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ABSTRACT

Music is a very important part of our lives. People enjoy listening
to the music, and many of us find a special pleasure in creating
the music. Computers further extended many aspects of our
musical experience. Listening to, recording, and creating music is
now easier and more accessible to various users. On the other
hand, various computing applications exploit the music in order to
better support the interaction with users. However, listening to
music is generally a passive experience. Although we may change
many parameters, the music we listen to generally does not reflect
our response, or does so very roughly.

In this paper we present a flexible framework that enables active
creation of instrumental music based of the implicit dynamics and
content of human-computer interaction. Our approach is
application independent, and it provides a mapping of musical
features to the abstraction of user interaction. This mapping is
based on analysis of the dynamic and content of the human-
computer interaction. In contrast to the most existing interactive
music composition tools, which require explicit interaction with
the system, we have provided a more flexible solution that
implicitly maps user interaction parameters to the various musical
features.

Categories and Subject Descriptors

H.5.1 [Multimedia Information Systems] ; Audio input/output;
H.5.5 [Sound and Music Computing]: Signal analysis,
synthesis, and processing; H.5.3 [Group and Organization
Interfaces]: Synchronous interaction.

General Terms
Measurement, Design, Experimentation, Human Factors.
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Interactive music composition tools.
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1. INTRODUCTION

Music is a very important part of our lives [1]. People enjoy
listening to the music, and many of us find a special pleasure in
creating the music. Computers have further extended many
aspects of our musical experience. Listening to, recording, and
creating music is now easier and more accessible to various users.
Various computing applications exploit the music in order to
better support the interaction with users [2]. Computer games
address this issue particularly careful. Some other applications,
for example, use the music in order to create an audio context,
which can help the users to remember facts [3].

However, listening to music is generally a passive
experience. Although we may change many parameters, the music
we listen to generally does not reflect our response, or does so
very roughly. On the other hand, music composition tools still
require lots of our attention and efforts. In this paper we present a
flexible framework that enables active creation of instrumental
music based of the implicit analysis of dynamics and content of
human-computer interaction. Our approach is application
independent, and it provides a mapping of musical features to the
abstraction of user interaction. This mapping is based on analysis
of the dynamic and content of the human-computer interaction. In
contrast to the most existing interactive music composition tools,
which require explicit interaction with the system, we have
provided a more flexible solution that implicitly maps user
interaction parameters to the various musical features.

In next section we discuss existing interactive music creation
solutions. Then we present the basic idea of our approach, where
we describe architecture, as well as the implementation. After
that, we discuss several applications of our solution.

2.  MUSIC AND INTERACTION

There has been a tremendous amount of work in the field of
computer music, and various types of systems have been
developed. In this section we will focus on interactive musical
compositional tools, especially on those that, compared with
traditional instrument model, offer higher-level interaction.
However, if you want to get more complete picture, Joel
Chadabe's Electric Sound [4], and Curtis Road's Computer Music
Tutorial [5] are recommended readings.



Having in mind type and activity of interaction between the
user and the music system, we can roughly classify interactive
musical systems in [6]:

o The instrument model systems - rely on constant musical
input from the user, similarly to normal instrument.
Examples include various application that use devices such
as MIDI keyboards.

e The radio model systems - operate mostly independently
from the user, and the most important interaction is
predetermined on a number of discrete alternatives, and all
output is pre-composed. Interaction is measured in terms of
minutes and hours.

e  High-level interactive music composition systems, are
somewhere in between the instrument and the radio model.
They require constant, although much less active, interaction
and offer high level musical interaction primitives, such as
describing large-scale shape of the peace [7].

e Implicit interactive music composition systems, explore how
the music can be created by implicitly analyzing users'
everyday interaction with the environment, e.g. music is a
byproduct of this interaction.

The basic idea of our approach is to map abstraction of user
interaction onto higher-level musical parameters, so in next two
sections, we will describe in more details some examples of high-
level and implicit interactive computing composition tools.

2.1 High-level interactive computing

composition tools
High-level interactive computing composition tools primarily
address the problem of making music composition and playing
accessible to children and user who do not have rich musical
background [7,8].

For example, the Tod Machover's Hyperinstruments group at
the MIT Media Lab (see www.media.mit.edu/hyperins/
index.html) focuses on building sophisticated interactive musical
instruments for non-professional musicians, students, and music
lovers in general. Starting in 1992, this group began to explore
ways of extending the concept of hyperinstruments to include
amateur users. Earlier projects included Alexander Rigopulos'
Seed Music [9], a real-time interactive system that allowed users
to improvise by controlling high-level parameters in the music
and, Digital Theremins (1994-95), a series of interactive systems
which facilitated music-making for amateurs by using electric
field sensing to measure physical gestures.

