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VIVO (Video Interactive VST Orchestra): An Interactive
and Adaptive Musical Instrument for Self-reflection in
Music
Fabio Paolizzo, University of Kent, Medway, UK
Abstract: The aim of the research is to create a software musical instrument that allows for an aware
exploration of the self, through self-reflection in music. The investigation is interdisciplinary and operates across the fields of musicology, software development and composition. The study focuses on
specific logics of compatibility between human agents and technology. These are then implemented,
at the design stage, in a software tool. Finally, the piece of software is tested within art projects to
validate the implementations or to correct the theoretical assumptions and, therefore, to further improve
the framework. This software musical instrument is VIVO (Video Interactive Vst Orchestra). This paper
illustrates the main features of VIVO, the theories behind the implementations and the evidence that
was gathered from tests within two specific art projects.
Keywords: Interactive Music, Interactive Musical System, Self-reflection, Dynamic Orchestration,
Video Tracking, Unconscious Signals, Embodiment, Self-awareness, Rules of Improvisation, Dynamic
Morphology, Computer Music, Acousmatic Music, Electroacoustic Music

Introduction

A

CCORDING TO THE considerations of Marshall McLuhan,(McLuhan, 1964)
the relation between human agents and technology is a problematic one: any invention or technology is an extension or self-amputation of our physical bodies. In the
electric era, as mankind extends his own nervous system to the whole society, this
amputation becomes a numbness of consciousness.
In computer music the relation between human agents, music and technology is constitutive
and problematic as well. Specifically, in acousmatic music the musical objects are detached
from their sound sources, as well as from concurrent events with which it is possible to establish a coherent relation. This causes a dichotomy at the interpretative level between the
signs and their referents. Moreover, for musical constructs in which the timbre is predominant
over others aspects of sound, a widely and commonly shared musical syntax is missing. As
such, the chance to understand and transmit the musical knowledge that is produced by any
individual interpretation becomes precarious.
This study focused on interactive music as a cultural tool to allow a process of self-reflection and self-awareness. The aim of the research is to create a software musical instrument
for an aware exploration of the self, through self-reflection in music. The paper proposes
specific bio-logics (Voltan). These can be described as structures of interrelation that enhance
the compatibility between the human agent and the machine. The bio-logics selected for
consideration in this paper might facilitate the transmission of knowledge that pertain to interpretation in computer music. As such, these are then implemented, at the design stage, in
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a software tool. Finally, the piece of software is tested within art projects to validate the
implementations or to correct the theoretical assumptions and further improve the framework.
This paper illustrates the main features of the software musical instrument VIVO, the
theories behind the implementations and the evidence that was gathered from the tests
within two specific art projects.

VIVO (Video Interactive Vst Orchestra)
VIVO is a piece of software for interactive music that is able to generate an adaptive musical
answer to reflect the agents’ behaviour, by controlling external audio-plug-ins (VST, DirectX,
AU).
It uses video tracking as data source technique to analyse conscious and unconscious
signals of motion. However, the software is very flexible and it can be used in conjunction
with others external sources and media.
It works in real time, as an executable under WINDOWS and OSX. It has been developed
by using MAX/MSP/JITTER.(Cycling’74, 2009) Few externals have been used in minor
ways.(Pelletier, 2008; Pulkki, 2006; Jourdan, 2009).
VIVO has been designed to:
•
•
•

allow the user to experience self-reflection in the musical language
allow an immersive, expressive and enhanced capacity for musical creation
interconnect different media and the experiences of multiple users

Fig. 1: VIVO and audio plug-ins
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The software is composed of various modules that operate within the same
MAX/MSP/JITTER patch. The data is processed by three main modules. Each of them operates within a specific bio-logic.

Visual Feedback Loop of Action/Perception
In most electroacoustic music, the source of the sound is not directly perceivable (e.g. it is
an algorithm) or, as stated early in this paper, is not present at all (as in acousmatic music).
A previous research highlighted that the meaning of any compositional technique, or any
chunk of musical knowledge, arises from its function in support of a specific musical action,
which in turn has a strong bearing on the question of how this action is perceived .(Vaggione,
2001) As such, it is a feedback loop of action/perception to constitute the pertinent instance
of validation of musical processes.
In electroacoustic music this bio-logic may enhance the users’ comprehension and accessibility of the musical constructs and, therefore, reinforce the connection between the human
agent and music. The present research focused on specific mappings between visual motion
and evolution of the timbre space of the sound.

