
single performer, the musical result would be thought as a 
solo. 

System following a player paradigm try to construct an 
artificial player, a musical presence with a degree of 
personality and behavior of its own, though it may vary in 
the degree to which it follows the lead of a human partner. A 
player paradigm system played by a single human would 
produce an output more like a duet. (Rowe 1993: 8). 

 

This dichotomy is not clear and Rowe’s descriptions are indeed quite open to discussion. 

What should we understand by “a degree of personality and behavior of its own”? Score-

followers, which constitute one of the most impersonal musical systems one could imagine, 

can be regarded according to Rowe, as clear examples of player paradigm systems, “because 

they realize a recognizably separate musical voice, assuming the traditional role of 

accompanist in the performance of instrumental sonatas”. (Rowe 1993: 8)62. ‘Personality’ 

should be therefore understood from the listener’s perceptual and not from the instrument’s 

cognitive point of view; no matter how rigid they are, score followers do sound as one (or 

several) voice(s) quite separated from the performer’s own voice, and thus with their own 

sonic ‘personality’. When Rowe differentiates musical results as being more like a ‘solo’ or 

like a ‘duo’, he is not explicitly stating a simple rule-of-thumb, which helps distinguishing 

between the two paradigms. All the implementations that the author describes as clear 

examples of the ‘player’ paradigm, correspond in fact to systems ‘that listen’, i.e. systems 

whose primary source of information or control, comes from the music played on other 

instruments, by other performers. Rowe’s machine players require some music to listen to, 

but before we discuss several of the implications of this representation we will continue 

exploring some of Rowe’s ideas. 

                                                      
62 When commenting for instance, Cort Lippe’s Music for Clarinet and ISPW (Lippe 1996), Rowe 

writes: “Finally, the piece embodies a performer paradigm, in that the clarinet is engaged in an 

expansive dialog with a second musical voice; a voice, moreover, that is a regeneration and 

reinterpretation of her own score.” (Rowe 1993: 90).  
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5.2.2 Listeners, players and critics 

When discussing the architecture of his own interactive music system, Cypher (see section 

4.5.2.2), Rowe divides it into three complementary key-roles: the ‘listener’, the ‘player’ and 

the ‘critic’.  

 

Concepts surrounding the listener and the player concepts had been previously introduced by 

Vercoe (Vercoe 1984; Vercoe & Puckette 1985) and by Lewis (in Roads 1985b). Vercoe 

describes the ‘synthetic listener’ in the context of live performance, as an entity that listens to 

other performers (usually human) and catches and parses incoming events such as pitch, and 

extracts tempo, loudness or even perhaps the position in a score (in the case we would be 

doing score following). The ‘synthetic performer’ is the one in charge of the real musical 

output (in the cases we are discussing, mainly MIDI notes). Rowe, complements therefore 

these two first roles, with the critic, a special ‘listener’ who listens what the ‘player’ will 

play. 

Cypher’s current architecture maintains two listeners, each 
with its own history. One listener is tuned to MIDI input 
arriving from the outside world; the other is constantly 
monitoring the output of the composition section… The 
second listener represents a compositional ‘critic’, another 
level of observation and compositional change, designed to 
monitor the output of the Cypher player and apply 
modifications to the material generated by the composition 
methods before they are actually sent to the sound making 
devices (Rowe 1993: 200). 

 

5.2.3 Winkler’s Extensions 

Todd Winkler furthers Rowes research with his publication Composing Interactive Music 

(MIT Press) (Winkler 1998). In his introduction the author writes: “The single source that 

proved the most useful to me was Robert Rowe’s ‘Interactive Computer Music System’s… 

Rowe lays a conceptual background that was the starting point for this text” (Winkler 1998: 

xiii). Winkler’s book is, as Rowe’s, the result of a Ph.D. thesis on interactive composition 

based on machine listening (Winkler 1992a, 1992b). Following Rowe’s concept, Winkler 

also restricts ‘interactive music’ to music composition or improvisation where software 

interprets a live performance to affect music generated or modified by computer. However he 

adds that this process usually involves a performer playing an instrument while a computer 

creates music that is in some way shaped by the performance (Winkler 1998: 4).  
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The author combines Rowe’s ‘instrument-performer’ dimension and his ‘listener-player’ 

model, in defining four categories “which can be used to model many of the key elements in 

making and listening to music: the Instrument, the Performer, the Composer and the Listener 

(or critic)” (Winkler 1998: 5):  

 

• Virtual Instruments, behave somewhat like real instruments, and can be played from 

the computer keyboard, a MIDI controller, or an extension of a traditional instrument.  

• Virtual Performers, play with humans, interacting with “human intelligence” 

• Virtual Composers, creates music based on flexible processes specified by a real 

composer. 

• Virtual Listeners, may react to and alter the final outcome of a performance. 

 

Winkler is adding the ‘composer’ to Rowe’s list, but he does not provide details that would 

enable the reader to fully grasp the difference between each of these categories. What does it 

mean for a human performer to interact with a ‘virtual composer’ and with a ‘virtual 

performer’? We have affirmed that interactive systems tend to blur the distinction between 

performer and composer, hence differentiation between the two is difficult.  

 

5.2.4 Criticisms on the Rowe and Winkler models 

For further extensions of this taxonomy the reader may also refer to (Rowe 2001). We have 

introduced these models, because Rowe-Winkler-Rowe trilogy is probably still considered 

the ‘interactive music systems’ key-reference. While helpful in many aspects, these books 

share the same criticism: some categories are proposed with no previous discussion or 

explanation in the initial chapters and some paradigmatic examples are rapidly given of each, 

but at the end, the reader is left with questions such as, “Where did these categories come 

from?”, “Why were they needed?” and importantly, “Where are they pointing to?” 

 

While these categories may have been initially helpful for starting a discussion or a personal 

brainstorming, they can be seen as limiting. I believe that in the present context such 

categorization is too inflexible, providing little framework for the development of new 

instruments for new musical creation. My criticism can be summarized in the following three 

points63: 

                                                      
63 The reader can also refer to (Casserley 2000) and (Paine 2002) for additional discussions and 

criticisms to this Rowe-Winkler model. 
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1. Although both authors intend to propose new ways of making music, they heavily 

rely on traditional Eurocentric musical paradigms. 

2. In most cases, a common musical knowledge is assumed, re-inforcing even more 

strongly this esthetical, cultural and ideological, traditional heritage. 

3. Their discourse is well-founded on a technological model, MIDI, which albeit 

essential for the growth of interactive music systems in the 1980s and early 1990s, is 

nowadays easily surpassed. 

 

Before discussing these points and presenting alternative or complementary visions, it is 

necessary to analyze and understand all the models and paradigms introduced up until this 

point (which are all included in Winkler’s list: virtual instruments, virtual performers, virtual 

listeners and virtual composers). 

 

5.2.5 Discussing the models 

5.2.5.1 The virtual instrument 

When Rowe defines the instrument paradigm he is taking the traditional instrument (one 

gesture to one acoustic event) as a conceptual model; for the remaining categories he does not 

even consider interactive music systems as being music instruments in themselves. 

 

5.2.5.2 The virtual player 

Arguably, Rowe’s ‘player paradigm’ poses some problems to ‘the new performer’. A non-

trivial one is that in order to perform with a system of such characteristics, this performer has 

to be able to play another instrument, thus still forced to know how to make music “the 

traditional way”64. Rowe’s players are, in that sense add-ons, recyclers, as the music the 

systems listen to would still exist and make sense without them being there. 

 

                                                                                                                                                       
 
64 In chapter 8 I will discuss Pitel, an environment for improvisation which can listen and react to one 

or two acoustic players while being controlled by a ‘mouse-performer’. Pitel performances were jam 

sessions that usually involved two or three musicians (a saxophone and/or a trumpet player, both fitted 

with pitch-to-MIDI converters) and myself conducting the program. This is to say, that a system that 

‘listens’ can be seen as a ‘player’ by acoustic performers who play with it, and as an ‘instrument’ by 

the computer performer who is playing it. 
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Still, this system-with-ears representation can be an extremely powerful model that may bring 

many new possibilities to the way music can be created. The League of Automatic composers 

non-hierarchical listening structures, where everyone listens to everyone (and where listening 

can have lots of meanings, mainly because machines do not listen a priori in any special way) 

is a wonderful example. For Rowe and Winkler, however, listening mainly implies detecting 

successions of pitches. Rowe is indeed more restrictive than that when he claims that 

Interactive Music Software simulates intelligent behavior by modeling human hearing, 

understanding and response. Which brings us to the next topic: listeners and critics. 

 

5.2.5.3 The virtual listeners (and virtual critics) 

Rowe’s critics… 

… interpret the input by evaluating human musical 
understanding … In their interpretation of musical input, 
interactive systems implement some collection of concepts, 
often related to the structure musicians commonly assume … 
As methods of interpretation approach the successful 
representation of human musical concepts, and as response 
algorithms move towards an emulation of human 
performance practices, programs come increasingly close to 
making sense of and accomplishing an instruction such as 
‘broaden the end of the phrase’. (Rowe 1993: 3-4) 

 

Virtual ‘listeners’ and ‘critics’ must have some musical knowledge. But what do we really 

mean by ‘musical knowledge’? And what should we understand by ‘musical understanding’? 

(Paine 2002). 

 

5.2.5.4 Musical knowledge and understanding 

For Winkler (1998), musical understanding is made up of a huge number of shared 

assumptions and implied rules based on years of collective experience. What does it mean to 

listen and to understand music? Most people like listening to music even if they are not able 

to recognize the intervals or write the music down. Non-musicians can still be very 

‘educated’ listeners. Imagine for instance a jazz collector, an opera critic or an instrument 

builder; they all three possess different musical knowledge that involves some kind of finely 

tuned listening65. Even among practicing musicians this common understanding denominator 

                                                      
65 (Davies 1994), (Kivy 1990) or (Levinson 1996) among others, describe ‘qualified listeners’, who are 

at home with given types of music, genres, styles or idioms. They know when the melody begins and 
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is not either obvious, unless we restrict our seek to an homogeneous group or tradition (e.g. 

art music conservatory, Berklee type jazz schools, flamenco, South Indian Carnatic music, 

etc.). 

 

Which is the common understanding more useful for making new interactive computer music 

with new interactive computer instruments? Which elements of this ‘common understanding’ 

could/should we embed into a machine? Concerning musical knowledge, in a discussion 

published in the pages of Computer Music Journal about whether Max is or is not a language 

for music, its creator, Miller Puckette together with Cort Lippe and Zack Settel, suggest that: 

 

One thing Max was not intended to do was operate on a 
musical level. In my own experience using "musically 
knowledgeable" tools, the tool always has an opinion about 
music which is different from mine. I would object if my 
piano started "helping" me interpret the music I was trying to 
play. Why would I want the computer to do differently? 
(Puckette 1993: 5-6). 

The remark that "Max is not a language for music" comes 
obviously from someone who believes that a language for 
making music with a computer needs to offer "musical 
primitives" to the user. Our belief is that any embedded 
"musical knowledge" or musical primitives may tend to bind 
us to preconceived notions about what someone else thinks 
music is or should be. One of the strong points of Max, from 
our point of view, is that it is general enough (and stupid 
enough), to allow us to create our own musical world, 
without any dependence on another's definitions/preconcep- 
tions (Lippe & Settel 1993: 5). 

 

The latter words, which in that specific case are all addressed to the Max environment could 

perfectly apply, in my opinion, to any intelligent or digitally expanded music instrument. 

There is no need to say that my position concerning ‘musical knowledge’ is closer to the one 

exposed by Puckette, Lippe or Settel66.  

 

                                                                                                                                                       
ends, and when the piece is over. They can recognize mistakes and can distinguish predictable from 

unusual continuations, but they may not be able to articulate this knowledge, since most of it is 

acquired through unreflective exposure to pieces. The vast majority of qualified listeners have no 

formal music education (Davies 2001c). 
66 This topic is retaken in section 8.2.1. 
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5.2.5.5 Winkler’s virtual composers 

Winkler adds the composer to Rowe’s list. What understanding does this new category bring? 

How does this additional role vary from that of virtual performer, since they are both inspired 

by human roles, given that we have already affirmed, interactive systems tend to blur the 

distinction between performers and composers? Although it is never clearly stated in his 

book, intuitively I believe that the main difference is in the type of input both systems can 

receive. Winkler’s and Rowe’s virtual performers receive ‘notes’ (pitches, intensities, 

durations) while the virtual composers are allowed to receive ‘controls’, higher level meta-

musical information. The human performer playing with a virtual performer will be 

communicating with it through a traditional music instrument. The one playing with a virtual 

composer will be most probably sending data from a non-sounding device. However a new 

question arises: “what is the difference between the virtual instrument and the virtual 

composer, given that they both receive control input?”. We know the dichotomy instrument-

player: a dialog between a human and a v-instrument would seem a solo, while between a 

human and a v-player, it would be closer to the duet, but this is not the case here anymore. Is 

it just that the v-composer is more clever than the v-instrument? Or is it that the first deals 

with sound, while the later deals with structure? 

 

5.2.6 Instruments, players, listeners and composers… : Instruments ! 

On the review of Todd Winkler’s book, electronic and computer music composer and 

improviser Lawrence Casserley points out that: 

  

The presence of the word ‘composing’ in the title raises 
other interesting questions. Is this book really about 
composing at all? The MAX software, which is used for the 
programming examples, is not a composition environment, 
but an instrument building environment. Indeed, the main 
body of this book is about designing and building interactive 
computer instruments.. (Casserley 2000). 

 

It is not the first time we claim it (and it will not be the last either): the concept of music 

instrument is a powerful and beautiful one. As we already mentioned, thinking about 

‘interactive systems’ in terms of being instruments or not, is probably more a matter of 

personal background than anything else. Musicians more oriented to performance and 

improvisation tend to see it in these terms, while those more grounded in composition 

probably do not need them. It is our belief that any system capable of producing music and of 
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being controlled in real-time (i.e. being played) could be considered an instrument. The key 

point lies in the idea of ‘control’. 

 

5.3 Interactive music instruments 

5.3.1 Instruments and control 

As exposed in (Pressing 1990), the desirability of literalness of control is an implicit or 

explicit design principle in the instruments of every known musical culture. How do control 

and interaction match? Is the idea of generating music with a reasonable degree of control, in 

contradiction with a certain amount or uncertainty, as the one that may rise from extreme 

complexity, non-linearity or some simple randomness? 

 

New interactive music instruments do not only allow to play music with them; they also 

allow to play with them. Someone may play Quake, while someone else may play chess. The 

former behaves more like a traditional instrument: interaction is heavy on precise and fast 

control. The latter shows a different type of interaction, more relaxed, but also more ‘listener-

demanding’67. 

 

5.3.2 Interactive (but not instruments) 

Music instruments can have different shapes, ‘skins’ and behaviors, but it is also true that 

probably not everything that makes sounds needs to be considered one. 

 

5.3.2.1 Out of control 

If control is a flexible idea, it is no less true that some interactive systems have been 

envisioned by their authors as behaving in an essentially ‘uncontrollable’ way. George Lewis 

conceives Voyager as an entity that generates complex responses to the musician’s playing, 

with an independent behavior that arises from its own internal processes (Lewis 2000). In his 

own words, Voyager functions indeed as an extreme example of the ‘player’ paradigm. 

 

In Rowe’s terms, Voyager functions as an extreme example 
of a “player” program, where the computer system does not 
function as an instrument to be controlled by a performer. I 

                                                      
67 These ideas will be retaken in chapter 7. 
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conceive a performance of Voyager as multiple parallel 
streams of music generation, emanating from both the 
computers and the humans—a nonhierarchical, 
improvisational, subject-subject model of discourse, rather 
than a stimulus/response setup (Lewis 2000: 34). 

Including a computer program as a costructurer of the music 
is a problem for some musicians. They feel they should 
somehow be controlling the machine rather than working 
with it to make music. This attitude would obviously be 
unacceptable in an improvisation with a person. You have to 
listen to get anything out of an interaction (George Lewis in 
Roads 1985). 

 

Lewis’ program does not possess any realtime parameter control or inputs (i.e. no sliders, no 

buttons etc) other than the audio being played by the human performer: clearly a case where 

it makes no point to consider the ‘player’ as an ‘instrument.’ We should not forget either that 

Lewis is one of the most acclaimed trombonists of his generation; to him it is not a 

consideration that he needs to play the trombone first in order to play with Voyager! 

  

With no built-in hierarchy of human leader/computer 
follower —no “veto” buttons, foot pedals or physical cues—
all communication between the system and the improvisor 
takes place sonically (Lewis 2000: 36). 

 

5.3.2.2 Installations 

Interactive installations may pose a similar problem. Bongers and Wanderley among others, 

describe interaction in sound installations as a context where one or more persons’ actions are 

sensed to provide input values for an audio generating system (Bongers 2000; Wanderley & 

Orio 2002). They state that since users do not know precisely how to interact and that no 

special skills are required, the primary goal of the interaction is not necessarily the expression 

of some information. In those cases in which the public is not asked to behave as ‘players’ (as 

flexible as this concept might be), it would no help to consider installations as musical 

instruments (Paine 2002). 

5.3.2.3 Score-driven instruments 

Compositions can be notated (scores), and these notations can be embedded in an interactive 

instrument. But an instrument that is only able to play written pieces should not be considered 

an instrument. Any instrument must allow improvisation and experimentation. Otherwise it is 
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a dead instrument. That is obviously even more applicable to score-driven systems that can 

only play one piece (usually these systems have the name of the piece). They may be 

interactive or open compositions; not instruments. 

 

5.4 Improvising with computers 

5.4.1 Computer improvisation 

What do we, what do other authors understand when these two terms get together? What does 

it mean to improvise with computers? For Rowe Interactive Improvisation is a particular 

case, the most challenging, within the scope of computer based interactive music systems:  

 

Here the machine must contribute a convincing musical 
voice in a completely unstructured and unpredictable 
environment. Accordingly, it is in improvisation that some 
kind of musicianship may be most important (Rowe 2001). 

 

In section 4.3.4.2 we wrote that ‘George Lewis can improvise with Anthony Braxton’ and 

that ‘he can improvise on the trombone’. It seems that for Rowe, to improvise with a 

computer implies to improvise with a machine that improvises like a human. For Rowe, 

computer systems that improvise are always performer-based. A more tolerant approach 

would consider that to improvise with a computer does not necessarily means that the 

computer is also an improviser.  

 

We make a distinction between improvisation by the 
performer and improvisation by the machine. The performer 
is improvising if he/she has no directives. He/she is then 
highly sensitive to the musical context as mentioned by 
George Lewis in (Roads 1985) and is able to react to what he 
hears form the machine… The machine is usually said to 
improvise if its response has some unexpected components 
(Chabot et al. 1986). 

 

If computers can become music instruments and all music instruments should permit 

improvisation and experimentation, at the very least, improvising with a machine that 

behaves like the dumbest machine, would be like solo improvisation, a common ‘non-sense’, 

as the improviser musician Derek Bailey points out in Improvisation, its Nature and Practice 
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in Music (Bailey 1992), one of the key references for understanding music improvisation as 

something more than a set of game rules. 

 

Improvisers are, as a rule, musically gregarious, preferring to 
work with other musicians in any combinations from duo up 
to quite inexplicably large ensembles. For most people 
improvisation, although a vehicle for self expression, is 
about playing with other people and some of the greatest 
opportunities provided by free improvisation are in the 
exploration of relationships between players. In this respect 
solo improvisation makes no sense at all. However, at some 
time or other, most improvisors investigate the possibility of 
playing solo. Historically, the earliest documentation of 
improvisation, almost the only documentation of 
improvisation, concerns solo playing (Bailey 1992: 105).  

Around 1970/71 after a period of some years playing in 
improvising groups of many different styles and sizes, I 
turned almost exclusively to solo improvising, I did it out of 
necessity. The need, after a considerable time thinking only 
in group terms, was to have a look at my own playing and to 
find out what was wrong with it and what was not wrong 
with it (Bailey 1992: 105) [Bailey 1971].  

 

From a more optimistic viewpoint, we could expect that the complex behavior of computers, 

even when not pretending to be human-like, can still lead to interactive discoveries, 

impossible and unimaginable within the scope of non-computer-based instruments.  

 

Extended dialogs and negotiations seem indeed unavoidable when the control of multiple 

parallel threads or musical processes, is being shared between the performer and the 

instruments, as introduced in the previous chapter. From that we can conclude that new 

digital instruments are especially suited for improvisatory contexts, independently of their 

embedded ‘musical knowledge’ or of they ‘human-like’ abilities. 

 

It is clear than in solo playing the instrument achieves a 
special potency and its importance to this kind of music-
making is at its most obvious here. In some cases the music 
is literally constructed from the instrument, as with 
instrument builders such as Hugh Davies and Max Eastley 
(Bailey 1992: 109). 



CHAPTER 5‘INTERACTIVE INSTRUMENTS’ : OLD & NEW PARADIGMS 112 

 

5.4.2 Improvisation and musical knowledge 

Rowe and Winkler claim that computer based improvisation poses the greatest challenge for 

machine musicianship, “because the material and the development of the material is unknown 

in advance, the program must be able to rely on some kind of musical common sense in order 

to both derive structure from what it hears, and impose structure on what it produces in 

response” (Rowe 2001:277). “If the machine organizes its own response, the musical 

understanding of the program must be relatively advanced” (Rowe 1993:79).  

 

Improvisation systems are generally programmed to 
participate in music of a particular style….Bebop 
improvisers have been implemented that, like their humans 
counterparts, would sound out of place in a performance of 
free-jazz. (Rowe 1993: 278)  

 

5.4.2.1 Free improvised music 

As Derek Bailey points out, the first music ever played was improvised, and the first 

improvised music was free improvised music (Bayley 1993: 83). Free improvised music, as 

we understand it today, refers however to the type of non-idiomatic improvisation that 

flourished in Europe in the mid-1960s and is still practiced nowadays. Its roots can be found 

in Afroamerican free jazz as much as well as in contemporary western-art music (Carles & 

Comolli 1971; Munthe n.d.; Pressing 2001). 

 

Non-idiomatic improvisation is most usually found in so-
called ‘free’ improvisation and, while it can be highly 
stylized, is not usually tied to representing an idiomatic 
identity (Bailey 1992: xii). 

Freely improvised music, variously called ‘total 
improvisation’, ‘open improvisation’, ‘free music’, or 
perhaps most simply, ‘improvised music’, suffers from – and 
enjoys – the confused identity which its resistance to 
labeling indicates… Diversity is its most consistent 
characteristic. It has no stylistic or idiomatic commitment. It 
has no prescribed idiomatic sound… Free improvisation, in 
addition to being a highly skilled craft, is open to use by 
almost anyone – beginners, children and non-musicians. The 
skill and intellect required is whatever is available. It can be 
an activity of enormous complexity and sophistication, or the 
simplest most direct expression: a lifetime’s study and work 
or a casual dilettante activity… (Bailey 1992: 84). 
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‘Musical knowledge’ poses a conceptual problem in free improvised music. Although one 

could assume that free music would allow anyone to do anything, the practical truth is that 

free music forbids anything that sound vaguely like other types of music, even Afroamerican 

free jazz (Carles & Comolli 1971; Pressing 2001). John Coltrane’s simple pentatonic lines or 

Albert Ayler’s folkish melodies become intolerable in free improvised music. 

… Much of the impetus toward free improvisation came 
from the questioning of musical language. Or more 
correctly, the questioning of the ‘rules’ governing musical 
language (Bailey 1992: 84). 

The problem with tempo is: with tempo comes metrication, 
with metrication comes metric structure, with metric 
structure comes a kind of fixed form. And with fixed form 
you really need themes and variations and other material. It’s 
looser if you don’t have that metrication. It doesn’t mean 
there can’t be moments of that, or reference to it. But if you 
drop totally into rock drumming of one kind or another, 
that’s so full of resonances and references and you’re in 
somebody else’s territory at that point. So when you do hear 
free improvisers dropping into other idioms, they often 
sound not too convincing. (Evan Parker, interviewed in The 
Wire, Barnes 2000: 45).  

 

How much knowledge is needed in order to avoid everything else? Do we really need to 

know everything?  

Opinions about free music are plentiful and differ widely. 
They range from the view that free playing is the simplest 
thing in the world requiring no explanation, to the view that 
it is complicated beyond discussion. There are those for 
whom it is an activity requiring no instrumental skill, no 
musical ability and no musical knowledge of any kind, and 
others who believe it can only be reached by employing a 
highly sophisticated, personal technique of virtuosic 
dimensions (Bailey 1992: 85). 

 

In (Lange 1986), American jazz guitarist Path Metheny tells the story of how he, after intense 

rehearsals and recordings with saxophonist Ornette Coleman [Metheny & Coleman 1985], sat 

down to compose the music to a film and, influenced by Coleman’s free attitude, he started to 

search for notes on his guitar without thinking about the names of the notes. “The first day I 

sat there with the guitar, playing notes, and listening so closely, adding C and G, taking notes 

out, adding E, and after about eight hours I realized I had come up with a C chord!”. Yet, the 

possibilities of recreating a raga without knowing it are quite poor (one does not find one 
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Pierre Menard everyday!68) so both possibilities (knowing the most possible and knowing the 

least possible) seem indeed reasonable. From the engineering point of view, the latter seems 

quite more practical and realistic69. Could we then attain as John Cage proposed… 

 

It is thus possible to make a musical composition the 
continuity of which is free of individual taste and memory 
(psychology) and also of the literature and traditions of the 
art… (Cage 1961: 59). 

5.4.2.2 Expert systems and improvisational knowledge 

Researchers in the community of artificial intelligence and information theory have long 

addressed the technical issue of learning automatically and in an agnostic manner a musical 

‘style’. (Brooks et al. 1957) already applied Shannon’s concept of information based on 

probability of occurrence of messages (Shannon 1948; Weaver & Shannon 1949), for 

modeling music styles, an approach which has later shown its more spectacular results 

probably with the work of (Cope 1991, 1996) 70. 

 

More recently, and now in a realtime interactive improvisational context, François Pachet’s 

Continuator offers to non-expert MIDI-keyboard performers the chance to ‘play’ with or like 

their favorite jazz musician, with a whole virtual group of them or even with virtual copies of 

one self (Pachet 2002, 2003). The system has also been applied with small children (3- to 5- 

years-old) in educational contexts (Pachet & Addessi 2004).  

 

Any musical style can be modeled. (Wright & Wessel 1998) have for instance designed an 

improvisation environment for generating rhythmic structures based on North Indian ‘Tal’ 

patterns, but more traditional jazz styles such as bebop and hard-bop are obviously good 

candidates for these expert stylistic improvisation approach. (Biles 1998) or (Ramalho 1994) 

                                                      
68 In his short tale “Pierre Menard, autor del Quijote”, Jorge Luis Borges tells the story of a 19th 

century French writer who rewrites from scratch (and without copying it), exact reproductions of 

several chapters of Cervantes’ famous novel (Borges 1944). 

 
69 This is the option I chose for Pitel, the free improvisation program we will discuss in chapter 8. 

 
70 Sections 8.2.1. and 8.6.3. provide some additional information and references respectively on (a) 

applications of Markov chains in music and (b) music and Artificial Intelligence. 
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among many others have demonstrated the technical feasibility of convincingly simulating 

jazz styles with a computer. 

 

Taking the music made by, say, Jack Teagarden or by Albert 
Ayler and extracting from it a ‘method’ is difficult to 
imagine. On the other hand, be-bop has obviously been the 
pedagogue’s delight. It has proved to be one style of 
improvising which can be easily taught. And taught it is; in 
colleges, music schools, night classes, prisons; through a 
constant flow of tutors, methods and ‘how to’ books, 
resulting in perhaps the first standardized non-personal 
approach to teaching improvisation (Bailey 1992: 50). 

The learning method in any idiomatic improvisation does 
have obvious dangers. It is clear that the three stages – 
choosing a master, absorbing his skills through practical 
imitation, developing an individual style and attitude from 
that foundation – have a tendency, very often, to be reduced 
to two stages with the hardest step, the last one, omitted. 
Imitating the style and instrumental habits of a famous 
player who is in all probability a virtuoso is not necessarily 
an easy matter and, successfully achieved, is an 
accomplishment which can supply a musician with 
considerable satisfactions; not the least of which is the 
admiration of those musicians less successfully attempting 
the same thing. (Bailey 1992: 53). 

But for me playing with the accepted people never worked 
out. Simply because they knew all the patterns and I didn’t. 
And I knew what it took to learn them but I just didn’t have 
the stomach for it. I didn’t have the appetite. Why should I 
want to learn all those trite patterns? You know, when Bud 
Powell made them, fifteen years earlier, they weren’t 
patterns. But when somebody analyzed them and put them 
into a system it became a school and many players joined it. 
(Jazz soprano saxophonist and improviser Steve Lacy, on 
Bailey 1992: 54). 

 

(Kurzweil 1999) predicts that “human musicians will routinely jam with cybernetic 

musicians”. While this extremely suggestive idea is becoming increasingly true, it is not my 

personal musical approach and therefore, neither the main subject of this (aesthetically 

biased) dissertation. 
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5.5 Audio and Music : Microstructural - macrostructural musical 
instrument polarization 

 

All the systems we have exposed in this chapter share another important restriction: they all 

work with symbolic and simplified musical data (i.e. MIDI). If they ‘listen’, they listen to 

successions of discrete notes (each one with a given pitch, an intensity and a duration). If they 

sound, they output series of discrete notes (each one with…). While until the mid-1990s, 

technological impositions made this compromise almost unavoidable, it is now the easiest 

thing to surpass it. We will start by exposing some of the implications of the midified 

approach in the input side (i.e. the listening part). We will then conclude this section 

discussing the different musical levels (from lower level audio to higher level form, passing 

through middle level symbolic information) that new instruments are able to manage. 

 

5.5.1 Listening… to what? 

Whether a personal option or an unavoidable technological imposition dictated by current 

technology, the point is that when we decide to rely on the MIDI protocol, we are not only 

turning our backs to a universe of ‘fancy sounds’; we are also imposing a very restrictive 

listening model, which means receiving and analyzing pitches, loudness and time, in order to 

extract what we consider to be the relevant musical information; no less, no more.  

 

The question of what the machine can hear is a vital one. 
Most of the programs reviewed in this book make use of the 
abstraction provided by the MIDI standard (Rowe 1993: 2). 

 

On one side, the scientific-research tendency is clear nowadays: if we want to analyze and 

extract the maximum information from a musical line, the pitch reduction, if needed, should 

happen at the end of the chain (Settel & Lippe 1994; Loscos et al. 1999; Orio et al. 2003); not 

at the beginning, as the hardware based pitch-to-MIDI technology forced us to do in the 

1980s-1990s. From a more speculative and creative approach, why should machines try to 

listen only like several of us (westerner musicians) do? If we recuperate our trio of non-

musicians but still ‘educated’ listeners from section 5.2.5.4 (i.e. the jazz collector, the opera 

critic and the instrument builder) who show three different finely tuned types of listening, 

clearly none of them will profit much from a midified version of their favorite music. In my 

opinion, machines, capable of millions of operations per second, are better suited for a more 
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continuous, lower level and less reductionist listening than that offered by the MIDI standard. 

When this is assumed, the fact is that the boundaries between machine-listening-based 

interaction -epitomized by the examples we have seen in the last two chapters- and digital 

audio processing simply tend to blur! 

 

In the 1980s two types of computer composition emerged 
from the studio to the performance space, one more 
interested in event processing, the other in signal processing. 
Although recent systems suggest that this divide can be 
ended, the legacy remains (Emmerson 1991). 

5.5.1.1 Intelligent sound analysis and processing 

We all like to apply from time to time the epithet ‘intelligent’ to things done by our machines, 

but the truth is that digital signal processing and digital sound analysis in particular, are 

becoming more intelligent every day. Not only because the processing algorithms that can be 

applied in realtime become increasingly complex and sophisticated, but mainly because these 

algorithms tend to know more and more about the signals they may be processing. Previously 

quite dumb (although still time consuming) operations such as pitch shifting, nowadays show 

better sonic results, because they understand the sound they are processing, and thus apply 

differently on different portions of the sound, such as transients, vowels or consonants 

(Bonada 2000). (Verfaille 2003) describes adaptative sound processing, as the ones in which 

control is automated according to sound features. Envelope followers, peak detectors, 

segmentation, beat detection, rhythmic content processing (e.g. Gouyon & Meudic 2003), 

illustrate several examples of the ways machines can ‘listen’ to music. Intelligent sound 

analysis and processing71, would therefore indicate the tendency or the possibility of 

processing the input sound in different manners, depending on the properties of this incoming 

sound. This can include from simple operations like automatic loop extraction with repetition, 

rhythmic distortion (Gouyon et al. 2003)72, etc., to more sophisticated algorithms such as the 

                                                      
71 The term “intelligent signal processing” appears to be used everywhere although scarcely for sound 

or music applications. “Intelligent signal analysis” is less widespread, whereas (Thom et al. 2002) 

employ the term “intelligent music analysis” for describing a melodic segmentation algorithm. 

 
72 (Gouyon et al. 2003) present, for example, interactive realtime rhythmic expressiveness 

transformations such as swing modifications. 
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realtime voice morphing system for impersonating in karaoke applications of (Cano et al. 

2000). 

 

I want electronic sound that is alive to the nuances of 
human gesture and spontaneous thought. And I want it 
to enhance our experience of acoustics and of playing 
instruments, extending what we already do instead of 
trying to imitate, improve upon, or replace it [Brown 
1989 73]. 

 

Fortunately, musical examples showing this tendency today are many, for what we will only 

give a few references, like the works of composers and performers such as David Wessel 

(1991), Chris Brown [1989], Kaffe Mathews, Lawrence Casserley [1999] or Joel Ryan 

[1994] (the two latter are also responsible for most of the live electronic processing in the 

Evan Parker’s Electro-Acoustic Ensemble [Parker 1999, 2000, 2004]). Michel Waisvisz’s 

current incarnation of The Hands, makes also extensive use of live sampling processing, via 

the software LiSa developed at STEIM. 

  

5.5.1.2 Sonic control 

The distinction between sound control and the ‘intelligent sound analysis’ of the previous 

examples is neither evident nor totally objective. Two cases which are worth comparing with 

the voice morphing in a karaoke context presented in the previous section, are (Bailey et al. 

1993) or (Janer 2005), which both use voice analysis for controlling sound synthesizers, in 

what could be defined as ‘voice controlled synthesis’. Voice is also used as a controller by 

(Loscos & Aussenac 2005), which allows a guitarist to control a virtual wah-wah pedal by 

imitating with his voice the sound of the filter. In (Crevoisier 2001; Crevoisier & Polotti 

2005) the acoustic sound produced by humans manipulating a sonic sculpture is analyzed (in 

very ‘unmusical’ terms) in order to extract information such as the positions of the hands 

over the sculpture. These data is then mapped to control the processing of the original sound. 

That way, the sound of the sculpture simultaneously becomes the emitter and the receiver of 

all the information that travels the system. 

 

                                                      
73 In this live recording, different acoustic instruments are played through an electronic system that 

responds automatically to the sounds and actions of the performer. 
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Arguably, most of the examples mentioned are too specific or technologically biased so to 

straightly illustrate breathtaking new musical possibilities derived from our ‘extended 

listening’ concept. They should be just understood as cases in which incoming sound is 

‘listened’ by the computer in ways unrelated with the musical tradition. 

 

5.5.2 Too many notes 

For centuries, Western music has talked about notes, almost ignoring what was inside of 

them. While it is true that since its beginning one half century ago, computer music was 

primarily concerned with sound, giving a relevance to the notes’ inside, the prevalent use of 

the two complementary concepts score and orchestra, common to most Music-N languages 

(Mathews et al. 1969; Vercoe 1995; Boulanger 1998), is a clear example of the still prevalent 

note domination.  

 

All music, in the end, exists as sound—that is, continuous 
variations in air pressure. However, the notion of discrete 
events is a very powerful and effective metaphor for musical 
control, providing much-simplified reasoning about rhythms, 
entrances and exits, notes, and many other aspects of music. 
The long-term success of extremely notecentric music 
languages such as the Music-N family attests to the 
usefulness of this model, and we believe that the 
representation of some control gestures as discrete events is 
an important part of the toolbox for building computer music 
instruments (Wessel & Wright 2002).  

 

With the advent of MIDI, almost two decades ago, computer assisted music creation (as 

opposed to computer assisted sound creation) was able to become a realtime activity. MIDI 

does indeed allow some sound parameter modifications by means of controller messages in 

degrees that vary with each synthesizer model, but its paradigm is completely note-based. 

 

Use of the concept of the ‘note’ is now an option, rather than 
a necessity, for music making. Starting with the 1960s’ 
advent of voltage controlled analogue filters, we have seen a 
shift from additive to subtractive techniques, from accretion 
to filtration, from building up to carving down… In a music 
not built of many small units but sculpted from within or 
generated as a large sonic whole, is there still any place for 
structures such as hierarchy that evolved for the purpose of 
resolving otherwise unworkable multitudes of components 
into coherent unitary structures? (Spiegel 2000). 
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The panorama may have started changing in recent years, when the increasing power of 

personal computers has allowed the definitive bloom of realtime software synthesizers and 

programming environments, such as PD (Puckette 1997), Max/MSP (Puckette et al. 1998) or 

Supercollider (McCartney 1996, 1998, 2002), among many others. Sadly, when external 

controllers are used, often control over most of these software tools still sticks to the idea of 

notes which can have an internal evolution, keeping thus the tacit computer-music distinction 

between instruments (that control sound) and composing tools (that control form). But 

nowadays, the fact is that the separation of both worlds, when applied to computer music 

creation, may be becoming an anachronism and a burden for the blooming of new 

instruments, capable of controlling both sound and form at the same conceptual level and by 

means of the same gestures. Such an approach could open a path to truly new musics (Jordà 

2001a, 2001b, 2002a). 

5.5.3 Microstructural-macrostructural composition 

In Music as a Gradual Process, from 1968, Steve Reich writes: 
 

The distinctive thing about musical processes is that they 
determine all the note-to-note (sound-to-sound) details and 
the overall form simultaneously... I am interested in 
perceptible processes. I want to be able to hear the process 
happening throughout the sounding music. To facilitate 
closely detailed listening a musical process should happen 
extremely gradually. (Reich 1974: 9) 

 

This aim is by no means new. Since the second half of the last century, many composers such 

as Giacinto Scelsi, Iannis Xenakis (1991, 1992), James Tenney, Salvatore Martirano, G. M. 

Koenig (1959), Herbert Brün (1970), Agostino Di Scipio (1994) or Curtis Roads (2001a), to 

name only a few, have been concerned with the integration of these two musical poles at the 

compositional level74. Many instrumental and vocal improvisation idioms maintain, on their 

side, a good balance between sound and notes (or form). Good examples can be found for 

instance the growls of free jazz saxophone players or the melismas of Cante Jondo75 singers, 

both essential to their respective styles.  

 

                                                      
74 (Kahn 1999) brings a thorough historical discussion about the ‘confrontation of sound vs. music’ in 

the 20th century. 

 
75 Cante Jondo (deep singing) defines the singing style of flamenco music. 
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Computers seem especially suited for bridging this gap, and some of the mentioned 

composers like Xenakis, Koenig, Brün and Roads have even designed or conceived software 

tools such as Xenakis’ UPIC (Marino, Raczinski & Serra 1990; Xenakis 1991), Koenig’s 

Sound Synthesis Program, Brün’s Sawdust or Roads’ PulsarGenerator (Roads 2001b) that 

allow to capture both microstructural detail and macrostructural evolution.  

 

As a compositional approach, these type of microcompositional strategies, in which global 

morphological properties and musical structure seem to emerge from the local conditions in 

the sonic matter, is often described as bottom-up strategy, in contrast to the more archetypical 

top-down strategy in which the composer fills in a preplanned form (e.g. sonata) (Di Scipio 

1994).  

For some time now it has become possible to use a 
combination of analog and digital computers and converters 
for the analysis and synthesis of sound. As such a system 
will store or transmit information at the rate of 40,000 
samples per second, even the most complex waveforms in 
the audio-frequency range can be scanned and registered or 
be recorded in audio tape. This … allows, at last, the 
composition of timbre, instead of with timbre. In a sense, 
one may call it a continuation of much which has been done 
in the electronic music studio, only on a different scale. The 
composer has the possibility of extending his compositional 
control down to elements lasting only 1/20,000 of a second 
(Brun 1970). 

My intention was to go away from the classical instrumental 
definitions of sound in terms of loudness, pitch, and duration 
and so on, because then you could refer to musical elements 
which are not necessarily the elements of the language of 
today. (Roads 1978). 

 

Both Brün and Koenig emerged from the Cologne school of serial composition in which the 

interplay between macro and microtime was a central aesthetic theme (Roads 2001). Their 

two software programs are rare examples of composition systems attempting to deal with 

individual sample points. However, these composers - as well as the other aforementioned 

such as Xenakis or Roads - not being necessarily improvisers or performers, have not 

concentrated in the peculiar control necessities raised by instant composition; they therefore 

tend to obviate the controller side, even when some of these systems (as it is the case with 
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Roads’ PulsarGenerator) offer realtime synthesis and control capabilities76. This shortage 

can also be seen in many powerful ‘micro-macro-friendly’ software composition 

environments such as James McCartney’s SuperCollider (McCartney 1996) or Carla 

Scaletti’s KYMA77 (Scaletti 1989).  

 

An exception to this lack of realtime interactive systems that operate at all time levels, can be 

found in Salvatore Martirano’s SalMar Construction, which as we have already seen, 

predated many of the current live computer music challenges. The SalMar construction was 

based on the idea of “zoomable control”, being able to apply the same controls at any level, 

from the micro-structure of individual timbres, to the macro-structure of an entire 

composition (Martirano 1971, Franco 1974; Walker et al. 1992). Nevertheless, this micro-

macro dichotomy is still implicitly present in the approach of most improvisers and 

interactive systems designers nowadays. The more composition-oriented musicians tend to 

the macrostructural level and others favor a more performance or instrument-oriented 

microstructural timbrical work. In between, a third group may be trying to find an uncertain 

equilibrium between both conceptions; it is in this no man’s land is where I like to find 

myself.  

 

5.5.4 Sculpting sound and music 

 

So far it has been the job of the phonograph to reproduce 
already existing acoustic phenomena. The tonal oscillations 
to be reproduced were incised on a wax plate by means of a 
needle and then retranslated into sound. An extension of this 
apparatus for productive purposes could be achieved as 
follows: the grooves are incised by human agency into the 
wax plate, without any external mechanical means, which 
then produce sound effects which would signify – without 
new instruments would have to take into account the 

                                                      
76 In the cases of Brün and Koenig, for example, the idea of control is indeed ambiguous. The use of 

sample-based synthesis programs that work at a subsymbolic level, means that the composer must be 

willing to submit to the synthesis algorithm, to abandon local control, and be satisfied with the 

knowledge that the sound was composed according to a logical process (Roads 2001: 31). 

 
77 Kyma is a sound application language that does not distinguish between signal level and event 

processing or between the concepts of score and orchestra; these nodes are supported by arbitrary 

hierarchical structures constructed by the composer (Walker et al. 1992). 



CHAPTER 5‘INTERACTIVE INSTRUMENTS’ : OLD & NEW PARADIGMS 123 

 

technology of radio, electric recording and broadcasting. and 
without an orchestra – a fundamental innovation in sound 
production (of new, hitherto unknown sounds and tonal 
relations) both in composition and in musical performance. 
(Moholy-Nagy 1922) 

 

In 1984 I had no idea of who Lazlo Moholy-Nagy had been. I read this text much later, but 

since I discovered the Synclavier’s 3D spectrogram on Laurie Anderson’s back cover (as 

already mentioned in the introduction of this thesis), I had two computer music obsessions or 

goals. The first was not related with the spectrogram per se, and is clearly the main originator 

of this dissertation: I decided I was going to improvise music with computers. The second is 

tightly related with the mountains and chains I saw for the first time in that spectrogram: I 

dreamed of creating music by shaping directly those 3D landscapes. My vision was that of 

the fastest diggers, carvers and constructors, tirelessly sculpting the horizon as it kept 

appearing, in a flight simulator manner, not unlike Varèse’s dreams, four decades before. 

 

When new instruments will allow me to write music as I 
conceive it, taking the place of the linear counterpoint, the 
movement of sound-masses, of shifting planes, will be 
clearly perceived. When these sound-masses collide the 
phenomena of penetration or repulsion will seem to occur. 
Certain transmutations taking place on certain planes will 
seem to be projected onto other planes, moving at different 
speeds and at different angles. There will no longer be the 
old conception of melody or interplay of melodies. The 
entire work will be a melodic totality. The entire work will 
flow as a river flows (Varèse 1936). 

 

More recently several authors have also described metaphorical sculptural approaches to 

music creation (Bischoff 1991; Rowlands 1998). Arguably, my ‘vision’ does not so much 

deal with creating music working simultaneously on all levels, as with working instead, 

directly on the lower one. Atau Tanaka makes this clear when he states that “it is also 

possible to focus entirely on one level, in effect ignoring others: with computer generated 

sound, a musical event in the classical sense does not have to be articulated for the sound to 

be modified. One could imagine a system that is comprised simply of an ongoing stream of 

sound that is sculpted by the performer’s gestures” (Tanaka 2000: 390). However, since that 

moment twenty years ago, I have dreamed of performing music systems that would allow me 

to control both sound and form as a continuum and by means of the same tools and gestures. 

Wouldn’t that bring a completely new dimension to realtime computer music creation? 
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While in the case of macrocomposition, the process 
translates into musical form, in the latter, microcomposition, 
it translates into texture or other timbral phenomenon. At 
that point, I would re-iterated the overall operation, again 
using some nonlinear function iteration to travel across the 
generated stream of grains, picking-up new samples to 
arrange into a new stream of grains, and so on…Now, that 
time structure is, in the end, the basic level out of which 
timbre emerges: different time arrangements of grains 
determine different tumbrel by-products. That's an example 
where algorithmic composition and timbre design merge 
(Agostino DiScipio in Doornbusch 2002). 

What kinds of interfaces to sound might we want for this 
model? What can we make? Will we be able to move our 
hands through the space around us, shaping the sounds as we 
listen, roughing them up here and smoothing them there, and 
pushing and pulling areas of sonic fabric up, down, toward 
and away, together and apart? What might be the variables 
with which we interact? In what dimensions might we 
move? (Spiegel 2000). 

Much as an acoustic instrument operates on the multiple 
micro, event, and macro levels, a computer instrument can 
be viewed in this way. Choices made by the instrument 
designer and composer are implemented in software and 
define the performative qualities of the instrument. Certain 
gestures can manipulate sound synthesis directly, while 
others articulate notelike events, while other actions direct 
the structural progress of the piece. Applying these concepts 
to computer realization gives rise to new possibilities that 
blur the boundaries separating event articulation and 
structural modification. A single articulation can elicit not 
just a note, but an entire structural block. Variations in the 
articulation could very well modify the timbre with which 
that structure is played, or could introduce slight variations 
on the structure itself or could modify which structure is 
elicited. The potential combinatorial space of complexity is 
quite large (Tanaka 2000: 390). 

 

5.6 Multi-user instruments 

5.6.1 Expanding interactivity  

We have until now implicitly considered the interaction between a human performer and a 

computer system. While this is the most widespread situation and the one we will mostly 

consider in this thesis, it is not, by any means, the only meaningful musical interaction 

(Bongers 2000). Other possible interactive situations may involve dialogs between: 
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1. Humans and humans, by means of (through) a computer system, like in net-music 

collaborative projects (e.g. Jordà 1999, Jordà 2002c, Young 2001, Weinberg & Gan 

2001, Barbosa 2003). 

2. Networks of interdependent computer systems (e.g. Bischoff et al. 1978).  

3. Audiences and computer systems in interactive sound installations, a topic to which 

we will come back several times (e.g. Winkler 2000, Paine 2002; Bongers 2002). 

4. Computer systems and their environment, in ecological and self-organizing sound 

installations (e.g. DiScippio 2003; Gaye et al. 2003). 

5. Any combination of the previous elements. 

 

The fourth topic will not be addressed in this dissertation, while the third one (i.e. interaction 

with the audience) will be discussed back in several upcoming sections – 7.7.3. and 9.3. The 

first two topics are indeed very related with the idea of ‘machine listening’ that has been 

widely explored within this chapter. Distinct systems-instruments or distinct agents within a 

given system can share information, affecting each other’s behavior, and thus, in turn 

affecting the behavior of their respective human performers. 

 

5.6.2 Muti-user musical systems 

Music performance typically is a group activity. For Bischoff, one of the founders of the 

League of Automatic Composers, there seems to be no substitute “to bring into play the full 

bandwidth of communication, than the playing of music live” (Bischoff et al. 1978). 

Cognitive scientists are addressing the perceptual aspects of interdependent group playing. 

Benzon (2001), defines for instance music as “a medium through which individual brains are 

coupled together in shared activity” (Weinberg 2005). However, most of the traditional 

musical instruments have been mostly designed for an individual use, although some of them, 

as the piano or the drum kit can be easily used collectively. But even when these last 

collective playing cases are possible, acoustic models do not really favor for the actual 

manipulation and control of each other’s explicit musical voice (such as one performer on 

‘side’ of the instrument, directly affecting the other performer’s output).  

 

It is by designing and constructing electronic communication channels among players, that 

performers can take an active role in determining and influencing, not only their own musical 

output, but also their peers’ (Weinberg 2005). Besides, given that one of the best assets of 

new digital instruments is the possibility to run several multiple and parallel musical 
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processes in a shared control between the instrument and the performer, the possibility to 

have multiple performers seems as a logical and promising extension.  

 

5.6.3 Net music and distributed instruments 

Thanks to the Internet, the study of network or distributed musical systems is clearly a hot 

area nowadays and much research is being carried on. For an overview of the field, the reader 

can refer to (Barbosa 2003; Weinberg 2002b and 2005 or Duckworth 2005), which all 

address from different perspectives, topics such as the goals and the motivations, the 

technical constraints, as well as the perspectives, the topologies or the social implications of 

both online and local musical networks, proposing also taxonomies and describing many 

examples of implementations. Logically, these and other authors tend to address their studies 

towards the peculiarities brought about by the displaced medium, such as time latency or 

physical disembodiment.  

 

We will not discuss here any of these subjects. Our aim is to introduce instead some of the 

implications of what we could generically define as multi-user musical instruments. This 

mutual and direct influence, far over the one typically attainable by means of human common 

auditive channels (such as a group of musicians playing together), was already an essential 

ideological component in the first network band that appeared, The League of Automatic 

Composers (Bischoff et al. 1978). The League itself understood their music net both as a net 

of instruments and as a collective instrument that is indeed much more than the sum of its 

parts. (Barbosa 2003) distinguishes between connected instruments - or instruments able to 

evoke several instances of themselves allowing different users to play together - and 

instruments designed to be played by several performers simultaneously, although he admits 

that the distinction is fuzzy. In what follows we will concentrate on the second paradigm, that 

of shareable multi-user instruments. 

 

5.6.4 Taxonomies 

(Wessel 1991b) already introduces several of the principles that will be developed in this 

section. Barbosa (2003) proposes a classification space for computer-supported collaborative 

music mainly based on two axis: synchronous and asynchronous for the time dimension; 

remote and co-located for the space dimension. Weinberg’s taxonomy (2002b, 2005) also 

distinguishes between remote and local networks (and, in the last case, between small and 

large scale systems depending on the typical number of participants) and describes possible 
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topologies depending on the social organization of these networks and on the nature 

(centralized-decentralized) of their connections. Blaine and Fels (2003) study collaborative 

musical experiences for novices, concentrating on interactive, instrumental and playability 

aspects, topics which we will discuss in chapter 7. None of the aforementioned articles - 

neither other relevant net-music writings, such as (Föllmer 2001, 2002) or (Tanzi 2001, 2003) 

- discusses however the aspects of multi-user instruments, which, as a result of playing 

myself in shared environments (see chapters 10 and 11), currently interest me more as a 

luthier. In that sense, what follows should not be necessarily understood in the context of net-

music or distributed musical systems; imagine instead an hypothetical acoustic instrument 

that would invite many simultaneous performers. We will see how different approximations 

to shared control and performance can enhance the playability of new digital instruments. 

 

5.6.5 Shared Collective control : some multi-user instruments considerations 
and features 

5.6.5.1 User-number flexibility 

Some multi-user instrument can be played by a variable number of performers. Some can 

even be naturally played by only one person. Other require fixed number of performers. 

5.6.5.2 User-role flexibility 

For some multi-user instruments, each performer is assigned a different role. Instruments 

with a very strict role assignment tend to be also stricter with its number of users (i.e. one 

performer/role). Some instruments offer different roles in a more flexible fashion, allowing 

for example performers to switch roles dynamically, to play several simultaneous roles, or 

even to temporally ‘duplicate’ roles while leaving some others ‘unattended’.  

5.6.5.3 Interdependencies / hierarchies 

What possibilities do performers have in determining and influencing, not only their own 

musical output, but also that of their peers’? If no mutual interaction is allowed, the purpose 

of multi-user instrument is definitely debatable. Are all these interdependencies equilibrated? 

i.e. is the system a democratic system, with balanced rights and duties, or a hierarchical one?  

 

5.6.6 Some multi-user paradigms based on acoustic instruments 

Although most of the aforementioned authors consider only digitally connected instruments, 

claiming that electronic communication channels among players are needed in order to 
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achieve ‘real interconnected interactive multi-user instruments, we will illustrate the above 

properties with acoustic instruments examples. Mechanical communication channels do also 

permit the development of these concepts, and because we all have a better idea of what 

traditional instruments are and how they work, examples highly clarify understanding. 

 

Let us consider a keyboard instrument such as a piano. The number of hands that can access a 

piano keyboard is quite flexible (even if the instrument was designed with two hands in 

mind). The mutual interaction two or more player can exert on each other is however not that 

important, if we omit two facts: (a) while a key is taken it cannot be played by someone else; 

(b) the oscillation modes of each piano string are slightly dependent on the state of the other 

strings, which theoretically allows each performer to affect the timbre of the notes being 

played by other performers. If one performer plays the pedals, this timbre modification effect 

is stronger. In this case, the roles are also clearly differentiated, but the mutual interaction is 

not balanced: the pedal player affects the keyboard player much more than the inverse. 

Besides, the pedal player can affect ‘much less’ than the keyboard peer. 

 

But even a traditional instrument such as the piano allows for quite advanced interplay. 

Imagine a situation in which player A plays the keyboard while player B plays with the 

strings, in a harp fashion and/or dynamically ‘preparing’ the piano. This context is suitable 

for 2 to N performers. It shows two clear and well-defined distinct roles, none of them being 

essential (each role is individually allowed to make sound). The interplay can be extremely 

intense. This example surely illustrates a highly desirable and inspiring situation. In my 

opinion, almost an ideal for multi-user instruments designers. The three cases are illustrated 

in figure 5.1. 

 

Let us pick another keyboard: an old-fashion humanly fuelled organ in which player A plays 

the keyboard, player B plays the register keys and player C ‘plays’ the pump. Both A and C 

are essential roles, although being essential seems not necessarily something enviable, 

especially when we consider player’s C potential expressivity.  

 

5.6.7 Multi-user instruments arithmetic 

• If there is strictly no mutual interaction, the output result of the multi-user instrument 

is the sum of all the individual contributions 

• If some roles are essential, these roles multiply the previous result 

• If all roles are essential, the result is the product of all the individual contributions 
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The more interplay and flexibility are allowed in a multi-user system, the more complex 

will the final expression - in terms of the individual contributions - turn to be, and the 

more exciting the resultant collective interplay. 

 

 

As pointed out by Wessel (1991), such musically oriented groupware is best explored in an 

improvisational context. 

  
Figure 5.1. The piano: three multi-user paradigms 

5.6.8 Multi-user instruments examples  

The list of true multi-user instruments that seek to explore different aspects of collective 

interplay is growing fast. In this section we will only briefly mention five implementations 

we consider especially paradigmatical. They are presented in chronological order.  

standard + prepared piano (keys + strings)

four-hands piano 

standard + pedals 
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5.6.8.1 Imaginary Landscapes No. 4 (1951) 

John Cage’s Imaginary Landscape No. 4 is a piece for twelve radios and twenty-four 

performers [Cage 2002]. Every radio set had its own ‘frequency-dial player’ and its ‘volume-

dial player’ who manipulate the final output gain. Although there can be no prior knowledge 

of what might be broadcast at any specific time of the performance, or whether a station even 

exists at any given dial setting, all the performers’ actions are carefully notated in a 

composition score that indicates the exact tuning and volume settings for each. As radical as 

this piece might have been, Cage makes no doubt about the role of the composer and that of 

the performers; using randomness for removing his sense of choice he was not allowing the 

musician to have any personal choice either. 

5.6.8.2 Mikrophonie I (1964) 

Stockhausen’s Mikrophonie I [Stockhausen 1995] depicts a comparable model. It is a work 

for six performers scored for tam-tam, two microphones, two filters, and potentiometers, in 

which the tam-tam provides all the basic sound material. Two performers play the tam-tam, 

two others operate the two microphones on either side of it, and the two remaining 

performers operate the filters. The sounds of the tam-tam are passed through filters, 

manipulated, and then amplified. The process of performance and composition are thus wed, 

as the sounds of the tam-tam are altered in real-time. Pitch and texture may be changed, 

extraneous sounds may be turned into pitched sound, and similarities and differences between 

musical gestures may be emphasized or de-emphasized by the electronic processes. The 

resulting sound world is not just the additive combination of sounds generated by the 

individual players (Wessel 1991b). 

5.6.8.3 The League of Automatic Composers (1978) 

When The League of Automatic Composers appeared, its network setups were possibly the 

clearest incarnation of a multi-user instrument. This example as well as its follower, The 

Hub, have already been widely discussed within this thesis.  

5.6.8.4 Sensorband’s SoundNet (1995) 

The Soundnet is a large scale multi-user sensor instrument created by Sensorband (Atau 

Tanaka, Zbigniew Karkowski, Edwin van der Heide). It is a musical instrument that takes on 

an architectural dimension and monumental proportions. As shown in figure 5.2, it is a giant 

web measuring 11 meters x 11 meters, strung with thick shipping rope. At the end of the 

ropes are eleven sensors that detect stretching and movement and the three musicians of 

Sensorband perform on the instrument by climbing it. All the ropes are interconnected, 
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making it impossible to isolate the movement of one sensor. Pulling on one rope changes the 

state of the whole net, creating a sort of physical network, in which one performer's 

movements take place in relation to the position and actions of the others. Limitations of the 

Soundnet are related to its physical scale and its interconnected nature. Moving the sensors 

takes enormous effort on the part of the performer. At the same time, there is considerable 

inadvertent movement of the sensors in response to displacement of the performers. These 

effects combine to give the instrument its qualities of structural resonance and creates a 

dynamic where pure control in the strict sense is put in question; the instrument is too large 

and complex for humans to thoroughly master. The conflict of control vs. discontrol becomes 

a central conceptual focus of Soundnet (Bongers 1998; Tanaka 2000). 

 

 
Figure 5.2. Sensorband performing on the Soundnet at festival Exit in 1996. 

 

The SoundNet proposes no distinctive roles and admits a variable number of users. 

Performers interconnectivity is extremely high. What makes it so special is, in my opinion, 

that the mathematical expression that would define its interplay is tightly related with the 

instrument’s own physical structure and topology. It is like metaphorically translating the 

instrument’s acoustics from the sound to the control domain. 
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5.6.8.5 The Squeezables (2001)  

Developed by Weinberg and Gan (2001), the Squeezables, shown in figure 5.3, are comprised 

of six squeezable and retractable gel balls that are played usually by three performers by 

holding the balls in their hands and using a set of squeezing and pulling gestures.  

 

There are five accompaniment balls and one melodic soloist 
ball. The accompaniment players are provided with fully 
autonomous control so that input from other balls cannot 
influence their output. However, their output is not only 
mapped to the accompaniment parameters but also 
significantly influences the sixth Melody ball. While pulling 
the melody ball controls the pitch contour of the melody… 
the actual pitches—as well as the key velocity, duration, and 
pan values—are determined by the level of pulling and 
squeezing of the accompaniment balls. This allows the 
accompaniment balls to affect the character of the melody 
while maintaining a coherent scheme of interaction among 
themselves. In addition, squeezing the Melody ball controls 
its own timbre and manipulates the accompaniment balls’ 
weights of influence over their own output in an 
interdependent reciprocal loop (Weinberg & Gan 2001).  

 

Moreover, each of the five accompaniment balls shows a particular behavior. ‘Synth’, 

‘Voice’ and ‘Theremin’ mainly control timbre-oriented parameters while the two remaining, 

‘Arpeggio’ and ‘Rhythm’, offer higher-level accompaniment control. Some additional 

parameters are also controlled by average actions on all the balls. 

 

While controlling the pitch curve of his own part, one of the 
players was also continuously manipulating the other 
player’s timbre. This manipulation led the second player to 
modify her play gestures in response to the new timbre she 
received from her peer… an immersive and interdependent 
network of subtle mutual influences emerged, leading the 
two performers to a unique playing experience, where 
unpredictability, dynamism, self evolving musical behaviors, 
and interdependent collaboration are at the core (Weinberg 
& Gan 2001). 
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Figure 5.3. Close up of the hands on the Squeezables 

 

Like in traditional ensembles, each of the Squeezables shows a particular behavior and 

musical role. Unlike traditional instruments, these roles only make sense in a global context. 

The Squeezables constitute a highly organized and hierarchical distributed instrument that 

needs all of its components to work properly. 

 

5.6.8.6 The Tooka (2002) 

The exploration of intimate communication and attentive interplay between two performers is 

epitomized in the Tooka (Fels & Vogt 2002; Fels et al.2004). The Tooka is a hollow flexible 

tube with three buttons at each end and with a pressure sensor in the center, which measures 

the air pressure on the tube. As suggested in figure 5.4, to play the Tooka, two players put 

their mouths over opposite ends forming a sealed tube, so that they both collectively 

modulate the tube pressure to control sound. The Tooka has clearly a fixed number of 

performers (2) and both share the same responsibility and role. It also represents a very 

special case, as possibly one of the few (if not the only) multi-user instruments which cannot 

be considered multithreaded. The team developing the Tooka is especially concerned by the 

physical communication channels and the intimacy new instruments can bring and has also 

designed several other two-player instruments that further explore this area. 
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Figure 5.4. Sidney Fels and Tina Blain performing on the Tooka  

(photography by Michael J. Lyons). 

 

5.6.9 Table-top instruments 

This section does not describe a single instrument, but a family of them instead. Tables have 

a long social tradition; it is thus not surprising that several multi-user instruments are based 

on this concept. The Jam-O-Drum (Blaine & Perkis 2000) combines velocity sensitive input 

devices and computer graphics imagery into an integrated tabletop surface, allowing from six 

to twelve simultaneous performers to play on drum pads embedded in its surface. As it would 

be the case of a shared acoustic drumkit, its approach is basically additive, since each 

performer controls her or his own voice independently. In the conclusion of this dissertation 

we present the reacTable*, a table-top based instrument being developed by the author’s 

team, which supports a flexible number of users (from one to around half a dozen), with no 

preconfigured roles, and allows simultaneously additive (performers working on independent 

audio threads) as well as multiplicative behaviors (with performers sharing threads). Other 

musical instruments could fall into this table-top category such as the Audiopad (Patten et al. 

2002) or the Music Table (Berry et al. 2003). Equally, ‘walls’ (e.g. Robson 2002) or ‘carpets’ 
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(e.g. SmallFish78, Paradiso et al. 1997) could be also considered as variations of the table 

concept. 

 

5.6.10 Multi-user instruments summary 

Multi-user instruments seem a logical and promising extension to the multiprocess behavior 

of many digital instruments. They offer many interesting possibilities while posing new 

design challenges; the goal now is not only to facilitate interaction and responsiveness 

between each performer and the instrument but also between the performers as well. The 

more interplay and flexibility are allowed in a multi-user system, the more complex will the 

final expression - in terms of the individual contributions - turn to be, and the more exciting 

the collective interplay may result. We have introduced different possible models and 

described several implementation examples which definitely brig new interplay promises to 

the scene. 

 

For additional information on this type of instruments the reader can refer to the 

aforementioned papers (e.g. Wessel 1991b; Barbosa 2003; Blaine & Fels 2003; Weinberg 

2002b and 2005). We have also described a few implementations. Additional descriptions can 

be found in (Blaine & Perkis 200079; Blaine & Forlines 200280; Brown 199981; Burk 200082; 

Fels & Mase 199983; Paradiso & Hsiao 200084; Poupyrev 200085; Robson 200286; Ulyate & 

Bianchardi 200287; Lackner & Jay 200088; Weinberg et al. 200289), among others. 

 

                                                      
78 SmallFish: http://hosting.zkm.de/wmuench/small_fish 
79 The Jam-O-Drum 
80 The Jam-O-Whirl 
81 The Talking Drum 
82 Jammin’ on the web 
83 The Iamascope 
84 The Musical Trinkets 
85 Augmented Groove 
86 The Bullroarer, Stretch 
87 The Interactive Dance Club 
88 The Fireflies 
89 The Beatbugs 
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5.7 Summary 

 

In this chapter we have tried to combine the modern concept of ‘interactive music system’ 

with the time-honored idea of music instrument. We have studied the apparent contradiction 

between surprise and control, respectively inherent to the two types of systems. We have also 

addressed several recurrent topics in the interactive music arena, such as machine listening, 

and viewed them from an instrumental perspective. We have finally considered other topics 

not so common in the interactive music literature, such as the micro-macro music dichotomy 

and multi-user instruments. They all of them suggest new possibilities that can expand the 

potential of new digital instruments. In the second part of this dissertation several instruments 

will be discussed that explore these topics. 

 

We have combined music instruments and interactive music systems, but we have not yet 

addressed several issues typically related with the idea of the music instrument, such as: 

 

1. How are these systems (instruments?) told to achieve what they can attain ? (i.e. how 

can they be controlled) 

2. Who does, can, cannot or will use these instruments – who are they thought for ? 

3. How are they perceived, understood, learned, mastered by their performer ? 

4. How flexible, coherent, reliable, complete, integratable with other music systems are 

they ? 

 

The first question deals with control and mapping design issues. Controllers have already 

been covered in the third chapter; the following chapter will be devoted to ‘mapping’ and 

other design topics. After that, the remaining questions and other related ones will be 

thoroughly discussed in chapter 7. 
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Chapter 6 
Research in mapping and digital instruments design 

 

This chapter focuses on mapping, the discipline that studies and defines the logical 
connections between gestural parameters or any other kind of input, and sound and music 
control parameters. Several concepts of ergonomics are introduced, followed by descriptions 
of the main commonly accepted types of mapping (one-to-one, one-to-many and many-to-
one), some mathematical formulations and mapping case studies are given. The second part 
of the chapter argues that current mapping approaches impose characteristic limitations on 
computer instrument design. In conclusion, a more holistic approach, which considers music 
instruments as a whole, and not as the conglomerate of several interchangeable components, 
is proposed. 
 

6.1 Introduction 

 

We announced at the beginning of this dissertation (see section 1.3.2) that digital lutherie 

could not be considered a science, not even an engineering technology, but rather a sort of 

craftsmanship that seldom may produce a work of art. No matter what we said, this chapter is 

probably the most technologically driven of this first part. In chapter 3, we have considered 

input devices or controllers. Chapters 4 and 5 were more speculative, dealing with the 

extended output possibilities of new digital instruments. Before we reach chapter 7, which 

constitutes the core of this dissertation, we have to study how those input and output devices 

can or should be connected. To achieve this we will survey the main bodies of knowledge 

and the guidelines that current researchers and luthiers are establishing.  

 

Pressing (1990) proposes a list with some fundamental issues to be addressed by anyone 

designing a music interface for realtime interaction. Despite recent technological 

developments and research, this list remains admirably complete and up to date. Here we will 

only include and describe a subset with some of these issues and design decisions. 

 

1. Physical variables carrying the information (e.g. position, pressure, velocity, 

acceleration, etc.) 

2. Dimensionality of control or degrees of freedom 

3. Control modality (i.e. discrete or continuous, and its digital quantization) 
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4. Design appropriateness: efficiency, ergonomics, motor and cognitive loads, degree of 

sensory reinforcement and redundancy, appropriateness of gesture to expression 

5. Literalness of control (one-to-one, one-to-many, many-to-one, unpredictability, 

response delay, time dependence) 

6. Historical foundations: using an existing technique, modifying or creating a new one 

7. Psychological nature of control: perceived naturalness of the link between action and 

response, exploratory or goal-oriented, etc. 