Among many of their projects, they have recently developed
the Hyperscore graphical computer-assisted composition system
for users with limited or no musical training, which takes
freehand drawing as input, letting users literally sketch their
pieces [7]. The fundamental idea of Hyperscore is that anyone can
perform two key creative activities without musical training:
compose short melodies and describe the large-scale shape of a
piece. Hyperscore was alos used for the Toy Symphony, a large
project involving children, orchestras, and technology. During the
course of the project, children have worked with the software to
compose pieces for string orchestra, some of which local
professional orchestras or string quintets then performed in
concert.

2.2 Implicit interactive computing

composition tools
High-level interactive computing composition tools offer more
expressive interfaces, but they still require explicit interaction and
attention of the user. On the other hand, some researchers have
been exploring how the music can be created by implicitly
analyzing users' everyday interaction with the environment, e.g.
how to create music as a byproduct of user everyday interaction.

For example, Healey and Picard developed a system that aids
in music selection by incorporating physiological variables that
might indicate the user’s present mood. They developed a
wearable computer that perceives and responds to the wearer’s
affective state, offering a new kind of perceptual interface. The
complete system can capture patterns from many kinds of user
behavior [10].

The Viktoria Institute's Future Applications Lab, and the
Interactive Institute's PLAY Studi from Sweden developed the
Sonic City, a form of interactive music instrument using the city
as an interface. Sonic City enables users to create a real-time
personalized music by walking through and interacting with urban
environments. Paths are considered as musical compositions and
mobility as a large scale musical gesture. They have realized a
wearable prototype that senses the user's context and actions
when walking through the city, maps this information to the audio
processing of live urban sounds in real time, and outputs the
resulting music through headphones [11].

However, most of these solutions are hard-coded, limiting a
number of ways how they can be used outside the original
context, or they sometimes require specialized equipment.

3. A Flexible System for Creating Music

while Interacting with the Computer
The basic idea of our approach is to create a flexible framework
that enables real-time creation of instrumental music based of the
content and dynamics of human-computer interaction. In contrast
to the most of existing interactive music composition tools, we
have provided a more flexible solution that implicitly maps user
interaction parameters to the various musical features. Figure 1
illustrates this idea. The key components in our systems are:

e The music composer,
e  Various interaction sensors.

The music composer provides a high-level control interface
for creation of the music. Interaction sensors monitor user
interaction at various levels, and send data to the music composer.
We have introduced three types of interaction sensors:

e High-level interaction sensors, which analyse the content of
user interaction, such as analyzers of content of the Web
page which the user currently navigates,

e Low-level interaction sensors, which analyse user action at
primitive level, such as sensors of mouse movements and
typing speed, and

o Environment and user sensors, which monitor interaction
environment and the users, such as a sensors of movement
or presence of the user.

In the following sections we will describe the
implementation of these components in more details.
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Figure 1. Basic idea of proposed system, composed of the music composer, and various interaction sensors.

3.1 Implementation of music composer and

interaction sensors
We have developed a prototype of the described system mostly
on Java Platform, but we have used some other developing
environment for some of the sensors. The music composer
implemented as a Java application.
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Figure 2. User interface of the Music Composer.

User interface of the Music Composer (Figure 2a) is quite
simple, allowing the user to start it, stop it or to take manual
control the music. Manual control dialog is not the part of the
Music Composer, but it can optionally be provided by Music
Composer plug-in. Figure 2b show this dialog for Sharle plug-
in, used in our system.

Figure 3 presents the basic components of the music
composer. Special modules in the music composer receive and
collect these packages, process them and send it to the composer
adapter. We have developed several high-level interaction
sensors, including various sensors integrated in Web proxies
that observe user interaction with the World Wide Web (WWW)
analyzing the content of Web pages, the size of the page,
number of pictures, number of links, and other elements, or
analyse of the history of interaction with concrete page. More on
these sensors will be described in the section 4.1. For low-level
interaction sensors, we have currently provided implementation
based on Windows hooks mechanism, which enables Windows
applications to receive all the events generated in the system,
including keyboard and mouse events. More on these sensors
will be described in the section 4.2. We have also realized two
environment and user sensor: acceleration sensors, that detects
changes in the acceleration, and can be used ot measure
movement changes and slope, and psychological sensors,
including EEG sensor. More on these sensors we give in
sections 4.3, 4.5, and 4.6.