AVT Module (Adaptive Video Tracking)
In order to integrate this visual feedback loop of action/perception, VIVO implements a
video tracking component.
The AVT module operates a motion tracking in real-time by using either a live video feed
or a pre-recorded video file. The AVT module calculates the QoM (Quantity of Motion) of
each processed video frame:
QoM = motion captured at each frame
For each of the video RGB channels, the deviation from the mean QoM is calculated and
then converted into a single binary threshold which expresses the amount of pixels that
changed since the previous frame.
The algorithm is able to analyse different kinds of video material without having to prepare
a specific video set, as the temporal dimension of the analysis window varies in reaction to
changes in luminosity.
Video 1 - Adaptive Video Tracking. At: http://www.archive.org/details/VIVO_AVT

Energy Variable
The human-machine interaction can be understood as inscribed within a multi-modal ambient.
In such a wide arena of interaction, not only the different types of agents interact with each
others but each one can also operate on a separate level from the others. As such, this study
proposes that a multi-modal comparative analysis need to occur at a very low structural level
of the agents’ activity.
Indeed, a previous research (Impett, 2001) already introduced in a complex adaptive system
for interactive music a single indicator to provide overall historical information about the
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past activity and current state of each agent: the energy variable. In this technique, the individual energy of each agent changes according to its usage and describes the specific agent’s
chance to act. As all the agents are described by this same type of variable, the system is
able to compare the conditions of different categories of agents and still, the computation
cost is minimal, as no historical detail is kept. Moreover, future development is facilitated
for integration of both further categories of agents and new information that can be gathered
from different levels of activity of a single agent. The present study adopted the energy
variable as a bio-logic that reinforces the connection between human agents, software agents
and other potential media in the ambient of interaction.

eScore Module
The eScore (energetic Score) is an adaptive graphic score that modifies the defined sonic
scenario according to the agents’ behaviour and users’ preferences. Its design is based on
the bio-logic of the energy variable.
The interface of the eScore uses interactive automation lines (or curves) to control the
energy of each audio plug-in. These are drawn on a XY graph (energy,time) by connecting
the user’s defined points. Whenever an agent is active, it loses an amount of energy and a
new point is added in the graph to alter the course of the original line. The energy loss is
proportional to the standard deviation of the QoM calculated by the AVT.
The total length of the score can be changed at any time while keeping its inner proportions.
Also, it can be looped by either restoring the original line or keeping the last alterations to
allow narrower or wider interpretations and to maintain the formal structure of the composition. The more defined points the score contains, the lesser the freedom over the formal
aspects of the piece.
Video 2 - energy Score. At: http://www.archive.org/details/VIVO_eScore

Open Content Dynamic Orchestration
The model of dynamic orchestration (Paine, 2004) interrelates the qualitative development
of the performative gesture to the evolution of the timbre space. It applies and extends the
ideas of Wishart’s dynamic morphology to a dynamically forming orchestration. In such a
context, an orchestra is a collection of algorithms that can be used when the aesthetic range
of expression of the current algorithm is reaching its limits. Paine specifically designs these
algorithms for each artwork that takes advantage of dynamic orchestration (MAP2, Gestation,
Reeds, Endangered Sounds).
The present study extends the model of dynamic orchestration to include the concept of
open content. In such a new model, users may define the sonic range of the musical instrument
and benefit from the exploration and creative efforts that are produced by the community
itself.
VIVO does not integrate any proprietary algorithm of audio elaboration or synthesis. Instead, it can host any third-party audio plug-in that is DirectX, VST or AU compatible so
that, a potential community of users may operate within a flexible open content framework.
Therefore, users may load the plug-ins with which they are already familiar and discover
new sonic possibilities through the usage of VIVO. Also, dynamic sonic scenarios may be
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shared within the community as long as the relevant third-parties plug-ins are present on the
user’s machine.

dRack Module
The dRack (dynamic Rack) is a host for audio plug-ins that is based on the bio-logic of open
content dynamic orchestration. It can be described as a special type of rack in which each
plug-in can be configured by the user to reflect a specific sonic answer, to then be dynamically
combined. This module answers to the requests of the eScore. Any single plug-in within the
orchestra can be automatically enabled or disabled to create new combinations. This dynamic
orchestration of the source audio signal creates perceptive emergences in the sound domain
that reflect the agent’s behaviour.
The audio plug-ins that are currently used for the elaboration of the audio signal within
the art projects considered by this paper are the GRM tools.(INA-GRM, 2004) In conjunction
with VIVO, they allow an extension of the source musical gesture over its duration and to
reflect, in dynamic timbre alterations, the agents’ behaviour.
Each time the standard deviation of the QoM surpasses an user defined threshold, an inactive audio plug-in is inserted into the dRack. The tests within the art projects have shown
that the more active plug-ins, the less effective the perception of each stage of elaboration.
The actual number of audio plug-ins that can be active at the same time is definable by the
user. When the specified value is reached and a new insertion occurs, the active audio plugin with the lowest energy is disabled and the inactive plug-in with the highest one is enabled.
Video 3 - dynamic Rack. At: http://www.archive.org/details/VIVO_rack
VIVO adopts two different mapping techniques: a direct relation between QoM and sound
elaborations, to maximize the control over the automatic elaborations; a translation of the
standard deviation of the QoM to sound dynamics, to highlight zones of perceptive saliency.

