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Some considerations concerning Crystal World |

Massimo Vito Avantaggiato
Conservatorio Cilea di Reggio Calabria, Department of Electroacoustic Composition, Italy
mavantag[at] yahoo.it
http://massimoavantaggiato.academia.edu/

This article provides an analysis of the piece Crystal World I, written and produced by composer Michael Obst from 1983 to 1985. The paper
highlights specific features of this musical work, showcasing its originality and distinctiveness when compared to pieces produced at IRCAM in Paris.
Although the «pitch scales» employed in this composition evoke certain works from the structuralist period—such as Quartetto Il by F. Donatoni
(1961) and Studie Il by K. Stockhausen (1954)—Michael Obst's cycle exhibits remarkable particularities that align with key areas in acoustics,
psychoacoustics and perceptual science. These include: the structural integration of envelope features characteristic of Asian instruments,
particularly the attack and release phases. Examples range from the soft attack produced by Rotating Sound Plates to the more abrupt attack of the
Japanese Mokusho; a compositional trajectory that progresses from bright timbres to darker ones, mirroring the spectral qualities of the
instruments; the analysis highlights the compositional techniques used at various levels: from individual sound objects to temporal semiotic units;
from textures and gestures at a structural level to overarching macroforms.

Crystal World | emerges as a multi-scale composition that offers varying levels of complexity, inviting diverse avenues of investigation. Its
distinguishing features include: - The incorporation of ethnic instruments and human voice, reimagined through modern technologies. - The
thematic exploration of phase transitions (solid, gaseous, liquid) as a metaphor for the states and transformations of crystals. - The use of
combined compositional approaches (Top-Down and Bottom-Up). - The emancipation of time scales across different levels of the work. - A rich
multiplicity of rhythmic figures. - A strong focus on perceptual and grouping criteria, including spatial segmentation processes.

The paper underscores how listener attention is engaged through a variety of structural devices: 1. Microstructural exploration of sounds; 2.
Emphasis on intermediate musical structures, such as textures and gestures; 3. Activation of perceptual mechanisms at multiple levels; 4. Temporal
and metaphorical interplay between sound objects; 5. Skilled manipulation of rhetorical elements, showcasing the composer’s adept sound
direction. The perceptual dimension plays a central role in Obst’s composition. The climax of Crystal World | is defined by the convergence of
multiple perceptual mechanisms. These, combined with other simultaneous musical events, create a point of maximum tension, marking the peak
of the piece. To support this analysis, sonograms, summary tables and figures are included, offering a comprehensive visualization of the discussion.
Additionally, an interview with Michael Obst (conducted on May 8, 2020) enriched both the listening experience and the genetic analysis of the
composition.

Keywords: Rhythm; Time; Acousmatic; Composition; M. Obst; Crystal World

My interest in this electroacoustic work arises from its
rich connection to experimental music, particularly
through the exploration of several key themes:

1) Reevaluation of Basic Musical Material: The
composer seeks to reexamine fundamental musical
elements, specifically the sounds produced by Asian
percussion instruments and the female voice synthesized
with Chant, leveraging the possibilities offered by
modern technologies.

2) Differentiation of Timbres: The work explores the
differentiation of various timbres, both individually and
in combination. The composer creates intricate
arrangements that highlight the unique qualities of each
sound, as well as their potential interactions when
layered.

3) Micro-Structural Exploration: A particular focus is
placed on the micro-structural aspects of sound, with a
notable emphasis on the construction and evolution of
timbre over time, creating a dynamic and evolving sonic
landscape.

4) Use of Reverberation: The piece incorporates three
distinct reverbs, ranging from the least bright to the most
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resonant, to shape the spatial and textural qualities of
the music. Additionally, precise compositional strategies
are employed, including a combination of "bottom-up"
and "top-down" approaches to structure.

5) Macro-Structural Diversity: On a larger scale, the work
embraces a variety of musical forms, which contribute to
its overall diversity. For instance, the Fibonacci series
governs the macro-form in Crystal World I and I,

while the “Intermezzo” adopts an "equi-distributed"
form, with respect to a central rest.

6) at an intermediate level, the organization in gestures,
textures; or, again, macro-gestures and micro-textures.
Given their structural importance within the first
movement, some of these musical situations are
examined individually and their functions and
peculiarities are described.

7) Emancipation of Time and Temporal Scales: The work
explores the liberation of time across different levels,
allowing for a fluid and dynamic manipulation of
temporal structures throughout the piece.

8) Constructon of Multi-Channel Space: The composer
uses multi-channel technology to create a spatial
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projection of sound. In the quadraphonic version of the
work, sounds are emitted from various points or multiple
locations in the room, enhancing the immersive
experience of the piece.

9) Research on Psycho-Acoustic Effects: The work delves
into the structural use of psycho-acoustic phenomena,
such as reverbs and delays and their impact on the
overall sound experience. In structuring the piece, the
composer adopts a dual approach.

At the micro-structural level, a bottom-up methodology
is employed, starting with the definition of a «frequency
scale», which is a non-traditional scale based on
frequencies settled in a structuralist way (Fig. 1).
Simultaneously, a top-down approach governs the
overall form and its distribution within panels, which are
sections with different metronomes, but with an internal
coherence of articulation and musical development (ic
Avantaggiato 2014: 5), with the Fibonacci series serving
as a guiding framework. This combination allows for
precise control of both local and global time scales
(Roads 2005: 283-317).

We then turned to a description of the material universe
of the piece, focusing on the instruments used and their
characteristics.

Our analysis centered on how Obst developed the formal
structure of the work, highlighting the elements of
continuity with his previous work Fdbrica (Obst 1997;
55-159). A central aspect of the composition is the
composer’s attention to the perceptual dimension of the
music. The climax of Crystal World | exemplifies this,
where a series of overlapping perceptual mechanisms -
combined with competing events - culminates in a peak
of tension, making this section the most intense moment
of the piece.

Obst firmly believes that the possibilities offered by
modern technologies must be intimately connected with
both musical creativity and the listener’s perceptual
experience.

In our interview, Michael Obst emphasized the
importance of the technical dimension in high-quality
electroacoustic music. While acknowledging the
necessity of technical precision, he also stressed that this
is merely the starting point; it is the careful integration of
technical considerations with musical thought and
perception that leads to a truly successful piece.

The attention paid by the composer to the perceptive
dimension is considered central, so much so that even
the Climax of Crystal World | is characterized by the
overlapping of a series of perceptive mechanisms which,
together with the corroboration of other events, allow us

to affirm that this section represents the point of
maximum tension of the piece, its peak. In our interview
Michael Obst declares himself aware that, in quality
electro-acoustic work, the technical dimension must play
a primary role; but he is also aware that the care of
aspects exquisitely technical ones constitute only an
initial premise, necessary, but not sufficient for the
success of a job. According to the composer, who in his
technical activity was supported by the sound engineer
Stephan Behrens, the possibilities offered by new
technologies cannot be separated from musical thought
and musical perception.

The Mini-structure

In Crystal World, Obst delves into the intricate and
dynamic sound spectra of Asian instruments and the
human voice.

These sounds inspire the composer to explore and
expand their potential, shaping a formal development
across four sections.

In Crystal World, Obst depicts a journey transitioning
from sound to noise (Fig. 1).

He meticulously plans not only the set of frequencies to
be used but also the nuanced contrasts and relationships
among them.

Obst employs four distinct ratios in his compositional
approach. Using the first ratio 3z, the octave is divided
into five intervals, while the fourth ratio *y= generates
sequences of sounds that approach the threshold of
noise (Fig. 1).

Across the complete cycle, consisting of four movements,
Obst develops a musical concept that can be described as
“material”.

Ratio: V2 Ratio: ‘32 Ratio: %2 Ratio: 42
100 (hz) 100 (hz) 100 (hz) 100 (hz)
114 107 103,5 101,7
132 114 107 103,5
152 122 110,7 105,3
174 132 114 107
Divide the Intervals are Intervals are It leads to
octave in 5 slightly larger almost a quarter sounds close
intervals. than a second of a tone to noise

Figure 1. Frequencies Ratios and Intervals - Harmonic system in Crystal

World.
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Crystal World | exemplifies his penchant for
experimenting with percussion sounds and showcasing
electronic virtuosity.

However, this virtuosity does not overshadow his pursuit
of a delicate balance between a pronounced intellectual
dimension and a deeply evocative emotional expression.

The planning of the cycle

Obst describes the piece, premiered for the first time in
Bourges in 1985, as a compact work, inspired by a
unitary vision:
| can describe the systematic context regarding sound and
structure, the development of sound and motifs, the
inclusion of space and timbre in a unified conception. This
provides a sensitive arrangement of the material and,

hopefully, some continuity of musical expression.
(Interview with the composer, May 2020).

Other factors contribute to affirming this unified vision
and, in fact, influenced the creation of the cycle:

1. The Influence of Extra-Musical Data: The composer
sought to describe the world of crystals, using percussion
sounds and a synthesized voice with CHANT to evoke
this imagery.

2. Development Through «Changes of State»: A key
aspect of the piece is the presentation of the basic
material at the beginning, followed by its transformation
through «changes of state». This approach allows for
variation within the cycle, creating a sense of
development and diversity.

3. Mini-Structural Considerations: On a mini-structural
level, the composer employs a «frequency scale», similar

to techniques in previous works such as Quartetto Ill by F.

Donatoni and Studie Il (1954) by K. Stockhausen
(Avantaggiato 2014: 4). The composer selects specific
frequency sets for each section, which significantly
influence the color and texture of each part. This process
follows a progression from sound to noise and from
bright to dark. Of the four frequency scales used, the one
with a ratio of 7= 1.017548 produces smaller
interval/frequency differences, intentionally leading to
sounds that approach noise.

4. Organization of Textures and Gestures: At an
intermediate level, the piece is organized into textures
and micro-textures, as well as gestures and macro-
gestures.

5. Emancipation of and

Organization

Temporality Spatial

ol - h=TAS AR =X H22F (2024)

Beyond the micro-structural development, the composer
also focuses on the segmentation of time and the
organization of sound within space. In the quadraphonic
version of the piece, attention is given to how sound is
spatially distributed, contributing to the overall structure.
The final version of the cycle, completed in 1986, consists
of three sections and an interlude (Fig. 2). The composer
states:
| composed this 45-minute piece from 1983 to 1985, in
Cologne and at IRCAM in Paris. The first part was created in
1983 in the electro-acoustic music studio of the Cologne
Conservatory using mainly analog studio equipment. |
came up with a plan for a whole cycle of pieces, in which

each piece could develop and focus on a central theme
(Interview with the Composer, June 2020).

Subsections Instrument Gesture/ Reverb
Texture
0’00-0'31" Rin, Keysu, Gesture Room |
Gong + (Brighter)
Texture
0'32’-0'48" Mokusho Gesture Room I
+ (Intermediat
Texture e
Brilliance)
0'497-1’32" Rin, Keysu, Gesture Room |
Gong +
Texture
1’33"”-2'17" Rin, Gong Texture Room Il
elect. trasf. (less bright)
2'18""-2'34" Soundplate Texture Room |
(2'18” - 2'33"); + Gesture
Glissando (Ending
Gong Crescendo)
(2'31-2"34")

Figure 2. Crystal World | - Structure of the Introduction: Instruments;
gesture/texture; reverb.

Although the individual pieces in the cycle were
composed over different periods and exhibit distinct
musical characteristics — such as harmonies, frequency
scales and other structural concepts — Obst notes and
our analysis confirms, that these elements remain
fundamentally consistent throughout all the works.

Crystal World I Presentation of the original sounds and their spectra. (1983-85) 13:16
Crystal World I | Combination of instrumental sounds and computerized | (1984-85) 9:33
sounds that simulate the human voice.
Interméde (1986) | Exaltation of the percussive dimension of the instruments, | (1985-86) 19:10
extensive use of polyrhythms (sections IT and IV).
Mirror-shaped section with interlude function
Crystal World TIT | Introduction of the natural attacks of the instruments in a (1986) 507
ic way; re: ion and d
of rhythmic structures.

Figure 3. The plan of the work; the durations of the movements with the
dates of realization; the contents and characterizing aspects. The overall
duration of the cycle is divided almost equally between Crystal World |
and //; the third episode and the Interméde.
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The Macro-structures

At the macro-structural level, Crystal World presents a
wide variety of musical forms, which contributes to the
overall diversity of the cycle. These range from the
macro-form governed by the Fibonacci series in Crystal
World | and Ill, to the "equi-distributed" form centered
around a pause in the Interlude (Intermezzo).

What is particularly interesting is the contrast between
these forms: for instance, the first movement follows the
Fibonacci series in the distribution of gestures, textures
and subpanels, while the form of the Intermezzo is
equally distributed and symmetrical.

In the Intermezzo, the repetition of arpeggio gestures in
sections |, 1l and V helps the listener become familiar
with these gestures.

However, the composer introduces variations for each
arpeggio by manipulating factors such as speed, curve
slope and frequency scales (Fig. 1).

Similar considerations apply to the polyrhythms in
sections Il and IV, where accelerated gestures and
polyrhythms create perceptually similar events, forming
distinct Perceptual Groups.

Furthermore, the Intermezzo features formal sections of
roughly equal duration, with gestures that accelerate and
decelerate in stages.

The Fibonacci series has been widely used in electronic
music, with an example being Stria by J. Chowning?.

Section Starting
time

0’00

Duration of Global Duration
the Section (Equi-Distribuzione)
011" =—————— 0'11"42"10"+0'13""= 2'35"
(=

| (Introduction)

I (Specular to Section IV) 011" 210

Il (Variation) 221" 013"

2'34”

IV (Specular to Section Il) 226" —  2726"+0°09"= 235"

v 500"
(variation Il_of the introduction)

Figure 4. Intermede: The 5 panels constituting the interlude: in section
I; Il; V accumulation processes can be pointed out; while in section Il
and IV we can point out the presence of polyrhythms. The overall
duration of the first three sections of the Interlude is 2'35" (equal to
0'11"+2'10"+0'13") is equal to the sum of the duration of sections 4)
and 5).

The Fibonacci series governs both the development and
temporal distribution of the panels—Intro, First Variation,
Development, Climax, Second Variation and final coda —
as well as the duration of individual gestures and events.

The recurrence of the following time durations is
notable: 1, 3, 4, 7, 10, 17, 28, 46 and 75 seconds (Fig. 4-5).

10

CRYSTAL WORLD I (SECTIONS)

Intro 1Var. Development Climax 11vVar Coda

Section
Durations

210 121 75 120

Sub-section
Durations

31+17+44+45+17 (**) 75+46 75+135 (***) 75+46 75 28+02 (¥***)

(L)

Piccole differenze di 135
durata rispetto a =143+28+28+75

(28+17+46+46+17)

()
Remark (*): 92=17+75)

Figure 5. Crystal World I: Sections and Sub-Sections in CW | are
distributed following a fiboser distribution.

Small differences in durations, when compared to this
distributive rule, are due to algorithmic rounding,
contextual factors and the composer's choices in the
piece's development (Fig. 4-5). The macro-temporal
relationships in Crystal World | are based on the Golden
Ratio. The first part of the cycle can be divided into
multiple subsections, each further divided into individual
events, with durations interconnected by these
relationships. This structure is not immediately apparent,
due to the internal redistribution of the (sub)sections (Fig.
5). Obst employs the Fibonacci series as a macro-
temporal distribution criterion, as seen in other historical
works such as Stria by Chowning.

However, he does not apply this principle uniformly
across all sections of the cycle. For example, in the
Interlude, a form of equal distribution prevails around a
central point. In Crystal World, the Golden Section is
preceded and anticipated by isolated, repeated low-
register sounds at a frequency of 50 Hz. In contrast, Stria
presents a unique characteristic: the durations of
individual sounds are proportional to their frequencies.
This is in contrast to much of the music repertoire —
including Crystal World | —where low-frequency sounds
typically drive the motion of the piece and thus have
longer durations than higher frequencies.

The world of crystals: «hyletic universe»
and poetic imaginary

The title of the piece refers to the world of crystals,
composed of atoms, ions and molecules arranged in
distinctive polyhedral and regular structures. The
sonograms presented in this article reflect the
composer’s intention to evoke the intricate distribution
of atoms within the lattices that form the crystal (Fig. 6).

Emille, the Journal of Korean Electro-Acoustic Music Society Vol.22 (2024)
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Crystal World | (from 4°42)

©

L ©
©C ©f Q
| *58 P <
© 1© 9 © © Chorale (from 6’00 a 6'30)
o © _—
< J)co -
e e

INTERMEDE (from 2'21)

©: ©: 0 [
Sodium Atoms (Ne)  Chiorie Atoms () —_—_—

Figure 6. Depiction of crystal molecules: in the sonograms of the various
pieces that make up the cycle, the composer depicts crystal molecules
arranged in such a way as to constitute crystalline lattices with meshes of
various shapes and sizes.

These visual representations highlight the striations, the
varying degrees of regularity in the arrangements and
the differing levels of brightness.

Structures and timbres from dark to light

At a ministructural level®, some peculiar compositional
choices are highlighted: the path from sound to noise
and the use of a "frequency scale" ; the consequent use
of harmonic fields of different colour(s); the path from
warm to cold, from dark to bright (Fig. 5).

The title of the piece refers to the world of crystals which,

made up of atoms, ions and molecules, are united and
arranged in characteristic polyhedral and regular
structures.

The extra-musical idea is the reference to the world
described by James Graham Ballard, an intuition that is
entirely addressed and resolved on a formal level.

The composer points out that the sounds employed in
the piece were unique in their qualities comparable to
various manifestations of light — in their reflections and
in their “prismatic” spectra 4, aspects that are
reminescent of the novel by James Graham Ballard
entitled The Crystal World (1966).

The sonograms presented in this writings testify to the
Composer's desire to describe the distribution of the
atoms in the lattices that form the crystal (Fig. 6), their
striation, their more or less regular arrangement, their
different degree of brightness.

With reference to this last point, the author reports that
in composing the piece he followed a musical process
which, from the beginning to the end of the piece, made
use of increasingly brilliant structures and timbres:

In Crystal World | includes musical processes which evolve

from graphic patterns in combination with sounds of Asian
percussion instruments. Due to their complex overtone

ol - h=TAS AR =X H22F (2024)

structures, the metallic sound character of these
instruments very easily produced the visual impressions of
light and color in their electronic  transformations.
Therefore, the compositional strategy followed a musical
sound process from the beginning to the end of the piece,
using increasingly brighter-soundingstructures and timbres
(Interview with the composer).

As shown in Figure 7 the series of instruments used by
the composer starts from very warm and progresses to
extremely aggressive colours.

Instrument Attack Release Colour
Rotating S d Plat Very Long
otating >ound Flate Smooth Stable Very warm
(Java)
overtones
Medium: the spec-
Keysu Medium | trasoften during Warm
(Japan) release
R Long release. )
Rin Medium Stable Bright,
(Japan) rather cold
overtones
Glissando Gong . Cold,
(China) Medium Short release Aggressive
Mokusho Hard Very short Extremely
(Japan) release Aggressive

Figure 7. Material Universe in Crystal World: features of the percussive
instruments

Same Instrument, different sound images

In Crystal World I, as well as throughout the entire cycle,
certain sound images appear to vanish only to resurface
later, often with notable transformations. These changes
can include variations in sound speed, amplitude
characteristics, envelope shapes and temporal shifts,
driven by effects like reverbs and delays.

As a result, the listener becomes immersed in a dynamic,
ever-evolving kaleidoscope of sound—plunged into it,
left adrift, then drawn back in and guided again.

This cyclical re-presentation of sound images not only
serves to anchor the listener's attention, but also mirrors
the crystalline structures in our imagination—presented
as lattices with repeated and symmetrical forms.

The re-presentation process — an intensification of the
déja-vu effect — is further explored through the
transformation of sounds, which evolve over time via
various processing techniques. These range from
common methods such as sample stretching and filtering,
to more radical equalization and even to cutting-edge
synthesis techniques for the time, such as F.O.F.
synthesis. For example, in “Mokusho”, the composer
creates a broader array of sonic images by manipulating
various elements, including frequency ranges, registers
and micro-temporal properties of the sounds.