Communication between interaction sensors and the music
composer is achieved by connection-less User Datagram
Packages (UDPs). The sensor are configured with the Internet
address and the port of the Music composer. One sensor can
send data to more than one Music composer, while one Music
composer can receive data form many sensors. Interaction is
unidirectional, where interaction sensors send data to the music
composer. As music does not have to be exact, but just directed
by various interaction parameters, this simple way of
communication, has shown to be adequate. Each interaction
sensor send UDP packages with a string composed of three
parts: a sensor identifier, a parameter name, and a parameter
value. For example, a string "web_proxy; page-size; 32566"
states that a web proxy sensor detected that a user has just
loaded a Web page 32566 bytes big.
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Figure 3. The basic components of the music composer, implemented as a Java application.

The Music Composer plug in, is actually a component that
produces the music, offering the interface for shaping the music.
We enabled flexible definition of mapping between interaction
sensors values and music composer interface. Figure (4) shows a
XML fragment of the configuration file which defines mapping
of the Web proxy handler page-size parameter to the tempo and
rhythm intensity of composition module.

This mapping states that the page size up to 50000 bytes
will be linearly transformed into a value from 0.0 to 1.0, while
page sizes higher that this will all produce maximal value of 1.0.
In case of the tempo, it will change the rhythm linearly between
its maximum or minimum, so that pages higher that 50000 bytes
will have maximal tempo values, while all the other sizes will
produce linearly lower values of the tempo. Rhythm density is
changed relatively to its previous value, by adding page-size
derived value with 0.1 and increasing the tempo by it.

generation engine. The generator itself is platform independent
using MIDI and sound file output to produce music. Table 1
represents parameters that this module accepts.

Table 1. Parameters o the Sharle music composition module.

<?xml version="1.0" ?=

- <map=
- «<source id="web_proxy">=
- <mapping>

<source-event name="page-size" min="0"
max="50000" /=

<musical-parameter name="tempo" function="linear"
scale="0.3" type="absolute" />

<musical-parameter name="rhythm-density"
function="linear" scale="1.0" type="relative" /=

</mapping=
</source>
</map=

Cohesion Maximum repetition at full length, maximum
variation at shortest length

Key Changes the key (value modulo 12).

Scale Six distinct settings. a major, a more consonant
major, a more consonant minor, a minor, a
pentatonic, and a more minor pentatonic scales.

Tempo The shorter it is, the faster the tempo.

Rhythm The longer this control is, the more regular the

Consistency rhythm becomes.

Rhythm The shorter this control is, the sparser the

Density rhythm.

Rhythm Length | The longer this is, the longer the rhythmic
period.

Consonance The shorter this is, the more dissonant the

current layer becomes.

Pitch Direction

The longer this is, the more the notes of the
current layer will go up in pitch.

Figure 4. Configuring the mapping among interaction
parameters and the music composition module.

3.2 Music composer plug-in

Current version enables flexible integration of various music
composition components. For each component, it is necessary to
develop an adapter module that maps values from 0.0 to 1.0 into
values that the module accepts. Our mapping module will ensure
that the adapter receives only values from 0.0 to 1.0. Currently,
we have used a open-source implementation of Sharle from MIT
[6, 12]. This music composition module enables high-level
manipulation of the music. The output is based solely on user-
controlled parameters and low level rules embedded within the

Instrument Changes the instrument. The results depends on
the instruments available.

Active Zero turns the current layer off. One turns it
back on.

Rhythm Style (0) a steady beat, (1) between the beats of the
normal rvhythm, (2) a rhythm of a different
period, and (3) no transformation.

Rhythm Style Various effects on the beat.

Argument

Change / Rate The longer this is, the more the controls will

of Mutation mutate themselves.

Pitch Center This higher this is, the higher the pitches of the

current layer.




Besides working on integration of several other high-level
interactive composition tools, we are also working on the design
of the MP3 DJ music chooser, which would use interaction data
to choose the next song, based on metadata about the song.

4.  Applications

In this sections we will present some of the applications of our
framework. Here we will present basic ideas, and discuss how
creating music in proposed application can improve human

computer interaction. We will present five applications in more
details. Table 2 gives a comparative overview of these
applications, describing in short terms the main source of data,
activity which the user do in order to affect the music,
elementary and received data received from the source, and
some example of music parametar that were affected with these
data.

Table 2. Interaction Music Application.

Application Source Activity

Elementary data Derived data

Browse the Music Proxy server Browsing the Web

Web page content

Web page metadata

Windows hook
mechanism

Type the music
application

Typing and pointing in any

Keyboard events User activity

Mouse events Keyboard patterns

Mouse movement
patterns

Drive the music
platform, such as a car.