Embodiment
The combination of AVT, eScore and dRack helps to create the immersion of the user
within an ambient of which is able to determine the asset and that changes in response to its
behaviour. The phenomenon of embodiment is to be considered a bio-logic that reinforces
the connection between man and technology.

VIVOtube
VIVOtube is an audio-video installation based on VIVO. Its première was at the Conservatory
of Rome Santa Cecilia, during the Emufest 2008. The installation is hosted at the same time,
within the exhibition space and on a dedicated web page.
On the projection screen, the writing “PLEASE TYPE YOUR SEARCH ...” invites the
user to type some keywords on the keyboard.
This text is used to search and select a video from the YouTube database. In real-time,
this video is analysed and its audio track elaborated, to create a new soundtrack. VIVO
strictly relates these elaborations to the motion of the images.
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As the VIVOtube interactive system is available at the same time on-line, through a web
page, internet users and gallery guests share the experience, interacting with each other by
multiple searches. A chat box is provided to allow them to communicate.

Fig. 2: VIVOtube at Emufest 2008
This installation is now an on-line project that is hosted by the Kent University on a 24/7
server.
Please visit the VIVOtube project at http://www.fabiopaolizzo.com/vivotube/

Fig. 3: The home page of VIVOtube
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This interactive installation was realised to test VIVO and the conceptual framework: in a
public space and outside a specific musical context, in relation to the participation and interaction of a mixed audience; as an on-line platform of interactivity; in conjunction with other
on-line services; with various kinds of video material in relation to the audience’s interpretation.
Indeed, these goals were not completely satisfied. The composition failed to create the
proper conditions for the users’ interpretation process to be successfully established. In relation
to the content of the videos and the produced musical signs, the users were able to create
meaning only occasionally. However, the AVT component proved its capacity to work with
any kind of video material that was transferred from the huge and heterogeneous YouTube
database.
VIVOtube allowed a focus on the usage of rules of improvisation to create the chance of
a potential meaningful context.

IMG (Interactive Music Group)
The IMG was constituted in 2009 at the Centre for Music Technology of the University of
Kent, to conduct research in the area of interactive music. The work carried out within the
IMG laboratory is crucial to validate the new proposed theories, to consolidate the old ones
and to test the features of VIVO. The produced artworks helped to locate conceptual gaps
within the framework by evaluating both the individual experience and the creative outcome.
The music that is produced by the IMG is the progressive result of free improvisations,
formalization of the creative outcomes, definition of the rules of improvisation, composition
and performance of open scores.
This methodology takes advantage of the artistic practice especially for its creative and
holistic qualities. Local goals and tools of research are formalized at each step of the study
after the validation within a specific art project has occurred.
This method allows the validation of theories and implementation by focusing on the main
goals of research. As such, the conceptual gaps within the framework can be filled and the
future development located.
The IMG projects are open artworks. This allows the interacting agents to participate in
the creation of meaning, moving away from the author’s interpretation. As the sound is a
phenomenological entity, and its timbre, a sign that points at the source, any listener is an
interpreting mind. During the listening process, the mind senses the sonic signs and collocates
them within the own knowledge scenario. As VIVO manifests in the sonic domain both the
conscious and the unconscious dynamics of motion, the sound events and particularly the
sonic emergences are understood as carriers of intention and therefore, as signs of language.
Moreover, as this process occurs within an action/perception feedback loop, the perceptive
coherence of source and result is increased and the user’s attribution of meaning is facilitated.
Also, the art projects are based on rules of improvisation that reserve part of the direction
of the process and the configuration of the piece to the conductor/composer so that, explicit
connections to a commonly shared musical syntax may be included. As such, the sound
events can be identified as musical signs and the entire process as a musical discourse between
the subjects.
Finally, besides the automatic audio elaborations, their manual control allows the listener
to relate the musical sense of the sound events to the perceived emergences that occur during
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the improvisation. This results in the musicians being conducted from within of the musical
language. Therefore, not only the usage of visual commands that could detract from the
listening is reduced, but also the musical conduction may be later formalized into rules and
algorithms to automate the process.