11
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Figure 8. introduction of the Mokusho (sub-section II: 0'32”"-0'48"")

a) Introductory Section (up to 2'34"): The mokusho here
adopts a mysterious and restrained character, with
sparse, fleeting appearances that emphasize a narrow
range of repeated frequencies. The section has a static
quality, with a delicate, weak rhythm punctuated by
rapid repetitions (from 0'34" to 0'48").

The Mokusho, a circular block of wood struck with thin
wooden sticks, produces a dry, sharp and incisive sound.
This is the sound heard between 0'32" and 0'48" in the
second sub-section of the Introduction, where the
instrument is introduced to the listener for the first time.
The dotted lines in Fig. 8 represent both the original
version of the Mokusho and its reversed counterpart,
which generates sounds resembling intermittent bursts.

b) In the section labeled Var. | (from 2'42" to 2'54" and
again from 3'15" to 4'32"), the Mokusho is assigned a
distinct rhythmic motif (Fig. 9), which reappears at the
end of Crystal World | (from 10'25" to 10'47").

Figure 9. Mokusho: beginning of the section Var. |

c) At the end of the section - between 2'42" and 3'05" -
the Mokusho is paired with an ascending gong glissando
effect, which marks the conclusion of Variation | at 4'32".

d) In the Development section (4'43" to 8'02"), the
Mokusho is grouped into clusters, creating a dense sound
cloud. The original sound re-emerges with a forceful
character between 5'22" and 5'42".

12

e) Variation I (10'13" to 11'27") is the fifth section of the
piece, leading into the final coda. The Mokusho
reappears between 10'25" and 10'47", where it repeats
certain frequencies in an ostinato pattern.

The rhythmic motif introduced earlier - between 2'42"-
2'54" and 3'15"-4'32" is revisited here.

The «en-temps’»

The Crystal World by James Graham Ballard becomes the
literary expedient to describe the world of crystals
through sounds that the composer strives to make
current by projecting them, in a sometimes even
fetishistic way, into the sonograms (Fig. 6). The reference
to extra-musical data is made current:
- by the adoption of the change of state as a tool for
musical diversification and development: the original
sounds are presented in the Introduction, but transformed
later in the piece. Percussion sounds — mostly, but not

exclusively used in Eastern ritual traditions, were recorded
and then selected by the author;

- by the cyclical nature of gestures and textures, which
seem to re-propose, albeit in an always varied way, the
lattice structures of crystals;

- from timbral explorations at a micro-structural level,
which can also have important reflections on intermediate
levels of organization (e.g. the climax or final coda of the
work between 11'22" and 13'12", prominently marked by
the spectral exploration of the glissando gong sound);

- organization in textures and gestures - or higher.

The development strategies

The development techniques employed across all four
pieces of the cycle share common characteristics, which
can be summarized as follows:

1) Cyclical combination of elements, a feature also
present in Fdbrica, a piece composed by M. Obst in 1985
(Obst 1997: 155-159);

2) Motivic contrast;

3) Use of a distinct «frequency scale» (Fig. 1), which
facilitates, among other things, the transition from sound
to noise;

4) Selection of specific register bands and register shifts,
moving from low to high or vice versa;

5) Changes of state;

6) Increase in structural complexity and density or
frequency of sound elements over time;
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7) General change in sound, achieved through sound
selection and extraction, as well as its arrangement into
clusters and the creation of complex polyrhythms;

8) Emancipation of different time scales, from
microstructure to macrostructure, with these time scales
used either individually or in combination;

9) Dynamic contrast between sections: the composer
identifies dynamic variation as the fundamental element
driving the piece's development (Interview, May 2020);

10) Change of sound environment, allowing the
composer to simulate different scenes, conveying
contrasting  temporal coordination and spatial
orientations;

11) The use of counterpoint lines;
12) The use of timbres;
13) The use of a Multidimensional Rhetoric.

The principle of cyclical combination of elements (Point
1) can also be observed in Fdbrica, a piece composed
prior to Crystal World, as well as in the Intermede.
Additionally, lower-order structural elements, such as
“motifs," are presented cyclically within Crystal World I.

Ex. 1: Examples of motif transformation processes include
the acceleration or deceleration of a motif's re-
presentation by either increasing the duration of the notes
(frequencies) or, conversely, compressing them. For
instance, the fast theme introduced at 1'02" reappears at
8'11" but is slowed down to such an extent that it becomes
barely recognizable (interview with composer).

The composer describes the structure of the first
movement as ‘"cyclical and, in a certain sense,
traditional." The "motifs," as Obst refers to them (Point
2), are introduced at the beginning of the piece and
evolve throughout, with the varying combinations of
different reverberant spaces continually creating fresh
musical scenarios. But what does Obst mean by
"motifs"?

These can be understood as articulation units or mini-
structures characterized by the following features:

e High combinatorial capacity, allowing them to in-
teract flexibly with other elements;

e Relatively short length, making them concise and
adaptable;

e  Repetition of certain pitches, lending them a dis-
tinct identity;

e  Perceptual clarity, enabling them to form recog-
nizable "figures" or "gestures," though this recog-
nizability is inherently subjective.

ol - h=TAS AR =X H22F (2024)

Regarding Point (3), it is important to note that the use
of frequency scales (Fig. 1) and the harmonic system in
Crystal World | demonstrates that some composers not
only compose sounds but also manipulate the
"temporal" differences between them, shaping the way
these differences interact.

The composer employs the "change of state"(Point 5) as
a tool to guide the piece’s development, transitioning
from solid to airy and from gaseous to liquid states.

This approach allows Obst to stay true to his extra-
musical concept of representing crystals, which can exist
in various physical states.

Obst is mindful that the intended listeners may not
always be familiar with this type of music. To address this,
he employs strategies to familiarize the audience with
the new instruments, presenting the original sound
material in the first five panels of the introduction (0'00"-
2'34").

Obst reflects on the fact that crystalline structures are
formed through the gradual solidification of a liquid or
the frosting of a gas, a process that can occur both
spontaneously in nature or be artificially induced (Niggli
1954: 7). Throughout the cycle, the composer appears to
represent these networks and lattices through a precise
distribution of frequencies and harmonics over time,
emphasizing the atomic structure of the "crystal"
through the frequencies employed (Fig. 6).

The Change of State (Point 5) refers to strategies where
the transition from an initial state and its subsequent
return can signal the passage of time. At the start of
Crystal World I, Obst introduces Asian instruments that
are later transformed through electroacoustic processes
(Fig. 3).

At the macrostructural level, the larger shapes, governed
by the Fibonacci series (e.g., the first movement),
regulate the lengths of sections and subsections within
the piece. The study of the shapes of the different panels
remains crucial, as, to quote Roads, it provides context
for the material and internal structures, making them
identifiable (Roads 2005: 290).

Regarding points (9) and (10), the careful and
simultaneous use of reverb and amplitude modulation
allows the composer to create diverse soundscapes.

The use of dynamic contrast between panels is another
method for shaping the formal development of a piece.

Regarding changes in the density or frequency of sound
elements over time (Point 6), the author increases the
complexity of the structures by:
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a) Exploring the relationships between order and
disorder, a concept closely related to traditional
harmony;

b) Investigating horizontal relationships among objects
through layering, akin to traditional counterpoint
(Emmerson; Landy 2012: 4).

The term "counterpoint" (Point 11) refers to the
presence of multiple simultaneous, autonomous melodic
lines or profiles, each carrying its own complete meaning
when isolated from their polyphonic context, while
generally adhering to the harmonic fields established by
the composer.

Examples of this can be seen in Crystal World | and in the
following passages (Fig. 10).

Figure 10. Interméde by M. Obst: Sonogram of the central section of the
episode.

Despite the variety of processes employed, the five sec-
tions that comprise Crystal World maintain a cohesive
stylistic unity, with no major contrasts emerging, accord-
ing to the composer (Interview, May 2020).

The Microstructural Level

At the microstructural level, timbre (Point 12) serves
multiple compositional functions: it can color or
"colorize" musical structures; integrate or segregate
distinct perceptual flows; act as a "sequential glue" to
outline and distinguish separate units or sections; and
contribute to the shaping of sections that ultimately
define the overall musical form. At a micro-structural
level, timbre serves various structural functions.

Specifically, it acts as a tool for unifying sections and
subsections, or conversely, for segmenting and
fragmenting them (Avantaggiato, 2022: 8).
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The use of Reverbs

The use of various psychoacoustic effects, such as reverb,
delay and filters (Point 10), enables the composer to
simulate different ambiances or scenes, contributing to
contrasting temporal and spatial orientations.

In this introductory section, the reverbs are arranged
progressively from less bright to brighter (Fig.2). The
composer employs three distinct reverbs, each with
unique characteristics. These effects first appear in the
introduction of Crystal World |.

- Room [: from 0’00 to 0’31, from 0’48” to 1’32” and
from 2’17” to 2'34";

- Room II: from 0’31” to 0'48"’;
- Room IlI: from 1’32 to 2’17".

However, the reverbs are not confined to the introduc-
tion; they are also featured throughout the rest of the
piece, where Room | becomes particularly dominant.
Notably, Room | defines the final sections of the piece,
including the climax and the coda (11'22" - 13'12")

As previously mentioned in Point 8, the use of psychoa-
coustic effects, such as reverberation, enables the com-
poser to simulate various acoustic environments. This
creates a sense of temporal coordination and spatial con-
trast between the different sections of the piece.

Beyond making the interpenetration of simultaneous
sound planes more perceptible — a clear structural func-
tion — Obst uses reverberation to revitalize the sound
material. In Crystal World, there is no evidence of flatten-
ing or timbral smearing, which are common issues when
this effect is overused.

Instead, the composer skillfully processes sounds with
slow attacks and long durations, characteristics that in-
herently avoid producing undesirable color trails.

In this context, reverberation — especially when applied
suddenly — enhances rather than dulls the material, im-
buing it with renewed energy. Additionally, reverberation
serves a dramaturgical purpose, heightening excitement
at critical moments of the narrative. This is particularly
evident in the Contrast Section, where multiple reverbs
are combined to striking effect:

A structured sound wall followed by a sound collapse made

of thousands of percussive sound points. Implementation

of a hidden rhythmic section at the end. (Interview with the
composer, June 2020).
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Crystal World | and its multidimentional
rhetoric

The question of whether a distinct musical rhetoric exists
within the acousmatic genre «stricto sensuy is often side-
lined or even avoided, largely due to the complexity such
a discussion entails. Despite the many valid reasons to
analyze sound and music through the lens of rhetoric and
composition, this approach is not commonly adopted.

The rhetorical dimension in music operates across multi-
ple levels of a composition: from sound objects to

gestures, from macro-gestures to overall form and even
to spatialization (Avantaggiato 2022: 10).

The emergence of this symbolic and rhetorical layer,
however, cannot be reduced to the categories explicitly
labeled as rhetorical by some analytical theories. Exam-
ples of these include Roy’s “Relation and Rupture Cate-
gories” (Roy, 2003) or the “Temporal Semiotic Units” and

“Spatio-Temporal Semiotic Units” proposed by the M.I.M.

group (M.I.M. 1996). Particularly M. Obst pay attention
to:

- Temporal associations of sound: These are influenced
both by their semantic meanings (Roy 2004: 358-365)
and by their spectro-morphological characteristics
(Smalley 1986: 61-93).

- Space and spatialization: Temporal associations also
arise during the segmentation of space and through
spatialization processes. This includes concepts such as
the “Temporal Semiotic Unit” (MIM 1986), “Spatio-
Temporal Semiotic Units” (MIM), “Spatiomorphology”
(Emmerson & Landy 2012: 4) and “Figure d’espace”
(Vande Gorne 2002: 9-11).

- Relationship between reality and imagination: This
dynamic is explored by Lakoff and Johnson (Lakoff and
Johnson 1980: 26).

- Emotional responses: Listener reactions to musical
stimuli are shaped by a network of relations in the
interpretation of acousmatic music (Hirst 2003: 4), as
well as by social, emotional and meaning-related aspects
(Emmerson & Landy 2012: 5).

Perception and listeners attention

The author recognizes that other significant strategies
can influence a listener's qualitative perception and
response. Listeners' attention is engaged through various
structural devices, including:

- exploring sounds at a microstructural level;

- enhancing structural elements such as textures and
gestures;

- activating perceptual mechanisms at multiple levels,
including good continuation, familiarity, similarity,
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proximity and common fate (Meyer 1956; Tenney 1963;
Deutsch 1982);

- manipulating temporal and metaphorical relationships
between sound objects, skillfully managing the rhetorical
dimension with the expertise of a sound director and
playwright.

These findings were supported by a study conducted
using a questionnaire prepared for students in the
electroacoustic music course in Reggio Calabria (ltaly)
and based on the cited studies by Meyer, Tenney and
Deutsch. To ensure reliability and reduce the influence
of subjective impressions, we conducted a listener survey
based on this questionnaire. Participants were asked to
identify various structural strategies used to capture and
sustain their attention. The survey results confirmed that
composers demonstrate a careful awareness of the lis-
tening process, paying close attention to various aspects
of each individual sound event.

- Duration and Sustained Sound: in cases where long
sustained sounds are involved and there is little or no
indication of long-term evolution, the listener becomes
less aware of time passing. However, if there are no cues
or clues in the sound itself to make us aware of its ap-
proximate physical duration, the sound in question ap-
pears seemingly endless, or even static. Eg. In the final
coda the author uses a stretched, prolonged sound of
Gong; the listener becomes less aware of time passing
because it is concentrated on the internal evolution of
sound, with evidence of its partials.

- Activating synesthetic relationships: acting on some
characteristics of the sound, such as rugosity (Reversed
Gong Sounds are here a good example).

- Working on predictability of events: events occurring
at predictable points in time are more quickly and easily
processed by listeners (Huron 2006: 35).

- Variations in Intensity can be used to provoke arousal
of the listener's attention; the timbre allows to identify a
sound; by altering some of its characteristics and with
some technical retractions, it allows to hide the original
sound, making it more difficult to recognize (Christensen,
1996: 12-16).

- Perceived Timbre, Pitch, Duration, Amplitude, Space
work as articulators of rhythms [Christensen 1996: 100]
and perceived time. Perceived timbre, for example, can
help in horizontal organization, influencing the percep-
tion of time passing (Hirst 2003: 2) repeated and/or rapid
changes in timbre can fragment a sequence; less rapid
shifts in timbre can be used to delineate larger horizontal
units or phrases

One piece, different temporalities

The focus on different temporal domains, their interplay
and their overlaps enables the composer to craft a rich
array of perceptual layers, significantly enhancing the
quality and overall listening experience. The temporal
contexts the composer engages with are multifaceted:
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- Microstructural level: Timbre serves as a tool for
cohesion between subsections or, conversely, as a means
of segmentation and fragmentation, creating dynamic
contrasts within the composition.

- Temporal profile manipulation: The attacks, sustains
and releases of oriental percussive instruments and the
voice can be modified to generate novel, evolving, or
distinctly altered sounds compared to their original
forms.

- Mini-structural level: The application of a «frequency
scale» illustrates that the composer transcends
traditional sound creation and frequency arrangement by
engaging with the temporal intervals between
frequencies, actively shaping them to enhance the
compositional narrative.

- Intermediate level: Musical discourse is articulated
through the interplay of textures and gestures,
intermediate states between the two, or even the
juxtaposition of macro-gestures and micro-textures,
creating intricate structural layers.

- Psychoacoustic effects: The use of effects such as
reverberation allows the composer to simulate diverse
acoustic environments and sonic scenes. These create a
sense of temporal coordination and contrasting spatiality,
enhancing the perception of distinct sections within the
piece. This intricate engagement with temporal domains
underscores a deliberate compositional strategy,
enriching the auditory experience and providing a multi-
dimensional perspective on sound and structure.

¢ the simultaneous presence of regular distributions of
the sound material, alternating with other irregular ones,
often in acceleration, in the gestures, macro-gestures, in
the textures;

¢ the distribution of the material and its acceleration or
deceleration also produces different effects on the
expectations of the listeners;

* the coexistence of different arrangements of sounds
over time: from motivic movement to drifting and
fractional polyrhythm (Fig. 8) to regular or stochastic
intermittencies (0'54” to 2’13”’; 821 to 8'51”: second
movement Chorale); from constant slowing down to
constant speeding up (0’00 to 0’11”: 2'21” to 2'34”;
3’08 to 3’'21": third movement) to simple or complicat-
ed repeating patterns (1'49"'to 2'21"; 2'34” to 5'06"":
first movement).The appreciation of different temporal
dimensions allows us to state that Multi-temporality
allows to increase the sense of variation and musical in-
terest for long works.

The climax of the piece: its singularity

The author identifies the macro-gestures between 8'11"
and 9'26" and again between 9'27" and 10'12", as the
most significant sections of the piece.

16

The Golden Ratio of the first movement is symbolically
located at the beginning of the Climax section: the ratio
between 492 seconds (the overall duration of the piece
at 8'12") and 796 seconds (the total duration of the piece,
13'16") yields a value of 0.618, reflecting the Golden
Ratio. Several factors contribute to the importance of
this section.

The instrumental sounds become more challenging to
identify as they are stripped of their attacks, resulting in
the creation of Fondu Enchainé (Vande Gorne, 2002).
These smooth transitions, or fades, are constructed from
frequencies that the composer skillfully manipulates,
rotating and elongating them to extend the sequence.

This clever use of sound manipulation elevates the
section, enhancing its pivotal role in the piece. From
9'27" to 10'01", a second (sub)-section emerges, marked
by a series of accumulations (Roy 2004: 358-365) of
“Rin”, an instrument known for its luminous sound. Both
Fondu Enchainé and accelerated sequences follow a
logarithmic profile, with the former being more relaxed
and the latter more compressed.

Figure 10. Crystal World | : polyrhythm with a log distribution (3'42").

This second section builds on an accumulation process
(Roy, 2004: 358-365) with a characteristic logarithmic
curve, where the intensity gradually increases through a
speeding-up process, extending from 9'27" to 10'12".
Together, these two gestures form a macro-gesture, one
of the most significant in the entire piece, both in terms
of duration and impact. Within this macro-section,
various perceptual mechanisms (Meyer, 1956; Tenney,
1963; Deutsch, 1982) converge and recur simultaneously,
enriching the listener's experience with complex,
interwoven auditory elements.

Proximation: Sequences of events occurring in close
proximity, with time intervals of less than 1.5 seconds,
forming a perceptual group.

Good continuation: The transition between the two ges-
tures and their timbral transformation unfolds in a
smooth, linear and gradual manner.

Principle of Similarity: The presence of perceptually simi-
lar events, creating a sense of coherence.
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Common fate: Events evolve in the same manner and at
the same time, characterized by a shared, precise direc-
tionality.

These perceptual mechanisms apply not only to the Fon-
du Enchainé, the first gesture, but also to the subsequent
accumulation process (Fig. 11).

Moreover, alongside the rapid acceleration of the mate-
rial, a second process can be identified: the "unveiling" or
"revelation of sound". In this process, the original sound,
previously obscured due to the lack of an attack, is suc-
ceeded by more recognizable sounds, where the attack
becomes perceptible (Fig.11). The section identified as
the Climax of the piece is a pivotal moment in which the
composer explores the interplay between continuity and
discontinuity. By densely layering multiple sounds, the
composer allows for the distinction between continuous
and discontinuous elements, highlighting the dynamic
relationship between these opposing temporal struc-
tures.

wFondu Enchainés

Sounds deprived of attacks )

«Accumulation»

Sound with Attacks

102"

Figure 11. Climax in Crystal World I (926")

The timbral transformation progresses in a smooth, line-
ar fashion, without any abrupt shifts. The ratio between
the durations of the two gestures is 0.618, reflecting the
influence of the Fibonacci sequence in the distribution of
time (see Fig. 11).

Conclusion

Although the composition of the various sections
spanned approximately three years - from 1983 to 1986
(Fig. 1) —the harmonies, frequency scales and other
structural concepts (Fig. 2) employed throughout the
piece, as reported by Michael Obst and confirmed by our
analysis, remain consistent across all sections.