 

The more hardware oriented properties 1 to 3, were already commented in chapter 3. The 

remaining ones will be discussed in the current chapter. We will start by documenting some 

of the ergonomical issues mentioned in topic 4, after what we will cover the fifth property of 

the list, which although not explicitly indicated, deals with what is currently labeled 

‘mapping’. 

 

6.2 Introduction to ergonomics, motor and cognitive loads 

 

6.2.1 Human bandwidth and ergonomics 

How much control is humanly possible? The limitations are both motoric and cognitive. 

Traditional monophonic instruments frequently have three or four degrees of control. 

Polyphonic ones have two or three per voice while always showing limited continuous 

control possibilities (Pressing 1990; Rubine & McAvinney 1990; Vertegaal & Eaglestone 

1996; Levitin et al. 2002) 90. The reasons for these restrictions are to be found in the physical 

and cognitive limitations of humans and not in the inherent properties of the instruments. 

From the strictly physical point of view the dimensionality of control possible for human 

beings could easily exceed 40 degrees of freedom (Pressing 1990)91. Since this order of 

magnitude clearly exceeds dimensionalities available in traditional instruments, limitations 

                                                      
90 The electric guitar could be considered as an exception to this rule. 

 
91 If we only consider articulations, one could easily count three degrees of freedom for each hand and 

foot, three additional ones for each hand finger, eight more for arms (elbows+shoulders) and legs, two 

for the head, plus at least one more for breath pressure, which gives a total of 53! [(3x4) + (3x10) + 8 + 

2 + 1 = 53]. And that without taking into account other possible physiological controllable parameters 

such as muscle tension (e.g. Tanaka 2000), face expression (e.g. Lyons et al. 2003) or eye-tracking 

(e.g. Hornof & Sato 2004), or the absolute position of the whole body in space (3 more parameters). 
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must be of cognitive nature (Fitts 1954; Miller 1956; Fitts & Posner 1967; Pressing 1988; 

Cook 2001). 

To bring into play the full bandwidth of communication 
there seems to be no substitute, for mammals at least, than 
the playing of music live (Bischoff et al. 1978). 

 

Robert Moog, also believes as Bischoff, that music performance is the densest form of human 

communication. According to him, a flute player, for example, is able to control amplitude 

with a 6-bit resolution and with a temporal resolution of about 100 Hz, while a drummer can 

play with a maximum frequency of 10 Hz controlling three parameters and an approximate 

resolution of 4 bit/parameter. That gives us 600 bits/sec (without considering pitch) and 120 

bits/sec respectively. Moog estimates that the maximum meaningful information a skilled 

musician is able to generate is about 1000 bits/sec (Moog 2004). 

 

The number of dimensions a human performer is able to control ‘accurately’, depends 

therefore on what we understand by ‘accurately’. Similarly there are no clear tendencies 

about what a good number could be. For Todd Machover, for example, a good controller 

would need to analyze accurately a sufficient but constraint number of parameters, between 

five and twenty (Wanderley & Battier 2000: 424). Besides, the ease or difficulty with which a 

given parameter can be controlled depends on many things, most of them difficult to 

measure, such as the degree of sensory reinforcement and redundancy, the appropriateness of 

the gesture, and other qualities such as the ones enumerated by Pressing in the former list.  

 

6.2.2 Feedback 

One quality related with sensory reinforcement and vital in music performance with acoustic 

instruments is the existence of a feedback channel between the instrument and the performer, 

not only auditory, but also visual, tactile or kinesthesic. Auditory feedback concerns the 

learning of musical quality; visual, tactile and kinesthesic feedback concerns the integration 

of relationships between gesture and produced sound, which help to understand the behavior 

of the instrument as well as rules and limits induced by gestures (Cadoz & Wanderley 2000). 

Tactile feedback relates to the sense of touch, while kinaesthesia is the sense of body position 

and motion. Both concepts are included in the term ‘haptics’. 

 

After audition, the haptic senses provide the second most important means for observing the 

behavior of a musical instrument. The player of an instrument, besides hearing it, feels it. 
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Haptics carries meaning regarding the mechanical behavior of the instrument. (Gillespie 

1999). Aural, haptic and visual feedbacks, may reinforce each other in the case of an 

instrumental improviser. 

 

The design of some instruments allows more precise visual 
feedback and more categorical kinesthesic feedback than 
others. This is almost certainly why sophisticated 
improvisation using advanced pitch material is more difficult 
on the violin than the piano, and extremely challenging for 
the vocalist (Pressing 1988). 

 

This is concerning feedback in acoustic instruments, whereas we have stated several times 

during this thesis that interactive music systems establish a feedback loop with the performer. 

We could metaphorically imagine that feedback in acoustic instruments, relates to the idea of 

the instrument being “conscious” of the sound it is producing, and that this information is 

given back to the performer. In digital instruments however, due to the decoupling of the 

sound source and control surface, a lot of feedback from the process controlled is lost. Digital 

controllers do hardly “know” the output they are generating. In electronic musical 

instruments, auditory feedback is predominant, and visual feedback is often used in digital 

instruments, mainly because of the simplicity of its setup – a computer or a small LED 

screen. However, haptic feedback from the sound source is hardly used, the feel of a key that 

plays a synthesized tone will always be the same irrespective of the properties of the sound 

(the device can even be turned off entirely!).  

 

In 1989, when realtime digital synthesis was in its infancy, Cadoz was one of the first to 

affirm that the analysis of the quality of musician-machine interaction is an essential 

consideration when designing digital sound synthesis systems. From this idea he developed a 

complete synthesis system which relied in the two following concepts (Cadoz et al. 1984; 

Cadoz et al. 2003). 

 

• Input devices that capture physical gestures and react to the gestures under control. 

• Sound synthesis techniques based on the simulation of physical sound producing 

mechanisms.  

 

He thus developed the Cordis System, a physical model synthesis controlled by haptic 

feedback controllers. This was one of the first works were such concepts first appeared, not 

only in combination but even by themselves! It also constitutes a milestone for the integrated 
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design of a controller+generator system. Currently haptic feedback is being applied in several 

experimental controllers (Bongers 1994; Gillespie 1992, 1999; O'Modhrain 2000), but it has 

not yet reached the “cheaper” models, although force feedback joysticks, force feedback 

steering wheels and other game interfaces are already widely available and becoming 

extremely common in the game industry.  

 

While arguably visual feedback may no be the most important one in acoustic instruments 

especially among experienced performers, why should not digital instruments use anything 

that could broaden the communication channel with their players? In that sense, we will see 

in forthcoming chapters (chapters 10, 11 and 12) how digital instruments can profit from 

visual feedback in imaginative and extremely powerful ways.  

 

6.3 Mapping 

 

Interposing a computer in the loop between physical action 
and musical response allows essentially any imaginable 
sonic response to a given set of actions; this is termed 
“mapping". As digital musical interfaces are so recent, there 
is no clear set of rules that govern appropriate mappings, 
although (arguably) some sense of causality should be 
maintained in order that performers perceive a level of 
deterministic feedback to their gesture (Paradiso, 98). 

 

Mapping is a term that has already appeared several times within these pages. As we already 

pointed out at the beginning of this thesis, the physical and logical separation of the input 

device from the sound production that takes place in all computer based instruments, brings 

the necessity to process and map the information coming from the input device in a variety of 

ways. ‘Mapping’, understood as the connection between gestural parameters (or any other 

kind on input), and sound and music control parameters (or any other output results), 

therefore becomes an essential element in new instruments design. 

 

6.3.1 One-to-one mapping – few-to-many 

For an engineering mentality, the most obvious kind of mapping is that which simply 

associates each single output control parameter (e.g. pitch, amplitude, etc.) with an 

independent control dimension. This is called one-to-one mapping. Without yet considering 

or studying yet the possible musical and performance consequences of this approach, there is 
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already a problem for the controller designer, given that most digital sound or music 

generators involve many more parameters than the average controller (we include within this 

‘generator’ bag any kind of sound synthesizer, any kind or interactive music system or, 

obviously, any imaginable combinations of both, like many of the systems we have already 

discussed).  

 

This situation, in which the output dimension is far superior to the controller dimension, is 

commonly described as ‘few-to-many’ mapping (Lee & Wessel 1992). This is why, many 

authors have proposed to decompose the mapping chain into various levels, from gestural to 

perceptual and from perceptual to synthesis parameters (e.g. Wanderley, Schnell & Rovan 

1998; Wanderley & Depalle 1999), thus directly lowering the dimensionality of the second 

element of the mapping chain. As this is a topic more related with sound synthesis and 

perception than specific to instrument design we will not persist with it. 

 

Reducing how many dimensions of control an instrument 
has makes it less frightening to its performer. More formally, 
such a reduction concentrates the set of all possible inputs 
into a more interesting set by avoiding the redundancy 
inherent in the exponential growth of increasing 
dimensionality. Even more formally, it reduces the 
dimensionality of the set of synthesis parameters to the 
dimensionality of the set of perceptual parameters: it rejects 
all that the performer cannot actually understand and hear, 
while performing… Controlled loss of information is about 
discovering what the performer can and cannot do, about 
matching that dividing line with the one between expressive 
and inexpressive (Goudeseune 2002). 

 

6.3.2 One-to-many, many-to-one 

In the fourth point of his list, related with mapping, Pressing introduces the concepts of one-

to-one, one-to-many, many-to-one and unpredictability. We have already discussed one-to-

one; we will here consider one-to-many and many-to-one, which have both been subject of 

thorough study in the last years. 

The meaning of one-to-many mapping (also know as divergent mapping, e.g. Rovan et al. 

1997) can be better understood with the question, “What does the bow of the violin control?” 

The violin bow indeed controls many aspects of the sound, such as volume, timbre 

articulation and pitch. Many-to-one (or convergent, Rovan et al. 1997) mapping, on the other 

hand, can be typified with the question, “Where is the violin volume control?”. There is not a 
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single ‘volume control’. It is in the bow speed, the bow pressure, the choice of the string and 

even the finger position (Hunt & Kirk 2000). 

 

Real instruments exhibit complex control behaviors which involve one-to-many and many-to-

one relationships. It is thus probable that all these kinds of mappings, somehow pathological 

from the engineer’s viewpoint, exhibit a more music-like behavior than simpler one-to-one 

relations. 

 

6.3.2.1 Non-linearity 

Often mappings in acoustic instruments are slightly nonlinear. Blowing harder on many wind 

instruments not only affects dynamics but also influences pitch, in such control difficulties is 

where, in fact, the expressiveness may lie for many acoustic instruments. As suggested by 

Sundberg (1987), the voice organ, possibly the most expressive instrument ever, can be 

considered as one of the most badly designed from an engineering point of view, when taking 

into account the complex relationship between articulatory movements and formant 

frequency changes that makes articulation-formant frequency a one-to-many system. 

Thresholds are also quite frequent in many real instruments, such as in the air-flow on a reed 

instrument embouchure (Rovan et al. 1997). 

 

Notice that while nonlinear functions can be explicitly defined in a one-to-one context, a 

system showing both one-to-many and many-to-one behaviors, also becomes nonlinear. The 

case of the voice is paradigmatic but the violin or many wind instruments show comparable 

behaviors.  

 

6.3.3 Mathematical formulations 

From a strictly mathematical perspective, mapping is defined as the assignment of every 

element of a set to another element, either of the same or of another set (Hunt & Wanderley 

2002). In that case, mapping could be seen as a function that applies to all the members of a 

set I (Input). 

)(/, xfyyIx =∃∈∀  

 

However, some of the most common cases in instrument design are not well contemplated by 

this definition. Firstly, the formula does not guarantee that all the elements of a set O 
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(Output) are the image of some function f that could take one, or a variable number of 

arguments (many-to-one) from I. Which means, musically speaking, that some parameters of 

the generator would be left aside and could not be accessed from the controller. Secondly, the 

one-to-many case does not fit with the previous mathematical formulation, and the relation is 

not a function anymore. Several authors (Goudeseune 2002; Van Nort et al. 2004) have tried 

to integrate more complex mappings into a complete mathematical formulation. Whether or 

not this is useful to better understand and deal with musical mapping, these authors often lead 

to cumbersome mathematical formulations, which still leave aside many mapping 

possibilities that seem highly desirable in a musical behavior. Joel Ryan (1991) superbly 

describes all these possibilities in but one paragraph: 

Shaping Response Controller data can be shifted or inverted 
[addition], compressed and expanded [multiplication], 
limited, segmented or quantized [thresholding]. Methods 
which keep track of the history of a signal allow 
measurement of rates of change, smoothing and other types 
of filtering to amplify specific features in the signal or to add 
delays and hysteresis in the response [differencing, 
integration, convolution]. The rates of data transmitted can 
be reduced and expanded [decimation and interpolation]. 
Linear and nonlinear transforms allow the shaping or 
distortion of the signals to any desired response [functional 
and arbitrary mappings] (Ryan 1991). 

6.3.4 Complex mappings: memory, non-linearity and chaos 

While mapping functions are in most cases implicitly assumed to be instantaneous, so that at 

any time its output depends only on its input at that time, keeping track of the history would 

permit more musical behaviors: 

• Smoothing responses (low-pass filter), amplifying changes (high-pass filter), 

modifying the instrument responsiveness in different manners (using output and/or 

input history) 

• Measuring input speed (a differentiator using input history)  

• Measuring average activity92  

• Detecting gestures93 (using input history) 

• Et cetera. 

                                                      
92 An implementation using all these types of information will be shown in chapter 9 (Afasia). 

 
93 See, for example (Wanderley & Battier 2000), for a complete survey of gesture in the musical 

domain. 
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We already introduced in chapter 4, Waisvisz nonlinear mappings for The Hands, such as the 

‘GoWild’ or the ‘That’s Enough’ algorithms (see section 4.3.4.3) (Waisvisz 1985). Chadabe 

(2002) also notes his dissatisfaction with ‘mapping’ because it does not cover non-

deterministic, i.e. stochastic processing. The more complex mapping gets, the less it suits 

with this one-to-one clean mathematical idea. For this reason (Menzies 2002) proposes to call 

it ‘dynamic control processing’. He proposes a control dynamics kit, which besides the 

aforementioned processing components, also includes second order filters which introduce 

the possibility of oscillation. With these toolkit components he demonstrates mappings for a 

Yamaha WX7 wind-controller which are able to produce from conventional steady tones to 

bird-like singing. 

 

6.3.5 Mapping case studies 

The importance of mapping in instrument design should be clear by now. Mapping defines 

the personality of an instrument. It can make it more playable or impenetrable. Whatever 

decisions are made about mappings in an instrument, they result in what performers call the 

‘feel’ of the instrument, its responsiveness and controllability, its consistency, continuity and 

coherence (Garnett & Goudeseune 1999). Mappings are also determinant in the way an 

instrument is approached and learned. For performers who tend to use the same controller in 

different situations (e.g. a saxophone player who plays with a MIDI wind-controller) or for 

performers who change or update the software of their particular instruments, learning the 

new instrument means learning the new mapping. 

 

The normal path to learning an instrument – acquiring an 
increasingly complex representation of the relationship 
between one’s actions as a player and the instrument’s 
response – no longer holds because each instance of an 
instrument, controller plus synthesis model, requires that this 
mapping be learned anew. (Paradiso & O’Modhrain 2003).  

 

Although several authors have discussed mapping during the 1980s (e.g. Pennycook 1985; 

Bowler et al. 1990; Pressing 1990), most systematic case studies are recent, having started in 

the second half of the 1990s. In the last years the study of mapping has increased, showing 

the relevance of this topic in new instruments design. We will summarize two of the more 

referenced. 
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Rovan et al. (1997) studied the application of different mapping strategies to a performance 

system constituted by a MIDI wind controller and an additive synthesis-based synthesizer. 

After studying one-to-one, many-to-one and one-to-many mappings, they concluded that the 

more complex configurations, in which different breath control and lip pressure 

combinations, controlled the loudness, the dynamics and the vibrato of the synthesizer (i.e. 

one-to-many and many-to-one) showed the better musical results. 

 

Hunt et al. (1999) used three different control configurations to control four parameters of a 

synthesis engine (pitch, volume, timbre and mapping). These configurations were (a) a 

monitor screen with four independent sliders controlled with the mouse; (b) four independent 

physical sliders and (c) the combination of two physical sliders and a mouse in a complex 

(many-to-many) mapping. After tests with several users, they concluded that the more 

complex third mapping, which used two hands and showed a large correlation between the 

different parameters, was, after some little training, the users’ favourite. The following lines 

resume their conclusions: 

 

1. Mappings which are not one-to-one are more engaging for users. 

2. One-to-one mappings exhibit a toy-like characteristic94. 

3. Complex tasks may need complex interfaces. 

4. The mouse is good for simple tests and for little practice time. 

 

Vertegaal and Eaglestone (1996) compare three hardware input devices, a standard mouse, a 

joystick and a pair of Power Gloves (see section 3.4.2), and use for the navigation of four-

dimensional scales timbre spaces. They conclude that the generic mouse seems to be the most 

efficient in a 4D timbre navigation, although they also comment that the Power Glove clearly 

impaired the usability of the system because of the lag and resolution deficiencies caused by 

its erratic positioning system.  

 

                                                      
94 We will later show some examples that contradict this assertion. 
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6.4 The unfullfilled expectations of Mapping 

 

6.4.1 Scientific lutherie 

The field of mapping research is probably the closest that digital lutherie ever gets to science. 

It is definitely one of the few areas of digital instruments design, in which knowledge seems 

to behave in an incremental, accumulative way. At least, papers and studies on mapping do 

often rely on previous studies, which is not sadly the case of so many other digital music 

more speculative subareas that, as pointed out by Pressing (1994), seem to live within the 

perpetual reinvention of the wheel. That said, while being considered by many as the big 

white hope of instrument design, mapping seems unable to fulfill expectations all by itself. 

Next, we will try to figure out the scope of its main limitations. 

 

6.4.2 Mapping tests limitations 

Current mapping tests rely on simple systems: simple inputs devices and simple output 

control, usually no more than pitch, amplitude and one timbre parameter. Moreover, no study 

has attempted to confront mapping in a context different than a sound synthesizer. Research 

and publications tend to focus on the relation between gestural parameters and sound 

synthesis parameters, while the relation between gestural parameters and more complex 

music generation systems is scarcely studied. Mapping is studied being only applied to 

instant perceptual parameters and not to process-controlling parameters (see section 4.7). All 

the remaining and more essential possibilities of new instruments are therefore permanently 

left aside of the topic. As an exception, (Doornbusch 2002) discusses mapping issues in 

algorithmic processes, but he does it from a composer’s view and his approach is entirely a 

non-realtime compositional one.  

 

Besides, it seems logical that mapping tests and studies cannot be abstracted from the input 

controllers employed in the experiments. Using a mouse and two sliders, Hunt et al. obtain 

conclusions about the mapping, whereas the results could have been different, they had used 

different controllers, as other experiments have proved. On the other hand, Rovan et al. seem 

to arrive at a quite obvious conclusion: using a wind controller (Yamaha WX7) which only 

outputs three parameters (finger position, pressure lips and pressure breath), they conclude 

that the mapping that feels better is the one that is closer to the real dynamics of the 

saxophone or the clarinet, in which pressure lips and pressure breath are also correlated. What 
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conclusion should we infer from that, regarding many-to-one or one-to-many mappings, 

except that the more familiar way to map a wind-controller seems to be the one inspired by 

the dynamics of single-reed instruments? 

 

6.4.3 The Theremin: mapping and complexity counter-example 

The Theremin, considered to be one of the most expressive instruments, when played by a 

selected few such as Clara Rockmore (Moog 1977)[Rockmore 1987], contradicts all theories 

and studies. It is banally two-dimensional, same as a regular mouse. It exhibits the simplest 

imaginable one-to-one mapping: playing the Theremin is “as simple” as moving each hand in 

the air closer or further to two antennas that independently control the frequency and 

amplitude of a simple electronic oscillator. It also exhibits a total lack of haptic feedback. 

Making sounds on the Theremin is straightforward; anyone can do it, and it is with this 

amazing criterion that it was announced and marketed in the 1940s in America.  

 

Now, with an unbelievable, almost magic instrument which 
you need not even touch, you can make, with a gesture of 
your hands, whatever melody you wish to hear! … Having 
made the enjoyment of music universally possible, RCA 
takes another tremendous step-making possible not merely 
the enjoyment of other people's music, but the actual 
creation and performance of one's own music! Now, for the 
first time in the history of music, anyone, without musical 
knowledge or training of any sort, anyone, without even the 
ability to read notes; without tiresome or extended 
"practice"; without keys, or bow, or reed, or string, or wind-
without material media of any kind-anyone can make 
exquisite beautiful music with nothing but his own two hand 
(Taken from an original RCA Theremin sales brochure, 
1929). 

 

And yet, playing the Theremin well is extremely difficult and demands for no less than 

perfect pitch. Hunt et al. (1999) concluded that the complex mapping of their test evaluated 

better, probably because it was more complex. Therefore it seems, from the Theremin case, 

that all types of difficulty may be rewarding for the performer and guide to better results. 

Could expressiveness be perhaps related to difficulty or effort? The Theremin control is two-

dimensional, but unlike two sliders or a mouse, there are infinite ways to produce a given 

value: (a continuous tridimensional curve around each antenna… a 1 mm displacement of one 

little finger…). It is indeed not surprising that effort and difficulty constitute two of the key 

issues for STEIM´s luthiers. 
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Most computer instruments in use are those provided by the 
commercial music industry. Their inadequacy has been 
obvious from the start -emphasizing rather than narrowing 
the separation of the musician from the sound. Too often 
controllers are selected to minimize the physical, selected 
because they are effortless. Effortlessness in fact is one of 
the cardinal virtues in the mythology of the computer… 
Though the principle of effortlessness may guide good word 
processor design, it may have no comparable utility in the 
design of a musical instrument. In designing a new 
instrument it might be just as interesting to make control as 
difficult as possible. Physical effort is a characteristic of the 
playing of all musical instruments. Though traditional 
instruments have been greatly refined over the centuries the 
main motivation has been to increase ranges, accuracy and 
subtlety of sound and not to minimize the physical. Effort is 
so closely related to expression in the playing of traditional 
instruments. It is the element of energy and desire, of 
attraction and repulsion in the movement of music. But 
effort is just as important in the formal construction of music 
as for it's expression: effort maps complex territories onto 
the simple grid of pitch and harmony. And it is upon such 
territories that much of modern musical invention is founded 
(Ryan 1991). 

In my work I have always designed instruments that demand 
a considerable degree of physical effort to be played and at 
the same time they are able to convey the slightest trembling 
of the hand. These tremblings are, during a concentrated 
performance, not just errors, but an integral part of the 
muscular/mental effort pattern that lays at the base what is 
perceived as musical expression (Michel Waisvisz, from 
Wanderley & Battier 2000: 425).  

 

6.4.4 Mapping research : Overview and drawbacks 

During the last decade, other computer music researchers have studied the sound control in 

musical instruments and the player-instrument communication. Starting from comparable 

sonic frameworks they have essentially tried to divide the control problem into gestures and 

sound aspects. Pressing (1990) studied and compared the sound control issues of a violin and 

a standard MIDI keyboard (keyboard + wheels + pedals) using no less than ten dimensions. 

Vertegaal & Eaglestone (1996) evaluated timbre navigation using different input devices. 

Levitin et al. (2002) evaluated separately the different control aspects and actions that 

musicians take at the beginning, at the middle, and at the end of a musical event. Wanderley 

(2001) proposed a basic gesture taxonomy and evaluated how such gestures related to 

different sound control tasks. Wanderley and Orio (2002) and other researchers such as 
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Rubine (1991) have successfully devoted great effort to bringing general Engineering 

Psychology (e.g. Fitts 1951; Fitts & Posner 1967) and Human Computer Interaction (HCI) 

knowledge and research into the domain of sound control. As in the previous cases, most of 

this research has been carried out with standard input devices such as a mouse, sliders, 

joysticks, graphic tablets or, in a limited number of cases, specific existing music controllers 

like Yamaha’s WX7 MIDI wind controller (Rovan et al. 1997; Wanderley 2001) or the Korg 

Kaosspad KP2 (Isaacs 2003). It is hard for systematic tests and experiments to separate all the 

components (testers, controllers, mapping, and output engine) in order to reach general 

conclusions. This problem is somehow reversely exposed by Wanderley and Orio (2002). 
 

How do we evaluate an input device without taking into 
account a specific aesthetic context? That is, if people have 
only heard one type of music played on the violin, how can 
they tell if the violin is generally a versatile instrument? 
What is part of the composition, and what is part of the 
technology? How can we rate the usability of an input device 
if the only available tests were done by few—possibly one—
expert and motivated performers? A possible solution to the 
problem of comparing devices is to turn our attention to 
existing research in related fields. In this article, we 
approach the evaluation of input devices for musical 
expression by drawing parallels to existing research in the 
field of Human-Computer Interaction (HCI) (Wanderley & 
Orio 2002).  

 

While their approach is thorough and consistent, and their research will orientate many 

designers, the problem, in my opinion, is the exact opposite: devices are constructed which 

are then not being played. Knowing that an instrument (e.g. the violin) works at least well on 

some known contexts, there are already many positive things that can be done in parallel: 

1. Keep making violin music in the same context. 

2. Push the violin music boundaries to test the instrument versatility. 

3. Examine closer the violin to figure out what it is that makes it suitable for that given 

context, in order to bring that knowledge to future designs. 

 

With few exceptions the primary aim of most of the systematic research done in the area has 

not been either the production of any real musical instrument. The following examples, all of 

which show interesting particular approaches to instrument design, are some of these 

exceptions.  
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6.4.5 Conceiving real instruments 

An imaginative approach to the design and evaluation of mapping can be found in (Gadd & 

Fels 2002). The authors employ transparency as a quality of mapping and as a predictor of 

expressiveness (i.e. transparent mappings led to expressive instruments), and propose the use 

of ‘common knowledge’ metaphors for increasing this mapping transparency. The SensOrg 

Cyberinstrument (Ungvary & Vertegaal 1999, 2000) is a modular and highly configurable 

assembly of input/output hardware devices which seeks optimal musical expression by 

providing a building-block controller design approach. The result is the hypercontrol musical 

cockpit, as shown in figure 6.1.  

 

A practical and usefull approach consists on the creation of mapping software applications 

that can provide a simplified and unified approach to mapping. Two notable packages come 

from IRCAM. MnM is a set of Max/MSP externals that provide a unified framework for 

various techniques of classification, recognition and mapping for motion capture data, sound 

and music95 (Bevilacqua 2005). An earlier attempt also from IRCAM is the ESCHER toolkit 

for jMax (Wanderley, Schnell & Rovan 1998), which encompasses a set of objects to address 

various problems of mapping. More recently, [hid] provides a framework for connecting and 

mapping affordable controller devices within Pd (Steiner 2005). 

 

A building-block strategy is also taken by Arfib et al. (2002), but this time from the software 

side, with the purpose of being able to interchange elements of the instrument chain (i.e. 

controller or generator) without having to completely redefine the instrument behavior. This 

is done by means of a flexible three-layer mapping (i.e. a ‘gesture to gesture-perception’ first 

layer, a one-to-one ‘gesture-perception to sound-perception’ second layer, and finally a 

‘sound perception to synthesis parameters’ layer). Their research also translates into 

performing instruments (Arfib & Dudon 2002). Another exception is Stick, a ‘research’ music 

controller currently being played by Michael Brook and Laurie Anderson (Adams et al. 1996 

1999; Smith et al. 2000; Cutler et al. 2000).  

 

                                                      
95 MnM (Music is Not Mapping): http://recherche.ircam.fr/equipes/temps-reel/maxmsp/mnm.html. 
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Figure 6.1. Ungvary and Vertegaal SenSorg cockpit 

 

6.4.6 Controllers’ appropriateness 

William Buxton, one of the ‘fathers’ of Human Computer Interaction (HCI) claims when 

talking about the development on new musical controllers, that: 

 

I have recently been arguing that HCI and ergonomics are 
"failed sciences". Why? If we look at the design of the 
Personal Computer, it can be argued that there has been 
virtually no significant change in the design since the 
introduction of the Xerox Star in 1982…The science has 
failed. Why? Because it is not a design-based discipline. 
Virtually all of the people who made contributions to 
electronic music instrument design were actively involved 
with musicians, or performers themselves, and they took the 
approach of a designer, not a scientist. Yes, they benefited 
by science, but the approach was not scientific. It was far 
more closely rooted in the practice of industrial design or 
architecture (William Buxton from from Wanderley & 
Battier 2000: 432). 

Research in something related with music performance, cannot be permanently separated 

from the ‘real thing’. More grounded and real experience and knowledge should probably be 

searched in modern ‘lutheries’, of which STEIM is the perfect paradigm (Ryan 1992). 

STEIM lab work is focused on the design of real instruments to be used in real musical 

situations. They suggest for instance, that even in the simplest environment, such as a one-to-
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one relationship between a physical parameter and a sound control parameter, the choice of 

the input device is still critical. A horizontal slider, a rotary knob, a pressure sensor that 

measures the pressure under one finger, an accelerometer which can measure tilt and respond 

to rapid movements, a sonar or an infrared system that can detect the distance between two 

points, each have their idiosyncratic properties. Each input device can become a good or a 

bad choice depending on the context, the parameter to control, or the performer who will be 

using it (Ryan 1991). Like the automotive engineer chooses a steering wheel over left/right 

incrementing buttons, “we should not hand a musician a butterfly net when a pitchfork is 

required” (Puckette & Settel 1993).  

 

The choice of input is important to system functioning in 
two respects: (1) each particular device suggests certain 
performance skills; and (2) the devices and the gestures used 
to perform them have psychological, artistic and social 
connotations that can influence the nature of the information 
conveyed by the performance (Chadabe 1977: 8). 

 

Chadabe (2000) describes a performance of his piece Solo (1977), which is played by waving 

his hands in the air, between two human sized Theremin antennas built for the occasion by 

Robert Moog. He then discusses how the piece would have changed, not only from a musical 

viewpoint but in a conceptual and integral way, he had used instead for example Laetitia 

Sonami’s Lady’s Gloves, accelerometers or video motion-sensing systems. He concludes that 

“if the specific musical situation had been different, the performance device could have been 

different… But given the musical nature of Solo, moving my hands in relative proximity to 

the antennae was, at least from my point of view, an excellent solution.”  

 

The work and know-how of someone like STEIM’s director Michel Waisvisz, still one of the 

very few composer-luthier-improvisers that can be considered a genuine virtuoso, and 

someone who after years developing, modifying and performing with The Hands, prefers 

now to concentrate on using the instrument for the creation of music, is also the kind of 

privileged knowledge luthiers should profit from. 

 

In that sense, Waisvisz’s ‘Hands ‘chaotic and naughty mappings (Waisvisz 1985) (see section 

4.3.4.3), can hardly be understood, outside of an authentic music making context, without the 

long-term feedback loop resulting from a permanent conceive-design-perform-listen-evaluate 

real musical situation. 
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6.5 New music instruments design : a holistic approach 

 

6.5.1 Splitting the chain - drawbacks 

We have seen how the separation between gesture controllers and output generators sparks 

the creation and development of many alternative controllers that can be used for exploring 

new creative possibilities and increase musical flexibility. But this separation has also some 

significant negative counterparts, the most obvious being the reduction of the 'feel' associated 

with producing a certain kind of sound (Roads 1996). Another frequent criticism deals with 

the inherent limitations of the protocol that connects the two components of the instrument 

chain, MIDI (Moore 1988). However, there is a more essential drawback concerning the 

conceptual and practical separation of potentially new digital instruments into two separated 

components.  

 

I claim that it becomes hard – or even impossible - to design highly sophisticated control 

interfaces without a profound prior knowledge of how the sound or music generators will 

work. Generic or non-specific music controllers tend to be either too simple, mimetic 

(imitating traditional instruments), or too technologically biased (i.e. they are constructed 

because they can be constructed) (Mulder 1994b). They can be inventive or adventurous, but 

how can coherence be guaranteed if it cannot be anticipated what the controllers are going to 

control? Undoubtedly, inadequate controllers will fatally lead to unsuccessful instruments. 

 

One has to think of overall systems to get a musically useful 
thing - you can’t really develop a sensor without relating it to 
the programs that you’re going to use it with (Max Mathews, 
excerpt from Chadabe 1997: 230). 

 

From the ‘generator’ side, these design limitations may not seem so obvious at first glance. 

For instance, researchers working on physical modeling synthesis might have reasons to 

believe that the corresponding optimum controllers will probably be digital simulations of 

their real counterpart, like a MIDI single-reed wind controller or a MIDI violin (e.g. Serafin 

et al. 1999). Are we therefore suggesting that when envisaging new digital instruments, the 

conception of the generator should always come first, followed by a controller design made 

to measure? Not at all! There are several good reasons. First, a synthesizer → controller 

design surely makes sense for many sound synthesis methods based on physical models, but 

sound synthesis is not limited to physical modeling. As Cook (2001) points out, there are also 
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many cases in which a discovery during a synthesis algorithm development suggests a new 

control metaphor96, or where a given control component suggests new aspects of a synthesis 

algorithm (Smyth & Smith 2001; Cook 2003). But even if the synthesizer → controller 

design approach would still be applicable to any kind of synthesis (in many cases it could still 

be perfectly justifiable), a more crucial point is that, and this is a topic which we have often 

repeated, the output of new musical instruments is not limited to sound synthesis.  

 

As we already anticipated, an ambitious goal for any new instrument is the potential to create 

new music. In that sense, baroque music cannot be imagined without the advances of 16th and 

17th century luthiers, rock could not exist without the electric guitar, and jazz and hip-hop 

without the re-definitions of the saxophone and the turntable (Settel & Lippe 2003). If we 

believe that new musical instruments can be partially responsible for shaping some of the 

music of the future, a parallel design between controllers and generators is needed with both 

design processes treated as a whole. Possibilities are so vast, exciting and possibly too 

idiosyncratic, that it would be foolish to imprison ourselves with controllers-generators and 

mapping toolkits. 

  

There is considerable scope for imagination here, and non-
traditionally shaped objects may be treated in non-traditional 
ways. We may have a pulsating blob of jelly or a moving 
pseudopod that is picked up and stretched, stroked, or 
scratched to produce sound. It might be made possible to 
break the object up into pieces, each of which makes its own 
sound. These pieces might exhibit some attraction for each 
other and gradually recombine to produce composite sounds. 
When the pieces coalesce, they might modify the sounds 
they are making to work in concert, for example by moving 
to the same scale or key or meter or tempo (Pressing 1997). 

This instrument is the fruit of Jeff Pressing’s imagination but there is no reason why it 

couldn’t have been constructed. Would we apply a divergent or a convergent mapping? 

Would it be an FM controller or maybe better a 1/f based rhythm generator? In the context of 

the example, these questions are probably out of place; an instrument conceived as a whole, 

seeks to define itself naturally. Chapters 10 and 11 are devoted to an instrument designed 

following this holistic approach. 

                                                      
96 One of the examples illustrated by Cook is indeed based on physical modeling synthesis. The fact 

that it was a model for voice synthesis made it hard to mimic the original human controller. As a result, 

the SqueezeVox, a concertina-inspired controller for voice synthesizers was born (Cook & Leider 

2000). 
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6.5.2 New vs. recycled metaphors 

 

Often, a new instrument is derived directly from an existing 
instrument. This has the advantage that much of the playing 
technique of the existing instrument may be transferred to 
the new instrument. We claim that this transfer will often 
result in similar music from the two instruments, however. 
Conversely, one method for making truly new music might 
be to create an instrument that allows performers to 
experiment with new playing techniques (Rubine & 
McAvinney 1990). 

 

The use of known interface metaphors is prevalent in Human Computer Interaction 

(windows, desktop, trash cans…); a logical option when productivity has to prevail (Laurel 

1993; Erikson 1990). It is however also quite extended in the area of computer music 

controllers. Many new controllers are based on existing instruments. While this tendency 

obviously benefits from a corpus of knowledge and a collection of ready-to-play potential 

performers, it surely also increments the difficulty for the creation of new music. I will 

illustrate this idea with two examples.  

 

Let us consider the 1970s passage from ‘modular analog’ to ‘polyphonic and presets’ 

keyboard synthesizers in the jazz-fusion field (a music genre generous towards the production 

of virtuosi). We could ask how much of the involution that took place in this period (e.g. 

compare [Hancock 1972] with [Hancock 1979]) was motivated by the progressive loss of 

buttons, sliders and other continuous controllers that accompanied the keyboard 

digitalization.  

 

Batons provide another example for debate. Given the amount of times we have used the 

‘conductor’ metaphor when describing interactive music systems, the proliferation of batons 

in the “new controllers’ arena” comes as no surprise. One could argue however about the 

‘alternativism’ of this kind of controllers. The additional fact that they are often used for that 

‘conducting or macro-level control purpose’ (e.g. Marrin 2002) gives us an additional hint of 

that mimetism. 

 

Imaginative metaphors can be found for example in the aforementioned work of Gadd & Fels 

(2002) who propose the use of ‘common knowledge’ metaphors, such as sculpting clay, 

rainfall, or hand gestures to match the movements of the lips and tongue for controlling a 
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formant speech synthesizer. Their thesis is that through this common knowledge, mapping 

becomes transparent and the instrument gains expressiveness. A detailed list of novel 

instruments is fortunately too long and we will mention only a few such as Dominique 

Robson’s Robson Bullroarer and Stretch (Robson 2002), Weinberg’s Sequeezables and 

Beatbugs (Weinberg & Jennings 2002) or Paradiso’s Musical Trinkets (Paradiso & Hsiao 

2000). Every year, dozens of new and imaginative music instruments are presented at the 

New Interfaces for Musical Expression Conference (NIME). The reader eager to discover 

surprising new instruments is recommended to browse through the conferences’ 

proceedings97.  

 

In my opinion, several of the more radical and truly innovative approaches to realtime 

performance are currently to be found in the apparently more conservative area of screen-

based and mouse-controlled software interfaces. Graphical interfaces may be historically 

freer and better suited for unveiling concurrent, complex and unrelated musical processes 

(e.g. Levin 2000; IXI 2002; Franco 2004; Franco et al. 2004; Muth & Burton 2003). Figures 

6.2 and 6.3 show the screenshots of two IXI software music applications98. 

                                                      
97 NIME: http://www.nime.org 
98 IXI Software: http://www.ixi-software.net 
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Figures 6.2 and 6.3:. spinDrum and Lauki, two of IXI software interfaces 
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6.6 Music instruments of the future - The Future of music 
Instruments 

 

6.6.1 Some symptoms of new instrument’s weakness 

The possibilities offered by new instruments are indeed endless. Almost anything can be done 

and many experiments are being carried out. Yet, the current situation and results can hardly 

be considered awesome. 

 

1. The list of new instrument virtuosi and/or professional musicians who use them as 

their main instrument is surprisingly short (Nicolas Collins, Laetitia Sonami, Atau 

Tanaka, Michel Waisvisz…). That is, if we chose to omit: 

 

a. Performers who play new instruments sporadically, or who play new 

instruments inspired in their own traditional instruments99. 

b. Performers who use their traditional instruments in electronic or interactive 

contexts100. 

c. Performers who make extended use of electronics and interaction, without 

devoting to a particular instrument101. A whole new generation of laptopists 

should also be added to this category102 (Cascone 2000; Collins 2003). 

d. Researchers, luthiers, programmers… who play their own inventions (but are 

possibly more devoted to inventing them that to playing them)103. 

 

                                                      
99 e.g. Curtis Bahn [2000], Matthew Burtner [1998], Chris Chaffe, Nick Didkovsky, Jonathan Inpett, 

David Jaffe, Kaffe Mathews, John Rose, Gary Scavone, Andrew Schloss, etc. 
100 e.g. Mari Kimura, George Lewis, Jean Claude Risset, Gino Robair, etc. 
101 e.g. John Bischoff, Chris Brown, Lawrence Casserley, Joel Chadabe, Scot Gresham-Lancaster, Ron 

Kuivila, Tim Perkis, Larry Polanski, Neil Rolnick, David Rosenboom, Joel Ryan, Richard 

Teitelbaumm, Mark Trayle, etc. 
102 e.g. Kim Cascone, Nick Collins, Ryoji Ikeda, Fennesz, Carsten Nicolai, Markus Popp, Robin 

Rimbaud, Terre Taemlitz, etc. 
103 e.g. Bert Bongers, Phil Burk, Perry Cook, Roger Dannenberg, Sidney Fels, Joe Paradiso, Eric 

Singer, David Wessel, etc. 
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2. Being live-electronics and laptop music so widespread (e.g. Cascone 2003a) it is 

symptomatic and frustrating that so many performers still prefer to rely on the mouse, 

or, at the most, on generic and dull MIDI fader boxes. 

 

3. Commercially available new instruments are scarce and hardly imaginative and 

ground-breaking (e.g. Korg KAOSS Pad104). 

 

4. A new standard electronic instrument is yet to arrive. 

 

In effect, no recent electronic instrument has reached the (limited) popularity of the Theremin 

or the Ondes Martenot, invented in 1920 and 1928, respectively (Battier 2000). Successful 

new instruments exist, but they are not digital, not even electronic. The latest winner, the 

turntable, became a real musical instrument in the early eighties, when it started being played 

in a radically unorthodox and unexpected manner. It has since then developed its own 

musical culture, techniques and virtuosi (e.g. Poschardt 1995; Shapiro 1999, 2002; Hansen 

2002). The fact that so many digital turntables simulators already exist (e.g. Kato et al. 2000; 

Andersen 2003), some of them even quite successful commercially like Stanton’s Final 

Scratch105, gives us as many clues to the turntable health, as it does to the sterility of the 

design of new instruments.  

 

Considering that commercial success is a complex subject that we had better ignore, all the 

previous critical observations can still be summarized in two statements:  

 

Many new instruments are being invented. Too little striking music is being made with them. 

 

6.6.2 Facing instrument’s death? 

The misnomer ‘new musics’ has been cited several times in this dissertation. Since Max 

Mathews programmed the first sounds to be synthesized with the help of a computer, 

computers have surely been responsible for some music that could have not been heard 

before106. However, computers have not been as succesfull in the creation of new music 

                                                      
104 The KP2 KAOSS Pad: http://www.korg.com 
105 Stanton Final Scratch: http://www.finalscratch.com 
106 The concept of music being new is a subjective and relative concept, and it is used here with an 

esthetical a priori, meaning by that that not all music done with new tools (e.g. not all the music made 
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instruments, if we omit the case of the computer itself (an entity which I do not consider 

myself as an instrument, but rather as a metainstrument). I have to admit that given the big 

amount of great, live computer music that is currently being produced, especially in what 

would correspond to the point c of the previous list (i.e. performers who make extended use 

of electronics and interaction, without devoting to a particular instrument), I do sometimes 

doubt about the interest or the convenience of my ‘instrumentalist approach. Maybe the 

concept of instrument in itself is just a dead thing; an old romantic burden, better left aside?  

 

But I definitely keep coming to that old-fashioned concept for several reasons. Unlike those 

performers who maintain their necessary dose of “good old music making” keeping “new 

instruments experiments” for publishing papers and for ICMC concerts, I sold my last 

saxophone fifteen years ago: therefore, I am not allowed to deal with these frivolities, but I do 

not regret that I did it. I like imagining and creating instruments. Imagining the music they 

will be able to produce and being fooled (at least sometimes) when they are finally able to 

play much better music than I had dreamed! I like to play them without having to reprogram 

them at every time. I like them evolving with me; adding or changing features but never 

changing too much at once. I like being able to play a gig with someone I have never met, 

without having to work the whole previous week: plug-and-play. All these desires are 

difficult to systematically fulfill, I believe, without that good old concept. And I do also like, 

finally, to create instruments that perhaps, others will play, and will make music with. 

 

For composer and performer Leonello Tarabella, the fact that it is not easy to define how to 

use the computer as an instrument, the same way as traditional instruments, is a clear proof 

that we are still in the Stone Age of computer music live performance (Barbosa 2001). Should 

we wait for ‘the’ instrument to appear? Will technology allow that ever to happen? Is it 

desirable, anyway?  

 

Indeed, electronic music controllers evolve so rapidly that 
it’s rare for a musician to work long enough with one to 
develop virtuosic technique (Paradiso & O’Modhrain 2003). 

I like the situation in which there are no standard 
instruments. I encourage musicians to develop their own 
sets, or their own variations. I like to encourage composers 
to write for persons and their instruments, instead for 

                                                                                                                                                       
with computers, not even all the music called ‘computer music’) has to be appreciated as being 

essentially new. 
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instruments exclusively; or better to become performers as 
well (Michel Waisvisz, from Wanderley & Battier 2000: 
427).  

. 
While standardization may not be a must (maybe not even a desirable goal), highly 

idiosyncratic instruments which are often used only by their creators may not be the best sign 

or strategy for a serious evolution in this field. We need useful, playable, thought-provoking 

and enjoyable instruments, capable of interesting, surprising and enjoyable music.  

 

6.7 Summary 

 

Unlike traditional acoustic instruments, new computer-based instruments are decoupled by 

design. They are at least made by two main components, a gestural controller or any other 

input device, and a sound producing unit. In chapter 3 we have introduced some of the 

currently available controller technologies and the recent trends in music input interfaces 

design. In chapters 4 and 5 we have shown and discussed some of the infinite output 

possibilities these new type of instruments can offer, focusing on the assets that make them 

different from acoustic instruments and on the possibilities that only digital instruments can 

bring.  

 

In the present chapter we have reviewed the main design guidelines that current researchers 

and luthiers are establishing. We have studied the main bodies of knowledge that tell us how 

these recurrent two main components - input and output devices – can be connected. 

However, we have also seen that despite of all the research and energy deployed, current 

results are far from being encouraging. 

 

Is the argument of the large "installed based" of expertise 
with traditional performance instruments going to impede 
the extension of instruments beyond what was available at 
Brahms's time? (I hope not.) Are the interfaces of traditional 
instruments really the result of good ergonomic design and 
an evolution driven by the needs of musical expression? (I 
would say "certainly not!") Is there any possibility of 
developing new instruments with the hope that, if they are 
good, they will find some larger audience? Is it going to be 
easier to make new instruments whose interfaces are 
derivations or extensions of traditional ones (as in the 
various extended keyboards under development or in use 
today), or to invent entirely new performance interfaces that 
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are not based on the limitations of mechanical tools designed 
for the performance of dodecaphonic music? (I would vote 
for the latter.) What are the reasons for the poor reception of 
such novel interfaces as the "Video Harp" or the "Hands"-are 
they economical, technological, or aesthetical in nature? Is 
anybody really building new instruments whose design is 
driven by musical considerations? (Pope 1993b). 

 

The first NIME workshop held in 2001 also posed the crucial questions (NIME 2001 Call107). 

 

What are the relative strengths and weaknesses of different 
research strategies (theory-driven vs. data-driven, oriented 
towards cognitive plausibility vs. computational simplicity, 
perception-oriented vs. production-oriented, etc.)? could 
there be more synergy between them? 

Given that expression is a subjective notion and that there is 
no such thing as the "correct" interpretation of a piece of 
music, can we nevertheless develop quantitative and 
scientifically rigorous procedures and standards for 
evaluating the quality/significance/validity of proposed 
models of expression? Would it be worthwhile to try to 
collect or construct 'benchmark problems' on which different 
models could be compared? 

 

It is my personal belief that the study of sound control, mapping, ergonomics, interface 

design, etc., lower-level and focused research in short, which tries to solve independent parts 

of the problem is clearly essential for any real progression in this field, but clearly it is also 

insufficient. Integral studies and approaches, which consider not only ergonomic but also 

psychological, philosophical and above all, musical issues, even if non-systematic by 

definition, are also needed. 

 

The following chapter proposes a complementary approach. We want to create ‘good’ 

instruments, but it is not only that we do not know how to do it; we do not even know what 

‘good’ may mean! What is a good musical instrument? Are there instruments better than 

others? Albeit quite different between them, traditional instruments have resisted the acid test 

of time. They have proven to be good; good enough at least. We should already know by now 

what new digital instruments can provide. We will now try to figure out what they should 

keep or copy from their acoustic ancestors. We will also attempt to find out what burdens of 

traditional instruments’ could be eliminated or at least improved. 

                                                      
107 NIME 2001: http://hct.ece.ubc.ca/nime/2001/ 
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Chapter 7 
Towards a framework for new instruments design 108 

 

This chapter proposes and investigates novel criteria for the construction of a conceptual 

framework to best serve the design process as well as the qualitative evaluation of new 

musical instruments. For this purpose, the chapter starts by discussing the connotations and 

possible meanings implicit in the concept ‘good instrument’. Terms such as the ‘learning 

curve’, the learnability or the efficiency of musical instruments are also described and 

examined. Efficiency is put forward as a main drawback of traditional instruments, and a 

property that could be more easily improved in the design of new computer-based 

instruments. Subsequently, the novel concept of musical diversity of a musical instrument is 

introduced and thoroughly discussed; it is proven that while diversity is always high in 

traditional instruments, it is often neglected, with unfortunate consequences, for new digital 

instruments. Musical diversity is decomposed in three diversity levels, and their relations 

with more standard concepts such as improvisation, musical idiomatism, performance 

variability and reproducibility, virtuosity or expressiveness, are studied. The chapter and the 

Part I of the dissertation conclude with the identification of several musical needs that are 

used to establish a conceptual framework for the evaluation of new musical instruments. 

However, because human-instruments interfaces have not been studied, no design guidelines 

or universal recipes are put forward. Such postulations will be addressed in Part III of the 

dissertation. 

 

A growing number of researchers/composers/performers 
work with gestural controllers but to my astonishment I 
hardly see a consistent development of systematic thought 
on the interpretation of gesture into music, and the notion of 
musical feed-back into gesture. When I lecture about the 
work we have done at STEIM in this field I'm regularly 
confronted with responses like: "but that is all very 
personal". Fortunately in music a lot is "personal", but "the 
personal" is not an analytically impenetrable romantic chaos 
of emotions, feelings and ghosts (Michel Waisvisz, from 
Wanderley & Battier 2000).  

                                                      
108 Several of the ideas exposed in this chapter have been initially and progressively developed in 

(Jordà 2003b, 2004a, 2004b and 2004c). 
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7.1 Introduction 

 

This is a ‘personal’ chapter, founded mostly on my own empirical experiences crafting and 

playing new instruments. The chapter conceives instruments as entities with which players 

establish dynamic relations. For the entire chapter, we will be implicitly considering the more 

generic and wider concept of the instrument we have proposed: any device used to produce 

any music, transforming in real time (i.e. by being played) the actions of one or more 

performers109 into sound events. We will be dealing with playability concepts that could be 

applied to traditional acoustic instruments as well and we will not enter into any detail 

concerning the inputs or the outputs. Thus, we will not be distinguishing, for instance, 

between playing with sound or with form, or with both at the same time (Jordà 2001a, 2001b, 

2002a), nor will we be specifying by which means human control is transmitted into the 

instrument or how the inputs are managed110. 

 

There are many recent studies focused on different aspects of music performance, including 

such issues as performance motivation and interpretation, the learning and conceptualization 

process of constructing musical meaning (e.g. Persson 2001), the concept of identitity or the 

ideal of authenticity in the performance of written music (Davies 2001b), or how different 

aspects of the performance affect the emotional expression of a piece of music (Juslin 2001). 

Most of these studies focus however on the human side (the performer) or on the symbolic 

side (the score or the composition), completely forgetting the mechanical side (the 

instrument), excepting perhaps the fact that they study performers of traditional acoustic 

instruments. Moreover, they tend to concentrate on expert performance and on existing, well 

defined and well bound music styles.  

 

Traditional instruments present, however, a serious challenge for the digital luthiers. As 

different as these instruments are from each other, the ones we still know have resisted the 

passing of time well. We have suggested in previous chapters (i.e. 4 and 5) what could new 

digital instruments bring, how they could modify the act of music performance: they can play 

                                                      
109 Although we will be referring to the player and instrument concept mostly in singular, everything 

could be directly applied to collaborative and collective instruments as introduced in section 5.6 (e.g. 

Jordà, 2002a; Blaine & Fels, 2003). 

 
110 Implicitly, we will be however always closer to the more traditional and busy Quake instrument 

than to the more meditative chess instrument (see section 5.3.1). 
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with sound and form; they can react to any type of input, including sonic ones; they can run 

multiple processes in parallel so to ease human control bandwidth and overload; they can 

allow collective multiperfomer approaches, etc. We have even insisted several times that 

these newfangled promises are the ones, we believe, will finally consecrate new digital 

instruments. We have underrated ‘conventional’ synthesizers and yet these are the only 

digital instruments assessed by the industry and the general public. Will conservatism ever 

change, or are we – digital luthiers and performers - the ones to be blamed? As we stated at 

the end of the last chapter, we want to create ‘good’ instruments. Our problem is not only that 

we do not know how to do that; the trouble is that we do not know what good means! The 

traditional instruments we know, have proven to be good; good enough at least. We already 

know what new instruments can supply. We will now try to figure out what characteristics 

they should keep, perhaps even improve, from their ancestors. 

 

Is it possible to establish a framework so generic in which all possible instruments and all 

possible musics, especially the new digital ones, with their peculiarities and idiosyncrasies 

could fit? To study the instruments-to-be (a diverse inventory in which physical-modeling-

based synthesizers coexist with melodic fractal generators or mixing and looping tools) with 

unified criteria seems indeed a hard task, but it can be a fruitful and clarifying work. We will 

not try to state what computer-based instruments should be or how “computers should be 

played”. However, we will try to define and study concepts such as efficiency, 

apprenticeship, the learning curve and the path to virtuosity or expressiveness; concepts that 

may help in describing and identifying the dynamic relations that exist between players and 

their instruments. We will discuss these properties, independently of all potential musical 

outputs. We will attempt to ascertain the essential needs of different types of musicians, and 

further identify elements that may turn a sound toy into a tool for musical expression, or even 

into an instrument for virtuosi. 

 

We caution that the reader should not be too naively impressed by some of the pseudo-

mathematical formulae that will appear in this chapter. They are not meant to be magical 

recipes giving a final fixed design or construction rules for designing better new instruments. 

Rather they should be viewed as guidelines, intuitively developed during many years 

designing new instruments and performing with them [Jordà et al. 1998; FMOL Trio 2000, 

2002a, 2002b] (Feller 2002).  

 

Finally, what follows mainly reflects my personal vision, however I am indebted to many 

authors that have raised comparable questions, such as (Chadabe 1977; Pressing 1990; 



CHAPTER 7 TOWARDS A FRAMEWORK FOR NEW INSTRUMENTS DESIGN  168 

 

Rubine & McAvinney 1990; Ryan 1991; Chadabe 1997; Waisvisz 1999; Cook 2001; Wessel 

& Wright 2002; Robson 2002; Settel & Lippe 2003 or Blaine & Fels 2003) to name only a 

few. Even more influential have been the music and the performances of great computer 

music improvisers such as Michel Waisvisz, Chris Brown [1996], Nicolas Collins [1991] or 

Tim Perkis [Bischoff & Perkis 1989], not to mention the remaining infinite list, that of the 

“unplugged analog musicians”. It is all about making music, after all. 

 

7.2 What is a good musical instrument, anyway? 

 

We know how to make musical instruments that sound great, 
but can we make them easier to learn, better adapted to each 
individual's gestural expression preferences and movement 
capabilities?” (Mulder111).  

 

In his keynote speech at NIME02, Machover (2002) launched several similar fundamental 

questions about the design of new instruments of which two are considered here: “How do we 

create controls and interactions that feel inevitable to expert and amateur users?”, and “How 

do we create interactive situations that stimulate rather than placate, leading the participant 

beyond the surface and into thoughtful consideration of rich, expressive, meaningful 

experiences?” According to him, the last two decades have seen successful designs of 

controllers allowing virtuosity and subtlety, and also of controllers that ‘hook’ novice users. 

In the latter group, however, very few systems have been capable of nourishing a deeper 

exploration and continued discovery and creativity. This is a feeling shared by many 

computer music instrument designers and computer music performers. 

 

Our design criteria include initial ease of use coupled with a 
long term potential for virtuosity, minimal and low variance 
latency, and clear and simple strategies for programming the 
relationship between gesture and musical result (Wessel & 
Right 2002). 

 

The idea of ‘better’ when talking about artistic creation and music in particular, is a 

dangerous one, and in any case, should not be connected with the term ‘newer’, nor with the 

                                                      
111 Mulder, A. Designing musical instruments that performers can handle [On-line]. Available on-line 

at: http://www.cs.sfu.ca/people/ResearchStaff/ amulder/personal/vmi/vmi.html 
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idea of progress. The piano is an evolution of the harpsichord, and to some extent it displaced 

it. But how could anyone say that a piano is better than a guitar, which was invented prior? 

Each culture and epoch has praised several musical instruments over others112 but yet, some 

instruments are indeed more powerful, flexible or versatile than others. Some are vocationally 

generic or all-purpose while others are highly specialized. Some take years to master, while 

others can be played by amateurs or even by complete novices. Some become toys after ten 

minutes (or two hours), while some good ones manage to capture our attention and clutch our 

energy for decades. 

 

7.2.1 Nothing is perfect: Anything can get better (or worst!) 

Humans have been playing music for thousands of years. However, sudden innovations in 

human performance seem possible, even in areas which have been deeply explored since the 

beginning of mankind. Good examples can be found in sports, by far the most advanced and 

sophisticated area concerned with human motor control and responsiveness. The crawl stroke 

swimming style and the Fosbury jumping are 19th and 20th century techniques, invented from 

scratch after millennia of humans swimming113 and jumping! 

 

Acoustic musical instruments as we know them today are also the fruit of centuries, or even 

millennia, of evolution, and by now they have settled into canonical forms. But as we will 

see, this does not necessarily imply that these instruments are perfect or that they all excel in 

every parameter we evaluate. The 19th century certainly saw the perfection of most orchestral 

instruments, but this progress was oriented towards two main goals, improve and stabilize 

intonation and augment acoustic power, whereas much less was developed with ergonomic 

aspects in mind (Battier 1995; Livingston 2000). 

 

Musical instruments can indeed be categorized according to many attributes. They can be 

evaluated according to many parameters, which make comparisons between different 

                                                      
112 In Western culture, the favor has switched several times between strings and winds for varied 

religious and philosophical reasons. While Greeks clearly preferred string instruments, Roman writers 

claimed the superiority of winds because their imitation of the sound of the human voice (Cassiodorus, 

1980). The preference shifted back to the strings between the 7th and 16th centuries, apparently due to 

Biblical interpretations. 

 
113 The crawl stroke was developed around the turn of 19th century by English and Australian 

swimmers who copied techniques used by native peoples in Australia and Ceylon. 
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instruments meaningless unless we clearly specify the aspects involved in the evaluation. We 

want to discover and discuss musical instrument properties or attributes that can be relevant 

and helpful to the design of new instruments. Prior to finding, defining and digging into some 

of these attributes, we will make a quick survey of the ways musical instruments have been 

classified and categorized through history and cultures, and on how more modern 

classifications and bodies of knowledge relate to current new instrument design, practice and 

research. 

 

7.3 The Western organology quick tour 

 

With few exceptions, all cultures around the world have developed their own formal or 

informal ways of classifying musical instruments, based on different criteria, ideas or beliefs, 

related in turn to different visions about the nature of music, science, art, knowledge, or even 

the cosmos (Kartomi 1990). Like in many other disciplines, since the times of Plato and 

Aristotle, Western organology has almost always followed a taxonomical, tree-based 

downward classification approach (Mayr 1982; Kartomi 1990). Westerners, who tend to 

classify as ‘logically’ as possible, have organized musical instruments employing criteria 

biased towards acoustic and morphological principles (winds, strings, percussions). These 

were the basic principles already first applied by Plato and Aristotle, and progressively 

refined by Boethius (c.470 - c.524), Gioseffo Zarlino (1570 - 1590) and Michael Praetorius 

(1619) among many others. In that sense, there is no essential rupture between the 

Renaissance models of Zarlino and Praetorius and the taxonomy proposed by Hornbostel and 

Sachs at the beginning of the 20th century, which is still widely used by musicologists and 

museologists. We will not discuss here the imperfections and flaws of these taxonomies; no 

classification can pretend to be perfect, and even their authors recognized the contradictions 

between the systems they proposed and reality (Hornbostel & Sachs 1961). The essential 

aspect for us is that these taxonomies are based on the mode of sound excitation and on the 

nature of the sounding body, concepts which can be of little help for new digital instruments. 

The matter is not to deny Sachs’ classification because it is obsolete, as it works considerably 

well with acoustic instruments. The key point is that the Eurocentric vision of musical 

instruments sheds little light on the conception of digital instruments. 
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7.4 Sound-oriented taxonomies and control studies 

 

The use of two or more simultaneous (and not necessarily acoustical or morphological) 

parameters has been common in instrument classifications in many other cultures. For 

example, the musical instrument classification of the T’boli culture of the southern 

Philippines employs categories such as ‘solo’ vs. ‘ensemble’ or ‘gentle’ vs. ‘strong’ musical 

style, as shown in table 7.1. But it was not until the late 20th century that Western 

organologists showed a desire to study instruments in all their complexity and shifted toward 

a multifaceted classification (Kartomi 1990). 

 

Table 7.1. Three-dimensional paradigm of T’boli instruments and ensembles (from Kartomi 

1990) 

 

If morphological and acoustical taxonomies are of little interest for the new instrument 

researcher or designer, classification based on the sound possibilities of the instruments, such 

as the quick view listed in table 2.1 (see section 2.2), seems a more promising approach. As 

mentioned before, back in the 16th century, Praetorius had already classified instruments 

according to quantitative characters like how long the instrument can hold a tone and whether 

its tuning is fixed or not, or whether it can be made to produce all the tones and voices of a 

piece, or only some or one voice at a time. This approach was again taken by the German 

musicologist Kurt Reinhard in 1960. As an alternative to Sachs’ taxonomy he proposed a 

multidimensional classification, more useful for the study of musical style and the history of 

performance practice. The classification was based on the sonic possibilities of the 

instruments, very close to the ones described in table 2.1 (Reinhard 1960). Reinhard 

distinguishes between monophonic and polyphonic instruments, instruments with ‘tones that 

die away’ vs. instruments ‘with continuous tones,’ instruments with continuous, discrete or 
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fixed pitch, and so on. A similar and more recent approach is taken by Kvifte (1989), who 

extends these concepts to electronic instruments, adding terms such as envelope or filter. 

From the control point of view, Kvifte scarcely considers however any alternative to the 

keyboard. Since we are referencing sound-oriented taxonomies, we should not forget to 

mention Pierre Schaeffer’s sound objects typo-morphology (Schaeffer 1966), although 

Schaeffer’s classification considers sounds without taking into account their sound 

production modes, and is therefore independent of the idea of music instrument.  

 

Instrument structural criteria: 

• number of variables manipulable in real time 

• number of variables manipulable by the user (not the coder) prior to realtime output 

("configurability") 

 

Musical output criteria: 

• inherent potential for variety (output as variations of a recognizable piece or style, versus 

source not being recognizable by listeners) 

• predictability and repeatability (versus randomness from the user's viewpoint) of musical 

result from a specific repeatable human interaction 

• openness versus finiteness of form, duration and logic system 

 

Human apprenticeship criteria: 

• amount of physical coordination, practice, and/or prior musical knowledge required for 

human interaction 

• amount of time typically needed to learn to use a system 

• ratio of user's non-realtime preparation time to realtime musical output 

 

Human responsibility criteria: 

• balance of task allocation (human versus computer) in decision-making in the compositional 

realms of pitch, timbre, articulation, macrostructure, et cetera, and/or in labor-intensive tasks 

such as notation or transcription 

• degree of human participation (completely passive listening versus total creative 

responsibility) 

 

Table 7.2. A selection of Spiegel’s interactive musical generation systems criteria  

(from Spiegel 1992) 

 

An inspiring and, for our purposes, much more useful classification, is one by Laurie Spiegel 

(1992), especially conceived for new digital instruments, which we have already included in 
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section 4.4.4. Albeit with far too many dimensions (more than 17!) to be used for organizing 

purposes, many of the properties and criteria she describes can be of great help for the design 

and evaluation of new instruments. In table 7.2. we regroup some of them (the grouping is 

ours). Explicitly or implicitly, all of these topics will be studied in the current chapter. 
  

7.5 Introducing the odd quartet 

I practice to become as close to the instrument, as familiar 
with it as possible. The ideal thing would be to be able to 
play the instrument as one would play the kazoo (Jazz 
saxophonist Ronnie Scott, in Bailey 1992: 101). 

 

For the following discussion will pick four instruments, the kazoo114, the kalimba115 (both 

shown respectively in figures 7.1 and 7.2), the piano, and the violin (surely an odd quartet), 

and try to figure out what makes some musical instruments more enjoyable than others. 

 

7.5.1 Balance challenge - frustration - boredom 

Traditional instruments typically provide enormous control potential at a considerable cost of 

training time. Many of them are quite frustrating for the beginner. The violin, for instance, 

can hardly be taken as a toy (whereas even the piano could). Some instruments are definitely 

harder to play than others. Wind instruments, for instance, are frequently hard to blow; the 

absolute novice can usually not produce any controllable sound (although there are 

exceptions, such as the recorder family). Fretless string instruments are impossible for a 

novice to play in tune, and even when fretted, multi-stringed instruments are still non-

monotonic (i.e. there is more than one place to find a note; Pressing 1990) so the novice may 

have a hard time deciding what string to use among all the possible options to obtain the 

                                                      
114 A cigar-shaped musical instrument of metal or plastic with a membranous diaphragm of thin paper 

that vibrates with a nasal sound when the player hums into it. 

 
115 Kalimba (thumb-piano), African instrument traditionally made of a calabash with wooden or metal 

keys attached to the top of the wooden resonator. The keys are plucked with the thumbs. The choice of 

the kalimba in our example is in debt with Michael Lyons, one of the organizers of the first New 

Interfaces for Musical Expression workshop (NIME 2001), that took place in Seattle during the CHI 

2001. At the conference opening session, Lyon showed a kalimba and said something like “this is a 

great musical instrument; we should try to invent new instruments as good as this one”. 
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desired pitch. Keyboard instruments seem more direct. They produce sound easily, and there 

is a bijective relation between pitches and keys. And while piano music can be the most 

complex music (and therefore the hardest to play) it can also be quite simple, and an absolute 

non-musician can still improvise some beautiful piano music.  

 

 
Figures 7.1 and 7.2. The kazoo and the kalimba 

 

I have been developing computer-based interactive music systems since 1989. Some of them, 

like PITEL (Jordà 1991b) or Afasia (2002b) were conceived for trained musicians or even for 

specific performers, while others like Epizoo (Jordà 1996) were to be controlled by members 

of an audience in public performances116. The demands for the two genres are usually very 

different. Complicated tools which offer great freedom can be built for the first group, while 

the second group demands simple but appealing tools that must produce “satisfactory” 

outputs (e.g. Ulyate & Bianciardi 2002), while at the same time giving their users the feeling 

of control and interaction. These two classes of computer-based music systems are often 

mutually exclusive. Professional musicians become easily bored with the “popular” tool, 

while the casual user may get lost with the sophisticated one.  

 

Good musical instruments must strike the right balance between challenge, frustration and 

boredom. Devices that are too simple tend not to provide rich experiences, and devices that 

are too complex alienate the user before their richness can be extracted (Levitin & Adams 

1998). The kazoo is easy to master, but its possibilities are quickly exhausted. We should be 

able to design well-balanced instruments that can appeal to both professionals and dilettanti; 

instruments that, like the piano, can offer a “low entry fee with no ceiling on virtuosity” 

(Wessel & Wright 2002). 