Crescendo
This interactive piece is intended to be performed by an acoustic ensemble of at least two
elements, VIVO, live electronics and live conduction of the improvisation.

Audio Tracks
Crescendo VERSION 1 (4’12” April 9, 2009)
at: http://www.archive.org/download/crescendo_audio/crescendo_vbr.mp3
Crescendo VERSION 2 (13’13” June 8, 2009)
at: http://www.archive.org/download/crescendo_audio/crescendo_v2_vbr.mp3

Video Track
Crescendo VERSION 1 (4’12” April 9, 2009)
at: http://www.archive.org/download/IMG_Crescendos/crescendo_512kb.mp4

Fig. 4: Crescendo, April 9, 2009
These two versions provide an example of diversity and coherence offered by this kind of
open score. Here, the acoustic section consists of an electric guitar and a bass guitar. It is
also important to note that for the participating musicians, these were their first experiences
of electroacoustic music.
The rules below are part of the open score that was given to the musicians:

Duration
The more the energy of the crescendo of the live electronics, the shorter the length of the
sound events to be played on your acoustic instrument.
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Imperfect Imitation
Always try to imitate the sound event that one of the other musicians is actually playing.
This imitation has to be imperfect since its intention.
If you played a sound, that you feel as too stable with the one you tried to imitate, then
repeat it by changing it of a small margin by defect or excess. Continue to repeat and adapt
the sound until you feel that you produced an unstable situation.

Exchangeable Support
In Crescendo, the rule of imperfect imitation is valid for all the musicians, except one, who
instead can produce an independent musical idea.
The imperfect imitation is therefore intended here to define supporting roles. The role of
supporter can be assigned dynamically during the performance time by the conductor.

Mistake Imitation
If you feel that you just played a sound event which does not fit in the context (e.g. a mistake),
then repeat it again and again, fading out in the meanwhile.
If you feel that one of the other musicians has played a sound event that does not fit in
the context, then imitate this element.

Contrast
When you feel that too much imitation is present within the context, then produce a sound
event which morphology contrasts the others.

Line Articulation
in the versions provided this personal rule is assigned to: bass guitar.
The musical line played by the instrument should range from a melodic articulation to
one of a scattered character.

Riff Density
in the versions provided this personal rule is assigned to: electric guitar.
The musical riff played by the instrument should range from a low density articulation to
one made of quickly repeated notes.

Pitch Classes
The acoustic instruments improvise in a set of initial pitch classes that they are free to progressively expand or leave in relation to the incremental usage of their personal rule.
Pitch classes: C# ; D ; G# ; A
The usage of the pitch class rule helped to constrain the harmonic field for both the musicians
and, therefore, to reinforce the coherence of the musical sense. Also, the chance that is offered
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to the musicians to abandon each rule (in relation to the current condition of their own personal rule) contributes to define a relation of interdependency among the rules themselves.

Fig. 5: The Network Topology of Crescendo

Conclusions
In Crescendo, the acoustic instruments shared control of the live video feed. Here, VIVO
was not used as a gesture controlled interface. Instead, the overall quality of the musicians’
movements took relevance. As a result, their motion was tracked globally and, therefore,
their gestures did not produce a sufficient relevant translation within the sound domain.
However, this limitation forced them to focus on the rules of improvisation, rather than
looking for conscious alteration of the timbre. Instead, it was their unconscious motion to
control the elaborations of the sound.
This research presupposes a basic assumption, namely, that any human agent’s recognition
of the self in the exterior phenomenological reality, constitutes the starting basis for a process
of self-awareness. Therefore, as the unconscious motion of the subjects was analysed and
translated into sonic emergences while their taking active part in the music production, processes of self-reflection in the music actually took place. Also, each user was aware of the
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manifested unconscious reality of the group. As such, transmission of knowledge between
the musicians occurred at least partially.
VIVO allowed them to identify the entire process as a collective one. They were able to
correctly recognize the electronic sound events as musical signs related to their collective
behaviour and the experience was perceived as a musical discourse of which they were active
part.
However, as predictable, the lack of individual unconscious mappings to sound dynamic
caused the processes of self-reflection and self-awareness to not being individually established.
The research is still ongoing. At this stage, VIVO and the implemented bio-logics proved
to be capable of satisfying the research goal of a software musical instrument for self-reflection in music.
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