One notable aspect is the use of the Fibonacci series,
which serves as a framework to regulate multiple dimen-
sions of the composition, ranging from the duration of
events and musical gestures to the overarching macro-
structure. This deliberate application of the Fibonacci
series connects Crystal World | with other significant
works in the electroacoustic repertoire, such as Stria by J.
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Chowning. This study further underscores the centrality
of perceptual mechanisms, as described by J. Tenney,
Deutsch and Meyer, in structuring and comprehending
the piece. Listener attention is engaged through various
structural strategies, including:

1. Exploring sounds at a microstructural level.

2. Emphasizing intermediate musical structures, such as
textures and gestures.

3. Activating a range of perceptual mechanisms at differ-
ent levels, including principles like good continuation,
familiarity, similarity, proximity and common fate. The
recurrence of these perceptual mechanisms highlights
the climax of the piece, which notably coincides with the
beginning of its golden section.

4. Establishing temporal and metaphorical relationships
between sound objects and skillfully managing the rhe-
torical dimension, akin to the work of an accomplished
sound director.

In this process, Obst engages in what can be described as
a «contemplation of the sonic material». This approach
facilitates the transition from a phase of "non-
industriousness" — a state of potential or quiescence
within the original material substrate — to a phase of
"industriousness", in which the material is actively real-
ized and articulated.

To achieve this, the composer operates on both a micro-
structural level and an intermediate level, organizing the
material into gestural and textural structures.
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! The theme of crystals has captivated and inspired numerous
composers, particularly within the realm of electroacoustic music.
This genre frequently delves into abstract and evocative themes,
often drawing on natural phenomena, microcosms and the intricate
structures of crystals. Crystals, with their symmetrical patterns,
transparency and shimmering qualities, have provided a rich source
of inspiration for works that seek to mirror these attributes through
sound. Several noteworthy electroacoustic compositions reflect this
crystalline aesthetic.

Among them are “Crystal Music” (1983) by Horacio Vaggione,
“Crystals” (1999) by Natasha Barrett and “Cristaux Liquides” (1985)
by Mario Rodrigue. In “Cristaux Liquides”, featured on the album
“Alchimie, Electroacoustic Music” (CD IMED, 1994), Mario Rodrigue
explores a sonic continuum inspired by the contrasting physical
states of crystals. The piece transitions between the solid state,
characterized by fixed, crystalline movements (5'58"-6'15") and the
liquid state (2'39"-3'26"; 5'35"-5'40"; 8'19"-8'53"), which is evoked
through rich, undulating textures. Rodrigue employs counterpoint to
convey the dynamic flows and avalanches of color reminiscent of
liquid crystals (e.g., 2'25"-2'55"; 3'45"-4'13") (Avantaggiato 2022:
9).

2 The «pitch scales» used in Stria is based on a pseudo-octave with an
interval ratio of 1:1.168 per octave instead of the traditional 1:2.
Chowning chose to divide the scale into 9 equal divisions centered at
1000 Hz so that the scale remains somewhat similar to traditional 12-
tone equal tempered tuning, but remains different enough so that it
will not be interpreted as being simply out of tune. Moreover, the
first frequency to occur in the piece is none other than 1618 Hz.
Temporal relationships in Stria are also based on the Golden Mean.
The work can be divided into several sections and each section into
several events all with durations related to each other by the Golden
Mean. Additionally, theclimax of the piece occurs at 0.618 of the
entire duration. (McGEE 2009: 14).

3The concept of ministructure; mesostructure and macrostructure are
highlighted and explained by C. Roads (Roads 2005: 283-317).

4Since the 17th century, scholars have tried to explain how the external
appearance of crystals, called "habit", depended on an internal and
ordered distribution of the particles that constituted them.

The French abbot Renato Giusto Hally, seeing a cube of pyrite fall
and disintegrate into many cubes, formulated the theory according
to which the molecules of the crystals were very small polyhedra in
contact with each other. Later, another French physicist, Auguste
Bravais, hypothesized that the molecules of the crystals were
arranged in such a way as to constitute crystalline lattices with
meshes of various shapes and sizes. This hypothesis was
experimentally verified with the advent of X- rays: theX-rays, in fact,
passing through the crystal, form a patch of regular spots on a
photographic plate, which correspond to the position of the atoms
in the crystal. Since then the name of Bravais has remained
particularly linked to the theory of crystal lattices developed in the
Recherches sur la crystallographie (1849-50), a theory which
constitutes the basis of current rontgenographic research on the
structure of crystals. https://www.treccani.it/enciclopedia/auguste-
bravais/
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5The term "Hors-temps" refers to the time that precedes and shapes
the development of a musical piece, guided by the composer's vision.
This contrasts with "En-temps," which denotes the sonic
manifestation of the work — its translation into performance or its
recording onto tape_(Napoletano 2018: 294-297).
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This article follows the historical and technological evolution of multichannel audio in electroacoustic music, from its origins in the 1950s with
pioneers like Pierre Schaeffer to its present role as a central element in music composition and performance. It examines key advancements in
spatialization techniques, including surround sound, ambisonics, and site-specific diffusion systems, highlighting their impact on spatial perception,
listener envelopment, and auditory aesthetics. The discussion integrates insights into the creative and technical challenges of multichannel
composition, emphasizing its capacity to enhance spatial imagery, evoke emotional responses, and redefine performance practices. By exploring
emerging technologies such as augmented reality, machine learning, and networked audio systems, the article offers a comprehensive view of

multichannel audio's transformative role in shaping contemporary electroacoustic music and its future possibilities.

Keywords: Multichannel Audio, electroacoustic music, listener experience, music technology

Since the earliest performances of electroacoustic music,
composers have utilized multichannel loudspeaker
diffusion. In the early 1950s, Pierre Schaeffer and Pierre
Henry implemented a four-channel setup, which included
an elevated loudspeaker, to spatialize their compositions
(Lynch / Sazdov 2017). Musique Concrete, a term coined
by Pierre Schaeffer, describes music created using
recorded sounds as the basis of composition. In English-
speaking regions, it contrasts with Elektronische Musik,
which uses electronically generated sounds. However, in
French-speaking areas, it's understood that Musique
Concrete involves a hands-on approach to working with
sound, akin to sculpting or painting, where the composer
manipulates sound directly. Schaeffer’s method reversed
the traditional composition process, starting with
concrete sounds and moving towards abstract structures,
unlike conventional instrumental music which begins with
abstract concepts. Despite its basis in fixed media,
Schaeffer’s first public concert in 1950 included live,
variable elements, and by 1951, his team utilized
magnetic tape and innovative playback devices for
multitrack sound distribution (Harrison 1998).

The evolution of multichannel audio from a specialized
technology to a foundational aspect of modern music
production and performance mirrors broader trends at
the intersection of art and technology. Despite significant
advancements in both technical capability and creative
application of multichannel audio (Leider 2007), several
challenges persist. Acousmatic music has explored the
incorporation of space as a musical element, alongside
traditional parameters such as pitch, rhythm, and
duration (Normandeau 2009). Examining the diverse
dimensions of multichannel audio in electroacoustic
music reveals its role in enhancing spatial and immersive
musical qualities, while also opening new avenues for

artistic expression and engaging listeners on deeper levels.
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The landscape of musical composition and auditory
experiences has been profoundly transformed by the
advent and evolution of multichannel audio setups.
Multichannel audio is increasingly important for
composers, particularly those who treat the studio as a
musical tool for creating, processing, and mixing music.
(Leider 2007). This article focuses on the multifaceted
impact of multichannel audio, exploring its aesthetic
advantages, the creative choices it enables, the technical
challenges it presents, and its influence on both
composers and listeners.

Historical Context and Technological Evolution

The roots of multichannel audio can be traced back to the
early experiments with stereophonic sound in the late
19th and early 20th centuries. However, it was not until
the latter half of the 20th century that multichannel audio
began to take shape as we know it today (Ouzounian
2020). The advent of quadraphonic sound in the 1970s
marked a significant step forward, although its
commercial success was limited (Postrel 1990).

The true revolution in multichannel audio came with the
development of surround sound systems for cinema in
the 1980s and 1990s. These systems, which typically used
five or more channels, provided a more immersive
auditory experience that soon found its way into home
entertainment systems. As digital technology advanced,
so did the capabilities of multichannel audio systems,
leading to formats like 5.1, 7.1, and even more complex
configurations (Kerins 2010).

In the realm of music production and performance, the
adoption of multichannel audio was driven by composers
and sound engineers seeking to push the boundaries of
spatial audio. Early pioneers in electronic and
electroacoustic music recognized the potential of
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multichannel systems to create new sonic landscapes and
immersive experiences. This led to the development of
specialized venues and systems for multichannel music,
such as the Birmingham ElectroAcoustic Sound Theatre
(BEAST), which has played a crucial role in advancing
multichannel composition techniques (Wilson / Harrison
2010).

The landscape of multichannel concert presentations for
electroacoustic music has significantly evolved in recent
years. A key factor in this transformation is the new
accessibility of relatively affordable commercially
produced multichannel hardware. This development has
greatly expanded the potential and implications of
working with multichannel formats, regardless of the
style or design of the chosen presentation system (Wilson
/ Harrison 2010).

Aesthetic Advantages of Multichannel Audio

Enhanced Spatial Perception and Depth

Spatial audio deals with how sound is reproduced to
create a sense of direction and space around the listener.
Most research on spatial audio focuses on a single listener
who is ideally placed in the best spot among the speakers,
where the spatial effects are most effective. However,
this method doesn't work well in large or public spaces or
for listeners who are not in the center. Many current
solutions are only suitable for cinematic special effects or
need a lot of hardware (Etlinger 2009).

One of the primary benefits of multichannel systems is
their ability to enhance spatial perception and add depth
to music, particularly in electroacoustic compositions. The
spatial arrangement of sound sources contributes to
creating intricate sound environments, adding layers of
complexity to the listening experience (Batchelor 2015;
Stefani / Lauke 2010). This enhanced spatiality not only
makes the music more engaging but also adds significant
emotional impact and meaning to the composition.

Electroacoustic composition offers a unique opportunity
for spatial exploration because it provides the tools
necessary to manipulate spatial settings, distribute
sounds, and create movements both during the
composition process (by precisely controlling spectral
space and embedding spatial characteristics into sound
files) and during live performances (using sound diffusion
techniques) (Barreiro 2010).

Multichannel setups allow for precise localization of
sound sources, enhancing the spatial impression and
making the listening experience more dynamic and
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engaging (Howie et al. 2016; Leider 2007). The most
exhilarating and captivating idea related to space in
acousmatic music is that it not only involves moving
sounds through space but also transports the listener to
different auditory environments, creating parallel
listening universes. This is largely due to the acousmatic
medium's ability to evoke spatial and locational
references in sound (Barreiro 2010).

Improved Listener Envelopment

Listener envelopment (LEV) describes the feeling of being
surrounded by sound. This perceptual quality has been
studied in concert hall acoustics, spatial sound
reproduction, and electroacoustic music (Lynch / Sazdov
2017; Riedel / Zotter 2023; Soulodre et al. 2003). This
definition suggests that an ideal diffuse sound field is
enveloping, because it is characterized by infinitely many
incoherent plane waves impinging from all directions with
equal variance (Jacobsen / Roisin 2000). Additionally, the
spatial granular synthesis method is employed to
accurately manage the timing and directional
concentration of sound events. (Riedel et al. 2023).

Multichannel systems significantly improve listener
envelopment (LEV), providing a more realistic and
engaging auditory scene (Soulodre et al. 2003). This
enhanced envelopment closely approximates the
acoustics of a concert hall, creating a more immersive
experience for the listener. The total size of the sound
scene is significantly larger in multichannel compositions,
providing a more expansive auditory experience that
surrounds the listener from all directions.

Realistic and Hyper-realistic Sound Reproduction

Soundscape composition, though it treats sound as
inherently tied to its context, is associated with the idea
of decontextualization. In a way, it can be seen as a
specific type of acousmatic music. The space itself is a
thematic focus, and the techniques used to spatialize its
diffusion serve as tools for representation, striving to
preserve the coherence of the subject as much as
possible (Martusciello 2022).

The phenomenon of reproduction has influenced our
perception of quality listening. We believe we are
experiencing high quality sound, although this is not
always the primary goal of audio reproduction methods.
Ironically, in cinema, the realism between sound and
image is achieved by removing real recordings, which are
often deemed disappointing and uninteresting, and by
creating a fabricated illusion of reality (Puronas 2014).
This feeds the schizophonic phenomenon of separating
the sound from its source. Nevertheless, the public
accepts this illusion as more real than reality itself. In fact,
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the more a sound is processed or highlighted, the more
convincingly real it seems (Martusciello 2022).

The technology accessible to electroacoustic composers
allows us not only to record sound but also to fully
immerse listeners in our auditory creations. Techniques
such as binaural sound, ambisonics, and loudspeaker
domes enable composers to craft intricate soundscapes
and project them in a manner that renders them hyper-
realistic (Rossiter 2020). Additionally, multi-channel
soundscape compositions can evoke mythical places and
events, transporting the listener to an imaginary realm.
The magical qualities of this space are conveyed through
transformed versions of hyper-realistic soundscape
elements (Truax 2012a).

Enhanced Expressive and Theatrical Elements

Multichannel spatialization enables acousmatic
composers to intricately map sonic events to specific
locations within a listening space, in ways that were
previously unattainable with stereo sources (Stefani /
Lauke, 2010). Multichannel setups can significantly
enhance the expressive and theatrical elements of
musical  performances. By leveraging advanced
spatialization techniques, composers can create more
engaging and immersive performances. Site-specific
approaches to spatialization can further enhance these
aspects by tailoring the sound diffusion to the unique
acoustics of the performance space (Knight-Hill 2015;
Stefani / Lauke 2010).

In music, ambiophony can be crafted with meticulous
detail by the composer to highlight archetypal and global
environmental perception. It creates a space where
attention is drawn to the overall soundscape rather than
isolated sounds. Consequently, the listener does not
pinpoint the sources of sounds but is enveloped in a
diffuse ambience, with this diffuse quality defining its
archetypal nature (Lotis 2003; Stefani / Lauke 2010).

Loudspeakers play a significant visual role in the listening
space during acousmatic performances, often serving as

the audience's only visual connection to the sound source.

They can be hidden to create a more ambiguous
perception of sound localization or prominently displayed
to enhance the theatrical aspect of the performance. By
using various loudspeaker types and sizes, performances
can become Vvisually and sonically engaging. This
approach, seen in setups like BEAST's Tweeter Trees and
the GRM Acousmonium, emphasizes the importance of
the visual element in sound diffusion. Switching the focus
between different loudspeakers can create dramatic
effects and a sense of dialogue, adding cultural, comic, or
melodramatic dimensions to the work (Stefani / Lauke
2010).

ol - oh=TAS AR S&X| K223 (2024)

Creative Choices and Motivations in
Multichannel Composition

Exploring New Sonic Territories

The discovery of new sounds through tape manipulation
or the creation of custom devices for generating unique
timbres became as crucial to the success of a piece as its
temporal context. The tools available in the
electroacoustic music studio offered complete control
over every aspect of the compositional process, down to
the finest details of the acoustic signals. It became
possible to construct entirely new soundscapes using just
a tape machine, amplifier, and loudspeakers for playback
(Emmerson 1986).

Programs exist at various levels, from assembler code
(very low level) to high-level scripting languages that
often feature more human-readable structures,
resembling spoken languages or graphical
representations of familiar objects. Domain-specific
languages maintain general programmability while
offering additional abstractions suited to particular
domains, such as sound synthesis (Collins / d'Escrivan
2017). These programs include CSound, SuperCollider,
Chuck, and MAX 9.

Composers utilize multichannel audio to craft immersive
aesthetic experiences by harnessing spatialization
techniques, advanced recording methods, and innovative
playback formats. These approaches enhance the
listener's perception of space, depth, and realism, leading
to a more engaging and meaningful auditory experience.
The ability to manipulate sound in three-dimensional
space opens new creative possibilities, allowing
composers to explore sonic territories that were
previously inaccessible.

Enhancing Spatial Imagery and Meaning

The aim of spatial audio in electroacoustic music is to
evoke experiences in listeners that hold artistic
significance, particularly  through the spatial
characteristics of perceived sound. Consequently, a
multichannel audio system should strive to deliver
acoustic signals that evoke these artistic spatial
experiences and understandings. A deeper understanding
of the intricate relationship between spatial sound
systems and the listener's perception allows for more
effective utilization of these systems for artistic purposes
(Kendall 2010).

There exists a unique and complex connection between
meaning and space. Spatial meaning arises from the
embodied nature of spatial perception, reflecting how we
think about and experience space. It also emerges from
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the distinct characteristics of multichannel reproduction
and the inherent qualities of the artistic medium. Through
the fusion of technical and artistic exploration, new and
undiscovered avenues for meaning can be uncovered
through spatial audio (Kendall 2010).

Space functions as a multifaceted musical element that
can seamlessly integrate into a composition's structure,
sometimes becoming the primary conveyer of meaning
within the piece. This process of creation and
interpretation of meaning is influenced by cultural norms
of interpersonal communication, such as concepts of
personal space and territoriality. Additionally, it
acknowledges the intimate relationship between
electroacoustic music composition and technology,
highlighting how available technologies influence
aesthetic decisions and strategies for spatial composition
(Henriksen 2002). Fully grasping the spatial implications of
a composed environment is challenging, if not impossible.
However, recognizing the presence of these subconscious
elements is essential for effectively incorporating space
into musical compositions and interpreting spatial aspects
during music appreciation (Henriksen 2002).

The foundational model of acoustic communication posits
that information and meaning emerge through attentive
listening, drawing from both the internal structure and
patterns of the sound itself, as well as the listener's
contextual understanding. Ultimately, both internal and
external complexities contribute to our comprehension of
sound (Truax 2012b). Techniques like image dispersion
and the precedence effect are crucial for crafting
meaningful spatial experiences. Through manipulation of
sound's spatial attributes, composers can create intricate
auditory landscapes that convey narratives, emotions,
and abstract concepts in ways that traditional stereo
compositions cannot achieve.

Creating New Aesthetic Paradigms

Composers aim to create new aesthetic paradigms by
leveraging technology to broaden rather than narrow
aesthetic boundaries, providing listeners with tools to
perceive complex relationships of time and space
(Newcomb 1998). The development of environmentally
interactive computer music systems is driven by the
desire to offer profound personal benefits and limitless
variation with infinite control. This push towards new
aesthetic frontiers reflects a broader trend in
contemporary music towards more immersive and
interactive experiences.

Advancements in music technology open significant new
opportunities in multichannel composition and system
design. These emerging possibilities necessitate new
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strategies and aesthetic considerations and have
implications for presentation, performance, and reception
(Wilson / Harrison 2010). While it is easy to be excited
about the opportunities these developments present, it is
important to remember that they also come with
potential negative side effects. Along with the loss of the
straightforward exchange of artistic works, which may
also lead to a decline in the sharing of the aesthetic and
technical knowledge they contain (Wilson / Harrison
2010).

Integrating Performance and Composition

The use of multichannel systems has led to a blurring of
lines between composition and performance practices.
Traditionally, composition and performance were seen as
distinct stages in the creation and presentation of music.
Composers would write music, often with minimal
consideration for the performance space, while
performers would interpret these compositions, adapting
them to the performance environment. However,
modern advancements in technology, particularly the use
of multichannel audio systems, have led to a significant
shift in this dynamic, resulting in a more holistic approach
where composition and performance practices are
intertwined.

The integration of performance and composition has seen
significant transformation with the advent and increased
use of multichannel systems in the realm of music and
sound art. Composers now often consider the spatial
layout of speakers and the performance space as integral
components of the composition process (Stefani / Lauke
2010; Wilson / Harrison 2010). This integration allows for
more dynamic and responsive performances, where the
spatial aspects of the music can be adjusted in real-time
to suit the specific acoustics of the venue or to react to
the audience's response.