                                                      
116 PITEL is studied in chapter 8. Epizoo and Afasia are both covered in chapter 9. 



CHAPTER 7 TOWARDS A FRAMEWORK FOR NEW INSTRUMENTS DESIGN  175 

 

The common ground can be defined as what we discover at 
first glance or first gesture. It is very important that it exists, 
it is the first contact with the instrument. As an example, if 
the mapping is totally randomised, instrumental creativity 
can become lower because any gesture will give rise to the 
same kind of sounds. Extreme mappings that try to mimic 
and possibly overcome the difficulty one has with a regular 
instrument (as an example, clarinet sounding is not easy) 
may prevent free space from which the future virtuoso can 
start. So the central domain imposed by a mapping can be 
called ‘normal playing’. Newcomers are very cautious when 
exploring an instrument: the first gestures allow them to ‘get 
an idea’, to make a mental map – in the same way that an 
explorer would in a Chinese city without any knowledge of 
Chinese. This learning phase is very important because it 
affects the future ones. The central space has a good 
probability of becoming the ‘rest place’, the centroid where 
the performer will return from time to time. In the learning 
process, it is essential to find cues that one can remember 
(Arfib 2002).  

7.5.2 Playability, progression and learnability 

In our odd quartet, we will discard the violin because it needs a will of iron. We also discard 

the kazoo because it cannot go that far. With the remaining two instruments things get more 

delicate. The piano definitely offers no ceiling on virtuosity, while a westerner may lodge 

some doubts about the kalimba. But what happens during their learning path? An absolute 

non-musician can still improvise some beautiful piano music, we argued, but still, the piano 

is a really intimidating instrument and the kalimba is not. Kalimbas have few notes (all of 

them “correct” ones). Like ‘Donald Norman’s’ scissors, the shape and construction of the 

kalimba intuitively invites anyone to play it the correct way, with the thumbs.  

 

Consider a pair of scissors: even if you have never seen or 
used them before, you can see that the number of possible 
actions is limited. The holes are clearly there to put 
something into, and the only logical things that will fit are 
fingers. The holes are affordances: they allow the fingers to 
be inserted. The sizes of the holes provide constraints to 
limit the possible fingers: the big hole suggests several 
fingers, the small hole only one. The mapping between holes 
and fingers - the set of possible operations - is suggested and 
constrained by the holes. Moreover, the operation - is not 
sensitive to finger placement: if you use the wrong fingers, 
the scissors still work. You can figure out the scissors 
because their operating parts are visible and the implications 
clear. The conceptual model is made obvious, and there is 
effective use of affordances and constraints (Norman 1990). 
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Once you take a kalimba in your hands the decision about what thumb to use for a given note 

is almost direct, which is obviously not the case of the piano. It is true that the kalimba has 

little dynamic control, but it cannot be considered as a restricted instrument, at least when 

compared with the ‘average public interactive sound installation.’ It is a well designed 

instrument “for all ages” (Jordà 2002c). At the risk of sounding too hazardous it is suggested 

that, at least at their first stages, the kalimba is a more efficient instrument than the piano. 

New instruments will probably not yet reach the ‘expressiveness’ of the violin or the piano, 

but they can surely be much more ‘efficient’117 than traditional instruments tend to be.  

 

In “Human Factors and Usability”, (Shackel 1990) describes three cognitive erogonomical 

criteria for assessing the usability of a system. These are: learnability, related with the 

amount of learning needed to achieve a task; ease of use, related with the efficiency and 

effectiveness with which one can achieve this task; and flexibility, which indicates to which 

extent the system can adapt to new tasks. He also concludes that the flexibility and ease of use 

requirements are conflicting. In the following sections we will further explore these concepts 

from a strictly musical point of view. 

 

7.6 The learning curve 

 

The learning curve is a widespread concept, systematically used in all areas that involve any 

aspect of apprenticeship, and vaguely interpreted as the graphical representation of a progress 

in learning. The term is also broadly used in music education and in new controller studies 

(see e.g. Rovan et al. 1997; Wanderley & Orio 2002; Pressing 1990; Vertegaal et al. 1996; 

Blaine & Fels 2003). But what does “learning curve” exactly mean? Moreover, is there a way 

of measuring it? 

 

Learning curve: A graph showing some measure of the cost 
of performing some action against the number of times it has 
been performed. The term probably entered engineering via 
the aircraft industry in the 1930s, where it was used to 
describe plots showing the cost of making some particular 
design of aeroplane against the number of units made. 

The term is also used in psychology to mean a graph 
showing some measure of something learned against the 

                                                      
117 Expressiveness and efficiency are two concepts we shall later discuss in depth. 
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number of trials. The psychology graphs normally slope 
upwards whereas the manufacturing ones normally slope 
downward but they are both usually steep to start with and 
then level out. 

Marketroids often misuse the term to mean the amount of 
time it takes to learn to use something ("reduce the learning 
curve") or the ease of learning it ("easy learning curve"). The 
phrase "steep learning curve" is sometimes used incorrectly 
to mean "hard to learn" whereas of course it implies rapid 
learning. (From hyperdictionary 2003118) 119 

 

This definition does not fit too well within our musical scheme. Firstly, because we do not 

want to evaluate the cost of a given fixed action, as we intuitively assume that as the learning 

curve evolves, the musical actions undertaken can be more and more ambitious. Secondly, 

even if we considered variable, increasingly complex actions, how could we evaluate their 

cost? Since we are considering realtime scheduled activities, these can hardly be measured in 

time (i.e. the time it takes to accomplish the task), as the common practice is.  

 

In a musical context, Levitin (2002) describes the learning curve as “the amount of time it 

takes to a novice to gain enough skill with an instrument so the experience of playing it 

becomes rewarding.” Essential as it is, this concept does obviously not define a curve but a 

(very important) point on this curve we could call the ‘rewarding point’. Wanderley & Orio 

(2002), when studying the usability of different controllers, define “learnability as the time 

needed to learn how to control a performance with a given controller.”; a time which may be 

longer than ten years for most traditional instruments (Lehman 1997). This defines another 

important point of the curve that we could call the ‘mastering point’.  

 

We intuitively grasp the learning curve concept. We know it can give us a lot of information 

about the relationship between a player and an instrument and on how the relation starts and 

evolves, but we do not know how to clearly define this concept, much less how to evaluate it. 

Could we, in order to compare different instruments, compare their learning curves? We can 

compare their learning curves shapes and tendencies, but we cannot evaluate their asymptotes 

or their inflexion points since we do not know the absolute values of the ordinates, not even 

                                                      
118 http://www.hyperdictionary.com/ 

 
119 The term was indeed coined by (Wright 1936) in Factors Affecting the Cost of Airplanes. See 

(Yelle 1979) for a historical overview of the concept. 
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what they represent. A serious attempt at defining the concept of learning curves for musical 

instruments falls outside the ambitions of this dissertation, but that will not dismiss us from 

trying to treat the concept in a more intuitive manner.  

 

The piano has a steeper (i.e. better) learning curve than the violin. The kalimba has an even 

steeper learning curve, although its asymptote may remain lower. The learning curve of the 

kazoo is almost a straight horizontal line, very low when compared to the other three 

asymptotes (since the abscissa of its ‘mastering point’ is very close to the time origin, and the 

ordinate is also close to zero given the reduced capabilities of the instrument). All these 

approximate criteria are suggested in figure 7.3. 

 

 
Figure 7.3. Approximate learning curve  

for the kazoo, kalimba, piano, and violin over a period of 10 years. 

 

7.7 Efficiency of a musical instrument 

 

The acceptance of electronic instruments has made good 
music both easier to play and more powerful than ever 
before. Twenty years ago, only a handful of the most expert 
band could hold the interest of a high school audience. 
Today, every school in the United States has its own group, 
who with the aid of amplifiers, pickups, fuzz tones, and 
countless decibels, can mesmerize their classmates for hours. 
In a very real sense, the productivity of the group, measured 
by listener attention divided by hours of practice and 
expertise of the performers, has vastly increased. (Mathews 
et al. 1974). 
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7.7.1 Musical efficiency 

One could partially rebate this somehow naïve statement, asking what part of this ‘success 

responsibility’ pertains to the machines after having eliminated more sociological reasons, 

but I have included this quote from computer music’s father, because it is the only one I 

know dealing with this ‘productivity’ concept. We ended up in section 7.5.2 claiming that the 

kalimba could be considered a more efficient instrument than the piano, without saying a 

word about what we should consider by efficiency of a musical instrument.  

 

In engineering, the term ‘efficiency’ is commonly understood as the ratio of useful energy 

output to energy input. Timoshenko & Young (1937) define for example the efficiency of a 

machine as the ratio of the useful work performed to the total energy expended. 

  

Input
OutputEfficiency =

 
 

Macleod et al. (1997) studied efficiency in a Human Computer Interaction context (HCI), 

affirming that in a system in which a human is interacting with a computer, the effectiveness 

with which the user and the computer work together successfully to complete a task is a 

measure of the useful work performed, or the output. As the nature of the output in this case 

is quite different from the input, no adimensional ratio is possible. According to the authors, 

this does not imply, however, that we are not able to express the efficiency of the 

performance numerically; it simply means that efficiency measures will be now expressed in 

some units. The authors quantify the amount of input effort from a user's viewpoint as the 

mental/physical effort required to complete it. 

 

Effort
essEffectiveniencyHumanEffic =

 
 

 

Our context is not much different. We will start with a similar and simple quotient (using 

quite fuzzy terms) that will allow us to roughly estimate the efficiency of a musical 

instrument according to the following ratio 

 

tyutComplexiControlInp
ityputComplexMusicalOut

iencyumentEfficMusicInstr =
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• The Musical output complexity will depend on all the available sound aspects and 

variability properties, as those exposed in Table 2.1. It should consider for example, 

both the microsonic richness of the violin and the mid-sonic richness of the piano, 

plus all the potential macrostructural complexities that could be managed by any kind 

of intelligent instrument. This term can be related to the musical range defined by 

Blaine & Fels (2003), and to the expressive range described by Settel & Lippe 

(2003)120.  

 

• The Control input complexity depends on factors like the degrees of freedom of 

control, the correlation between these controls, and the convenience of the applied 

mapping. It could also be linked to explorability (Orio 1999), which is defined as the 

number of different gestures and gestural nuances that can be applied and recognized, 

and which relate to controller features such as precision and range and also to the 

mapping strategy. 

 

Under different names and with slightly diverse approaches, both concepts are clearly being 

studied elsewhere. In particular, a thorough understanding of the control input complexity 

would lead us to areas associated with engineering psychology, closely related to the work of 

Rubine or Wanderley and other researchers mentioned in chapter 6. The point here is that the 

concept of ‘musical instrument efficiency’ - a term that to my knowledge has never been used 

outside of the acoustic domain - as vague as it still remains, could constitute a better-than-

nothing first approximation of the learning curve when plotted vs. studying or practicing 

time. As a performer learns to play an instrument, the attainable output complexity increases 

(while staying below the theoretically limited maximum complexity the instrument is capable 

of producing). Meanwhile, control complexity can also increase, which explains why after a 

certain period of time efficiency does not necessarily follow a clear ascending curve. It 

happens in fact, that after a long period of studying (e.g. 10 years), the input cost needed for 

maintaining a high output becomes so elevated that many professionals-to-be decide to 

abandon their instrument. Our new approach to efficiency will constitute an essential 

guideline for the remainder of this chapter. 

 

                                                      
120 According to these authors, the expressive range, which determines the musical potential of an 

instrument, can be divided into “dynamic, timbre, and pitch range” and “responsiveness” or 

“instrumental depth.” 
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7.7.2 Effort and utilitarism 

In section 6.4.3 we included a quote by Joel Ryan, of which we will repeat here only two 

sentences: 

Effortlessness in fact is one of the cardinal virtues in the 
mythology of the computer. Though the principle of 
effortlessness may guide good word processor design, it may 
have no comparable utility in the design of a musical 
instrument (Ryan 1991). 

A musical instrument’s raison-d’être, on the other hand, is 
not at all utilitarian. It is not meant to carry out a single 
defined task as a tool is. Instead, a musical instrument often 
changes context, withstanding changes of musical style 
played on it while maintaining its identity. A tool gets better 
as it attains perfection in realizing its tasks. The evolution of 
an instrument is less driven by practical concerns, and is 
motivated instead by the quality of sound the instrument 
produces. In this regard, it is not so necessary for an 
instrument to be perfect as much as it is important for it to 
display distinguishing characteristics, or "personality". What 
might be considered imperfections or limitations from the 
perspective of tool design often contribute to a "personality" 
of a musical instrument (Tanaka 2000: 390).  

 

I do believe that the search for increased efficiency is not in contradiction to the former 

quotes by two of the most praised new instruments’ luthier and performer respectively. When 

Joel Ryan insists on the differences between creation and engineering productivity, he is 

indeed specifically referring to the physical aspects of effort. Moreover, in the next section 

we will demonstrate that our approach is not at all oriented towards trivializing creation or 

designing music production lines.  

 

It is however also obvious that, given the speed at which technology and fashion shift in our 

current 21st century, if we aspire a new instrument, to be played by more than two people, 

proselytism will surely not be attained by promising ten years of sacrifice. For a new 

instrument to be modestly successful, it will have to hook from the first minute. 

 

7.7.3 Playing music or playing with music? 

Bongers and Wanderley among others, describe interaction in sound installations as a context 

where one or more persons’ actions are sensed to provide input values for an audio generating 

system (Bongers 2000; Wanderley & Orio 2002). They state that since users do not know 
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precisely how to interact and that no special skills are required, the primary goal of the 

interaction is not necessarily the expression of some information. While these conditions are 

generally true, we should not forget the cases in which users are allowed to take more time to 

investigate and to learn. Interactive hardware-based music toys as well as software music 

games, either local or remote, could perfectly illustrate this category. 

 

In ancient Greece, the kithara was usually played by professional musicians as it required 

some kind of exhibitionism and virtuosity that could be considered vulgar and not adequate 

for free-born men. The lyra instead, was commonly played by amateurs, and was, according 

to Plato, “a well suited instrument for a free citizen” (Winnington-Ingram 1980). Before the 

advent of the radio and recorded music, as illustrated in figure 7.4, families who could afford 

it tended to have an instrument at home (often a piano), and some of the family members 

were talented enough to become ‘animated interactive CD players’ every evening (Bernardini 

2003).  

 

 
Figure 7.4. The 19th century ‘animated interactive CD player’ 

 

As minds are different and as minds change there are 
differing ideas around concerning which mental attitudes can 
be successfully involved in music. A major divide to be 
found here is the one between European art music, on one 
side, and popular as well as much of Non-European music 
on the other. Generally speaking, popular and, in fact, most 
ethnic musics focus on musical practice as a collective social 
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activity (a game or rite) or means of expressive narration 
(Fölmer 2001). 

…it becomes possible for more people to make more 
satisfying music, more enjoyably and easily, regardless of 
physical coordination or theoretical study, of keyboard skills 
or fluency with notation. This doesn’t imply a dilution of 
musical quality. On the contrary, it frees us to go further and 
raises the base-level at which music making begins. (Laurie 
Spiegel, from Chadabe 1997). 

Aristocratic culture, traditionally based on exclusive 
knowledge and skill, is now changing, and computer music 
is changing with it. It is well understood that by providing 
universal access to knowledge that earlier was available to 
educated few, technology is having a democratizing effect in 
the world (Chadabe 2000: 11). 

 

The best way to understand and appreciate any discipline, whether artistic or not (and music 

is no exception), is by doing and being part of it. For this reason we seriously need more 

efficient instruments in which the basic principles of operation are easy to deduce, while at 

the same time sophisticated expressions are possible and mastery is progressively attainable. 

Such instruments can bring new sophisticated possibilities and the joy of realtime active 

music creation to non-trained musicians. Let us try, as Rowe suggests “to develop virtual 

instruments that do not just play back music for people, but become increasingly adept at 

making new and engaging music with people, at all levels of technical proficiency” (Rowe 

1993: 263). 

 

Compositions for non-expert performers, such as David Tudor’s Rain Forest or several 

pieces by Cornelius Cardew such as The Great learning [Cardew 2000], are still rare 

(Schiemer 1999). Historically, the field of music controller design also started focusing on 

advanced and sophisticated controllers aimed at professional musicians. In the last years the 

orientation has began to change with many new controllers and instruments being designed 

for novice players, children or music aficionados (Blaine & Fels 2003). Todd Machover and 

MIT’s Brain Opera and Toy Symphony121, the Jam-O-Drum and the Jam-O-World (Blaine & 

Perkis 2000; Blaine & Forlines 2002) or SmallFish122, are perfect examples of collective 

interactive sound installations that aim to explore an exploit the musicality of their audiences. 

                                                      
121 Toy Symphony: http://www.toysymphony.org 
122 SmallFish: http://hosting.zkm.de/wmuench/small_fish 
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Weinberg’s Squeezables and Beatbugs (Weinberg & Gan 2001; Weinberg & Jennings 2002), 

Cook’s PhISEM Shaker (Cook 2001), Paradiso’s Musical Trinkets (Paradiso & Hsiao 2000), 

Patten’s Audiopad (Patten et al. 2002), Poupyrev’s Augmented Groove (Poupyrev 2000) or 

Robson’s varied Sound Toys (Robson 2002) are only some examples of a long list of new 

musical instruments which, at different levels of complexity and with different potentiality, 

aim at being simple, intuitive, playful, enjoyable and also responsive and musical. A serious 

and difficult task is that of surpassing the toy condition for becoming an enjoyable music 

instrument.  

  

The Brain Opera installment in Vienna didn’t appear to be 
greatly interesting as a standalone implementation. As 
allowing interaction with a performance it might be of 
interest but as an installation Brain Opera was slightly 
disappointing. One cannot really play with its instruments. 
Gesture wall produces mainly chaotic ambient sounds that 
react to movements in an unclear way. It seemed that they 
could not be controlled in a precise manner to create music. 
Rhythm Tree produced percussion sounds but was not 
functionally so different from a velocity sensitive keyboard 
controlling a synthesizer in a mode that creates a different 
percussion sound for each key. The Rhythm Tree supposedly 
has some analysis and automation software but this was not 
evident from a short test of playing it together with another 
person (from an internal documentation of the IST-2001-
33059 Project, Algorithms for the Modeling of Acoustic 
Interactions - ALMA 2001). 

 

7.7.4 ‘The art of making music made easy’ 

It's true, making music is an Art, traditionally demanding 
years of study and practice to be successful - until now! 
Enter the new Suzuki Omnichord. If you can read this text, 
you can play the Omnichord, and play it well. There's no 
need for lessons or years of study to play and sing your 
favorite songs right now! Just press a chord button and strum 
the SonicStrings. It's that easy. (from Suzuki’s Omnichord 
publicity123). 

                                                      
123 Suzuki Omnichord: http://www.suzukimusic.co.uk/suzuki_omnichord.htm 
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Figure 7.5. The Omnichord: It’s Easy To Play (from Suzuki`s Omnichord webpage) 

 

Is this what we are talking about? Is it there we are willing to go? Computer-aided interactive 

music systems can have many applications, each of them perfectly licit and with its own 

place in the market. However, it is not the aim of this thesis to trivialize creation124. To insist 

on this essential point and try to make it clearer, let’s augment our odd quartet with a fifth 

member, the CD player. It is an instrument very simple to use, yet capable of all the 

imaginable music variety and complexity; an instrument that allows everyone to play Répons 

as effectively as Boulez ‘playing’ it with the Ensemble Intercontemporain125 (Boulez 1999). 

According to our previous formula, the CD player is probably the most efficient instrument 

we can imagine! 

 

The CD player example clearly parodies the present interactive music system situation. 

Satirical as it may sound, this tricky illusion is used indeed in many current interactive sound 

                                                      
124 A related debate on the dangers of trivializing creation can be found in (Mathews 1991). 

 
125 We are suggesting here, as we have implicitly done all through the thesis, that an orchestra could 

possibly become an instrument under ‘the hands’ of a conductor. 
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installations. Seeking to guarantee a complex or predefined musical output, many of these 

installations do not give to their interactors more than a couple of bits to play with126. We 

could add that this is not only frequent in sound or music installations; faked or useless 

interactivity is indeed the blot of contemporary interactive arts127. This is illustrated in figure 

7.6. 

 

 
Figure 7.6. Musical efficiency: the kazoo, the piano and the CD player. 

 

                                                      
126 That does not prohibit the CD player from becoming a wonderful music instrument when played by 

sensitive musicians such as Yasunao Tone [1997] or Nicolas Collins [1992] (Stuart 2003). The same 

could be said about the Suzuki Omnichord, an unsuspected and joyful surprise when played by the 

German improviser and ‘circuit bender’ Joker Nies (1999)[ Pair A'Dice 2001]. 

 
127 The critic of ‘fake interactivity’ should not be confused with what is frequently called active or 

interactive listening, which refers to the idea that listeners can be given some degree of control on the 

music they listen to. That gives the possibility of proposing different musical perceptions on a piece of 

music, by opposition to traditional listening, in which the musical media is played passively by some 

neutral device. In active listening listeners are allowed to manipulate “interesting” musical controls, 

which should preserve some sort of semantics of the musical material, i.e. preserve the composers’ or 

the performers’ intentions, whenever possible (Pachet 1999). 
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To penalize these poorly interactive situations we will introduce an additional term into our 

formula which we will call diversity control. Appropriately, when the diversity control tends 

to zero so does Efficiency. This adds an ideological correction that destroys the illusory 

potential of the Omnichord or the CD player. 

 

tyutComplexiControlInp
ontrolDiversityCityputComplexMusicalOutiencyumentEfficMusicInstr Corrected

×
=   

 

If the musical output complexity is correlated with the musical output dimensions and the 

control input complexity with the control input dimensions, the diversity control factor helps 

to compensate pathological mappings such as the CD-player case, in which 1-bit can control 

a hundred dimensions. 

  

7.7.5 The musical shift 

A straightforward engineering approach would probably consider the output/input ratio from 

a stricter and simpler mapping point of view, thus evaluating the output dimensionality (e.g. 

synthesizer control parameters) vs. the input dimensionality or degrees of freedom of the 

controller. Additionally, with this scheme in mind, some may question the CD player output 

dimensionality, possibly limiting it to volume control and a few more parameters (and thus 

assimilating implicitly its output dimensionality to its input dimensionality).  

 

We have chosen a different point of view: what real difference it makes, for a performer, to 

play with an instrument that has only one output dimension, or with one in which 100 output 

dimensions are controlled, by means of a one-to-many mapping, by only one control 

dimension? What is the difference between playing a CD of Varèse’s Poème Electronique 

[Varèse 1998] or a Max or Pd realtime synthesized rendition (Puckette 2001)128 that has only 

one start bang? For the performer, obviously none, although the mapping engineer would 

probably have less difficulties in finding a high dimensional output in the second (i.e. Max or 

Pd) case. 

 

                                                      
128 The Pd Repertory Project, started by Miller Puckette in 2001, aims to provide patches that can run 

selected pieces of the electronic music repertory using the Pd program. http://www-

crca.ucsd.edu/~msp/pdrp/latest/doc/ 
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As an instrument becomes more ‘intelligent’, when complex processes are not anymore 

directly controlled by the user but possibly by other processes, the less meaningful a strict 

instrument structural dimensionality turns out to be, only a perceptual musical complexity 

acquires sense. Decomposing or substituting the more traditional engineering concept of 

instrument output dimensionality, by the product music complexity * diversity, somehow 

translates the problem from what can an instrument do? or how does it work? to what can it 

play?, how can it sound? and how does it feel?It also depicts a shift from the strict 

information load in the Shannon-Weaver (Weaver & Shannon 1949) sense, to a more 

cognitive load in the Wiener sense (Wiener 1948).  

 

7.8 Musical instruments’ output diversity 

 

How can this diversity control be evaluated? Once the CD is on the tray, the regular user does 

not have so many options: zapping tracks, fast-forward listening, changing volume. What the 

performer can physically do and the ways she can express and communicate with the 

instrument are taken into account in the control input complexity. What the performer, by 

means of these actions, can ask the instrument to do and how these actions can affect the 

music, is what the diversity control tries to evaluate, which in a less simplistic case than the 

CD player, is surely not a straightforward task. 

 

This diversity control obviously relates to the performer not being the instrument’s slave. A 

good instrument should not impose its music on the player. A good instrument, for example, 

should not be able to produce only good music. A good instrument should also be able to 

produce ‘terribly bad’ music, either at the player’s will or at the player’s misuse129. Only if 

these conditions are sufficiently fulfilled will an instrument allow its performers to play 

music and not only to play with music. 

 

We will try to refine the concept of instruments’ musical output diversity. Several authors 

such as Pressing (1992), Vertegaal et al. (1996), Blaine and Fels (2003), Nishimoto et al. 

(2003), and Settel and Lippe (2003) have discussed or introduced “instrument versatility or 

flexibility” from slightly different points of view and criteria. In our approach, we propose to 

                                                      
129 Misuse should not be interpreted here with ideological, moral or aesthetical connotations. What we 

suggest is that only when a performer is capable of relating unwanted results (effects) with the actions 

taken (causes) will this performer be able to learn and effectively progress. 
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start distinguishing between three levels of diversity, which we will label micro-diversity, 

mid-diversity and macro-diversity. Before we continue, three clarifications will be made in 

order to avoid misinterpretations: (a) these three different levels do not relate to diverse time 

scales, (b) the levels subjectively relate to music, not to sound and therefore not directly to 

psychoacoustical perception, and (c) although it may be more realistic to consider these levels 

as points on a continuum, we will maintain this construction for the purpose of explication. 

 

7.8.1 Micro-diversity (Performance nuances)  

Micro-diversity (MicD) is the first that comes to mind. It allows and boosts subtle nuances, 

giving a measure of how much a performer can turn a piece into her own and, consequently, 

how much two performances of the same piece can differ130. All professional traditional 

instruments offer many possible nuances and subtleties (Rubine & McAvinney 1990), 

therefore showing a high MicD. Whereas for acoustic instruments MicD is clearly linked to 

the richness and the fine control of sonic details, in digital instruments, MicD can also be 

related to any kind of fine structural variation (e.g. time, tempo, number of voices, density of 

the voices and relations between them) that could occur within a given piece, while keeping it 

recognizable131.  

 

Chadabe (1977) or Pressing (1990) among others, distinguish between ‘weak’ and ‘powerful’ 

control parameters, according to the extent that they cause significant changes on the output. 

In that sense, changing the amplitude of a partial in additive synthesis has a much weaker 

effect than changing the amplitude of a modulator (or the modulation index) in frequency 

                                                      
130 We have already pointed out that it could have been more realistic (and more complex) to consider 

these distinct levels of diversity as points on a continuum. How can we know that two performances 

correspond to the same piece? (Davis 2001: 151) poses the following questions: “what makes a 

performance of Beethoven’s Symphony No. 5 a performance Beethoven’s Symphony No. 5? If two 

performances are the same, are they always of the same work? If two performances sound different, 

can they be of the same work?”. The problem turns out to be more complex when improvisation enters 

the scene. The reader is referred to (Goodman 1968) or (Davis 2001) for a thorough discussion on 

these and related topics, which fall outside the scope of our subject. 

 
131 In a letter to the editor published in Wire magazine, a reader suggests that the computer is by its 

nature, better suited to expressing extremes (of frequency, volume, etc) than for the kind of delicate 

manual response acoustic players seem to demand (Paul 2004:8). Should this be a widespread idea, it 

is definitely our job to attest the contrary. 
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modulation synthesis (Chowning 1973). We should not, in that sense, tend to associate MicD 

only with weak variables; it should be made clear, that when talking about variations inside a 

performance, we are not only considering minimalist, imperceptible variations. 

 

An interesting discussion of microdiversity can be built around the history of the turntable, as 

already introduced in section 6.6.1 (Read & Welch 1959). Music recordings played back on 

turntables were already used for special effects, in several orchestral works of the 1920s and 

1930s (like the nightingale's twittering by Ottorino Respighi's “Pines of Rome” from 1924). 

With Imaginary Landscape No.1, composed in 1939 for the novel combination of muted 

piano, cymbal (or gong), and variable-speed phonograph turntables, which play test tones 

used at the time for testing broadcast equipment [Cage 1999], John Cage can be regarded as 

the conceptual ‘inventor’ of the instrument132.  

 

With a … phonograph it is now possible to control … any of 
these sounds and give to it rhythms within or beyond the 
reach of imagination. Given … four phonographs we can 
compose and perform a quartet for explosive motor, wind, 
heartbeat and landslide. (Cage 1937). 

 

However, before the development of new playing techniques by hip hop turnablists such as 

Kool Herc, DJ Grand Wizard Theodore, Pete DJ Jones or Grandmaster Flash in the late 

1970s, the turntable MicD could be considered almost null: any new ‘performance’ of the 

same piece (i.e. using the same vinyl) was almost identical to the previous ones. It is when its 

MicD raises by means of new performing techniques, such as scratching, backspinning or 

cutting (or, as more sophisticated techniques such as crabs, flares, orbits, strobes, twiddles or 

hydroplanes, are vernacularly baptized) that the turntable finally becomes a real instrument 

(Shapiro 1999, 2002) [Marclay 1997; Grandmaster Flash 2002].133 

 

                                                      
132 Special credits should also go to the avant-garde artist Lazlo Moholy-Nagy who in the 1920s, as 

already mentioned in section 5.5.4, by means of scratching record surfaces and marking them in order 

to produce sounds, probably turned the gramophone not only into a performance instrument but also 

into a composing tool (Moholy-Nagy 1922 ; Kittler 1999). 

 
133 “The electric guitar is an instrument that’s fifty years old…It’s already become a nostalgic 

instrument for baby boomers. Today’s new guitar is the turntable” (experimental turntablist Christian 

Marclay, interviewed by Mike Doherty 2000). 
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I will bring the idea of musical cluster as a metaphor for giving additional hints on the MicD 

without referring to the idea of performance or composition. Poliphonic acoustic instruments 

like the piano are able to play clusters. Still, because of the indeterminacy a cluster entails, 

clusters represent a good metaphor for describing extended digital instruments behaviors. 

MicD could give a measure of how subtly diverse two ‘similar’ clusters could be (e.g. when 

hitting with our underarm the same region of the piano several times). Whereas the turntable 

perfectly illustrates the idea of controlled MicD, the cluster example is also more related with 

indeterminacy.  

 

7.8.2 Mid-diversity (Performances contrasts)  

Raising the diversity threshold, one could ask how distinct two different pieces or two 

improvisations played with the same instrument can be. We will call this measure Mid-

diversity (MidD). Most traditional instruments have a high component on this level, although 

percussion and instruments with fixed or indefinite pitch could be considered to have, at least 

for Westerner ears, lower MidDs. Putting it another way, the lower its MidD, the more an 

instrument will seem to be “always playing the same piece”.  

 

Many digital instruments and interactive sound installations designed for novices have indeed 

a very low MidD (Blaine & Fels 2003). A special case of very low MidD application also 

appears in the specialized and professional computer music domain, with so called open or 

interactive compositions. Let us retake the Max or Pd realtime synthesized rendition of 

Varèse’s Poème Electronique. If besides being able to be played with only one start bang, the 

patch allows control over all of its parameters, the ‘PD-based’ instrument will have a much 

higher MicD than the ‘CD-based’ one. Its MidD will still be though very low. A highly 

sophisticated ‘instrument’ with a low MidD may be a very good interactive composition, but 

should not be considered as an instrument, even if it came bundled with a hardware 

controller.  

 

If we try to apply again the cluster metaphor, MidD could probably indicate the ‘maximum 

difference’ two clusters could show (e.g. when hitting with our underarm the two opposed 

regions of the piano). 

 

Figure 7.7 illustrates a possible spatial representation of both MicD and MidD (although it 

should be reminded that like the formulae previously introduced, we are dealing with 
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pseudomathematical concepts and metaphors that should not be taken too literally)134. The 

graphic depicts the performance space of a given instrument. Each point represent a 

difference performance, whereas the circular areas around these points encompass diverse 

performances of the same piece or composition and are then directly related with the 

instrument’s MicD. In turn, MidD is related with the size and shape of the space represented. 

 

 
Figure 7.7. Visual recreation of microdiversity and mid-diversity  

(Courtesy of The Complex Systems Lab, http://complex.upf.es) 

 

If we consider a composition C1 played by instrument I, as a point in the musical hyperspace 

that represents the whole instrument I musical output, MicD could be interpreted as the radius 

r1 (or perhaps the volume) of a hypersphere around C1, which encompasses all C1’s 

performances. If we have other pieces or improvisations [C2…CN] performed with the same 

instrument, MidD can be interpreted as the maximum distance between two of these points, 

which relate in turn with the instrument’s space shape and measures (length, width, etc.). The 

more different or contrasted these performances are, the more distant their representation.  

                                                      
134 This image is a simulation. It comes from no experimental data and does not intend to represent the 

performance space of any known instrument. 
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7.8.3 Macro-diversity (Stylistic flexibility) 

We have hyperpoints in a hyperspace, hypervolumes around them and hyperdistances 

between them. Why would we need anything else? Our third component, macro-diversity 

(MacD) deals with the flexibility or the elasticity of this hyperspace: what is the behavior of 

our instrument in very different contexts? Is this space wide enough for interacting with a 

drumkit or for performing Beethoven’s Fifth with a symphonic orchestra? Quite recently, 

(Arfib et al. 2005) introduce ‘adaptability’ as one of the factors that can contribute to the 

expressiveness of an instrument, and describe it as the ability of an instrument to play 

different styles of music. Although the principles that, according to them, make an instrument 

adaptable differ slightly from ours135, it is clear that both concepts (i.e. adaptability and 

macrodiversity), express a common idea. 

 

MacD indicates therefore the flexibility and the adaptability of an instrument, its ability to be 

played in different contexts or music styles, to assume varied musical roles, its capabilities of 

integration with different instrumental partners. Instruments with a high MacD could be 

considered all-purpose, while a low MacD denotes a more specialized and less versatile 

instrument136. In a traditional music context, MacD does not seem to be a necessary quality. 

Generic instruments that do fairly well in completely different musical contexts will probably 

hardly excel in any of them. On the good side, generic instruments tend to be more rewarding 

without having to be mastered. They are probably better adapted to ‘solo amateur music’ than 

more specialized low MacD instruments, and seem better suited to autodidactic 

apprenticeship. The guitar is an example of a high MacD, all-purpose instrument. On the 

opposite, the double-bass, could be considered as a more specialized, lower MacD 

instrument, but it still is extremely macrodiverse when compared to most of the new digital 

instruments.  

 

                                                      
135 “Concerning pitch variation, voice and violin provide good examples [of adaptable instruments]. 

Both can play occidental, oriental or Indian scales but also classic, jazz, contemporary and pop 

music… That can mean different tone scales tempered or not, microtonal or just scales, but also 

different ways to articulate the whole phrase in terms of time, energy or spectrum” (Arfib et al. 2005).  

 
136 With a comparable approach but focusing on sound synthesis aspects, Barry Truax already 

discussed two and a have decades ago the inverse relation between generality and strength in computer 

music synthesis techniques and programs (Truax 1980). 
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Some really versatile and chameleon-like instruments can behave both as generic and as 

highly specialized instruments. An instrument of these characteristics would show a wide 

space with several especially well-defined and connected subregions. This could be again the 

case of the guitar, or even more notably the electric guitar (guitar + amplifier + pedals). 

While the ‘three-chord accompaniment guitar style’ is the perfect generic instrument 

paradigm, the guitar is also able to define by itself several virtuosic styles, such as flamenco, 

or all the electric-blues-heavy-metal derived archetypes. In that sense, simultaneous high and 

low MacD instruments such as the guitar would probably make good candidates for the 

“desert island” instrument category (Settel & Lippe 2003), although, as pointed out by 

(Polfreman & Sapsford-Francis 1995), no single musical instrument is likely to fulfill all 

individual task requirements.  

 

How could the aforementioned cluster metaphor be employed now to illustrate MacD? One 

response to that question could be that a cluster-able instrument with a high MacD should 

probably also be able to play things other than clusters! Does MacD have a spatial or visual 

parallelism in figure 7.7? We could try to visualize this problem from different approaches. 

One could be tempted to consider, for instance, the intersections of different instruments 

hyperspaces, but I find this approach misleading: if a point represents a composition as 

performed with a given instrument, that two instruments do ‘behave well together’ in a given 

zone, does not really mean that they intersect in that area (the intersection or coincidence in 

space, would imply that they sound the same, that they are swappable). Jazz piano trios surely 

constitute well-known, well-documented and apparently well-equilibrated combos; does that 

imply that pianos, drums and double-basses tend to sound similar?  

 

I prefer to ‘visualize’ macrodiversity as related with the elastic and translation properties of a 

given instrument’s hyperspace, when submitted to different external conditions. When our 

instrument I interacts with another instrument J, both instruments’ spaces (the natural spaces 

they conform by default when the instruments are ‘by themselves’) may metamorphose in 

order to adapt to each other. An external instrument with which to interact (to play with), 

could be then considered as an strange body which, approximating our instrument, would 

cause some field distortions in our original hyperspace. In the same sense, adapting to a given 

style could be visualized as translating our bounded hyperspace - which until now was only 

imagined in its ‘natural default state’ - to a different region, thus probably distorting it along 

the way. The more ‘elastic’ and sensitive to these external influences the instrument’s 

hyperspace is, the more macrodiverse the instrument could be considered. Be aware though, 
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these ideas should be considered no more than visual metaphors. A thorough mathematical 

formulation of such concepts is not to be expected yet!137 

 

7.8.4 Musical diversity effects on performers 

If we had to choose one of the poles, chances are that absolute beginners will prefer an 

instrument that seems to offer more varied possibilities (high MacD), while professionals will 

be more satisfied with an instrument with a stronger personality (low MacD). Since we are 

talking about instruments and styles that do possibly not yet exist, it would also seem logical 

that more idiosyncratic, low MacD instruments, would have more chances to give rise to new 

music styles, but high MacD instruments have also more chances for starting to be used. If 

we consider for instance, two of the electronic music ‘styles’ most solidly bound to specific 

‘instruments’, such as Acid House tighten to the Roland TB-303, and glitch or postdigitality 

(Cascone 2000), also directly entitled laptop music138 and linked with the 

laptop+mouse+Max-like-software, we see that while the 303 has probable a very low MacD 

(and also quite low MidD), the laptop+mouse+Max triplet seems indeed the most generic 

(high MacD) imaginable instrument.  

 

In any case, while it can constitute an added value for catching candidates, MacD is the least 

crucial of the three diversities introduced. In contrast MidD seems fundamental for turning 

music gamers into music performers. Concerning MicD, given that differences and nuances 

between one performance and another and between one performer and another are the 

essential elements that can help distinguishing and appreciating performers, MicD is indeed 

                                                      
137 Mathematical models for the study of music performance have been proposed (e.g. Mazzola 2002; 

Müller & Mazzola 2003; Muller 2004; Ferretti 2004). However, their approach is more related with the 

analysis and rendering of expressive music performance, as it will be introduced in section 7.14.1. 

 
138 Laptop music, which emerged in the late-1990s, actually as a cluster of styles linked primarily by 

common instrumentation (Cascone 2003; Monroe 2003), is indeed also characterized by distinctive 

aesthetics (e.g. the focus on the glitch and the errors and disturbances inherent to the digital medium) 

as well as by the digital modes of production and distribution (Vanhanen 2003). 
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fundamental for turning a musician into a potential virtuoso (at least the from the ‘traditional’ 

point of view, as we will further discuss in this chapter).139 

 

7.8.5 Psychoacoustics and just noticeable differences 

It should be remembered again that when talking about micro-diversity we are not only 

considering microvariations in sound, but also microvariations in form or any other higher 

level concept. Given that no measures of this kind of high-level parameters are available, we 

include however a small table (7.3) that summarizes the results of some psychoacoustical 

studies pertaining to the human perception of amplitude, pitch and timbre, showing the just 

noticeable differences (JNDs) of these parameters140. These JNDs often vary depending on 

other parameters; the values indicated here indicate their minimal values (Rubine & 

McAvinney 1990).  

 

Parameter concept  
LOUDNESS ∆ 0,25-0,5 dB (Pierce 1983) 

2 cents (Harris 1963a) -8 cents (Woodson 1957) PITCH ∆ 
1800 pitches over the entire human range (11 bits) 

(Van Cott & Warrick 1972) 

TIMBRE ∆ res. filter 1% of resonant frequency (Slawson 1985) 

 
Table 7.3. Just noticeable differences for loudness, pitch and timbre  

(from Rubine & McAvinney 1990) 

 

The conclusions we can extract from these values, are probably too low-level, too 

engineering oriented, but we will still comment some of them. While the values for loudness 

and pitch are self-explanatory, the perception of timbre, basically due to its multidimensional 

nature, is much more difficult to quantify (the above measurements were based on changes in 

filter resonant frequency). It is clear that these values are never impositions to the designers. 

In that sense, many existing and ‘successful’ instruments rate very weak on some of these 

                                                      
139For a very interesting complementary approach towards diversity, the reader is referred to (Bowers 

2002; Bowers & Archer 2005), who defend the construction of multiple small and specialized 

instruments, each with very low diversity. 

 
140 The perception of time will be treated independently in section 7.13.1. 
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dimensions (e.g. the piano has fixed pitch and fixed timbre). These values only indicate the 

finest grain a digital instrument should need, since minor variations will not be perceived. It 

should also be noted that these perceptive thresholds are also below the reach of many 

traditional instruments performers. Violinists, for example, attempting to play a scale with an 

even loudness can vary by about 5 dB, while showing pitch deviations of about 10 cents 

(Pierce 1983). 

 

7.8.6 Diversity: summary 

Table 7.4 synthesizes this section and highligths the main properties of each of the three 

aforementioned diversity levels. 

 

7.9 Multithreaded instruments 

7.9.1 Diversity, musical processes and control 

New instruments, offer, as we have seen with the CD player example, the possibility to be 

played by pushing a simple button that can execute a whole precomposed musical work. 

They also allow, on the other extreme, to be played like traditional instruments, i.e. allowing 

the performer to control every smallest detail, leaving nothing to the instrument ‘intelligence’ 

responsibility. We have also suggested that the main advantage and interest of new digital 

instruments, their best asset when compared to traditional ones, resides precisely in their 

capability of breaking the one-action  one event and the note-to-note playing paradigms, 

allowing thus to deal with more complex behaviors and work at different musical levels 

(from sound to form). From the powerful and zero-diverse I-take-charge-of-all push button, 

to the traditional and diversity guaranteed low level control model; these are the two poles in 

between which new instrument can exist.  

 

If that is so, it is because these new instruments can run by themselves one or several 

processes that can be (partially) in charge of several musical parameters. We said in section 

4.7 that the potential existence of these processes inside the instrument, implies that the 

performer is also allowed to exert an indirect macro or meta-control (as opposed to a direct 

micro-control) on parameters. Instead of controlling directly all the perceptual musical 

parameters, the performer may be controlling the parameters that control the processes which 

control, on their turn, the final perceptual parameters. 
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Improviser and software developer Emile Tobenfeld (1992)141 enumerates the desirable 

features a software instrument for computer assisted free improvisation should include: 

 

1. Precise control of the timbre 

2. Gestural control of previously composed musical processes 

3. Simultaneous control of multiple instrumental processes 

4. The ability to start a process, and relinquish control of it, allowing the process to 

continue while other processes are started 

5. The ability to regain control of an ongoing process 

6. Visual feedback from the computer screen 

7. The ability to read and playback the output of the program itself 

 

The first item (precise control of timbre) somehow implies the endurance of the traditional 

low-level control paradigm present in acoustic instruments, now expanded by the infinite 

timbral possibilities digital sound synthesis and processing can bring. Items 2 to 5 deal with 

the aforementioned idea of musical processes being controlled by the machine. These wishes 

may seem obvious, trivial or naïve; in my opinion, they take into consideration almost all of 

the essential components of good digital instrument design. Human bandwidth limitations 

cannot (as we have shown in section 6.2.1) allow us to be in charge of everything 

simultaneously. It is thus clear that we have to delegate to the machine, but delegating should 

not mean giving up control definitively. Let’s take the example of modular analog 

synthesizers (Moog 1965; Chadabe 1975). Performers can change the frequency, the 

amplitude or the shape of any LFO. Once this is applied to a parameter, performers are 

liberated from having to permanently twirl this parameter’s knob but, they still can do it, if 

they want to. In that case, a performer has access to all the parameters of an automation 

process and still maintains direct access (a shortcut) to the automated parameter. This 

mechanism is represented in figure 7.8.  

 

In our multithreaded digital instruments, the ‘LFO’ can be now anything: it can still be a 

simple and venerable LFO, but it can also be a complex process governed by a dozen 

parameters, in turn governing another dozen. Direct access to all the final parameters, like in 

traditional instruments, will probably favor microdiversity, but this accuracy should not 

happen at the expenses of leaving the macrocontrol processes unattended. Chapter 11 

                                                      
141 Tobenfeld was the designer and programmer of one of the first commercially available software 

MIDI sequencers, KCS (Tobenfeld 1984) (see also section 4.3.5.1). 
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discusses these essential design aspects with a real implementation, which allows quick 

access to dozens of ongoing processes, with almost simultaneous indirect and direct control 

over all of their parameters (see sections 11.2 and 11.3). 

 

 
  

Figure 7.8. Simoultaneous control 

(access to the parameters controlling a process and to the parameter affected by this 

automated process in a typical analog synthesizer) 

 

7.9.2 Deep and narrow vs. wide (and shallow?) instruments 

The sixth item in Tobenfeld’s list (visual feedback from the computer screen) may seem, at 

first glance, dated and unfashionable for today’s standards. It truly reflects however one of 

the main problems of multithreaded instruments: how could the performer keep track of all 

the ongoing processes and of the state of each of them? A computer display, while arguably 

not too fancy, is the first and simplest choice. I personally believe that feedback mechanisms 

that may be able to efficiently synthesize and transmit all this information to the performer, 

constitute one of the key elements of a successful new instrument design. 

 

Metaphorically speaking, most traditional instruments can be considered ‘deep and narrow’. 

They offer a very fine control of few parameters. New instruments will probably never be as 

deep, but they can be much wider instead. The luthier should also bear in mind that 

instruments too wide can be overloading, while too narrow ones will probably remain forever 

at the toy level. It is here that lies one of the other essential challenges the luthier has to solve 

(and this one is more ‘metaphysical’ than the former): the conception of well balanced and 

well shaped, not too wide, not too shallow instruments.  

frequency 
amplitude 
shape 

LFO 

~ filt.cut off 
FILTER 
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All these challenges are addressed within the instrument presented in the last two chapters of 

that dissertation, FMOL, which claims to be almost ‘hypercubic’, not too wide and neither 

too deep nor too narrow (see section 11.2.8), and which uses visual feedback in a singular 

and efficient way (see section 11.10). 

 

7.10 Diversity, improvisation, configurability and identity  

 

We have introduced and defined ‘instrumental music diversity’; we have classified it in three 

levels, and have suggested how each of them can contribute to the potential playability and 

interest of a music instrument. We will now discuss several additional implications of these 

notions as well as their relations with more common musical performance concepts. 

 

7.10.1 Configurations and setups 

For Pressing (1992), any instrument should have a sense of identity if it is to attract 

performers and composers alike, whereas he adds, referring to the synthesizer, that it is so 

versatile that its identity is compromised142. Many composers and performers embrace digital 

sound synthesis and processing with the desire of having the ‘whole’ sonic palette at the 

reach of their hands. Many of these systems will not (and will indeed not need to) be 

considered instruments. But when they were, this reasonable ‘megasonic’ ambition should 

not contradict with the selfsame concept of instrument. We are not suggesting here any 

particular sonic restrictions, but just the maintenance of an instrumental coherence, whatever 

that may mean. In that sense it seems that the first enemies of new instruments’ identity, are 

surely the convenient and ubiquitous ‘presets’. 

 

We loosely assimilated microdiversity with the radius (or the volume) around a composition 

performed by our instrument, and mid-diversity with the radius (or the volume) of the space 

comprising all possible performances. It is clear that in traditional instrument this space tends 

to offer a continuous navigation, allowing performers to drive infinite paths from any one 

piece to another, thus melting the separate concepts of microdiversity and mid-diversity. If 

this is not always the case of new digital instruments, if the performance space of many of 

these instruments appears to be fragmented and pixelized, it is again mainly because of 

                                                      
142 “It can make any sound; therefore it has in principle no characteristic sound and in practice a set of 

widely different sound ideals” (Pressing 1992: 3). 
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presets or configuration constraints. Going back to figure 7.7, we can see that performances 

are not homogeneously distributed but that they are, on the contrary, packed in different areas 

of influence. Do these ‘metropolitan areas’ correspond to presets? Would it be possible to 

draw a continuous path (of performances) between any two random points of the graphic? 

Following are some simple statements inspired by these concepts.  

7.10.1.1 Some diversity and presets corollaries 

• An instrument must be able to play different pieces without the need of being 

reprogrammed; performers are not necessarily programmers143. 

• Some instruments may have a ‘natural’ high MidD that will allow them to play 

radically different pieces without the need of setups. Others may need to work with 

different configurations or setups144. 

• If different pieces need different setups, all these setups should not contradict the 

basic playability rules of the given instrument. An instrument needs to have an 

identity. Otherwise, we are not dealing with an instrument anymore, but with a 

variable controller+generator system145. 

• If setups are a must, the possibility to load them on the fly will also promote 

improvisation.  

 

                                                      
143 Some performers-programmers, using live coding techniques, may perform while programming 

(e.g. Collins 2003; Wang & Cook 2004). 

 
144 If presets are hard to change or the instrument is difficult to reprogram, it can tacitly split into 

several subinstruments. The sampler is an instrument with an extremely high MacD. Its analog 

precursor, the Mellotron (Davies 1996), could be considered to have almost the same MacD, but since 

changing its presets turned out to be a so Herculean task, it became a very low MacD instrument 

instead. We mentioned (in section 7.8.3) how instrument with very low MacD can give birth - or be 

extremely linked – to several musical styles (e.g. the Roland TB-303 and Acid House). The Mellotron, 

with the strings and choirs ‘presets’, was perhaps all what was needed to give birth to symphonic rock! 

 
145 Hahn and Bahn (2002) call this case metacomposition as a compositional structure that itself 

composes, for referring to a process that yields a musical result that is structurally different at each 

instantiation. 
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7.10.2 Improvisation(ism?) 

As pointed out by Tanaka (2000), it is in an improvisational context in which the 

performer+instrument ‘personality’ has its maximum exposition. While there are good 

performers (even virtuosi) that do not improvise, any musical instrument must permit 

improvisation (e.g. Ryan 1991; Jordà 2001b, 2002a; Settel & Lippe 2003). High MicD 

instruments favor improvisations structured or based on a given piece, whereas MidD-

improvisations can be more open, not based on any precise piece; both improvisation 

paradigms should be allowed to a certain extent. MacD on its side, may facilitate non-

stylistic, non-idiomatic free-form and free-context improvisation. Percussionist, improviser 

and founder of the AMM Eddie Prévost (2004) illustrates a low mid-divers improvisational 

context when he describes what he calls ‘reductionist improvisation’.  

 

…a music whose primary characteristics are its determined 
equalization of tone, timbre, activity and (lack of) volume. 
All reductionist instrumentalists seem bent on producing 
similar sonic effects – no matter the source material. What is 
produced seems to be unified, and too often dull in its 
differentiation (Prévost 2004:38).  

 

Prévost talks about instrumentalists, but we could ask ourselves if, independently of the 

performers tendencies, some instruments tend to be more favorable to improvisation than 

others? If we draw a straight line between completely scored pieces and free improvised 

music, would different instruments fall more naturally at different points of the line? The 

guitarist and improviser Derek Bailey, for instance, ‘prefers them trombones’. 

 

The most interesting soloists to my ears often turn to be 
trombonists. Paul Rutherford and George Lewis, in their 
different ways, both seem to make improvisation the basis of 
their solo playing… Vinko Globokar, on the other hand, the 
trombone player who initiated much of the vocabulary 
widely used by improvised trombonists (contentious area 
this), dismisses solo playing as meaningless (Bailey 1992: 
109). 

 

We have seen how diversity, in all of its incarnations favors improvisation. At first glance, it 

also seems clear that the more ‘interactive’ an instrument is, the less sense it makes writing 

completely deterministic pieces for it, thus the best suited for improvisation it should be. We 
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will see next how, besides ‘interactivity’ and ‘diversity’, other properties may also bias the 

improvisational pole. 

 

7.10.3 Improvisation and presets 

Improvisation and presets? Both concepts seem indeed contradictory: intuitively, presets cut 

off and trim freedom. Clearly, the more continuous an instrument performance space appears 

to be, the better. Still, presets are not to be irresponsibly damned. They could also be 

compared to melodic, harmonic patterns or other motifs so common in many improvisational 

styles (although banished, it is true, in free improvisation). It can be thus logical that in more 

‘intelligent’ instrument as the ones we are dealing with, parts of this variable and ephemeral 

knowledge is passed from the human to the instrument in the form of presets or temporal 

data. Even in free improvisation contexts, improvisers are frequently forced to make 

voluntary restrictions. As pointed out by Bailey (1992), free improvisation is indeed a 

musical practice which favors bipolar approaches to instrumentalism. Choosing an instrument 

for example, is also a choice that trims the space of possibilities, which can still remain 

however, practically unlimited146.  

There seem to be two attitudes to the instrument among 
improvisers. One is that the instrument is man’s best friend, 
both a tool and a helper; a collaborator. The other attitude is 
that the instrument is unnecessary, at worst a liability, 
intruding between the player and his music… The aim is to 
do on the instrument what you could do if you could play 
without an instrument (Bailey 1992: 98-101). 

 

Free music saxophonist Evan Parker comments, talking about laptop music on stage: 

 

The fact that they’re working with different kinds of 
instrumentation – bits and pieces of electronic equipment, 
and not with tubes with holes in them and strings and air – 
that doesn’t worry me at all. They’re up there live, working 
with memory, licks, patterns, bits and pieces that they’ve 
looped and stuff they’ve prepared in advance – I’m also 
working with stuff I’ve prepared in advance. I spend every 
spare moment in my kitchen trying to wrok out bits and 
pieces in advance (Evan Parker, interviewed in The Wire, 
Young 1996: 30).  

                                                      
146 The ‘preset’ topic will be addressed again within a real case in chapter 11. 
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7.10.4 Diversity, idiomatism and individualities 

7.10.4.1 Instruments’ identities: idiomatism 

No matter how high an instrument MacD can be, no instrument will ever cover all the 

existing (and not yet existing) musical possibilities and styles! This means that, given that 

configuration contradictions are avoided, there will always be room for an instrument’s 

identity, an essential component for any instrument-to-be. While traditional instruments tend 

to concentrate their personality in their timbre and phrasing, it should be obvious by now, that 

in the case of new digital instruments, identity can be manifested at all possible levels, 

including formal and macrostructural ones (a notion that would probably be closer to the 

traditional concept of ‘style’ than to ‘timbre’ or ‘phrasing’). It should also be clear that our 

praise for flexible instruments is not in contradiction with the creation of extremely 

idiosyncratic instruments, which can show lower MacD but can still have high MidD and 

MicD. 

7.10.4.2 Performers’ identities 

 

Another bias my jazz background provides is a desire for a 
very persobalized musical performance style, including the 
phrasing, articulation, and sound itself. The highly 
personalized sound of a John Coltrane, a Miles Davis, or a 
Steve Lacy allows one to identify them with just one note. I 
am disappointed that players of computer-based musial 
instrumentation have not yet, to my ear at least, developed 
such compelling personal sound styles (Wessel 1991a: 82). 

  

Once an instrument reaches an ‘identity’ and listeners that are aware of it are able to 

recognize it, a great path is surely paved. A further step would be the potential development 

of individual personalities within the same instrument, as it clearly happens with so many 

jazz performers, which are able to sign their presence with one phrase or one-second sound 

(e.g. Wessel 1991b). As we have already referred, for Pressing (1992) the sonic versatility of 

the synthesizer seriously compromised its identity. Yet, identity is not incompatible with 

electronic sound, and as it happens with rock or with jazz147, it is easily found in the 

‘downtown’ scene. 

                                                      
147 The electric guitar, an electric instrument, can prove how successfully, outstanding instrumentalists 

can shape and personalize their sound. 
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People might be drawn to the personalized sound palette that 
we have. When you hear the electric harp, it is pretty 
unlikely that you are going to think anything else besides 
what it is. I think the same is true when you hear Ikue on 
drum machines. Het sound is pretty unmistakanbly her 
sound. We have developed this very distinct language. For 
those that have imagination to think of situations where that 
language might be well suited it’s really a great thing to have 
such personalized sounds to work with (Downtown NY 
improviser and electric harpist Zeena Parkins talking about 
herself and drum-machine player Ikue Mori, in Holmes 
2002: 241).148 

 

If electronic sound can thus become personal, we should remind that within the instruments 

we are proposing, we are not dealing only with sound, but also with macro or metacontrol. To 

allow the development of identifiable individualities the instrument should probably need 

spare diversities (MicD, MidD and MacD), which would permit the existence of diversity 

subsets within them. But this would only constitute the starting point. Individuality or the 

development of personal techniques are also studied along with an example in chapter 11. In 

the next section we will study another performer-centered topic, that of expert performance. 

 

7.11 Towards virtuosity I : Performers and composers 

 

We have shown that instrumental diversity, and probably more specifically MicD - which 

allows for differences and nuances between performances and between performers - are 

essential elements that can help distinguishing and appreciating performances and 

performers, and are indeed fundamental for turning a musician into a potential virtuoso. The 

next question could be considering at which level can new digital instruments revise or 

reshape concepts such as expertise or virtuosity. In this section we will cover this and some 

related aspects149. 

                                                                                                                                                       
  
148 E.g. [Mori 1995] [Parkins 1996]. 

 
149 It should be made clear that research on virtuosity and expert music performance is a well-grounded 

discipline with a vast and ever growing literature (e.g. Sloboda 1985, Pressing 1984, Sundberg 1988). 

Although some of the topics to be discussed may have been covered by several authors, our intention is 

probably much less ambitious. It is no our aim to establish any new or extended theory of music 



CHAPTER 7 TOWARDS A FRAMEWORK FOR NEW INSTRUMENTS DESIGN  207 

 

7.11.1 Variability + reproducibility = a path to virtuosity? 

If diversity and variability are essential components of ‘serious’ (i.e. not-only-toy) music 

instruments, it is not less true that their counterpart, ‘exact’ reproducibility, or controllability 

- as Wanderley and Orio (2002) define the absolutely precise performing control that 

guarantees the highest similarity of two performances of the same piece - have been highly 

praised in Western music (at least for the last half millennium). 

The performance, thus, is a representation of an original and 
unique text strictly determined by the composer. In the 
performance, which is not unlike a religious ritual, a passive 
audience sits in rapt silence to watch and listen to the 
recreation of a somehow ‘sacred’ text by an inspired player. 
The performance is judged, partly if not largely, upon 
fidelity to an original text. Pushed to extremes this can lead 
to the idea of the ‘perfect’ performance that is an ‘exact’ 
representation of an original (Allard 2002). 

 
But a variability between different performances of the same piece, even when played by the 

same performer, is unavoidable. Whether a high reproducibility is important or not for the 

virtuoso-to-be depends basically on the performer’s personal tastes, goals and tradition (e.g. 

Davis 2001). 

7.11.1.1 Painting by numbers? 

In Mechanical Music (1937), Bartók (1976) points that the day in which gramophones will be 

able to reproduce recorded music with absolute acoustic perfection, the difference between 

performed and recorded music will only be one: the variability of the first one. Many 

composers have embraced computer music to take advantage of its precision and 

repeatability, but when it comes to performance, absolute repeatability must be banished, 

otherwise there is no reason to perform. The reason that it is worth going to live 

performances is that each performance can be different. Regular concert-goers will talk of a 

performer as being ‘particularly inspired’ on one day, ‘detached’ on another, and so on 

(Sloboda 1985: 97). Paraphrasing Walter Benjamin (1935), one could even more radically 

suggest that, in the age of digital reproduction, ‘exact’ reinterpretation might be considered as 

creative and useful as ‘painting by numbers’. 

                                                                                                                                                       
performance; we will be only addressing some performance topics we feel may be important from the 

new digital instruments viewpoint. 
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7.11.1.2 Reproducibility vs. interaction 

As deeply discussed in chapter 4, the existence of an open dialog which results from the 

feedback loop between the performer and the realtime music performance system, is the 

essential component of the so called interactive music systems. I do personally believe that 

new instruments whose output is based on traditional paradigms, such as one-to-one control 

of pitch+timbre+amplitude will hardly surpass existing traditional instruments. Interactivity 

and higher level approaches to performance that supersede the one action-one musical event, 

constitute new digital instruments’ greatest assets. In that context, reproducibility does not 

seem to be a must, not even an important factor. Nevertheless, just as we have previously 

addressed the concept of improvisation, we will now cope with the potential roles of scores 

and composers in new digital instruments music performance. 

 

7.11.2 Instruments for scores – instruments for improvisation 

In a round table with composers and instruments’ designers, Wanderley and Battier (2000) 

pose several questions concerning electronic controllers in music performance and 

composition. One of these questions states: “What would it take for a new controller to 

become a ‘standard’ device so that a repertoire could be developed for it (like the Theremin 

and Martenot in the past)?”  

 

Although the question explicitly mentions controllers (and not instruments) the two given 

examples (the Theremin and the Ondes Martenot) are definitely instruments, not merely 

controllers). It also takes several things for granted, like assimilating ‘standard’ with the 

Western orchestral tradition and with the existence of a repertoire. How could we, otherwise, 

consider the Theremin more ‘standard’ than the electric guitar! New ‘standard’ instruments 

such as the electric guitar or the turntable tend indeed to be more oriented towards an oral 

than a written tradition (e.g. Rousselot 1995), termed by Ong as ‘secondary orality’ (Ong 

1982: 133). 

 

Having made these points, it still makes a lot of sense to discuss idiomatic writing, 

understanding it as the art of writing music that is suited, adapted, and optimized for an 

instrument. When a standard vocabulary of performance practice for a particular instrument is 

established, either written or not, the instrument attains a musical identity. The ultimate result 

may be the creation of a body of work, a repertoire for that instrument (Tanaka 2000). We 

could, in that sense, definitely imagine many idiomatic compositions written for both the 

electric guitar and the turntable (although we could also ask ourselves if these instruments are 
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really suffering from this lack of written material). Can these ‘idiomatic writings’ be so easily 

imagined with new digital instruments?150 

 

7.11.3 New written music for new instruments? 

For several centuries, written music was basically one-dimensional (pitch vs. time). Other 

control issues were not considered important and were left to the performer’s taste, ability 

and knowledge of the idiom, what is currently termed as musical praxis. Bach, for instance, 

generally supplied no dynamic markings, touch or phrasing instructions, but it would be quite 

inappropriate, however, for a performer to consider that each note should be played in the 

same way. In the late 18th century musical texts started dictating an increasing multiplicity of 

directions: in addition to key and time signatures and the pattern and duration of notes and 

rests in harmonic space (which are essential for any musical notation) directions for tempo, 

phrasing, dynamics, mood, and so on, were added. But if we take dynamics - one of the most 

important parameters after pitch - as an example, we can see that still nowadays, dynamic 

information typically consumes no more than a couple of bits (e.g. ppp, pp, …, fff) every few 

seconds. Moreover, before the 19th century, when Romantic music starts exploiting the rich 

timbral possibilities of the large symphony orchestra, timbre is not considered an important 

factor. Bach’s music, again, can often resist many instrumentation changes without resulting 

too damaged, something that would be almost impossible to conceive in many late 19th and 

early 20th century composers such as Debussy. Since the beginning of the 20th century, 

composers as diverse as Varèse (1936), Cage or the Futurists (Russolo 1913) are obsessed 

with expanding the universe of musical sounds. 

 

The role of colour or timbre would be completely changed 
from being accidental, anecdotal, sensual or picturesque; it 
would become an agent of delination like the different colors 
on a map separating different areas, and an integral part of 
form… Our musical alphabet must be enriched… We also 
need new instruments very badly […] The electronic 
medium is also adding an unbelievable variety of new 

                                                      
150 “Because of the synthesizer’s youth, the rapid rate of technological change, and other factors, there 

is virtually no standard repertoire; the closest to it is the recurrence of certain popular or academic 

market approaches that use the currently fashionable sound engines or conceptual designs.” (Pressing 

1992: 3). In this book, the author identifies specific performance techniques that can increase the 

synthesizer consistency. However, he mostly concentrates on keyboard-controlled, sound-producing 

units (no alternate controllers, nor form, macro o metacontrol). 
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timbres to our musical store, but most important of all, it has 
freed music from the tempered system, which has prevented 
music from keeping pace with the other arts and with 
science. Composers are now able, as never before, to satisfy 
the dictates of that inner ear of the imagination. They are 
also lucky so far in not being hampered by esthetic 
codification - at least not yet! But I am afraid it will not be 
long before some musical mortician begins embalming 
electronic music in rules. (Varèse 1936). 

 

New instruments tend to be highly multidimensional and they often do not favour some 

parameters over others. How should a score for these instruments be? How many dimensions 

will a regular performer be able to read and to control? Among others, Sloboda (1985) 

exposes that expert performance demands a large number of simultaneous sub-skills and that 

performers achieve their expertise through the simultaneous deployment of all these skills in 

a sustained fashion. He also affirms that the requirement to attend to several dimensions of 

musical experience simultaneously is one of the greatest stumbling blocks for many pupils. It 

seems that a performer will hardly be able to control simultaneously all the dimensions many 

new digital instrument may bring. The composition-score approach, telling the performer 

which ones to consider and which ones to leave at every instant, should imply a deep 

knowledge of the instrument (if not practical, conceptual or theoretical at least). How could 

we otherwise expect pieces composed by a composer (who decides consciously what to write 

and what to leave aside) to be more interesting and/or profound than pieces created (pre-

created, improvised, etc.) by an expert performer? 

 

7.11.4 Composers vs. performers 

 

La facture instrumentale est paralysée parce que la demande 
pour le répertoire classique doit satisfaire avant tout les 
normes d’une musique composée depuis longtemps, qui 
utilise des instruments dont la conception remonte aisément 
a deux siècles et plus (Boulez 1983). 

L’expérimentation devrait consister à transformer la vie 
instrumentale dans ses principes mêmes, non pas à se 
contenter de la grignoter au jour le jour (Boulez 1975). 

 

I agree with Boulez in that the ‘repertoire’ may more often constitute a burden than a spur. I 

am not so convinced though about the preeminent role and the responsibility he assigns to the 
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‘composer’ towards music instruments rupture and innovation. I claim that nowadays, the 

main differences between academic and non-academic music is probably not to be found in 

the music itself but in the roles assigned to composers and performers. Each style of music 

carries in fact a different conception of what composers and performers are, and what we 

should expect from them. Composers of music for musicians work alone at the creation of 

tasks for others to perform. Academic composers need performers. Academic performers do 

also need composers but the former do not have to be alive, whereas dead performers cannot 

their job properly. Apart from this ‘alive property’, many composers do consider performers 

as ‘instruments’, as mere factota of their compositions.  

 

Western instrumental playing… not only does it teach how 
to play an instrument, it teaches that the creation of music is 
a separate study totally divorced from playing…Music for 
the instrumentalist is a set of written symbols which he 
interprets as best he can. They, the symbols, are the music, 
and the man who wrote them the composer, is the music-
maker. The instrument is the medium through which the 
composer finally transmits his ideas. (Bayley 1993: 98)  

 

This remark is important because in past decades, restricted access to cutting-edge 

technologies, technological difficulties, unavailability… favored the institutionalisation of 

instrument design and construction, a posture paradigmatically represented by IRCAM (and 

with STEIM as a perfect exception). As a result, instruments tended to be designed by 

composers for compositions151.  

 

We have already mentioned that although its ‘conceptual invention’ can be credited to John 

Cage, the turntable did not become a real instrument until the experiments of hip hop 

turnablists such as Kool Herc, DJ Grand Wizard Theodore, Pete DJ Jones or Grandmaster 

Flash in the late 1970s. What composer told Lester Young or Coleman Hawkins earlier, 

Albert Ayler or Archie Shepp later, how to expand the tenor saxophone? Could any composer 

have told Jimi Hendrix how to reinvent the electric guitar or make use of the wah-wah pedal? 

These musicians were not ‘paper’ composers. They did not write scores, they did not tell the 

                                                      
151 (Schnell & Battier 2002) among others, use the term composed instrument for two main reasons. 

First because the two main components – i.e. the sound producing unit and the gestural controller – are 

decoupled, and the instrument has thus to be ‘composed’ of parts, but also to underline the fact that 

computer systems used in musical performance carry as much the notion of an instrument as that of a 

score. Notice that both Schnell and Battier are from Ircam. 
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drummer what to do, but they were composers; they were performer-composers and 

improvisers (e.g. Alperson 1991). 