XY accelerator sensor | Using a computer on the unstable

X acceleration Acceleration

Y acceleration Drive stability

Mind the Music External EEG device EEG brain waves

with drivers

EEG waves Hemisphere activity

EEG spectrum Stereo mapping

Other HCI Music
application clients

Join the Music

Any of the master, none of the

The master routes all his events to
the client

4.1 Browse the Music

In this application, we wanted to change the musical parameters
based on the user interaction on the World Wide Web (WWW).
This application is primarily based on monitoring high-level
interaction, e.g. the content and metadata about pages that the
user visits. Figure 5 shows basic architecture of this application.

4.1.1 Music proxy handler

We have used several open-source Java proxy servers, such as
Paw (pro-active webfilter) [13] and Muffin WWW filtering
system [14], with proactive filtering, which allow plug-in
integration of custom filters and handlers. These filters and
handlers can monitor and even modify all the data requests and
response parameters. Figure 6 gives a simplified Java code of
one of these handlers. This code sends a size of current page to
our music composer. This is not a typical example, but we
included it here due to simplicity and to illustrate basic
principles, as all other sensors are more complex to be included
in the text. We implemented several of these filters and handlers
to send UDP packages to Interaction Music Composer with
based on:

e  Analysis of the content of the page, data are sent when
some keywords are found.

e  Analysis of the size of the page, number of pictures,
number of links, and other elements

e Analysis of the history of interaction with concrete page.

We have also made some custom modules on the side of
our Web sites, adding a service that analyses the Web log and
tells us how many people have visited some page. In this way it
is possible to, for example, produce lively and louder sounds for
more visited sites, adding important social cues to user
interaction [15]. We have also used, the Amazon Alexa Web
Information Service [16]. This service offers a platform for
creating Web solutions and services based on Alexa's vast
information about web sites, accessible with a web services API,
including rank, traffic data, categories, related links and so on. It
is currently free available during the beta period.
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Figure 5. Basic architecture of 'Browse the Music' application.
package myhandlers; implemented as a Paw proxy server handler.

import sunlabs.brazil.server.*;
import sunlabs.brazil.util.http.*;
import sunlabs.brazil filter.*;

public class MusicFileSizeHandler implements Filter {

public byte[] filter(Request request, MimeHeaders headers,
byte[] content) {
try {
long duration = System.currentTimeMillis()
- request.startMillis;
sendMessage( request, content.length );

} catch (Exceptione) { ...}
return (content);

}

public void sendMessage( Request request, int size ) {
String message = "web_proxy;page-size;" + size;

try {
DatagramSocket socket = new DatagramSocket();

byte[] buf = new byte[256];

DatagramPacket packet = new DatagramPacket(
message.getBytes(), // content
message.getBytes().length, / content size
address, // address of the client
4445); /] port

socket.send(packet);

socket.close();

} catch (Exceptione) { ... }
H

T

Figure 6. Simplified Java code of our interaction sensor

4.1.2 Music Cache

The Music Cache is a special mode of this application. The
basic idea of musical cache is to remember the music or
instrumentation parameters played to the user during his/her last
visit, and to play that melody when the user visits the same page
again. Currently, we are recording just the music parameters,
not the actual music produced. The main motivation for
introduction of the musical cache is to create an auditory
context, which could help the users remember things, such as
navigation structure of some site or Web page. For example, as
a part of the DARPA Augmented Cognition project, Tan et al
explored building and evaluating computer system interfaces
that make information memorable [17]. They implemented a
multimodal prototype system, the Infocockpit (for “Information
Cockpit”) [3]. They reported a user study demonstrating a
significant (56%) increase in memory for information presented
with the Infocockpit system as compared to a standard desktop
system. However, experimental evaluation of this hypothesis in
the Music Cache will be the subject of future work.

4.2 Type the Music

Windows Hook mechanisms, allows applications to register for
any of hundreds events in the Windows operating systems, and
to receive notification each time when some of these events
occurs. It is also possible to monitor the entire user interaction,
for example, by receiving events about keyboard and mouse
actions. In this way, it is possible to get rough measure about
user's activity.

We created a simple Visual C++ interaction sensor that
monitors keyboard and mouse activity, sending UDP packages
to the Interaction Music Composer. It is possible to send data
about average number of keyboard hits and mouse movements.
It is also possible to send an event when some special key is hit.
For example, if the user hits the F1 key, which is usually
associated to help, music could change. We experimented with
various types of mapping between these events and musical
parameters.