Exploring Psychoacoustic Effects

Psychoacoustics has significantly contributed to
understanding the fundamental connections between
tones, their combinations, and sequences, and the
resulting sensations of loudness, pitch, timbre,
consonance, dissonance, and rhythm (Houtsma 1999).
Multichannel systems allow composers to explore and
exploit various psychoacoustic effects. The ability to
precisely control the direction and movement of sound
enables composers to create illusions of space and
movement, significantly enhancing the emotional impact
of their work. This exploration of psychoacoustics opens
new avenues for musical expression and listener
engagement.
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Furthermore, electroacoustic music holds the same
potential as modern visual art, making it a valuable tool
for therapeutic or educational applications. Investigations
show how electroacoustic environments, created using
various semi-automatic signal processing techniques, can
impact listeners' perceptions and foster psychological
experiences in areas such as creativity, emotion, self-
perception, and mental association (Parada-Cabaleiro et
al. 2017).

Understanding Listener Perception

Electroacoustic music lacks a clear vocabulary for
discussing its spatial aspects. It not only misses terms to
describe the spatial characteristics of individual sound
sources but also lacks language to explain how these
characteristics contribute to artistic expression. To date,
there have been few perceptual studies focused on multi-
channel electroacoustic music. As a result, there is no
standardized method for obtaining perceptual responses
from listeners (Kendall / Ardila 2007). Several studies
have drawn from the fields of psychoacoustics, concert
hall acoustics, and audio reproduction research to design
perceptual experiments aimed at understanding how
multi-channel electroacoustic music influences the
perception of spatial characteristics (Lynch 2014).

These studies examine how various frequency ranges,
levels of sonic complexity, and loudspeaker placements
affect the perception of spatial attributes, spatial clarity,
envelopment, and engulfment. The spatial attribute of
envelopment is a well-understood term often used to
describe the sensation of being surrounded by sound
(Lynch 2014; Rumsey 1998).

Understanding listener perception is vital in multichannel
audio compositions. Composers consider how listeners
perceive spatiality and meaning, focusing on mental
processes related to space and meaning, such as image
dispersion and the precedence effect (Kendall 2010). This
attention to psychoacoustics ensures that the spatial
elements of the composition enhance rather than detract
from the overall musical experience.

Site-Specific Considerations

The performance spaces for electroacoustic music have
evolved significantly, incorporating various spatial and
technological innovations to enhance the listening
experience. These innovations are crucial for composers
and listeners alike, offering new ways to interact with and
perceive sound. The concept of a Sound House, for
instance, proposes a multi-space  center for
electroacoustic music and sonic art, emphasizing social
interaction and practical application beyond traditional
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concert halls (Jones 2001). Site-specific approaches to
multichannel spatialization also enhance the theatricality
and expressive functions of sound diffusion in
electroacoustic music, making the listening experience
more immersive and engaging (Stefani / Lauke 2010).

Technological integration plays a pivotal role in these
innovative performance spaces. Electroacoustic feedback
experiments by pioneers like Alvin Lucier and Max
Neuhaus have led to the emergence of sound installations
that highlight the spatial dimension of sound propagation

(Matthieu 2017). New auditoriums designed with
electroacoustic technology include advanced sound
reinforcement systems, movable loudspeakers, and

artificial reverberation systems to improve sound quality
and control (Yamaguchi 1978). These advancements allow
for precise manipulation of sound in space, creating a
more dynamic and interactive auditory experience.

Contemporary trends show an increased use of surround
5.1, four-channel, and eight-channel systems, with a
decline in stereo usage, as composers become more
familiar with various spatialization systems. This
familiarity enables them to focus less on performance and
interpretation issues and more on the artistic potential of
spatial sound (Otondo 2008). Handling space in
multichannel electroacoustic works involves enhancing
the spatial dimension of sounds through specific
processing techniques, such as Max/MSP (MAX 9) patches
(Barreiro 2010), Csound, and SuperCollider. The research
highlights a shift towards more innovative and
technologically integrated performance spaces, designed
to enhance the spatial and theatrical aspects of sound.
These developments are transforming traditional concert
halls into more interactive and immersive environments,
thereby shaping the contemporary electroacoustic music
experience.

Technological Advancements Driving
Multichannel Audio

Innovations in Recording Techniques

The evolution of multichannel audio has been significantly
influenced by advancements in recording techniques.
These techniques aim to enhance the spatial and
immersive qualities of audio, providing listeners with a
more engaging and realistic auditory experience.
Exploration in acousmatic music is advanced by the
opportunities provided by recording technology, studio
composition methods, and sound diffusion techniques
(Barreiro 2010).
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Perceptually motivated techniques focus on reproducing
only the aspects of the sound scene that are relevant to
human perception, thus demanding less computational
power and fewer equipment resources. In contrast,
physically motivated techniques strive to achieve a
physically accurate sound field reproduction, which
requires more computational and equipment load
(Hacihabiboglu et al. 2017).

The evolution of multichannel audio has also seen the
development of complex microphone arrays and
sophisticated recording methods to capture the full
spatial characteristics of sound sources. Techniques such
as vector-base amplitude panning, and perceptual sound
field reconstruction have provided new ways to capture
and reproduce three-dimensional sound fields, offering
composers and sound engineers unprecedented control
over the spatial aspects of audio (Hacihabiboglu et al.
2017).

Digital Signal Processing and Spatial Audio Rendering

Digital signal processing techniques, such as time
stretching, granulation, filtering, and transposition, alter
the source material. These manipulations generate
abstract sounds that are not readily identifiable as
originating from real-world sources (Lynch 2014). The
purpose of creating a variety of material is to utilize
different sound sources to express and represent the
diverse and evolving themes throughout the narrative of
the piece (Lynch 2014).

Spatial audio is a field dedicated to exploring techniques
for replicating the spatial characteristics of sound (such as
direction, distance, width of sound sources, and room
envelopment) for listeners. These attributes cannot be
accurately reproduced with a single loudspeaker, which
led to the introduction of two-channel stereophony and
its subsequent extension to various surround sound
formats using five to eight loudspeakers. Even more
precise reproduction of spatial attributes can be achieved
with loudspeaker configurations typically found in
theaters and some public venues, where many
loudspeakers are positioned around, and sometimes
above or below, the listeners (Hacihabiboglu et al. 2017).

A fundamental question in spatial audio is how to place a
sound source in a specific direction within the virtual
auditory space. A well-known method, called amplitude
panning, involves applying a sound signal with varying
amplitudes to different loudspeakers. Traditionally,
amplitude panning has been limited to two-dimensional
(2D) loudspeaker setups, but it has been extended to
three-dimensional  (3D) multichannel loudspeaker
configurations (Hacihabiboglu et al. 2017).
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The spatial dimension in multichannel systems enables
unique artistic expressions and amplifies the theatricality
of sound diffusion, making performances more engaging
and expressive (Stefani / Lauke 2010; Timmermans 2015).
Advances in digital signal processing have played a crucial
role in the development of multichannel audio.
Sophisticated algorithms for spatial audio rendering allow
for the creation of virtual sound sources and the
manipulation of sound fields in ways that were previously
impossible. These technologies enable composers to
create highly detailed and dynamic spatial audio
experiences, even with limited physical speaker
configurations.

Virtual and Augmented Reality Integration

Audio augmented reality (AAR) involves technology that
integrates computer-generated auditory content into the
user's real-world acoustic environment. An AAR system
has unique requirements distinct from typical human-
computer interfaces: an audio playback system to enable
the simultaneous perception of real and virtual sounds;
motion tracking to facilitate interactivity and location-
awareness; the design and implementation of an auditory
display to present AAR content; and spatial rendering to
convey spatialized AAR content (Gamper 2014).

Sound field reproduction systems, such as wave field
synthesis (WFS), operate on the principle of natural sound
wave propagation. This approach allows them to create a
true sound field uniformly over an extended listening area.
WEFS virtual sources are localized with much greater
accuracy compared to stereophonic phantom sources
(Ranjan 2016).

Spatial rendering is often achieved by convolving virtual
sounds with head-related transfer functions (HRTFs). This
framework uses Delaunay triangulation to organize HRTFs
into subsets appropriate for interpolation and employs
barycentric coordinates as the interpolation weights
(Gamper 2014).

The rise of virtual and augmented reality technologies has
opened new frontiers for multichannel audio. These
immersive technologies require sophisticated spatial
audio techniques to create convincing and engaging
experiences. As a result, there has been significant
research and development in HRTFs and binaural audio
rendering, which enable the creation of three-
dimensional sound environments through headphones.

Network Audio and Distributed Performance

The evolution of music from traditional concert
performances to multimedia and interactive art forms
reflects a rich history of creativity spurred by
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technological advancements. Over the past few decades,
experimental scores incorporating visual elements have
expanded the scope of musical expression beyond
classical boundaries, with pioneers like Mauricio Kagel
breaking new ground. Randall Packer and Ken Jordan’s
book, Multimedia: From Wagner to Virtual Reality (2001),
illustrates how the concept of the total artwork evolved
into diverse multimedia performances. Modern
communication technologies, such as mobile phones and
the Internet, have transformed how artists and scientists
collaborate, enabling rapid, global exchanges and the
creation of innovative projects. These advancements have
shifted the scale and pace of artistic collaboration,
allowing new media to serve as dynamic platforms for
interactive and evolving art forms. As music continues to
evolve from analog to digital and from live performances
to virtual experiences, it offers new opportunities for
exploration and expression in contemporary culture (Dal
Farra 2005).

One notable technological advancement in this context is
network audio, which refers to the transmission of audio
signals over computer networks. This technology enables
the distribution of high-quality audio across various
devices and locations by leveraging standard networking
protocols and infrastructures. Moustakas, Floros and
Kapralos demonstrated the Augmented Reality Audio
Network (ARAN) concept in the context of a live
electroacoustic music concert. Their subjective evaluation
indicated that the ARAN framework could represent a
significant alternative to traditional augmented reality
audio (ARA) approaches in the artistic and creative
domain (Moustakas et al. 2016).

Network audio technologies have thus enabled new
forms of distributed performance and composition.
Multichannel audio can now be transmitted over
networks with low latency, allowing for real-time
collaboration between musicians and composers in
different locations. This has opened up new possibilities
for remote performances and interactive installations that
span multiple physical spaces.

Machine Learning and Al in Spatial Audio

The integration of machine learning and artificial
intelligence (Al) in audio production is beginning to
influence the field of multichannel audio as well. Al
algorithms are being developed to assist in the spatial
mixing and mastering of multichannel audio, automating
complex tasks and offering new creative tools for
composers and sound designers. As noted by Whalley,
within this broader context, integrating machine learning,
mapping, and automation into electroacoustic music

presents several challenges and speculative opportunities.
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A notable gap in the literature is the lack of
comprehensive frameworks that link electroacoustic
music to emotional responses and techniques for
mapping micro-gestures to enhance subtlety in
performances. Machine learning offers a way to manage
this complexity by analyzing vast data sets and real-time
data streams, using tools like WEKA to create a database
of emotional responses associated with sound gestures.
This involves developing a common language for mapping
micro-gestures and micro-sounds and automating these
processes to handle increasing data complexity. The
ultimate aim is to establish a networked, interactive
environment that bridges human and machine
interactions in electroacoustic music, which could lead to
new ways of understanding and experiencing networked
life through sonic exploration (Whalley 2015).

Compositional Examples

The development of multichannel music has led to some
of the most creative works in contemporary music,
broadening the possibilities of spatial and auditory
experiences. A key example is Karlheinz Stockhausen’s
Gesang der Jiinglinge! (1956), considered one of the first
significant works of multichannel electronic music.
Stockhausen used five channels to create an immersive
soundscape, blending electronic sounds with recorded
voices (Stone 1963). His precise control over the
positioning and movement of sounds in space shifted the
understanding of music from a linear progression to an
engaging, surround experience, paving the way for future
innovations in spatial composition.

Sound Example 1. Excerpt of Gesang der Junglinge (1956) by Karlheinz
Stockhausen

© 1956 Stockhausen-Stiftung fir Musik, Kirten. Reprinted by permission.
Available to listen at www.Keams.org/emille

lannis Xenakis’s Persepolis? (1971) is a significant 8-
channel electroacoustic composition (Yardumian 2024). In
this work, Xenakis treated space as an active musical
element, using detailed textures and powerful sounds to
create an intense sensory impact. The spatial
arrangement was a key part of the piece, with sounds
spread across large outdoor areas to surround the
audience in a constantly changing acoustic environment.
Persepolis demonstrates how multichannel techniques
can provoke not only auditory but also physical reactions,
pushing the boundaries of traditional music performance
and listening experiences.

Sound Example 2. Excerpt of Persepolis (1971) by lannis Xenakis

© 1971 Editions Salabert, part of Universal Music Publishing Classics &
Screen International Copyright Secured. All Rights Reserved Reprinted by
Permission of Hal Leonard Europe BV
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John Chowning's 1972 composition Turenas is an
important work in electronic music, using quadraphonic
sound spatialization to create the illusion of moving
sounds. Chowning achieved this effect by combining
Doppler shift and changes in amplitude, controlled
through Lissajous figures, which are mathematical curves
describing smooth, looping paths. This method enabled
Chowning to simulate sound movement in a realistic and
convincing way. By 1968, he had developed a system
using four speakers and a computer program to control
the perceived direction and distance of sounds. However,
this system had some challenges, such as difficulty with
perceiving multiple trajectories at once and sudden
changes in sound direction. The use of Lissajous figures
solved these problems by producing smooth and natural
sound movements. Additionally, FM synthesis in Turenas
enhanced the spatial effects, enabling Chowning to create
timbral changes that aligned with the spatial motion of
the sounds (Chowning 2011). Both the stereo and 4-
channel versions are available online as individual files.

Sound Example 3. Excerpt of Turenas (1972) by John Chowning

© 1972 John Chowning. All rights reserved. Reprinted by permission.

Provenance — émergence is a 24-channel electroacoustic
composition by Hans Tutschku 3, created in 2022
(Tutschku 2024a). The piece premiered on October 29,
2022, at the GRM in Maison de la Radio, Paris, and was
produced in studios at Harvard University and GRM Paris
(Tutschku 2024b). Lasting 18 minutes and 45 seconds, the
composition takes listeners on an introspective journey,
where “fragments of dreams and memories converge in a
vast space full of dynamic movements (Tutschku 2024a).”
The soundscape explores an unfamiliar medium,
"between air and liquid," with distinct voices emerging
through three slow, large waves that unify the piece
(Tutschku 2024a). Both 8-channel and 24-channel
versions are available online as individual mono files.

Sound Example 4. Excerpt of Provenance — émergence (2022) by Hans
Tutschku

© 2022 Hans Tutschku. All rights reserved. Reprinted by permission.

Curtis Roads’* composition Then (2010-2016) was created
using a method called multiscale planning. This approach
involves designing flexible, temporary systems on
multiple levels, from small sound fragments to the overall
structure of the piece (Roads 2016). Multiscale planning
was essential for organizing and mixing the piece, which
involved over 2,100 stereo tracks. Spatial processing was
a key element, using techniques like tape echo feedback
to create a ping-pong effect and various reverberators to
balance dry and reverberant sounds. The piece has been
performed in different multichannel setups, such as an 8-
speaker system and the 47-speaker ZKM Klangdom. To
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adapt the spatialization to different setups, Roads
developed a program called Spatial Chords, which enables
real-time generative upmixing. This ensures that the
spatial design of Then matches its musical structure
during live performances, regardless of the sound system
(Roads 2016, 2019). A stereo version of Then is accessible
online.

Sound Example 5. Excerpt of Then (2010-2016) by Curtis Roads

© 2016 Curtis Roads. All rights reserved. Reprinted by permission.

For Reza (2022) is a musical piece composed by Joachim
Heintz® to celebrate the 50th birthday of Reza Korourian
(1971-2015). It was premiered at the Tehran
International Electronic Music Festival (TIEMF) in 2022.
The composition was inspired by Heintz's experience with
Korourian's music, particularly the opening of Violet Room.
Heintz describes the music as "bells, bells, loud, persistent,
thousand years without any change," suggesting it
expresses something deeply difficult in Korourian's life.
The piece was created at the request of the friends of the
Yarava Music Group, where Korourian was a member
(Heintz 2022). Both the stereo and 4-channel versions are
available online as individual files.

Sound Example 6. Excerpt of For Reza (2022) by Joachim Heintz

© 2022 Joachim Heintz. All rights reserved. Reprinted by permission.

Al Phantasy, an electroacoustic composition by Panayiotis
Kokoras ¢, explores the line between reality and
imagination through a unique mix of sounds. Created in
2020, the piece combines studio recordings, found
objects, and machine learning software. It includes
various sound sources, such as manipulated vacuum
cleaner sounds, pan flute-like instruments, and premade
sound effects. Kokoras used a technique he developed
called fabrication synthesis to modulate sounds from the
vacuum cleaner and other objects (Lautour 2021). He also
used commercial software, like Sononym and Orchidea, to
analyze and categorize over 500,000 sound files, which
helped him find similar sounds and create orchestrations
based on specific targets. The title Al Phantasy reflects
both the fantasies of a child, blending internal and
external realities, and the daydreams adults create. This
idea is expressed in the composition’s sound world, which
combines studio recordings, instrumental sounds, and
synthesized noises to form an engaging listening
experience. Both stereo and 8-channel versions are
available online as individual mono files.

Sound Example 7. Excerpt of Al Phantasy (2020) by Panayiotis Kokoras
© 2020 Panayiotis Kokoras. All rights reserved. Reprinted by permission.
Untitled No. 2, composed by Ali Balighi in 2023, uses

Max/MSP for granular synthesis and multichannel
algorithmic composition (Balighi 2023). Both the stereo
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and 4-channel versions are available online as individual
mono files.

Sound Example 8. Excerpt of Untitled No. 2 (2023) by Ali Balighi

© 2023 Ali Balighi. All rights reserved.

Conclusion

Multichannel audio has significantly transformed the

landscape of musical composition and listener experience.

By enhancing spatial perception, enabling more
immersive soundscapes, and providing composers with
new tools for artistic expression, these systems have
opened new possibilities in  music creation and
appreciation. The technology has not only changed how
we create and perceive music but has also influenced
broader areas of entertainment, communication, and
artistic expression.

As we look to the future, the potential for even more
sophisticated and engaging multichannel audio
experiences remains an exciting prospect for both
composers and listeners alike. The ongoing integration of
multichannel audio with other emerging technologies
promises to continue pushing the boundaries of what is
possible in sound and music.

However, as with any technological advancement, the
evolution of multichannel audio brings both opportunities
and challenges. Balancing artistic vision with technical
constraints, ensuring accessibility and standardization,
and addressing ethical considerations will be crucial in
shaping the future of this technology.

Ultimately, the true value of multichannel audio lies not
just in its technical capabilities, but in its ability to
enhance human experiences, evoke emotions, and create
meaningful connections between creators and audiences.
As the technology continues to evolve, it will undoubtedly
play a pivotal role in shaping the future of music and
sound, offering new ways to explore, create, and
experience the rich world of auditory art.
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Interaction of frequencies in any given sound have a complexity beyond human hearing or understanding. These interactions are the result of “phasing”
or the superimposition of two or more waves against, opposed and in synchronization with each other. Phasing creates moments of produced fre-
guencies within the range of human hearing. This can be used as a method for 12-tone row compositional techniques beyond the traditional variations
—retrograde, transposition, inversion, retrograde-inversion, etc. — by using half-rows to produce compositional rows through phasing of arbitrary and

filtered frequencies.

Keywords: Acoustics; composition; serialism; microtonal; sonic

The construction and destruction of sound

The concept of “pure” sound has been argued incessantly
since the concepts of harmony and tuning systems ap-
peared in each culture. As each advent of harmonic con-
sideration appeared, from the then radical concept of or-
ganum to the more complex interactions of jazz, micro-
tonal and extended harmonies, controversy has inhibited
its acceptance into the world of music composition,
presentation and reception. The interaction of frequen-
cies against and with each other produces a “matrix” of
additional harmonics and difference tones (Ballard, 2022).
Practical uses from such interaction included additive, AM
and FM synthesis.