 

Our reasons for defending a performer-improviser orientated approach to new instruments 

design (i.e. instruments designed by performers-improvisers for performers-improvisers) are 

not merely a matter of sympathy. The same notion of experimentation requires the existence 

of a feedback loop; one cannot experiment without perceiving the results of the carried 

experiments. Chadabe (1977) describes the process of music composition according to the 

classical feedback system illustrated in figure 7.9.  

 
Figure 7.9. A model for sound generation based on classical feedback theory  

(from Chadabe 1977). 

 

In a classical composition environment the input is a written score whereas the processing 

section represents whatever is necessary to transform the input into sound, which for Chadabe 

includes such social activities as getting the performers to perform. The feedback loop is the 

means by which the composer hears the music and compares it with what was expected. For 

many composers, especially unknown ones, this feedback may take a long time. As a result, 

experimenting and learning is often delayed. Boulez would have to wait probably much 

shorter, but still, the process of designing a piece or, as in our case, an instrument for a piece, 

and hear the results is far from being considered real-time. In this non-real, delayed amount 

of time, an experimental performer may have experimented literally millions of cycles, and 

have acquired a much sophisticated knowledge of the system. This situation could even get 

better if this performer had also access to the instrument redesign or reconfiguration. 

 

Waisvisz, one of the few composer-luthier-improvisers who has stayed faithful to an 

instrument design, reaching undeniable amounts of virtuosity, seems to conceive scores, 

musical guidelines or prestructured interactive pieces, as provisional prothesis, as a step 

towards more ‘able’ new performers of new instruments. 
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I see live composing as the richest musical experience. The 
demands on the composer performer are very high; I haven’t 
seen anybody succed in a reasonable way yet… We still 
cannot listen and play/compose in the same time and keep 
track of all the developments in a piece. Only if the structure 
of the piece is well defined, as in a lot of jazz-situations, do 
some composers/performers reach a high level of 
simoultaneous listening/playing. By “listening” I mean 
hearing the developing structure of a piece (a piece not 
composed in advance in the confort of the erudite 
composer’s residence). Interactive composing systems might 
help us in the beginning to keep track of some preconceived 
structure, but I think they are valuable only if one does not 
rely on them too much during the performance. As long as 
they surprise the composer/performer while keeping track of 
the program structure, these systems will be a good learning 
aid – until we able to do the job ourselves (Waisvisz 1985: 
318). 

 

Without entering, as some authors like to describe, into the social dynamics and the 

hierarchical connotations related with the figure of the composer (e.g. Bailey 1992; Prévost 

2004), it is my personal belief that scores, together with the classical-composer paradigm 

they represent, can harm the development of new instruments more than help. 

7.11.5 Preserving performances 

In the age of mechanical reproduction (Benjamin 1935) music has gradually become the 

sound of its production. Recording technology has eroded the importance of musical notation, 

once the quintessence of the western classical music tradition. However, notation is not only 

a tool for composers; it can also be a tool for performers, for preserving and try to reproduce 

performances (Harris & Bongers 2002). Chadabe (2001) states that “traditional instruments 

can be preserved through notation, first because traditional compositions are defined by 

elements which can be notated, and, second, because traditional instruments are played in 

standard ways.” He argues that since new electronic instruments are not played in standard 

ways and since rapid changes in technology lead to a steady turnover of instruments, notation 

can hardly serve as a way of preserving performances. The quick obsolence of hardware and 

software systems, among them the ones used for making music and the preservation of 

musical creation (e.g. Puckette 2001), are topics which seriously need to be explored, but we 

will not cover them in this dissertation. 
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7.12 Towards virtuosity II : Progression and control 

 

7.12.1 Non-linearity, control and virtuosity 

The concept of non-linearity has already appeared several times within this dissertation. It 

was first introduced when discussing interactive music systems as one of the possible 

instrumental elements for bringing the unexpected and forcing thus the performer-instrument 

dialog (see section 4.2.2). It reappeared when studying complex mappings in the previous 

chapter (see sections 6.3.2 and 6.3.4). Given its relevance, it will often come out when 

describing real implementations in the second part of the dissertation. Non-linearity, 

randomness, surprise… vs. control, mastery, confidence. Both tendencies seem essential to a 

certain extent. Are they really incompatible features?  

 

If non-linearity is a recurrent subject in the design of new digital instruments, we should not 

forget that most acoustic instruments do also show frequent nonlinear behaviors (Cook 2002). 

Many traditional instruments can be driven to a state of chaotic behavior characterized by 

noisy, rapidly fluctuating tones. Examples could be found in the vocalized saxophone style in 

which vocal sounds interact directly with vibrations in the instrument (Menzies 2002). The 

use of feedback in the electric guitar converts the guitar into an element of a complex driven 

system, where the timbral quality and behavior of the instrument depends on a variety of 

external factors, including the distance to the loudspeakers, room acoustics, body position, 

etc. (Paradiso 1997). Musicians explore and learn to control these additional degrees of 

freedom, producing the very intense, kinetic performance styles upon which much of free 

jazz and rock music is based. If non-linearity is at first intuitively seen as a source of potential 

uncontrol, it can therefore also mean higher-order and more powerful control152. 

 

Distinct virtuosity paradigms definitely coexist: whereas the classical virtuoso, with his 

infinite precision and love for details may appear closer to the goldsmith, the new digital 

instruments virtuoso, not unlike the jazz one, could be compared to the torero153 for his 

abilities to deal with the unexpected. 

                                                      
152 The relation between non-linearity and virtuosity will be further studied within a real example in 

section 11.5. 

 
153 In the Spanish bullfighting jargon, the bullfighter is always referenced as the diestro, literally the 

handy or the skilful. 
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When planning a mapping, one must take this into account: 
an instrument is interesting only if it allows the discovery of 
unknown features (Arfib 2002). 

 

7.12.2 Predictability 

Instruments with certain randomness or non-linearity cannot be absolutely predictable, 

making two performances always different. As randomness and non-linearity augment, the 

instrument becomes increasingly difficult to learn and master. Non-linearity should not 

inhibit the performer from being able to predict to a certain extent the outputs related to even 

small control changes, since that seems necessary for the development of a finely tuned skill 

and expressive control. A balance between randomness and determinism, between linear and 

nonlinear behaviors, therefore needs to be found. 

 

Another feature we find very important is predictability. 
Although we want our generative algorithms to fill in 
musical details not directly specified by the control gestures, 
we always want to feel that we have complete control, at 
least at a high level of abstraction, over the sounds our 
instruments produce. We find the analogy of the conductor 
useful: individual instrumentalists in the orchestra determine 
fine details, while the conductor exercises overall control 
(Wessel & Wright 2002). 

 

Arfib (2002) proposes in the design of new instruments the coexistence of linear and 

nonlinear zones, with the second ones being slightly harder to discover, what foments a 

straightforward introduction to the instrument and a potentially richer exploration. These 

topics will be further studied with a case example in sections 11.4 and 11.5, in which we will 

study a strong feedback behavior, which will prove us how non-linearity and control can, not 

only coexist but even give birth to virtuosity.  

 

7.12.3 Fault-tolerance 

Despite the limitations and well defined range of articulations associated with traditional 

instruments, these tend to show remarkable capacities of responding to spontaneous gesture 

on the part of the performer with often considerable large variations in timbre (Tanaka 2000). 

They are considerably tolerant towards misuse, unorthodox practices and gestures or even 

cross-mixed playing (e.g. preparing a piano, putting a trumpet mouthpiece into a saxophone, 
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playing a cymbal or an electric guitar with a bow, submerging a gong in water, etc.), which 

has lead to a plethora of extended techniques developments in the 20th century. Digital 

instruments are not only fault-intolerant by nature (they are computers after all); they often 

show too sensitive behaviors and too many hidden incompatibilities. 

 

When I first started to work at the Gemeentemuseum, a 
synthesizer was included in a “hands-on” room. This 
necessitates a perspex covering that is fixed over most of the 
controls of a keyboard instrument, especially a synthesizer, 
and leaves only a few important controls accessible. The 
more controls there are on an instrument, the easier it is for 
someone to make a few random adjustments that result in the 
sound disappearing, and to be unable to reverse the process. 
There is little point in providing an electronic instrument in a 
hands-on situation unless it will always produce a sound, 
even if many of its capabilities are thereby excluded (Davies 
2001a).  

 

This clearly incises in a loss of confidence from its player, which leads to an absence of 

experimentation.  

 

7.12.4 Confidence 

Non-linearity should not mean uncontrollability nor unpredictability! In a good performance, 

the performer needs to know and trust the instrument and be able to push it to the extremes, 

bringing it back and forth from the zones of non-linearity. There is nothing worse in a new 

digital instrument performance than the performer looking astonished at a computer screen. 

And yet, it happens. It happens so often it is tempting to venture that the feel of security 

frequently turns out to be the essential quality criterion of a performance (Puckette & Settel 

1993). When we find a performer who does not care about the monitor; when we see 

someone on stage capable of lovely caressing and of violently striking the instrument without 

fear, chances are we are facing a memorable performance. As pointed out by Schloss (2003), 

“some pieces performed nowadays claim to be interactive, but in reality they are simply not 

finished yet. So the performance involves the ‘baby-sitting’ and ‘knob-twiddling’ we might 

see on stage that is so unsatisfying to watch”. Only when a performer is absolutely confident 

about the essential elements of the instrument can he start making music.  
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An act of bravery was required to break out the tonality’s 
coffin earlier in this century. The rule-inventing and rule-
breaking of that era unblocked new musical thoughts. Today, 
electronics require similar courage to approach and offer the 
same liberation. Atonality also offered a distraction; 
suddenly one had to study mathematics. An equivalent 
distraction comes today out of using electronics, particularly 
live electronics. Fear and distraction are an important part of 
electronic music today. Perhaps in the future the computer 
will be as easy to configure and use, and as reliable, as a 
piano is now. If this happens, composers and performers will 
seek new sources of uncertainty. (Puckette & Settel 1993). 

 

Only when confidence is attained, the performer can feel a sense of intimacy with the 

instrument. (Fels 2002; Wessel et al. 2002), in an analysis of several interactive systems 

designed to create novel aesthetic experiences, argue that intimacy, by creating the sensation 

that the system is an extension of the user’s body, assures the efficiency of the user’s actions. 

 

The best musical instruments are ones whose control 
systems exhibit an important quality that I call ‘intimacy’. 
Control intimacy determines the match between the variety 
of musically desirable sounds produced and the 
psychophysiological capabilities of a practiced performer. 
(Moore 1988)  

 

7.12.5 Explorability 

Improvisation is the basis of learning to play a musical 
instrument. But what usually happens? You decide you want 
a certain instrument. You buy the instrument and then think 
to yourself, “I’ll go find a teacher, and who knows, in seven 
or eight years’ time I might be able to play this thing”. And 
in that way you miss a mass of important musical 
experience. Studying formally with a teacher might be the 
right way to achieve certain specific aims, but to do only that 
is a very distorted way of approaching a musical instrument. 
It has to be realized that a person’s own investigation of an 
instrument – his exploration of it – is totally valid. (John 
Stevens in Bailey 1992: 98). 

 

In 1984, Luigi Nono made a interesting statement about electronic music studios, claiming 

that “they are ‘new instruments’ which need to be studied over time, learned and studied 

again and again, to explore their other possibilities, different from the ones usually chosen 
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and given, other musical thoughts, other infinite spaces…” (Nono 1984). Sound technicians 

and recording engineers do study the music studio, but besides that, if we omit rock or jazz 

instruments such as the electric guitar, the electric bass or the drums, few remaining 

instruments invented in the 20th century, such as the Ondes Martenot, are taught in 

conservatories. Even in the unlikely case they were, given the speed at which technology and 

fashion shift in our current 21st century, new instruments have to hook from the first minute 

(Rolnick 1992). We cannot rely anymore on persistent parents that insist on bringing their 

children to the conservatory, or on patient students to whom we promise the light after ten 

years of sacrifice. When learning traditional instruments, students often take lessons that 

deliver them an existing body of technique, which has evolved over generations of 

performers. In other cases, novices “teach themselves” by watching more advanced musicians 

play, or by listening to existing recordings. In new digital instruments, learning and 

progression turns out to be definitely more difficult because of the aforementioned more than 

likely lack of repertoire. 

 

How then, should new instruments be approached and learned? The new-instrument 

performer must often be the initiator and the driver of the exploration. We claimed at the 

beginning of this chapter that we seriously need more efficient instruments in which the basic 

principles of operation are easy to deduce, while at the same time sophisticated expressions 

are possible and mastery is progressively attainable. We are not yet in the position of defining 

the magic formula that would allow us to successfully commit such ambitious goal. The 

second part of this dissertation will describe some real implementations which will be 

analyzed and criticized with this objective in mind. In the meantime, we will suggest how 

new digital instruments tend to be, by nature, better suited for an accessible, fearless and 

rewarding approximation154.  

 

We have seen how compared to traditional instrument - ‘deep and narrow’ - new instruments 

tend to be not as deep, but probably much wider (see section 7.9.2). Explorability in 

traditional instrument is greatly conditioned by their ‘narrowness’, which favors a sequential 

approach to the instrument, in a process that takes years to accomplish. New instruments 

width, may favor on the contrary, a parallel, random access exploration. This exploration 

tends to be funnier, freer and more creative, although it can also lead to a less structured and 

more idiosyncratic learning processes. 

                                                      
154 (Oore 2005) provides one of the very few descriptions of the process of learning and becoming a 

new instruments expert  
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7.12.6 Non-linearity, virtuosity and control recapitulation 

Non-linearity is essential. It may even lead to virtuosity, but it should not prevent the 

performer from discovering and learning an instrument by progressively exploring its 

possibilities. Instruments have to be trustful. Confidence on them is essential for starting 

experimentation. Experimentation is a must for finding one’s own voice on the instrument. 

Confidence is necessary, but it is not sufficient to guarantee virtuosity. Virtuosity, on the 

other hand, seems not sufficient but neither necessary to develop expressiveness (the recent 

history of popular music, e.g. rock and blues, can show us many examples of this last 

statement). 

 

…this accounts for the existence of two common ‘types’ of 
musicians. The first type is the musician who can play 
relatively simple music with the outmost sensitivity and has 
a profound critical appreciation of other people 
performances, but falters when high levels of speed or 
fluency are required. Such a person tends to spend a lot of 
time involved with music but neglects systematic practice. 
He has a highly developed skill for representing musical 
structure, but his motor programming is inadequate to 
convert representations into sound. The second type is the 
musician who can tackle the most demanding pieces in the 
repertoire from the technical point of view, but often 
performs them insensitively. Such a person tends to spend 
hours each day at his instrument, diligently attending to 
scales and other technical exercises, but neglects to deepen 
his understanding of music through analysis and critical 
listening. He has a finely tuned motor programming system 
but possesses impoverished performance plans on which the 
system can act (Sloboda 1985: 90). 

 

After these words Sloboda logically concludes that the master musician should combine 

excellence in both separate skills. The first kind of musician can be found in all types of 

‘popular’ music, from folk to rock and even in typically more technically demanding music 

genres such as jazz. In that last area, Thelonius Monk [2001], Ornette Coleman [1960] or 

Albert Ayler [1964] are clear examples of capital musicians, who gained lifelong detractors 

and were initially blamed by critics, listeners and even fellow musicians as ‘not being able to 

play’. That did not prevent them from deeply influencing the whole history of jazz, perhaps 

because the most important jazz musicians are the ones who are successful in creating their 

own original world of music with its own rules, logic, and surprises. 
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Even if we are now considering instrumentalists, not instruments, the two complementary 

tendencies exposed by Sloboda could probably be extended to new digital instruments. The 

lack of a repertoire, the lack of predefined existing playing techniques, together with a certain 

- albeit minimal - amount of indeterminacy, constitute in my opinion and without despising 

technically demanding music, three good reasons for which new computer-based instruments 

should exploit the ‘popular expressive’ path. This tendency is clearly reinforced if, as we 

mention at the beginning of this chapter, we aim at constructing ‘proselytizing’ instruments 

that can bring new sophisticated possibilities and the joy of realtime active music creation to 

non-trained musicians.  

 

Expressiveness will be the last topic to discuss in this chapter, but before that, we will 

consider another essential issue that has not been covered yet and which is manifestly linked 

to all notions of virtuosity and of performance in general: time. 

 

7.13 Time variations 

 

We have studied diversity or variations in content without considering time at all. But music 

unfolds in time, and is performed in (real) time, which necessarily brings additional 

considerations. Timing concerns, including both the intrinsical and fine control of time (i.e. 

the precision with which events are placed on time) and the speed with which decisions and 

actions can be made and their consequences perceived, are fundamental in defining the 

responsiveness and the playability of any instrument. 

 

7.13.1 Time perception, control granularity, latency and delay 

Our aim is only to introduce several of the simplest and most well acknowledged perceptual 

measurements concerning the perception of time, which could be taken into account when 

designing computer based music instruments. For a deeper exploration and understanding of 

these phenomena, readers are directed to the references included in this section. 

 

(Pierce 1999) states that we unconsciously detect timing deviations as low as 20 µsec 

between our two ears to determine spatial position. In the best (non musical) test conditions, 

human hearing is able to consciously separate and distinguish two sonic events as close as 2 

msec. These values are true for clicks or very simple sounds. When the two sounds get more 

complex or different, the ear becomes more tolerant and the perceptual time threshold increases 
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considerably, resulting that two different sounds displaced in time over 20 msec can still be 

perceived as simultaneous (Hirsch 1959).  

 

A sound sample lasts for about ~0.02 msec (1/50,000 seconds), 100 times less that the former 

perceptual threshold, but many software synthesizers often operate with bigger portions or 

blocks of sound (e.g. 64 samples), not allowing to modify control parameters within one 

given block. This gives us a reasonable control granularity of the order of the millisecond 

(~64/50,000). From the previous perceptual measurements, we could indeed conclude that an 

input control frequency resolution of around 500 Hz (i.e. 
sec002.0

1 ) would be enough for any 

music instrument. My own subjective experience makes me more tolerant and tells me that 

playing with a 100 Hz system (that makes decisions and refreshes control values every 10 

ms) is fairly feasible, while lower values start to endanger the playability155. These empirical 

estimations coincide with Wessel and Wright (2002), who place the acceptable upper bound 

on the computer’s audible reaction to gesture at around 10 msec, whereas Mulder (1998: 32) 

situates it in between 10 and 20 msec.  

 

But this control granularity implies also a latency between a given action and the sound 

results of the same order of magnitude, something which may seem a hard compromise when 

triggering sounds with sharp attacks (staccato and forte). High latency may impair the 

player’s performance, and thus low latency processing is a clear goal in most realtime audio 

applications. It is not clear, however, how little latency has to be, to be considered low 

enough. Performers have propioceptive feedback: they know their actions and they may 

experience more subtlety delays between these actions and the sonic results. This seems 

especially true for keyboard and percussion players for instance, who have been trained in 

traditional instruments that show a fast response time and are therefore used to 

‘instantaneously’ trigger sounds. But instantaneity is also a relative concept: even if keyboard 

players often complain about the latency of digital instruments, it seems that in piano 

performance, the time elapsed between pressing a key and the corresponding note onset is 

around 30 msec for staccato, forte notes (raising up to 100 msec for piano notes) (Askenfeld 

& Jansson 1990). 

 

                                                      
155 To endanger does not mean to prohibit! Video cameras based systems often work at their best at 30 

Hz resolution, which should not forbid computer vision based music instruments. 
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An additional problem with latency is the difficulties it causes in the synchronization between 

performers. But studies with groups of acoustic performers also tend to show a high tolerance 

towards synchronization deviations. Rasch (1979) studies the synchronization between 

performers in string and wind trios. He affirms that the ‘scatter’ of asynchrony between any 

two instruments can be as high as 30 to 50 ms in average. He even suggests that perfect 

synchronization actually impairs the ability of listeners to identify the component notes of a 

chord, so that a small degree of asynchronization contributes to he perceptual clarity of the 

separate lines. For Sloboda (1988), 20 msec is a good time value separation for two 

musicians having still the feeling of playing together. More recently, (Posse Lago & Kon 

2004), who study the problem of latency for digital instruments and net-music, conclude after 

reviewing and analyzing related literature that a latency of around 20-30 msec should be 

perfectly acceptable. (Gurevich et al. 2004) also study tolerable delays for distributed remote 

music performance and conclude that a value of 20 msec is not only tolerable, but works 

indeed much better than a 0 msec latency. Where one would be simplistically tempted to 

assume that when considering delay or latency, the least is the better, the authors have found 

that the best delay between two performers is about 11msec. Although the authors do not 

attempt to explain this phenomena, it is worth reminding that 11 msec is the time it takes for 

the sound to travel about 3.6 meters, a distance between performers that seems definitely 

more typical and appropriate than 0 cm! 

 

binaural azimuth 20 µsec (Pierce 1999) 

1 sample (at 50 KHz) 20 µsec 

separate 2 clicks 2 msec (Licklinder 1951; Woodrow 1951)

 distinguish variation in duration 2 msec (Clynes 1984; Stewart 1987) 

control granularity (100 samples window) 2 msec 

∆ in keeping steady pulse 4 msec (Vorberg & Hamburg 1978) 

preferred delay between musicians 10 msec (Gurevich et al. 2004) 

tolerable control granularity 10-20 msec (Wessel & Wright 2002) 

separate 2 musical tones 20 msec (Hirsch 1959) 

tolerable instrumental latency  20-30 (Posse Lago & Kon 2004) 

playing “together” 30-50 msec (Rasch 1979) 

delay on piano (staccato-forte) 30 msec (Askenfeld & Jansson 1990 

delay on piano (piano) 100 msec (Askenfeld & Jansson 1990) 

 
Table 7.5. Some time discrimination values 
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The values and orders of magnitude we have introduced in this section are summarized in 

table 7.5. From them, we can remark that, concerning digital instruments implementations, a 

control granularity of around 10-20 msec and a latency of around 20-30 msec seem 

acceptable for mots musical cases156. Still, interactive or ‘intelligent’ instruments bring 

additional topics to be discussed. 
 

7.13.2 Reacting to music 

As sensible as we can be at distinguishing events in time, we are much slower at reacting to 

the unpredictable. For Lennie (1981) the delay between receiving a stimulus of any kind and 

reacting via a motor response can be as much as 50 msec, whereas Sternberg et al. (1978) 

increase this reaction time to about 250 msec. Pressing (1988) studies these reactions in a 

specific music improvisation context, ranging it somewhere between 100 msec for one to 

react with oneself and 400-500 msec for reacting to the other performers. This parameter 

seems an important consideration in music improvisation and in any music performance 

which heavily relies in unexpected feedback, such as when playing with expanded interactive 

instruments. But there is finally an additional and performing time order, which I consider not 

less important that the previous ones, but which, to my knowledge, has scarcely been 

discussed. We will cover it in the following section. 

 

7.13.3 Musical sharpness and inertia 

 

The Voyager program often combines dense, rapid 
accretions of sonic information with sudden changes of 
mood, tempo and orchestration, eschewing the slowly 
moving timbral narratives characteristic of much 
institutionally based computer music (Lewis 2000: 36). 

 

Some may consider the former generalization utterly simplistic, but I do share the opinion of 

many composers who consider that academic computer music tends to praise slow evolutions 

(of timbre, pitch, amplitude…) over fast changes. Many engineering research and design and 

programming efforts are usually taken in order to manage and guarantee continuity for all 

kinds of transitions, but much less seems to be focused in the opposite pole (e.g. ‘controlled 

                                                      
156 It is hard to argue that some music requires more strict synchronization between performers than 

others (e.g. bebop vs. slow-moving textural music). 
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discontinuities’). This tendency is not so evident in ‘postdigital’ studio music (Cascone 

2000), although it is drastically exaggerated, and mostly for technical reasons, in laptop 

performance and laptop improvisation157 (Cascone 2003a; Ashline 2003) [e.g. M.I.M.E.O 

1998; Fenn O'Berg 2004]158. 

 

Traditional instruments seem for speed of response very 
good, but for range of sound, say volume or pitch, quite 
limited to some electronic devices. When improvising with 
electronics I’ve found I have to follow the electronics as they 
haven’t the speed of response to follow me: In other words, 
as technology evolves, you win some, you lose some. (Tom 
Chant159, from Toop 2004: 38). 

 

A Spanish proverb states that ‘el saber no ocupa lugar’, which could be translated as ‘there is 

not such a thing as too much knowledge, because knowledge does not occupy any place’160. 

From my own experience, I know however that the more knowledge is embedded into an 

interactive music system, the more inertia that system tends to possess. The problem could be 

defined as ‘the truck driver vs. the moped driver syndrome’: power should not increase at the 

cost of maneuverability. I often like my music sharp161 and believe any instrument should 

allow playing both smooth and sharp music at the performer’s will, and the more this 

                                                      
157 The opposed tendency is usually found in many ‘sampler improvisers’ who generally practice a 

very deconstructed language, sort of time-stretched concrete music. Perfect examples of this can be 

found in the works of sampler virtuoso David Shea [e.g. Shea 1998] or in John Oswald’s 

Plunderphonics (Holm-Hudson 1997) [e.g. Oswald 1993] (albeit Oswald usually composes in studio 

instead of playing live). It should be pointed though, that sampler improvisers tend to be trained 

keyboard players who rely on simple MIDI keyboards, epitomizing thus, even more than any other 

acoustic musician, the one-to-one event paradigm: one key-one sound. 

 
158 The reader willing to discover how sharp, fast and exuberant computer music improvisation can be, 

is urged to listen to [Fuzzybunny 2000]. 

 
159 Tom Chant is a saxophonist and improviser, member of the London based AMM collective. 

 
160 The ‘inventors’ of this proverb did not obviously know about Shannon’s information theory 

(Shannon 1948), and did not have to buy hard drives, RAM memory cards or other storing devices! 

 
161 Sharp as a knife, not as C#!  
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sharpness is attained by ‘natural’ methods, integrated into the instrument’s personality, and 

less by mere preset or program change switches, the better (am I doing mystical lutherie 

again?) What the last assertion really means, is that if we agree to consider the performer-

instrument relation as a true dialog, this reconduction should not be accomplished without an 

effort and a negotiation. Negotiations take time, but in the current case, the faster the 

instrument understands and becomes convinced of what we intend, the better162. This period 

of time I will term ‘the musical inertia’ of the instrument. It gives a measure of the amount of 

time it takes, in a given instrument, to reconduct a musical situation. In traditional acoustic 

instruments this inertia is often related to the tessitura or pitch range, being especially 

obvious in the case of wind instruments. Lower range instruments, such as the tuba or the 

bass saxophone, have more inertia. They are bigger; they need more energy – more air - and 

this takes longer to travel. In sophisticated ‘intelligent’ digital instruments, for obviously 

different reasons, this inertia tends to be much bigger.  

 

A short inertia, which would allow huge, natural music changes and contrasts in the shortest 

time: this is what our final temporal layer is about. We are now talking about extremely 

subjective and idiosyncratic time orders. Chadabe (1977: 8) describes ‘conscious-time’, 

which gives us information about melodies or successions of sounds, as happennning in the 

range of large fractions of second to many seconds, as opposed to audio-time which occurs at 

the millisecond range. (Iyer 1998) affirms that meaningful rhythmic inflections can occur on 

the order of 10 msec.  

 

This is not to say that everyone should perform music like Carl Stalling’s163 or John Zorn’s, 

but I personally appreciate the attainment of fast musical accelerations, I would say in no 

more than 250-1000 msec. I estimate this range to be a maximum when playing computer-

based instruments, together with drummers, saxophonists, guitarists etc. equal to equal, 

                                                      
162 If chess and Quake were the two playing paradigms presented in section 5.3.1, we are now 

obviously getting closer to the latter! 

 
163 Carl Stalling composed and arranged the kaleidoscopic music beating at the heart of the classic 

cartoons produced at Warner Bros. Studios during the middle of the 20th century [Stalling 1990]. More 

recently, John Zorn (who has always recognized his admiration for Stalling) has become best known 

for his compositions with abrupt juxtapositions of different musics, including popular styles in a sort of 

live musique concrète [e.g. Naked City 1988] (Hopkins 1997). 
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without being confined to the textural or rhythmic background role164. Some additional 

considerations are further studied in sections 11.2.4 and 11.4, in which non-linearity is 

presented as a possibility for fast and ‘natural’ changes. Non professional and starters may 

tolerate or even prefer much longer inertial times. In that sense, the ‘chess’ (vs. the ‘Quake’) 

instrument, may surely be a musically interesting instrument, although I doubt that expert 

performers would take as their own, it if it was not as a complement to other (less inertial) 

instruments.  

 

7.13.4 Time and structure 

If we were favoring the chess, instead of the Quake paradigm, we would also be talking about 

a longer time order, in which changes occur so slowly that we do not have the sense of 

connection between events (Chadabe 1977). This long-term time deals directly with form or 

structure165. We claimed in section 5.5.4, our desire for constructing instruments that could 

play with all time levels and by means of the same tools and gestures. Structural control is 

easy to manage with the use of stored time-tagged data (e.g. complete or partial scores, 

envelopes, etc.) and it seems harder to achieve without any of these crutches. Early modular 

synthesizers such as Moogs and Buchlas probably travelled quite far at it [Subotnick 1967]: 

“One of the attractions of analog synthesizers is that sound generation, which occurs at the 

lowest level of the hierarchy, is automatic… allowing the composer to compose ‘music’ 

rather than ‘sound’” (Chababe 1977 : 9). Chapters 10 and 11 discuss an instrument I have 

developed (FMOL) which ‘scores’ at least as well as those (see section 11.4.4). 

 

7.13.5 Time variations, diversity and expressiveness 

Considering that MidD indicates performance contrasts (see section 7.8.2) it probably makes 

sense to relate musical sharpness with the ratio 
t

MidD
∆

∆
 (where, according to the aforesaid, 

∆t could be in an order of magnitude of 250-1000 msec).  

                                                      
164 A generic digital instrument which, like the one we are proposing, is able to solo together with 

typical soloist instruments without being rejected to background tasks, gives a clear example of macro-

diversity. 

 
165 The reader may want to refer to (Roads 2001) for a complete discussion of time layers or scales in 

music. (Kramer 1988) brings a more speculative and philosophical vision about the meanings of time 

in music.  



CHAPTER 7 TOWARDS A FRAMEWORK FOR NEW INSTRUMENTS DESIGN  227 

 

After that, one would be tempted to relate the remaining diversity levels exposed in section 

7.8 (i.e. MicD and MacD) with some of the other time levels we have just introduced. Of all 

the possible combinations, it probably makes more sense is to consider the variation of 

microdiversity. Since MicD gives a sense of the performance’s subtleties and nuances, it 

seems logical to consider that these can happen in the shortest time available (both from the 

perceptual as from the control points of view). We will not attempt to give a name to this 

new ratio 
t

MicD
∆

∆
 (with ∆t in an order of magnitude of 10 msec), nor will we consider the 

variations of MacD, leaving to the reader the quest of other sensible combinations.  

 

We could all agree however that the sum of all these possible variations is closely related 

with the flux of perceptually useful information given by the performer to the instrument; it 

indicates how much the performer is affecting the music at every instant.  

 

Does not that seem very related with expressiveness? 

 

We know for instance that ‘intelligent’ instruments do not follow the archetypical one-to-one 

paradigm; many of them probably do not need to be permanently played in order to sound. If 

we retake the CD player example, its performer will be expressing something when hitting 

the play button; she would be expressing, for instance, her decision for choosing this piece 

and not another. After that, if she decided not to manipulate the output, the expressiveness 

would go to the performers and the composers of the recording being played. Does it sound 

too simple? 

 

7.14 Expressiveness? 

 

‘Expressiveness’ is surely a complex topic. The meaning of ‘expression’, ‘expressiveness’ or 

‘expressivity’ in computer music would constitute by itself a perfect subject for a thesis. If we 

browse, for instance, the titles of the papers and the posters presented at the International 

Computer Music Conference (ICMC) since its beginning until the 2000 edition, we observe 

that: 

 

• Before 1990 only one paper (Snell 1983) includes the word ‘expression’ (or related 

words such as expressive or expressiveness) in its title.  
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• There are then three papers in 1990, two in 1991, five in 1992 (the first year to 

incorporate also a special section about expression, which will since then become a 

congress classic), four in 1993, one in 1994, two in 1995, five in 1996, six in 1997, 

one in 1998, four in 1999 and six in 2000.  

 

7.14.1 ‘Expressive’ computer music 

In all these forty papers, ‘expression’ does surely not always ‘express’ the same concept. 

Among them, perhaps 50% deal with the expressive analysis, modeling and/or rendering of 

music. Rendering music more ‘expressively’ has some undeniable scientific values related to 

understanding human music performance, music listening and cognition. Moreover, 

considering that 90% of the activities of computers in music, concentrate in substituting the 

intervention of humans and even nature (as in the case of reverbs) in unnoticeable ways, the 

commercial and industrial values of this approach are even more evident: they manage to 

better and better disguise machines into humans. But this, I believe, has nothing to do with 

expression. 

  

We regard expression as a rhetorically shaped transfer of 
structural score contents by means of the ‘‘deformation’’ 
mapping of symbolic data into a physical parameter space 
(Müller & Mazzola 2003). 

 

Later in section 9.3 I will introduce JoAn l’home de carn (1992), a ‘living sculpture’ which 

consisted on a gesticulating nude human “being” (or robot) which moved the head and the 

arms in accordance with the words or the sound of the spectators’ voices (Jordà & Antúnez 

1993). Although JoAn had only four available articulations we still managed to give him a 

quasi-human behavior that always fooled some members of the audience. JoAn did never 

appear to behave in a sequenced way. He never reacted the same way either. Some times he 

would just salute the first visitor, where other times he would need to be warmed up by the 

audience. With an extremely reduced vocabulary, JoAn simulated human expressiveness, but 

that did not mean that he was expressive. Most theorists accept that only sentient creatures 

can express occurrent emotions, but deny that this counts against music’s expressiveness. 

They hold that, when emotion is expressed in a piece of music, that piece stands to a sentient 

being’s occurrent emotion as expressing it (Davies 2001c). In that sense, JoAn was indeed 

expressive, because many of the ideas and feelings of Antúnez’s and myself were put into 
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‘him’. He was thus expressive in that he was able to communicate our feelings, not because 

he imitated human expressiveness.  

 

The rendering of ‘expressive’ music faces the same misconception. Imitating the tricks and 

deviations of a musical style, imitating in brief, is the antithesis of expression. In baroque 

music for example, using rhetorical gestures and a speech-like flexibility in rhythmic patterns 

is perfectly in line with the period’s performance practice. This is a kind of expressiveness 

that is peculiar to baroque and distinct from the common understanding of expressiveness, 

such as rubato used in reference to romantic music (Fabian & Schubert 2000). Expression is 

not a matter of reproducing dated romantic clichés or templates, but of finding personal ways 

to transmit one’s own ideas. 

 

One of the most telling, and annoying, characteristics of 
performance by computers is precisely its ‘mechanical’ 
nature – the nuance and expression performed instinctively 
by human players after many years of intensive practice is 
completely squeezed out of a quantized sequencer track. If 
more of the musical sensibilities informing human 
expressive performance can be imparted to computer 
programs, the range of contexts into which they can usefully 
be inserted will grow markedly.” (Rowe 1996). 

 

Many authors and composers complain about computer music as not being expressive, and 

they attribute the lack of success that computer music has with audiences, precisely to this 

lack of expressivenes166 (e.g. Marrin 2000). Those who defend this thesis should take a closer 

listen at all the experimental ‘post-digital’ laptop music (e.g. Cascone 2000, 2003a, 2003b; 

Monroe 2003; Turner 2003; Vanhanen 2003; Young 2002), a style (or a metastyle) that has 

become reasonably popular taking this digitality as its central thematic and frame of 

reference, thus hypertrophying its machine and digital aspects (glitches, clicks & cuts, loops, 

etc.) while minimizing the human ones [e.g. V.A. 1999; V.A. 2000a].167  

 

                                                      
166 “… at this time in the history of the field, most of the computer-music public consists of 

practitioners, which jeans that the relationship between composer and public is more collegial than 

commercial.” (Chadabe 2000: 10). 

 



CHAPTER 7 TOWARDS A FRAMEWORK FOR NEW INSTRUMENTS DESIGN  230 

 

7.14.2 Expressive instruments 

Continuing with our ‘expressive instrument’ quest, of the remaining ICMC papers, only five 

out of forty seem related with our topic, studying or describing expressive controllers, 

expressive instruments or tools and mechanisms for expressive realtime performance (Snell 

1983; Ryan 1992; Vertegaal & Ungvary 1995; Marrin & Picard 1998; Camurri et al. 2000)168.  

 

What is then, an expressive musical instrument? Naively, we have just proposed that such a 

device will be more or less expressive in the measure of its capability to transmit the 

performer’s feelings and ideas into the music being performed, and thus to the listener(s). We 

are not talking therefore about how to make machines seem more expressive but about how 

to allow humans to be more expressive while using machines. Let’s see how several 

performers and luthiers face this problem169. 

 

7.14.3 Expressiveness as deviation 

Our approach consists in considering different mapping 
strategies in order to achieve “fine” (therefore in the authors' 
opinion, potentially expressive) control of additive synthesis 
by coupling originally independent outputs from the wind 
controller (Rovan et al. 1997). 

 

If we interpret “fine” as fine grained, accurate or subtle, the assimilation between 

expressiveness and fine control is natural and intuitive and widely assumed. 

                                                                                                                                                       
167 A style which by the way uses the same software tools (e.g. Max, PD, SuperCollider, CSound…), 

and with no less proficiency that the higher-art academic computer music community (Vanhanen 

2003). 

 
168 This selection has only a statistical value. It only deals with papers that contained the word 

expression (or a derived form) in its title. Besides, I have not read all the eliminated papers, so the 

selection has been done mostly on the title basis. This list only considers papers presented at ICMC 

until the year 2000. Since 2001 a new international congress New Interfaces for Music Expression 

(NIME) takes place every year. I have not browsed this new list in the same manner, and it is clear that 

in that case, the results would have been completely different. However, many of the relevant papers 

that have been presented at NIME between 2001 and 2004 have been (or will be) referenced at 

different points of this thesis. 

 
169 In the following quotes all the terms related to expression have been marked in bold. 
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From the perspective of a musician, live performances allow 
him or her to make real-time choices that affect the 
interpretive variation in the music. These choices give the 
performance a trajectory and a range of variation that define 
the expressiveness and power of the performance. 
Techniques for creating this variation involve subtle control 
over aspects such as timing, volume, timbre, accents, and 
articulation – sometimes implemented on many levels 
simultaneously. Musicians intentionally apply these 
techniques in the form of time- varying modulations on the 
structures in the music in order to express feelings and 
dramatic ideas – some of which are pre-rehearsed and some 
of which change based on their own moods and whims. In 
order for skilled performers to intentionally modulate these 
musical lines in real-time, they require musical instruments 
that are not only sensitive to subtle variations in input but 
can be also used to control multiple modulation streams in 
real-time; these instruments must also be repeatable and 
deterministic in their output. (Marrin 2000). 

 
Johan Sundberg, one of the world lead reseachers in the area of expressive performance 

analysis and rendering, also considers the score as the predertmined part and the expressive 

parts as deviations from the score taken by the performers (Sundberg 1988; Sundberg et al. 

1989). It should be noted however, that this ‘deviation’ expression, comes from the 

widespread idea that the performer, under the dictatorship of the composer-creator has little 

left for her own, except for some microvariations that the benevolent composer will kindly 

tolerate. 

  

The process of assigning expressive variations to a performance is also less clear when, as it 

could mostly be in our case, the music is not written in a score and shows a large 

improvisational component. His gets even worst, when the ‘style’ is not yet clearly defined. 

When dealing with new computer music instruments, which, we should remind, seek to 

establish a two-way dialog, the performer should have more to express! The following two 

quotes share a common different understanding of the concept. 

 

But for the Western musician jazz greatest service was to 
revive something almost extinct in Occidental music: it 
reminded him that performing music and creating music are 
not necessarily separate activities and that, at its best, 
instrumental improvisation can achieve the highest levels of 
musical expression (Bailey 1992: 48). 

Expression is a notion that historically is strongly related to 
melody. It is not precisely defined. It is often seen as what 
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the performer adds to the melody, a "personal touch from the 
heart" to use the romantic description. It’s as if it adds an 
emotional context to melody, sometimes almost as a 
comment…This century however has seen an immense rise 
in the notion of "sound". Electro acoustic music has defined 
itself often as "timbral music", or a "sonic continuum". In 
jazz and pop it is the "sound" of a musician that counts… 
(Michel Waisvisz, from Wanderley & Battier 2000: 425). 

7.14.4 Expressiveness and musical diversity 

If a Eurocentric and scorecentric vision would highlight microdiversity as the first ally of 

expressiveness, we believe that all three variations are important components. Quite 

surprisingly, Arfib et al. (2005) relate for example expressiveness with a concept more close 

to our macrodiversity. 

 

One can also talk about expressiveness of an instrument to 
suggest its ability to be used to play different style of 
music… Musicians are not supposed to be constrained to a 
musical style and are supposed to be able to switch from one 
to another, crossing the frontier between them (Arfib et al. 
2005). 

 

The weight of each of these variations cannot be evaluated; it will vary according to the 

instrument idiosyncrasy, the performer’s own playing style and the particular music being 

played, but definitely, as Arfib points out in the same article, “an ‘expressive musical 

instrument’ can also be considered as an instrument which could be able to follow the 

musicians along their musical roads.” Whether these roads comport tiny, medium or huge 

turns is irrelevant; they should all be allowed. 

 

7.14.5 Expressiveness: some final words 

Expressiveness is a complex concept that we have just scratched the surface of. In our 

exposition we have omitted many essential ideas, such as the need of a shared idiom between 

performer and listener. For Fels et al. (2002) among others, the recognition of expression by a 

listener implies that both performer and listener(s) share some common knowledge of the 

performance codes or mapping. In our defence, we will say that it is because we found that 

the research approach that tries to study each component of the instrument chain separately 

was too sterile, we choose to focus in the analysis of the generic music properties an 

instrument is able to play. If we are attempting independence from the type or aesthetics of 
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this potential music, there is more reason our approach should remain autonomous from the 

semantics of a given musical style and of the performing mechanisms by which this can be 

achieved. 

 

Let’s recapitulate: We have first introduced the concept of music instrument’s efficiency. We 

have then proposed to start distinguishing between three levels of diversity, which have been 

labeled as macro-diversity, mid-diversity and micro-diversity. These were supposed to 

represent a vague decomposition of what we called diversity control, which, on its turn, was a 

term on the equation of the ‘music instrument efficiency’: 

 

tyutComplexiControlInp
ontrolDiversityCityputComplexMusicalOutiencyumentEfficMusicInstr Corrected

×
=  

 

We have then ended this section by discussing about musical expressiveness. Be aware 

though: music instruments, being machines, can be more or less efficient. They cannot be 

expressive though, since machines do not have anything to express. However, they can be 

used to transmit human expressiveness, and they can do that in many ways and with different 

degrees of success. Our instruments will achieve this for better or worse, in the measure they 

permit the performer to transform a mental musical representation into musical gesture and 

sound. Efficiency and expressiveness do not always go hand by hand. Take the pencil, the 

pen and the word processor. The latter is surely more efficient, but I personally find the 

fountain pen’s smooth and continuous ink flow over the paper more inspiring and better 

suited for many expressive purposes170.  

 

Inspiring is an important concept. Music instruments are not only in charge of transmitting 

human expressiveness like passive channels. They are, with their feedback, responsible for 

provoking and instigating on the performer new ideas or feelings to express. New digital 

instruments, we have largely seen, do know a word or two about feedback. To conclude, new 

digital instruments have a huge potential expressiveness to be explored. 

                                                      
170 (Cadoz & Wanderley 2000) disagree with (Kurtenbach & Hulteen 1990: 310) because the formers 

consider that handwriting does not constitute a gesture: “the motion of the hand expresses nothing; it is 

only the resultant words that convey the information. The same words could have been typed – the 

hand motion would not be the same but the meaning conveyed would be”. On the contrary, for (Cadoz 

& Wanderley 2000) handwriting comprehends the realization of a drawing that itself contains an 

expression, an interesting information, indeed essential in the case of graphological studies.  
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7.15 Summary 

 

New instruments, offer the possibility - the CD player would constitute an extreme paradigm 

- to be played by pushing a simple button that can execute a whole pre-composed musical 

work. At the other end of the spectrum, these new instruments can also be played like 

traditional instruments, i.e. allowing the performer to control every smallest detail, leaving 

nothing to the instrument ‘intelligence’ responsibility. Given the wide range that these two 

poles encompass, given the numerous possibilities that new instruments bring from all points 

of view, including (a) ways of entering control information and the nature of this information, 

(b) output possibilities, and (c) the ways these input and these outputs can be linked, it makes 

sense to study them from conceptual as well as generic musical aspects, and consider them as 

abstract entities reduced to their common denominator: devices which, independently of their 

intrinsic characteristics, can generate music when played by humans.  

 

Following this path, in this chapter we have tried to detect and isolate some of the implicit 

and hidden properties that tend to make music instruments worth playing; the secrets that 

make acoustic instruments as we know them good enough to survive the course of centuries 

with little evolution. We have studied the dynamic relationship that builds between the player 

and the instrument, exploring concepts such as efficiency, apprenticeship, and learning curve. 

We have introduced some generic properties of musical instruments such as the diversity 

(which we have decomposed in three layers), the variability or the reproducibility of their 

musical output, and the linearity or non-linearity of their behavior. We have also tried to 

figure out how these aspects can bias the relationship between the instrument and the player, 

and how they may relate to more commonly studied concepts such as expressiveness or 

virtuosity.  

 

Traditional instruments, as well as the few ‘successful’ new ones, stay at the note and timbre 

level. However, I do not believe that new conceptions that supersede this paradigm should be 

systematically convicted to failure, if we consider some of the ideas we have introduced. 

Traditional instruments take years to master. Compared to their ancestors, the efficiency of 

new digital instrument could thus be highly increased. Nonetheless, this should never be 

attained at the cost of the performer loosing control over the instrument, nor sacrifying the 

multiple diversities that traditional instruments have always afforded to their players. We 

have not yet attempted to give any magical recipe, design or construction rules for crafting 

better new instruments, but we have shown several guidelines, intuitively developed during 
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many years of trying to design these instruments, trying to perform with them, and trying to 

analyze these processes and mechanisms.  

 

In this chapter, we have explicitly avoided the study of instrument interfaces. Thus far, we are 

not in the position to answer to the question of “how should controllers for the kind of 

instruments we are proposing - multithreaded and with shared macro and microcontrol - 

ideally look?”. This answer will be given at the end of chapter 11, after empirically 

discussing several real implementations.  

 

This chapter has constituted the first core of this dissertation. The second more relevant 

contribution is to be found precisely in chapter 11, which, at the end of the thesis, tries to 

close the circle. It has been, as we announced, a quite personal chapter, filled with ideas and 

intuitions that can be proved with difficulty, not even by means of statistical benchmarks. 

Where do these ideas come from? In a sense, this chapter could be considered as being as 

much theoretical (or conceptual) as experimental, but the experiments it documents span 

through years, even decades. The tasks of imagining, designing and crafting musical 

computers, performing and improvising with them, and analyzing and trying to better 

understand, them (the instrument), us (the performers) and the relation between all, can only 

be understood as a permanent work in progress. It is an approach that inevitably leads to an 

infinite closed feedback loop. It is a long-term loop, which can, sometimes, bring birth to new 

instruments, hopefully ‘better’, at least at some aspects, than the previous ones.  

 

Five of the implementations I developed during the previous decade are described in depth in 

the second part of this dissertation. Since they are all five conceptually very different, each of 

them serves to illustrate several paradigms introduced in the first part. Presented in a 

chronological order, these music instrument examples also help to understand the path that 

has led me to the conception of the framework introduced in this chapter. That means that we 

will not find from the beginning the ‘perfect’ instrument I have been trying to describe. For 

accentuating this evolutionary journey, each example will conclude, in fact, with a discussion 

that will discover the instrument’s main drawbacks. If we agree on digital lutherie not 

constituting a science, the path to any progression in the field (if possible and meaningful) 

will mostly be guided by empirical and intuitive mechanisms, for which experience and 

maturity seem indeed essential components. In that sense, the work exposed in this second 

part is also representative of my credentials. 
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Chapters 8 and 9 describe four interactive music systems I developed between 1989 and 

1997, while the last two chapters (10 and 11) are devoted to only one system, FMOL. This 

system I implemented in 1998, was the first I conceived holistically, as an instrument, and not 

merely as a music or sound generator to be controlled in some more or less fashionable way. 

Given that since 1998, FMOL has been used by hundreds of performers and by myself in 

concerts, jam-sessions and recordings, it can be considered as the definitive instigator of the 

framework presented in this chapter and its acid test. This is why FMOL is studied in two 

chapters: one (chapter 10) that describes the system in depth, and a second one (chapter 11) 

that confronts it with the concepts we have just developed in this chapter. 



  237 
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Chapter 8 
Pitel : Machine Listening and improvisation 

 

 

This chapter introduces Pitel, the first interactive system I designed in the late 1980s, and 
several of its main characteristics are discussed from a generic point of view. The concept of 
‘machine listening’, previously introduced in chapters 4 and 5 is retaken, and other concepts 
such as algorithmic composition or non-linear dynamics are introduced. The chapter 
concludes examining Pitel’s achievements and more specifically its drawbacks. A 
counterexample from the same period, the interactive composition Sólo Soles, is also 
discussed. 

 

8.1 Introductions 

8.1.1 A personal introduction 

As I stated at the beginning of this thesis, around 1984 I decided to devote myself to the 

construction of computer systems that would allow me to improvise. Apart from conventional 

music knowledge and decent computer programming skills, during the late 1980s, my whole 

computer music background came solely from the six books that were available at the 

American Institute Library in Madrid (Appleton & Perera 1975; Lincoln 1970; Mathews et al. 

1969; Roads 1985; Roads & Strawn 1985) and from the software I could get for my Amiga 

500. From the latter I would retain, Dr.T’s KQS (Tobenfeld 1984), M (Zicarelli 1987), Music 

Mouse (Spiegel 1987a), Henry Lowengard’s RGS (Lowengard 1994) and above all, Bill 

Barton’s C MIDI programming library. 

 

8.1.2 Introducing Pitel 

Following several minor experiments with algorithmic jazz chord generators and other 

unimportant realtime MIDI programs, Pitel was my first serious attempt at designing an 

interactive music system that could be used in a real musical context. What came was a 

software environment for polyphonic realtime composition and improvisation, which 

employed some simple mathematical machine-listening techniques. It could generate up to 

four monophonic MIDI voices under the control of a mouse-conductor, while simultaneously 

listening and reacting to one or two external (MIDI) players. Pitel performances were jam 
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sessions that usually involved two or three musicians: a saxophone and/or a trumpet player, 

both fitted with pitch-to-MIDI converters, and myself conducting the program. The program 

had also the possibility to play on its own, either conducted or completely by itself. Pitel did 

not follow any jazz (or any other music) tradition. Besides, since no predefined scales, modes 

or rhythms were usually employed, the resulting improvisations could be faultlessly labeled 

as non-idiomatic free improvised music (Bailey 1992). 

 
Figure 8.1. Pitel’s hardware setup (Drawing by Marcel.lí Antúnez, 1991) 

 

Pitel first version, presented at Glasgow’s ICMC 1990, was written in Lattice C for the 

Amiga using Bill Barton’s MIDI library. The second version, which was presented at 

Montreal’s ICMC 1991 (Jordà 1991a) was written in the (by then) recent Max programming 
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language (Puckette 1988; Puckette & Zicarelli 1990; Rowe & Garton 1993), for the Apple 

Macintosh. Both versions employed one or two pitch-to-MIDI units (IVL Pitchriders) 

connected to a small MIDI merge box, connected in turn to the MIDI IN of the computer. The 

sound output was a Roland MT32, one of the first inexpensive polyphonic and multitimbral 

MIDI synthesizers. The described setup is illustrated in figure 8.1. 

 

8.2 Pitel´s intentions and premises 

 

As we will show in this chapter, Pitel was profoundly inspired by four apparently unrelated 

readings: George Lewis interviewed by Curtis Roads (Roads 1985b), The League of 

Automatic Composers (Bischoff et al. 1978), the Karplus-Strong algorithm (Karplus & 

Strong 1983) and the well-known Scientific American digest (Gardner 1978) of the not less 

well-known Voss and Clarke paper about 1/f noise (Voss & Clarke 1978). Since the 

beginning I had envisaged the idea of letting Pitel play together with acoustic musicians 

although, as we will see, my approach was possibly closer to the League’s than to Lewis’ 

Voyager project (both of which have been discussed in chapter 4). The program did not seek 

to model or understand improvisation or improvisers. My sole aim was to create an 

improvising device with its own personality, the means by which this could be achieved was 

not an end in itself. 
 

8.2.1 Markov chains and correlation 

 
Markov chains are series of linked states, where each state moves to a successor, according to 

a table of transition probabilities. From Lejaren Hiller’s Illiac Suite (1957) the first piece ever 

composed by a computer (Hiller & Isaacson 1959, Hiller 1981) to commercial algorithmic 

and interactive composition software such as Jam Factory (Zicarelli 1987) and more recent 

implementations such as Pachet’s Continuator (Pachet 2002, 2003), Markov chains probably 

constitute the most widespread technique in computer algorithmic composition (Ames 1989; 

Triviño-Rodriguez et al. 2001). With a thorough definition of the transition tables values, 

Markov chains can be used for reproducing existing music styles (Cope 1991, 1996). When 

used in a live interactive context in combination with human performers, transition 

probabilities can be dynamically filled with statistical data coming from the performers 
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(Winkler 1998; Pachet 2002), in which case the computer tends to play “in the style of the 

performers” 171.  

 

Prior to Pitel, I had undertaken several experiments (such as jazz progressions chord 

generators) which used Markov techniques. For several reasons I did not want to use Markov 

chains again. These are: 

 

1. I wanted Pitel to have its own musical style; not any pre-existing style, nor the style 

of its human partners. 

2. I did not want to set up or load data (i.e. transition tables) before starting a new 

improvisation. 

3. I wanted the music to have a notorious long-term correlation. 

 

Music has a big deterministic component: present events 
strongly depend on many previous events. Since Lejaren 
Hiller’s beginnings in algorithmic composition, Markov 
chains have proved to be a reasonable way to deal with 
music memory and correlation. However, given the big 
amount of calculations and choices caused by any successive 
increment of the chain order, Markov music usually presents 
a very short correlation, sounding much better over brief 
fragments, than over long ones. This approach also poses an 
additional problem, since the election of the transition 
probabilities always tend to favor a particular musical style 
(Jordà 1991b). 

 

Typically, Markov transition tables show very low-order correlation, since often they only 

involve first-order probabilities. That means that every value is probabilistically dependent 

only on the immediate previous value. Second or higher order transition tables can be used, 

but every additional order exponentially increases the amount of data and of calculations 

involved.  

 

We have already discussed in chapter 5 that for several authors (e.g. Robert Rowe and Todd 

Winkler), computer based improvisation poses the greatest challenge for machine 

musicianship, because the program must be able to rely on some kind of musical common 

                                                      
171 Apart from the references already mentioned, for a more detailed information on composition with 

Markov chains and algorithmic composition in general, the reader can refer to (Ames 1987, 1989, 

1991, 1992; Eno 1996; Koenig 1970; Lorrain 1980; Loy 1989). 
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sense in order to both derive structure from what it hears, and impose structure on what it 

produces in response” (Rowe 2001:277). I believed that the definition of this musicianship 

and the discovery of this musical common sense was a task too difficult to attempt, especially 

in a free improvised music context, where a common musical knowledge, if existing, is not 

easily defined (Bailey 1992). Following John Cage’s suggestion, already quoted in section 

5.4.2.1172, I decided to take an opposite approach; Pitel’s knowledge of music would be the 

minimum possible: zero173. 

 

8.3 Musical feedback relations and autocorrelation in Pitel 

 

Supper (2001) distinguishes between three main types of approaches to algorithmic 

composition: 

 

1. Modeling traditional, non-algorithmic compositional procedures. 

2. Modeling new, original compositional procedures, different from those known 

before. 

3. Selecting algorithms from extra-musical disciplines. 

 

Pitel’s methods are closer to Supper’s second approach. 

 

Believing that basic organization properties are quite 
independent from the media they are applied (biology, 
ecology or even music...), we decided to build a feedback 
system with no specific musical knowledge. We will see that 
even when such systems are completely deterministic (with 
no noise or no random decisions), the big amount of 
parameters which can be evolved and the complexity of their 
relationships, make them completely unpredictable (though 
appreciably organized) (Jordà 1991b). 

 

                                                      
172 It is thus possible to make a musical composition the continuity of which is free of individual taste 

and memory (psychology) and also of the literature and traditions of the art… (Cage 1961: 59). 

 
173 As it will be later revealed, this affirmation ended up not being totally true. Pitel, which played 

mostly on a tempered (MIDI) scale, knew at least the concept of octave (as being equal to 12 MIDI 

notes). 
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8.3.1 Music and correlation - The Karplus-Strong model 

The first inspirational solution came from the reading of (Karplus & Strong 1983). Although 

the well-known Karplus-Strong algorithm, which was invented for the simulation of plucked-

string sounds, deals with samples in the audio domain, it models, as shown in the next 

equation, a very straightforward structure: a circular buffer with two-term feedback or a 

digital filter with feedback and no inputs (Jaffe & Smith 1983). 

 

2
y y

 y 1-p-tp-t
t

+
=  

 

I decided to apply it to the note domain instead, for which I undertook some musical 

simplification and considered a note as being defined by three independent parameters (i.e. 

pitch, velocity and duration)174, so that a monophonic musical voice could be completely 

described by three independent successions: 

  

• a succession of pitches notn 

• a succession of durations durn 

• a succession of intensities veln 

 

Thus, any discreet event i, is characterized by a pitch noti, played with an intensity veli, 

during a time duri. 

 

Music implies some degree of repetition. Musical structure implies the existence of many 

nested parts, which often show high resemblances among them. That means, that special 

subsets of these three successions (e.g. an 8 or 12 bars theme, a rhythmic motif, etc.) have a 

special role in the structure of many kinds of music, and that many of the properties of a 

fragment are closely related to the same properties of one previous. On the repetition of a 

theme, we could for instance consider that the value of a pitch (noti) depends in part on the 

pitch (noti-N) that occurred N notes before (i.e. in the same relative position of the previous 

appearance of the theme). We could therefore consider N as the size of one of these 

fragments, and call it the periodicity parameter or more simply the period. This value will 

                                                      
174 Treating pitch, intensity and duration as completely independent parameters is a quite common 

practice in algorithmic music, not only computer based (e.g. serialism). 
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probably indicate an autocorrelation maximum. Figure 8.2 shows three well-known jazz 

tunes with their three corresponding possible values for N175.  

 
Figure 8.2. Pitch periodicity (N) in three well-known jazz tunes 

 

If we write the relation: xi = f(xi-N, xi-k) with 0<k<N, what we mean is that at any instant i, 

the value xi (which can be a pitch, a velocity or a duration) depends on the value x that 

occupied the same position in the previous period, and on another value which occurred 

somewhere between these two176.  

 

Writing it for our three successions, we will have: 

• noti = f(noti-N, noti-k) 

• veli = f(veli-N, veli-k) 

• duri = f(duri-N, duri-k) 

The period N indicates the memory size of our musical phrase. We will name k the inertia of 

the system. If k decreases (tending to 1), our music will be more influenced by the more 

recent events. As k augments (tending to the limit N) our system will become more inertial. 

Figure 8.3 illustrates how a value (xi) is computed and updated in a N-sized circular memory 

buffer. The cell i being dependent of the cells i-k and i-N means that each value of the cell is 

successively updated using its older value and the value of the cell i-k. When k>i, the cell i-

k+N is used. 

                                                      
175 In the following examples, N roughly corresponds both to the pitch and to the duration periods. 

Although this is a frequent case both periods could be different indeed. 

 
176 In the real Karplus-Strong algorithm, k is always equal to 1.  
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Figure 8.3. Calculations in an N-sized circular memory buffer 

the xi cell is updated using xi former value and xi-k. 

 

We could consider a polyphonic composer as made of various simultaneous monophonic 

voices generators of this kind. Then, for M voices, we would have therefore a total of Mx3 

successions (M pitches, M durations and M velocities). Being Pitel a MIDI based system, M 

could have been any number equal or inferior to 16, the number of independent MIDI 

channels. This number was reduced to four, not because of computer power limitations, but 

because of human control bandwidth restrictions (Fitts 1954; Fitts & Posner 1967; Cook 2001 

or Levitin 2002). Either with M equal to 4 or to 16, in any case, this structure would generate 

M simultaneous but completely independent voices, which is certainly not the best musical 

environment we can imagine! 

 

8.3.2 Voice dependencies (or how a voice listens to another one) 

The solution for making voices interdependent was indeed very straightforward. It sufficed to 

cross these relations, simply picking xi-k from a different voice. We have then: 

xa,i = f(xa,i-N, xb,i-k) where a and b indicate two different voices. 

The current value (i.e. a pitch, a velocity or a duration) of the voice a, will consequently 

depend on the value it had during the previous period and on another value, more or less 

recent, but picked now from another voice b. This is represented in figure 8.4. 

1 i-k i N

N cells
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Figure 8.4. xa,i = f(xa,i-N, xb,i-k) (voice A is dependent on voice B) 

  

To simplify human operation on the GUI, I decided that the three parameters of each voice 

(pitch, velocity and durations) would be controlled simultaneously. Each voice had therefore 

only one period, one inertia, and one voice (b) to listen to (instead of 3+3+3). However, any 

of these three values could be changed at any stage of the performance. This dependency 

structure is shown in figure 8.5, taken from a fragment of Pitel’s main control screen. 

 
Figure 8.5. Matrix dependencies in Pitel 

 

• Each horizontal line in the grid represents one voice. Columns represent the listened 

voices. Each line has always one and only one position activated, which represents 

the voice it is listening to. In the figure, all four voices are listening to voice #2. 

• A and B represent the human players (we will discuss that later) 

1 i N

N cells

1 i-k i M

M cells

A is the slave voice 

B is the master voice 
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• The last column, represent the selected listening algorithm (i.e. the function f), which 

we will be discussed in the next section. 

 

The following figure 8.6 shows several possible listening configurations. 

 
Figure 8.6. Four different listening configuration 

 

a. shows the egocentrical independent situation. Each voice listens only to itself. 

b. shows the hierarchical situation, in which each voice listen to a leading voice (i.e. #2) 

c. shows an interesting circular situation (1 4 3 2 1) 

d. shows a double duet situation: 1 and 3 listen to each other; 2 and 4 listen to each 

other. 

 

8.3.3 Listening algorithms 

Pitel offers various listening algorithms (i.e. different types of functions f) that the performer 

can modify at any time, choosing from a combo list (right column in figure 8.5). We will start 

describing the simpler linear algorithms. 
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8.3.3.1 Karplus-Strong (average) 

2
 xx

 x k-ib,N-ia,
ia,

+
=

 (shown as lin in the combo menu) 

This is a simple low-pass filter. It makes much correlated music (i.e. the length of the period 

is easily perceived), but can only be used over a short time, as it ineluctably averages the 

values, ending in a constant note, with constant velocity and constant duration; bringing 

therefore any composition to its entropic death! 

 

8.3.3.2 Cannon 

k-ib,ia, x x =  Voice a repeats voice b with a delay k. This is not a cannon strictus sensus, 

as the distance k indicates the number of elements that separate the two voices, but the 

durations of these elements in the two voices are not necessarily equal. The effect is that of a 

flexible cannon that can either skip or repeat notes of the master voice. It can be related with 

(Wessel & Wright 2002) ‘catch and throw’ metaphor. 

The ‘catch and throw’ metaphor involves the notion of 
selectively trapping musical phrases from an ongoing 
performance, transforming them in some way, and then 
sending these transformed materials back into the 
performance. Transformation of musical material is critical 
for this kind of performance; literal echoing grows old very 
quickly (Wessel & Wright 2002).  

8.3.3.3 Loop 

Voice a repeats itself with a period N 

 
 

8.3.3.4 Difference 

( ) 127&x-64 x x k-ib,N-ia,ia, +=   

 

This acts like a high-pass filter, which produces middle values when applied to a thin input 

range and more extreme values with wider input ranges. 

 

N-ia,ia, x x =
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Linear algorithms are fairly controllable and tend to become monotonous and boring at the 

end. For adding some spice, nonlinear algorithms were needed.  

 

8.4 Non-linearity in Pitel 

8.4.1 1/f noise 

In a well-known article Voss and Clarke (1978) suggest that 1/f-type power density spectra 

could be found in music of all kinds, claiming that "frequency fluctuations of music...have a 

1/f spectral density at frequencies down to the inverse of the length of the piece of music”. 

This distribution has now become a standard algorithmic composition method, and appears 

with significant discussion in most computer music standard texts such as (Dodge & Jerse 

1992) or (Moore 1990). Discussion of the Voss and Clarke theory and the implications of its 

widespread and fashionable use in electroacoustic music composition fall outside the scope of 

this thesis; their assertion has not been, however, without strong methodological criticisms 

(Nettheim 1992; Pressing 1994).  
 

The claim of Voss and Clarke that 1/f processes well 
represent pitch in music has been found in these preliminary 
studies of classical music to have only slender support, and 
the claim for duration must evidently be rejected. (Nettheim 
1992). 

  

My discovery of 1/f noise comes in the late 1980s, from a highly enthusiastic digest version 

that published in Scientific American (Gardner 1978), little after the original paper (a digest 

that is also probably more accountable that the original for all the wave of self-similar music 

to come). In that article, Gardner proposes the following dice throwing algorithm for the 

creation of 1/f melodies: 

 

Although 1/f noise is extremely common in nature, it was 
assumed until recently that is was unusually cumbersome to 
simulate 1/f noise by randomizers or computers...As this 
article was being prepared Voss was asked if he could devise 
a simple procedure by which readers could produce their 
own 1/f tunes. He gave some thought to the problem and to 
his surprise hit on a clever way of simplifying existing 1/f 
computer algorithms that does the trick beautifully. The 
method is best explained by considering a sequence of eight 
notes chosen from a scale of 16 tones. We use three dice of 
three colors: red, green and blue. Their possible sums range 
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from 3 to 18. Select 16 adjacent notes on a piano, black keys 
as well as white keys if you like, and number them 3 to 18. 
Write down the first eight numbers, 0 through 7, in binary 
notation and assign a die color to each column as is shown in 
[figure 8.7]. The first note of our tune is obtained by tossing 
all three dice and picking the tone that corresponds to the 
sum. Note that in going from 000 to 001 only the red digit 
changes. Leave the green and blue dice undisturbed, still 
showing the numbers of the previous toss. Pick up only the 
red die and toss it. The new sum of all three dice gives the 
second note of your tune. In the next transition, from 001 to 
010, both the red and the green change. Pick up the red and 
green dice, leaving the blue one undisturbed, and toss the 
pair. The sum of three dices gives the third tone. The fourth 
tone is found by shaking only the red die, the fifth by 
shaking all three. The procedure, in short is to shake only 
those dice that correspond to digit changes (Gardner 1978). 

 B G R 

0 0 0 0 

1 0 0 1 

2 0 1 0 

3 0 1 1 

4 1 0 0 

5 1 0 1 

6 1 1 0 

7 1 1 1 

 

Figure 8.7. Binary card for Voice 1/f dice algorithm  

(reproduced from Gardner 1978) 

 

8.4.2 Pitel’s bitwise modulation 

It is from a free-spirit interpretation of this process177 that comes Pitel’s core algorithm, later 

to be baptized as the Jordà process by the composer and researcher who specialized in 

algorithmic composition, Charles Ames (1992). 

 

( ) ( )mod~&x|mod & x x k-ib,N-ia,ia, =  

                                                      
177 …and from a 1989 high speed obsession with the C bitwise operators… 
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• & is the AND bitwise operator 

• | is the OR bitwise operator 

• ~ is the negation bitwise or one-complement operator 

 

mod takes the role of the increasing weight in Gardner’s description. In Pitel’s 

implementation it is a sawtooth signal ranging from 0 to 127 that increments in one unit at 

every calculation step. When mod values are low the final value depends more on the [b] 

voice contribution (when mod = 0 it is the exact [b] contribution). When mod values are 

high (near 127) [a] contribution gets more important.  