4.3 Drive the Music

For this application we have used a low cost Analog Devices'
ADLX202 device. This device has two orthogonally positioned
acceleration sensors. 2-axis accelerometers with a measurement
range of +2 g can measure both dynamic acceleration (e.g.,
vibration) and static acceleration (e.g., gravity). The outputs are
digital signals whose duty cycles are proportional to the
acceleration in each of the 2 sensitive axes. These outputs may
be measured directly with a microprocessor counter, requiring
no A/D converter or glue logic. The device can be connected
with the PC with RS232 serial connection. We have
implemented the sensor as a Java application, using Java Comm
package to communicate with the device (Figure 7).
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Figure 7. User interface for calibration and testing of
ADLX202 device.

We used this sensor with a laptop in a vehicle in order to
produce the music based on the parameter about the drive. We
have two input channels, one sensor positioned in the direction
of vehicle movement, roughly indicating speeding up and
slowing down, ant orthogonally positioned sensors that could
give us data about going left or right. First channel was used to
direct the rhythm and tempo of the music: if there is more
accelerating the ride is good, and the music can be more
dynamic. Going left or right was used in the opposite way, as it
usually indicates that the road is not easy for driving.

4.4 Join the Music

IMC does not have to receive only the data from one user, but
from many users interacting on different computers. For
example, in computer classroom or Internet café, the ambient
music could be directed with summary interaction of many
people who are working on computers in a same room. Sensors
on client computers could be configured to send data to the
Music Composer at the server machine (Figure 8a).

Server Music
o Composer .
UDP pdckoges UDP pdckoges
Client #1 Client #2
Interaction Interaction
LEMEOrE SSNEOrE
(a)
Interaction
EENZOrE
UDP pdckoges
Master
¥
Music
Compaoser
UDFP pdckages UDFP paochkages
Slave #1 Slave #2
Music Music
Compaoser Compaoser
(b)

Figure 8. Two modes of synchronized music creation. In first
mode (a) sensors from various users on different machines
can send their data to through the network to one music
composer. In second mode (b), one music composer copies its
data and sends it to other music composers.

We also enabled that IMCs can communicate with other
IMCs. For example, one of the IMCs would be the master,
sending his parameters to all IMCs who have registered (Figure
8b). The music of these IMCs would not be the same, but it
would be directed in the same way, e.g. the global structure
would be the same. For example, you could listen to the music
produces by the interaction of one of your friends.




4.5 Mind the Music

The basic idea of this approach is to map EEG scores [18] to the
music composition parameter. Electrical brain activity and
music have lots in common.

e  Firstly, electrical brain activity is rhythmic, e.g. it goes
from left to the right with a frequency of about 50 Hz

e  Various activities activate different areas of the brain, so it
is possible to roughly see the level of activity of the user's
brain.

Figure 9 shows the structure of the EEG music system.
Sensing hardware detects EEG electrical waves, and converts
them into a digital form. Various software modules then further
process raw digital data. At the first level, we calculate various
simple derived values such as a mean value, or power spectrum
based on the FFT analysis. At the second level, these raw and
derived data are combined based on custom scripts to produce
various EEG scores, such as the activity of hemispheres, which
are then sent to the music composer to change the music
settings. This sensor is realized in Visual C++, using standard
Windows API, as well as FFTW software library for FFT
analysis [19].

husic composer

EEG score calculation

f

First-level processing (filtering, mean
value, spectrum analysis...)

| r |E&%tized

Sensing hardware

[V [eE

5.  CONCLUSIONS

In this paper we have presented a flexible framework that
enables active creation of instrumental music based of the
implicit analysis of dynamics and content of human-computer
interaction. This mapping is based on analysis of the dynamic
and content of the human-computer interaction. In contrast to
the most existing interactive music composition tools, which
require explicit interaction with the system, we have provided a
more flexible solution that implicitly maps user interaction
parameters to the various musical features. Our approach is
application independent, and it can be used with various
applications. First experiences have shown that users really
enjoyed using the software, and they especially liked the fact
they were implicitly involved in the music composition loop.

Proposed solution is a flexible platform that could possibly
be useful for various user groups. End users could get
interactive, original and always new music adapted to their
current computing activity. Internet media broadcasters could
also connect user sensors with their program, for example,
adding the ability to choose the next song based on the analysis
of user current interaction.

In our future work we plan to extend our work in several
directions. Firstly, we will try to train the system so that the user
could change the music parameters manually, and the system
could analyse the conditions before user decision, in order to
find a pattern of music parameter switching. We also plan to add
more intuitive interface for controlling the mapping among
sensor values and music composer parameters.
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