This “phasing” may be used to generate new tones. It has
shown to be as simple as pitting one audible frequency
against another to produce harmonic and non-harmonic
frequencies that support or clash against the initiating
tones (Ballard). This phasing has shown interesting devel-
opments when changed to different bandwidths. Our
ideas of consonance, for example, are rendered in the
mid-range frequencies (200Hz to 1kHz), but as we shift
these relationships into very high or very low areas (>1kHz,
>20kHz, >100kHz, <200Hz), phased tones have different
results. How this affects the human hearing and psychoa-
coustics is a new area; for our purpose, we will examine
the application to compositional techniques.

Hyper- and ultra- sonic frequencies

Digitizing music — in its various and arguably progressive
forms — has benefited the archiving of composed pieces,
but the quantizing eliminates significant frequencies
above 22.05kHz (44.1kHz/2) that may assist or be
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fundamental in generating these matrices. Several re-
searchers have pointed out that these frequencies — gen-
erated by harmonics, additional resonance and amplitude
—are actually heard, through induction, phasing matrices
or media (Qin, et al (2011), Ballard, (2022), Nishimura, et
al (2021), Oohashi, et al (2000)).

However, this paper will demonstrate logically that these
frequencies as present in various manifestations, concep-
tually, initially or as generated heard or perceived and
may be used in compositional practice. How these mani-
festations are perceived, interpreted or even used depend
upon the amplitude of the originating vibration and their
generation but may nonetheless provide avenues for
composition, especially in avant garde or 12-tone row ap-
proaches. Auditory lab work determining perception is not
the focus herein but presents the possibility as an avenue
for new compositional approaches using ultra- or hyper-
sonic frequencies as initiated by and reduced from their
pitch classes and resulting rows from their phasing inter-
actions. Further laboratory research using paired and tri-
pled ultrasound machines as generators and units may re-
veal audible complex matrix systems.

Compositional method

For one example of compositional methods, we will focus
on the uses of a phase transformation row (PTR) tech-
nique as an approach to 12-tone row composition.

It is important to remember that any frequency or fre-
guency system may be used as a starting point for compo-
sitional purposes. Selection of the beginning frequency is
arbitrary and one may select from the various “A¢’ tunings,
use equal, just, Pythagorean or mean intonations or even
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change the mathematical functions to provide raw mate-
rials, methods or results. A starting frequency may be C, F
or Bb.

The second criteria is the tuning systems and scales. Using
phasing strictly relies on the superimposition of frequen-
cies, so as will be shown, it doesn’t matter which scale or
intonation method the composer wishes to use. A third is
the filter by which the scale’s pitches are moved by octave,
exponent, frequency addition or mathematical function. A
fourth occurs after processing resultant phased frequen-
cies, by quantifying said frequencies into usable criteria
(“usable” being at the discretion of the composer). Thus:

f = (intonation) = (frequency range transformation) =
(phase results) = quantification

One may begin with Assand develop other tones through
different intonation systems. See the table below for
some examples.

Beginning Intonation Hypersonic Quantifica-
pitch System Method tion
A A440 Equal Tem- Octave Trans- 12-tone
perament formation
B A440 Just Exponential 24-tone
Transfor-
mation
C C523 (A440, Equal Tem- No hypersonic 6-tone
EQ) perament transfor-
mation
D C528 Just Octave Trans- 12-tone
formation
E C528 EQ Octave Trans- Pentatonic
formation

Given certain systems throughout the world and to be
consistent between ensuing methods, we will begin with
a representative frequency of Cass. This frequency for “C”
is consistent with a just intonation resulting from an Aaso
standard (5:6). As we will see below, various results occur
after this point in the method by the filters of tempera-
ment, hypersonic addition and tone systems. All depend
upon the starting point of this arbitrary frequency.

To demonstrate the compositional applications of a PTR,
we will begin and end with our rows ranging from Cs or
Cs28Hz to Cs or Ciose. This is the upper end of what many
composers consider a harmonically optimal bandwidth
(HOB). Our rows will use Csasn; as “0” and the numeric sys-
tem as “0-11" for a conventional 12-tone system designa-
tion.

Phase transformation by number

Roeder pointed out the compositional benefits of phasing
in his perspective on Reich’s phase shifting compositions,
such as Six Pianos, R59, and other analyses that peripher-
ally reference aggregate incidental phasing between
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frequencies (Roeder: 279, 281). Although this is best seen
in tonal phasing — that is, in the harmonic changes as su-
perimposed frequencies or even melodies shift, such as in
so-called “beat waves” found practically in bass guitar tun-
ing — it is possible to see acoustic phasing between juxta-
posed frequencies.

As the project awaits effective and affordable gear that
would be applied in unconventional ways (at the time of
this writing) to use in performance or even practical com-
position, it demonstrates the generation of tone rows by
using simple arithmetic.

This method does not need actual tone production but
can be deduced by adding octaves to a fundamental mid-
range tone until one gets above the threshold of audible
tones. For our purposes, we consider “hypersonic” a
working and arbitrary bandwidth between 25kHz and
100kHz. Technically, any hypersonic or ultrasonic band-
width may be used: kHz, MHz or even those in more ex-
treme ranges that surpass seismic waves. Any of these
bandwidths may add quite a change in resulting PTRs,
based on the criteria implemented by the composer. In
the literature we referenced, there is some confusion as
to the precise meaning of “ultra” or “hyper” -sonic terms;
to avoid confusion, we will designate “hyper” as anything
between 20kHz and 100kHz, and “ultra” to refer to sonic
frequencies above that.

Aside from serving as an introduction to the lab process,
our compositional, numerical model allows a functional
approach to compositional methodology.

Function

To produce a Phase Transformed Row (PTR), we have the
option of several function types. One “function” depends
on the bandwidth of the original tones, which may be con-
ventional mid-range, sub- and hyper- sonic. Because of
the vagrancies of resulting difference tones, a second uses
tuning as a separate function. For our examples, we will
limit them to Equal Temperament (EqT), Just (JUST) and
Pythagorean (PYTH) although many more may be used. A
third depends on the quantization of resulting PTR fre-
qguencies into 12-, 24- or even 48- tone octaves once re-
duced to HOB. A fourth allows the traditional transfor-
mation of one or both of the original “halfrows” — T, R, I,
RI, etc. — which will change the 1:1 correspondence and
the resulting PTR drastically. Finally, an approach to com-
position is to ignore the row in its raw 1:1 correspondence,
and determine difference tones that shift, based on the
metamorphosing interaction of the entire thematic mate-
rial including rhythms.

Emille, the Journal of Korean Electro-Acoustic Music Society Vol.22 (2024)



|2

M gats R0l - 028 22 &

It

ol=HeQl

mo

o 3 =30 Y =8

o
gt

Three formulae for bandwidth ranges

If we begin, process, and end with our frequencies only in
the HOB (between Cs and Cs), our results may be conven-
tional and difference tones adhere to logical, chordal or
interactive guidelines. Our beginning tones in the HOB are
deduced to the EqT frequencies below (using Cs as 528Hz
and the conventional 1:1.05496 ratio):

EQUAL TEMF
fi
C SERIES 528
C# SERIES | 559.39488
D SERIES | 592.6565
Dit SERIES | 627.89586
E SERIES | 665.23054
F SERIES | 704.78515
FHSERIES | 746.69168
G SERIES | 791.08996
GHSERIES | 838.12817
A SERIES | 887.96327
AHSERIES | 940.76157
B SERIES | 996.69925

Figure 1. C4 - B4 in harmonically optimum bandwidth (HOB) range (EqT
tuning)

Because phasing requires the interaction between two or
more frequencies, our initial tone rows must either be
doubled (e.g., 12 x 2 = 24 tones in two interactive rows,
although this can invite additional modifications) or di-
vided into halfrows (12/2=6+6), so that each tone corre-
sponds to its partner in the other half while maintaining
the strict rules for 12-tone atonality. These allow for a new
transformation that will change each time the top row
and/or bottom row may be transformed in traditional
ways (R, T, I, IR, etc.).

See Figures 2 and 3 for an example of a 12-tone row, di-
vided against itself into two superimposed half-rows:

f] | |
A I T } T I I | )
0o 6 3 7 no 2 8 5 1 9 4 10
Figure 2. 12-tone (6+6) row example
0
o ; = ] = > ]
> ! 72 = f —
D) o s g T PLd
0 6 3 7 11 2
f) | |
A : : | : =
&—2 = ! . = i
o i o
8 5 1 9 4 10

Figure 3. Halfrows derived from initial 12-tone row example

This simple derivation of two frequencies is confined to
the octave to produce the so-called “difference” tones by
simply subtracting the lower from the top, regardless of
focus, initial bandwidth or priority (d = f2 — f!). This

ol - oh=TAS AR =X H22F (2024)
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produces consistently and harmonically audible tones,
ranging from (60u; to about 2kz).

This is based on the 1:1 correspondence between each
row’s notes, which generates a new row, similar to the tra-
ditional approaches but by using phasing (difference tone)
results. In the following figure (Fig. 4), the bottom row
(“f3”) shows the difference tone frequencies in their raw
form.

One will notice that these do not perfectly line up with the
equally tempered frequencies above. However, as thisis a
compositional application, we may add several conditions
or functions. The resultant frequencies from this type of
phasing, for example, maybe controlled by reducing to
pitches that are rendered within a single octave in the
HOB. In such as case, it does not need to be perfectly ac-
curate as it will be quantized to fit a 12- or 24- tone octave
as desired. As the purpose is to provide a criterion through
which we can develop a new transformation in our 12-
tone row, we simply round to the nearest half-step.

A second possibility is to add a 24-tone octave, and then
guantize the resulting frequencies to that rule, adding
quarter-tones to the reduction. A third is to begin with
half-rows of a 24-tone row (e.g., Row 1 of 12 and Row 2 of
12), which may be impractical at the performance level
and may also lead to additional reduction problems. The
composer may institute rules needed to incorporate a 48-
note row. There are many compositional possibilities for
specific criteria as dictated by the composer.

HALFROW 1 C F# D# G B D
F1 528 747 628 791 997 593
HALFROW 2 G# F C# A E A#
F2 838 705 559 888 665 941
HALFROW PT
F3 310 42 69 97 331 348

Figure 4. Difference tone frequencies (before location to optimum oc-
tave)

The audible frequencies above as they are produced all
are out of the range of our HOB, or C4-Cs (528Hz-1096Hz)
as shown above in Fig. 1. By multiplying according to the
appropriate ratio, we can put each pitch in the HOB for the
best rendering. The first, (Gs3s-Cs2s = 3104z) only needs to
be doubled ((fi-f2)*2). Other require as much as multipli-
cation by 16 (four octaves) to appear in the HOB or to be
more easily identified as one of the 12-tone row pitches.
The following grid shows the resultant frequencies, and
their corresponding pitches.

This function determines the final pitches to be used in
composition. In this case, the function criterion is quanti-
zation to twelve tones per octave. The corresponding
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pitches have been selected by rounding off each fre-  [rowi-wawrow . retro o B s o F# <
. 593 997 791 628 747 528
quency to the nearest 12-tone/octave pitch. oW 2 HALEROW - 1NVia e S F c# A Fi
838 593 705 559 888 747
HALFROW 1 C F# D# G B D PHASE ROW EQT (12Q) B G E c# c# A
F1 528 747 628 791 997 593 980 808 688 552 564 876
HALFROW 2 G# E CH# A E At
F2 838 705 559 888 665 941
HALFROWPT|  D# E c# G E F R Row 1 (RET)
F3 620 670 548 775 663 696 / — 1 T I
Figure 5. Phase Row to 12-tone quantization 2 11 7 3 6 0

[PHASE row to 12-tone quantization |

A
/] n T T

| re— —— |
érﬁrdﬁ[

341 7 45

Figure 6. Phase Row to 12-tone quantization

A second function criterion may be 24 tones per octave,
resulting in a microtonal row that plays off nicely with the
12-tone initial halfrows of six tones each.

HALFROW 1| C Fi#t D# G B D
F1 528 747 628 791 997 593

HALFROW 2| G# P C# A E A#
F2 838 705 559 888 665 941

HALFROW PT D# E C+ G- E F-
F3 620 670 548 775 663 696

Figure 7. Phase Row to 24-tone quantization

Figure 8. Phase Row to 24-tone quantization

Independent transformation

Each row has the benefit of being subject to traditional
variations, separately or together. Due to the change in
frequency on a note-to-note basis, a retrograde (RET) on
ROW:1 against PRIo (for example) will generate a different
PTR than PRI1 against PRI2. In the second iteration shown
below, ROW:, may generate a third PTR against R1 (RET)
and Rz (INV):

/) i T
211 7 3 6 0

A 4 |

Figure 9. Using independent transformations for halfrows
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Figures 10a and 10b. PTR - R1-RET and R2-INV Notation

An added benefit of a third Row (PTR) is the possible gen-
eration of various harmonic structures, triadic, clusters,
intervals and others:

Chordal reduction

Figure 11. Chords generated from the combination of R1, R2, PTR

With this as an added possibility, we radically change the
interactions between each row. A new Phased Row will
change each time a new transformation of R1 or Rz takes
place. It is important to note that there will likely be dou-
bling of notes, in violation of a strict 12-tone row. The PTR
is independent based on the result of the phasing and not
subject to the 12-tone equity of importance. Thus, inde-
pendent transformation may be organized in principle as
follows, with each alphabet letter indicating a completely
different PTR:

Thematic transformation

Initially as demonstrated above, we can use this to serve
on a 1:1 basis: tone 1 to tone 7, tone 2 to tone 8§, etc. It
can be tone-to-tone, such treating each tone pair equally
in length and placement. By generating a PTR Theme
(PTRT), and a level of row development can provide a
countertheme (CT). Each pair of notes in each theme (TH:
and TH2) can be adjusted based on a rhythmic reduction
of the original rhythms, set to the common denominator.
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ROW TRANSFORMATION
1 PR PR PR PR RET RET RET RET INV INV INV INV RI RI RI RI
2 PR RET INV RI PR RET INV RI PR RET INV RI PR | RET | INV | RI
PTR A B [9 D E F G H | J K L M N o} P
I
Figure 12. Independent transformation results in the PTR
Rhythmic Reduction
L /1 12 3 f4 15 16 7 8 9
ROW 1 C C C Fi 7] D# D# G 8
fof ROW1 528 528 528 747 747 628 628 791 997
ROW 2 G#t GHt F f cH A 3 3 A
fof ROW2 838 838 705 705 559 888 665 665 941
f of PR 620.00 620.00 708.00 672.00 752.00 520.00 592.00 1008.00 896.00
NOTE (12TONE QU D# D# F E Fi c D 8 A
NOTE (24TONE QU) B+ At
10 11 12 13 14 15
8 D D C c Fit O# G G 8 D C
997 593 593 528 528 747 628| 791 791 997 997 528
A¥ AY AR [ F cH cH A 3 AY A C
941 941 941 838 705 559 s59| 888 665 941 941 528
896.00 696.00 696.00 620.00 708.00 75200 | ss200 [ 77600 | 100800 | 89600 | 896.00 0.00
A F F D# F it cH Fb* 8 A A NULL
A+ F- F- D#- £

Figures 13a and 14b. PTRT resulting from 1:1 correspondence phasing

As will be seen, this provides an additional mode of trans-
formation since the initiating frequencies will change ac-
cording to length and rhythm and thus the result (d) will
as well each time the correspondence shifts. To bring
more opportunities and order to our work, we can add the
rhythms of each theme based on the extended rows and
deduce a phase transformation by translating lengths of
notes into tied notes of the common denominator. The
following example (Fig. 12) uses its halfrows twice for a
single theme, producing a variable phase transformation
row theme (PTRT).

- .
—p " — — P e
—fo —t— ——
o T i T —_
] e
. e L ] A
o tw — t #a t T f f
R f o — t t
7 —— bt o —r t t
—— T —— -
0 4ol = |
s o e s e
——T T el o
s 7 e e e o i i e e = i i s
e e e o e ———
.t % T
eyt g - — - "t FTr T pepep sope |
it i~ e e o +—+
5 s s e s i i i s e
e e e e 2 i

Figure 14. Using a common denominator to analyze phasing in note
length

Using the common denominator, we calculate the phased
difference tone on the resulting 1:1 correspondence, re-
sulting in the following PTR. (The 24-tone quantization is
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not shown in the notation as it varies only slightly in this
example.)

é: ——
T e e s
U e e et — P
HR 2
—
v a T e e e o e e
O o oy o™ T o o T T FeS | ?.’F'\_g
v — — bvwves e 3 !

(NULL)
Figure 15. Phasing Rows from hypersonic halfrows.

“Hearing” ultrasonic and hypersonic frequen-
cies

“One argument against digital audio in commercial ren-
derings is the limitations based upon the so-called CD
standard. Generally accepted as 16-bit, at 44.1kHz, the
idea was to provide a high enough “ceiling” for audio in
the digital realm, and a high enough resolution with the
16-bit binary code to prevent most audible quantizing and
aliasing issues” (Ballard 2022).
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Haeff and Knox demonstrated as early as the 1960s that
the human perception of hearing is far more expanded
than the simple accepted audible range (Haeff, A./ Knox,
C. 1963). Bone induction, mechanical transfer and mate-
rial density may allow humans to perceive or actually
“hear” frequencies up to 200kHz (Qin et al. 2011, Nishi-
mura et al 2021). “Many [harmonic] matrices...may gener-
ate difference tones — albeit at low or indistinguishable
amplitude levels — in the aural range (20Hz-20kHz)” (Bal-
lard).

[26] On the simplest level, kHz frequencies by themselves
or without complex matrices or harmonics can generate
specific tones that are audible (e.g., below human hearing
threshold of 20kHz). For example, take two frequencies
represented by standard musical notes or pitches, such as
21.12kHz (Ca1120) and 31.68kHz (Gsies0). These are just
above the hearing range of humans, but superimposed
one over the other produce an audible difference tone of
10.56kHz, or E1oseo (Ballard):

Figure 16. Hyper sonic difference tones

Somehow, some way, the listener can perceive aurally the
result of the superimposition of inaudible frequencies, re-
gardless of whether they can hear the actual frequencies
nominally above human hearing (see Oohashi et al. 2000).

Using extremely high and low frequency band-
widths as functions

We find some interesting aberrations once we deal with
extremely high or very low tones based on sample points
in each wave. The higher frequencies lead us into differ-
ence tones that have microtonal frequencies while the
second is more difficult to quantize accurately and may be
impractical.

For this reason a second approach to developing functions
initiates frequencies of hypersonic pitches between
22.1kHz and 60kHz. It is possible to locate functional fre-
guencies in different bandwidths as a further method for
transformation. However, | noticed most differences were
rather small and some may not wish to consider them in
their compositional technique although extending the
principle beyond practical applications may be interesting.

By taking the frequencies of the initial pitches at the first
level, initiated between Cs and Csas shown above and con-
sistent with common 12-tone practice by using pitch class,
we multiply by ratios in octaves or multiply by factors of
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10 to reach the above bandwidth. Any consistent method
may be used for the function to produce differing results:

. exponentially — f1¥ or as below f; * 10¢

. simple addition instead of ratios — f1 + x

e pi-fi*3.14
Where the fundamental frequency is shown as fiand has
aratio of 1:1, the octaves are shown in by the binary ratios,
1:2, 1:4, 1:8 and so on. To reach the hypersonic range we
desire, we simply continue until we reach the ratio of 1:64,

that is seven octaves above the fundamental fi1, or Cs2s*64
=33.792kHz.

d = (f,*64) — (f1*64) = d/64 = rHo8

(where f equals a frequency within a single octave located
in optimum frequency bandwidth, d is the difference tone,
and ris the pitch of d reduced to the frequency of the orig-
inal harmonic optimum bandwidth.)

It is also possible to simply add digits to achieve the de-
sired hypersonic bandwidth, although it will no longer be
an octave C but an arbitrary frequency where Cszs is the
foundation (fs2s*10n2)) and the end reduction, and 10% is the
function for increasing and decreasing the hypersonic fre-
quency for transformation purposes. Thus in this case, Cszs
* 10% becomes simply Css0. In equal temperament, all
other notes are generated from that point. It may be
noted that Cs2s00 Wwhen reduced by octaves, appears as a
slightly flat G#. This is yet another function that a com-
poser may use. These examples strictly demonstrate ave-
nues that a composer may wish to implement to generate
new PTRs.)