 

8.4.3 More on bitwise operators 

Bitwise operators (OR, AND, NOT and XOR) that were initially chosen for its computational 

cheapness, opened a whole world of experimentation. They were fast, nonlinear and very 

antiintuitive!178 

Not any logical relation can be adequate. Some boundary 
properties have to be imposed, and in order to determine 
their organizing/disorganizing qualities or their bandwidth, 
many different tools (information theory, transforms 
analysis...) shall be done to the resulting signals (i.e. notes or 
durations sequences). Statistical studies applied to the 
Cartesian product of the data domain (typically 0 to 127) are 
also interesting and clarifying. This field is barely scratched, 
and a lot of work is still to be done. We have also tried to 
order the functions in a intuitive entropic (i.e. organizing / 
disorganizing) progression. (Jordà 1990). 

 

8.4.4 Non-linearity: pros and cons 

As Pitel possesses no musical intelligence, it is thus conceptually unable to change its 

behavior based on any input analysis. This is something the performer-conductor is supposed 

to be in charge of. However, the nonlinear phenomena caused by the feedback expressions 

with logical bit wise operators, may suddenly present hardly predictable behaviors. 

                                                      
178 In further works (Jordà 1998b) I have taken these feedback algorithms out of the symbolic note 

domain and applied it to the audio sample domain, experimenting with different shapes of modulating 

waves (sine, half-sine, triangle, etc). This topic will be covered in chapter 10. 
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Depending on the rates k/N, strange attractors appear179, which will show from near chaotic 

to quasi-periodic regimes (with internal periodicities that are indeed apparently independent 

or non-multiple of the values N or K). Pitel possesses therefore the ability to change its 

behavior based on … no one knows exactly what. 

 

8.5 Combining Pitel with external MIDI signals: Listening and 
improvising with humans 

 

In this context, listening to human performers is straightforward. The MIDI input coming 

from one or two musicians (only note-on messages are used) is stored into three or six 

separate circular buffers (i.e. two pitch buffers, two velocity buffers and two duration 

buffers). Selecting A or B in the connection matrix allows any of the four synthetic voices to 

be plugged (i.e. to listen) to any of the two human voices.  

 

8.5.1 First evaluation 

 

Computer music often uses mathematico-physical models as 
an excuse for compositional principles. Markov processes, 
generative grammars, fractals, cellaular automatons, chaos 
and catastrophes have alternatively been the paradigm 
dujour (Richard 1991). 

I am not a fundamentalist and I definitely not rely on mathematical concepts for justifying my 

music. The first results with the system as we have described it were two-pronged: 

 

1. Nonlinear algorithms tend to sound “too coherent180” showing a distinctive fractal 

flavor and an excessive self-similarity.  

2. Linear algorithms are not self-sufficient. When used alone they tend to get boring, 

but they do very well in combination with nonlinear ones (e.g. a sudden loop, an 

                                                      
179 For an introduction to (i) nonlinear dynamics and (ii) an overview of its applications in music the 

reader can refer respectively to (Schroeder 1991; Miranda 2001). 

 
180 Coherent does not exactly mean predictable. There is a difference between anticipating a result and 

finding it ‘reasonable’ once it happens.  

 



CHAPTER 8 PITEL : MACHINE Listening and improvisation 254 

 

unexpected fading or melting phrase by means of a Karplus-Strong low-pass filter, 

etc., is a great mechanism for breaking ‘fractalism’ from time to time). 

3. I had not introduced in my algorithms anything to deal with silences; Pitel is a 

verbose and indefatigable quartet!  

4. Pitel is too inertial. Changes to its parameters changes do not reflect immediately in 

the music. It feels like driving a big truck181. 

5. When listening to humans, the results are stranger, and not clearly related to what the 

musicians are playing. Although my colleagues are quite confident given a wide 

range of improvising styles (from hard-bop to free improvisation, passing through 

1960s African-american free jazz), they are obviously not too familiar with fractal 

improvisation! The results show too often two irreconcilable groups: humans trying 

to survive the machine. 

 

Therefore, I decided to add some little musical tricks. 

 

8.6 Musical filters and “enhancements” 

8.6.1 Musical filters 

 
Figure 8.8. Detail of the Period, Inertia and density controls. 

                                                      
181 I had used this metaphor before I read Salvatore Martirano’s description of his SalMar system: “It 

was like driving a bus” (from Chadabe 1997:291). 
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8.6.1.1 Density control 

I added four faders (1 per voice) ranged from 0 to 100 to control density. All notes are 

calculated and added to the buffers as usual, but some are not send to the MIDI out, 

depending on their sounding probability. Figure 8.8 shows a fragment of Pitel‘s main screen, 

with the period, inertia and density controls. 

 

8.6.1.2 Volume, mute and solo 

In the ‘dipping’ metaphor, the computer constantly generates 
musical material via a musical process, but this material is 
silent by default. The performer controls the volume of each 
process—for example, by using a poly-point touch-sensitive 
interface with the pressure in each region mapped to the 
volume of a corresponding process. Other gestural 
parameters control other parameters of the musical 
processes. An advantage of this metaphor is that each 
musical event can be precisely timed, regardless of the 
latency or jitter of the gestural interface. Once a given 
process is made audible, its rhythm is not dependent on the 
performer in an event-by-event way. This kind of interface is 
most satisfying when there are multiple simultaneous 
musical processes of different timbres, allowing the 
performer to orchestrate the result in real time by selecting 
which processes will be heard (Wessel & Wright 2002).  

The traditional ’’one-gesture-to-one-acoustic result’’ 
paradigm automatically provides many important musical 
features that must sometimes be implemented explicitly. One 
of the most critical features of any musical control system is 
a ’’silencer,’’ a mechanism that allows the performer to 
gracefully shut down a musical process. More generally, the 
performer should always have control of the overall volume 
and density of the sound an instrument is producing, even 
when a semiautonomous generative algorithm is handling 
the details (Wessel & Wright 2002). 

 

I added four volume faders, four mute buttons, four solo buttons and a mute all button. 

 

8.6.1.3 Program Change and Control Change 

In Pitel, each one of the four voices uses a different MIDI channel (1-4). I added one Program 

Change and one Control Change number boxes for each voice. Program Changes are only 

sent when their value is modified by the performer-conductor. Control Changes are now 

incorporated into the algorithmic engine, in addition to pitch, velocity and duration. A new 
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Control change value is sent therefore before sending every note on. If the performer-

conductor selects for example CC#10 (panning), each new note will sound in a different 

stereo position. These controls are shown in figure 8.9. 

 

 
Figure 8.9. Volume and MIDI controls 

 

8.6.1.4 Pitch range and transposition 

I added two additional faders for each voice to control its tonal range (lowest and highest 

pitch allowed). Pitches out of range are corrected, by adding or subtracting octaves, until they 

fit into the allowed range182. I also added a transposition slider (+- 24 semitones) for each 

voice. This is shown in figure 8.10. Notice that in this case and in all the following ones, 

memory buffers keep storing the original algorithmic values (prior to any correction) thus 

preservating the ‘algorithmic integrity’.  

 

 
Figure 8.10. A detail showing the range and transposition controls 

                                                      
182 This was Pitel’s first musical knowledge: an octave is made of 12 notes. 
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8.6.2 Time corrections 

Like in most sequencers, Pitel does not deal with absolute time (i.e. milliseconds) but with 

ticks. Its resolution is 24 ticks/quarter (a low resolution for today’s standards but which I 

found sufficient in 1990 and which worked reasonably well on less powerful machines).  

 
Figure 8.11. Time correction controls 

 

8.6.2.1 Tempo 

I first added a global tempo slider [30-300 bpm] that controls the duration of one tick. I then 

included three additional mechanisms for exerting more deterministic control on time. They 

are shown in figure 8.11 and commented next. 

8.6.2.2 Weighted duration correction 

This mechanism allows the performer-conductor to exert an additional control over the 

algorithmic durations. It consisted of two sliders per each voice. 

• The first slider shows an average duration in ticks [3-96] . 

• The second slider shows a percentage weight [0-100]. 

• When the weight is zero the output duration is the algorithmic one without 

correction. 

• When the weight is 100 the output duration is the average duration. 

• For any weight in between, the output duration is calculated according to the 

straightforward following formula: 

 

( ) ( )
100

weight-100duration calgorithmi weightduration  average duration output ×+×
=  

 



CHAPTER 8 PITEL : MACHINE Listening and improvisation 258 

 

Optionally, the average duration could be automated, according to the average durations of 

the performers.  

8.6.2.3 Staccato/legato 

An additional slider ranging from 25 to 200 controlled the staccato/legato effect 

• For a value of 100, the durations of the notes were kept unchanged. A new note was 

triggered immediately after the end of the previous note (in the next clock). 

• For values <100, the note-off message is advanced, leaving some silence in between 

notes. 

• For values >100, the note-off message is delayed, overlapping two or more notes. 

8.6.2.4 Quantization 

One slider per voice [1-96] was used to quantize the output duration. The value 1 (default) 

meant no quantizing. 

 

These three correction mechanisms (weighted durations, staccato and quantization) are 

always applied in the order they have been presented. They allow for a very rich rhythmic 

control, far beyond any commercial sequencer. Since these controls are independent for each 

of the four voices, extremely complex polyrhythmic structures (e.g. sevens against nines 

against elevens) are indeed possible to achieve. Furthermore, an option is provided to allow 

the creation of chords and homophonic lines. 

8.6.2.5 Synchronization 

An additional option [SYNC] is added to the listening matrix. When the performer chooses a 

synchronized listening mode ([S] instead of the normal [N]), the notes of this voice are 

triggered in synchrony with its master voice. Figure 8.12 shows two synchronization 

examples. 

 
Figure 8.12. Two examples of synchronized voices 
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a. Notes on voice 2 are only triggered at every new note on voice 4, and notes on voice 

3 are triggered at every new note on voice 1. The result is two lines with two notes 

each. 

b. Homophonic situation: 4-note chords are controlled by voice 1. 

 

8.6.3 Pitch transformations 

8.6.3.1 Tonality and pitch quantization 

Tonality is definitely not free music’s cup of tea. Anyway, I decided to have an additional 

option for further control over pitch distribution. Many authors have studied analysis 

techniques and algorithmic methods for a better cognitive understanding and for the 

generation of tonal music. From Simon and Sumner (1968, reed. 1993) and Winograd (1968) 

late-1960s seminal papers that set a milestone in the study of Artificial Intelligence and 

music, and Lerdahl and Jackendoff, Generative Theory of Tonal Music (Lerdahl & 

Jackendoff 1983), which constitutes a combination of Heinrich Schenker’s theory of music 

and Noam Chomsky linguistics’, there are numerous articles and studies devoted to that 

subject183. 

 

My goal was not so ambitious. I only needed a subtractive method (in which “tonality” would 

only be one more possible configuration) that could optionally filter or correct Pitel’s 

precalculated pitches. Rowe (1993, 2001) and Winkler (1998:193-199) among others, have 

shown different simple Max techniques and implementations for pitch correction. The one I 

applied in Pitel has not been, to my knowledge, described anywhere else.  

 

The first obvious solution consists on applying direct quantization, so if a MIDI pitch value 

of 61 enters (C#) and only C or D are allowed, this value gets reconverted to 60 or 62. This 

allows the creation of any arbitrary scale and, with a slight modification, permits to 

dynamically change the pitch origin of the scales (e.g. modulating from C Major to G Major 

by adding 7 to all the scale members). But this method is not well suited for dealing with 

weights (e.g. making the fifth more probable than the sixth) or for dynamically changing the 

number of elements of the scale. 

                                                      
183 A recent review on tonal music and Artificial Intelligence can be found in (Anagnostopoulou et al. 

2002). 
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8.6.3.2 Pitel’s 12-notes scales 

In my approach, I decided to order every scale not in the logical progressive way (e.g. 0, 2, 4, 

5, 7, 9, 11 for a generic major scale), but in an “importance order”, determining also that all 

scales would equally have 12 elements. The obvious problem came with the arbitrary criteria 

one has to take for ordering 12 semitones in different manners. Some procedures were more 

straightforward than others: 

 

• Fifths’cycle: 0, 7, 2, 9, 4, 11, 6, 1, 8, 3, 10, 5 

• Fourths’ cycle: 0, 5, 10, 3, 8, 1, 6, 11, 4, 9, 2, 7 

• Harmonic series: 0, 7, 4, 10, 2, 6, 8, 11, 13, 5, 9 (which is obtained by approximating 

the successive harmonics to the tempered scale and discarding repetitions). 

• Major: 0, 4, 11, 2, 5, 9, 1, 8, 3, 10, 6 (which is obtained by adding major or minor 

thirds). 

• Chromatic ascendent: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 

• Chromatic descendent: 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 

• Random: new sequence every time it is selected 

• Custom: user configurable, saveable and loadable 

 

Given Pitel’s completely deterministic approach, the order of the different intervals that 

constitute these scales or sequences of pitches, does not imply any probability of appearance. 

The way this importance-order is managed is by using an additional parameter, called tonal 

freedom, which ranges from 1 to 12 and which determines the effective size of the scale. 

With a size of 12, all scales are completely identical because they all contain the same 

elements (i.e. all the values between 0 and 11); their output is atonal. When the size [N] is 

smaller than 12, only the first N elements or intervals will be used. Here are some possible 

examples: 

 

1. The Fifths’ cycle with a freedom (or size) of 5, creates a pentatonic diatonic scale. 

2. The Fifths’cycle with a freedom of 7 corresponds to the Lydian mode. 

3. The Fourths’ cycle with a freedom of 7, corresponds to the Locryan mode. 

4. The Major scale with a freedom of 3, gives a major third chord, while a freedom of 4 

corresponds to a 7th Major chord, and a freedom of 7 corresponds to the Major scale. 

 

Pitch correction controls are shown in figure 8.13. Their use is as follows. At any moment 

during the performance the performer-conductor, is able to: 
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• Modify the transposition of each voice 

• Select a scale from a combo list (the scale is global for the four algorithmic voices) 

• Edit and modify the scale graphically in a Max table object 

• Modify the base pitch (tonic) for that scale 

• Modify the scale size or tonal freedom [1-12] independently for each voice 

 

 
Figure 8.13. Pitch correction controls 

 

8.6.3.3 Non-tempered scales and microtonality 

Although Pitel’s predefined scales are all 12-sized, the system allows scales containing from 

4 to 32 elements. It is not necessary that this number of elements correspond to the notes 

within an octave, but this is what Pitel assumes. The real musical meaning of the setup will 

only depend on the microtuning capabilities of the external synthesizers employed, something 

that Pitel does not know about. For instance, a user desiring to work with 16-note scales 

should define in Pitel one or several successions containing all the numbers from 0 to 15 

reordered in different fashions. The tuning of each of these notes (and the scale being or not 

octave-based) is a question to be solved by programming the output MIDI synthesizer. It is 

finally worth mentioning that the bitwise operators (i.e. xor, and, or) employed in Pitel’s 

nonlinear binary algorithms may operate better (i.e. more coherently) with scales whose sizes 

are powers of two (e.g. 8 or 16 instead of 12).  

 

8.7 Final considerations 

8.7.1 Master control and data types 

The description of PITEL I have discussed corresponds to the program’s last incarnation (v. 

2.1), written in 1992 in the Max language. I have discussed most of its components and its 

interface except for some additional commands (as shown in figure 8.14) which dealt with 

recording, storing and loading different types of data. That included presets that saved the 

state of all the parameters in the screen (a really handy Max feature!) and that could be saved 
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within a session, MIDI files for recording sessions or fragments, and the possibility to edit 

and modify in real time the data stored on the buffers. 

 

 
Figure 8.14. Pitel master control and file management 

 

8.7.2 Data storage and management 

Pitel realtime data was stored in 22 (4x4 + 2x3) circular buffers (Max tables) of 127 elements 

each. Each synthetic voice had four of these buffers (pitches, velocities, durations and 

additional control change values), while each human had only three of these (pitches, 

velocities, durations with no additional control change). The initial information stored in 

these buffers (127 initial values) could be drawn graphically, loaded from text files or even 

from MIDI files. After some time playing with the program, I realized that (at least for my 

own musical needs) the kind of initial data that was preloaded was not that important184. 

 

8.7.3 Presets 

I found the presets of the screenshots, however, essential for live playing. Pitel had too many 

parameters, controls, buttons and sliders. Some of them tend to take their time until the 

effects are clearly perceivable. Changing the state of the program modifying parameter one 

by one by means of the slider would meant interminable and boring pieces. Presets allowed 

me to go from a 4-voices slow homophonic section, to a fast polyrhythmic part playing five 

against seven, against nine, against eleven crochets, only by clicking a mouse.  

                                                      
184 Like its creator, Pitel is definitely more Ligetyan or Xenakian than Boulezian. As the first two 

composers, I definitely believe that formal shape is more dependent upon matters of texture, timbre or 

contrast than harmony, counterpoint or thematic working (Griffiths 1986). 
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8.7.4 The Graphic User Interface 

As shown in figure 8.15, Pitel’s GUI is probably not an example of state of the art graphical 

user interfaces and musical instrument design. It was my first try, but it also features several 

crucial discoveries I made on the way. 

 

The traditional ’’one-gesture-to-one-acoustic result’’ 
paradigm automatically provides many important musical 
features that must sometimes be implemented explicitly 
(Wessel & Wright 2002). 

 

We have already used a longer version of this quote referring to the silencer or mute button. 

Another feature implicit to traditional instruments that I discovered during Pitel’s 

development is that they only have one ‘window’, meaning by it that traditional instruments 

tend to have all their features available at once. Windows and menus are helpful in many 

human computer interaction tasks, but they do not seem suited for real realtime interaction185.  

 

 
Figure 8.15. Pitel main window 

                                                      
185 The reader may believe that this critic could be made extensible to mice. We will seriously come 

back to this topic. Although mice may not be as ‘expressive’ as a violin bowl, they are probably not 

‘worse’ than a drum stick. 
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8.7.5 Playing with Pitel 

I used Pitel in live concerts, between 1989 and 1992, mostly in duets and trios with the 

saxophonist and bass clarinettist Pelayo Arrizabalaga and/or the trumpeter Markus Breuss. I 

used it also by myself, to experiment and unveil its personality. In the latter cases, I tended to 

behave more passively, listening and analyzing deeper the results, with little intervention, 

staying thus closer to the chess than to the Quake model (see sections 5.3.1. and 7.13.3). 

 

Of particular note here is the fact that in the absence of 
outside input, the complete specification of the system’s 
musical behavior is internally generated by 
setphrasebehavior. In practical terms, this means that 
Voyager does not need to have real-time human input to 
generate music. In turn, since the program exhibits 
generative behavior independently of the improvisor, 
decisions taken by the computer have consequences for the 
music that must be taken into account by the improviser 
(Lewis 2000: 36).  

Cypher is perhaps hyperenthusiastic about soloing: it always 
takes the absence of other input as a signal that it should play 
more (Rowe 1993) 

 

Hyperenthusiasm seems pervasive among artificial players. Left with itself, Pitel becomes 

also a verbose quartet. In these cases, I found it better to leave it with a well interconnected 

listening matrix and some nonlinear algorithms. The music in these cases can develop for 

hours, often attaining surprisingly complex but still coherent structures. A completely 

different approach I took several times, was to choose Karplus-Strong low-pass filter for the 

four voices and wait until the piece reached slowly its entropic death. This could take up to 

half an hour, depending on the listening matrix configuration. After that, the four virtual 

performers would start playing the same pitch with the same duration for the rest of the 

eternity. I also recorded and edited some closed tape-compositions with it. In these cases I 

had a tendancy to choose inhuman constraints, like fixing very short durations of a few 

clocks. Within these configurations, Pitel also proved to be a good tool for working at a 

quasitimbral level (even with General MIDI!)186. The composer Adolfo Nuñez, director of the 

Laboratorio de Informática y Electrónica Musical (L.I.E.M) in Madrid (Nunez & Cester 

                                                      
186 Several Pitel tracks, showing some of the aforementioned aspects are included in the accompanying 

CD. 
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1991), also employed the program as an algorithmic non-realtime tool for composing scores 

to be played by an orchestra.  

 

8.7.6 Categorising Pitel 

Trying to classify Pitel according to several of the properties and taxonomies established in 

chapter 4, one could say that it clearly epitomizes the net complexity or the conversational 

model, suggested by Joel Chadabe. This conversational paradigm is indeed present in several 

complementary ways, given that Pitel is able to play with humans in the George Lewis’ 

‘tradition’, while it can also be approached as a net of autonomous musical entities, that can 

be left to dialog, completely on their own.  

 

Concerning Rowe’s instrument-player dichotomy, Pitel would surely be considered a 

performer by fellow human performers. However it could also be considered an instrument 

by the performer playing it with the mouse. Considering Pressing’s traditional music 

metaphors (i.e. playing a musical instrument, conducting an orchestra, playing together with 

a machine, acting as a one-man band) Pitel could, to a certain extent, encompass them all 

(the first one probably the lesser).  

 

In a comparable vein, Winkler (1998) proposes four models for interactive music, which look 

at control issues in three traditions: symphony orchestra, string quartet, and jazz combo, with 

suggestions for control design for computer pieces (Winkler 1998: 23). The symphony 

orchestra epitomizes the conductor model, in which musical material is predetermined, and 

the performer controls the tempo or the dynamics of the ouput. This approach has been 

extensively discussed in earlier chapters and is clearly represented in score-followers and 

digital baton conductors. Playing with Pitel was also related with conducting an orchestra, 

but more with Salvatore Martirano, for whom conducting his SalMar construction consisted 

of telling the orchestra how to improvise (Chadabe 1992).  

 

In that sense, extending Winkler’s traditionally inspired paradigms, a model, albeit not very 

typical but much closer to the essence of many interactive music systems, could be that of the 

‘conducted free big band’ as shown in the work of composers improvisers such as John Zorn 

or Butch Morris. John Zorn, who composes and plays in a wide variety of contexts and 

genres, over the years has written a series of compositions that deal with improvisation, or 

more accurately, with improvisers, which foment the stimulation or the release, of the 

network of relationships possible between a group of players. These compositions are often 
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based on games or ‘game plans’ in which the rules (instead of the musial material) are clearly 

stated187.  

 

Pitel’s response methods show a combination of generative and transformative mechanisms. 

Its response can indeed be interpreted in two ways: as a permanent transformation of the 

music input played by the other performers (both human and/or virtual ones) or as a 

collection of generative methods that use these inputs as data seeds. From my point of view, a 

clearer distinction is achieved by considering Pitel as comprising two parts: a generative 

component (the algorithmic engine) and a subtractive one (the time and pitch correction 

filters), in fact, this is a distinction I tend to use more often in the conception of my own 

systems.  

 

Before introducing Pitel’s main drawbacks and pitfalls I will briefly describe a short project 

that followed Pitel’s development. 

 

8.8 Sólo Soles 

 

In 1995, the Asociación de Música Electroacústica de España188 (A.M.E.E), organized a 

Disklavier concert with new pieces especially commissioned for the event, I received one of 

the commissions. The rules were simple: no interactive pieces; each composer will have to 

submit one Standard MIDI File with all the information on channel 1; the event will last for 

several days and the piano will keep playing all the compositions in a row, displaying on a 

screen the title and the author of the piece being played. 

 

Mechanical music is a topic we will further address in the following chapter. Before Conlon 

Nancarrow, the composer who has devoted his life to compose for the player piano (Gann 

1995)[Nancarrow 1990], other famous composers such as Stravinsky or Bartók wrote for this 

instrument, taking advantage of all the possibilities offered by the absence of restraints that 

                                                      
187 “My early pieces were sports, like Lacrosse, Hockey, Pool, Fencing, and I got bored with those and 

started using war games, kind of bookshelf games. The rules were intense… but when someone 

explains the practice of it, it’s very simple… I was very influenced by these complex war games and I 

like the idea of the guerrilla systems in Cobra … Cobra is like the sum total of working with these 

games pieces (John Zorn in Bailey 1992: 76) [Zorn 2002]; (Hopkins 1997). 

 
188 Spanish electro-acoustic music association. 
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are an outcome of the structure of the human hand (Bartók 1976; Battier 1995; Rowe 1993: 

4).  

 

This absence of restraints is obviously what first comes to mind in that context… and what 

often remains! So I decided to write a humanly unplayable piece. Pitel could have been a 

good candidate for that, but Pitel had only four voices, which for me, posed some aesthetic 

(adapt myself to that), technical (combine several Pitel voices possibly running several 

machines) or conceptual problems (expanding Pitel’s creation by other meanings). 

 

I decided to take a completely different approach, and planned myself to compose a 

minimalist piece which would contain only Gs, and started by calling the piece Sólo Soles 

(i.e. Only Gs and also Only Suns). I wrote on my sequencer an initial cluster with the seven 

Gs available on the piano. I copied and pasted the chord several times, eliminating by ear 

some Gs here, some others there. After I had a slow and beautiful sequence of different only-

Gs chords combination, with each ‘chord’ lasting the sufficient time for letting of all its notes 

to serenely resonate189… I did not know how to continue. So I decided to follow with a 

pragmatic procedural approach.  

 

I connected the sound output of my MIDI sound module to the sound input of my sound 

effects rack, a Yamaha SPX 90. I also plugged the MIDI out of my pitch-to-MIDI IVL 

Pitchrider 2000 into the computer. I did not connect anything to the audio LINE IN of the 

pitch-to-MIDI, which could still ‘listen’ through its embedded little microphone. I had built a 

MIDI audio MIDI feedback loop. I put all this equipment in easily accessible locations, 

listed all the controls I could play with, and found that I had 12 parameters to control (some 

continuous, some binary), as illustrated in figure 8.16. 

 

I struck RECORD on my sequencer, and the G clusters started to sound. All the machinery 

turned to full-blow, and I began jumping around the table, twirling sliders and buttons while 

moving the pitchrider microphone on the air. I quickly began to understand what initially 

seemed a complete chaos, and started moving things much more quietly, almost caressing my 

machines.  

 

                                                      
189 I do not own a Disklavier so I had to conform myself with a quite conventional MIDI module piano 

sound. 
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Figure 8.16. Sólo Soles configuration and available control parameters 

 

Seven minutes later I had the first track of Sólo Soles. Except for the initial Gs’ clusters, the 

track was obviously monophonic, since all the sequencer MIDI input was coming from a 

monophonic source: a pitch-to-MIDI converter. But most of the notes were ‘infinitesimally’ 

short and a look at the sequencer grid-edit easily revealed several concurrent melodic lines. I 

applied some duration quantization with varied lengths depending on the climate of the part (I 

did not touch the start of any note, only their duration), and started again. This time a new 

parameter was available in my sequencer: Track MUTE ON/OFF, and I started recording the 

new input on another track. 

 

After five or six takes, with some duration quantization in between each of them, I decided 

the piece was done. In one night, I had developed a listening-based interactive music system 

and composed a piece with it, which, in my opinion, had musically overblown all the music I 

had done with Pitel in several years of development and experimentation. Besides, the piece 
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resulted to be extremely ‘pianistic’ and I even managed to find references to piano music I 

especially like, such as Debussy’s, Monk’s and Dollard Brand’s. Figures 8.17 and 8.18 show 

two fragments of Sólo Soles score190. 

 

I have no definite clues for Sólo Soles musicality. Was it its mixture of analog ‘real’ listening 

with symbolic digital feedback? Was it the physicality or the simplicity of its control 

mechanisms? Was it the combination of all the above, or perhaps only the result of a 

nespecially ‘good night’? I have been tempted several times to reproduce on stage a similar 

process. It would take about half an hour for a short five-minutes piece, in a kind of I’m 

Sitting on a Room tribute [Lucier 1990](Davies 2003). But I haven’t. I assume that Sólo Soles 

is still a kind of taboo for me. As a collateral result, I did never return to Pitel either191. 

 

                                                      
190 This score represents only a simplication of a piece that was not conceived for being interpreted by 

humans.  

 
191 Sólo Soles is included in the accompanying CD. 
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Figures 8.17 and 8.18. Two fragments from Sólo Soles 
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8.9 Summary 

 

In this chapter I have introduced and described in detail Pitel, an interactive music system I 

developed between 1989 and 1992. Although it lacks sophisticated music knowledge, it is a 

program that fits perfectly into the category of listening systems, which input conventional 

musical information (i.e. notes) and are thus able to play along with other human performers. 

Pitel proved to be an extremely powerful interactive music system, but closing its path was 

neither a convulsive nor an unconscious act. Here follow some of my complaints. 

 

New music should mean something more than new ways of creating ‘old’ music. 

 

This may constitute an oversimplification, which if admitted, should apply to almost all 

‘General MIDI music’. The music performed with Pitel, could not have been performed with 

any other instrument, but it could have performed by four performers with four traditional 

instruments. 

 

Intelligence is a tricky thing and should be used intelligently. 

 

There is the desire on the part of some computer music 
researchers to create new instruments that should "know" 
what to do and require very little skill to play. Though this 
might allow beginners and amateurs to enter into music 
making quickly and enjoyably, this trend might ultimately 
limit a person's understanding of music. The question is 
whether these instruments will stimulate due to their 
immediate accessibility, or suffocate due to a kind of atrophy 
of learned musicality (Schloss & Jaffe 1993). 

Smart instruments are often not smart. For normal humans, 
being able to pick up an instrument with a simple obvious 
interaction and "play it" only makes logical sense. That the 
instrument is "learning from their play and modifying its 
behavior" often does not make any sense at all, and can be 
frustrating, paralyzing, or offensive (Cook 2001). 

 

Pitel was not musically intelligent, at least, not in a conventional way, but it had an extremely 

complex behavior which resulted in an enormously inertial response. Playing with Pitel was 

like driving a truck or a steamer (perhaps also like ‘playing’ an orchestra!). In that sense, 
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Pitel perfectly represents the chess paradigm. While this kind of highly inertial systems may 

constitute perfect compositional tools for many composers, I now personally believe that they 

are not so so well suited for many kinds of live performance, especially for those performers 

who like me, demand flexible instruments capable of fast changes and abrupt discontinuities. 

This is not to say that complexity and lack of manoeuvrability have to go always together, but 

the more complex a system becomes, the more aware the luthier has to be with regard to such 

concerns.  

 

Figure 8.19 has been shown previously (see figure 4.14), but direct microcontrol connections 

have now been eliminated. Pitel allowed only to exert macrocontrol over processes, all of 

them being especially inertial, since they were based on memory buffers of notes, that could 

last for many seconds. All of these processes were existing, conceptually and practically, at 

the temporal scale and at the same musical layer, that of ‘musical form’ and, more precisely, 

from units to hundreds of event-notes. Moreover, all of these processes were distant from 

being intuitive.  

 

 
Figure 8.19. The ‘interactive instrument’ with only macrocontrol 

 

This lack of intuition provoked a lack of fine control which impoverished microdiversity, or 

which perhaps, mixed up microdiversity and mid-diversity. Performances of the same ‘piece’ 

tended to be so different as performances of different pieces! 
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Pitel’s processes did not have either a direct access to microcontrol either Although one 

branch dealt with user-customizable control changes, Pitel was clearly note-based. Curiously, 

I felt this gap in a more obvious way, after dealing with Sólo Soles, a piece for MIDI piano, 

which did not even use control changes! Both systems relied heavily on feedback, but Pitel’s 

symbolic feedback turned into real audio feedback in Sólo Soles. In Sólo Soles, I felt for 

example that turning the sound down showed a much more natural behavior than directly 

muting one of Pitel’s output tracks. When I was turning down the volume of the first sound 

element in the chain, I was still allowing the following chain elements ‘resonate’. I felt that 

Sólo Soles had indeed, like traditional instruments, its own acoustic properties and 

resonances. It may still sound metaphysical but I appreciate this behavior, and I will explain 

it better in chapter 11. As I already said, playing with Pitel was like driving a truck or a 

steamer, I discovered I wanted a motorcycle. The next chapter starts with a moped and ends 

with a robotic musical quartet. 
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Chapter 9 
Afasia: Score-based systems and multimodality 

 

This chapter explains four projects I developed during the 1990s. Although quite different in 
their details – two of them involve for example audience participation, while the two others 
are designed for specific performers, three of them involve some types of mechanical robots, 
etc. – they all share several important commonalities such as the employment of open 
interactive scores. The possibilities, highlights and drawbacks of score-based musical 
systems are studied. The implementation of the fourth and more complex project, Afasia, is 
explained in depth from a technological point of view. Other more conceptual or even 
ideological topics such as the possibilities and implications of audience participation, or the 
correlation between multimodality and control, are also covered in this chapter. 

 

9.1 Introduction 

 

This chapter describes four projects that span from 1992, the year in which I finished Pitel, to 

1998, the year in which I started working with FMOL, the project that will be presented in the 

following two chapters. The fours works, which will be presented in a logical (more than 

strictly chronological) order, result from Pitel’s experience and cover different aspects, pose 

different questions and problems and therefore try to find different answers or solutions. The 

first one, the QWERTYCaster is a simple music instrument I developed for my own 

performances, in response to Pitel’s complexity. Two others were conceived as public 

installations, while the last one, Afasia, is a complete one-man-show designed to be 

conducted for a specific performer, Marcel.lí Antúnez.  

 

The three initial systems will be covered in less detail, and we will concentrate in the fourth 

one, Afasia, which constitutes a much more complex setup, encompassing all the former 

music interaction capabilities. We will conclude discussing the pros and cons of these types 

of approaches. 
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9.2 The low-tech QWERTYCaster 

 

Built in 1995, the low-tech QWERTYCaster could be considered as almost a joke, a rude 

response to Pitel’s complexity, but the truth is that I very much enjoyed playing and jamming 

with it for a couple of years. When designing it, my aim was to build a fast reactive system 

using affordable and cheap technology, with direct audio output in response to every 

movement or gesture, not unlike Nicolas Collins Trombone (Collins 1991) or Michael 

Waisvisz Hands (Waisvisz 1985; Krefeld 1990) both of whom I had seen in concerts around 

this period. 

 

The QWERTYCaster stems from restrictions: temporal and economical restrictions that lead 

to hardware and to software constraints as well. With the idea of preparing a setup for some 

nearby live gigs with bass clarinet and alto sax player Pelayo F. Arrizabalaga, the lack of 

available development time and the firm desire to have something more reactive than Pitel, 

decided me to build the simplest instrument I could imagine. 

 

9.2.1 Inspiration sources (?) 

 

Figure 9.1. Jan Hammer 

Rather than interface to an actual guitar, the commercial 
successes adopted during that era shaped a portable 
keyboard roughly along the lines of a guitar and slung it over 
the neck of a mobile performer; the right hand played the 
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keys, while the left-hand adjusted knobs, sliders, etc. to 
articulate the sounds. Although this let keyboardist prance 
around the stage in the style of guitarists (the fusion player 
Jan Hammer was perhaps the best-known early proponent of 
this type of interface), it by no means was a guitar controller, 
and still required keyboard technique (Paradiso 1998).  

 

 
Figure 9.2. Nicolas Collins ‘trombone’. 

Some devices in this family have evolved far from their 
parents; for instance, the STEIM performer Nicolas Collins 
has turned a trombone into a multimodal performance 
controller by putting a keypad onto an instrumented slide, 
and using this to control, launch and modify a variety of 
different sounds; the trombone is never "played" in the 
conventional sense. (Paradiso 1998) 

9.2.2 The QWERTYCaster Controller 

As seen in figure 9.3, the QWERTYCaster controller consists of a standard QWERTY 

computer keyboard (the strings), a trackball (the frets) and a joystick pad (the whammy bar), 

all held together in a guitar-like piece of wood, connected to the computer with a five-meter 

cable that allows me to play the role of ‘rock guitar hero’. We have already stated that the 

joystick can be a wonderful controller. Compared to that, a trackball on a guitar-like neck 

designed to be controlled with the left hand is somewhat useless; but it can still do several 

tasks when mapped conveniently. An essential component in the QWERTYCaster design is 

the computer keyboard, which provides dozens of quickly accessible functions and 

configurations. The whole controller was designed and built in one afternoon. 
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Figure 9.3. Sergi Jordà with the low-tech QWERTYCaster (1995). 

 

9.2.3 The generator 

Realtime software synthesis was not yet a secure matter in 1995 and no programming 

environment seemed to offer these possibilities. Tired of Pitel’s General MIDI sounds, I had 

just bought what can be considered the first extremely cheap sampler, the PC compatible 

SoundBlaster AWE 32 card, which offered a 16-channel multitimbrality, 32 voices of 

polyphony, and which I augmented with 8 MB of RAM. Although it never achieved CMJ 

reviews, the AWE 32, was in fact a decent sampler that hosted an EMU chip. It was 

completely configurable, with unlimited sample layers, MIDI velocity splitter possibilities, 

chorus, delay and an independent resonant filter and four low frequency oscillators (LFOs) 

for every channel. Best of all, everything was realtime controllable through MIDI control 

messages (filters’ cutoff, filters’ resonance, envelopes’ shapes, LFOs’ frequency and 

amplitude, LFOs’ effect on filter, amplitudes or pitch, etc.). 
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9.2.4 The software  

Since I was going to use the AWE card, I could not use a Macintosh with Max and did not 

have much time either for writing a C program on the PC. I had recently discovered how easy 

it was to take control of a MIDI sequencer (i.e. Twelve Tone’s Cakewalk 3.0) from a Visual 

Basic program, so I finally used these two elements. The Visual Basic part took charge (i) of 

all the input (i.e. joystick, keyboard and trackball), (ii) of the flexible mapping of these inputs 

to MIDI Control Change messages, (iii) of the direct output of these control messages to the 

AWE port and (iv) of controlling the MIDI sequencer (by means of CAL scripts embedded 

into DDE macros). The program was thus able to trigger independent notes, one by one under 

the performer’s control, while the use of sequences and more elaborated rhythmic and 

melodic material was left to the MIDI sequencer.  

 

The Cakewalk sequencer remote control capabilities I used were: 

• Play, stop, pause, rewind, loop… 

• Change tempo. 

• Mute/unmute and transpose any track. 

 

Muting and unmuting tracks does not seem at first glance a very flexible method of 

performance (albeit this combined with some resonant filter twirling, it is most commonly 

used in many techno concerts...), but I decided to adapt to these restrictions and conceived a 

way of organizing predefined sequences, which would be flexible enough for live playing 

even in not too structured contexts (i.e. not playing a specific piece). Following are some of 

the resulting rules: 

 

• Each piece in a concert can correspond to a QWERTY environment. 

• A QWERTY environment can store up to 48 MIDI sequencer tracks (3 tracks/ per 

MIDI channel 1-16). 

• These tracks are looped by default, and can be played individually or simultaneously, 

in any combination with any other tracks. 

• Each QWERTY track is in fact constituted of up to three MIDI sequencer tracks (all 

three sharing the same MIDI channel). Once a QWERTY track is selected, the 

performer can change its ‘density’ by outputting either zero, one, two or its three 

internal tracks. 
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Although not totally flexible, this allowed me to choose on stage between sixteen different 

background parts (or any combination of them) and vary their densities, while soloing at the 

same time, triggering samples, and/or applying effects (filters, LFOs, etc.) to this material. It 

had only one big problem, to which we will go back later: the system forced me to prepare 

(i.e. compose) all this material in advance. As a result, on our concerts we started playing 

defined pieces (albeit extremely open).  

 

A more crucial part of the material composition was preparing the sample sounds banks. 

Where Pitel completely relied on pitch, with the QWERTYCaster I liked working with 

sampler sound banks instead, where each MIDI note would store a completely different 

sound. I would play solos, selecting notes with my left hand on the trackball (i.e. not 

randomly although almost with the same results!), triggering them with the joystick trigger, 

and using also the joystick two continuous parameters and its three buttons to permanently 

modulate these sounds192.  

 

9.2.5 The graphical interface 

The QWERTYCaster controller was connected to the CPU by means of three 5-meter long 

cables (one for the joystick, one for the mouse and one for the keyboard)193. The instrument 

was designed to be played without GUI, since all commands and configuration were 

accessible through the keyboard, but at some times the performer may desire to check or 

confirm the settings applied. For that reason, the QWERTYCaster GUI (as shown in figure 

9.4), which was designed to be checked at five meters, was reminiscent of the early 1980s 8-

bit computers, 320x240-pixel screens! 

 

9.2.6 Summary 

After Pitel’s truck, the QWERTYCaster was the moped I was after. It was simply designed, 

simply constructed and simply programmed, but I enjoyed playing with it immensely, and I 

still like much of the music we played during between 1995 and 1996 (a live duet with the 

QWERTYCaster is included in the accompanying CD). Its compositional approach, which 

combined the use of prerecorded blocks of music, loopable and of variable densities, with 

                                                      
192 The buttons allow the joystick to work on a time-multiplexed mode (Buxton 1986) (see section 

3.5.3.1), thus controlling different pairs of parameters and quickly changing between them. 

 
193 Not wireless then, yet. 
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transformations and solo possibilities was the seed for the mammoth system Afasia, which we 

will be discussed in this chapter.  

 

 
Figure 9.4. The QWERTYCaster early-1980s-look GUI 

 

9.3 Introduction, context and antecedents to Afasia 

 

Aphasia: loss or impairment of the power to use and 
understand words (Webster’s New Encyclopedic Dictionary 
1993). 

 

Afasia is an interactive multimedia revision of Homer’s epic poem, The Odyssey (e.g. Homer 

1989). Homer, probably a poet performer, had only his voice for reciting or chanting a story. 

Afasia takes out speech proposing a wordless version, which by no means converts this free 

revision of the Odyssey into a minimalist piece. Quite the reverse; Afasia integrates a robotic 

musical quartet, additional electronic music, video and animations, all interactively controlled 

by one performer fitted with an exoskeleton. 
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Afasia, created in 1998, constituted the third interactive project produced by the visual artist 

and performer Marcel.lí Antúnez with the collaboration of the mechanical sculptor Roland 

Olbeter and myself in charge of the interactivity, music and software design. It can be seen as 

a logical development of the two previous pieces developed by the same team, both from a 

technical and from a conceptual point of view. Before studying Afasia, we will briefly 

introduce these earlier previous works, in order to better appreciate this evolutionary line. 

They will also bring additional clues that may help understanding the often iconoclast, 

provocative and polemical nature of the works produced by this team, during a period that 

spans between 1992 and 1998.  

 

9.3.1 JoAn l’Home de Carn  

In JoAn l’home de carn194 (1992), we built a gesticulating human ‘being’ (or robot) 

completely covered with natural pig skin (pig skin has an appearance very similar to a human 

skin). A real flesh nude body, which moved the head and the arms, in accordance with the 

words or the sound of the spectators’ voices (Jordà & Antúnez 1993). As shown in figure 9.5, 

and like many 19th and early 20th century automatons, JoAn was sitting on a chair inside a 

glass cabinet, and was exhibited in public places (specially food markets), where he would 

greet and establish a ‘restricted dialog’ with those who would talk to him (Gianetti 1998). 

This installation was soundless; sound was not one of the system’s outputs but it was its only 

input, the reason for JoAn’s limited activity.  

 

From a technical point of view, JoAn was a dramatic simplification of Pitel, discussed in the 

previous chapter. It used the same components (a pitch-to-MIDI and Max software), although 

the sound input of the audience, instead of creating any music, triggered JoAn’s movements.  

9.3.1.1 Expressiveness? 

I always understood JoAn’s programming as a constrained choreography, with minimalist 

elements, which allowed me to deeply experiment with what could be called ‘expressive 

behavior’. JoAn had only four available articulations: one elbow, the shoulder of the same 

arm, the neck and the penis. Taken out from car windshield cleaners, the engines that moved 

these articulations could turn in two opposite directions, but always at the same speed. The 

input controlling the whole system, coming from the pitch-to-MIDI was no more than a 

single stream of note-on messages.  

                                                      
194 JoAn the flesh man. JoAn, John in Catalan, was an acronym for Jordà-Antúnez. 
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Figure 9.5. JoAn l’home de Carn (Jordà & Antúnez 1992) 

Photography and schemes (drawings by M. Antúnez) 

 

If the elements above do not seem to constitute a wide and expressive palette, we still 

managed to give JoAn a quasi-human behavior that always fooled some members of the 

audience (the piece was made to be exposed always in public spaces and for a non-

specialized audience, although it unavoidably entered also several art galleries). There were 

no secrets for this apparently complex and expressive behavior, except a long and fine 

choreographic tuning, with some added hysteresis and some randomness. JoAn did never 

appear to behave in a sequenced way. He did never react the same way either. Some times, he 

would just salute the first visitor, where other times he would need to be warmed up by the 

audience. With an extremely reduced vocabulary, JoAn simulated human expressiveness, this 

is very different from saying that he was expressive (as we have already discussed in section 

7.14). 
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9.3.2 Epizoo 

In Epizoo (1994), Antúnez takes JoAn’s place, and his own body, submitted to a complex 

computer-controlled pneumatic system, is exposed to the will of the audience through a 

videogame-like interface (Gianetti 1998; Jordà 1996, Jordà 1998a; Lozano-Hemmer 1996). 

This controversial performance piece, which integrates elements from performance, 

installation, body art, videogames and multimedia applications, was exhibited in art galleries, 

media art festivals, concert theaters, discothèques and techno raves, in Europe and America 

for about three years.  

 

In Epizoo, the performer stands up on top of a podium and in front of the audience, which can 

move freely in the hall. He is fitted with an exoskeleton, which is connected to a computer 

and controlled by means of a videogame-like graphical interface. This animated GUI is also 

projected on a big screen situated behind the performer. The computer, situated in the middle 

of the hall and, as the performer also slightly elevated, is offered to the members of the 

audience, whom one at a time can interact with its GUI. This setup allows volunteers from 

the public to play with (or torture) the performer's (i.e. Antúnez’s) naked body via the graphic 

interface of a computer, turning users/spectators into potential transmitters of tele-pain. As 

shown in figure 9.6, the nose, ears, mouth, chest, and thighs of the performer are generously 

offered, together with the possibility of modifying the graphic animation, the interactive 

music, the lighting and the entire course of the piece.  

 

The fragile nature of the borders between pain and pleasure, 
between masochism and amusement, between choice and 
imposition, perversity and the soulful, awareness and 
unconsciousness, etc., are clearly highlighted in the course of 
the performance (Gianetti 1998).  

 

I will not enter into the possible meanings of this piece, some of which are also discussed in 

(Jordà 1996); nor in the more general technological aspects (e.g. the pneumatical system with 

its relay controlled electrovalves, etc.). In the following paragraphs, I will describe Epizoo’s 

musical interaction setup and some of its implications. 

 

9.3.2.1 Musical interaction setup 

Epizoo is not a musical instrument; at least not only. However, the whole performance, 

including its music, is really conducted by volunteers from the audience through a mouse-
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driven game-like GUI. Epizoo has about fifteen different screens, which stay for a variable 

time and follow each other in variable sequences, depending on the user’s actions. Each 

screen is a state with its own personality, showing different animations and different musical 

content, but with working principles common to all of them. These screens could have come 

from a weird videogame designed by the likes of Hieronymus Bosch or Giuseppe 

Archimboldo (see figures 9.7 and 9.8), but they stick quite well to the typical, hypertextual 

multimedia cd-rom or web GUI paradigm: animated buttons (albeit very hidden) for discrete 

selections, and sliders (or hot spots that evaluate mouse activity) for continuous controllers. 

 

Epizoo musical output is mostly based on wavefile loops and MIDI sequences; loops are 

layerable and often pitch-changeable, and sequences can be also layered. Looped, unlooped 

sounds and sequences are triggered according to the mouse actions (move, click, etc.) over 

hotspots, and sometimes ‘semiautomatically’, following the rhythms of the animations or 

some body-actuators sequences, both triggered also by the user.  

 

Both the concepts and the implementation of this musical setup are highly related to the 

aforementioned QWERTYCaster guitar, although in Epizoo, the compositions - or the states 

of the system - are more closed and less visible. Where as for the QWERTYCaster, the 

performer can decide what sequences to activate or what notes to trigger195, in Epizoo it is the 

system that takes these decisions according to the user input. The system is still causal but the 

interactor does not know most of the rules.  

                                                      
195 He still cannot determine the contents of these sequences, though. 
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Figure 9.6. Epizoo performance at DEAF Festival, 1995.  
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Figure 9.7. Totem: one of Epizoo’s screens  

(graphic art by Paco Corachán and Marcel.lí Antúnez) 
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Figure 9.8. EAX, one of Epizoo’s screens.  

The eyes follow the mouse. The eyes, mouth, ears and legs are hot spots that can be 

touched and clicked (graphic art by Paco Corachán and Marcel.lí Antúnez). 

 



CHAPTER 9AFASIA: SCORE-BASED systems and multimodality 289 

 

It is also worth mentioning that when the audience is transformed into a kind of instrument of 

martyrdom, their musical aspirations too often vanish. As the same GUI is used for moving 

the performer’s body parts, users’ actions are more motivated by ‘physical’ possibilities than 

musical ones. 

 

9.3.2.2 Controlled control 

If we simplistically distinguish between three types of interactive installations: (a) those 

where the audience does not know what to do; (b) those where they audiences believes to 

know what to do, and (c) those where the audience is really taking care of the installation in a 

controlled manner, Epizoo would fall somewhere in between the last two cases. Volunteers 

do really conduct all the show development, but they may feel it, more than they actually do 

it. 

 

It is essential to distinguish between music the sole purpose 
of which is to produce a uniform and deliberate effect, thus 
stimulating a collective action of an intended kind, and 
music whose meaning is, in itself, expressing feelings, ideas, 
sensations, or experiences, and which, far from welding 
people into a homogeneous mass with identical reactions, 
allows free play to individual subjective associations 
(Fischer 1963). 

 

Epizoo is a contradictory setup. On one side, it is a show that seeks a cathartic atmosphere, 

closer to a rock concert or a techno rave than to a conceptual interactive art installation. On 

the other, it bestows members of the audience with the responsibility of becoming, the high 

priest or priestess that conducts the sacrificial rite for the masses. The opportunity to 

manipulate a real human body seems to mask all other ‘banal’ interactive possibilities. When 

this is combined with the fact that these users (which can typically have many different 

‘mouse-skills’) are being exposed to the interface for the first time, but are still responsible 

for the show whole atmosphere, the consequence cannot be any other: Epizoo (at least its 

musical part) promotes the user’s illusion of control while guarantying a minimal musical 

output. Epizoo is not only an interactive piece, it is also an especially meta-interactive one. A 

piece that raises questions that are often taken for granted, such as interactivity’s true 

contribution to freedom. This is most obviously expressed in the ‘freedom of torture’ Epizoo 
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brings to the audience, but it could also be tracked in the ‘perversity’ of its interactive music 

system196, which deceives and feins more than it really offers.  

 

In chapter 7, we introduced the paradoxal idea that good instruments should be especially 

able to play bad music. In Epizoo, whatever the user does, she can feel control over the whole 

show, but at the same time the output, especially the musical one, is never ‘too bad’. This 

comes obviously from the choice of the music material (sounds, loops and sequences) which 

were designed to ‘work’ in all combinations. In that sense, Epizoo’s luthier had not so much 

work to do as its composer, who had to program 15 interactive spaces, with possible 

combinations of sounds and sequences for thousand of unknown and unaware performers197.  

 

Epizoo toured two continents for around three years. After that, Antúnez, tired of being 

manipulated, became in Afasia, the storyteller, the big puppeteer, the one who pulls the 

strings. 

 

9.4 Afasia: the elements of the show 

 

In Afasia, Antúnez is fitted with a sensor-suit or exoskeleton - that now behaves as a ‘more 

conventional’ input device (instead of Epizoo’s only-output exoskeleton) - which allows him 

to conduct, like Homer, the whole show by himself. Afasia can be considered a theatre play 

but no other actors are on stage; only a bunch of mechanical and digital elements controlled 

by a computer that executes Antúnez’s instructions. The show that lasts for about one hour is 

usually performed in theatre rooms and has been devised to be seen from the front. The front 

stage is occupied by a robot music quartet integrated by an electric guitar, a one-string violin, 

a drum and a three-bagpipe ‘horn section’. These robots play mechanical music, while 

interactive 2-D animations or DVD movies are projected onto a big screen that fills the 

backstage. The performer determines in real time all these sonic and visual elements. Other 

elements that can be heard (but not seen on stage) include a synthesizer and sampler player 

(based on a Turtle Beach internal audio card), an audio CD player, three effects racks and a 

MIDI controlled mixing console. Like the robots, all of these elements are controlled via 

                                                      
196 And still, Epizoo does not rely on simple actions acting as triggers for complex processes, the 

ubiquitous concepts found on so many ‘interactive’ installations (Rebelo 2003). 

 
197 Luthier and composer were however the same person! 
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MIDI from the central computer. This same computer is also responsible for generating the 

interactive animations, controlling a DVD player and remotely switching the video 

projector’s SVGA or video inputs. Figure 9.9 shows a diagram of the whole system. 

 

 
Figure 9.9. Afasia hardware and communications diagram 

 

I will first describe the input system, followed by the output system (the robot orchestra). The 

interactive music system will be studied last, in more detail. 

 

9.5 The Input: Exoskeleton and Sensors 

9.5.1 Afasia Exoskeleton 

Afasia’s exoskeleton, which bears a conscious 1960s-peplum gladiators’ look, was designed 

and constructed by Roland Olbeter. Compared to the exoskeleton systems described in 

section 3.3.4, Afasia’s controller employs quite simple technologies. First, it is not designed 

for dancers. Second, because of the diversity of control tasks it has to accomplish, the 

exoskeleton was conceived as a robust, basic and polyvalent controller, and the design 

process took more into account the performer who would be using it (i.e. Antúnez) and the 
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general conditions of the show, than the specific functionalities of the output system it had to 

control. One of the show premises was that all the interaction protocols should be easily seen 

and understood by the audience. Following this principle, the input system is visibly obvious 

(the show can be quite dark at moments), and in accordance with the personality of the 

performer, who tends to move in brusque and coarse kind of movements (i.e. more karate 

than tai chi).  

 

A breast cuirass made of fiberglass and metal with an added backpack centralizes all the 

electric connections. A metal belt, two sensor gloves and arms and legs metal prosthesis, all 

made to measure to Antúnez’s body, complete the exoskeleton. It incorporates a set of 

keyboard-like switches (situated on the cuirass and the belt), four mercury tilt sensors for 

detecting orientation and fast movements, and four continuous controllers situated at each of 

the performers extremities’ articulations (elbows and knees). Instead of bend sensors, robust 

and traditional turn potentiometers are used, tied firmly to the performer by means of 

mechanical legs and arms, as can be seen in figure 9.10.  

 

For a one-hour long show with many different parts and settings, a keyboard, an array of 

buttons, or any device that can offer unambiguous multiple discrete choices is a trusty 

element. In Afasia, this ‘keyboard’ is build into the breast cuirass, by means of five metal 

hemispheres of about seven centimeters of diameter each. These electrically isolated metal 

parts function as keys or buttons, closing electric circuits when touched with the special 

finger showed on figure 9.11.  

 

By applying different resistors to each of these hemispheric metal parts, this very simple 

technology allows to multiplex all the breast buttons into one single analog input channel. 

Although this setup could allow distinguishing between all of the performer’s fingers by 

simply using a different analog channel for each of the fingers, this solution was finally 

discarded as it proved to be quite confusing for the performer. Consequently, only the 

forefinger of each hand is active. In addition, five contact zones following the same principle 

are also built into the performer’s belt, giving the performer ten easily accessible keys’. The 

four remaining sensors are inexpensive mercury tilt sensors. They are situated on each 

forefinger (as shown in figure 9.11), and on the bottom of each leg prosthesis. Mercury 

switches are often employed as a cheaper alternative to accelerometers for tilt or orientation 

purposes. Here, they are simply used as fast gesture detectors or statistically, as average 

activity indicators. 
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Figure 9.10. Antúnez with the exoskeleton, interacting with the violin robot  

(photography by Darius Koehli) 

 

 
Figure 9.11. Detail of one “contact finger” with its mercury sensor 

9.5.2 The Backpack: Wired and Wireless Transmission 

All the electrical connections for the aforementioned potentiometers and switches are plugged 

into a small backpack tightened to the cuirass, and sent from there to the computer analog 

inputs. For that purpose, two different analog input systems where developed. The first 

version used a wired connection between the backpack and the computer, with a small analog 
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to digital box plugged into one of the computer’s serial port. In that case, the performer was 

linked to the main computer by a 10-meter ‘umbilical cord’. 

 

A wireless version has subsequently been developed, using wireless microphone technology 

and an old 486 computer fitted with a custom card that works as a digital decoder. This less 

powerful computer is serially connected to the main computer. After several corrections, this 

wireless version has proved to be quite reliable, although the attainable input sampling 

frequency is only 15 Hz, which is slower than the one available with the wired version.  

 

9.6 The Output: The Robot Quartet 

 

A big part of Afasia’s music is mechanically played on stage by a robot quartet, integrated by 

an electric guitar, a one-string violin, a drum and a three-bagpipe ‘horn section’, all designed 

and built by Roland Olbeter. Figure 9.12, shows the quartet altogether at the Museum of 

Contemporary Art of Barcelona198. 

 

9.6.1 Robots’ Physical and Logical Communications and Control 

The communication between the computer and the robots is assured by means of several 

digital to analog cards daisy-chained to the computer parallel port. These cards control 

altogether almost a hundred relays and several step motors. All these mechanisms (cards, 

relays, etc.) are mounted into four racks, one for each of the robots. These racks are 

chained/connected to the main computer parallel port, while each robot is plugged to its 

respective rack using 19-pin Socapex industrial connectors199. All this constitutes a reliable 

and easy to mount system. 

 

The whole robots setup is MIDI controlled. To simplify the bridge between the musical MIDI 

messages addressed to the robots by the interactive software, and the D/A cards switches, 

each of the robots has its own virtual MIDI port and driver installed in the main computer. 

 

                                                      
198 MACBA, Museum of Contemporary Art of Barcelona: http://www.macba.es/ 
 
199 http://www.amphenol-socapex.com 
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Figure 9.12. The Robot Quartet (MACBA, Barcelona 2003) 

 

9.6.2 Robots’ Construction Guidelines 

Afasia’s robots are not anthropomorphic; they look like instruments, not like players (Singer 

et al. 2004). The drum, the guitar and the bagpipe robots use exclusively pneumatic 

mechanisms. A common air compressor feeds them all. The air that reaches the robots is 

governed by electro-valves, each of them connected to a separated relay. The number of air-

channels or relays employed by each robot varies from the two channel used in the drum to 

the 72 channels of the guitar. The violin, on the other side, uses only step motors. 

  

The drum and the bagpipe robot are acoustic instruments, while the guitar and the violin 

robots are electric; their several audio line outputs are connected to the mixing deck. The 

following sections describe in more detail some of the specificities of each of these robots. 
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9.6.2.1 The Drum Robot 

This is the simplest of them all. As shown in figure 9.13, it consists of a tom drum with two 

independent sticks; only two electro-valves; therefore two relay switches are used. However, 

unlike the other robots, this drum can also slowly move on stage; the drum is always layed on 

its side so that its cylindrical body can spin under the computer control. 

 

 
Figure 9.13. The Drum robot 

 

9.6.2.2 The Electric Guitar Robot 

This is the biggest and heaviest robot. As seen in figure 9.14, this robot does not have a right 

hand. It plays instead by tapping or hammering the frets with its ‘72-fingers left hand’ in the 

manner of guitarists Stanley Jordan (Ferguson 1985) or Eddie Van Halen.  

 

The instrument has six strings. Five are regular electric guitar strings, while the lower one is a 

bass guitar low string. Each string has 12 frets and each fret is accessible by an independent 

and small hammer-finger controlled by an electro-valve. The virtual MIDI driver of this robot 

addresses six MIDI channels, one for each of the strings. The guitar big neck is also able to 

twist with two degrees of freedom under the computer control, allowing for simple but 

effective rock’n roll choreographies! The output of the instrument goes into two pedals (a 
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fuzz and a wah-wah) that are not MIDI-controlled yet can be played directly by the 

performer. 

 

 

 
Figure 9.14. The electric guitar robot.  

The upper plastic tubes are connected to the electro-valves that tap each of the guitar frets. 

The lower “legs” are used for twisting the guitar neck (photography by Darius Koehli). 

 

 



CHAPTER 9AFASIA: SCORE-BASED systems and multimodality 298 

 

9.6.2.3 The Three-bagpipe Robot 

This robot, shown in figure 9.15, is made of three bagpipe tubes. The principle is similar to 

the one employed in the guitar robot. Each hole can be closed by a dedicated ‘finger’, 

controlled by an electro-valve. Three additional electro-valves and three pressure stabilizers 

are used for turning the blow on and off. Its virtual MIDI driver addresses three monophonic 

MIDI channels (one for each bagpipe). The mapping between MIDI notes and relays is 

obviously not as straightforward as in the guitar, as bagpipe fingering techniques have to be 

considered. 

  

 
Figure 9.15. The three-bagpipe robot (photography by Darius Koehli). 

 

Each bagpipe resembles a 2-meter tall feet lamp. Bagpipes conform Afasia’s horn section and 

like ‘real big-band saxophonists’, they are able to pivot front and back about 45O. Unlike real 

big-band saxophonists, Afasia’s bagpipes are never in tune! 
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9.6.2.4 The Violin Robot 

The violin robot has only one (electric guitar) string and one glissando finger. This string is 

fretted by an Ebow200 while the mechanical finger, controlled by a step motor, can slide up 

and down. As shown in figure 9.16 the violin neck is a transparent plastic cylinder with a 

lamp inside. This cylinder is sustained in its gravity center and can delicately oscillate around 

it with two degrees of freedom. The purity of its sound and the grace of its movements make 

the violin the perfect counterpoint of the clumsy and brutish electric guitar robot fellow. 

 

 
Figure 9.16. The violin robot (photography by Darius Koehli). 

 

                                                      
200 The e-bow (electric bow) is a commercially available device that magnetically excites a guitar 

string. It is used by guitarists to achieve a clean sustained sound not unlike the one of the violin: 

http://www.ebow.com  
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9.6.3 Complementary music 

The music mechanically played by the electric robots (i.e. guitar and violin), is mixed 

together with the music coming from an internal synthesizer and sampler card and with 

occasional prerecorded audio fragments triggered from a PC’s internal CD audio player, into 

a MIDI-controlled Yamaha audio mixer. This output is eventually processed through three 

effects processors racks, which are also MIDI controlled by the main computer. 

 

9.6.4 More on musical robots 

The fascination for musical automata goes back to antiquity finding a special echo during the 

middle age and the Renaissance. Published reports trace the construction of musical automata 

back to the second century B.C. (Buchner 1978). In the 13th century, Albertus Magnus, tutor 

of the young Thomas Aquinas, and world authority in his time on such sciences as physics, 

astronomy, and biology build a speaking automaton of name Android. Clock chimes have 

been dated to the 9th century, clocktower mobiles to the 14th century, and water-powered 

mobiles in the gardens of the nobility have been dated to the 16th century. Leonardo Da Vinci 

built a mechanical spinet and drum set in the 1500s. The Italian Gianello Torriano made 

automata for the amusement of Emperor Charles V of Lombardy, which included a life-sized 

female lute player that has survived (Wood 2002). Haydn, Mozart, and Beethoven, among 

others, all composed for finely crafted automatic instruments, and in the mid-nineteenth 

century automatic music devices were manufactured on a commercial basis as mass-produced 

toys (Roads 1985). In the 20th century, we have already mentioned Conlon Nancarrow, the 

composer who has devoted his life to compose for the player piano (Gann 1995), while other 

famous composers such as Stravinsky or Bartók also wrote for this instrument, taking 

advantage of all the possibilities offered by the absence of restraints that are an outcome of 

the structure of the human hand (Bartók 1976; Battier 1995; Rowe 1993: 4).  

 

Much more recently, the composer sound sculptor and music instruments’ inventor Trimpin 

has developed a myriad of methods for playing, trombones, cymbals, pianos, instruments 

based on water, etc., from MIDI devices201. The collective LEMUR (League of Electronic 

Musical Urban Robots) is a Brooklyn-based group of artists and technologists developing 

robotic musical instruments202. Founded in 2000 by musician and engineer Eric Singer, 

                                                      
201 Trimpin: http://www.otherminds.org/shtml/Trimpin.shtml 
202 Lemur: http://www.lemurbots.org/ 
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LEMUR's philosophy is to build robotic instruments that play themselves (Singer et al. 

2004).  

 

9.7 Visuals and design issues 

9.7.1 Interactivity strategies and software design 

Interactive language is often closer to being a metaphor for a geographical or spatial area than 

for a time sequence. Using Ulysses’ voyage as a metaphor, Afasia is structured on different 

expressive and space-like levels, proposing a series of interrelations between sound, vision 

and performance. The division of the show in various islands or independent interactive 

environments is also a technical consequence of the complexity of the elements to be 

controlled as opposed to the limited semantics of the sensors employed. Afasia’s Odyssey is 

consequently a sea with islands, sections or states, each with its own interactive elements and 

behavior, each using the interfaces, the robots and the visuals in different ways, with varied 

input-output mappings and varied restricted degrees of freedom. 

 

9.7.2 Visuals 

Afasia’s backstage is covered with a big retroprojection screen of about 5x4 m. The visuals 

vary from one island to another; several islands use interactive 2D animations while others 

show (less interactive) DVD movies. 

 
Figure 9.17. Antúnez interacting in Afasia 

(a) interacting with the visuals in a puppeteer-like setup, with the guitar in front 

(b) interacting with the violin with a DVD movie on the back. 
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The interactive 2D animations settings employ flexible sprite animation techniques, which 

allow the performer to play with a freedom comparable to the musical part. The aesthetics 

and interaction modes involved, may vary also considerably from one island to another. In 

some, Antúnez behaves as a real puppeteer controlling all the gestures and movements of the 

characters. Other islands combine sequenced parts with more abstract interactive animations. 

Figure 9.17 shows two examples. 

 

When DVD movies are used, these are not employed in a completely linear fashion, allowing 

instead the performer to jump between scenes, loop parts or change the reproduction speed. 

The DVD solution is employed for the islands that tend to be more narrative, like the well-

known Polyphemus’ episode, or in the final part, with the return to Ithaca and the subsequent 

murder of all of Penelope’s suitors.  

 

9.7.3 The navigation menu  

Although the show is usually presented in a linear fashion, with Ulysses landing orderly at 

every island, the system allows navigating through it as a continuum, skipping islands or 

sailing way back. This concept can be better understood looking at figure 9.18. This 

photography shows the real Antúnez ‘sailing’ with his exoskeleton, while his on-screen 

avatar Ulysses is sailing accordingly on a bed-like boat. The navigation menu can be 

understood as a long interactive ‘traveling’ sequence that starts at Troy and ends in Ithaca 

visiting all the islands on the way... Usually only the sea is seen, but at some points of the 

traveling, an island may appear (as shown in figure 9.18b in which Antúnez approaches 

Polyphemus island). These islands are animated hyperlinks. If the performer ‘clicks’ on them 

using an exoskeleton button, he jumps to a new configuration; otherwise he just skips the 

island and continues the journey. 

 

From a programming point of view, this traveling offers a tricky solution that worked 

smoothly with 1998’s technology and PC graphic cards: the whole traveling is a very long 

bitmap (600 pixels high and about 80,000 pixels long) that is scrolled on the computer screen, 

according to the performer elbows’ and knees’ movements (by simulating walking backwards 

the performer is able to switch the sailing direction). For a more interesting and dynamic 

look, additional animated layers, such as moving waves, are superposed on the foreground of 

the part being shown in the screen, in an old diorama inspired fashion. Islands or other 

hyperlinks are video (AVI) files that are logically linked to specific coordinates of this long 

bitmap. 
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Figures 9.18. (a) Antúnez navigating and (b) Antúnez approaching Polyphemus. 