Using an Equal Temperament ratio of 1:1.05946
Csa.800kHz * 1.05946 = CHssozoknz

And the full equation using 10 to find a hypersonic band-
width, to find the PTR in the HOB is

(1*107) - (,*10%) = d/10% = r
or
(f1*107) - (f* 1.05946) = d/10? = r

The resulting hypersonic pitches for our tone row
compositional approach, using f1 * 64 and (f1 *10?) - (f» *
1.05946), are as follows: *

f*100 f*64
Pitch class hf1 Pitch class hf2
C SERIES 52,800 C SERIES 33,792
Cit SERIES 55,939 Cit SERIES 35,801
D SERIES 59,266 D SERIES 37,930
Di#t SERIES 62,790 Di#t SERIES 40,185
E SERIES 66,523 E SERIES 42,575
F SERIES 70,479 F SERIES 45,106
FH#SERIES 74,669 FHSERIES 47,788
G SERIES 79,109 G SERIES 50,630
GHSERIES 83,813 GHSERIES 53,640
A SERIES 88,796 A SERIES 56,830
AH#SERIES 94,076 AHSERIES 60,209
B SERIES 99,670 B SERIES 63,789

Figure 17. The resulting hypersonic pitches

Emille, the Journal of Korean Electro-Acoustic Music Society Vol.22 (2024)



XH P

£l

o

o

wets o - 0lgg 8%

Y

Sl

Tuning issues

A second consideration concerns the composer’s ap-
proach to tuning, both as a beginning criterion and for a
subsequent filter. For comparison’s sake we will take
equal temperament (based on our arbitrary beginning fre-
quency of C528) in the spirit of an equal 12-tone approach
and establish each tone accordingly before adding any
function. However, a Pythagorean approach may arguably
be also “equal,” in that it is a consistent harmonic perfect
fifth. Using various tunings may possibly allow for another
transformation within a 12-tone method, although it ig-
nores the purposes the originators had for developing and
applying tuning in the first place.

Just, mean or Pythagorean tuning methods as well as eth-
nic (19/octave or 24/octave, etc). are all acceptable as
well as EqT, however, slight variations in frequency may
result in extreme swings of difference tones on an incon-
sistent basis as far as matching original 12-tone pitches is
concerned. However, this may be in composition’s favor
as input x may remain the same while function f = tuning
can produce a different audible melodies. Therefore,
along with the transformations of standard tone-row per-
mutations, t=tuning becomes a new transformation. In
the following example, two PTRs from Pythagorean vs EqQT
give two different rows:

Figure 19. A PTRT developed from EqT tuning

The chart below shows three PTRs’ frequencies based on
rows from our original examples, on our 1:1 correspond-
ence. Boxes in black show significant differences resulting
from the different tuning systems as separate criteria.

Phase considerations

Superimposition of two soundwaves can result in a wide
range of effects, from additive amplitude (f. + f1 = f(2)),
through low frequency oscillation, commonly known as
“beat waves” (f1 + f2= d = <30u.) to complete cancellation
(fr — f1(180°) = £(0)). Where the notes or frequencies coin-
cide in our charts, fi — fi= 0 and there is no phasing/dif-
ference tone: the result is a “null.” This may be rendered
as a rest in the phased row or as the original note, accord-
ing to the pre-established criteria of the composer. Alt-
hough additive SPL and comparison may be a factor, de-
ductive rows assume that SPL levels are equal, for the sake
of using numbers in our compositional approach.
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24-TONE REDUCTION EqT
HALFROW 1 C F# D# G B D
f1 528 747 628 791 997 593
HALFROW G# F ct A E A#
f2 838 705 559 888 665 941
e B [ E
f3 620 672 552 776 664 696
24-TONE REDUCTION JUST
HALFROW ( F# D# G B D
1 528 739 634 792 990 594
HALFROW 2]  G# F c# A E Al
12 845 704 563 880 660 924
HALFROW D# Cit E
F3 634 566 562 705 660 660
24-TONE REDUCTION PYTH
HALFROW 1} C F# D# G B D
1 528 752 634 792 1002 594
HALFROW G# F c# A E A#
f2 846 714 564 891 668 951
HALFROW Dit+ Cit E
3 636 I 608 560 792 668 714

At what point do we stop? It might be academically inter-
esting to venture into phase differentials in the Mhz range
but most likely impractical from a compositional or even
an audio perspective. Harmonics above the 11t partial
fade into “texture” with various frequencies sounding ac-
cording to relative amplitudes. Difference tones produced
by these may be vague enough to confuse actual melodic
and harmonic elements.

Continued phasing can result in additional levels of tones
in a matrix system, where existing frequencies interact to
provide new interdependencies. First level phasing may
be used as-is or reduced as per above to audible note val-
ues, from which they can be adjusted or used as per oc-
tave designation. Second-level phasing involves the differ-
ence tones of the resulting difference tones, e.g., Cs2sand
Eseo result in C132 and Cs2s and G2 result in Cses. A second-
ary level would pitch the results against each other, e.g.,
Cae4 and Ci32 result in a secondary manifestation of Cizz. Of
course, the attrition of energy will take a toll as to how
large this phasing matrix can be: frequencies of lower am-
plitudes will fade as soon as the second or even first level
as environmental effects erode it, such as room reflec-
tion/absorption and resonances.

Final piece

The author uses the above rows and examples in his piece,
Phase 3 for Organ, Tape, and Percussion. It uses standard
transformation as well as Phase transformations in 12-
tone and 24-tone row reductions.
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Figure 22. Beginning of ending tutti section, with stacked rows.
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Summary

Phasing difference tones can add a new dimension of
tone-row composition, in quite a few ways as selected and
implemented by the composer. By understanding how
this dimension manifests itself in overt and subtle ways, a
composer can generate innovative compositions, with
conventional, extended technique and treated instru-
ments.

PTRs can be generated on two or more tonal interactions,
beginning with the frequencies of the 12-tone row gener-
ated within the HOB. It may be on a 1:1 correspondence
or through thematic reduction to the common denomina-
tor. Multiple rows can be used, by adding independent
row melodies, dividing into two, three or four superim-
posed rows, or multiplying total rows of 12- or 24- to be
overlaid.

Several filters are available. The first is the initial tuning of
the scale used, whether initiating or after expansion into
other bandwidths and then reduced. A second is the
method of expanding into arbitrary bandwidths. A third
involves reduction into 12-, 24- or 48- tones per octave
scales, by quantizing the resulting frequencies. All filters
can be selected or invented by the composer.

Further considerations involve experiments in laboratory
settings to set single hypersonic frequencies against each
other to determine the audible presence or result from
the phasing interaction. Such laboratory experiments will
likely involve the dedication of ultrasound machines to
specific frequencies at high enough amplitude to produce
a phasing event.
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Exploring Data-Driven Instruments in Contemporary Music Composition
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How can data-driven instruments, through data mapping strategies and the use of performance interfaces, transform compositional practices and
expand the creative possibilities of contemporary music production? This paper illustrates the concept of data-driven instruments and their connec-
tion to conventional musical instruments. It examines three original compositions written by the author to demonstrate the utilization of data-
driven instruments in musical contexts, focusing on the application of sonic materials and data mapping strategies. Developed using Max, a pro-
gramming language by Cycling '74, and Kyma, a sound creation environment by Symbolic Sound, these compositions utilize diverse performance
interfaces to explore interactive, real-time possibilities. By exploring these instruments' innovative potential, this paper demonstrates their trans-
formative role in contemporary music creation, offering new potentials and expanding the horizons of musical artistry.

Keywords: Data-driven Instrument; Electronic Music; Data Mapping; Sonic Material; Controller; Electronic Musical Instrument; Kyma; Gametrak;

Leap Motion; Wacom Tablet.

Throughout the chronicle of human history, music has
consistently served as a crucial vehicle for comprehend-
ing and distributing humans’ life experiences: from reli-
gious ceremonies in ancient Greece (Grout 2001: 3), to
the Italian madrigals at a variety of aristocratic social
gatherings of the 16th century (Grout 2001: 184), to
more recently, the electronic dance music that served as
a significant social-defining element for the millennial
generation (Matos 2015). In contemporary times, the
infusion of modern technologies into music creation has
yielded transformative consequences.

The evolution of music-making tools, such as simple MIDI
keyboards and alternative electronic music controllers,
has initiated the start of an era where important uses of
data-driven instruments can be realized.

In the context of our increasingly data-driven world,
where electronic devices are omnipresent, the relevance
of traditional musical instruments persists, yet there
arises a compelling need for fresh perspectives and inno-
vative approaches to musical creation. Given the ubiquity
of data in our daily lives, utilizing its power to articulate
our musical ideas seems entirely appropriate. Data-
driven instruments emerge as a pertinent choice to fulfill
this aspiration.

This paper aims to demonstrate the concept of data-
driven instruments by presenting three original composi-
tions as case studies. These compositions are interactive,
real-time, and multichannel works, developed using
Max!, a programming language by Cycling '74, and Ky-
ma?, a primary sound creation environment by Symbolic
Sound. The three compositions — Giant Dipper, Farewell,
and Summoner — utilize a range of performance interfac-
es and sound synthesis engines, thereby exemplifying the
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creative possibilities engendered by data-driven instru-
ments in contemporary music composition.

Conceptual Background and Theoretical
Frameworks

Many concepts and techniques are involved in creating
electronic music compositions for data-driven instru-
ments. In this chapter, | provide an overview of the most
essential concepts and techniques important to the three
compositions presented in this paper.

The Structure of Data-Driven Instruments

Data-driven instruments comprise three main compo-
nents: data acquisition through an interface, data map-
ping and routing, and sound-producing algorithms (Stolet
2013). When playing traditional instruments, such as
piano or violin, we exert force into their physical systems
to create a sound. However, when working with data-
driven instruments, a performer first operates an inter-
face to generate the data. The data functions as a re-
placement for energy within the traditional performance
model. This data is then processed through software lay-
ers, analyzed, recalculated, and mapped to specific rang-
es. The resulting data stream is directed to the sound-
producing algorithm to generate sound. The architectural
framework of data-driven instruments is depicted in Fig-
ure 1.

Data acquired Data

by mapping
operating * and

an interface

Sound-
producing
algorithm

—

routing

Figure 1. The structure of data-driven instruments
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One common misinterpretation of data-driven instru-
ments lies in the concept of tracking and the notion of
gesture control. In performing with data-driven instru-
ments, the interface itself is not tracking the performer’s
movements, but is instead reporting the data stream
related to the current status of the performance inter-
face. Physical “gestures” do not create or control sounds;
however, during a data-driven musical performance, per-
formance actions produce data that then can be used to
control the sound-producing mechanism of the data-
driven instrument.

Instrumental Modularity

Modularity is the foundation for constructing various
entities (Stolet 2021: 25-27). Instrumental modularity is
also a key feature of the data-driven instrument. The
concept of modularity centers on the idea of combining
and connecting smaller and simpler things to construct
larger and complex things.

Most traditional instruments are contained within a sin-
gle physical structure. For instance, a piano encompasses
keys, pedals, hammers, and a soundboard, all assembled
into one body. In contrast, the components of a data-
driven instrument can be considered as independent
entities or as part of the instrument.

In this approach, elements like the interface, the map-
ping mechanism, and the sound-producing algorithm
operate as distinct modules. For example, we can use a
Gametrak?® as the interface for a data-driven instrument,
then use Max as the data mapping area of our instru-
ment. Max then sends the newly mapped data to Kyma,
the sound-production mechanism. On another setup, we
can take the same Gametrak as the performance inter-
face to create another composition and route the data
for sound production to Logic Pro instead of Kyma as
shown in Figure 2.

@& ~ ]

Gametrak Controller Max

& -5

Max

Kyma

Gametrak Controller Logic Pro

Figure 2. Modularity features on data-driven instruments

Instrumental Mutability

One of the main features of a data-driven instrument is
its mutability (Stolet 2021: 81), allowing significant sound
changes during a performance. Traditional instruments
have a limited capacity to change their sound during the
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performance. Mutes on trumpets and stringed instru-
ments, damper pedals on pianos, and different mallets
for percussion instruments are examples of mechanisms
for mutability of traditional instruments.

For data-driven instruments, however, the ability to mu-
tate is expanded dramatically. Unlike traditional instru-
ments in which mutability happens in the physical hard-
ware of the instrument, mutability of data-driven in-
struments predominantly occurs at the software layers
through data mapping, routing, and sound production.

Data Mapping

Data mapping is a vital process in data-driven instru-
ments, converting interface-generated data values into
new output values. It plays a critical role in effectively
linking various interfaces to sound-producing algorithms,
allowing control over musical parameters.

When performing with a data-driven instrument, the raw
data acquired from operating the interface might not be
directly suitable for sound production. For example, we
may receive a data stream from a MIDI controller with a
data range from 0 to 127. We want to use this data
stream to generate some MIDI notes. However, if we use
this raw data directly, we are likely to produce notes that
are pitched too low and produce undesirable musical
consequences. To resolve this issue, a data mapping pro-
cess is employed to convert the data from its original
range to a more suitable one that achieves the desired
musical outcome. This transformation occurs in software
layers, adapting the data to a range better suited for the
sound-producing algorithm.

Synthesis Techniques

There are a variety of sound synthesis techniques applied
in the three example compositions. These techniques
include sampling, additive, subtractive, and granular syn-
thesis, as well as analysis and re-synthesis, and Kyma’s
Time Alignment Utility (TAU) algorithm.

Sampling synthesis includes playback of the original au-
dio sound source into a digital medium and applies vari-
ous audio editing techniques to transform the recording
such as looping and pitch-shifting.* Additive synthesis
involves combining simple waveforms at various fre-
quencies, amplitudes, and phases to create more com-
plex waveforms. While additive synthesis involves com-
bining frequencies, subtractive synthesis shapes the
sound by removing or attenuating frequencies of a wave-
form by applying various types of filters.

Granular synthesis, a pivotal technique in my composi-
tions, involves breaking down samples into tiny sonic

Emille, the Journal of Korean Electro-Acoustic Music Society Vol.22 (2024)
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particles known as "grains," typically lasting 5-100 milli-
seconds. This method enables the manipulation of sound
to create evolving soundscapes by controlling parame-
ters like grain duration, texture density, and spatializa-
tion. Analysis and resynthesis involves studying a record-
ed sound and utilizing that data to govern the synthesis
process (Road 1996).

In Kyma, the TAU algorithm is crucial for modifying and
morphing sounds by blending amplitudes, frequencies,
formats, and bandwidths. For example, one can combine
the amplitude characteristics of a sound with the fre-
quency characteristics of another sound, then mix in the
formant characteristics of the third sound, to create a
unique sound result (Stolet 2012: 171).

Musical Works

Composition: Giant Dipper

Giant Dipper is an example of transforming sound mate-
rials taken from human life experiences by repurposing
the Gametrak spatial-position controller. This composi-
tion aims to convey two distinct journeys: one simulating
the experience of a roller coaster ride, while the other
encapsulates the thrill and speed of a car race seen
through the perspective of a seven-year-old girl's mind.

The Gametrak controller serves as a performance inter-
face, transmitting data to Max for mapping and routing
to Kyma to control real-time sound algorithms. Initially
designed as a floor-based unit for golf simulation on
PlayStation, the Gametrak base unit, featuring retracta-
ble nylon cables and internal gears, allows for three-
dimensional articulation of X, Y, and Z axes. Because of
its ease of use, expressive potential, and affordability,
the Gametrak spatial position controller has become one
of the most popular and reliable performance interfaces
for data-driven instruments.

Z-axis

Figure 3. Gametrak X, Y, and Z Cartesian coordinates

Giant Dipper's sound materials derive from two primary
sources: a home recording of a seven-year-old girl engag-
ing in imaginative play, along with field recordings of the
roller coaster at the California Santa Cruz Beach Board-
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walk amusement park. The girl's singing was captured
using a SONY Linear PCM-D50 recorder, while the roller
coaster sounds were recorded via the Voice Memo app
on an iPhone. To avoid potential mishaps, | held the iPh-
one to record ambient park sounds but secured it in my
purse during the roller coaster ride. Embracing the inci-
dental sounds of the environment, | accepted the result-
ant sonic artifacts within the recordings, later using an
equalizer during editing to minimize wind and unwanted
noise for improved clarity.

This composition uses various audio playback techniques
to present the sound material. For instance, the initial
sound is that of a mix of a crowd chanting in cheers at
the theme park along with the playback of a resynthe-
sized voice of a girl. In this instance, the left-hand pulling
controls the amplitude of the crowd chanting and the
right hand controls the amplitude of the resynthesized
girl’s voice.

Where, in virtual space, a sound occurs is vital as | simu-
late the experience of a roller coaster ride. Spatialization
of the sounds was controlled by the Y-axis of the right-
hand cable. Figure 4 shows the Kyma sound design of the
panning.

-y
01 well, fet's
start

L] e @
ﬁﬁ N Al
Bl r 4

S—
Pan Well, Let's Start

¥ Pan

lIc01 * 3 smoothed
01 Well, let's start

® Type Linear v

o Interpolation | Nonew

2

Figure 4. Kyma sound design shows right-hand Y-axis control the
panning

Along with segments of audio that are directly played
back, Giant Dipper uses granular processing, analysis and
resynthesis, and Kyma’s TAU algorithm. The movements
of both of the Gametrak’s cables are designed to control
the various parameters of the sound, including
amplitudes, frequencies, spatializations, reverbs, and
playback speed in realtime by manipulating the
combinations of X, Y, and Z coordinates.

One important aspect of this composition is its Graphic
Score. In Western societies, the primary method for
composers to preserve their musical ideas was to notate
pitches and related musical information on staff paper.
This notational practice was highly pitch-focused and
evolved over many centuries. When composing for the
data-driven instrument, however, the traditional nota-
tion system proved inadequate because it could not pro-
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vide important information needed for the performance.
To compensate for traditional notation’s limitations, |
created a musical score that provides performative in-
structions for 12 separate “scenes” showing not only
how to perform the composition in time, but also how to
play and control the unique data-driven instrument to
control specific musical parameters in realtime. Figure 5
displays the graphic score for the "Dream" scene, illus-
trating these instructions.

Dream

4
_ N ‘JD*ES Volume .**

(Low) v

06 Volume

it

Figure 5. The graphic score for the “Dream” scene

Da La Singing

In performing this scene, the left-side string controls the
manipulation of the “Low Humm” sound while the right-
side string controls the “Da La Singing” audio file manipu-
lation. In Figure 4, the blue horizontal curved arrows
denote that pulling the left-side or right-side nylon string
towards the left or right will manipulate the panning of
the “Chop” sound or “Da La Singing” sound. In contrast,
pulling the Gametrak string on the left-side straight for-
ward or backward generates a data stream to send to
Kyma, which then changes the frequency of the “Chop”
sound so it goes higher or lower in pitch. The red vertical
arrows control volume: pulling either string up or down
changes it. Releasing both strings triggers Kyma's Wai-
tUntil Sound object® at the score's bottom, prompting
the start of the next scene.

Performance instructions for each section of the compo-
sition were rendered as graphic (png.) files using Apple’s
Pages software.® Then, using the ImageDisplay Sound
object, each section of the score appears at just the right

moment in  sequence in realtime as the composition
progresses.
[» ImageDisplay Description ]
¥ Images
{'/Volumes/Mei-Ling/Giant Dipper/PNGs/01
Beginning.png' ) . =
N
| m (o ndex 12" index |
(o raber )

Figure 6. ImageDisplay Sound object inside Kyma
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Composition: Farewell

Farewell is a composition inspired by a story about
friendship and built upon audio recordings of my own
voice reading the Chinese il 17 i %38 ) “Farewell on
Grassland,” written by Tang dynasty poet Bai Juyi (F1&
%).” This poem metaphorically relates the departure of a
friend to the changing seasons of grasslands in China. |
selected this poem due to the enduring cultural reso-
nance of its second stanza, still commonly referenced in
daily conversations across Chinese-speaking cultures
despite being over 1200 years old. The poem's transla-
tion is provided below:

3 e
K BN,
i 7 {5,
R EHRZE,

B LT =N
FJAI S,
M5 22 5% sre bk

LEE I o

How luxuriantly the plains grass grows,
Wilting and rising again once every year.
Wildfires burn, but they are never exhausted.
Spring breezes blow, and up they spring again.
Ahead, wild growths overrun the ancient path,
And surround the old fort under cloudless skies.
Again, I’'m sending the royal friend off,

My sorrow at parting is rich as the grass richly grows.8

Designed for the Wacom tablet and Kyma, the complete
structure of the data-driven instrument for Farewell is
shown in Figure 7.