 

9.7.4 Visual instruments 

From that visual part, it can be deduced that Afasia can also be considered as a ‘visual’ 

instrument (in a direct analogy to ‘musical’ instrument). Whereas VJs (i.e. video-jockeys) are 

nowadays essential in any electronic music venue, new software VJ Tools can be counted by 

the dozen203 and the most popular interactive music programming environments all include 

now libraries and extensions to deal with visuals (e.g. Nato and Jitter for Max, GEM and 

Framestein for PD), it seems that if we limit the ‘instrument’ concept to the of physical, 

logical or conceptual devices permitting realtime interaction, ‘visual’ instruments have not 

been that popular along history. Chinese shadow and other puppets, fireworks or waterworks 

(such as the ones Handel liked to play music for), could probably epitomize different kinds of 

visual instruments. For a story of less successful devices such as the different incarnations of 

light and color-organs204 (Levin 2000) constitutes an interesting introduction. More recently, 

                                                      

• 203 Arkaos homepage : http://www.arkaos.net 

• Audiovisualizers homepage: http://audiovisualizers.com/ 

• FreeJ Homepage: http://freej.dyne.org/ 

• Resolume homepage: http://www.resolume.com 

• VJCentral homepage: http://www.vjcentral.com 

 
204 Bernard Klein affirms in his book Color-Music: the Art of Light that “it is an odd fact that almost 

everyone who develops a color-organ is under the misapprehension that he or she, is the first mortal to 

attempt to do so” (Klein 1927). 
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(Lew 2004) explores the possibilities of live cinema and interactive storytelling from a 

luthier, composer and performer viewpoint205. However, since our concerns are primarily 

musical, we will devote the final part of this chapter to the study of Afasia’s sophisticated 

interactive music engine. 

 

9.8 The conception of musical interaction in Afasia 

 

9.8.1 The QWERTYCaster and Epizoo preliminaries: Sequenced but not score 
based 

The two systems studied at the beginning of this chapter (i.e. The QWERTYCaster and 

Epizoo) both constitute examples of transformative response methods. Their approach is 

indeed quite similar: sonic material consisting of soundfiles and sequences are combined, 

looped, modified and recombined in multiple fashions. In spite of being sequence-based, 

these two implementations both lack the concept of timeline or score. With the 

QWERTYCaster (and less clearly in Epizoo, since the performer is not aware of all the 

instrument logic), once a state - or a composition is loaded – the performer has access to all 

of its material in a nonlinear fashion. This gives extra flexibility and allows the performer to 

play completely different pieces still using the same material. 

 

9.8.2 Afasia’s whish-list: score and non-scored based 

Afasia constitutes the logical progression of the aforementioned systems. It contains all of the 

non-linear features from its predecessors, yet it also incorporates extended score possibilities. 

There were several reasons and constraints inherent to the show and to the hardware setup, 

thus, since the beginning Afasia‘s musical processes had to allow for wider and more 

versatile structural complexities.  

 

• Afasia involves many MIDI devices (four robots, one synthesizer/sampler, one 

mixing table and three effect racks) that need to be synchronized at many moments of 

the show. 

                                                      
205 Lew’s article provides also an abundant bibliography on video instruments and live and interactive 

cinema. 
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• The exoskeleton limited control capabilities (four continuous degrees of freedom and 

several binary buttons) vs. the system control parameters complexity, prohibits a 

direct one-to-one interactive control of everything. 

• In order to take full musical advantage of the robot orchestra, several parts should be 

completely precomposed. 

• If improvised parts were to be included, these should try to take advantage of all the 

musical setup, and should probably not be completely free (at least not all the time). 

 

The system had to be score-driven (according to Rowe’s classification), at least in several of 

its parts, but since I was reluctant to eliminate freer interaction and improvisation, I tried to 

design a system that would allow to include almost everything I had done until then. My 

starting point was the idea of QWERTYCaster’s ‘controlled sequencer’. The following four 

points synthesize the essential desired possibilities, all of which were incorporated into 

Afasia. 

 

1. Ideally, the system should allow to flexibly navigate from free to predetermined. It 

should also allow treating all the musical components (i.e. robots, sampler, effects, 

etc.) in a similar and transparent way. 

2. The system should give full control of a flexible formal structure that allows to 

alternate at any time between sections or blocks, optionally looping these parts in 

varied manners (as available in the QWERTYCaster). 

3. These blocks can show different intrinsical levels of determinism, but even the more 

deterministic, completely presenquenced parts, should allow for some optional and 

flexible modifications at the performers will (i.e. interpretation of a score).  

4. For less deterministic approaches, generative (vs. strictly repetitive or transformative) 

methods should also be included. 

 

The next list describes more concretely some of the possibilities resulting from the previous 

wish list: 

 

a. Modify the density of a part by adding and subtracting different tracks (as available 

in the QWERTYCaster and Epizoo). 

b. Apply musical modifications to sequences such as transposition, tempo change, etc. 

(in Pitel, QWERTYCaster and Epizoo). 

c. Apply musical subtractive filters and corrections to note events, such as quantize, 

tonalize, etc. (in Pitel). 



CHAPTER 9AFASIA: SCORE-BASED systems and multimodality 306 

 

d. Combine traditional instrumental sounds (i.e. the robots) with synthetic and sampled 

sounds. Allow for us much sound processing as possible. 

e. Trigger individual notes in a solo like style. These notes could be selectively 

addressed to any robot or to the sampler-synthesizer (in QWERTYCaster and Epizoo). 

f. Generate and send program change messages, selectively to the sampler-synthesizer, 

the effects racks or the mixing table. 

g. Generate and send any continuous control message, selectively to the sampler-

synthesizer, the effects racks or the mixing table. 

 

These are far too many things for a performer to take care of who is, moreover, editing a film, 

playing the puppeteer, and gesticulating and acting on stage, all at once. I decided that 

although all of these actions could be personally chosen by the performer at any given point, 

they would mostly be scored. Something like:  

 

• Two bars after the bagpipes riff in Polyphemus’ island you can start a violin solo. 

• While your fingers control the drums in the suitors’ massacre scene, you can control 

with your elbows the flanger being applied to them.  

• In Troy (this is where the play starts) you can change musical parts by moving your 

arms up and down. 

• etc. 

 

9.8.3 Open form compositions 

The concept of open or mobile form can be seen as a compromise between the notion of 

chance and indeterminacy promulgated by John Cage (1961) and the desire of several 

composers to retain control over the compositional material. It was adopted by composers 

such as Pierre Boulez (Boulez 1971) and especially Earle Brown, to indicate pieces in which 

the performer selects the ordering of already-composed material. 

 

… in 1952 when I was experiencing with open form and 
aspects of improvisation, my influences to do that were 
primarily from the American sculptor Alexander Calder and 
the mobiles, which are transforming works of art, I mean 
they have indigenous transformational factors in their 
construction, and it seemed to me to be just beautiful. As you 
walk into a museum and you look at a mobile and you see a 
configuration that’s moving very subtly. You walk in the 
same building the next day and it’s a different configuration, 
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yet it’s the same piece, the same work by Calder. (Earle 
Brown on Bailey 1992: 60). 

 

For the last section of his String Quartet (1965), the ‘open form’ one, Earle Brown writes: 

 

There are 8 or 10 events for each musician, separated from 
one another by vertical dotted lines. Each musician may play 
any of his events at any time, in any order and at any speed. 
In some cases the technique, the loudness and/or the rhythm 
may be ‘free’ for the individual musician to determine; 
where these elements are given they must be observed 
(Brown 1965). 

 

These and related approaches are well integrated in Afasia. 

 

9.8.4 Extending MIDI files: Meta-events and blocks 

All musical interactivity in Afasia is achieved by means of format 1 Standard MIDI Files, 

which are expanded (i) with the inclusion of proprietary text meta-events and (ii) with the 

introduction of the block concept.  

 

9.8.4.1 Text-events 

Text events are often used by sequencers to name parts of the tracks or to display 

synchronized lyrics in karaoke-style. In the Afasia software, they are used as commands that 

tell the custom sequencer player how to deal with, and process the standard MIDI events, 

according to the performer’s gestures. This approach enables to write, record, program and 

edit interactive Afasia music using any standard sequencer software. Since these files are still 

Standard MIDI Files, they can also be played back in any conventional MIDI sequencer, 

although the interactivity is only available when the file is played in the custom Afasia 

sequencer player (since conventional sequencers skip or just display these text meta-events).  

 

9.8.4.2 Musical blocks 

The flexible structure that allows the construction of open form compositions is the concept 

of musical section or block, a feature specific to Afasia not present in the standard MIDI files 

specifications (although we managed to integrate within it, without breaking the SMF 

architecture). 
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9.8.4.3 Afasia’s MIDI files and blocks 

• Each part (or island) of the show is associated with one Standard MIDI file.  

• Each of these MIDI files can have up to 256 tracks. 

• Each MIDI file is divided into a number of blocks 

• A block is a group of sequencer tracks, which constitutes a permutable section of the 

composition or score. Only one block can be active at every time.  

• Only the active block advances, and all of its tracks - even the muted ones - advance 

in synchronization. By default, when switching from one block to another, the new 

block will start playing from the beginning.  

• Blocks can be looped and so can tracks within a block (so that if we want one track to 

play always the same four bars, there is no need to copy them repeatedly).  

• Each block has one and only one special track (the control track) and any number of 

conventional MIDI tracks. The maximum number of blocks in a composition is only 

limited by the 256 tracks in the file206. 

• Control tracks do only contain meta-events that indicate how to interpret or modify 

the MIDI data stored in the conventional tracks. Meta-events in control tracks are 

also time-stamped, so control tracks advance in sync with all the tracks of the block.  

 

Figure 9.19 illustrates this structure with a snapshot showing an Afasia composition (taken 

from the MIDI sequencer Cakewalk 3.0). This composition has four blocks of variable sizes. 

Block A has eleven tracks, most of them of 32 measures, block B has seven tracks, block C 

has also seven tracks, and block D only two smaller tracks (of one and two measures each). 

Observe that all blocks start with a control track. The figure also shows the contents of two of 

these control tracks. Control track A is shown at the bottom left, and control track C at the 

bottom right. 

 

It can be seen that all meta-events from control track A are scheduled for the beginning of the 

block (at instant 1:1:0). They constitute therefore setup commands that determine the 

permanent behavior of the block. Instead, control track C shows an alternation of commands 

(i.e. SOLO_ON and SOLO_OFF) every several measures.  

 

                                                      
206 That means that a composition could have up to 256 blocks, although in that case, each of them 

would be constituted by only one control track. tracks 
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Figure 9.19. Block structure of an Afasia composition 

(snapshot from Cakewalk 3.0) 

 

We will soon discuss these meta-events, and the way the inputs coming from the performer 

can be mapped in order to modify the tracks contents. We will now only remark that the 

described architecture allows for different permutable sections (blocks), all of them time-

stamped, and all of them interactively modifiable by means of the meta-events they contain. 

When jumping from one block to another, all pending note-off messages are automatically 

sent. This jump is taken with no perceptible delay, since all the file has been preprocessed 

and loaded in memory prior to the start of each piece (there is however a considerable delay 

when changing from one file to another but this is not relevant, since it also corresponds to a 

change of part-island in Afasia, meaning that a this point, hundreds of MB, including sprites, 

videos, sound files, etc. are being swapped simultaneously, producing a black-hole of several 

seconds). Before discussing in depth the different type of meta-events that can be included in 

control tracks, we will briefly describe Afasia’s MIDI channels and ports distribution and 

implementation. 
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9.8.4.4 MIDI Implementation 

Afasia MIDI implementation was designed to make the management of all the sonic elements 

of the show (robots, synthesizer and sampler, rack effects, etc.) as simple as transparent as 

possible. To accomplish this: 

• Six MIDI ports are used in Afasia (one custom port for each of the four robots [4], 

the standard internal MIDI port for controlling the soundcard synthesizer-sampler, 

and the standard external MIDI port for controlling the audio mixer and the three 

effects processors). 

• Each of these devices can have several MIDI channels (e.g. the electric guitar robot 

has one channel for each of its strings, while the bagpipe section uses three channels, 

one for each bagpipe). This port and channel distribution is shown in Table 9.1. 

• Each sequencer track is directed to a specific port or device, and to a specific channel 

within that device (like regular tracks in a regular MIDI sequencer). That means that 

there will be tracks for the first bagpipe, tracks for the second, etc207. 

                                                      
207 This is indeed a limitation. A more flexible setup would have allowed to switch musical material 

between instruments. 
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MIDI Port Chan.  Actions 

1 String 1 

2 String 2 

3 String 3 

4 String 4 

5 Bass String 

Note-on messages activate the corresponding hammer-finger. 

The guitar is in POLY mode allowing more than one string fret 

being pressed at once, which can be used for compositional 

purposes (e.g. fast trills) 

 

 

 

Guitar rob. 

6 Guitar 

movement 

3 note-on messages move the whole guitar neck in 3 positions, 

providing a slow ‘ZZ-TOP choreographic effect’. 

1 Bagpipe 1 

2 Bagpipe 2 

 

Bagpipe 

rob. 3 Bagpipe 3 

Note-on messages activate the corresponding combinations of 

hammer-finger and open the air flow. An additional note 

changes the inclination of each bagpipe in ~45o. Each bagpipe 

is always in MONO mode. 

 

 

 

 

Violin rob. 

 

 

 

 

1 

 

 

 

 

String 

Note-on messages move the step-motored finger to its 

correspondent position. The finger speed is not variable; thus 

fast notes are not allowed. Since the E-Bow is always turned 

on, note-on messages turn on the violin channel in the mixer; 

note-off mutes this channel. Two additional control messages 

allow to (a) independently control the mute channel of the 

violin, and (b) mute the sound when the finger is moving thus 

avoiding glissando. 

 

Drum rob. 1 Sticks 2 note-on messages, one for each stick 

 

Internal 

 

1-16 

Internal 

synth-

sampler 

A Turtle Beach-Kurzweil internal PC card with 64 MB or 

sampler RAM; accepts all kind of messages. 

1 Waldorf X-

Pole 

2 DigiTech 

Studio-Quad 

3 Viscount 

EFX 

Each processing module admits program changes as well as 

control changes for direct manipulation of the parameters 

 

 

 

External 

 

4 

Yamaha 

ProMix 

mixing table 

Controls the input of the electric robots, the sampler and the 

Audio CD player.  

Controls the sends and returns of the three effects racks 

 

Table 9.1. MIDI Port and channel distribution in Afasia 
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9.8.5 Interactive commands in depth 

9.8.5.1 Command structure and use 

We will here describe the nature of the control commands embedded as text event within 

these MIDI files. These commands indicate variable actions, which will depend on the 

performer’s gestures, and which will either apply, depending on the command, to the material 

included on one track, to the whole block structure or behavior, or to the whole composition. 

These commands are usually included in the control tracks (control tracks do only contain 

these text meta-events). Conventional tracks can also contain commands, although this is not 

usually needed. 

 

These commands always have the following structure: 

 

COMMAND_NAME=param1,param2,...,paramN$ 

 

Where the number of parameters (N) and their meanings varies with each command type. 

Parameters are always numeric values separated by commas and commands terminate with 

the ‘$’ character. The first parameter usually corresponds to an input sensor number. 

Following parameters define how these incoming sensor values have to be mapped. 

 

For example, the command TRANSPOSE=4,3,12$ indicates that the third track of the block 

will be transposed according to the incoming values of sensor #4, in a maximum range of +/-

12 semitones.  

 

Since these commands are included in a MIDI score, they are always time-tagged. From the 

moment the sequencer finds one of these commands until the moment it finds a 

corresponding ‘end’ command (in our example the command ENDTRANSPOSE=3$ would 

disable transposition on track #3), values coming from input sensor #4 will affect the 

transposition of the third track of the block.  

 

Inputs are numbered 0 to 12 (there are 13 available parameters coming from the exoskeleton). 

Incoming data resolution is usually 8-bit (not seven since Afasia exoskeleton is not connected 

via MIDI) but the composer does not need to worry about the effective range of each sensor. 

Afasia’s dynamic mapping takes charge of all that.  
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9.8.5.2 Types of commands  

Afasia implements around thirty different commands. They allow to dynamically switch 

between blocks, mute/unmute tracks, transpose the tracks, loop any sequence and modify its 

length, modify the current play position, generate or modify any MIDI controller (either 

setting directly the new value, its increment or the range of random variation), quantize 

tracks, delay tracks, control tempo, compress/expand temporal events, trigger audio CD 

tracks or define chords or scales to which new generated notes will be matched. They can be 

divided in the following groups: 

 

• Track commands affect the data within a track (e.g. transpose). 

• Channel commands generate and send data to a given MIDI port and channel (e.g. 

control change). 

• Block commands affect the whole block structure or behavior. They also allow to 

switch between blocks (e.g. tempo and switch blocks). 

• Solo commands generate MIDI notes using higher level models than the previous 

commands. 

 

9.8.5.3 Track commands 

Track commands are used to process the material included in one specific track or to alter the 

behavior of this track. As all commands, these are usually included in control tracks. Their 

first parameter indicates the input sensor channel and the second indicates the track to process 

or modify. When track commands are included directly in a conventional track, the system 

will process this container track, independently of the value indicated in the second 

parameter. Moreover, when the track value is 255, the command will be applied to all the 

block tracks. It must also be understood that these commands do not modify or overwrite any 

data in the file, but only the out coming data that is to be sent to a MIDI port. 

 

As shown in table 9.2, there are currently eight track commands (or sixteen, since they all 

have an ‘END_COMMAND version’ that disables the effect). We have already covered 

TRANSPOSE. I will briefly describe the functionality of the remaining commands.  

 

In RND_TRANSP (random transpose), the performer determines the maximum transposition 

range. Notes on the track are randomly transposed within this range whenever they are ready 

to be played. This allows for instance the composer to write fixed rhythms, leaving the 
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melodic component to the performer. Just the opposite of Max Mathews’ conductor program 

(Mathews 1991; Boulanger & Mathews 1997)! RND_VEL does the same with velocities. 

 

Command applies P1 P2 P3 P4 P5 
TRANSPOSE track #sensor #track range - - 
RND_TRANSP track #sensor #track range - - 
RND_VEL track #sensor #track range - - 
COMP_EXP track #sensor #track min max - 
DELAY track #sensor #track range - - 
LOOP_PAR track #sensor #track unit range - 
CC_SYNC track #sensor #track #contrl min max 

CC_RND_SYNC track #sensor #track #contrl center range 

 

Table 9.2. Track commands 

 

COMP_EXP (compress/expand) modifies time within a track by changing its tick duration, 

thus allowing different simultaneous tempi within a block. If min was 90 and max was 110, 

the track’s tempo would be modified between 90% and 110%. With smaller ranges, complex 

Steve Reich-like phase effects (Reich 1974) [e.g. Reich 1974] are at the reach of a hand (or 

an elbow!), especially when combined with DELAY that shifts the track a given number 

(positive or negative) of ticks, and with LOOP_PAR which allows to dynamically modify the 

length of a sequence fragment to be looped (in the latter, unit is used to indicate the loop 

granularity, where 16 is a whole note, 4 a quarter note, etc.). 

 

CC_SYNC and CC_RND_SYNC (Control Change in sync and with optional random) send 

control change messages, synchronised to every note on; useful for applying effects (e.g. 

filter control) in a discreet fashion.  

9.8.5.4 Channel commands 

 

Command applies P1 P2 P3 P4 P5 P6 

CCHANGE channel #sensor #port #chan #contrl min max 

RND_CHANGE channel #sensor #port #chan #contrl min max 

 

Table 9.3. Block commands 
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Channel commands do not use, neither modify any scored material; they are independent of 

any track and are applied directly to a selected MIDI port and channel. They are used to send 

continuous control change message within a given range, deterministically or in random 

fashion, for controlling continuous effects on the sampler, the racks effects or the mixer. 

 

9.8.5.5 Block commands 

If the range of effects included with the ‘tracks commands’ follow more closely the 

performer paradigm, ‘block commands’ allow to drastically change the evolution of any 

piece. Like it was already clear in the QWERTYCaster interaction mode, an Afasia piece is 

not a linear one, but a collection of possible parts instead. Afasia’s parts can be changed at 

any time and at any speed. For example a piece could be a collection of chords and riffs, all 

available to the keen desires of the performer’s knee! 

 

Command applies P1 P2 P3 P4 

COND_BLOCK file #sensor #block thresh 1/0 
CONT_BLOCK file #sensor range 1/0 - 
GO_BLOCK file #block - - - 
MUTE_PAR block #sensor 1/0 - - 
SET_MUTE track #track 1/0 - - 
TEMPO_GEST block 1/0 - - - 
TEMPO_PAR block #sensor 1/0 - - 
SET_TEMPO block value - - - 

 

Table 9.4. Block commands 

 

COND_BLOCK (Conditional block) allows jumping to another block when the selected 

parameter raises a threshold value. This is usually employed with discreet input channels 

such as buttons. In these and in the following commands, the parameter [0/1] 

activates/deactivates the command action. CONT_BLOCK (Continuous block) is more 

radical, since it allows controlling the block jump from a continuous controller (e.g. the 

elbow). In that case range indicates the maximum number of blocks that can be jumped from 

the current active block position.  

 

A typical compositional procedure would include opening different optional parts to follow 

the current one, applying each option to a different button. Thus the performer can decide 

when and where to go next. The more radical continuous approach is usually taken when 
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parts are smaller, like simpler harmonic or rhythmic patterns, loops, riffs, or different 

instrumental sections (e.g. bagpipes brass licks vs. guitar riffs and drums breaks). In these 

cases, conducting these entries, with for example the elbow, can produce very dynamic parts. 

Notice also that block changes do not restrain the aforementioned modifications within a 

block: block transposition, for instance, or different procedures for each of the ‘switchable’ 

blocks, could be assigned to the other elbow.  

 

Concerning how blocks are played, it should be recalled that Afasia’s pieces are not linear. 

That means that when a block is finished, it does not automatically jump to the next one. For 

that to happen, a non interactive GO_BLOCK command has to be included at the end of the 

departure block, otherwise the sequencer will stay in the same block looping to its beginning. 

 

MUTE_PAR allows playing with the density of one block, by modifying the status of muted 

or activated tracks within the block, in an extended way of what was available in the 

QWERTYCaster. This command works as follows: when the value of the sensor is at its 

maximum, all the tracks are activated; at its minimal value, they are all muted. Tracks are 

activated/muted according to a FIFO structure, which gives much more variety to the 

resulting combinations. To illustrate these mechanisms, let us suppose that we have a six-

track block and that the performer starts at zero incrementing the parameter (up). Some 

possibly results could be: 

 

1. up:  track 1 

2. up:  tracks 1&2 

3. up:  tracks 1&2&3 

4. up:  tracks 1&2&3&4 

5. down: tracks 2&3&4 

6. down: tracks 3&4 

7. up:  tracks 3&4&5 

8. down: tracks 4&5 

9. down: track 5 

10. up:  track 5&6 

11. up:  track 5&6&4 

and so on … 
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After playing muting/unmuting tracks for a while, the SET_MUTE command can restore any 

track of the block to a desired state (i.e. either muted or activated). 

 

The remaining block commands deal with tempo in two rather obvious manners. With 

TEMPO_GEST, the performer controls the tempo in ‘the conductor manner’, i.e. with 

periodic movements of his right arm. With TEMPO_PAR he is able to assign tempo to any 

parameter, controlling it in a continuous way. Like SET_MUTE, SET_TEMPO restores a 

fixed tempo value; it can useful after the performer has finished ‘playing the conductor’. 

 

9.8.5.6 Solo commands 

The solo commands were designed to preserve some freer improvisational space. They work 

at a much higher level that all the commands described until now. While previous commands 

all use simple one-to-one mappings (whereas each command depends on the value of only 

one input parameter), solo modes apply more sophisticated gesture detection mechanisms. 

Solo commands come in various flavors, each one of them related with a different type of 

playing. They all generate notes, not merely process existing ones. In a free minimalist 

approach, a control track with one solo command and no other data tracks, would allow the 

performer to play a solo with no constraints. Solo modes play ‘note by note’ (also chord by 

chord) but the way to select pitches and trigger notes is different for each solo mode. Several 

solo modes have been defined; we will describe only one. 

9.8.5.7 Guitar solos 

SOLO_GUIT playing mode is inspired in the guitar, but it can also be applied to the other 

robots. It works in combination with several flag commands (SOFL_TRIG, SOFL_CHORD, 

SOFL_BASS) although these flags are usually changed interactively by the performer, by 

clicking some belt buttons. In SOLO_GUIT mode, notes are triggered with the right elbow or 

the right hand quick movements. The elbow movements are detected by quick changes on the 

elbow angle values, while hand movements are directly given by the right hand 

accelerometer. By default, elbow movements trigger chords, while hand movements trigger 

only one note. This behavior can be changed with the aforementioned command flags 

(SOFL_TRIG, SOFL_CHORD, SOFL_BASS) or directly with some belt buttons. Pitch is 

controlled by the left elbow angle; closing the elbow raises the pitch, imitating the left hand 

on the guitar neck. The trigger flag (SOFL_TRIG) has three options. In the legato option, 

note-off are triggered just before a new note is about to start, thus playing lines without 

silence. In the stacatto option, the note-off is sent when the up movement of the right hand or 
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elbow starts. The ‘follow’ option, works like a quantizer based on the track’s existing 

rhythmic pattern, ‘correcting’ performer’s gesture. By default, guitar solo mode plays on the 

guitar strings, using all the guitar range. To select the bass string an additional flag or a belt 

button can be used. Table 9.5 reflects these flags. 

 

Solo Guitar Flags 

legato 

staccato

 
Trigger mode 

follow 

ON  
Chord OFF 

ON  
Bass OFF 

Table 9.5. Guitar Solo flags 

 

9.8.5.8 Modal and Tonal Soloing 

An additional command, MODAL that uses a variable number of parameters, each between 0 

and 11 (for identifying different pitch notes), may be used in combination with the SOLO 

command to set the ‘correct’ pitches the instrument can play at any moment. This command 

can be written on the score as many times within one solo, thus allowing the performer to 

improvise within any chord progression.  

 

9.8.6 Animations and DVD Quick Overview 

We have described the block structure that allows playing open form compositions, and the 

text meta-events that are employed as commands that indicate how to manipulate the stored 

musical material. However, Afasia is not only an interactive music system. As it has already 

been told, the software also allows the performer to control 2D animations or access a DVD 

video. All this is attained by means of complementary text files that constitute the interactive 

script of the play. I will not give a deeper description of the graphic interaction mechanisms, 

but the principles of these multimedia script files are similar (although simpler) to the one 

developed for the interactive MIDI. Each island or part of the show is a section of the text 

file. It defines the input channels, the output elements employed (sprites or image files, DVD 

tracks, etc.) and the mappings applied between the inputs and the outputs.  
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In a given part, a continuous controller could, for instance, determine the position of a sprite 

in the screen or the frame number of an animated sequence, while a discrete controller could 

select a chapter or a section of the DVD. Several image-processing techniques (e.g. zoom, 

color modifications, etc.) are also available. Besides, as only one projector is used, the system 

automatically controls the active input of the beamer, switching as needed between the video 

(DVD) and the SVGA inputs, by means of RS-232 messages. 

 

9.8.7 Musical interactivity summary 

I have described Afasia’s musical interactivity main principles, which make extensive use of 

augmented MIDI files. Within this framework the composer has an amazing variety of 

possibilities that range from the absolute deterministic score (i.e. a piece with no interactive 

commands) to a quite open and lazy description of a piece (e.g. a MIDI file with only one 

event: a SOLO command), with all the imaginable steps in between. Given the performer’s 

very restricted output capabilities (four continuous controllers and several binary buttons), the 

dynamic and variable mappings of this setup permit the exploitation the performer’s 

expressive capabilities to the maximum, and frees him from making wrong movements, while 

allowing him to concentrate on every moment in a well delimited interactive context. 

 

The use of compatible MIDI files avoids the necessity of a special score editor, allowing the 

composer to work with his/her favorite MIDI sequencer; the only special need for this 

sequencer being the support of text events, a request that all commercial sequencers 

incorporate. The development of proprietary MIDI ports/drivers for each robot permits also to 

compose from this same sequencing tool while listening to the real ‘players’. We indeed 

realized that the musical response of the robots was fairly idiosyncratic and different from the 

one given by a conventional General MIDI synthesizer.  

 

Needless to say that this ‘mechanical idiosyncrasy’ gives Afasia a ‘real’ and lively sound that 

would be unimaginable with any electronic synthesis device, but when more electronic 

textures or sound effects are requested, the addition of a powerful Kurzweill synthesizer-

sampler and three effects racks close the circle.  

 

Last, the inclusion of a MIDI controlled mixing table that automates all the mixes, converts 

what could be a sound engineer hell into almost heaven. When entering every island, the 

mixer changes its configuration, muting unused tracks and rebalancing the input levels and 

the effects sends. In fact, the whole Afasia touring crew is constituted by only two persons: 
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the performer, Marcel.lí Antúnez and one polyvalent technician (for sound, lightning and 

simple ‘Windows problems’). 

 

The first version of Afasia was premiered in 1998 in the Teatre Nacional de Catalunya of 

Barcelona. Since then it has been performed in several European and American countries and 

has received several international awards. The whole show runs on one computer only (two 

when the wireless setup is used), a Pentium II 400MHz running Win98. The program was 

entirely programmed in Visual C++ and the system has proved to be so reliable and easy to 

set-up that when touring, only one technician accompanies the performer.  

 

The system has also proved to be a flexible framework for interactive music composition and 

performance. Its varied interactive possibilities turn it into a powerful and flexible interactive 

system, which permits anything from free audiovisual improvisation to completely pre-

recorded sequence playing. The Afasia software can be considered in that sense, a multimedia 

instrument, for which the Afasia interactive play is its first (and for the moment only) 

available composition. Besides all of its multimedia capabilities, the approach taken by 

Afasia’s interactive MIDI kernel seems also especially suitable for interactive soundtracks in 

videogames or other multimedia environments (Harland 2000) and should be further 

explored. 

 

9.9 Summary 

 

In this chapter, we have introduced several interactive systems that are not only musical, each 

of them with very different needs, peculiar approaches to interaction and varied ideological 

and esthetical connotations. However, if we stick to the essential ideas they represent in the 

field of digital or interactive music instruments, we can see that they all of them share similar 

concepts and all illustrate a common working path that culminates with Afasia, the more 

complex and the last implementation that encompasses it all. In that sense, the systems we 

have described (and especially Afasia as a paradigm of them all) try to combine most of the 

complementary issues we have enumerated in previous chapters. 

 

• Combine sequenced and transformative response methods (e.g. by means of 

predefined sequences) with more generative ones. 
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• Establish a continuum between strict score-based mechanisms that allow playing 

written compositions in completely deterministic ways, open form nonlinear 

compositions, and more improvisational non-score based approaches. 

• Allow a macro-level control over form and a simultaneous micro-level control over 

timbre (such as controlling the parameters of a synthesis algorithm). 

 

From the interaction designer point of view, Afasia’s software solved all the project 

constraints in a quite powerful and yet elegant way. Therefore, can we conclude that Afasia 

represent the path toward the perfect digital instrument? We will see that less triumphal 

assessments could also be made.  

 

9.9.1 Drawbacks 

9.9.1.1 Multimodality: too much is not enough 

As pointed out by Puckette (1993) and Tanaka (2000) among others, the temptation given by 

digital technologies to control ‘everything’, including lightning, image, machinery, etc. 

cohabits with the danger of ending up with a sort of theme park ‘one-man-band’. There is 

nowadays a great tendency towards digital multimodal expression. One of the fields in which 

this tendency is felt stronger is precisely in what could be labeled as ‘interactive dancing’, in 

which dancers, by means of body suits or by other tracking systems such as computer vision 

(see sections 3.3.4 and 3.3.5), are able to produce their own music while they dance. This can 

surely be a very enriching experience for dancers, and the common statement is that this kind 

of setups frees dancers, who do not need now to conform their movements to a predefined 

piece of music (e.g. Morales-Manzanares et al. 2001). I do not completely agree with this 

statement. Improvised dance has always existed together with improvised music and even 

with fixed music. In many cultures, music is indeed made by dancing musicians, and if this 

has not been, for the last centuries, a strong component in Western culture, we should surely 

not blame technology (or the lack of it) for that. Multimodalizing dance gestures (e.g. linking 

sound to them) does not add freedom. On the contrary, it can decrease freedom very much, 

especially if the dancers are not the makers of the system, or at least, are not responsible for 

the mappings. 
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9.9.1.2 Play-it-all: too much is not enough either 

Without dismissing Afasia’s aesthetical and discursive coherence, this saturation feeling can 

be dangerously present at several moments of the show. What is definitely worst is that 

within all that digital power in his hands and below his knees, Antúnez can do little to convey 

his expression. He may feel like Homer, Ulysses and Zeus all in one; he surely can express 

his feelings and ideas as a director, but he is too busy as a performer, he has too many things 

to think about. Afasia is not in that sense a good music instrument. But even when we restrict 

Afasia to its interactive conceptual barebones, if we forget about 2D animations and DVDs, if 

we elude that the system conducts a robot orchestra (it could work the same with only 

synthesizers), there are many issues in its overambitious design that make it a failed music 

instrument.  

 

We discussed in section 7.11.4 how many digital instruments developed in the late-1980s 

early 1990s were conceived by composers for compositions, without taking performers and 

improvisers into account. Afasia was not envisioned with any composition in mind, but it 

clearly depicts an ambitious metacompositional model. Without a loaded composition to 

perform, for example with only a couple of solo commands, Afasia turns in fact to be a very 

restricted instrument.  

 

Afasia needs compositions and the truth is that its compositional process is a thorough and 

steep one. Its best pieces – and I have composed more than two – are extremely difficult to 

conceive and to set up. The best ones, in fact, are not so much about creating pieces, neither 

about creating instruments; they are more about inventing new styles, new sets of 

improvisation rules. A meticulously programmed Afasia piece could allow the performer to 

playing or conduct a sort of robotic bebop. A better one should invent a new style.  

 

Taken from the performer viewpoint, the impressions can also be two fold. Afasia’s use of 

sequenced mappings, allows to predefine and change the function of any input parameter 

within any given time or existing situation (e.g. in the ‘bridge section’, parameter #2 will 

modify the musical density, parameter #3 will control the transposition of the material, 

gestures #5 will affect the overall tempo, and gestures #7 will overlay additional notes with 

correct pitches and correct phrasing). Given the high number of output parameters and 

different musical situations that had to be controlled in one hour of show, I still believe this 

choice was the right one. However, this approach poses serious pressure in the performer who 

has to know the piece by heart in order to extract the most out of it. Consequently, Afasia is 
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not an instrument for performers or improvisers. Compositions are not only needed, they also 

have to be deeply studied in order to be able to add something to the musical discourse. The 

performer has to study a new instrument at every new composition, which greatly affects real 

progression and mastery.  

 

A system such as these, works in fact much better in contexts in which the performer (the 

user) does not need to know the rules and is only supposed to experience some ‘illusion of 

control’, or some relation between her gestures and the output. This is especially the case 

when music is a secondary output modality and the user actions are more oriented towards 

different goals, such as playing a videogame (Harland 2000), browsing a web or exploring an 

interactive installation, because…  

 

… As game composers well know, fixed songs, no matter 
how good, when repeated twenty times over in one sitting, 
inevitably lead to the gamer disabling the music! (Collins 
2003). 

 

The next two chapters are entirely devoted to a single instrument I developed between 1997-

1998, FMOL, which also constitutes my first attempt at designing an instrument holistically 

and not merely as a music or sound generator to be controlled in some more or less 

fashionable way. FMOL, which since 1998, has been used by hundreds of performers and by 

myself in dozens of concerts, jam-sessions and recordings, can also be considered as the 

definitive instigator of the framework presented in the first art of this thesis. Chapter 10 

describes FMOL implementation from a technical viewpoint, while chapter 11 discusses its 

features, its potential and its achievements in terms of the concepts and criteria established 

along the first part of the thesis. 
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Chapter 10 
Introducing FMOL208 

 

This chapter documents in depth FMOL, the digital instrument wich I first developed in 1998. 
Apart from being a simple and ‘old-fashioned’ mouse-based instrument, FMOL has several 
characteristics that make it unique: it has been used by hundreds of net-performers, its music 
has been employed in several high-profile shows, and it is still my favorite instrument. For 
these reasons, and because FMOL can be seen as the prompt of this dissertation, it is here 
studied in detail. This chapter covers FMOL implementation and its peculiarities as a 
multithreaded, shared control instrument. It does not yet attempt to analyze its success, which 
is done in the following chapter, in the third and last part of this dissertation  
 

10.1 Introduction  

10.1.1 Efficient research 

 

It’s not clear, for example, that computer technology will 
ever achieve the fine sound and responsiveness of a great 
violin. But before attempting to solve the most difficult 
cases, such as equalling or surpassing the violin, there are 
several basic technical issues that should be addressed 
(Marrin 2002). 

 

While Marrin’s declaration is made in a slightly different context than this thesis, and her 

approach does probably not congruent with mine (she is introducing a conducting device, the 

Conductor’s jacket), I find her sentence extremely thoughtful. A monophonic digital 

instrument will hardly, for example, surpass the violin or the saxophone (if not in efficiency). 

A polyphonic digital instrument will hardly surpass the piano (if not in efficiency). But new 

instruments have the potential to excel at many other features, like (a) breaking the distinction 

between polyphony or monophony, (b) breaking the barrier between sound and form209, (c) 

polytimbrics, (d) inharmonicity control, (e) polyrhythmia, etc.  

                                                      
208 This chapter includes parts already developed in (Jordà & Aguilar 1998; Jordà 1999, 2001; Wüst & 

Jordà 2001; Jordà 2002c, 2003a and 2003b). 

 
209 As discussed in section 5.5.3. 
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We have talked about efficient instruments. After years as a luthier-performer I started to 

glimpse what efficient research in lutherie could mean: I would not try to design the 

instrument that is going to displace the violin and the saxophone in one shot. I would rather 

design something that has no clear contenders instead; something that does not resemble 

anything else. This philosophy, combined with my own personal musical preferences and 

inclinations, and with the circumstances of that precise moment (I had the chance to accept a 

quite open commission), led, in 1997, to the development of FMOL. 

 

10.1.2 Story of a project 

The FMOL project (1997-2002) started when the Catalan theatre group La Fura dels Baus 

(Feldman 1998; Villar de Queiroz 2000) proposed to me the conception and development of 

an Internet-based music composition system that could allow cybercomposers to participate 

in the creation of the music for La Fura’s next show, F@ust 3.0 (La Fura dels Baus 1998), 

freely inspired by Goethe’s work (Goethe 1998).  

 

The drama of F@ust 3.0 starts in Faust's dissatisfaction with 
the impossibility of knowledge, that, in the age of Internet, 
does not lie in the superiority of nature and the weakness of 
human knowledge, but in the surplus of information: 
fragmentary information that creates the hallucination of 
absolute knowledge, the vertigo of false knowledge, an 
encyclopedism on a world wide scale. (La Fura dels Baus 
1998) 

 

I knew what I did not want: to allow people to compose General MIDI music on a keyboard 

and send us attached MIDI files via E-mail. There were also several ideas I wanted to 

experiment with. The first was collaborative music on the net (Jordà 1999). The second was 

the conception of a realtime composition system that would work directly with sound more 

than with macro-structural parameters or, put the other way, a synthesizer that could deal 

directly with form (Jordà 2002a, 2002c). In addition, I wanted this tool to be simple and 

complex all at once, so that it would not dishearten hobbyist musicians, but that it would still 

be able to produce completely diverse music, allowing a rich and intricate control and 

offering various stages of training and different learning curves. There was also the 

proselytist intention to introduce newcomers, possibly non-musicians, to more experimental 

and ‘noisy’ music and to do it the direct way: by letting them produce it.  
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Given its ‘democratic and populist’ nature, for obvious availability reasons the instrument 

had to be a mouse-driven piece of software. All this led to the development of FMOL 1.0, a 

freeware stand-alone program with realtime interactive synthesis and http capabilities. 

Written in C++ for the Wintel platform, the 1998 version can run on anything higher than a 

Pentium 100 fitted with any DirectX compatible multimedia sound card.  

 

FMOL primary goals are synthesized in table 10.1. 

 

 

• Collaboration Collective composition on the Net 

• Aesthetics ‘Sound over notes’ priority and ‘noisy tendencies’ (NO General 

MIDI, no controllable pitches, no obvious rhythms, harsh synthesis 

techniques…)  

• Proselytism Introduce newcomers into experimental electronic music 

• Scalability Attractive to both trained and non-trained electronic musicians, 

intuitive & complex, learnable 

• Affordability Cheap (free) and available (no special hardware) 

 

 

Table 10.1. FMOL 1.0 (1998) primary goals 

 

10.1.3 Less is more: The league of mouse music preservers 

After seeing and discussing so many controllers and hardware devices, the ‘return of the 

mouse’ may seem like an odd step-backwards. However, as mentioned in the previous 

section, there was no other choice. Crude constraints may be good for focusing and 

improvement, and I believe, moreover, that the research for clever mappings and wider 

communications between the different components of an interactive music system does not 

imply that low-cost and widely available input devices such as mice, joysticks or computer 

keyboards have to be considered as dead-ends. On the contrary, there is probably still a lot of 

research to be done in the area of interactive graphic user interfaces (GUI).  

 

During two decades of massive use the mouse has proven to be an invaluable controller for 

interacting with computer GUIs (e.g. Card, English & Burr 1978; Rutledge & Selker 1990; 

Douglas & Mithal 1994), although it has also been proved that the live performance of music, 

with such specific topics as simultaneous multiparametric control and timing, is far more 
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demanding than many other HCI activities (Orio, Schell & Wanderley 2001; Wanderley 

2001). It is also a fact that, independently of how fancy they may look, most of the software 

GUIs do still emulate knobs, buttons and sliders. In these cases, playing music with real 

physical knobs or sliders will undoubtedly allow for a faster and easier simultaneous 

multiparametric control (Hunt & Kirk 2000). Nevertheless, not every GUI need to follow this 

model. A clever seminal exception can be found for example in ‘Music Mouse’, the 

interactive music software developed by Laurie Spiegel in the mid 1980s (Gagne 1993; 

Spiegel 1987a). No hidden knobs or sliders on its screen; this accurately baptized program is 

the perfect paradigm of a musical instrument designed for being played with a mouse. Its 

outstanding musical results can be heard for example in the CD Unseen Worlds, which 

contains live improvised pieces by the author of the software [Spiegel 1991]. More recent 

innovative examples, following comparable approaches, can be found for instance in the 

work of Golan Levin and IXI (both referenced in section 6.5.2). To conclude, mice (and 

joysticks to a minor extent) are universally available, which is not a minor feature when 

considering the design of free music interfaces. 

 

10.1.4 Faust’s dilemma 

While developing the show's concept, La Fura dels Baus decided that many of FMOL's brief 

musical fragments composed on the Internet, would be used as a leitmotif, whenever Faust, 

distraught and tormented, felt in the depths of his spirit the fierce battle taking place between 

the chaotic forces of life and the efforts of his intelligence to understand and dominate them. 

This dichotomy had two avatars, the Bamboo and the Medusa, both of which played an 

important role in the stage design, since they were represented by two large, automated 

sculptures created by Roland Olbeter (figure 10.1.shows the Bamboo sculpture) The reasons 

that made La Fura choose both symbols escape me, but Bamboo, symbolizing human 

intelligence, and Medusa210, symbolizing the intuition, the strength of life or élan vital, were 

supposed to move alternatingly, each with its corresponding Internet music, reinforcing 

Faust's dilemma. 

 

                                                      
210 The reader may want to know that in Spanish, "Medusa" not only refers to the mythological gorgon 

that turned everyone she looked at into stone, but it is also the word for jelly-fish. 
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Figure 10.1. Bamboo sculpture for F@ust 3.0 (by Roland Olbeter) 

at the MACBA, Barcelona 2003 

 

This need for two music families led me to my own dilemma: should we use two synthesis 

engines, two ways of composing or would two different front-ends be enough? After 

discarding the idea of conceiving an ‘intelligent’ Bamboo as a non-realtime compositional 

tool, thus leaving realtime interaction for the ‘intuitive’ Medusa, I decided that realtime 

creation was necessary for both cases. Given that I especially wanted to involve hobbyist 

musicians and even non-musicians, I thought these users would feel disheartened having to 

deal with too complex compositional puzzles. I therefore chose the simpler alternative of 

designing two front-ends, with realtime manipulation applying to both instruments, trying to 

conceive the ‘ideal’ tools that could please both professionals and dilettantes -tools that 
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would not dishearten hobbyist musicians, but that would still be able to produce completely 

different music, allowing a rich and intricate control, and offering various stages of training 

and different learning curves. Moreover, I felt that the design and conception of these musical 

interfaces could not develop any further without a precise knowledge of how the synthesis 

engine was going to be. 

 

10.2 FMOL synthesis engine 

 

In 1997 realtime software synthesizers had started to appear, but open systems realtime like 

PD (Puckette 1997; Puckette et al. 1998) were not available or were not yet enough stable or 

fast. Together with my former student and colleague Toni Aguilar, who collaborated closely 

in all the software development, we decided to construct our own low-level optimized 

synthesis engine211. Believing that a fixed synthesis architecture could be more efficient, we 

designed a closed engine which should still be enough flexible and customizable212. 

Throughout the design process, we always favored performance and creative possibilities 

over the implementation of state-of-the-art synthesis and signal processing techniques. 

 

10.2.1 Lower level engine architecture 

FMOL synthesis model is loosely based on analogue subtractive synthesizers, but profiting 

many possibilities only available on digital systems. The FMOL engine supports eight stereo 

realtime synthesized audio tracks or channels. Each track uses an independent audio buffer 

                                                      
211 The term synthesis engine is used in this chapter to define both the low-level architecture of the 

virtual synthesizer and its collection of synthesis and processing primitives. 

 
212 We agreed that the software would have to deal with multichannel real-time synthesis on 

standard computers. Due to the speed needs and the short developing time we had, we 

decided to focus on one only platform, betraying Internet's platform-independent nature. A 

Pentium 100 MHz with 16 MB RAM, running Windows 95 and fitted with a 16-bit 

multimedia sound card, was targeted as the minimum required configuration. For the first 

1998 release, we compromised to 22.05 KHz sampling rate. All development was done on 

Microsoft Visual C++ 5.0, and made extensive use of Microsoft DirectX libraries (Direct 

Sound and Direct Draw). 
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and is constituted of four sound modules (plug-ins in FMOL terminology): one sound 

generator (e.g. sine, square, Karplus-Strong, sample player, etc.) and three chained 

processors (e.g. filters, reverbs, delays, resonators, frequency amplitude or ring modulators, 

etc.), which can be chosen by each composer or performer from more than 100 different 

synthesis algorithms or variations. Each of these plug-ins (either generator or processor) 

includes four control parameters and one of them can be modulated by a low frequency 

oscillators (LFOs), in which frequency, amplitude and shape (sinusoidal, square, triangular, 

saw tooth or random) can be interactively modified213. This makes a total of 32 available 

LFOs (8 tracks x 4 plug-ins/track x 1 LFO/plug-in) that can be interactively controlled from 

the GUI. Table 10.2 shows a summary of the synthesis engine architecture and figure 10.2 

schematizes the structure of one track214. The entire structure is instantiated at start-up and 

runs permanently. 

 

• 8 synthesis tracks 

• each track is composed of 1 sound generator and 3 chained sound processors (i.e. 4 

audio plugins/track) 

• each plugin has 4 control parameters + 1 LFO (assignable to any of the 4 parameters) 

• Each LFO has 3 additional parameter (frequency, range and wave shape) 

 

This makes a total of: 

• 32 audio plugins (8x4) with 128 control parameters (32x4) 

• 32 assignable LFOs with 96 additional parameters (32x3) 

 

Table 10.2. FMOL synthesis engine architecture summary 

 

10.2.2 Realtime rendering mechanism 

Each of these eight tracks or buffers (which are several seconds long for implementing delay 

and other feedback algorithms) are partially computed and written several times per second. 

The frame-rate of the system is configurable and depends on the soundcard and the CPU 

                                                      
213 In newer versions, most of the available generator plug-ins also embed an additional high frequency 

oscillator (HFO) for optional frequency modulation. 

 
214 A list of the available algorithms with the two principal control parameters of each is later shown in 

Table 10.4 (see section 10.4.1). 



CHAPTER 10 INTRODUCING FMOL  332 

 

processing power. A 20 Hz frame-rate was attained with no glitches on lower 1998 machines 

(e.g. Pentium I 100 MHz) (Jordà & Aguilar 1998). Newer machines (1 GHz or superior) can 

surpass 100 Hz without problems. The time values from 1998 were obviously not ideal, since 

they implied a 50 msec control resolution and latency. However, contrarily to other software 

synthesis engines that use additional buffering, in FMOL, latency is equal to the resolution 

because only two final frames are used; while one frame is being written the other is being 

read by the soundcard and outputted to the DAC. 

track

Generator PlugIn

Processor PlugIn 1

Processor PlugIn 2

Processor PlugIn 3

Source

Filters

PlugIn
LFO  (x4) Param1

Param2

Param3

Param4

      Prm5,Prm6 ... Prm32

1

2

3

4

5

6

 
Figure 10.2. Structure of one audio track. 

(the grey square represents the frame being computed at one time, and the numbers (1 to 6) 

indicate the order in which the internal steps are carried). 

 

This is showed in figure 10.3, which illustrates the rendering process that takes place at every 

frame, and which includes (a) rendering each of the eight tracks, (b) adding them two a mix 

buffer and (c) copying this mixed frame two the two-framed primary buffer of the soundcard. 

As seen also in figure 10.3, each of the nine tracks (eight main tracks plus the mixer track) is 

constituted by a 2-second circular buffer. The size of the buffer determines the maximum 

time available for time based effects such as echoes or delays. 
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Figure 10.3 FMOL rendering and mixing process 

 

10.2.3 Serial and parallel processors 

We have seen that each FMOL track is made of a generator and three serial processors. 

Moreover, for each track (except for track 1 and for the final mix track) its generator can in 

fact behave as a parallel processor. A processor of this kind takes its input from the output of 

any of the lower buffers (i.e. channel 5 can be configured to process channel 1, 2, 3 or 4). The 

main difference between a parallel and a serial processor is that the first has a buffer of its 

own, while serial processors read from and write to the same buffer. Musically speaking it 

means that using parallel processors the user is able to create slave tracks that take their input 

from the output of another track (also selectable by the user), which thus behaves as the 

master. This mechanism can be used with complete flexibility and allows for rich and 

intricate sound processing and modulation configurations. It also eases the revamping of 

existing pieces, as we will later discuss. All these topics will be made clearer as soon as we 

study FMOL’s main graphical interface, which is tightly linked to the synthesis engine we 

have just described. 
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10.3 The Bamboo interface 

 

Bamboo, my favorite FMOL graphical mouse-controlled interface, was developed in parallel 

with the synthesis engine. Its design and functionality are so tied to the engine architecture 

that almost every feature of the synthesizer is reflected in a direct, non-technical and non-

symbolic way in this interface. Its design, with long, straight and flexible lines, took its 

inspiration both from the shape of the Bamboo plant and from the guitar metaphor. Of the 

two FMOL interfaces (i.e. Bamboo and Medusa), Bamboo is the one that represents rational 

control. Though the interface is not apparently simple, its control can be fully mastered, and 

as we will demonstrate, the instrument succeeds at extracting the entire synthesis kernel 

potential. Figure 10.4 shows a snapshot of Bamboo in full action.  

 

 
Figure 10.4. Bamboo in full action 

 

Bamboo’s main restriction when compared with FMOL’s sound engine is that it uses six of 

the eight available tracks. As shown in figure 10.5, in its rest position Bamboo looks like a 

simple 6x6 grid or lattice, made of six vertical and five horizontal lines. These lines constitute 
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Bamboo’s control core. They function both as input devices (controllers) that can be picked 

and dragged with the mouse and as output devices that give dynamic visual-sonic feedback. 

The six vertical lines are associated with the synthesis generators while three -out of the five- 

horizontal lines control the corresponding synthesis processors. The two additional horizontal 

lines are used respectively by an arpeggiator, which controls the main generator LFO, and for 

frequency modulation control.  

 

In the following subsections, we describe in more detail the control of the vertical lines, the 

horizontal lines, the LFOs, the gain sliders and we introduce the use of keyboard functions. 

 

10.3.1 Vertical Lines 

Like in a virtual guitar, vertical lines (or strings) can be plucked or fretted with the mouse. 

However, they do not behave like mere input devices: they oscillate like real strings and, as a 

result, they dynamically reshape according to the sound they are generating (like an 

oscilloscope). Bamboo GUI and the synthesizer engine use the same internal clock, which 

means that the input control and the visual feedback mechanism always run in perfect 

synchronization with the audio synthesizer at the configured frame rate (e.g. 100 Hz). 

 

Once a string is picked with the left mouse button, the string is pulled and divided into two 

segments (with its vertex following the mouse) onto which the resulting waveform is drawn 

and permanently refreshed (as shown in the sixth string of figure 10.5). Moving the mouse 

while keeping the string clicked, dynamically displaces the vertex and also modifies the first 

two parameters of the generator applied to this string, according to the mouse coordinates 

(normally the x position is associated with the amplitude and the y with pitch (see figure 

10.6). Pressing both mouse buttons affects the third and fourth parameter of the generator. 

Once the left mouse button is freed the string releases. To allow polyphony, strings can be 

sustained. They can also be muted on and off. Sustain and mute states for each string are 

switched from the computer keyboard and are visually indicated in the Bamboo GUI by 

means of color changes.  
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Figure 10.5. The Bamboo in its rest position 

(except for the 6th string, which is being picked by the mouse – 

this snapshot is presented in negative). 

 

10.3.1.1 Muting and ‘monitoring’ strings 

Previewing is what a DJ does when (s)he cues up the next 
record. With multiple laptops, or multiple outs on a 
soundcard, musical material can be auditioned before 
releasing it to the mix. A new rhythmic pattern can be lined 
up in the desired manner so that it kicks in immediately at 
the right place. (Collins 2003: 75). 

 

Muting a string in FMOL, does not inhibit its audio rendering process; only that this string 

contribution is not added to the final mix track. That means that a muted string does still 

draws the sound it produces (although the line is now painted in red instead of green). This 

functionality can be assimilated to a monitor insert. Whereas traditional audio monitoring 

(such as used by DJs with an additional pair of headphones) is limited by the number of 

independent audio channels available in the soundcard, and by our own human constraints 

(i.e. our two ears), visual monitoring permits ‘hearing’ (seeing) and controlling all tracks in 

parallel at a glance. 
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10.3.2 Horizontal Lines 

The three upper horizontal lines (out of the five available in Bamboo) control the 

synthesizer’s serial processors. These horizontal lines are divided into six independent 

segments, each segment being associated with the string/generator situated at its right, as 

indicated in figures 10.5 and 10.6. When a horizontal segment is picked with the mouse, it 

does not bend like strings do, but it is dragged vertically instead. This vertical position 

modifies the associated processor second parameter, and the horizontal position of the mouse 

over the segment, controls the first parameter. Figure 10.6 schematizes these control 

mechanisms for both strings and segments, and shows the mapping applied. 

 

10.3.3 Low Frequency Oscillators 

When used in combinations with several computer keys, picking segments with the mouse 

activates and controls the LFO of the horizontal processor (instead of its first and second 

parameter). In that case, the horizontal position of the mouse over the segment controls the 

oscillation frequency, its vertical deviation determines the oscillation amplitude, and the 

keyboard key being pressed selects the shape of the oscillator (sine, square, saw, triangle or 

random). Whenever this oscillation mode is activated, visual feedback again turns out to be 

very helpful, since the horizontal segment starts to move up and down with the precise 

frequency, amplitude and shape of the oscillation.  

 

 
Figure 10.6. Control mechanisms for both strings and segments215.  

                                                      
215 x1 (in this example, 127) and y1 (53) are the values obtained by bending a vertical string with the 

mouse. x1 usually controls the amplitude of the generator associated to the string, while y1 usually 

controls its pitch. x2 (46) and y2 (98) are the values obtained by dragging the horizontal segment with 
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There are two additional segments available in the Bamboo interface which are not associated 

to any processor (see figure 10.5). The thicker middle one can be considered as an 

arpeggiator. It controls the LFO directly associated to the generator. This LFO is assigned by 

default to the generator pitch, but its behavior can be changed so to apply to any of the 

remaining three parameters. By default each new value triggers new events in a cyclic fashion 

(sine, square, saw, triangle and random oscillators can be selected). The bottom horizontal 

segment applies additional frequency modulation to its generator, by controlling the 

modulation index and the carrier-to-modulator ratio of an additional HFO. This HFO 

modulator is embedded in every type of generator excepting the ones that do not recognize a 

pitch parameter (e.g. white noise).  

 

10.3.4 Gain sliders 

A graphical slider is drawn on top of each voice that allows to be dragged with the mouse, for 

modifying the voice volume (figure 10.7). 

 
Figure 10.7. Gain sliders on strings 2 to 5. 

                                                                                                                                                       
the mouse. x2 and y2 control respectively the first and second parameters of the processor or effect 

associated with the segment. The numbers (1 and 2 respectively) situated on top of both strings are the 

sustain state indicators (they turn bright red when sustain is ON). 
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10.3.5 Keyboard functions 

We have presently described three basic functions that are available from the computer 

keyboard: sustaining and muting any string, and changing the LFO shapes. All the available 

keyboard functions are shown in figure 10.8, which appears on top of Bamboo when pressing 

‘F1’ [help]. Notice the mnemotechnical distribution of the sustain [1-6] and mute [z, x, c, v, 

b, n] keys: ‘1’ and ‘z’, sustain and mute respectively string #1, ‘2’ and ‘x’, sustain and mute 

string#2, etc.  

 

LFO shapes are changed with the leftmost keys of the keyboard [TAB, CAPS, SHIFT and 

CTRL]. While MUTE and SUSTAIN are toggle buttons (each successive pressing changes 

the state of the key), an additional key (SPACE) mutes all tracks only while it is being 

pressed. Additionally, while ALT is pressed, the change of one slider volume applies to the 

six strings and makes all faders move accordingly. 

 

 
Figure 10.8. Bamboo keys help (F1) 

 

10.3.6 Playing Bamboo with the mouse: summary  

The mouse mechanisms we have described in combination with the two mouse buttons and 

the aforementioned keys, allow the control of six monophonic voices. Table 10.3. 

summarizes Bamboo control features and restrictions compared to FMOL sound synthesis 

engine. These include: 

 

1. Pitch, amplitude, plus two additional parameters of each voice main generator. 

2. The four parameters of each effect (there are three effects per voice). 
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3. Frequency, amplitude and shape of one LFO for each effect and one for each voice 

main generator. 

4. Muting, sustaining and changing the volume of each string. 

5. Muting and changing the volume of all strings at once. 

 

As complex as it may seem - especially if we do not have the real instrument to experiment 

with - these mechanisms are understood and learned in a couple of hours and control quickly 

improves with increased practice time. 

 

Synth Engine Bamboo 

8 channels 6 channels only 

1 generator/channel 1 generator/channel 

3 processors/channel 3 processors/channel 

All processors can be different Only 3 different processors 

(all channels share the same trio) 

4 primary parameters on generators 4 primary parameters on generators (strings) 

4 primary parameters on serial processors 2 primary parameters on serial processors (other 
2 are assigned on setup and remain unchanged) 

Each parameter has a LFO Only first parameter has a LFO 

LFO use 5 different waves (sinus, saw, 
triangle, square and random) 

Idem. Waves, frequency and amplitude of the 
oscillation of each, can be changed 
independently, in real time 

 

Table 10.3 Bamboo restrictions vs. FMOL synthesis engine 

 

We have currently described the synthesis engine and its control from the Bamboo interface. 

We will now introduce the available synthesis and processing algorithms 

 

10.4 FMOL synthesis and processing algorithms 

 

FMOL has about twenty different synthesis or processing algorithms. As mentioned earlier, 

these algorithms were selected primary for its computing speed (they all operate, for instance, 

on the time domain), but together they constitute a heterodox, flexible and powerful sonic 

palette. Moreover, due to their many configuration parameters, these 20 basic algorithms are 

used to build more than 100 synthesizer patches or presets. In 1998, we decided, for speed 
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reasons, to base the entire synthesis engine on integer mathematics, which gave FMOL a raw-

sound quality I ended up loving. This decision also proved to be essential for all the nonlinear 

behavior that takes place on feedback algorithms (see sections 10.4.2.3. and 11.4). For these 

reasons, when the time had come to change to the ‘better behaved’ floating-point 

mathematics, I finally decided to stay with the old 16-bit integers. 

 

10.4.1 Main algorithms 

A complete list of all the algorithms is included in table 10.4, which groups them into five 

different families: 

 

• basic oscillators 

• sample players 

• modulation techniques 

• feedback algorithms 

• linear difference equation filters 

• other heterogeneous processing techniques 

 

10.4.2 Some additional notes on FMOL synthesis algorithms 

We will here discuss only some of the algorithm’s peculiarities and idiosyncrasies. 

10.4.2.1 Phase Distortion 

Table 10.4 shows only the two primary parameters of each algorithm, but all the algorithms 

have indeed four control parameters. For instance, all basic oscillators (except white noise), 

include pulse width modulation (or phase distortion) as its fourth parameter. Phase distortion 

is a term coined by Casio (Roads 1996) and implemented in some of their earlier digital 

synthesizers. The technique consists of varying the speed at which one cycle is generated, 

without changing the overall frequency. When applied to a sinusoidal wave, this can lead to 

quasi-saw tooth, rich in harmonics, as shown in figure 10.9. 



CHAPTER 10 INTRODUCING FMOL  342 

 

 

 

 
Algorithm 

 
Type 

 
Param. 1 

 
Param. 2 

BASIC OSCILLATORS 

Sine Wave Generator Pitch Amplitude 
Square Wave Generator Pitch Amplitude 
Sawtooth Wave Generator Pitch Amplitude 
Triangular Wave Generator Pitch Amplitude 
Pulse Train Generator Pitch Amplitude 
White Noise Generator NO Amplitude 

 
SAMPLE PLAYERS 

Sample Player Generator Pitch Amplitude 
Wavetable Sample Player Generator Wave Sound # Amplitude 
Scratch Sample Player Generator Frequency Amplitude 
Granular Sample Player Generator Grain Size Density 

 
BASIC MODULATORS 

Ring Modulation Processor Pitch Modul % 
Amplitude Modulation Processor Pitch Modul % 

 
FEEDBACK ALGORITHMS 

Karplus-Strong Generator Pitch Amplitude 
Binary Modulation Generator Primary Pitch Amplitude 
Karplus-Strong Processor Processor Pitch - 
Binary Mod. Processor Processor Primary Pitch - 

 
LINEAR DIFFERENCE EQUATION FILTERS 

High-Low Filter Processor Cutoff Freq. - 
Resonant Filter Processor Res. Freq. Q 
Comb Reverb Processor Feedback Delay 
Comb Eco Processor Feedback Delay 
Comb Delay Processor - Delay 
Comb Comb Processor Gain Delay 

 
OTHERS 

Pitch Shift Processor Pitch Shift - 
Panning Processor Angle - 
Line In Generator - - 

 

Table 10.4. Some of FMOL synthesis and processing algorithms  

with their two primary parameters 
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Figure 10.9. Applying phase distortion to a sine wave 

 

10.4.2.2 Sample players 

Each FMOL setup can hold up to 128 mono sound files (16-bit, 44.1 KHz), which can be 

loaded and processed by three different sampler algorithms: (a) the plain vanilla pitch shifter, 

(b) the multifile sampler that allows assigning different sounds to different keys or regions, 

and (c) the scratch sampler that simulates the scratch effect on a turntable (i.e. going forward 

and reverse at variable speeds without retriggering a new note at each new pitch value). 

Moreover, wavefile loops can be dynamically activated/deactivated, they can be played ping-

pong style (forward and reverse), and it is also possible to dynamically change the loop’s 

beginning and length with the additional third and fourth parameters. 

 

10.4.2.3 Binary modulation generator 

FMOL incorporates a binary feedback modulation generator based on the 1/f noise algorithms 

initially implemented in Pitel (see section 8.4), but working now at the sample level instead 

of the symbolic MIDI note level. This algorithm provides highly inharmonic and distorted 

sounds that sometimes remind those of an overdrive electric guitar. As in the Karplus-Strong 

case (Karplus & Strong 1983), a random seed (of length p1, determined by the pitch 

parameter) is generated at every attack. After the seed has been played, new values are 

computed, using logical bitwise operations, according to the following non-lineal equation: 

 
• Modulator(t) = HFOscil(t,p3) 

• Signal(t) = (Signal(t-p1) AND Modulator(t)) OR (Signal(t-p+p4) AND NOT 

Modulator(t)) 
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where: 

 

• HFOscil(t,p3) is a high frequency oscillator (sinusoidal by default, but can be 

changed to saw tooth or triangle) with period p3 (where p3 is controlled by the third 

parameter). 

• Signal are samples taken from the main feedback seed loop (of length p1). 

• p4 values range between 1 and p1-1 (and is controlled by the fourth parameter) 

• AND, OR and NOT are bitwise operators. 

 
The system is therefore controlled by three periods (or frequencies), p1, p3 and p4, which 

depend on primary parameters 1, 3 and 4, respectively. Period p1 determines the frequency of 

the carrier as in the Karplus-Strong algorithm; p3 controls the frequency of the modulator and 

p4 the frequency of the weight-modulator function. Considering that primary parameters are 

associated with LFOs and can, therefore, oscillate on their own turn, we are obviously facing 

a scarcely intuitive algorithm, which still has to be explored more deeply. The second 

parameter (p2) controls the overall amplitude by limiting (like in the Karplus-Strong 

algorithm) the maximum range allowed for the random seed values at each attack. 

 

10.4.2.4 Feedback generators as processors  

All FMOL feedback algorithms (i.e. the former binary modulation as well as the regular 

Karplus-Strong algorithm) are also implemented in a processor version. In this case, the 

initial seed is no longer a random sequence of values, but is taken instead from a previous 

audio channel (the number of samples to be read is determined by the frequency parameter 

p1). This effect can produce a wide spectra of plucked sounds, whose character varies a lot 

depending on the original input sound, the frequencies involved (the lower the primary 

frequency, the longer the period p1 and the more the original incoming sound is preserved) 

and the rate at which notes are plucked (i.e. how often are new seeds read). Figure 10.10, 

shows an effect of the binary modulation processor applied to a sine wave, over a 0.08 

seconds fragment, without using any additional LFOs. 
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Figure 10.10. Binary Modulation processing a sine wave (0.08 seconds) 

 

10.4.2.5 Line In 

FMOL incorporates also a LineIn generator, which allows realtime processing of any 

external sound source, connected to the computer line in216. When this algorithm is selected 

and applied to one Bamboo string, the external input is permanently drawn on the string. This 

generator uses no control parameters at all, but opens a wide range of possibilities, as any 

number of processors (serial or parallel) can be plugged into it. 
 

10.4.3 A panoply of synthesizer presets 

The algorithms listed in table 10.3 constitute the synthesis and processing kernel of the 

FMOL synthesizer. By changing some configuration parameters, these basic algorithms can 

present many different behaviors. A comb filter, for example, can be used for delays, simple 

reverbs, etc. Additionally, configuration parameters may affect the way these algorithms are 

controlled from the Bamboo interface. The Karplus Strong Mandolin available in Bamboo (in 

conjunction with the regular Karplus Strong Guitar) is an example of that. The sound is no 

                                                      
216 This algorithm was not included on the Internet version because composers could only trade 

scorefiles and were thus forced to share a common set of known audio sources. 
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different from the ‘guitar’ version. Its name is only a little joke that relates with the 

continuous triggering of notes associated with any mouse movement, implemented in this 

version.  

 

With the help of these configuration parameters, more than a hundred synthesis and 

processing presets, based on the kernel primitives, are defined and made accessible to the 

user in Bamboo’s Configuration Window. 

 

10.5 Bamboo configuration window 

 

We have described the main characteristics of the FMOL synthesis engine along with 

Bamboo, one of its two GUIs. We will know illustrate how the different algorithms can be 

applied to the Bamboo interface. This is attained from Bamboo’s configuration window, 

shown in figure 10.11. 

Figure 10.11. Bamboo configuration window in FMOL 1.0 (1998) 

 

The configuration window allows to select generators (from the left list) assigning them to 

the vertical strings, and to apply processors (from the right list) to the horizontal segments. 
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This window also permits to load and save all the different type of files managed by the 

system. 

 

10.5.1.1 Parallel processors 

When the user selects from the left list, a generator that behaves like a parallel processor 

(meaning that this algorithm needs information from another source, see section 10.2.3), a 

dialog (as shown in figure 10.12) asks the user from which previous string should the current 

algorithm take its information from. In the figure, the user is applying a ring modulator (see 

left column) to string#4, so the dialog allows connecting it to strings #1, #2 or #3.  

 

This parallel processing mechanism is fundamental for the collective composition project 

since it allows composers to process, distort or modify the sound material of previous pieces 

done by other authors (this topic will be discussed in next section). It has also proven to be 

essential for attaining FMOL most complex and dense sound textures (a topic which will be 

further discussed in section 11.4.3) 

 

 
Figure 10.12. Applying a processor to one of the main strings217  

                                                      
217 When applying a processor to one of the main strings (in this figure, a Ring Modulator to string#4) 

the user is asked for the master string (in this case string either #1, #2 or #3). 
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10.6 Additional performance control issues 

 

FMOL is a playable instrument, not a compositional environment. While performers can 

record a session in order to send it to the database, to overdub it or just for playing it back, 

these files use a proprietary format. FMOL can thus behave like a traditional instrument that 

can be used for hours without recording anything, it can also work as a multitrack recorder or 

player, however performances cannot be edited asynchronously218. Nonetheless there are 

several additional features I will here discuss, which allow a better time control and can 

increase the reproducibility of live performances. 

 

10.6.1 FMOL performance files 

When selecting RECORD mode, FMOL behaves like a sequencer that records all the 

performer gestures (mouse, keys, etc.). Recorded sessions can be played back or overdubbed 

as many times as desired. This feature was required for the collaborative composition project, 

but I never intended that it be used out of this context. For that reason, the sequencer poses 

severe limitations. It can only record one minute, which was the maximum duration allowed 

for the Internet pieces. FMOL 1.0 (1998) was even more restrictive since it only allowed to 

overdub compositions that had been previously downloaded.  

 

Composers who wanted to overdub their own performance had thus to upload it and 

download it again, before every new additional take. In FMOL 2.0, I eliminated this 

restriction. The resulting proprietary performance files also incorporate metadata that 

indicates the author’s alias, the date and the time of creation, the performance ID, the ID of 

the parent node if existing, additional redundancy codes, etc. This metadata is needed for the 

database in order to maintain the tree-based structure of the compositions (to be discussed in 

section 10.8).  

 

                                                      
218 Laurie Spiegel took a more radical approach when she created Music Mouse in 1986, deciding not 

to incorporate any sequencer tool inside the program, thus underlining its instrumental nature (Gagne 

1993). 



CHAPTER 10 INTRODUCING FMOL  349 

 

10.6.2 Audio rendering 

FMOL can also be used to generate sonic fragments that can be later employed in other 

composition environments. The system offers a non-realtime rendering option that converts 

recorded compositions into 16-bit stereo wave files. 

 

10.6.3 Orchestras 

An orchestra is a file that stores a Bamboo configuration. It includes the six FMOL generators 

(each one applied to one of the vertical strings) plus the three processors (each one applied to 

a horizontal line). These files that can be loaded, saved and modified from the configuration 

window (see figure 10.10) do not exhibit any restriction. They are conceived for personal use 

and are never sent to the database. Users can save the instruments’ configurations when they 

like; a handy feature when preparing live performances. Moreover, orchestras can also 

incorporate snapshots, another useful performance oriented feature. 

  

10.6.4 Snapshots 

FMOL allows the storage and retrieval of snapshots that hold the state of all the FMOL 

parameters (more than 100) at a given time. Snapshots are captured while playing, with one 

keystroke. They can be recalled at any moment with a second keystroke. Although snapshots 

are instantaneous and do not include time information (they could be called presets using a 

standard synthesizer terminology), they do include all the information for the 32 active LFOs 

(frequency, amplitude and wave shape). Since LFOs are responsible for much of the time 

control and the dynamic evolution of FMOL pieces, swapping snapshots during a 

performance can drastically change the character of one piece. FMOL can store up to nine 

snapshots (this limitation is only due to the number of freely available and easily accessible 

keys on the keyboard!). Snapshots are always captured with the ‘D’ key and retrieved with 

keys ‘F’, ‘G’, ‘H’, ‘J’, ‘K’, ‘L’, ‘;’, ‘’’ and ‘\’, i.e. with all the keys of the keyboard second 

row (in an American keyboard configuration), as shown in figure 10.13. 

 

The mechanism is as follows: 

 

• Snapshots are recorded with the [ D ] key. 

• There are 9 snapshot slots available. 

• When a snapshot is taken, it is stored in the first available slot (starting at F and 

finishing at \). 
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• If no slots are empty, they are overwritten (starting by F). 

• Pressing keys from F to / will trigger the stored snapshot (if available). 

• Available snapshots information is given by pressing F2. 

• Pressing DEL, deletes the active snapshot (if any)219. 

 

 
Figure 10.13. Bamboo keys 

(the green row from ‘D’ to ‘Ç’ includes the snapshots’ keys) 

 

10.6.5 Persistence 

Snapshots persist after leaving Bamboo, until a new orchestra is loaded or until the Clean 

Snaps option is selected. When saving an orchestra file, snapshots are saved with it. In a live 

performance, the performer can thus have a bank of orchestras prepared with up to nine 

snapshots each. 

 

                                                      
219 The following sequence of keystrokes, illustrates the classical beginners programming problem of 

swapping the content of two variables, awkwardly translated to Bamboo snapshots! Suppose we have 

two snapshots stored in F and G and want to swap them (put F in G and vice versa). 

1. Press F (triggers snapshot F; it becomes the active snapshot). 

2. Press D (stores the current Bamboo situation, a copy of F, in H). 

3. Press DEL (deletes F, the active snapshot). 

4. Press G (triggers G; t becomes active). 

5. Press D (stores a copy of G in F, which is now empty). 

6. Press DEL (deletes G). 

7. Press H (triggers H, a copy of F). 

8. Press D (stores H, the copy of F into G, which is now empty). 
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10.6.6 Instantaneous loop sequencer 

Users can dynamically record and retrieve all the mouse movements and keyboard controls 

for a maximum length of one minute, as many times as they want with the help of two 

keyboard keys. Unlike snapshots, this material vanishes when leaving the session, so it can 

only be used within the same performance220. Unlike snapshots, only one sequence is stored 

at any time; recording a new gestures sequence deletes the previous one. Recorded gestures 

can be played back on a loop, still allowing the performer to play on top of it. 

 

10.7 The Medusa interface 

 

10.7.1 The chaotic Medusa 

Until now we have only discussed one of the two FMOL user interfaces, Bamboo, which 

originally represented ‘human intelligence and control’ (see section 10.1.4). The alternative 

interface, Medusa symbolizes the intuition, the strength of life or élan vital. It is more 

mysterious and hardly controllable. The graphics are magmatic, and the resulting sound tends 

to be thicker and more continuous than Bamboo’s. Medusa’s instruments permanently 

modulate dozens of parameters, according to the mouse's position, velocity, acceleration and 

trajectories. No shapes, neither graphical nor sonic, can easily be detected, and performers’ 

can hardly predict the consequences of their actions. 

 

Medusa uses the same aforementioned FMOL sound engine, but whereas in a Bamboo 

configuration the performer selects nine algorithms (six for the strings plus three for the 

effects), Medusa’s available instruments are polyphonic and polytimbrical preconfigured 

orchestras. Moreover, as shown in figure 10.14, these orchestras or macroinstruments have all 

rather weird names that say little about their behavior, much less about their internal 

structure. Medusa's graphic output, as seen in figure 10.15, does not give too many cues to 

the performer either! 

 

                                                      
220 “Play whatever you want, with all the string and the filters. Press [ A ] and keep it pressed while 

playing for several seconds with the mouse. Then release [ A ] and whenever you want, press the [ S ] 

key. What you played while the key [ A ] was pressed has been recorded, and it is repeated now in a 

loop, while you maintain pressed [ S ]. You can press and release [ S ] so many times as you want. If 

you press [ A ] again you will make a new recording and previous one will be lost” (Jordà 2002d). 
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Figure 10.14. The Medusa Configuration Window 

 

 
Figure 10.15. A screenshot of Medusa 
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10.7.2 Mouse performance in Medusa 

Medusa's control is by no means obvious. All the synthesis control is given by the mouse, 

which in some cases, is asked to output up to 64 simultaneous parameters! It is clear that a 

mouse cannot generate all this information. How many dimensions or parameters can a 

mouse bring moving on a two-dimensional screen?  

 

The answer is obviously not unique, but the fact is that it can bring a lot of information, 

especially if this information does not need to be totally clear for the user. We will not 

discuss Medusa in depth but we will give an example of one of Medusa’s ‘magical mouse 

mappings’, which is used to control sixteen simultaneous low frequency oscillators, each with 

its own center value, its frequency and its amplitude (i.e. 48 values in total).  

 

10.7.2.1 The Medusa mouse ellipse 

The algorithm is based on the assumption that no matter what its movements are, a mouse 

moving on a screen can be considered as drawing always ellipses that permanently move and 

reshape. The speed at which these ellipses are drawn will be correlated with the oscillators’ 

frequencies and their size with the oscillators’ amplitudes. 

 
Figure 10.16. Medusa’s "mouse ellipse 

 

The ellipse shown in figure 10.16. has not been literally drawn by a mouse, but the four 

points x1, x2, y1 and y2, correspond to the points on the screen where the mouse changed its 

movement direction. 

• x1 corresponds to the last position in which the mouse horizontal movement changed 

its direction (from left to right). 
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• x2 corresponds to the last position in which the mouse horizontal movement changed 

its direction (from right to left). 

• y1, corresponds to the last position in which the mouse vertical movement changed its 

direction (from up to down). 

• y2, corresponds to the last position in which the mouse vertical movement changed its 

direction (from down to up). 

centerX and centery, are calculated at every frame, according to the straightforward formula: 
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• The mapping algorithm uses these two values as the center values for parameterx and 

parametery.  

• Then these two parameters are set to oscillate around these center values, with 

amplitudes ampx and ampy, (given by the distances (x2 - x1) and (y2 - y1)) and with 

frequencies freqx and freqy, which are given by the mouse speed in that direction. 

 

With these mechanisms, the user permanently controls two independent parameters and the 

LFOs applied to each one of them (i.e. central value plus frequency and amplitude of the 

oscillation). Considering that a mouse can have four states depending on the position of its 

buttons (L, R, L+R or none), the user could be "controlling" (or at least affecting), eight 

parameters in a time-multiplexed manner, each one with a central value and a frequency and 

amplitude of oscillation!221 

 

10.7.2.2 Performer’s freedom and diversity in Medusa 

A mapping of these characteristics is not obvious, but considering that it is used to control a 

complex sound engine whose behavior is also not transparent, it is doubtfull that 48 sliders 

would not do a better job. Although we did not carry conventional mapping usability tests 

(e.g. Hunt 1999; Hunt & Kirk 2000), we could evaluate users attitude towards Medusa based 

on the approximately 1,100 compositions submitted in 1998.  

 

                                                      
221 This mapping mechanism is not explicitly documented. Medusa only encourages the user to freely 

move the mouse while quickly switching it buttons. 
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Users could indistinctively use either of the interfaces, but ‘hybrid’ pieces were not allowed 

since the pieces were stored in two different databases. Only 12% of the compositions were 

made with Medusa (showing that users liked it less). However, on the final selection (only 50 

compositions were integrated in the theater play soundtrack), 26% were Medusa’s pieces, 

from which we could wrongly deduce that Medusa’s music tends to be better. What we could 

probably say is that Medusa’s music was more organic, never bad but seldom excellent. 

Although still producing quite different pieces, Medusa’s chaotic behavior tended to average 

the output quality of these. Medusa’s microdiversity was comparable to Bamboo’s. Its mid-

diversity was much more inferior222. 

 

10.8 Net features 

 

10.8.1 Collective creation and open works 

As mentioned in the introduction to this chapter, FMOL was born as an Internet-based 

collective composition project sponsored by La Fura dels Baus. Collective creation and the 

production of open and continuously evolving works are two of the most appealing artistic 

breakthroughs the Internet can offer to music composers and creators in general. We have 

already discussed the musical computer networks anticipated by the League of Automatic 

Music Composers (Bischoff, Gold & Horton 1978) in the late-1970s. In the late-1990s this 

concept was starting to take on the Internet, although sites and projects like Res Rocket 

Surfer, MIT's Brain Opera (Paradiso 1999) or William Duckworth's Internet based Cathedral 

(Duckworth 1999), could probably still be counted with the fingers. The FMOL collective 

composition project took place twice in two years, both times sponsored by La Fura dels 

Baus: in 1998 for the play F@ust 3.0 and in 2000 for the opera DQ, Don Quijote en 

Barcelona. While the second version included several enhancements, the basic mechanisms 

remained the same. In this section we will discuss the main characteristics of FMOL 

approach to collective composition. 

 

10.8.2 FMOL architectural overview 

FMOL 1.0 (1998) incorporates a hypertext transfer protocol (HTTP) component, a realtime 

synthesis engine, two GUIs (Bamboo and Medusa) that communicate with this engine, and 

                                                      
222 Both concepts will be further evaluated in the next chapter. 
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two orchestra configuration components (one for each of these interfaces). FMOL 2.0 (2000) 

eliminates the HTTP component and communicates directly with the http browser 

application, which makes the evolution of the database observable from any browser without 

the need of having FMOL installed in the computer, although the application is obviously still 

needed in order to contribute, submitting new pieces and modifying existing ones (Wüst & 

Jordà 2001). 

 

Apart from the aforementioned structural difference, versions 1 and 2 share the same 

collective composition paradigm. They do not implement any structures for realtime 

concurrent net-jamming (this feature, which has been implemented in some of my private 

versions, will be introduced in section 10.9.6). FMOL performances are recorded in real-time 

in a symbolic manner as small proprietary scorefiles. That means that no audio is included 

and only the actions taken by the performer (mouse movements, key strokes, etc.) are 

sequenced. However, restrictions insure that some aspects of the originator’s decisions are 

kept, while others can be altered, replaced, or supplemented. These files are stored in a 

relational database and no audio is transmitted between the server and the FMOL client. At 

any moment, participants are allowed to upload new compositions (started from scratch) as 

well as to download any of the existing pieces stored in the database, for overdubbing, 

modulating and processing them (or just listening to them!). 

 

The relational database main entity is the compositions table, which has a recursive 

relationship to itself, allowing for a tree like representation of the pieces, as shown in figures 

10.17 to 10-20, which are snapshots taken from FMOL 1.0 and FMOL 2.0. A user can pick 

up any existing composition, listen to it, play on top of it, save a new version and upload it to 

the database. This new version will be automatically stored as a child node of the one the user 

picked (Wüst & Jordà 2001). This permits composers to modify and enlarge already existing 

pieces an endless number of times, while keeping at the same time the integrity of the 

original pieces. 

  

The collaborative paradigm is based on a vertical-multitrack model (as opposed to a 

horizontal ‘exquisite-corpses’ approach that would allow the pasting of sonic fragments one 

after the other). Besides, FMOL’s synthesizer architecture not only allows users to add new 

sound layers to previous compositions, but also to apply further processing to any of the 

previous tracks, modulating or distorting what other composers did, in unpredictable ways. 

Thus, a musical idea brought by one composer can grow and evolve in many different 

directions unexpected by its original creator. What evolves out of this is the idea of a 
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generative evolution of music, with parents and different numbers of generational offspring. 

It is interesting to follow the lines of development, compare generations and find personal 

styles in different transformations of such music. It is an aural equivalent of an evolutionary 

principle.  

 
Figure 10.17. Composition tree as seen from FMOL 1.0 main window (1998) 

 

 

Figures 10.17 and 10.18, illustrate a real situation taken on March 28th 1998. In both figures, 

various composers connected to the FMOL server are working simultaneously on the same 

branch. Given that pieces are composed/performed in real time and cannot last for more than 

one minute, on a ‘busy’ FMOL day, the delay between the instant an author uploads a 

composition and the moment this author finds some composition’s descendants can be of just 

a few minutes, and this process can be repeated infinitely. As an example, theses screenshots 

illustrates a 90 minutes only-music chat between two users (KTON and praxis), composing 

and interchanging discoveries on a March evening of 1998. Between 8:24 PM and 9:58 PM, 

both composers exchanged fifteen revamps of two pieces started by KTON. The whole 

process ended up with five finished compositions (because FMOL 1.0 only allowed four 

layers or generations).  
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Figure 10.18. Detail of the previous figure 

showing the ‘composition dialog’ that took place the night of March 28th 1998, between the 

composers KTON and praxis. 

 

 
Figure 10.19. FMOL 2.0 composition tree as seen from a web browser (2000) 
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Figure 10.20. Detail of the previous figure 

This part of the tree shows a piece started on September 14th 2000 by composer QUIJOTE, and ended 

on October 9th 

10.8.3 Database versioning 

We will end this section by discussing some of the implications of FMOL’s collective 

composition approach.  

10.8.3.1 As added interactivity 

A performer willing to modify an existing piece is forced to react in real time with what one 

or several previous performers did during their turn. While it is clear that a situation of this 

sort does not establish a realtime dialog between these performers223, it is not less true that -

specially when we consider FMOL nonlinear ‘reprocessing’ capabilities- the final sonic 

results are more than the mere addition of two (or more) independent performances. In that 

sense, we can consider that the ‘processing’ performer really interacts with the instrument, 

and that this instrument does indeed embed the intelligence of all the previous performers. 

Although interaction, understood as realtime composition, is conceptually stronger when the 

‘processing’ performer plays on a piece that she has not previously listened to, we should not 

dismiss the other case. The performer listens to one piece from the database, mentally 

elaborates a basic performance scheme, configures the selected instruments, and finally 

performs in realtime, on top of what she heard, where ‘on top’ means, not only adding, but 

also subtracting or multiplying! 

                                                      
223 Multitrack recording as a loss of performance interactivity was already introduced in section 4.2.2.  
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10.8.3.2 As an exploration guide 

We discussed in section 7.12.5 how new instruments are not taught on conservatories! New 

instruments do not frequently have a wide repertoire (neither written neither recorded) in 

which to seek for comparisons, guidelines, examples, possibilities… New instruments can 

come with tutorials or user manuals but frequently that is all they bring. FMOL database can 

be considered in that sense, as an invaluable antidogmatic learning tool that boosts 

experimentation. 

10.8.3.3 As users’ testing 

As discussed in previous chapters, many new instruments are scarcely played by more than 

one performer; their potential remains mostly untested. Laboratory tests and benchmarks may 

orientate about specific ergonomic or HCI design issues but they often forget any kind of 

musical considerations. FMOL’s database, with 2,000 compositions by 100 composers, 

constitutes an important exception to this tendency.  

10.8.3.4 As multidimensional control relieve 

In section 7.11 we discussed about the difficulty of writing music for highly dimensional 

instruments. A composer could also take an approach similar to FMOL’s collective 

composition paradigm, based on playing the instrument on top of existing sequenced 

performances. The composer could produce an incomplete digital score that would enlighten 

the performer’s tasks while giving her a helpful framework to work on. I have never followed 

this approach myself but it may constitute a fruitful one. In that sense, it should be also 

pointed out that, contrarily to the archetypal composer-performer hierarchical situation, in 

FMOL collective composition net calls, all composers-performers shared the same freedom 

and the same responsibility. There was not any hierarchical structure; no performers asked to 

recreate the work of composers. 

 

10.9 Musical results 

10.9.1 F@ust Music On-Line 

Unlike any other musical system I have designed, FMOL has been used by hundreds of 

Internet composers. From January 18th to April 16th of 1998, the FMOL first Internet-database 

received more than 1,100 brief pieces by around 100 composers. The more assiduous (about 

20 authors) constituted a virtual family, which communicated nightly, exchanging sounds and 

creating music collectively without knowing each other. These were the FMOL junkies -
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creators who spent several hours a week during a three-month period - and with whom I 

exchanged numerous technical and esthetic issues. One of our main goals (i.e. to conceive a 

musical system that could be attractive to both trained and untrained electronic musicians) 

was fully attained. We know now that several of the participants had no prior contact with 

experimental electronic music and a few were even composing or playing for the first time. 

All of them took it, however, as a rather serious game, and the final quality level of the 

contributions was impressive. After a difficult selection process, 50 short pieces were 

selected and included on the show’s soundtrack. 

 

During the selection process, it became clear that a great number of interesting 

microcompositions -and the good job done by many unknown authors- had to be left aside. 

Moreover, many pieces were begging for an expanded development beyond the duration 

limitation. What were we going to do with the thousands of hours composers had spent 

playing with our toy? What would happen to the hours of music stored in the host? We 

decided some months later to produce a collective CD with a mixture of old and new 

compositions [Jordà & La Fura dels Baus 1998] (Strother 2001).  

 

10.9.2 Don Quijote en Barcelona 

A web site and a newer version of the software were back on-line224 during September 2000 

for La Fura´s new show, the opera DQ, Don Quijote en Barcelona, premiered in November 

2000 at the Gran Teatre del Liceu in Barcelona. DQ was a conventional opera with a full 

orchestra, but it also included several electronic parts. During one month, more than 600 

compositions were submitted, and the selected ones now constitute the electroacoustic parts 

of an otherwise orchestral score.  

 

10.9.3 Net personal summary 

For several reasons, I have found working on these two Internet projects a very enriching 

experience. The chance to produce radically experimental and, at the same time, widespread 

and ‘popular’ projects, is not very common. Users' feedback, although not massive was 

encouraging, and it seemed that many people is ready and willing to expand their ears. Many 

participants told us later, that after the experience they began listening to sound in a different 

manner and with a new sensibility. Even several of them who had never composed music 

                                                      
224 http://teatredigital.fib.upc.es/dq/eng/opera_web/FMOL/welcome_FMOL.htm 
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before, are now performing musicians! They all have helped to prove the Internet’s immense 

creative potential, too often discarded by crowds hooked on instantaneous pleasure who 

navigate through the Web as if it were an infinite, zapping TV. 

 

10.9.4 Workshops 

In the last years, I have given several FMOL workshops aimed at different collectives: 

musicians, non-musicians, children, etc. In September 2000, a one-week workshop for visual 

artists took place in Lisbon. It concluded with several conducted collective improvisations 

with astonishing results. In October 2001, I gave three one-day workshops in Germany. One 

was for children and teenagers, while the two others were for adults, some of them musicians. 

At the end of each day, public concerts were given.  

 

 
Figure 10.21. Children workshop in Galicia, February 2003 

 

In 2002 and 2003, I gave two additional workshops in Spain. One was addressed to a group 

of twelve very young children, from 4 to 6 years old, in an experimental rural school in 

Galicia. Their response was enthusiastic. I started demoing the system and showing its more 

essential features, after what, each kid turned to a computer and started playing and practicing 

their own tricks for the rest of the morning (some of them even forgetting about playtime 

break!). In the afternoon, we gave a concert in the school, for which I followed a ‘free 

conductor’ approach a la John Zorn (Bailey 1992: 76; Hopkins 1997). I created four sections, 

giving different colored hats to every section (see figure 10.21). After studying with them a 

very basic signs vocabulary (stop, enter, continue, piano, forte, crescendo, decrescendo, 
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accelerando, and ralentando), I conducted the improvisation using the four different types of 

hats for addressing to each section. The results were two-fold but children enjoyed the 

experience very much and felt it completely natural (unlike their parents who thought the 

school had become crazy!) I did also discover that the children, especially the younger ones, 

had not yet developed the common spread prejudice of ‘noise vs. music’. 

 

A completely different workshop had taken place several months earlier in Barcelona. Its six 

members were selected this time from ‘la crème de la crème’ of Barcelona’s experimental 

electronic music scene. All were improvisers but none of them had previous contact with 

FMOL. The workshop lasted for two afternoons and concluded with a memorable FMOL 

sextet public concert in the second night. While FMOL easily shows hyperactive sonic 

tendencies, the concert was a marvelous equilibrium of density, aggressiveness, beauty and 

subtlety. Musicians who had already developed the sense of interplay, contrast or balance in 

compositional and improvisational contexts, were perfectly able to translate these ideas into 

the instrument’s playing idiosyncrasy. 

 

10.9.5 FMOL Trio 

It takes about half-hour to start having fun with the instrument, and several hours to acquire 

some confidence for producing controllable results. However, after six years of playing it, I 

am still learning it and often discover hidden features. 

 

FMOL was originally designed as a cheap and freely available system for remote 

collaborative composition and “experimental electronic music proselytism”. To my own 

surprise, it also turned to be my favorite instrument for live concerts. Since 1999, the FMOL 

Trio (Cristina Casanova and I on FMOL computers, plus Pelayo F. Arrizabalaga on 

saxophones/bass clarinet and turntables) performs improvised electronic music, while two 

projectors connected to each of the computers give the complementary visual feedback (see 

figure 10.22).  

 

This setup also gives a possible solution to the ubiquitously mentioned problem in laptop 

performance, or how the artist using powerful software like SuperCollider or PD cannot be 

readily distinguished from someone checking their e-mail whilst DJ-ing with iTunes (Collins 

2003). Arfib et al. (2005) consider visual impact as one of the contributions to an instrument 

expressiveness, while for Fels et al. (2002) the recognition of expression by a listener, implies 

that both performer and listener(s) share some common knowledge of the performance codes 
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or mapping. It is clear that FMOL visual feedback, which enables the audience to watch the 

music and how it is being constructed, is a step in both directions. It has proven to be a 

valuable addition to the concerts, giving the public a deeper understanding of the ongoing 

musical processes and adding new exciting elements to the show.  

 

The group has released three live CDs [FMOL Trio 2000, 2001, 2002] (Feller 2002). 

Additionally, in the last years, I have been improvising with FMOL in many different 

contexts. Some of these issues will be further addressed in the next chapter. 

 

 
Figure 10.22. The FMOL Trio  

(illustration by Cristina Casanova) 

 

10.9.6 Net jamming 

Newer private FMOL versions also support realtime jamming. The problem of performing a 

jam session over the Internet has some constraints imposed by the current network 

technologies (e.g. Bongers 1998; Tanaka & Bongers 2001; Young 2001; Barbosa 2003). The 

most relevant problem is related to the high network latencies. An event played on a 

computer placed on one end of an Internet connection will arrive with a perceptible delay to 

workstations on other ends of the net. This is actually unacceptable for playing most musical 

styles. Nevertheless, the type of music that is produced with FMOL is more timbrical than 

rhythmical and can therefore better tolerate timing inaccuracies, in a similar way that 

Gregorian chant could deal with the several seconds reverberation times produced by 

cathedrals. 
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 In October 2001, several freely improvised duets took place between Barcelona and Dresden 

and Barcelona and Berlin, using a peer-to-peer prototype of the system. Events played on 

each computer were locally monitored and synthesized syncronously (so that each player 

could not feel the latency), and sent to the other computer which resynthesized them locally. 

Because of this mechanism, every participant listened to a slightly different version of the 

collaborative piece, but delays were always below 100 msec using a standard 56K connection 

and the system successfully proved its playability. Since no audio, only control is sent 

between the two computers, the bandwidth needed is very small. However, no matter how 

little bandwidth is needed, a delay or latency will never be eliminated225.  

 

10.9.7 FMOL as a multi-user instrument 

FMOL can thus behave as a synchronous multi-user instrument allowing to connect two 

performers. User’s actions (mouse and keyboard) on computer (IP) A are sent to computer 

(IP) B as TCP messages, and vice versa. Action messages received from the open port are 

sent to the engine and to the GUI, exactly as if they were locally generated actions.  

 

Although it is perfectly possible to send all of both users actions over the net, I tend to prefer 

the following approach in order to avoid collisions and inconsistencies: users A and B 

distribute among both the six available strings, so that user A ‘owns’, for example, strings 1, 

3 and 5, whereas user B owns the remaining ones (2, 4 and 6). This distribution can be 

negotiated before start up, after what the ownership of the strings is visualized in each 

Bamboo screen by using different colors. While any performer can still play on the strings 

that are not her own, these actions will not be sent to the other performer: they will remain 

local. Splitting the six strings of a guitar into two performers’ hands, may not seem at first 

glance, as a very interdependent approach. It appears much closer to the four hand piano 

model than to the ‘keyboard+strings’ paradigm (see section 5.6.6 and figure 5.1). However, 

given FMOL parallel processing capabilities, it is interdependent, and much closer to the 

latter model (keyboard+strings) than to the former, as illustrated in figure 10.23.  

 

                                                      
225 Depending on the connection speed and on the physical distance between the two performers, a 

simple message can be delayed, from a few msec to a few hundred msec. 
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Figure 10.23. FMOL two-user setup. 

 

• Dotted strings correspond to performer B.  

• Horizontal arrows indicate the relation ‘is processing’.  

• The two dotted ovals indicate the two musical lines, lead respetively by performer A 

(with the distortion of B and herself) and B (with the distortion of A and himself). 

 

In this figure, player A strings (1, 3 and 5) are pictured with straight lines, and player B ones 

with thicker dotted lines (2, 4 and 6). Horizontal arrows indicate a configuration setup in 

which a origin string processes (or listens to) a destiny string. We have then performer B, 

processing and manipulating A main output (in string 1) by means of string 2, whereas 

performer A reprocesses everything back, by means of string 3. This process-reprocess setup 

is repeated in strings 4 to 6, but with player B as a leader now. This configuration allows both 

performers A and B to start new sounds (with strings 1 and 4 respectively). Besides, they can 

both process the sounds triggered by their peer, using respectively strings 5 (user A) and 2 

(user B). Furthermore, they can even ‘reprocess’ the sounds they have triggered themselves 

and which, on the way, have been processed by their peers. This is interplay. 

 

A 
B 
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When the control messages involved in complex interconnected configurations such as the 

one described above, are sent from one computer to the other, they are inevitably delayed, 

and both performers will inescapably be listening to slightly different versions of the same 

performance! While this consequence cannot be controlled in displaced performances, it has 

been advantageously used on local-area duets that share a same physical space. In these 

cases, although the delay is very small (a few msec) its results can still be perceived on 

complex configurations that evolve a lot of feedback. That means that the sound output from 

the two performers’ computers does not have to be exactly the same, and that this effect can 

be used as a sort of ‘complex and unpredictable spatializer or flanger’. This is illustrated in 

figure 10.24. 

 

 

 

 

 

 

 

 
Figure 10.24. Weird spatial effects can take place in a local-net setup 

 

FMOL multi-user principle could be easily extended to three players (each one playing two 

strings), or even to six (each one owning only one string), but obviously each additional 

participant would represent a loss of interplay (in the case of six performers, influence could 

never be reciprocal). I have also tried to perform sharing all the strings between the two 

performers. This issue does not bring any additional technical problems, but it proves to be 

musically difficult to handle: discontrol raises and performers loose more than what they 

gain. In 2002, I temporarily planned the idea of creating an FMOL session server, which 

would …  

…include a real-time messaging server, probably based on 
Phil Burk’s Transjam protocol (Burk 1998; Burk 2000, 
Young 2001), which will be accessible through a web-based 
interface and will provide services such as an FMOL session 
manager. Active jam-sessions will be monitored, and users 
will be able to create new sessions or join any of the 

MIDI or 

Ethernet 
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currently open ones, if the maximum number of participants 
per session has not been reached. (Jordà 2002c) .226 

 

10.9.8 Awards 

During the period 1998-2001, FMOL received several awards, including the 1st prize in the 

multimedia category in the 3rd International Musical Software Competition in Bourges 1998, 

the Spanish Möbius prize in the net-art category in 2000, the Prix Möbius International de la 

culture artistique in Beijing 2001, and the popular prize Premio Arco 2001 for the most voted 

web of net-art. 

 

10.9.9 Conclusion 

Awards aside, during these years, the diversity of music that many composers of very 

different skills have produced with FMOL, has proved to us that it is possible to design new 

instruments, which like the kalimba, can be grasped in a few minutes and last for years. In 

that sense, FMOL can surely be considered a highly efficient instrument - in the terms 

introduced in chapter 7 - that does not sacrifice or compromise controllability or musical 

diversity. From a more personal point of view, it has also been an unexpected surprise that, 

after years designing and improvising with interactive music systems, my favorite one has 

become the apparently simpler one, the one I did not explicitly design for myself, but for 

everybody. How and why this was unconsciously attained, is one of the questions I will try to 

decipher in the next chapter. 

 

10.10 Summary 

 

In this chapter we have described and given objective and technical information about the 

FMOL system. The following chapter deals with more personal and subjective thoughts and 

feelings about the instrument. We will study the features, not always evident, most often not 

preconceived, which make FMOL such a peculiar and, in my opinion, successful instrument. 

We will then confront these incoming ideas with the theoretical framework introduced in 

chapter 7. 

                                                      
226 This project has been indefinitely postponed in favor of a more ambitious one that will be presented 

in chapter 12. 
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Chapter 11 
Interfaces: a luthier-improviser further reflections on FMOL  

 

This chapter examines the properties that have turned FMOL into a successful musical 
instrument, with focus on aspects of its interface design. The simultaneous access to micro 
and macro control processes, the development of virtuoso techniques, and the ways these are 
related to the instrument’s non-linear properties are studied. Following this study an 
evaluation of FMOL music output is proposed using the three diversity layers introduced in 
chapter 7 as criteria. The visual feedback and the direct access provided by its interface, 
which simultaneously behaves as input and output are examined, and serve as an 
introduction to the more generic study of graphical interfaces for music control. The chapter 
concludes by suggesting how multithreaded instruments with simultaneous micro and 
macrocontrol, could benefit enormously from visual interfaces that are able to display and 
monitor the states and behaviors of the instrument’s ongoing musical processes.  

 

11.1 Introduction 

 

This chapter tries to discover some of the - perhaps not so evident - features that have turned 

FMOL into a good music instrument. It is thus not exactly my goal to demonstrate why I 

believe it is one, neither to turn also the reader into a believer. In that sense, the chapter could 

just have started with this axiom: FMOL is a good music instrument. Nevertheless, in order 

not to seem so presumptuous I will give some evidence to justify my opinion, just by using 

‘common sense’ concepts, and thus without the need of any theory or framework yet: 

 

• FMOL has turned to be an instrument I enjoy to perform with 

• I like some of the music that is being created with it, either by myself and by many 

other performers 

• Hundreds of musicians who have used it, seem to have found that performing music 

with it can be, at least, interesting 

• Several authors (i.e. La Fura del Baus) have found some of this music, often 

performed by novices, good enough so to put it in an opera next to a symphonic 

orchestra 

• This instrument has managed to convert a few non-musicians into professional 

musicians 
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The chapter starts with several unstructured and personal reflections that have emerged as a 

result of performing and improvising myself with FMOL for several years. Most of them may 

seem utterly banal at first glance. Isolated, indeed they probably are, but put together they 

start to unveil FMOL’s identity. This is why these concepts are followed by a discussion 

based on ‘diversity’ and on the related concepts such as the ‘identity’ and ‘idiomatism’ we 

introduced in chapter 7. The chapter concludes with the discussion of an additional topic 

suggested by the FMOL instrument, which is the idea of ‘visual feedback’. All over the 

chapter I will concentrate on Bamboo, leaving Medusa aside, since Bamboo is the interface I 

have kept developing and playing with. I will however be using the generic term FMOL (or 

simply ‘the instrument’), since this is how I tend to call Bamboo now. 

 

11.2 Performing with FMOL: some control and mapping issues 

 

This first section is a bit of a ragbag. It discusses several minor FMOL features and 

particularities that over time I found to be important. Most of them are idiosyncratic to 

FMOL, and some may even seem too banal, although I have often found that it is the 

apparently random combination of irrelevant decisions that makes up the difference between 

a failure and a success. As small as these features may be, I have selected some of them with 

the criterion that they can be food for thought and that they can enlighten the design of future 

controllers and instruments. Some of the discussed features also constitute a necessary 

introduction to the more essential sections that will follow. 

 

11.2.1 Pitch dexterity 

 

Of all predetermined factors, the sequence of pitches is the 
most rigid and is least subject to performer interpretation; it 
is far more fixed than note duration, for example. Slight 
changes of pitch open the performer to the charge of playing 
‘out of tune’. Playing a different pitch from that written in 
the score will almost always be considered as a mistake 
(Mathews 1991: 40). 

One of the first aspects of musical performance that require some minimum skill is playing 

the correct notes. It is the minimum requirement for someone to be considered able ‘to play a 

(pitched) instrument’. Perry Cook (2001) states that when building a new controller, one of 

the first things he tries to do is to play the simplest song, such as Mary had a little lamb. Max 
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Mathews choose thus to automatize this step in the Conductor program to be used in 

conjunction with the Radio Baton (Lawson & Mathews 1977; Mathews 1991). Laurie Spiegel 

let Music Mouse always select the correct notes (Spiegel 1987a).  

 

In FMOL, I decided to minimize the importance of pitch instead. FMOL does neither fix nor 

decide pitch; it just dethrones it from its privileged position. Pitch ceases to be a primary 

variable (Pressing 1990) and turns into merely another parameter, thus finally liberating the 

performer from the ‘wrong note syndrome’. 

 

11.2.2 Pitch as a cultural invariance? 

Are there cultural invariant mappings with some parameters such as pitch or intensity? A 

discussion case can be found in the Theremin. In the original mapping, intensity was 

controlled by the proximity to a horizontal antenna; the player had therefore to lower the hand 

in order to make a louder sound, a quite logical solution that leads to no sound when there is 

no performer. Modern Theremins allow this to be swapped because of the cognitive 

dissonance caused by the playing action (Doornsbusch 2002).  

 

Pitch seems another well-established cultural invariance candidate. Pitches are higher or 

lower; they can be raised or lowered… Pitch is correlated with frequency and in all the 

acoustics and computer music literatures, pitch vs. time curves are always represented with 

pitch increasing in the y-axis. But is that really natural? I believe that this is a much more 

cultural, less innate invariance than intensity. Smaller objects or animals, for example, tend to 

produce higher pitches. In FMOL, I decided to map pitch according to a guitar neck 

metaphor: while descending the mouse along the vertical string line, the performer raises the 

pitch. Whether this is better or worse, I really do not know. In any case, no one has ever 

complained about it, and I have never felt the need to change it. 

 

11.2.3 Charlie Parker’s coupled control 

I have previously stated (see section 3.5.3) that coupled control dimensions are preferred 

when performance gestures are desired more in the product space of these dimensions than in 

each individual dimension (Buxton 1986; Goudeusene 2002). I have found the coupled 

control available in Bamboo’s horizontal oscillators to have an especially ‘musical’ behavior 

(see figure 11.1 as a reminder). Obvious cases are the coupled control of the resonant 

frequency and the Q factor in a resonant filter. Maybe not so common elsewhere but quite 
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idiomatic in FMOL is the coupling of the oscillation frequency and the oscillation range in 

LFOs’ control. Especially when used with a random oscillator (in which the oscillation 

frequency controls in fact the duration of one event, or the tempo), the quick and tight 

coupled control of both parameters allows for phrasings that feels quite natural to the 

performer. When performed in the central horizontal line (the arpeggiator LFO), which can 

be used to trigger notes, it allows to play phrases that swing and jump with a fantastic bebop 

feeling.  

 
Figure 11.1. Two-dimensional coupling in horizontal segments 

 

11.2.4 ‘Sharp continuities’ (hold + return) 

I have discussed musical sharpness and inertia in section 7.13.3, affirming that ‘I often like 

my music sharp’ and furthermore that the more ‘organically’ this sharpness is attained, the 

better. Snapshot changes (see section 10.6.4) constitute the most obvious way FMOL attains 

these fast music changes and I use them very frequently. However, the kind of radical 

behavioral and structural modifications they produce on the instrument, tend to sound, poorly 

‘organic’. When these changes occur, they most often do not seem to constitute an intimate 

part of the instrument; they do not appear to come from within it, but more as an outside 
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imposition. Fortunately, in FMOL, other more natural and less discontinuous ‘sharpeners’ are 

also available.  

 

When discussing about parametric control in commercial synthesizers, Pressing (1990) 

distinguishes between physical controllers that return (e.g. the pitch bend wheel) and those 

that hold (e.g. the modulation wheel). Buxton (1986) defines secondary controls as the ones 

that allow modifying the behavior of primary controls. FMOL mouse playing techniques 

combine all these concepts, in order to enhance quick and repeated changes of some of its 

parts, therefore allowing for more ‘organic sharpness’. As we have seen, horizontal segments 

are dragged bidimensionally with the left mouse button. When the mouse is released, they 

‘hold’ the last position such that the applied effect remains, but when they are again selected, 

this time with the right mouse button, they bypass the effect associated with the segment. 

They ‘return’, but without graphically changing the segment position. This allows recovering 

the same effect settings clicking again with the left button. While this may not seem such a 

big thing, the combination of the hand and two fingers movements are used to simultaneously 

modify parameters, bypassing and recovering them, all while playing and using the same 

gestures. It is like changing the cup of a trombone by moving the slide! 

 

11.2.5 Skip and random access 

Another dimension of the Pressing (1990) study is the possibility some controllers offer, to 

skip to arbitrary points. A ribbon controller and a keyboard can skip (to a position, to a note), 

where as a wheel, a joystick, a breath pressure, and most of the continuous controllers in fact, 

cannot, and are thus forced to send out intermediate values. FMOL left button mouse can also 

skip values when applied to both strings and horizontal segments. 

  

a. A vertical string can be plucked or fretted at any point of its length 

b. An horizontal segment can also be picked at any point of its length (i.e. skipping 

along the x-axis) 

c. Horizontal segments exert a field of influence around (above and below) them that 

allows to pick them without necessarily touching them. When that happens, segments 

displace vertically to the y-coordinate of the picking point, adopting this value 

instantaneously (i.e. skipping along the y-axis) 
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Besides, FMOL graphical interface allows direct access to all of these parameters, without 

any kind of dimension reduction (e.g. Wanderley, Schnell & Rovan 1998; Wanderley & 

Depalle 1999; Goudeusene 2002), without menus, subwindows or secondary buttons, without 

any spatial or temporal multiplexing (Buxton 1986). Table 11.1 decomposes the list of 

directly accessible parameters. Moreover, as we are studying, most of them can hold a value, 

recover a previous or default state, and be bypassed or be skipped.  

 

4 parameters/string x 6 strings  24 

2 parameters/segment x 4 segments/channel x 6 channels  48 

3 parameters/LFO x 4 LFOs/channel x 6 channels 72 

channel gain x 6 channels 6 

total  150 

 

Table 11.1. Bamboo directly accessible parameters 

 

We mentioned in section 7.9.2 that traditional instruments tend to be ‘deep and thin’ and that, 

although new instruments hardly attain these deepness, they can be much wider. According to 

what we have just seen, FMOL could be considered a very wide instrument. It can be 

accessed, played and explored (thus learned) at many parallel points, in any order. We could 

say that the random access to all of its complexity favors a random access apprenticeship. 

 

11.2.6 Adding verticality: LFOs’ control 

Extending an existing playing technique can be understood as adding ‘verticality’ to the 

instrument. With FMOL, once I become good enough at a feature that I find useful, I tend to 

make it more complex and more powerful. A good example can be found in the use of 

horizontal segments described in the previous sections. 

 

Currently, mouse movements on segments control two parameters of the selected effect (e.g. 

the resonance frequency and the Q of a resonant filter) plus all the previously discussed ‘hold 

and return’ techniques, but they do also control the frequency and the oscillation amplitude of 

the LFO that apply to the instant value of one of these parameters (i.e. the resonance 

frequency or the Q). The way this works now, is fruit of some slow maturing as a performer. 

I will describe this functionality, summarizing also the techniques described in the previous 

sections. 
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1. Dragging an horizontal segment with the left button controls the effect’s two 

parameters 

2. Pressing an LFO key (as shown in figure 11.2) while the segment is ‘captured’, puts 

the effect’s first parameter to oscillate. Left mouse button controls now the frequency 

(with the x) and the amplitude (y) of the oscillation that is applied to the parameters 

last value 

3. Releasing the LFO key does not change anything. The left button still controls the 

oscillator 

4. Pressing a different LFO key, changes the oscillator waveform (square, saw, sine or 

random) keeping oscillation frequency and amplitude unchanged 

5. Pressing the right button over the segment stops the oscillation, restoring the effect’s 

previous values 

6. Pressing the right button again, bypasses the effect 

7. Pressing the left button again restores the effects with the previous values 

8. Pressing again an LFO key goes back to step 2 

 

This process or similar ones can be typically repeated several times within a few seconds. 

The description of this technique may sound awkward; it is learned however in 10 minutes of 

practice. 

 
Figure 11.2. LFO keys 

 

11.2.7 Processes, input and output control parameters 

The performing mechanism, progressively described in these last sections (11.2.3-11.2.6), 

constitutes a good example of fast control of multiple instrumental threads, with almost 

simultaneous access to all the different levels, as theoretically described in sections 4.7 and 

7.9. We will recall that topic, saying that digital instruments tend to include several 
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concurrent processes, which can be partially controlled by the performer by means of first-

level parameters, and that these concurrent processes can control, on their turn, other second-

level parameters. Many of these systems do often not allow a direct access to those second-

level parameters, but permit only the indirect control of the processes that affect them.  

 

FMOL allows a direct access to all the parameters (those that control processes and also those 

that are controlled by processes), by means of the same gestures and minimizing these levels 

shifts, since this is done with just one mouse click, without having to move the mouse or to 

look at the screen. 

 

11.2.8 Dimensionalities 

Are ‘wide’ instruments more ‘efficient’ (in the sense introduced in chapter 7) than ‘deep’ 

ones? The temptation is strong: could we affirm that FMOL efficiency is dependent on the 

fact that with a 2D input (a mouse) it offers a direct access to 150 output dimensions227? 

While this is strictly no lie, most widget based software synthesizer GUIs could possibly fall 

under the same category. Putting 150 sliders on a screen seems more a miniaturist dream than 

a good interface designer goal! It is probably not there that FMOL’s potential efficiency or 

originality lies; and it is not either that way (i.e. by dividing 150 output dimensions into the 2 

mouse coordinates) that we should simplistically interpret the efficiency equation introduced 

in section 7.7! 

 

FMOL GUI is more than a mere array of 150 sliders. The mental model it suggests to the 

performer is not 150-dimensional, but it is not two-dimensional either. FMOL perfectly 

translates into a bidimensional screen, the synthesis engine conceptual model, which I claim, 

is indeed four-dimensional! 

 

1. The first dimension is given by the vertical lines or generators (the size, or number of 

elements of that dimension, is 6) 

2. The second dimension is given by the horizontal lines or processors (its size is 4) 

                                                      
227 Would FMOL efficiency then equal 75? 
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3. The third dimension is given by the fact that the two previous dimensions have 

several parameters each (their sizes are respectively 2 for the horizontal lines and 5 

for the vertical ones228) 

4. The fourth dimension is given by the LFOs that apply to one of the horizontal 

parameters (its size is 3229). 

 

Consequently, FMOL is not simply a very wide instrument. A long array surely would not be 

that good (or efficient); isn’t the mental model suggested by the resulting four-dimensional 

hypercube more easily grasped than an array of 150 sliders? FMOL pictures a very compact 

and optimized structure that possibly minimizes mental effort. At the same time, it also 

succeeds at minimizing the physical barriers and restrictions typically imposed by two-

dimensional interfaces (visual feedback, an important component in FMOL interface design 

will be specifically discussed in section 11.10).  

 

 

A first tentative empirical and fuzzy conclusion to this dimensionality topic could be that 

while ‘wide’ instruments may offer a gentler, funnier and more experimental initiation than 

‘thin and deep’ instruments, it is probably within the more compactly packed and balanced 

‘hypercubic’ instruments that a good performing progression seems more feasible.  

 

 

For those who find the aforementioned idea too ‘esoteric’, the following discussion about 

FMOL and MIDI controllers may help at clarify concepts. 

 

11.2.9 FMOL and MIDI controllers 

FMOL can receive MIDI IN data, which means that all or some of its parameters can be 

controlled with any external controller, instead of the mouse or in combination with it. Except 

for the six Bamboo gain sliders that can be handily played with a six-channel MIDI fader, I 

have not experienced any advantage using external controllers. On the contrary, decoupling 

                                                      
228 The two horizontal parameters are related to the x and y mouse coordinates over the horizontal 

segments. The five vertical parameters rely also on the two mouse coordinates on the vertical strings, 

now multiplied by the two mouse buttons (2x2) plus the gain sliders added. 

 
229 Amplitude, frequency and shape of the low frequency oscillator. 
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Bamboo and limiting its GUI to an output-monitoring screen, clearly diminishes the 

instrument coherence.  

 

I already stated that the use of physical sliders would surely improve the playability of GUIs 

that are based on virtual sliders. GUIs which are not based on this virtual slider concept, such 

is the case of FMOL, will probably not profit much from this straightforward ‘physicality’.  

 

FMOL can also send MIDI OUT. That means that it can be used as a MIDI controller. All of 

FMOL realtime controls are indeed recorded since this mechanism is necessary for recording 

and storing FMOL compositions on the net. This data can be sent to a MIDI OUT device 

although mapping is not configurable yet. Whether this is a useful feature or not remains 

basically untested. 

 

11.3 Evolving with the instrument 

 

About my own experiences with gestural controllers I can 
only say that I fight with them most of the time. That’s 
something that almost every instrumentalist will tell. But if 
you are in the position to be able to design and build your 
own instruments, and so many interesting technologies pop 
up almost weekly, you are tempted to change/improve your 
instrument all the time. This adds another conflict: you never 
get to master your instrument perfectly even though the 
instrument gets better (?) all the time. The only solution that 
worked for me is to freeze tech development for a period of 
sometimes nearly two years, and than exclusively compose, 
perform and explore/exploit its limits. (Michel Waisvisz, 
from Wanderley and Battier 2000: 423).  

 

Playing with FMOL for several years, improvising with it in different contexts and with 

different musicians, has kept me discovering performance tricks that even as a luthier I was 

not aware of. It has also given me many ideas about new features that could be added to the 

control interface. As quoted by Waisvisz, the position of the onanistic luthier-performer is a 

conflictive one; a balance has to be found. For time availability reasons, I do not upgrade my 

instrument too often, although I tend to find about a week every year to do some tuning and 

lubrication. When that happens, I modify features according to what I may have been 

imagining during the year. These modifications can be considered to fall into one of the three 

following categories: 
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a. Extending an existing playing technique 

b. Introducing a new concept 

c. Eliminating an unused feature 

 

An example showing the extension of an existing technique has been introduced in section 

11.2.6. I will now discuss one example for each of the two remaining cases. 

 

11.3.1 Introduction of a new concept: Tempo 

When I started jamming with more jazz or rock oriented groups or performers, I felt, from 

time to time, the desire of being able to exert a stronger control on the overall pulse of 

FMOL. For this purpose, I finally added two new keys: a one-finger-tempo key and a 

quantize tempo on/off key. When the performer decides, he can apply a steady beat by 

pressing the tempo key in a regular fashion. Consequently, most of the FMOL parameters 

related with macroscopical time values (e.g. LFOs’ frequencies, delays, echoes, etc.) modify 

their values adapting them to new settings more related with the current tempo (i.e. multiples 

or simple divisors of the time pulse), following an heuristic algorithm (that tries to sound not 

too dance floor either!). 

 

Adding a completely new feature, has to be done thoughtfully, respecting the instrument 

identity and idiosyncrasy. It is with this idea in mind, that I have also eliminated features that 

were compromising the instrument identity. 

 

11.3.2 Elimination of an existing feature: Transformative response methods 
and prerecorded material 

In Bamboo v.1.0 the lower horizontal segment, which is currently being used for frequency 

modulation, had a completely different function: it was used to control MIDI sequences, 

which the user had loaded in edit-mode. The mechanism worked as follows: 

 

1. User loads a standard MIDI file. 

2. Only the first six tracks of the MIDI file are used; they apply consequently to each of 

the Bamboo string (lower segment of string #1 controls the first track, the one of 

string # 2 control the second track…). 

3. Only note on (and note off) information is used. Control and other messages are 

simply skipped. 
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4. By clicking on the lower fifth Bamboo segment, the performer starts triggering the 

notes stored in the track, which are applied to the correspondent string. By dragging 

the segment (x and y), additional control over the tempo (x) and the transposition of 

the sequence (y), is given. 

5. MIDI sequences are played while the segment is pressed. When the track is over, the 

sequence is automatically looped. 

 

This seemed a very clever and powerful feature, and once implemented it perfectly worked as 

imagined. After the first net call, I realized however, that from more than one thousand 

pieces, very few composers had actually used it. I had not even used it myself. The feature 

was documented in the on-line tutorial. Did FMOL net-composers not like the feature? Or did 

they just found the preparation of MIDI material too cumbersome? Perhaps this feature did 

not marry well with the instrument’s idiomatism? 

 

FMOL snapshots (see section 10.6.4) and instant loops (see section 10.6.6) are features 

widely used, which do also rely on the reuse of previous material. However, in these cases, 

the materials have been created in real time and with FMOL. In the case of the instant loop, 

even in the same performance session. I understood that MIDI sequences were not only a 

burden to prepare; they could seriously distort the instrument focus. Adding the possibility to 

play meticulously composed pitch sequences and rhythms, could enormously increase 

Bamboo’s versatility (and its macrodiversity) but at the cost of decreasing its identity; not 

only the identity I preferred the instrument to have, but the identity I thought it was already 

exhibiting. 

 

11.4 Non-linearity & dynamic behavior 

 

The composer Tamas Ungvary worked in Stockholm in 1972 with an hybrid analog-digital 

system. He explains about the system analog oscillators: 

 

They were stable for their time, but not by later standards. 
But it’s fantastic if they are not stable. It’s fantastic if at a 
certain time one of them gets crazy, because those are the 
creative moments and possibilities in your life, the surprise, 
something which you would never do, which you never 
think of… I got very good suggestions from those oscillators 
(Tamas Ungvary in Chadabe 1997: 272). 
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Ungavry oscillator’s instability was indeterministic, but deterministic behavior does not 

exclude or prevent perceptual complexity (e.g. Menzies 2002). The importance of non-

linearity - and my penchant for it - have been repeatedly issued along the dissertation, and it 

comes to no surprise that FMOL makes extended use of it. The FMOL synthesis engine uses 

explicit nonlinear feedback algorithms we have already discussed (see 10.4.2.3). Moreover, 

Bamboo incorporates several other less obvious, but no less important nonlinear and feedback 

mechanisms, which are essential components of Bamboo’s musical identity. These feedback 

processes are basically caused by the combination of the three characteristics listed below: 

 

1. Integer 16-bit math: rounds-up and accumulates errors 

2. Serial effects: each generator and its three processors are daisy chained and share the 

same memory buffer, so that each successive effect overwrites the current frame. 

3. Shared wet memory: any feedback algorithm (it does not need to be nonlinear) that 

reads samples from previous frames, reads them completely processed. e.g.: 

o a simple Karplus-Strong synthesizer will use previous samples that have 

passed over the three-effects chain;  

o a reverb applied to the first effect of the chain will combine the still non-

processed more recent samples of the current frame, with the samples from 

the previous frames, which are not only already reverberated, but possibly 

filtered, ring-modulated, etc. (depending on the second and third effects 

assigned). 

 

This is enough for one string to couple with itself and being able to construct self-oscillating 

structures and evolving loops with durations of several seconds, magically longer than the 2-

second memory of the buffer (e.g. Di Scipio 2002 and 2003).  

 

11.4.1 Audio vs. symbolic feedback 

Jimi Hendrix and other contemporary guitarists turned up the 
volume and started exploring the virtues of distortion and 
feedback. The electric guitar now became part of a complex 
driven system, where the timbral quality and behavior of the 
instrument depends on a variety of external factors; i.e., 
distance to the speakers, room acoustics, body position, etc. 
Musicians explored and learned to control these additional 
degrees of freedom, producing the very intense, kinetic 
performance styles upon which much of modern rock music 
is based (Paradiso 1997). 
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After experimenting with feedback processes at the symbolic level with Pitel, I can now 

affirm that the audio level is much better suited for interactive dynamic and nonlinear 

feedback processes than the symbolic level. The trivial reason is the speed difference at 

which equivalent processes run in the two levels. The audio level runs typically 10,000 orders 

of magnitude faster (~1/44,100 seconds/step vs. ~10-1-1 seconds/step). Therefore, processes 

that in the symbolic note level may take minutes to be perceived, become almost 

instantaneous in the audio domain. As a result, interactive nonlinear processes finally, turn 

out to be truly interactive! This scale change is the foremost responsible for turning a truck or 

a steamer into a motorcycle. Waisvisz shares a similar opinion when he states that analog 

instruments are in many senses conceptually superior to many digital systems, because 

control-signals and audio-signals can easily be mixed, “a phenomenon that allows the 

performer to have extremely dynamic control over the behavior of the circuitry” (Waisvisz 

1985). 

 

11.4.2 Design of nonlinear and feedback musical systems 

A typical approach when designing nonlinear or chaotic systems for musical applications 

consists on:  

 

(a) studying an existing system which already shows this behavior: it can either be 

musical (e.g. non-linearities in reeds, feedback on electric guitars, etc.) or not, it can 

physically exist (e.g. population dynamics) or be a pure mathematical construction; 

(b) extracting the main equations that drive this system; 

(c) and apply these equations to the synthesis algorithms (Truax 1990) or to the 

control mappings (Menziés 2002).  

 

This is the approach followed in FMOL nonlinear feedback algorithms, which are based on 

pure mathematical constructions. However, the remaining, and more interesting FMOL 

feedback behaviors, do not follow this approach. FMOL does not model any chaotic system 

by means of embedded equations. FMOL’s own architecture directly incorporates this 

potentiality; it is, by construction, a chaotic system. 

 

11.4.3 Parallel processor’s architecture 

Parallel processors where introduced in the previous chapter (see sections 10.2.3 and 

10.5.1.1). They allow the communication between strings, by passing one string output to 
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another string input. This mechanism permits more complex and dense textures. It also 

allows, using string processors such as echoes or delays, to control bigger time order 

structures. Domino-like structures can be configured, like string#2 listening to string#1, 

string#3 listening to string#2,…, string#6 listening to string#5, which lead to coupled sound 

patterns as long as 12 seconds (since each memory buffer is 2-second long, the maximum 

delay allowed between the first and last string is 12 seconds). Moreover, I have recently 

added the possibility of connecting string#1 to string#6 (i.e. to the previous frame of 

string#6). Strictly speaking, this feedback mechanism has no difference to the one that each 

string can independently create on its own, as already introduced at the beginning of this 

section. It permits however the construction of bigger self-organizing sound structures (12- 

seconds vs. 2-seconds memory), and what is more important, the coexistence of these two 

nested feedback levels, resulting in much more complex behaviors. 

 

11.4.4 Sound vs. form 

In section 5.5.4, I unveiled my old dream of instruments that could deal with sound and with 

form as a continuum, and by means of the same tools and gestures. We could debate whether 

FMOL really allows to play with form or not. Although, I believe that for a system that 

avoids predefined or scored macrostructures, and which does not even allow to use any 

prerecorded sequence, it goes quite far at ‘playing with form’. All this potential micro-macro 

continuum comes indeed from the aforementioned feedback control mechanisms which allow 

instantaneous timbre as well as sonic macrostructures (i.e. ~10-5-101 seconds) to be affected 

by means of the same parameters. This constitutes a perfect example of bottom-up 

compositional strategy, as defined by Di Scipio (1994, 1997) and Roads (2001) among 

others. In contrast to top-down composition, in which the composer fills in a preplanned form 

such as a sonata, the bottom-up approach favors the emergence of morphological and 

structural properties from the manipulations of microstructural processes.  

 

11.5 Virtuosity and physicality 

 

As I have already pointed out (see section 7.12.1), non-linearity is intuitively interpreted as a 

source of apparent uncontrol. I will show that it can also bring higher-order and more 

powerful control. In a complex FMOL sound net, one relevant parameter (e.g. the resonant 

frequency of one filter) can drastically affect the behavior of the whole system. Moving the 

mouse one or two pixels back and forth can produce results with the richness and the 
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responsiveness of a feedback electric guitar or an overblown tenor saxophone230. When all 

that happens, FMOL is not anymore about driving a truck, neither about driving a moped; it is 

about driving a formula. This is also where I have really experienced, for the first time with 

digital instruments, the feeling of virtuosity. 

 

11.5.1 Playing the mouse physically 

 

The original concepts of vocal and instrumental music are 
utterly different. The instrumental impulse is not melody in a 
‘melodious’ sense but an agile movement of the hands which 
seems to be under the control of a brain centre totally 
different from that which inspires melody. Altogether, 
instrumental music, with the exception of rudimentary 
percussion, is as a rule for the florid, fast and brilliant 
display of virtuosity…Quick motion is not merely a means 
to a musical end but almost an end it itself which always 
connects with the fingers, the wrists and the whole of the 
body. (Sachs 1962). 

…the screen manipulative gestures of laptop performance 
tend to be widely spaced in time, at least in comparison with 
the gestures of a jazz saxophonist, for example. Rapidity of 
gesture along a set of keypads just to “get the sound out” is 
an unlikely situation for post-digital music. (Turner 2003: 
87).  

 

With FMOL I have ended playing the mouse very physically. I often tend to shake the mouse 

fast, at about 3 or 4 Hz on a 1 or 2 mm, few pixels range. I also tend to drum on it with my 

fore and middle fingers, quickly alternating between the two mouse buttons, at a rate of 8 or 9 

Hz. I often also play with two keyboard keys, alternating between two snapshots in rhythmic 

patterns, with frequencies that can reach 10 Hz. In this last case I tend to use my two hands 

(one finger on each), parking the mouse for a while. 

 

                                                      
230 When using configurations with unstable tendencies (e.g. a feedback based generator with a flanger 

and a resonant filter) I often tend to end the chain with a more controllable low-pass filter, which can 

play, when asked, the policeman role. 
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11.5.2 Volume pedal 

The violinist/composer and interactive systems improviser Mari Kimura does not like foot 

pedals (Kimura 2003). She argues that foot pedals are not well suited for performers who, 

like violinists, have to play standing up. David Wessel, on the contrary, does like them 

(Wessel & Wright 2002). FMOL audio output is stereo and I always play seated. That can be 

the reason I have found stereo volume pedals extremely handy, and my playing control has 

greatly increased since I’ve been using them for the last two years. Although modifying the 

output gain is surely less organic than changing, for instance, the cut-off frequency of the last 

low-pass filter of the chain, I still use the pedal volume control very much. I use it both as an 

‘expressive’ tool (e.g. drawing slow envelopes or pointing quick changes, sometimes on the 

beat) an also as an emergency tool, when chaos turns to be uncontrollable and the musical 

moment seems not to be asking for it. 

 

11.6 First summary 

 

Until that point, in the current chapter I have tried to identify several of the features and 

peculiarities that have turned FMOL into an interesting and powerful music instrument. Most 

of these features may appear at first glance too idiosyncratic as to extract any general 

knowledge or valid guidelines. For that reason, and before I continue, I will try to synthesize 

and generalize as much as possible what has been mentioned until now. 

 

FMOL constitutes a perfect paradigm for the multithreaded instrument concept introduced in 

chapter 4. In that sense, if we consider the term ‘thread’, as referring to a musical process 

which can be automated, and partially or completely delegated to the instrument’s 

responsibility, at least 31 parallel threads are easily identifiable as such in FMOL (4 

LFOs/string + sustain state/string + global record/play)231. It is clear that most of them do not 

represent by themselves a high degree of sophistication. They are indeed so simple that they 

could have been even implemented in an analogue machine! A priori, I do not consider 

simplicity as a value per se, but it has some clear benefits: simpler processes are easier to 

understand and to feel. They are therefore easier to imagine and to anticipate by the 

                                                      
231 Additional processes that are probably needed for the correct functioning of the instrument may be 

known by the luthier, but may be not clearly perceived as such – neither controlled - by the performer, 

and should therefore not be taken into account.  
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performer (at least to some extent); moreover, less parameters are needed to control them, 

which leads us to the next topic: control. 

 

FMOL allows for a complete control of all its macroparameters232. It also allows for a 

complete direct access to the final parameters, and its control interface permits indeed quick 

changes (i.e. up to several times per second) between macro or metacontrol and microcontrol. 

This fast control possibilities favor the development of sophisticated performing techniques, 

which may originate an idiosyncratic virtuosity with the instrument. They also support fast 

and sharp changes and contrasts in the resulting music. 

  

Virtuosity and sharpness are also boosted up by the peculiar nonlinear behaviors exhibited by 

the instrument. FMOL’s non-linearity demonstrates two essential additional aspects: (i) non-

linearity at the sound level runs thousands of time faster than at the symbolic level, permitting 

fast and precise control. (ii) Non-linearity does not necessarily mean loss of control; it can 

indeed foment virtuosity. 

 

We can affirm with no doubt that FMOL music can be sharp and full of contrasts. I could also 

personally affirm that I do often love it, but that would be much harder (if not impossible) to 

discuss. That is why I will next talk about FMOL’s music, employing some of the terms 

developed in chapter 7, such as diversity and idiomatism. 

 

11.7 Diversity and idiomatism 

 

We have described some of the more relevant features about how FMOL works, how it can 

be played and what it can be asked to do. With these information, we will next discuss 

FMOL, based on the diversity criteria introduced in chapter 7. 

 

11.7.1 Macrodiversity 

Macro-diversity determines the flexibility of an instrument to be played in different contexts, 

music styles or assuming varied roles (see section 7.8.3).  

                                                      
232 LFOs have three parameters each (frequency, amplitude and shape). Sustain and record/play do not 

have control parameters: each sustain has only two possible states (on or off), while record/play has 

three possible states (record, play or do nothing). 
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FMOL’s macrodiversity can be considered two folded. Given FMOL pitch and steady beat 

antipathy it makes hard to imagine it in a ‘conventional and highly idiomatic context’ such as 

a country & western group, or playing a Schubert sonata233. That said, FMOL has still been 

used in different contexts.  

 

The music resulting from the two Internet calls (i.e. 1998 and 2000) reflect pure FMOL 

electronic music, i.e. FMOL playing with no additional instruments. It is hard to define or 

label the music produced. It is definitely experimental electronic music. Something I could 

say about the style of these pieces, created by about a hundred of collaborative composers, is 

that they show at least, more diversity than the one I would naturally show as a composer. I 

would therefore say that FMOL ‘pure electronic music range’ is wider than my own 

(although it does not include it completely). It seems easier to evaluate FMOL macrodiversity 

comparing the different contexts in which it has been used. FMOL is being used live by more 

musicians, but I will consider here my own experiences (different performers identities on the 

instrument will be discussed in 11.7.2). I mostly play improvised music but I would not 

classify myself as a ‘strict’ non-idiomatic free improviser (Bailey 1992), since I feel a 

stronger penchant for 1960s free-jazz and electronic and experimental music. That said, the 

music I improvise with FMOL varies a lot depending on the context. 

 

I’ve played duets with diverse instruments (e.g. viola da gamba, violin, assorted percussion, 

drums, electric guitar, bass clarinet, saxophone, turntable, other laptops, etc.). I do not like to 

play solo and prefer to play with all kind of musicians. When traveling alone, if I have to play 

a gig I tend to ask for the collaboration of a local improviser. When asked about my 

preferences, I do only tend to make three arbitrary restrictions: ‘I do not want to play with a 

pianist, an acoustic guitarist or a flutist’. Not that I have tried, not that I especially dislike 

these instruments, but I have the feeling that FMOL does not marry well with them.  

 

Duets require good equilibrium; each side should exert its influence but no one should try to 

dominate, so they are good test beds. The instruments and the players with which I have 

played have different personalities (some performers are rock musicians, ancient music 

performers, avant-garde jazz players, laptopists…). Some concerts were obviously better than 

others but the overall feeling was never bad. 

 

                                                      
233 In the first FMOL Trio CD [FMOL Trio 2000], we play though, Schubert’s String Quartet in D 

Minor! (Feller 2002). 
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When playing with bigger groups, one has to be more flexible. I have played with a rock 

group (electric guitar, bass, drums, saxophone and FMOL). The music we improvised could 

be labeled as experimental dub or post-rock. With this group I felt that my presence was 

strongly distorting and challenging the group identity but in a positive and constructive way. I 

have also played with several free jazz ensembles (trios, quartets, quintets, etc.). In these 

cases, the stylistic and cultural ‘barriers’ tended to be smaller.  

 

 
Figure 11.3. A laptop trio 

Vitor Joaquin (left), Sergi Jordà (center) and Miguel Carvalhais (right). ZDB, Lisbonne, 2003. 