B -

WACOM Tablet Kyma

Figure 7. The Structure of data-driven instrument for Farewell

The Wacom tablet, initially intended for digital drawing,
enables users to generate data by drawing with a stylus
pen or fingers on its surface. With high precision, it offers
8192 levels of pen pressure, up to 60 levels of pen tilt
recognition, and a spatial resolution of 5080 lines per
inch (Wacom n.d.). This abundance of data allows for
detailed sound control, which can be routed to Kyma for
managing musical parameters.

Inspired by the above Chinese poem, | selected a control-
ler that mirrors the act of Chinese calligraphy, traditional-
ly used for writing poetry. The Wacom tablet emulates
the brush-on-paper action of calligraphy: the tablet sur-
face represents paper, and the stylus pen symbolizes the
brush. This metaphorical linkage translates literary calli-
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graphic actions into a sonic realization. Farewell com-
bines poetry and calligraphy — two significant elements in
Asian culture — by recording the poem and using the
Wacom tablet as a symbol of calligraphy through data-
driven instruments.

The Chinese poem's recitation contains distinctive vocal
intonations, offering rich sonic material for manipulation.
To amplify these unique intonation features, | extensively
utilize Kyma’s TAU algorithm, a powerful tool for manipu-
lating the human voice and transforming speech into
pitched sound material. In addition to the TAU algorithm,
the synthesis methods employed in Farewell encompass
granular processing, analysis and re-synthesis, as well as
sampling techniques.

The beginning four semi-pitched notes at the start of
Section A are created using Kyma’s TAU algorithm. Each
note is built using four TAU objects to manipulate pitch
contour. Each TAU object is slightly detuned and have
random values added to continuously change their
pitches. The frequencies of each TAU sound are con-
trolled by the degree of tilt of the stylus. When the pen is
held straight, the pitch changes less. When the pen is
tilted to the side at steeper or shallower angles, notes
are detuned more or less. The result of nuanced detun-
ing and random pitch shifting in micro scales creates a
shimmery sound effect. Figure 8 shows the design of the
first semi-pitched note in Kyma Sound as well as the
Capytalk for each frequency parameter inside the TAU

object.
g

Tone 1

Yo&el

[- Frequency ((65.013 + (1 s random * {FreqScaler ) smooth: 15 )) nn J

[0 Frequency ((63.954 + (0.8 s random * [FregScaler ) smooth: 0.8 s )) nn ]

o

GraphicalEnvelope

[l Frequency ((63.954 + (1.2 s random * IFreqScaler ) smooth: 1.2 s)) nn ]

[' Frequency  ((63.954 + (1.1s random * !FreqScaler ) smooth: 1.1 )) nn ]

Figure 8. Four TAU objects and frequency parameter design

Section A' begins at 6:52 and is based on different sound
design techniques. Additionally, the four different notes
are spatially positioned in a reverse order from their orig-
inal position in Section A. Instead of using TAU to gener-
ate sound, Section A' uses the Kyma Sound object Chop-
per to extract a very small segment of my reading of the

poem. The design of the Kyma Sound is shown in Figure 9.

\an \J Ne=1

Sample. Chopper HarmenicResonator  HighPassFilter  Rolling Pizz 04 Rolling Pizz 04

Figure 9. Kyma sound design for A' section
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Beyond pitch manipulation, the spatialization of the four
semi-pitched notes in both sections A and A’ are carefully
designed. When the stylus touches the upper right cor-
ner of the Wacom surface, the sound is triggered and is
heard coming from the front right speaker. As the stylus
pen draws on the surface diagonally to the bottom left
corner, the spatial position of the note moves diagonally
to the rear left speaker. The three notes that follow are
also designed to be spatially positioned in a similar fash-
ion. Eventually, all four notes are spatially positioned in
the four separate corners of the listening area.

Composition: Summoner

Summoner weaves a narrative inspired by an imagined
story that centers around my mother-in-law who was a
great lover of all kinds of animals. The primary sounds
contained in this composition are actual recordings of
peacock calls, owl hoots, and various other bird vocaliza-
tions, directly recorded from her backyard. The composi-
tion transforms these original recordings to embark on
an exploration of the mysteries, mythologies, and mysti-
cism surrounding these creatures, serving as a summon-
ing not just to bring forth the birds, but also to articulate
their compelling narratives.

The data-driven instrument for Summoner consists of a
Leap Motion, custom software created in Max, and Kyma.
Using the "aka.leapmotion" Max object (Masayuki n.d.),’
the data from Leap Motion is parsed and scaled into indi-
vidual streams, then routed to Kyma.

The Leap Motion is an optical hand-tracking device
equipped with two 640 x 240-pixel near-infrared cameras
and three LEDs. It functions by tracking hand and finger
movements within a designated three-dimensional zone,
extending up to about 60 cm, with a wide field of view
ranging between 120° and 140° (Ultraleap 2020).

Figure 10. Leap Motion hand-tracking interaction zones*®

For optimal performance, a dimly lit concert hall with a
minimal number of LED lights is preferred. Controlled
darkness is necessary due to the infrared sensors' sensi-
tivity. Incandescent or halogen lights, as well as daylight,
can disrupt the Leap Motion's accuracy in detecting hand
and finger positions.
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All performative movements in this composition are
based on the concept of turning an intangible sound into
an imaginary physical object. By breaching numerical
thresholds, | can trigger or stop the sounds in the com-
position. | also use hand distance and speed to trigger
musical events. The 3-D distance between the two hands
as measured by the infrared sensors is calculated by Max
and those values are used to trigger musical events. For
example, at 3:00 in the video recording, when the dis-
tance of both hands reaches a threshold that | predeter-
mine, an explosive sound is triggered. The metallic bang-
ing sound in Section B is triggered by how quickly my
exits the Leap Motion’s observable sphere and returns to
it. The pitch of each banging sound is indeterminate and
is selected through an algorithm resident in Kyma.

Changing my hand shape is a key performance technique
within the composition. For instance, during the transi-
tion section at 3:04, | use all ten fingers — altering hand
shape — to control and shift the frequencies of the pea-
cock sounds. The speed of my fingers’ vertical move-
ments directly influences how fast the frequencies
change and intensifies the buildup of sound.

Conclusion

Employing data-driven instruments, these compositions
demonstrate the great potential of creating music in a
non-traditional way. With the current state of technolog-
ical development, data-driven instruments carry two
unique features, modularity and mutability, which allow
us to create unlimited instrumental variations with tre-
mendous musical flexibility, as well as the boundless po-
tential and ability to transform and contextualize sound
material in much more radical and multidimensional
ways than with many traditional instruments.

Creating compositions for data-driven instruments pre-
sents a complex challenge. It demands one to simultane-
ously represent the roles of inventor, composer, and per-
former. Balancing these distinct yet interrelated roles is a
constant struggle throughout the composing process.

Through the endeavors detailed in this paper and
through the execution of these compositions, | present
the potential of the data-driven instruments. Despite the
existing technological, intellectual, and conceptual de-
mands, | believe this approach expands our capacity as
composers and performers to communicate human ex-
perience and to powerfully reach and impact audiences.
The utilization of data-driven instruments might open
avenues to novel ways of sharing the human experience,
allowing individuals, families, and communities to delve
deeper into our collective experiences and relationships.
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This paper is adapted from the author’s dissertation, ti-
tled Storytelling: The Human Experience Through Data-
driven Instruments, submitted to the University of Ore-
gon in 2023. Significant modifications have been made to
adapt the content for this publication (Lee 2023).
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Summoner: https://youtu.be/Og7dSErldOs

1 Created by Miller Puckette at IRCAM, Max is an object-oriented pro-
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ditional  information can be found about Max at
https://cycling74.com/products/max

2Kyma is a domain-specific programming language that includes a
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ponent created by Kurt Hebel. The complete Kyma system is dedicat-
ed to synthesizing, modifying, exploring, and constructing sound, and
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3The Gametrak is originally designed for a virtual golf video game,
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4 For additional information about sampling synthesis, see Curtis Road,
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133.

5 The WaitUntil Sound object is Kyma’s version of a fermata.
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es.

7 Bai Juyi (772-846), was a well-known government officer and Chinese
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governor of three different provinces. In addition to his straightfor-
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bidding-farewell-on-the-plain- by-()*-bai-juyi/ Accessed October 28,
2023.

9 Masayuki Akamatsu created a number of external Max objects that
are widely used. “aka.leapmotion” Max external object package was
downloaded from https://github.com/akamatsu/aka.leapmotion.

10 Figure 10 image from https://mocap.reallusion.com/iclone- motion-
live-mocap/leap-motion.html
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Thirty Years History of the Seoul International Computer Music Festival

Sein Lee

This study examines the 30-year history of the Seoul International Computer Music Festival (SICMF) by dividing it into
three phases: Phase 1 (1994-2003), focused on the establishment and stabilization of the festival; Phase 2 (2004-2013),
characterized by the technological advancements that led to greater diversity in works; and Phase 3 (2014-2023),
marked by the introduction of experimental works utilizing new technologies. Through an analysis of key works and
events, the paper highlights the festival's role in shaping the development of Korean electronic music and its integration
with global trends. The study emphasizes the festival's historical significance and advocates for the continued research

and re-evaluation of computer music in Korea.

Keywords: Seoul International Computer Music Festival, Korean computer music, computer music, music technology
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Transforming Neural Activity into Generative Audio-Visual Art:
An Interplay Between Brain Data, Music, and Visuals

Daniel Aharoni
Department of Neurology
David Geffen School of Medicina, UCLA
Daharoni [at] mednet.ucla.edu

SiHyun Uhm
Department of Music Composition
University of California at Los Angeles
Su [at] g.ucla.edu

Federico Sangiuliano Jimka
Department of Bioengineering
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This interdisciplinary project integrates neuroscience and multimedia art by transforming calcium fluorescence imaging data from hippocampal CA1 and
retrosplenial cortex (RSC) regions of awake, behaving mice into generative audio-visual experiences. Neural activity, derived from calcium traces, is
analyzed in TouchDesigner to produce dynamic visual outputs influenced by movement, size, and shape. Simultaneously, neural data inform music crea-
tion through Max MSP, manipulating elements such as filter settings and dynamics. Additional musical components, composed in Logic Pro, respond to
the visuals, which in turn influence subsequent visual adjustments in TouchDesigner. This reciprocal interaction between audio and visuals, grounded in
neural activity, provides a unique framework for interpreting and creatively expressing the complexities of brain dynamics.

Keywords: Miniscope, neural data, Python, OSC, TouchDesigner, Max/MSP, data sonification, multimedia art, brain activity, calcium imaging, gener-

ative visuals, audio-visual interaction, music creation, filter manipulation, spatialization.

INTRODUCTION

1 Neural Imaging and Calcium Tracing

Miniature microscopes, or Miniscopes, are compact,
head-mounted imaging devices that enable in vivo visual-
ization of neural dynamics in freely behaving animals.?
These small-scale microscopes are particularly valuable
in neuroscience research, as they provide high-resolution,
real-time imaging capabilities that allow researchers to
study brain activity in naturalistic, behaviorally relevant
settings. Miniscopes are often used in conjunction with
calcium imaging, a powerful technique for tracking neu-
ral activity. Calcium imaging uses fluorescent calcium
indicators that increase their fluorescence intensity when
they bind to calcium ions, a process closely linked to neu-
ronal firing. By monitoring these changes in fluorescence,
researchers can map patterns of activity across large
populations of neurons, providing deeper insights into
how neural circuits give rise to behavior, learning, and
memory.

2 Preexisting Science Data and Multimedia Projects

Data-art has become a compelling medium in modern
science communication, often used to make scientific
data more understandable and visually engaging. Yet,
data-art has the potential to transcend simple data rep-
resentation by introducing artistic interpretation.? This
approach transforms data into works that are not only
informative but also aesthetically meaningful, offering
new perspectives and encouraging reflection and appre-
ciation of the underlying science.

oy - oh=TAS AR =X H22F (2024)

As multimedia technology advances, projects integrating
scientific datasets into art have become more common.
These collaborations use generative art, music, and in-
teractive installations to make complex scientific phe-
nomena accessible and captivating for broader audiences.
Examples include using geologic data to create digital
landscapes, representing environmental benefits of wa-
terway transport through interactive visuals, and inter-
preting neural patterns as abstract art.®#5 Projects like
these, bridge scientific insight with artistic vision, inviting
viewers to experience science through a creative lens.

Angela Schopke, a data visualization expert, explains the
power of this approach: “Transforming raw datasets into
visual narratives helps us understand relationships, cor-
relations, and stories in our data in a way that may not
immediately be visible when viewing raw data.”® By
transforming data into visually compelling narratives,
these projects offer viewers a new way to engage with
and interpret scientific information.

A notable example of brainwave art is David Rosen-
boom’s Brainwave Music, where real-time EEG data gen-
erates music as participants wear EEG headsets.” In an-
other project by Random Quark, EEG data is used to cre-
ate digital paintings that give audiences a sensory expe-
rience of neurological activity.® These EEG-based projects
transform brain signals into captivating visual and audito-
ry experiences, providing insight into brain activity in a
novel and accessible form.

This project, however, uniquely applies calcium imaging
data recorded with a Miniscope to create a constant
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feedback loop between visuals and sound. Unlike EEG,
which captures brainwave electrical signals as wave-
forms,® Miniscopes record the activity of the brain as a
video, and brain activity can be decoded using image
analysis methods. The visuals and music continually in-
fluence one another, creating an immersive and interdis-
ciplinary interplay of scientific data and multimedia art.
This approach deepens the sensory impact, allowing au-
diences to connect with the neuroscience behind the art.

3 Project Aim, Technical Overview, and Goal

The aim of this project is to bridge scientific and artistic
realms through an interactive, real-time experience that
merges neural data, music, and visuals. By blending fixed
media with dynamically generated content, the project
seeks a balance between data-driven composition and
creative expression. Instead of relying solely on scientific
interpretation or artistic inspiration, it establishes a
unique middle ground where visuals and audio respond
to neural data in real time. The result is a multi-layered,
immersive environment that deeply engages viewers. As
multimedia artist Nicolas Naveau noted, “Art can play a
crucial role by providing a critical perspective and offer-
ing a unique form of societal discourse. If science pro-
vides knowledge, the strength of art lies in creating
meaning while communicating on emotional and sensory
levels, opening dialogues with diverse audiences.”*?

Technically, the project translates neural activity cap-
tured through calcium imaging into an audio-visual per-
formance using TouchDesigner and Max/MSP. Calcium
trace data from neural imaging data drives both genera-
tive music and visuals, creating a synchronized, interac-
tive experience. Visuals track and map calcium move-
ment as dynamic generative patterns, evolving in re-
sponse to both fixed audio and live audio inputs. This
setup fosters an immersive and continuous feedback
loop, where fixed and real-time elements interweave to
reflect neural activity in a visually and sonically expres-
sive format.

The project’s goal is to underscore the creative potential
in merging scientific data with artistic practice, highlight-
ing how data can inspire new composition forms and
expanded visual possibilities in multimedia. Visual ele-
ments are shaped by neural imaging video, where calci-
um traces guide the movement of particles, resulting in
an organic, data-responsive visual layer that aligns with
the rhythm of the generative music. By allowing room for
live additions, performers can interact dynamically with
visuals, creating a responsive experience that evolves
with both data and creative input. The real-time audio
generated in Max/MSP feeds back into TouchDesigner,
synchronizing and enhancing the fixed media, thus form-
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ing an integrative and immersive audio-visual environ-
ment.

This multimedia project exemplifies how art and science
can intersect to create meaningful experiences, present-
ing scientific data in a form that resonates emotionally
and demonstrating how multimedia art can serve as an
innovative medium for scientific communication.

MULTIMEDIA ART AND PROJECT DESIGN

1. Technical Setup

I. Data Source: Two datasets were collected using an
open-source UCLA Version 4 (V4) Miniscope. The first
dataset was acquired from the CA1 region of the hippo-
campus as mice explored a 40 x 40 cm square arena,
while the second dataset was recorded from the retro-
splenial cortex (RSC) as mice ran along a linear track. The
imaging data were stored as uncompressed AVI files us-
ing the GREY codec at 30 frames per second and at an 8-
bit pixel depth. The recordings were captured at a resolu-
tion of 0.36 megapixels.

All data used in this study were collected from prior neu-
roscientific experiments conducted under approved ani-
mal protocols in compliance with institutional and ethical
guidelines for animal research. These studies provide
comprehensive methodological details, while the present
study focuses on reanalyzing the imaging datasets for the
implementation of generative audio-visual systems.!

Il. Data Pre-Processing: To optimize the video for better
neuron tracking, we apply pre-processing steps to re-
move the non-neuronal background fluorescence. The
background fluorescence is calculated by finding the min-
imum fluorescence projection and then subtracting it
from the original video. To make the blob tracking phase
easier, the brightness is later adjusted by checking the
histogram.

Ill. Data Processing: To analyze neural activity, we begin
by processing video data captured through the
Miniscope using blob-tracking technology. Fluorescence
intensity changes, which correspond to neural activity,
are characterized by the following key attributes:

¢ x and y coordinates: The spatial location of the fluores-

cence signal within the field of view, corresponding to the
position of neurons.

¢ Height and width: The dimensions of the detected fluo-
rescence region, representing the spatial extent of the sig-
nal.

e Age: The temporal duration since the fluorescence sig-
nal’s onset, which helps track its progression over time.
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IV. Visual Creation: Visual elements are constructed us-
ing box objects that vary in size, mimicking the appear-
ance of galaxies. These boxes are artistically aligned and
directed based on the x and y coordinates and intensity
of the detected fluorescence signals. Pathways are
formed that reflect patterns of activity across neuronal
populations. Each visual aspect, including noise, shape,
and movement, is dynamically influenced by real-time
blob-tracking data, adding a layer of depth and interac-
tivity.

V. Audio Creation: A fixed audio track of 7 minutes and
20 seconds, created in Logic Pro, is inspired by and syn-
chronized with the visuals. An additional layer of sound is
generated from the blob-tracking data, which is trans-
ferred from TouchDesigner to Max MSP via OSC (Open
Sound Control). Specific layers, including chords, melo-
dies, beats, and filters, are triggered in Max MSP at pre-
cise intervals and fed back into TouchDesigner. This ena-
bles the audio to influence the visual pathways, blending
with the fixed track to create an immersive multimedia
experience.

VI. Live Performance: Designed for live performance, the
project incorporates real-time artistic adjustments. Ele-
ments such as scene changes, color shifts, parameter
adjustments, volume control, and initiation of specific
musical elements in Max MSP provide the performer
with the freedom to interpret and interact with the visu-
als and audio dynamically.

Brain recording

Figure 1. Raw sample frame from CA1 hippocampus and recorded be-
havior in an open field.
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2 METHODOLOGY
2.1 Data Acquisition

Data acquisition was conducted across two experiments,
each involving an open-source UCLA Miniscope mounted
on the head of a freely behaving mouse expressing a flu-
orescent neural activity indicator.?? The first experiment
(Figure 1) captured data from the CA1 region of the hip-
pocampus (Figure 2).

The second experiment was performed in a linear track
with water rewards at each end. This was recorded in the
RSC region of the brain (Figure 4).

Brain recording

Behavior

Figure 2. Raw sample frame from RSC and recorded behavior in a linear
track.

2.2 Data Pre-processing

To enhance neuron visibility, background subtraction was
applied to each recording. This process involved calculat-
ing the minimum projection of each video and then per-
forming a frame-by-frame subtraction.