 

I have finally played with other laptops (duets and trios, as shown in figure 11.3). In most of 

the cases FMOL adapted well to a slower, more continuous type of music (see Tom Chant’s 

quote in 7.10.2). Laptop music often favors slow evolutions and avoids sharper and faster 

changes. In that sense, I have no doubt that FMOL’s macrodiversity is much higher than the 

average laptop+Max system234. This feeling was also shared by some duet performers who 

were used to improvise with laptop musicians; they felt FMOL behaved and reacted almost 

like a traditional acoustic instrument. 

 

11.7.2 Mid-diversity 

Mid-diversity indicates how dissimilar two performances (or two given compositions) played 

with the instrument can be. 

                                                      
234 This is a risky affirmation, based on empirical music listening. Technically speaking, with 

Max/MSP or with Pd anything can be done, including an FMOL clone.  
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I will compare here different pieces performed in a fixed context: that of the FMOL Trio, a 

group whose activity spreads from 2000 to 2004 (see section 10.9.5). During that period, the 

group was constituted by Pelayo F. Arrizabalaga on saxophones, clarinets and turntables and 

Cristina Casanova and myself on FMOL. We performed many concerts, released three live 

CDs and scored the soundtrack of a long-feature film [Bonet 2004]. The FMOL Trio has been 

indeed the only FMOL incarnation with which I have played ‘compositions’, albeit quite 

often. Our compositions were typically frameworks, suggestions, definitions of different 

parts, indications, and basically, an excuse for the FMOLers to work asynchronously on some 

orchestrations, snapshots and presets.  

 

The FMOL Trio and software are ambitious, if not wholly 
original, contributions to the world of computer-assisted 
improvisation systems. (Feller 2002: 112). 

 

The group main musical influences were varied and contradictory and could include 1960s 

free jazz (e.g. Coltrane and Albert Ayler), late 1970s Miles Davis [Davis 1975a, 1975b], New 

York 1980s downtown no wave [e.g. Material 1981], experimental electronics, Xenakis [e.g. 

Xenakis 2000], etc235. The first CD, for example, recorded live at Barcelona´s Metronom art 

gallery [FMOL Trio 2000], includes an Albert Ayler’s cover (Ghosts), a Schubert 

deconstruction for two FMOLs and turntable (String Quartet), an alto sax plus only sinusoids 

piece that sounds like Anthony Braxton meets the Barrons (Sinus), a bass clarinet synthetic 

trio (with a real one plus two FMOLs clarinets), and our personal vision of 1970s-electric-

Miles (Density II and Noise). In Thus, all pieces are really distinct in character. 

 

                                                      
235 From all the aforementioned influences, Miles Davis’ is perhaps the most revealing, because of the 

fact that, contrary to the rest, this one came ‘after the instrument’ and not previously. I become 

increasingly interested on Davis’ 1970s electric period after I started discovering FMOL character, 

which seem especially suited for complex and propelling polyrhythmics with bursts of electric noise 

and distortion. The FMOL Trio was born indeed with the idea of a post-Pangaean band [Davis 1975b] 

in mind. 



CHAPTER 11 INTERFACES: A LUTHIER-IMPROVISER FURTHER REFLECTIONS ON FMOL 392 

 

11.7.3 Microdiversity 

Micro-diversity gives a measure of how much two performances of the same piece can differ. 

 

The FMOL parts of all those pieces were usually based on snapshots or presets, and it 

happened that we played the ‘same’ piece at different concerts. A listening to the two 

different versions of ‘Gosths’ and ‘Bass Clarinets’ from [FMOL Trio 2000] and [FMOL Trio 

2002b], would indicate two things: they are versions of the same pieces, but they are really 

quite different. The same could be said about Love Story a rendition of Francis Lais’ lovers 

classic, which can be heard on a trio version [FMOL Trio 2002b] and on a quintet version 

with two saxophones, a bowed accordion236 and two FMOLs [FMOL Trio 2002a]. Arguably, 

no one has ever written a closed and enough detailed FMOL piece in order to make a 

straighter comparison. 

 

11.7.4 Reproducibility 

In section 7.11 we introduced diversity’s complementary concept, ‘reproducibility’ and 

discussed the idea of writing scores for new instruments. My feelings are that a complex 

FMOL score would be humanly unplayable, while a simple and playable FMOL score would 

probably tend to be boring, without profiting much from the instrument potential237. Even in 

that simple case, indiscernible reproduction would be impossible; given the instability of the 

effects and the low screen resolution, one pixel variation can lead to almost indeterminist 

results…238. As pointed out by (Franco 2004), FMOL is good for large-scale or statistical 

control but poorer for detailed and thorough work. As already pointed out with Pitel, FMOL 

is also an instrument definitely more Xenakian (Xenakis 1992) than Boulezian (Boulez 1971). 

 
                                                      
236 The bowed accordion (i.e. a regular accordion played with violin bow) has indeed a very low 

MidDiversity (i.e. it seems to be “always playing the same piece”). 

 
237 A sonically dense and complex FMOL piece has a bandwidth of about 2 KB/sec. Given that each 

FMOL message occupies 5 bytes, that means that in these dense cases, around 400 messages are 

generated every second (i.e. including both the ones generated that the performer and the ones 

generated by the machine’s processes). 
238 A Bamboo string is 768 pixels high, but a horizontal segment is only 170 pixels long (i.e. 1024/6) 

and can oscillate in a 128 pixels height vertical area (768/6). In that last case, one pixel error represents 

almost a 1% error. 
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11.7.5 FMOL and the development of individual voices 

Idiomatism, or the chances a new instrument has to develop its own identity, with the added 

development of individual voices within its performers, was treated from a general 

perspective in section 7.10.4. We have just discussed FMOL ‘diversities’. What is the relation 

between diversity and identity? Do more ‘diverse’ instruments tend to exhibit a loss of 

identity? Moreover, once we suppose that a certain identity is attained by an instrument, what 

are the essential conditions the instrument has to fulfill in order to allow for the development 

of individual identities within it? As already pointed out it seems that spare diversities (MicD, 

MidD and MacD) would be needed in order to permit the existence of personal diversity 

subsets within them.  

 

A survey of the FMOL output produced by different performers during the last six years, 

empirically confirms that FMOL is an instrument that has created a new and recognizable 

music (FMOL music) with its own identification trademarks, while allowing the development 

of individual styles. During the first FMOL internet call for F@ust 3.0 in 1998, I closely 

followed all the composition process and the evolution of the database. There was in 

particular about a dozen of net-composers who became especially addicted, participating and 

submitting pieces almost every night. Between this group I had my favorite ones, and 

although I could sometimes be fooled, blindfolded I tended to recognize their compositions 

over the others’. The distinctive elements were not that different from the ones that can be 

found in traditional instruments: at the lower level, sound and timbre, mostly given by the 

preponderance of several FMOL synthesis and processing algorithms; at a middle level, some 

gestural tricks or clichés, which combined with the ‘favorite algorithms’ favored the 

emergence of distinctive phrasing among several performers; finally, at a higher level, form 

development, reflected different composers’ approaches and compositional strategies. In the 

FMOL Trio, Cristina Casanova and myself tended also to spontaneously develop two 

complementary approaches: Cristina’s playing style, more based on samples loops and layers 

could fulfill a more rhythmic and harmonic role, while mine, more founded on feedback and 

distortion could be considered more soloist. Listening to the music that has been produced 

during a six year period, I can empirically affirm that, like a traditional instrument, FMOL-

music has an distinct flavor that results from the peculiar possibilities of the instrument as 

well as from its limitations, but the music is still diverse enough to reflect the composers’ 

individual characters. 
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11.8 Improvising with FMOL 

11.8.1 Free improvisation and presets?  

In section 7.10.3 we discussed the implications that presets (and premade and loadable 

configurations) may have on the playability and especially on the ‘improvisationism’ of an 

instrument. Is free improvisation incompatible with the use of presets?, we asked. My own 

playing with FMOL is highly dependent on orchestra files and snapshots (see section 10.6.4), 

Years playing with FMOL have allowed me to store a huge collection of orchestras and 

snapshots; while some get lost on the laptop hard disk, others happen to be in my human 

RAM just at a given moment in a concert. Depending on the mood of the day I may use more 

(tending to play more macrodiverse) or less presets (taking more care of the details). They are 

not essential but they are comforting; even when they are not used it is good to know that 

they are available.  

 

After fifteen years figuring out how to improvise with digital instruments, I can finally say 

that I can now go to a jam, without knowing much about the other player(s), without having 

discussed what we will be tempting to do. Many improvisers on traditional instruments have 

always known how to deal with these situations, which, I believe, are still uncommon among 

new instruments improvisers. 

 

Besides, as pointed out by (Collins 2003), presets are not just for recalling states previously 

setup during composition, rehearsal, or previous performances, but also states established 

during the same live performance. In that case, they also allow to engineer a return to some 

effective material, favoring the ‘playing with form’ aspect that we have so often mentioned.  

 

The ability to take snapshots, to save and load them on-the-fly, becomes an essential feature 

in highly multithreaded instruments. 

 

11.8.2 Free improvisation postmodernism 

In section 5.4.2 we discussed about free improvisation and knowledge; about what seems to 

be ‘allowed’ and ‘forbidden’ in a free improvised context. We included an Evan Parker in 

which he affirms that “when you do hear free improvisers dropping into other idioms, they 

often sound not too convincing” (Barnes 2000: 45). FMOL can play defined pitches and 

steady rhythms, but by making the commonplace harder to achieve, FMOL, like many other 

electronic music systems, allows for a sort of postmodernist free improvisation in which, 
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everything, seems to be allowed again. That will be, of course, until these new musical 

resources in turn become clichés, which is something that is occurring already at a 

dramatically increasing speed239. 

 

11.9 Bamboo’s ins & outs: Recoupling the decoupled  

 

11.9.1 The Abacus paradigm 

In this chapter thus far we have been trying to decipher the main properties and features 

which have turned FMOL into an efficient and playable music instrument. We have studied 

its multithreaded capabilities and the direct access and control it permits to all of its features. 

We have also discussed its potential output music in terms of diversity, idiomatism, and 

considered its improvisatory facilities. Yet, we have not discussed what perhaps constitutes 

FMOL most idiosyncratical element: its interface (or the aspect and behavior of the Bamboo 

screen). 

Among other historical inspirations, we suggested the abacus 
as a compelling prototypical example. In particular, it is key 
to note that when viewed from the perspective of human-
computer interaction (HCI), the abacus is not an input 
device. The abacus makes no distinction between “input” 
and “output.” Instead, the abacus beads, rods, and frame 
serve as manipulable physical representations of numerical 
values and operations. Simultaneously, these component 
artifacts also serve as physical controls for directly 
manipulating their underlying associations. This seamless 
integration of representation and control differs markedly 
from the mainstream graphical user interface (GUI) 
approaches of modern HCI. Graphical interfaces make a 
fundamental distinction between “input devices,” such as the 
keyboard and mouse, as controls; and graphical “output 
devices” like monitors and head-mounted displays, for the 
synthesis of visual representations. Tangible interfaces, in 
the tradition of the abacus, explore the conceptual space 
opened by the elimination of this distinction (Ullmer & Ishii 
2001: 579). 

                                                      
239 The clicks & cuts or glitch movement could be a clear example of this tendency. Experimental and 

radical less than half a decade ago (Cascone 2000; Young 2002), glitches, clicks, and ‘microscopic 

sounds’ have turned in their majority into a kind of abstract but not disturbing muzak. Card adverts, 

MTV inserts and music videos are now decorated with glitchy filigree; the once stutter of malfunction, 

has quickly become part of an established and tame musical language (Vanhanen 2003).  
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Figure 11.4. The abacus 

 

If we abstract from the fact that FMOL is used with a mouse+monitor interface, like the 

abacus (see figure 11.4) FMOL’s Bamboo neither makes a distinction between input and 

output. Bamboo is so tightly related to the synthesis engine architecture, that almost every 

feature of the synthesizer is reflected in a direct, dynamic and non-technical way in the 

interface. The mental model suggested by the interface also reflects the synthesis engine 

conceptual model. Dynamic time-variable visualizations constitute the following step: when 

multiple oscillators or segments are active, the resulting geometric “dance”, combined with 

the six-channel oscilloscope information given by the strings, tightly reflects the temporal 

activity and intensity of the piece and gives multidimensional cues to the player. Looking at a 

screen like figure 10.4 (see section 10.3), which is taken from a quite dense FMOL fragment, 

the player can intuitively feel the loudness, the dominating frequencies and the timbrical 

content of every channel, the amount of different applied effects, and the activity of each of 

the thirty LFOs.  

 

The ‘audio’ feedback presented to the performer in an interactive visual form, intuitively 

helps the understanding and the mastery of the interface, enabling the simultaneous control of 

a high number of parameters that could not be possible without this visual feedback. 

 

What is even more important, is that no indirection is needed to modify any of these 

parameters, since anything in the screen behaves simultaneously as an output and as an input. 

The performer may often decide to affect or modify a parameter without consciously 
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‘listening’ to its influence and without even knowing the parameter function or role. FMOL 

visual feedback is so informative that the instrument could even be played by deaf people240! 

 

By this seamless integration of output and input, of representation and control, already 

present in the abacus, FMOL manages to recouple the typically decoupled new digital 

instruments’ two main components: the controller and the generator. 

 

11.9.2 Visual feedback and multithreaded instruments 

Arguably, visual feedback is not essential for playing traditional instruments, and the list of 

first rank visually impaired musicians and instrumentalists (e.g. Ray Charles, Roland Kirk, 

Tete Montoliu, Joaquín Rodrigo, Stevie Wonder, etc.) testifies so. However, no matter what 

these channels are, feedback redundancy is indeed an important component in music 

performing. There seems to be no reason why digital instruments should not use at their 

advantage anything that could broaden the communication channel with its player (e.g. 

Ungvary & Vertegaal 2000). Moreover, this or any available type of feedback redundancy 

becomes imperative in multithreaded instruments. The reason is straightforward.  

 

In multithreaded instruments, the performer is permanently delegating and shifting control to 

the instrument, and thus needs all the affordable ways for monitoring the instrument’s 

processes activities.  

 

Visual feedback may therefore become an important way for helping understand, and thus 

anticipating, ongoing musical processes. We have to assume that complex behaviors and 

processes such as the ones that may take place in FMOL (and related multithreaded digital 

instruments) are far from being completely understandable in real-time, especially for a non-

expert performer. In that sense, just as a trained sight reader performer may keep discovering 

the cues for a particular music representations on-the-fly, the multimodality attained with 

visual feedback may be significant for the performer to understand and to become 

increasingly familiar and skillful with the instrument’s idiom. Figure 11.5 shows a very 

simple and rudimentary approach (via for trying to suggest musical processes and relations 

                                                      
240Though I am not deaf, it happens that I sometimes play FMOL without actually hearing it, if I have, 

for instance, to demo it to someone and have only a pair of headphones. 
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between parameters, within an interactive musical system for kids, the Cybersongosse 

developed at Bourges’ IMEB241 (Clozier et al. 2004). 

 

 
Figure 11.5. The IMEB’s Cybersongosse 

(visual information by means of simple cardboard ‘skins’) 

 

11.9.3 Visual feedback and the audience 

FMOL’s unique user interface that presents a closed feedback loop between the sound and the 

graphics, working both as the input for sound control and as an output that summarizes and 

displays all the sound and music activity, has been a fundamental component for its success 

as a powerful and at the same time intuitive and enjoyable instrument. It has also proven to be 

a valuable addition in the FMOL Trio concerts, in which two projectors connected to each of 

the computers are frequently used. These projections enable the audience to watch the music 

and how it is being constructed, giving the public a deeper understanding of the ongoing 

musical processes and adding new exciting elements to the show.  

 

With the blooming of laptop performance, many authors are currently addressing the 

perception difficulties and the lack of understanding these type of performances provoke in 

the audience (e.g. Turner 2003), which could be synthesized as “how could we readily 

distinguish an artist performing with powerful software like SuperCollider or PD from 

someone checking their e-mail whilst DJ-ing with iTunes?” (Collins 2003). Offering the 

audience a visual representation of the ongoing musical processes, by mapping control and/or 

audio to graphics or video live manipulations, is becoming a commonplace solution, 

                                                      
241 IMEB: http://www.imeb.net 
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although, as pointed out by Collins (2003), it should not be approached without caution and 

sensitivity: visuals are an overpowing medium and can easily detract from musical 

performance. 

 

Another approach is to control the video with some 
components of the sound or some parameters of the 
instrument to illustrate musical gesture. This approach is 
generally motivated by music interest; this way, the video 
can be considered as visual feedback that helps the 
performers to play their instruments and helps the audience 
to understand how the instrument works (Arfib et al. 2005). 

 

It should also be pointed out that the term ‘visual feedback’ can be used with slightly 

different meanings. When Arfib mentions ‘visual feedback’ in the former quote he is not 

indeed assuming the existence of a closed control feedback loop between the user (much less 

the audience) and the visual display. It is the existence of this closed feedback loop what 

makes FMOL visual display particularly unusual.  

 

11.10 Visual feedback closed loop: Sonigraphical tools 

11.10.1 Media players and VJ Tools 

In order to show the secular catacomb stage of visual music, Bernard Klein affirmed in his 

1927 book Color-Music: the Art of Light that “it is an odd fact that almost everyone who 

develops a color-organ is under the misapprehension that he or she, is the first mortal to 

attempt to do so” (Klein 1927). This assessment could surely not be pronounced anymore 

nowadays. While since its beginning, digital technologies have boosted multimodality and 

any kind of parallelism between image and sound in any of their two directions, the truth is 

that in the last few years, we have seen the flourishing of many software programs or 

environments that deal with this duality in several ways, even creating distinct families of 

tools each with its well defined idiosyncrasy. 

 

In sonigenic or musicogenic display, sound, music, or musical performance performance 

information is used to generate visual display (Pressing 1997). In that sense, sonigenic 

display can be understood as the rough functional inverse of sonification, in which non-sonic 

date is transformed into sound (Kramer & Ellison 1991; Kramer 1994). The simple scientific 

plotting of sound amplitude or of the short time Fourier transform parameters can be seen as 
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the antecedents of a trend started with the popular music visualization freeware program 

Cthugha released around 1994 and described on its birth as ‘an oscilloscope on acid’242. 

Current software music players, like WinAmp or MS Media Player, come with dozens of 

fancy visualization plug-ins, that allow the user to view the results of the music in many 

different ways. These systems can be generally described with the scheme showed in figure 

11.6. 

 

 
Figure 11.6. Elements of a standard music player with visualization 

 

However, these systems are not very interactive, except that users can decide to change the 

visualization plug-in, applying thus a discrete change to block D. When an audiovisualizer of 

this kind becomes interactive, we have what we could call a VJ Tool243,. Such tools exist as 

stand-alone programs such as Jaromil’s FreeJ244, Arkaos245 or Resolume246, or can be easily 

built using visual programming environments like Max + (nato or Jitter), PD + (GEM or 

Framestein), or jMax + DIPS, to name a few of the more popular software combinations. In 

this new case, depending on the particular system design, the user could interact at any step 

of the chain. As pointed out by (Collins 2003), the act of mapping audio to graphics, to live 

video manipulations and the bouncing of OpenGL objects, has to be handled sensitively, 

since it has become an area very much open to abuse. 

  

Using the aforementioned programming environments, one can also decide to take the 

complementary approach, and build a musical instrument or a sound synthesizer which can 

be directly controlled by the analysis of some dynamic visuals. This image input can be of 

any kind (synthetic, abstract, video, etc.), and can come from any source (stored movies, 

realtime generated animations, live video input, etc.) Although different in concept, this 

                                                      
242 Ctugha homepage http://www.afn.org/~cthugha/index.html 

243 Audiovisualizers: http://audiovisualizers.com/, VJCentral: http://www.vjcentral.com 

244 FreeJ Homepage: http://freej.dyne.org/ 

245 Arkaos homepage : http://www.arkaos.net 

246 Resolume homepage: http://www.resolume.com 
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alternative scheme could also include computer vision based musical controllers. Figure 11.7 

illustrates this procedure. 

 

 
Figure 11.7. Elements of an image controlled music generator 

 

However, none of these two approaches (Sound Visuals or Visuals Sound) does generally 

close the control loop as FMOL does (i.e. in VJ tools, the way the user modifies the graphics 

does not affect the music). Moreover, most of the resulting systems usually present two 

windows at least: one for the visual output (or input, depending on the chosen approach) and 

an additional one (the “control panel”) for parameter modification; they do not allow to 

modify the visuals window by playing directly on it. 

11.10.2 Golan Levin’s Work 

To my knowledge, only Golan Levin’s work follows an audiovisual approach comparable to 

the one present in FMOL. The fact is that although we unfortunately did not know about each 

other until quite recently, I believe our goals and approaches share many common aspects. In 

his master thesis Painterly Interfaces for Audiovisual Performance (Levin 2000) he proposes 

a system for the creation and performance of dynamic imaginery and sound, simultaneously, 

in real-time, and with basic principles of operation easy to deduce, while at the same time 

capable of sophisticated expressions and indefinitely masterable.  

 

Levin talks about an inexhaustible, extremely variable, dynamic, audiovisual substance that 

can be freely painted, and he has developed many audiovisual tools, like Yellotail (shown in 

figure 11.8), Loom, Warbo, Aurora and Floo, which follow this path. Perhaps, the major 

difference in our approaches may be the fact that Levin, like Oskar Fischinger, the animator 

that in the 1940s invented the Luminograph color organ (Moritz 1997), is willing to play light 

while playing sound. For Levin, image is therefore an end in itself. While for me, it is only 

the means to an end: a more intuitive interface for music performance.  
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Figure 11.8. A screenshot of Golan Levin’s Yellowtail 

 

11.11 Microcontrol or metacontrol? 

11.11.1 Laptops vs. the Academy: a sociomusical paradox? 

Because FMOL is a mouse+GUI based instrument, in this chapter we have addressed several 

topics currently related with the so-called laptop music performance. From the ideas 

presented, a sociomusical situation starts to unveil. Realtime music performance with 

computers seems to present nowadays a divorce between two almost independent approaches: 

more academic research and music creation on one side, vs. laptop musicians on the other. 

The main characteristics of this separation are indeed quite paradoxal, as we will show. 

 

Laptop or post-digital music (Cascone 2000) grew from the electronic dance scene of the 

1990s, as a progressive abstraction of chill-out and ambient music. With the arrival of 

affordable machines powerful enough for realtime audio processing, and of new powerful 

audio-processing software such as Max/MSP, PD, AudioMulch (Bencina 1998) or 

SuperCollider, the laptop became a performance instrument (Cascone 2000; Turner 2003). 

Laptop music, which could actually be considered as a cluster of styles linked primarily by 
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common instrumentation (Monroe 2003), is indeed also characterized by distinctive 

aesthetics as well as by the digital modes of production and distribution (Vanhanen 2003). 

Two main aesthetic components characterize laptop music, independently of the way it is 

produced (i.e. in live performance or in the studio). The first one is the use of glitches, bugs 

and distinctive digital noises, as first described by (Cascone 2000) in his influential paper The 

Aesthetics of Failure: Post-Digital Tendencies in Contemporary Computer Music [e.g. V.A. 

1999; V.A. 2000a]. The second one, less documented, but more connected with our current 

discussion, is the proliferation of algorithmic or procedural compositional strategies, favored 

by the use of nonlinear software (e.g. Max vs. Cubase) (Collins 2003), and epitomized 

perhaps in the awkward beats of Autechre [1998] or in Squarepusher’s exceedingly 

deconstructed drum'n'bass patterns [Squarepusher 1997]. 

 

This is where our paradox comes in. Trying perhaps to exorcise forty years of tape music, 

more academic researchers in the field of new musical interfaces and mapping, tend to 

conceive new musical instruments that are highly inspired by traditional ones. As shown 

respectively in chapters 3 and 6, typical approaches envisage (a) controllers more oriented 

towards a deep and thin traditional-instrument approach, and (b) mappings which still rely on 

the one-action one-event and on precise sound control (i.e. microcontrol) paradigms. 

Multithreaded and higher level instruments, with both shared macro and microcontrol, as 

discussed in these pages, constitute scarce exceptions to the norm. 

 

Moving away from the realm of popular music, some post-
digital composers have sought to create a performance style 
suitable to a proscenium layout through gestural control of 
the computer. While laudable, I believe these efforts actually 
work against the possibilities offered by advanced digital-
synthesis software and the relatively “bottom-up” 
compositional style of many post-digital composers. The 
power and flexibility of visual sound synthesis languages 
such as Max/MSP and PD, is bound up in their “dialogic” 
quality: they easily support continual exploration, change 
and sharing of synthesis methods (Turner 2003: 87). 

 

Laptopists and post-digital composers, embrace a bottom-up compositional style favored by 

the explorational flexibility of environments such as Max or PD. Multithreaded musical 

processes proliferate, but the responsibility is often left almost entirely to the computer. 

When control is forgotten or delimited to scarce macro control, the concepts of ‘instrument’ 
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and of ‘performance dexterity’ vanish. Musical contrasts - as we have repeatedly discussed 

(e.g. sections 7.13.3 247 or 11.5.1 248) - are sandpapered and the music’s inertia augments. 

 

FMOL, we have shown, sits in between this dichotomy. It employs higher level musical 

threads, without forgetting direct and fast microcontrol. However, it shares a severe drawback 

with all the aforementioned laptop music systems: it is played with a mouse! 

 

11.11.2 Mouse limitations 

Like Laurie Spiegel’s Music Mouse before, FMOL is a 100% mouse-conceived music 

instrument. In that sense, this could hardly be considered a drawback, but it surely entails 

some limitations. Even after becoming a ‘mouse virtuoso’ I am completely aware of the 

many restrictions that mice impose. 

 

We feel that FMOL control complexity cannot be 
permanently increased as there are limits to what can be 
efficiently achieved in real-time by means of a mouse and a 
computer keyboard. Building an external FMOL controller 
for a faster and more precise multiparametric control is 
therefore a tempting idea (we are not “mouse 
fundamentalists”), which needs some serious previous 
reflection. Designing a video detection or ultrasound system 
that would allow musicians to interact on a big Bamboo 
projection screen, grabbing and moving strings with their 
hands, was the first idea we had. This would surely add a lot 
of visual impact to live concerts, but musical control and 
performance may not necessarily improve with it. For that 
reason, a hybrid solution, which could also include custom 
data-gloves or another kind of wearable hardware interface, 
seems a more rewarding approach (Jordà 2002c). 

 

Just after writing these lines, we started experimenting with different technologies that 

allowed us to gesturally perform on a king-size FMOL projection screen. 

                                                      
247 When improvising with electronics I’ve found I have to follow the electronics as they haven’t the 

speed of response to follow me: In other words, as technology evolves, you win some, you lose some. 

(Tom Chant, from Toop 2004: 38). 

 
248 …the screen manipulative gestures of laptop performance tend to be widely spaced in time, at least 

in comparison with the gestures of a jazz saxophonist, for example. Rapidity of gesture along a set of 

keypads just to “get the sound out” is an unlikely situation for post-digital music. (Turner 2003: 87).  
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Several technologies were evaluated which led to functional working prototypes (as shown in 

figure 11.9). Nevertheless, the truth is that neither of them showed any increase in 

productivity. The instrument could be more fun to watch, but definitely not more fun to listen 

to. I finally gave away the idea of looking for a mouse substitute. I decided to continue to 

perform and slowly upgrade FMOL, while in parallel, I started to conceive a brand new 

instrument. An instrument started from scratch, but which could still inherit most of the 

FMOL attributes I had found more relevant and appealing. And this time I had, at the Music 

Technology Group of Barcelona, the best group of collaborators one could imagine. With a 

team like that anything seemed possible.  

 

Before introducing this project - currently under development - in the next and final chapter 

of this dissertation, we will conclude this chapter by highlighting the particular problems 

posed by interfaces specifically oriented towards multithreaded and shared control. 

 

 
Figure 11.9. Jordà playing FMOL on a big touch-screen (2002) 
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11.11.3 Interfaces for multithreaded shared meta and micro control? 

 

Many post-digital composers would be hesitant to freeze this 
dialogic property through the design and use of a hardware 
controller. The exploration of post-digital sound spaces, and 
with it laptop performance, is a dialog conducted with mice, 
sliders, buttons and the metaphors of business computing 
(Turner 2003: 87). 

 

I have to admit that I do not completely disagree with these assertions! What? Is that the sad 

conclusion of this dissertation? So many pages for ending in this trap?, the reader may be 

asking now… Obviously not. However, the conception and design of controllers especially 

suited for the type of systems we are proposing, which should ideally combine high level 

metacontrol with low level direct microcontrol, poses indeed some specific and non trivial 

problems. 

 

• These systems tend to be highly multidimensional 

• Control has to be easily and quickly transferred and recovered to/from the machine 

• The possibility of monitoring ongoing processes constitutes a priceless addition 

 

These properties were already explicitly enumerated in the list we presented in section 7.9.1, 

which described the desirable features a software instrument for computer assisted free 

improvisation should include, according to the improviser and software developer Emile 

Tobenfeld (1992). We repeat them here for convenience.  

 

1. Precise control of the timbre 

2. Gestural control of previously composed musical processes 

3. Simultaneous control of multiple instrumental processes 

4. The ability to start a process, and relinquish control of it, allowing the process to 

continue while other processes are started 

5. The ability to regain control of an ongoing process 

6. Visual feedback from the computer screen 

 

If we retake the quote with which we have opened the current section, we could probably 

deduce that Turner is wrong in at least one point: it is not the mouse that is so appreciated, 

but the monitoring screen instead. Many laptopists favor indeed the use of MIDI fader boxes 
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for easily controlling the sliders of their Max/MSP patches. If we take a look at the electronic 

music market we can deduce that the availability of these type of devices has increased in 

parallel with the availability of realtime audio software. 

 

We mentioned in section 3.4.5 that a software GUI with knobs, buttons and sliders would be 

better played with a bunch of physical sliders and buttons, which will allow for a faster and 

easier simultaneous multiparametric control (Hunt & Kirk 2000). Although not all realtime 

music software applications follow this slider paradigm (e.g. Laurie Spiegel’s Music Mouse, 

FMOL, IXI’s or Golan Levin’s work, clearly don’t), the truth is that most of the Max, PD, 

SuperCollider or Audiomulch GUIs and screens do.On the other hand, most of the music 

controllers being developed (see chapter 3) follow a traditional instrument approach, in the 

sense that - like most traditional instruments – they are designed to be ‘worn’ and played all 

the time. They tend to be deep and narrow as the instruments they are inspired on, offering 

continuous and precise control over a few dimensions. Most of them seem badly suited for 

the approach we are proposing. I do not have a straightforward answer for the question “how 

should controllers for multithreaded and shared macro and microcontrol look?” Notice 

however, that at least we have the question!249 I also have several intuitions, that seem quite 

obvious to me now. 

 

• An interface distributed in space and non-wearable, is preferred for macro and 

metacontrol (i.e. more like a piano, a drumkit or the table full of toys many free 

improvisers appreciate, than like a violin or a saxophone). Besides, if this interface 

occupies a big enough surface, it will be able to be played by several performers; not 

a must, but an added value for sure. 

• A more intimate, sensitive and non necessarily highly dimensional interface, will be 

preferred for direct microcontrol (i.e. more like a violin bow, a mouthpiece or a 

joystick, than like a piano).  

 

Concerning monitoring, these interfaces – especially the ones responsible for meta and 

macrocontrol - should try, like the abacus or like FMOL, to “embed their own screens” (in a 

real or in a metaphorical way). They should be able to dynamically communicate or display 

the states and behaviors of their ongoing processes. A prototype that follows all these 
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suggestions, and which is currently under development will be introduced in the next and last 

chapter of this dissertation. 

11.12 Summary 

 

In this chapter we have analyzed FMOL; a system that was conceived as a simple, affordable, 

intuitive, democratic, proselytizing and experimental electronic music instrument, and which, 

with the years has also turned to be my main and favorite music instrument, and the point of 

departure for the analysis presented in that dissertation. We have tried to extract the 

properties and design features that have made it so playable, enjoyable and efficient. These 

could be synthesized by saying that FMOL is a highly multithreaded instrument, that foments 

shared control of all of its processes, and that still permits a quick access to all of its 

parameters, both macrocontrol and microcontrol ones. This potential is highly enhanced by 

its peculiar interface, which like the abacus, behaves as input and as output at once, thus 

integrating representation and control. We have concluded this chapter figuring out the 

peculiar demands that ‘wide’ interfaces, conceived for a multithreaded and shared control, are 

required to fulfill, especially when compared with interfaces that are more oriented towards 

the traditional instrument model. 

 

This thesis concludes with the introduction of an instrument-to-be that has been designed 

following these suggestions. Prior to that, a step-by-step logical progression summarizes the 

path that lead to its conception, a path which has been gradually and thoroughly covered in 

this dissertation. 

                                                                                                                                                       
249 This is already quite a lot! 
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Chapter 12 
Conclusions and Future work 

 

This last chapter begins by enumerating in a logical progression the main characteristics and 
properties that can make new digital instruments more appealing, according to what has 
been studied and discovered along this dissertation. Subsequently this chapter introduces 
future work, a new music instrument, currently being developed by a team directed by the 
author at the Barcelona’s Music Technology Group. The reacTable* constitutes the first 
musical instrument conceived according to the principles exposed in this thesis. 

 

12.1 Introduction 

 

This thesis has illustrated a permanent work in progress: that of imagining, designing and 

crafting musical computers, performing and improvising with them, and analyzing and trying 

to better understand, them (the instrument), us (the performers) and the relation between all. 

This approach inevitably leads to an infinite closed feedback loop. A long-term loop, which 

can, sometimes, bring birth to new instruments, hopefully ‘better’, at least in some aspects, 

than previous ones. A loop which sees new instruments grow and evolve, and in turn ideas 

and thoughts: it brings new ones from time to time, and it makes existing ones evolve, often 

in contradictory ways. The thesis has started from the premise that better new musical 

instruments based on computers will be developed, when exploring three parallel paths: 

 

1. Identification of the quintessence of new digital instruments; what they can bring of 

really original to the act of music performance; how can they redefine it. 

2. Identification of the drawbacks or obsolescences of traditional instruments; what 

limitations or problems could be eliminated, improved or solved. 

3. Identification of the essential generic assets of traditional instruments; what qualities 

we should never forget or discard. 

 

The next section synthesizes what we have learned following this approach. It can also be 

seen as my Digital Lutherie Decalogue. 
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12.2 My Digital Lutherie Decalogue: Twenty five steps towards 
the future 

 

The following logical progression tries to summarize in twenty five successive steps, the 

more relevant ideas concerning new digital instruments design that have been raised in this 

thesis. 

 

1. New musics tend to be the result of new techniques, which can be both compositional or 

instrumental. 

2. New instruments will be able to survive and succeed in the measure they are truly 

innovative; i.e. they have something new to bring to music, and not merely because they 

are based on novel, previously unavailable technologies. 

3. It is therefore crucial to identify the quintessence of new digital instruments; what they 

can bring that is essentially original to the act of music performance; how can they 

redefine it. 

4. Moreover, new instruments will manage to be better if luthiers do not over look the 

history of traditional instruments.  

5. Learning from the past does not merely mean emulating it. It also means to try avoiding 

or improving upon passed errors and limitations (the past was not perfect). 

6. One of the aspects that should be clearly improved is that of efficiency. Traditional 

instruments take years to master, whereas, given the speed at which technology and 

fashion shift in our current 21st century, new instruments have to hook from the first 

minute. We cannot rely anymore on persistent parents that insist on bringing their 

children to the conservatory, or on patient students to whom we promise the light after 

ten years of sacrifice. 

7. New instruments whose output is based on traditional paradigms, such as one-to-one 

control of pitch+timbre+amplitude, have a hard time competing with existing traditional 

instruments. They probably can only contend on the grounds of efficiency (providing 

comparable results with less knowledge or effort).  

8. These new ‘traditionally-modeled’ instruments with increased efficiency may appeal to 

non-musicians and to dilettante, which is good. However, it will be much harder for them 

to appeal to advanced musicians as well. Advanced musicians will preferably look for 

new-fangled possibilities (see point 2). 

9. New instruments have to profit from computers’ intelligence, with their ability to 

remember, to make decisions on the fly, to run multiple, concurrent processes in parallel.  
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10. In such cases, the performer will need to share and delegate part of the control of the 

music being created to the instrument; such as the traditional composer delegates on the 

performers. 

11. By running processes at different temporal and formal scales and different levels of 

complexity, new instruments naturally surpass the one-action to one-event model 

inescapable in all traditional instruments. New instruments are not only sound producers, 

they become music producers too. 

12. Performing with such powerful instruments should not mean leaving all the musical 

decisions to the instrument, though. Just like the traditional composer is responsible for 

the music played by the performers, so should the new performer be responsible of the 

music performed together with the instrument. Playing music is a ‘serious’ activity, 

different from ‘playing with music’ (also very important but not studied here). 

13. An instrument of these characteristics will probably involve many internal dimensions or 

control parameters. Otherwise it will always seem to play ‘the same composition’. 

14. The feeling of power and macrocontrol these instruments can bring to their performers, 

should not let us forget about the expressive nuances and the time precision mechanisms, 

which traditional instruments have always incorporated. 

15. The performer must thus be able to affect all these dimensions: both the metacontrol of 

ongoing processes and the microcontrol of final parameters should be permitted. All of 

them with the maximum simplicity, flexibility and speed. 

16. That means that the many internal dimensions of the instrument, should not be controlled 

by four or five input dimensions, leaving all the dirty work to some clever mappings.  

17. To allow this type of control, new instruments have to be ‘wider’ rather than ‘deeper’. 

‘Wide’ instruments permit a better direct access to all of their complexity. 

18. Since not all the parameters can be controlled simultaneously, these instruments need to 

integrate intuitive and efficient multiple sample/hold/return/bypass options.  

19. These mechanisms favor a type of selective or asynchronous playing (not all the 

parameters are permanently modified; not all the processes are equally active). 

20. In a ‘wide and concurrent instrument’, multi-user possibilities, though not a must, can 

represent an appealing added value. A multi-user approach can enrich the instrument’s 

bandwidth without provoking a single-user overload. 

21. Wide instruments demand wide controllers or interfaces.  

22. Moreover, sophisticated and complex concurrent instruments will benefit from interfaces 

that reflect and help to understand the instrument’s ongoing internal mechanisms. 

23. The potential of computer graphics for representing and monitoring complex processes, is 

not easily surmounted. This is probably the reason why many of the more interesting 
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recent instruments, are screen based. While, the mouse is a very limited controller that we 

should definitely try to avoid. 

24. Screen based visual feedback can still be used in combination with physical 

controllers250, but in these cases an undesirable indirection component is added (the 

performer does not play IN the screen). 

25. For including realtime interactive visualizations and, at the same time, overcoming 

mouse limitations without adding indirections, interfaces should be able to reflect their 

own states and behaviors. They should integrate, like the abacus, both representation and 

control. 

 

12.3 Postlude: The reacTable* 

 

In 2002, together with the doctorate students Martin Kaltenbrunner; Gunter Geiger and 

Alvaro Barbosa, and undergraduate students Marcos Alonso and Ignasi Casasnovas, we 

constituted the Interactive Sonic Systems Team251, inside the Music Technology Group252 led 

by Dr. Xavier Serra (e.g. Serra 1989) at the Pompeu Fabra University of Barcelona. One of 

our main projects would be the creation of a music instrument that would start where FMOL 

could not go further. This is how the reacTable* project started. 

 

The reacTable* aims to create a state-of-the-art interactive music instrument, which should 

be collaborative (off and on-line), intuitive (zero manual, zero instructions), sonically 

challenging and interesting, learnable and masterable, suitable for complete novices (in 

installations), suitable for advanced electronic musicians (in concerts) and totally controllable 

(no random, no hidden presets…). The reacTable* should use no mouse, no keyboard, no 

cables, no wearables. It should allow a flexible number of users, and these should be able to 

enter or leave the instrument-installation without previous announcements. The technology 

involved should be, in one word, completely transparent. Obviously, the reacTable* should 

also fulfill all the musical properties that have been progressively developed in this 

                                                      
250 Laerhoven et al. (2002) and Villar et al. (2005) describe the Pin&Play controller system, which 

allows to automatically customize any number of physical sliders and buttons, just by pinging them 

onto a special board, connected to the PC via a USB link. A system of this characteristics thus allows - 

among other features - to construct physical interfaces that directly mimic on-screen GUIs. 

 
251 Interactive Sonic Systems Team: http://www.iua.upf.es/mtg/common/sistemas.htm 
252 MTG: http://www.iua.upf.es/mtg/eng/index.html 
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dissertation. It should incorporate multiple musical processes, and allow their control with the 

maximum flexibility and accessibility. In short, if FMOL was the origin of this dissertation, 

the reacTable* should be its first materialization. One of its most intricate design aspects, 

would obviously be, as we have clearly stated in the previous chapter, its monitoring 

facilities. Trying to imagine how a tangible FMOL could be, in the reacTable* we chose to 

apply tangible user interfaces and augmented reality concepts, so that, as we have previously 

pointed out, the interface could ‘embed’ its own display system. 

 

12.3.1 Tangible User Interfaces 

As the Tangible Media Group253 directed by Professor Hiroshi Ishii at the MIT Media Lab 

states, “people have developed sophisticated skills for sensing and manipulating our physical 

environments. However, most of these skills are not employed by traditional GUI…. The 

goal is to change the painted bits of GUIs to tangible bits, taking advantage of the richness of 

multimodal human senses and skills developed through our lifetime of interaction with the 

physical world.” (Fitzmaurice et al. 1995; Ishii & Ullmer 1997; Ullmer & Ishii 2001). Several 

tangible systems have been constructed based on this philosophy. Some for musical 

applications, like SmallFish254, the Jam-O-Drum (Blaine & Perkis 2000; Blaine & Forlines 

2002), the Musical Trinkets (Paradiso & Hsiao 2000), Augmented Groove255 (Poupyrev 2000) 

or the Audiopad256 (Patten et al. 2002), but we believe that no one attempts the level of 

integration, power and flexibility we propose: a table-based collaborative music instrument 

that uses computer vision and tangible user interface technologies, within a Max-like 

architecture and scheduler, and with FMOL-inspired HCI models and visual feedback.  

 

12.3.2 Conception and design 

The first step is to believe everything is feasible: we assume that we have access to a 

universal sensor which provides all the necessary information about the instrument and the 

player state, enabling the conception and design of the instrument without being driven by 

technology constraints. The reacTable* is a musical instrument based on a round table, which 

has no sensors, no cables, no fixed graphics or illustrations in its surface. A video camera 

                                                      
253 Tangible Media Group: http://tangible.media.mit.edu/index.html 
254 SmallFish: http://hosting.zkm.de/wmuench/small_fish 

255 Augmented Groove: http://www.csl.sony.co.jp/~poup/research/agroove/ 
256 Audiopad: http://tangible.media.mit.edu/projects/ 
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situated beneath the table continuously analyses the surface of the table, tracking the hand 

movements over the table, and detecting the nature, position and orientation of the objects 

that are distributed on its surface, while a projector draws a dynamic and interactive interface 

on it. These objects are mostly passive and made out of plastic or wood of different shapes. 

Users interact with them by moving them, changing their orientation on the table plane or 

changing their faces (in the case of volumetric objects). More complex objects include (but 

are not limited to) flexible plastic tubes for continuous multiparametric control, little wooden 

dummy 1-octave keyboards, combs (for comb-filters), or other everyday objects. Figure 12.1 

shows the reacTable* initial scheme and figure 12.2 one of the first working prototypes. 

 

 
Figure 12.1 The reacTable* first scheme draft257 

 

12.3.3 Modular synthesis, visual programming and visual feedback 

In the reacTable*, three additional concerns are no less important than tangibility: modular 

synthesis, visual programming and visual feedback. The concept of modular synthesis goes 

back to the first sound synthesizers, both in the digital (Mathews 1963; Mathews et al. 1969) 

as in the analog domains, with Robert Moog’s or Donald Buchla’s Voltage-controlled 

synthesizers (Moog 1965; Chadabe 1975). Modular synthesis has largely proved its unlimited 

                                                      
257 This first draft shows both the camera and the projector situated above the table. On the current 

implementation both of them are beneath. 
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sound potential and can be considered indeed as the starting point of all the visual 

programming environments for sound and music, which started with Max in the late 1980s 

(Puckette 1988), and have developed into PD (Puckette 1997), JMax (Déchelle et al. 1999) or 

Reaktor, to mention a few. 
 

 

Figure 12.2 The first reacTable* working prototype 

 

As shown by all of these healthy environments, visual programming constitutes nowadays 

one of the more flexible and widespread paradigms for interactive music making. In turn, 

visual feedback, understood as a tool for maximizing the player-instrument bandwidth has 

been widely covered in this dissertation. The reacTable* is probably the first system that 

seeks to incorporate all of these paradigms, in order to build a flexible, powerful and intuitive 

new music instrument; a table-based instrument which can be played by manipulating a set of 

objects that are distributed on top of the table surface.  

12.3.3.1 Objects and connections 

Each of these objects has its dedicated function for the generation, modification or control of 

sound. Like Max and its cousins, the reacTable* distinguishes between control and sound 

objects, and between control and sound connections. Bringing these objects into proximity 

with each other constructs and plays the instrument at the same time. When a control flow is 
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established between two objects, a thick straight line is drawn between them, showing by 

means of dynamic animations, the flux direction, its rate and its intensity. Audio flows, on 

their turn, are represented like those in FMOL, by means of instantaneous waveforms.  

 

12.3.3.2 Graphical synthesis (visual feedback) 

Moreover, the reacTable* projection follows the objects on the table, wrapping them with 

auras. An LFO, for example, will be wrapped by a blinking animation that will keep showing 

the frequency, the amplitude and the shape (e.g. square vs. sinusoidal) of the oscillation. 

These visualizations never shows text, buttons, sliders or widgets of any kind. What is shown 

at every moment, is only the instrument activity and behavior, the objects’ types and 

positions and the relations between them all, in an abstract but direct and non-symbolic way. 

Figures 12.3 to 12.5 illustrate this visual feedback. 

 

 
Figure 12.3 The reacTable* visual feedback (as seen from a computer screen) 

 

First informal tests indeed show that this visual feedback is actually crucial for the playability 

of the instrument. The central feature of this visual feedback is the visualization of the sound 

and control flows between the processing objects. Basically a representation of the waveform 

state at each object.  
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Figure 12.4. The reacTable* 

(illustrations by Marcos Alonso) 

 
Figure 12.5. The reacTable*  
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12.3.4 Objects and control 

Performers can control the instrument by either manipulating the objects themselves or the 

flow representation in between.  

12.3.4.1 Manipulating objects 

The set of objects, which are made available on the table, can be manipulated by the players 

in various ways: once put onto the table the objects are activated, the objects can be moved 

on the table surface - enabling the objects to relate to each other. The rotation angle of the 

object is tracked as well. ReacTable* objects are plain and passive, meaning that they do not 

come with any cables, switches buttons or whatsoever. The user also does not have to wear 

any special sensor or controller equipment for the object handling; the players plain hands are 

the only necessary controller258.  

12.3.4.2 Gesture Control 

The hands play an important role: not only can they manipulate reacTable* objects, they are 

treated as superobjects themselves. We also track the position and state of the hands in order 

to retrieve additional control data. A simple gesture to illustrate this principle is the cut or 

muting of a sound stream, which is done with a karate-style hand gesture. Another nice 

example are the waveform and the envelopes objects, which can be simply programmed by 

finger-painting respectively a waveform or an envelope close to them. This painted waveform 

is ‘absorbed’ by the object that starts playing it immediately. As already mentioned above, 

the hand can also control the visual sound representation by cutting or redirecting the sound 

flow. 

12.3.4.3 Object types and dynamic patching 

Dynamic patching does not require the user to explicitly connect the objects. We defined a 

simple set of rules, which automatically connect and disconnect objects. All objects have a 

certain number of two different in-output connectors: sound and control. Based on a simple 

distance rule, each object checks its neighborhood for objects, which can provide both 

                                                      
258 This of course, should not rule out the possibility of ‘smart’ objects that incorporate additional 

internal electronics in order to retrieve some additional sensor data, coming from squeezing, bending 

or bouncing them, like in the case of the Squeezables (Weinberg & Gan 2001). A rubber hose or a 

wooden toy snake, whose state could be either determined by the computer vision or by using some 

bending sensors like in the Sonic Banana (Singer 2003), can serve as an advanced controller producing 

multi-dimensional control data. In any case, this would have to be achieved in a completely transparent 

way, using wireless technology for example, so that the performer can treat all objects in an equal way. 
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compatible and available ports. It will therefore always choose the closest available object. 

We are currently working on some additional connection rules, such as the introduction of 

pseudo-physical forces like “magnetic fields”. The reacTable* connection paradigm produces 

a highly dynamic environment. Moving an object around the table surface permanently 

interferes and alters existing connections, creating extremely variable synthesizer 

morphologies. 

 

 
Figure 12.6 A snapshot of the reacTable* software simulator 

 

Currently, the reacTable* objects can be generally categorized into seven different functional 

groups: Generators (1 audio out and a varied number of control in), Audio Filters (1 audio in, 

1 audio out and a variable number of control in), Controllers (1 control out), Control Filters 

(1 control in and 1 control out), Mixers (several audio in, 1 audio out), Clock synchronizers 

and Containers. There are also some exceptions that do not fit within any of these categories. 

Figure 12.6 shows a topology with three independent audio threads, as taken from the 

reacTable* software simulator. Figure 12.7 shows several real reacTable* objects and figure 

12.8 depicts the reacTable* architecture. 
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Figure 12.7 Several reacTable* objects  

 
Figure 12.8. The reacTable* architecture  

(illustration by Ross Bencina, from Bencina et al. 2005) 
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12.3.5 Novel and occasional users: discovering the reacTable* 

The reacTable* has been conceived for a wide spectrum of users. From the absolute novice 

in an interactive installation setup, to professional performers in concert venues. This is 

attempted by designing an instrument as intuitive as possible, and at the same time, capable 

of the maximum complexities. 

 

The reacTable* was conceived to be played from the first minute, without a users’ manual or 

a single line of instructions. The approach taken towards novice users could be summarized 

in the following sentence: avoid user’s frustration at any cost. To avoid frustrations, a system 

does not necessarily have to be completely understandable, but it has to be coherent and 

responsible. The reacTable* has to work ‘by default’ and any gesture has to produce audible 

results, so for example if on start-up, a user activates an object that does not sound (i.e. a 

control object) the closest audio object is automatically linked to it (and the link is 

visualized). 

 

The reacTable* wants to be user-proof. For instance, it seems natural that in an installation 

context, after some minutes exploring the instrument some visitors may start stressing the 

system in different ways, like placing personal objects onto the table. Although it is no 

possible to anticipate all objects that users may use, some of the more common could be 

detected (mobile phones, keys, pens, lipsticks, cigarette packets, lighters…) and a ‘funny’ 

functionality could be added to them (e.g. mobiles could be used as cheesy mobile-like 

melody generators). 

 

12.3.6 Advanced reactablists: performing and mastering the instrument 

The reacTable* can bring increasing and compelling complexities for the advanced users, 

allowing them to combine simultaneously diverse and complementary performance 

approaches and techniques. We describe here four of them. 

12.3.6.1 Towards the luthier-improviser continuum 

Within traditional modular visual programming synthesizers, there is a clear separation 

between building and playing the patch (or instrument): There is an editing and an execution 

mode. The editing is usually a lengthy development process, which leads to a final and stable 

instrument patch, which then during the execution mode is controlled on screen or via any 

available controller device. The reacTable* has to be built and played at the same time. Each 

piece has to be constructed from scratch starting from an empty table (or from a single 
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snapshot which has been re-constructed on the table before the actual performance). This is a 

fundamental characteristic of this instrument, which therefore always has to evolve and 

change its setup. Building the instrument is equivalent to playing it and vice-versa. 

Remembering and repeating the construction of a building process can be compared to the 

reproduction of a musical score. The reacTable* establishes thus a real continuum not only 

between composition and performance, but between lutherie, composition and performance. 

 

 
Figure 12.9. Playing with the reacTable* 

 

Whereas FMOL has proved to be quite flexible, its architecture is predefined by a grid of 6x4 

generators and processors, which have to be previously selected from a palette of presets, so 

that the process of building an orchestra is not done in realtime while playing. Moreover, in 

FMOL all the macro-control of form is done like in traditional analog synthesizers, by means 

of simple and relatively low-level LFOs and arpeggiators. The reacTable* overcomes all 

these limitations. Its open structure favors (a) the existence of all types of higher level 

objects, such as the ones we could imagine within an environment such as Max or PD (e.g. 

sophisticated rhythm and melody generators, chaotic generators, pitch quantizers and 

harmonizers, etc.), and (b) the construction of all kind of sound synthesis and processing nets 

and topologies. 
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Moreover, the reacTable* connection paradigm in which by moving an object around the 

table surface, the performer is able to permanently interfere and alter existing connections, 

creates extremely variable and yet – because of visual feedback – easily understandable and 

predictable synthesizer morphologies, just at the reach of one hand. 

12.3.6.2 The bongosero-karateka model 

The reacTable* also permits physically intense playing. Grabbing, lifting and dropping 

objects with both hands, cutting flows with karate-like gestures and reactivating them by 

touching the objects again, will only be limited by the computer vision engine speed. The 

current implementation predicts that the input frame rate will not go below 30 Hz, while 60 

Hz is attainable with an adequate camera. 

12.3.6.3 The caresser-masseur-violinist model 

Objects on the table permanently sense at least three parameters, depending on their relative 

position within the net topology and of their angle orientation. This allows for very subtle and 

intimate control. Moving and twisting delicately two objects allows to precisely control six 

parameters, without scarifying voluntarily brusque and sudden morphology changes and 

discontinuities, as explained in 12.3.6.1. 

12.3.6.4 The painter model 

In section 3.4.3 we commented on the musical use of graphic tablets. The reacTable* allows 

free finger-drawing directly on all of the table’s surface. This functionality includes drawing 

envelopes, wavetables or spectra, depending on which objects are situated nearby. 

 

12.3.7 The reacTable* as a multi-user instrument 

Multi-user instruments were introduced in section 5.6 where we discussed concepts such as 

user-number flexibility, user-role flexibility or users’ interdependencies. We also 

distinguished between additive and multiplicative tendencies. The reacTable* supports a 

flexible number of users (from one to around half a dozen), with no predefined roles, and 

allows simultaneously additive (with performers working on independent audio threads) as 

well as multiplicative behaviors (performers sharing threads). Because of the way physical 

objects are visually and virtually augmented, the reacTable* also constitutes a perfect 

example of the local and remote all-at-once multi-user instrument. When two or more 

reacTables* are connected through the net, thus sharing the same virtual space, performers 

can only move the objects on their corresponding table, but these movements may modify the 
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shared audio threads, thus provoking interactions between displaced objects, so that one filter 

in Barcelona may process the output of a generator in Berlin. 

 

12.3.8 The reacTable*: Conclusion 

In the reacTable*, performers share complete access to all the musical threads by moving 

physical objects (representing generators, filters, etc.) on a table surface and constructing 

different audio topologies in a sort of tangible modular synthesizer or graspable flow-

controlled programming Max-like language. The reacTable* is a ‘laboratory instrument’, in 

the sense that it comes from the ideas and frameworks exposed in this dissertation (although 

the design process was started long before the writing of this dissertation began). Unlike 

many new designed instruments, its origin does not come from approaching its creation by 

exploring the possibilities of a specific technology, nor from the perspective of mimicking a 

known instrumental model. The reacTable* comes from our experience designing 

instruments, making music with them, and listening and watching the way others have played 

them. The reacTable* team is currently constituted by Martin Kaltenbrunner, Günter Geiger, 

Hugo Solis, Marcos Alonso, Ignasi Casasnovas and myself. It is an ambitious project, in 

which, needless to say, we have placed great hope and expectation. We expect it to leave the 

laboratory soon, and for people to start creating wonderful music with it. 

 

12.4 Conclusion 

 

In this dissertation I have identified the more relevant features as well as the more common 

drawbacks of digital music instruments. I have developed a theoretical framework that may 

help us evaluating the potential, the possibilities and the diversity of new digital musical 

instruments, as well as the possibilities and the expressive freedom of human performers. 

With the hope that these ideas may inspire and help us in the construction of new powerful 

musical instruments that will allow us to perform and to listen to new unheard wonderful 

music.  

 

I started this dissertation claiming that digital lutherie could not be considered a science. In 

that sense, the path that has been shown, does not pretend to be the path, but I hope that it can 

be considered one possible, valuable and fruitful one. I have also explained at the beginning 

of this thesis how, more than twenty years ago, I decided to drop practicing the scales on the 

saxophone in order to embrace the computer as my instrument for music performance and 
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improvisation. Although I will not deny that I sometimes miss the saxophone a bit, I will 

conclude saying that I am very happy with the choice I made, even if - perhaps because - 

most of the work is yet to be done. 
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Appendix A 
Description of the companion CDs 

 

This thesis comes with three accompanying CDs. The first and second are audio CDs which 

contains fragments of music that illustrate and document the musical instruments described in 

the dissertation. The third is a CD-ROM which includes video files, working versions and 

source code of several of the software implementations described. The contents of these CDs 

are as follows: 

 

CD 1: Audio CD 

1. Pitel: Duo with Pelayo F. Arrizabalaga (bass clarinet) (1991) 
2. Pitel: Duo with Markus Breuss (trumpet) (1991) 
3. Pitel: ‘Chamber’ fragments (1991) 
4. Pitel: Rebeldías (1990) 
5. Pitel: Fusion (1990) 
6. Sólo Soles (1995) 
7. The QWERTYCaster: Duo with Pelayo Arrizabalaga (bass clarinet) A (1996) 
8. The QWERTYCaster: Duo with Pelayo Arrizabalaga (bass clarinet) B (1996) 
9. FMOL: 5 x 20” on-line compositions from F@ust 3.0 (1998) 
10. FMOL: 3 x 1’ on-line compositions from DQ (2000) 
11. FMOL: Track from F@ust 3.0 CD (1998) 
12. FMOL: Track from the opera DQ (1998) 
 

CD 2: Audio CD 

1. FMOL Trio: Clarinets (2000) 

2. FMOL Trio: Gosths (2000)  

3. FMOL Trio: Sinus (2000) 

4. FMOL Trio: Schubert (2000) 

5. FMOL Trio: Density II (2000) 

6. FMOL Sextet: Capella Workshop Improvisation (2001) 

7. FMOL in a laptop trio context (with Vitor Joaquin & Miquel Carvallais) (2003) 

8. FMOL duo with Gianni Gebbia (alto sax) (2004) 
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CD 3: CD-ROM 

The CD-ROM includes this dissertation in PDF format, video performances of Afasia, 

Epizoo, JoAn and the FMOL Trio, executables of different FMOL versions, FMOL 

compositions (in its native format), tutorials, help and additional documentation, the Pitel 

Max source code, and additional images, articles and music in mp3 format. For a detailed 

description of all these contents, please consult the readme file. 
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Appendix B 
Publications 

Papers in Journals 

 

[1] Jordà, S. (1999). Faust Music On Line (FMOL): An approach to Real-time Collective 

Composition on the Internet. Leonardo Music Journal, 9, 5-12. 

This reference constitutes the first article on FMOL. It was written one year after the first collective 

composition experiments and it concentrates on the possibilities of the WWW for collective music 

creation, describing the FMOL experience as a particular example. 

 

[2] Jordà, S. (2002). Improvising with Computers: A personal Survey (1989-2001). Journal 

of New Music Research, 31(1), 1-10. 

This article describes my personal experience as a computer music luthier and improviser during the 

previous decade. It is the evolution of two previous papers presented at congresses in 2001 [9][10], and 

also the starting point of this dissertation. It introduces Pitel, The QWERTYCaster, Afasia and FMOL, 

together with some of three conceptual ideas further developed in the thesis, such as designing 

instruments for novices and professionals, multi-user instruments and micro and macro control of 

music. 

 

[3] Jordà, S. (2002). FMOL: Toward User-Friendly, Sophisticated New Musical Instruments. 

Computer Music Journal, 26(3), 23-39. 

This article describes FMOL, concentrating on its peculiar interface aspects, such as visual feedback 

and in how it simultaneously behaves as ‘input’ and ‘output’. It also studies some of the properties that 

can make instruments more intuitive and learnable. It contains several of the seminal ideas that are 

further developed in this dissertation. 

 

[4] Jordà, S. (2005). Instruments and Players: Some thoughts on digital lutherie. Journal of 

New Music Research, 33(3), 1-21. 

This article is the evolution of several papers presented in conferences during 2003 and 2004. It 

introduces the concepts of music instrument efficiency and music diversity, and can be considered as 

the first draft of chapter 7. 
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Papers in Conferences 

FMOL 

[5] Jordà, S. & Aguilar, T. (1998). A graphical and net oriented approach to interactive sonic 

composition and real-time synthesis for low cost computer systems. In Proceedings of 

COST G6 Conference on Digital Audio Effects. Barcelona: Institut Universitari de 

l’Audiovisual, 207-210. 
This paper concentrates in FMOL’s synthesis engine. 

 

[6] Jordá, S. & Barbosa, A. (2001). Computer Supported Cooperative Music: Overview of 

research work and projects at the Audiovisual Institute – UPF. In Proceedings of the 

2001 Workshop on Current Research Directions in Computer Music. Barcelona: 

MOSART, 92-96. 

[7] Jordà, S. & Wüst, O. (2001). FMOL: A System for Collaborative Music Composition 

Over the Web. In Proceedings of the 12th International Workshop on Database and 

Expert Systems Applications, 537-542.  

[8] Wüst, O. & Jordà, S. (2001). Architectural Overview of a System for Collaborative 

Music Composition Over the Web. In Proceedings of the 2001 International Computer 

Music Conference. San Francisco: International Computer Music Association, 298-

301. 
The three papers study FMOL’s collaborative composition aspects, from a more technological and less 

cultural or sociological bias than [1]. 

 

Digital Lutherie 

[9] Jordà, S. (2001). New Musical Interfaces and New Music-making Paradigms. Presented 

at the New Interfaces for Musical Expression Workshop - CHI 2001. Seattle. 

[10] Jordà, S. (2001). Improvising with Computers: A personal Survey (1989-2001). In 

Proceedings of the 2001 International Computer Music Conference. San Francisco, 

CA: International Computer Music Association, 1-8. 
These two papers introduce several of the instruments and interactive music implementations I 

developed during the 1990s (i.e. Pitel, the QWERTYCaster, Afasia and FMOL), concentrating on the 

improvisatory aspects of them. They also include several of the seminal ideas further developed in this 

dissertation, such as such as designing instruments for novices and professionals, multi-user 

instruments and micro and macro control of music. [10] received the 2001 “Swets & Zeitlinger 
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Distinguished Paper Award” at the ICMC 2001 held in Havana, which led to the publication of an 

extended version in the Journal of New Music Research [2]. 

 

[11] Jordà, S. (2003). Sonigraphical Instruments: From FMOL to the reacTable*. In 

Proceedings of the 2003 International Conference on New Interfaces for Musical 

Expression (NIME-03), Montreal, 70-76. 

[12] Jordà, S. (2003). Interactive Music Systems For Everyone: Exploring Visual Feedback 

as a Way for Creating More Intuitive, Efficient and Learnable Instruments. In 

Proceedings of Stockholm Music Acoustics Conference (SMAC03). Stockholm, 681-

684. 
These two papers use FMOL as a starting point for studying visual feedback as a valuable tool in music 

instrument design, after what the reacTable* is introduced, still at a conceptual level. Both papers 

introduce the concept of music instrument efficiency, further developed in the three following papers 

([13], [14], [15]), and in chapter 7 of this dissertation. 

 

[13] Jordà, S. (2004). Digital Instruments and Players: Part I – Efficiency and 

Apprenticeship. In Proceedings of the 2004 International Conference on New 

Interfaces for Musical Expression (NIME-04), Hamamatsu, Japan, 59-63. 

[14] Jordà, S. (2004). Digital Instruments and Players: Part II – Diversity, Freedom and 

Control. In Proceedings of the 2004 International Computer Music Conference. San 

Francisco, CA: International Computer Music Association. 706-709. 

[15] Jordà, S. (2005). Towards Understanding, Defining and Controlling ‘Musical 

Diversity’ in New Digital Instruments. Submitted to the 2005 International Conference 

on New Interfaces for Musical Expression (NIME-05). 
These three papers study musical instruments efficiency and diversity, as presented in chapter 7. These 

papers have been published in an extended format in the Journal of New Music Research [4]. [13] and 

[14] are previous to the publication in Journal of New Music Research, while [15] is later and 

contemporary of this dissertation. 

 

[16] Jordà, S. (2005). Multi-user Instruments: Models, Examples and Promises. Submitted 

to the 2005 International Conference on New Interfaces for Musical Expression 

(NIME-05). 
This paper discusses multi-user instruments as studied in section 5.6 of this dissertation. 
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The reacTable* 

[17] Kaltenbrunner, M., Geiger, G. & Jordà, S. (2004). Dynamic Patches for Live Musical 

Performance. In Proceedings of the 2004 International Conference on New Interfaces 

for Musical Expression (NIME-04), Hamamatsu, Japan, 19-22. 

[18] Jordà, S., Kaltenbrunner, M., Geiger, G. & Bencina, R. (2005). The reacTable*. 

Submitted at the 2005 International Computer Music Conference. 
These two papers describes the reacTable* as introduced in chapter 12 of the dissertation. 

 

Others 

[19] Jordà, S. (1991). A Real-Time MIDI Composer and Interactive Improviser by Means of 

Feedback Systems. In Proceedings of the 1991 International Computer Music 

Conference. San Francisco, CA: International Computer Music Association, 463-466. 
This constitutes my first academic paper and my first presentation at an ICMC. It introduces Pitel, 

which is further studied in chapter 8 of this dissertation. 

 

[20] Jordà, S. (1996). EPIZOO: Cruelty and Gratuitousness in Real Virtuality. In 

Proceedings of 5CYBERCONF, fifth International Conference on Cyberspace. 

Available on-line at: http://www.telefonica.es/fat/ejorda.html. 
This paper discusses Epizoo from an ethical viewpoint, establishing a parallelism between ‘virtual 

cruelty’ and the videogame-like information offered by CNN during the first Gulf War in 1992. 

 

[21] Jordà, S. (2002). Afasia: the Ultimate Homeric One-man-multimedia-band. In 

Proceedings of the 2002 International Conference on New Interfaces for Musical 

Expression (NIME-02), Dublin, 132-137. 
This paper describes Afasia, which is further studied in chapter 9 of this dissertation 

 

[22] Alonso, M., Geiger, G. & Jordà, S. (2004). An Internet Browser for Real-Time Audio 

Synthesis. In Proceedings of the 4th International Conference on Web Delivering of 

Music WEDELMUSIC 2004, Barcelona 

[23] Alonso, M., Geiger, G. & Jordà, S. (2004). An Internet Browser for Real-Time Sound 

Synthesis using Pure Data. In Proceedings of the 2004 International Computer Music 

Conference. San Francisco, CA: International Computer Music Association. 
These two papers describe a system which has not been covered in this dissertation: a Pd plugin for 

Internet browsers that allows to add interactive music Pd files into any HTML-based web page, and 

which can be controlled via Javascript or Actionscript. 
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Other related publications 

 

[24] Jordà, S (1990). Música e inteligencia artificial. Unpublished work. Available on-line 

at: http://www.iua.upf.es/~sergi/musicia.htm. 
This article gives an overview of the application of artificial intelligence in the music domain. 

 

[25] Jordà, S. (1991). En la Consulta del Dr.T. Entrevista con Emile Tobenfeld. Música y 

Tecnología, 27, 48-50. 
An interview with improviser and software developer Emile Tobenfeld, published in the Spanish 

edition of the Keyboard magazine. 

 

[26] Jordà, S. & Antúnez, M. (1993). Catalogue of the exhibition JoAn l’Home de Carn. 

Barcelona: Ajuntament de Barcelona. Available on-line at: 

http://www.iua.upf.es/~sergi/articles/JoAn93.pdf 
An article written for the catalogue of JoAn l’Home de Carn first exhibition. Several of the topics 

covered have been retaken in section 9.3. of this dissertation. 