Figure 3. Background removed from the CA1 hippocampus frame for
better visualization.
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2.3 Blob Tracking

Blob tracking allows for the detection and tracking of
constantly shifting “blobs,” reporting attributes such as
blob IDs, coordinates, and pixel dimensions.'* To capture
this tracking data, the system is configured with a cache
size of 32, a step size of 1, and an output index of -5.4
frames. This configuration compares each video frame
with the frame from 5.4 frames earlier, highlighting
changes over time and enabling tracking of calcium activ-
ity. The resulting blob-tracking data includes a range of
parameters: ID, x (u) and y (v) coordinates, width, height,
and various statuses like active, revived, lost, expired,
age, lost time, and expired time.

Figure 4. Blob Tracking of background removed CA1 hippocampus
frame.

VISUAL PROCESS

The visual component of this project draws inspiration
from the circular and organic shapes observed in the flu-
orescence signals captured during calcium imaging.
These signals, which reflect neural activity, often appear
as circular outlines resembling the physical forms of neu-
rons or cell bodies. To preserve the connection between
the sample frames and the artistic interpretation, the
visual design incorporates these circular forms, maintain-
ing a coherent link to the data’s authentic spatial charac-
teristics. This approach bridges scientific accuracy and
artistic expression.

Additionally, the monochromatic palette of the original
video footage has been adapted into the visuals, which
primarily focus on black and white tones. Intertwined
cubes were chosen as a building block for the visuals,
forming an atmospheric, space-like environment. This
combination of abstract cubes and the circular form, il-
luminated in varying intensities, is used to convey the
energy and rhythm of neural activity over time, allowing
the viewer to perceive an abstracted yet data-informed
view of brain processes.
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1 Different Scenes

The visual component is structured into four distinct
scenes, each offering a unique perspective on neural
activity data and adding variety to sustain audience en-
gagement. These scenes are not randomly sequenced
but instead follow the evolving intensity and patterns in
the neural data, with specific elements activated at key
moments to introduce variation and enhance dynamism.
A recurring circular motif provides thematic continuity,
while variations in light intensity and shifts between
black and white tones highlight changes in activity.

In addition to the four primary scenes, three additional
visual elements appear intermittently, created mainly
from particle SOP. These elements—Geo7, Geo8, and
Geo8 with disabled Particle SOP—enrich the visual pro-
gression and thematic evolution of the piece, adding fur-
ther variation. By amplifying the organic flow of the visu-
als, these shifts accentuate specific moments in the cal-
cium data, deepening the immersive quality and creating
a cohesive narrative that is both visually engaging and
scientifically grounded.

Figure 5. Scene 1.

Figure 6. Transitional state between Scene 2 and Scene 2.
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Figure 7. Transitional state between Scene 2 and Scene 3.

Figure 8. Scene 1 featuring Geo 8 with the Particle SOP disabled.

Figure 9. Transitional state between Scene 1 and Scene 2, showcasing
widened boxes responding to the audio track.

ol - oh=TAS AR =X H22H (2024)

Figure 10. Scene 4.

2 Blob Tracking Data Implementation

In this project, key data points—x, y, width, height, and
age—are extracted and transformed into CHOPs (Chan-
nel Operators) within TouchDesigner. These CHOPs pro-
cess real-time data streams to control various visual ele-
ments, translating fluctuations in x, y, and width values
into changes in position, scale, and growth of visual
shapes.

Figure 11. Selected data points converted into CHOPs.

One example of this implementation is how x, y, and
width values control a Noise TOP (Texture Operator),
with the ‘Translate’ parameter directly linked to these
values. Similarly, the Transform TOP and other operators
like Scale and Grow/Shrink respond to blob-tracking data,
allowing neural activity to dynamically shape the visuals.
The x and y data influence small boxes, producing intri-
cate pathway patterns that mirror the locations and sizes
of calcium traces as they light up. This method reinter-
prets the position, scale, and direction of neural activity
into visually engaging shapes, lines, and movements.

69



SiHyun Uhm/ Jimka, F.S./ Aharoni, D. - Transforming Neural Activity into Generative Audio-Visual Art

Noise noise2
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Figure 12. Blob data and audio analysis data controlling Noise TOP.

3 Implementation of Audio Analysis Data

Within TouchDesigner, the Audio Analysis CHOP is uti-
lized to decompose audio frequencies into low, mid, and
high ranges. Users can control the output by adjusting
parameters such as threshold, gain, add, and smooth
settings. The manipulation of these values is refined
through audio analysis, mapping the soundtrack’s low,
mid, and high frequencies to specific thresholds, gains,
and smoothing values.

Figure 13. Audio analysis tool in TouchDesigner.

4 Implemented Elements at Specified Timing

Several visual elements are triggered at precise moments
throughout the 7-minute and 20-second audio composi-
tion. A Timer CHOP monitors elapsed time in seconds
and executes cooking commands (initiating processes) at
predetermined intervals, activating specific visuals at the
appropriate moments.

As the piece unfolds, audio analysis directly influences
the size of dynamically appearing boxes. These boxes
expand and contract in synchronization with the music,
gradually increasing in size as the composition builds
toward its climax. A control mechanism ensures that the
box sizes are managed at critical timeline points to pre-
vent overcrowding and maintain visual harmony.

Geo 7 and Geo 8, previously described as supplementary
visual layers, are also timed for activation. These parti-
cles change color in response to their speed, adding fur-
ther visual dynamism to the scenes. Additionally, a con-
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tinuously shifting vivid circle at the center of the piece is
derived from Geo 8, utilizing disabled particle elements
to enhance visual interest.

238

op('nulld’) ['h

Figure 14. Implementation of additional visual elements at designated
timestamps

5 Live Performance Considerations

The visual performance is designed for live interaction,
prioritizing flexibility and real-time control. The set can
be reset by pressing the “1” key, restoring the timecode,
audio, and visuals to their initial state. This feature allows
performers to reinitiate the entire system for each live
performance.

The aforementioned four distinct scenes are preloaded
into a Switch TOP, enabling seamless transitions between
them. During the performance, the audio track guides
the performer’s decisions on when to switch between
scenes, ensuring smooth transitions with automatic fade-
ins and fade-outs that maintain visual continuity.

This open-ended structure allows for different outcomes
with each performance, inviting creativity and imagina-
tion to enhance the richness of the context and freedom
of expression. Additionally, elements like background
color changes related to scenes 3 and 4 are incorporated,
providing further opportunities for live manipulation.

While certain elements can be implemented with exact
timing, the precise outcome may vary each time, reflect-
ing the dynamic nature of live performance and interac-
tion.

Composition Process

This composition merges the structured framework of an
electroacoustic piece with the fluidity of generative com-
ponents, embodying the dynamic nature of the tracking
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data. Key elements—such as sound creation, initiation,
filter modulation, and amplitude modification—are pre-
cisely crafted at specific moments using Max MSP. Simul-
taneously, pre-composed electronics are dynamically
linked to visual representations of the data through Logic
Pro. This approach creates an intricate interplay between
music driven by data and artistic inspiration, mirroring
the complexities of the underlying neural activity.

1 OSC (Open Sound Control)

Using OSC (Open Sound Control), the blob tracking data
is transmitted from TouchDesigner to Max MSP to con-
trol various musical aspects in real-time. OSC is a flexible
communication protocol designed for sending real-time
data between applications and hardware with low laten-
cy, ensuring high precision.'® Each data point is mapped
to specific UDP ports within Max MSP: u(x) to port 10000,
v(y) to 10001, width to 10002, height to 10003, and age
to 10004.

In Max MSP, udpreceive receives the incoming data,
which includes an ID number for each blob (e.g., /29906
0.028333). This ID helps in distinguishing blobs over time,
as they vary in position and characteristics. To streamline
the data, unpack s f splits the incoming ID and float val-
ues, filtering out any extraneous output using route 60.
to retain only the needed float values for processing.

2 Musical Elements (Max/MSP)

The composition draws inspiration from a galaxy-like
visual, with sparse textures evolving into a dynamically
expressive finale. Many musical sections revolve around
a D pedal tone, alternating between single notes, multi-
ple-note pedals, and arpeggios, each with unique timbral
variations.

2.1 Table of Contents

Within Max MSP, blob tracking data (x, y, width, and
height) is employed to generate three core musical ele-
ments:

e Chords (D, C, and F chord variants),

e Melody (a single note sliding melody with a slightly
coarse tone), and

e Beat (randomly generated rhythms from data points).

The sound synthesis is processed through ~vst, utilizing
Pigments’ synth for a wide range of textures.

2.2 Chords

Blob data is routed through the if object in Max MSP,
sorting values to activate specific pitches based on
thresholds. This setup is designed to produce distinct
chord structures for the D, C, and F pedal tones. For the

ol - oh=TAS AR =X H22H (2024)

D chord in particular, sorted values are then scaled to
initiate one of the preselected MIDI notes (38, 45, 50, 57,
62, and 69), creating a “cloud” of D and A pitches that
form a chordal aura. This collection avoids a strict major
or minor quality, instead generating a rich, ambiguous D
chord cluster.

In addition to pitch selection, the if statement generates
dynamically scaled numeric values linked to MIDI dynam-
ics, outputting these values to makenote operator, which
is routed to vst™ for pitch and gain~ for amplitude. These
fluctuating values continually modify the dynamics, cre-
ating a natural ebb and flow within the D chord. This ap-
proach ensures that the preselected chord structures
serve as an additional layer within the soundscape of the
precomposed music. Their presence emerges when
needed, adding expressive highlights and textural depth
without guiding or dominating the overall harmonic
foundation. The dynamic and real-time variations further
enhance their integration, creating a fluid and adaptive
sonic environment.

select from D chords HON_ K H

1571 <= 0.01 then Sr1 [l I $11 >= 0.01 && $ <=0.02 then §¢1 Il ¥ $11 >= 0.02 & ${1 <= 0.03 then §i1 i $11 >= 0,03 &4 §f1 <= 0.04 then $11

o]

| - s s |

eo o] eo ]
IEEET o 5505 01
Wi B [@ fr [ ) ]
$ ] 2]
iz ey

|

dynamics ynimics dyramics dynatnifs
(e oto
CHON N oz [ e | 10|

05005000
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Figure 15. Workflow for generating D chords by sorting blob data sets
in Max MSP.

2.3 Melody

The melody logic in Max MSP builds upon the same
foundational setup used for triggering chords but is
streamlined to produce a single note instead of multiple
notes. Unlike chords, which create harmonic textures,
the melody line operates independently with a single
note being triggered at any given time, creating a fo-
cused, linear melodic contour.

Within the ~vst object (Pigments), the blob tracking data
manipulates the frequency parameter in Filter 1, specifi-
cally a COMB-shaped filter. This effect adds a distinctive,
resonant quality to the melodic line. To implement this,
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the same if and scale methods used for chords are ap-
plied to control the frequency values based on blob data,
allowing the melody to dynamically respond to real-time
information.

The ~vst object also includes the vs 4 output, which ena-
bles precise parameter control by identifying the ‘Pa-
rameter Index and Value when Changed.” Here, the filter
frequency knob, assigned to parameter index 172, is tar-
geted specifically to modify its values within a scaled
range of 0.08 to 1, ensuring that frequency shifts remain
smooth and moderate rather than abrupt.

For added expressiveness, the line operator is used to
create a sliding effect, producing a glissando or porta-
mento-like transition between notes. This sliding effect is
controlled by inputting the dynamically changing values
and setting the speed of each transition. Specifically, the
line object is set to receive values with a 200-millisecond
speed between notes, ensuring smooth glides and creat-
ing a more natural, expressive melodic line. This real-
time manipulation of the filter frequency allows the mel-
ody to reflect and adapt to the incoming blob data, while
the line operator ensures a polished, fluid performance
experience.

=
if $f1 >= 0.01 && $f1 <= 0.02 then $f1

oo ]

scale 0.001 0.02 0.08 1.
(i~

Figure 16. Process of melody creation featuring an added sliding (glis-
sando) effect.

2.4 Beats

The beat component, also generated from blob data,
applies if and scale to sort data for routing to specific
sound samples, such as kick, snare, cymbal, and hi-hat.
Each blob’s data triggers the appropriate beat element,
creating a rhythm that is responsive to the changing data
inputs.

3 Audio Filter

To shape the overall sound, all musical components
(chords, melody, and beats) pass through a biquad™ filter
in Max MSP, which can apply various filter types such as
low-pass, high-pass, low-shelf, and high-shelf. This pro-
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ject incorporates an auto-filter controlled by the u(x)
position, feeding low-pass filter settings via OSC input.
The filter dynamically adjusts gain and cutoff based on
these inputs, providing tailored spectral control for each
section.

4 Live Performance

Given the live performance context of the piece, with an
audio track set to a fixed 720", certain musical elements
must be triggered at precise times rather than at random
intervals. This timing is managed with coll @embed 1,
where specific events are cued at designated points in
seconds to coordinate with the visuals.

Key events include:

1. Chord selection (triggered as D, C, or F at points 1, 2,
and 3)

Activation of the chords
Chord fade-out
Activation of the melody
Melody fade-out
Activation of the beat
Beat fade-out

Auto-filter trigger

X N v B~ wWN

Noise layer

=
°

End of performance at 7°20”

This timing approach ensures each musical event aligns
accurately with the visual transitions and overall compo-
sition, providing a structured progression through the
piece.
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Figure 17. Configuration of @embed 1, detailing the timing for specific
elements, indicated by seconds at the beginning of each column.

4.1 Space bar Initiation

When the visual component begins in TouchDesigner, it
triggers the simultaneous initiation of both TouchDesign-
er and Max MSP through an automated process, starting
a timer in Max MSP set to a tempo of 60 BPM (equivalent
to one second per beat) to ensure precise timing.

To synchronize the visuals and audio, a custom code in
TouchDesigner’s Keyboard In DAT Callback captures the
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spacebar input. This code uses the spacebar’s Constant
CHOP value to detect its state, which momentarily
switches from 1 to 0 when pressed. To maintain a steady
signal, the Hold CHOP operator is employed to keep the
value stable at 1 until the spacebar is pressed again. This
setup effectively holds the value until it registers another
0-to-1 change, preventing fluctuations in the signal.

17 def onKey(dat, key, character, alt, 1Alt, rAlt, ctrl,

18 1Ctrl, rCtrl, shift, 1Shift, rShift, state, time, cmd, 1Cmd, rCmd):
# Check if the pressed key is 'space'

if key == q
# If the key is pressed
tant ).par.valued = 1

released
return

Figure 18. Python code used in the Keyboard In DAT Callback.

The Constant CHOP value is then reversed, toggling be-
tween 0 and 1, and is sent out as an OSC message to Max
MSP, where it acts as an on/off switch. This method en-
sures that TouchDesigner and Max MSP stay synchro-
nized in real-time, allowing the visual and audio elements
to begin simultaneously and remain in sync throughout
the performance.

,

' Lél:} icl

Figure 19. Spacebar value used to trigger ‘1’ for OSC Out CHOP in Max
MSP.

4.2 Feedback Loop

The system is set up to route Max MSP’s audio output
back into TouchDesigner, enabling the visuals to respond
to both the fixed audio track and the live-generated
sound from Max MSP. Since OSC only transmits data ra-
ther than audio, there’s no direct way to send audio back
and forth between Max MSP and TouchDesigner. To
solve this, Loopback (or Blackhole) software is used as a
virtual audio interface. This interface takes the Max MSP
audio output and routes it into TouchDesigner’s audio
input as a virtual source.

Within TouchDesigner, the Math CHOP is used to com-
bine two audio inputs: the fixed audio track from the
Audio File In CHOP and the live audio from Max MSP
through the virtual Loopback device. These combined
signals are then routed to the Audio Device Out and Au-
dio Analysis CHOPs. This setup creates a continuous
feedback loop, allowing the visual elements to dynami-
cally respond to both pre-recorded and live audio data,
enhancing the interactive aspect of the project.
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Future

While collaborations between science and art have
gained momentum, there remains vast potential for fur-
ther exploration and development. Additionally, electro-
acoustic and electronic music hold boundless possibilities
for integration with visual elements, creating immersive,
interdisciplinary experiences.

Future goals include obtaining real-time data from freely
behaving animals, transmitted via a cloud server and
integrated into TouchDesigner and Max/MSP. This ad-
vancement would allow for the creation of an evolving,
real-time installation that adapts to live data inputs.

The current live performance, as shown in the project
demonstration, was controlled entirely within the soft-
ware environments of TouchDesigner and Max/MSP.
Future iterations could incorporate MIDI controllers for
more flexible performance management, particularly in
larger venue settings. Depending on the space, visuals
originally created at 1280 x 1280 resolution could be ex-
panded for a 360-degree display or mapped to custom
dimensions, with synchronized lighting controls to en-
hance the immersive experience.

Conclusion

This project delves into linking Miniscope calcium imag-
ing with multimedia art. Through extensive testing and
creative reimagining, it has evolved to embody the ex-
ploratory and experimental spirit intrinsic to scientific
research.

By merging scientific data with artistic expression, this
project aims to encourage further collaborations be-
tween scientists and artists, challenging the conventional
boundaries between science and art. It demonstrates
that science can inspire artistic creativity, while art and
music can be approached with scientific rigor. Such cross-
disciplinary engagement has the potential to inspire even
more innovative and impactful work.

The main achievement of this project is the application of
blob tracking on calcium imaging data generated with
open-source UCLA Miniscopes to create both visually and
sonically interpreted neural pathways. The dataset not
only influences the visual design but also generates addi-
tional musical elements layered on top of a fixed audio
track. This data-driven interaction is achieved through
Max/MSP and TouchDesigner, facilitating a dynamic,
threefold creative process: real-time scene changes, vis-
ual manipulation, and musical modulation. By integrating
these elements, the project offers an immersive, interac-
tive performance environment that combines both fixed
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and live media, leaving room for artistic choices and im-
provisation during live presentations.

Supplementary Material

To provide a more comprehensive understanding of the
project’s outcomes, a live performance recording of the
project demonstration is available. Access the recording
through the following YouTube link (https://youtu.be/
WS5rKlJfaUoM) or by scanning the QR code below.
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Expanded Narratives of Nature and Humanity Portrayed Through Electronic Music:
Review of Seoul International Computer Music Festival 2024

Lee, Yeiji

Musicologist

The Seoul International Computer Music Festival 2024 was held from September 5th to 8th at CKL Stage and Art Korea
Lab. Following its 30th anniversary last year, this festival welcomed audiences with an even richer program this year.
Notably, fest-m, which showcases experimental works by young composers, opened as a pre-festival event. With
participation from international electronic music groups and large-scale chamber music performances by Korean
composers, the festival demonstrated a broad perspective encompassing both Eastern and Western traditions. The
festival explored various possibilities of contemporary electronic music through diverse media including audio-visual
works, tape music, electroacoustic pieces, live electronics, radio, and ensemble performances. Each work utilized
various elements of sound such as frequency, density, waveform, amplitude, spatialization, transformation,
complementation, reverberation, compression, and contrast. Like the poetic phrase "beauty reveals itself when
observed closely," discovering profound meanings within subtle changes in timbre was a moment that made one realize
the infinite possibilities of electronic music.

A particularly noteworthy keyword at this festival was ‘nature’. The author focused on various ways electronic music
expresses nature and derived thematic perspectives including 'the charm of indeterminacy,' 'projection of the inner
self,' 'reverence for nature and the supernatural,' and 'narratives of daily life.' How does electronic music interpret and
express nature and human life to construct narratives?
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2024 Electronic Music and the Review in Korea:
Review of International Computer Music Conference 2024 and others

Park, Soon-Young

Composer, Music Critic

In 2024, Korean electronic music was more diverse than any other year. First of all, the International Computer Music
Conference (ICMC2024) was held in Seoul, Korea. This was six years after the Daegu ICMC in 2018, so it was a good
opportunity for Korean electronic musicians to meet the world stage. Also, the Seoul International Computer Music
Festival (SICMF2024) held in Seoul annually, was successfully hosted in September and marked an important musical
milestone with the concert by Taiwan's C-Lab and the special concert invited by Ensemble Eins. In addition, the 2024
IRCAM Forum Workshop at Seoul, Daegu International Computer Music Festival, the concert of Space for Sound, many
individual electronic music recitals and concerts using Al were actively conducted, where technology and music were
interacting more dynamically than ever before.
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