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Introduction

Title, FOKU, and Artistic Research

My project Cing Etudes — Composition for Cello & 3D Audio System is part of the Royal
Danish Academy of Music’s (DKDM) programme for Artistic Research (KUV), which is
integrated into the institution’s overall knowledge base called FOKU (Forskning [Research],
Kunstnerisk praksis [Artistic Practice], and Udviklingsvirksomhed [Development Activities].
During the period 2020-2022, the project was granted support equivalent to two reduction
hours in 2020-2021 and three reduction hours in 2021-2022—a total of 300 working hours.
In addition, cellist Toke Mgldrup received 0.5 reduction hours, equivalent to 30 working
hours, for his contribution.

Artistic Research — Project period 2020-2026.
FOKU Activity 2020-2022:
e 2+3 reduction hours, equivalent to 120+180 working hours.

Project Title: Cing Etudes — Composition for Cello & 3D Audio System.

Contributors
e Toke Mgldrup, cello. 0.5 reduction hours, equivalent to 30 working hours.
e Aske Vang Rasmussen, sound engineer (Tonmeister).
e Peter Bruun, reflection partner.



Results of the Artistic Research Project

| have composed a work, notated in score form and published by EditioneS, and developed
an interface in the Cycling ‘74 software known as Max. ? This Max project functions as a user-
friendly interface used to execute live electronics in connection with concert performances
of the work.

[Link: Cing Etudes online score and download of the Max project.]

The premiere took place on October 9, 2024, in the Royal Danish Academy of Music’s "Ny
Sal" as part of the Immersive Sessions concert series. Here, the work was performed in a 3D
audio environment with 48 loudspeakers by cellist Toke Mgldrup in collaboration with the
undersigned.

[Link: Concert featuring Cinqg Etudes.]

A binaural version of the work will be available on digital streaming services from May 2026
under the title: Cing Etudes by Ejnar Kanding.

This research article regarding the Artistic Research project will be available to read via my
own website under the "Research" tab, and in time, it will also be accessible on the Royal
Danish Academy of Music's platform.

[Link: The KUV project on Kanding's website.]

Outline of the Project Results in Five Points:

e Score, publication by EditioneS: Cing Etudes.
Link the score of Cing Etudes.

e Max project as an interface for concert performance (download):
Link to download of Max-project to Cing Etudes.

e The premiere of the work on October 9, 2024:
Link to concert with world premiere of Cing Etudes.

e Digital binaural and Dolby Atmos release in May 2026:
Search online for: Ejnar Kanding: Cing Etudes.

e Research article:
The Artistic Research project on Kanding's website.

1 https://cycling74.com/ Accessed: 2025-03-04.
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https://www.kanding.com/cinq-etudes-research-article-in-english/
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Delimination of Subject Matter

A solo work is music for a single instrument. The performing soloist has likely existed for as
long as humanity; perhaps Neanderthals were already expressing themselves musically even
before Homo sapiens walked the earth.?

In the European tradition of score-notated music, some of the earliest known solo works for
lute were by the Italian Renaissance composer Francesco Canova da Milano (1497-1543).3
Since then, countless composers have challenged the artistic possibilities of the solo work. In
the classical music tradition, it plays a central role both as repertoire for musicians and as a
work for composers. While many could be mentioned, the following composers immediately
come to mind for their significant contributions to the solo repertoire: Frescobaldi,
Froberger, Paganini, D. Scarlatti, Bach, Hiandel, Haydn, Mozart, Beethoven, Schubert,
Mendelssohn, Schumann, Liszt, Chopin, Brahms, Scriabin, Debussy, Ravel, Bartok, and Ligeti.
These composers span a period from the early Baroque at the start of the 17th century to
the present day, with Ligeti’s passing in 2006. Such works typically employ titles that denote
a genre — such as suite, partita, solo sonata, prelude, fugue, nocturne, or étude — which
define the starting point in terms of both form and content. In this tradition, an étude?is, on
one hand, an expression of the composer’s artistic ambition and, on the other, a technical
performance challenge. The balance between these two aspects varies greatly. Consider
Czerny, where the focus is often on simple scales and broken chords, as opposed to Chopin,
who certainly cultivates performance technique in his études, yet prioritizes musical
expression above all else.

| chose the title Cing Etudes because my project specifically explores this duality. The artistic
ambition is largely present in the cello part, while the technical challenge has primarily
shifted to the technological domain. The original project from the Artistic Research
application in early 2020 focused on and was titled Composing for Cello & Real-Time
Processing. In 2019, the Royal Danish Academy of Music’s New Hall was enriched with a 3D
audio system featuring 48 loudspeakers, 44 of which are identical units evenly distributed
throughout the hall in a hemispherical arrangement (see Appendix 2), while 4 subwoofers —
capable of reproducing the lowest frequencies — are placed in each corner. In short: a 44.4
3D audio system.

Over time, my focus shifted toward exploring the 3D audio system of New Hall as a medium
for artistic expression, while still retaining the cello as the solo instrument and sound source
for the electronic audio processing. Consequently, the project’s final subtitle became:
Composition for Cello & 3D Audio System.

2 https://en.wikipedia.org/wiki/Prehistoric_music Accessed: 2025-06-06.

3 https://www.classical-music.com/articles/guide-lute Accessed: 2025-03-03.

4 Etude: (French for "study" or "exercise"). In music, a composition designed to practice and master a specific
technical skill.
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Problem Statement

The project aims to develop a new composition for cello, dedicated to soloist Toke Mgldrup,
with a duration of approximately 19 minutes. The starting point is the score-based music of
the classical tradition in interaction with the computer as a co-performer.

The new work utilizes Cycling '74’s software, Max, with a specific focus on its MC objects,
both for sampler-based sonic processing of the cello part and as a tool for realizing the
spatialization of the work within the 3D audio system at the New Hall of the Royal Danish
Academy of Music.

In addition to the composition itself, a digital user interface is being developed to manage
the computer’s direct interaction with the performing musician. The interface is designed to
be intuitive and accessible to classically trained musicians without prior experience in
electroacoustic music.

Furthermore, a notation practice for the score is being developed, documenting the
knowledge relevant to the performer for the realization of the work (the performative
dimension). This score and the corresponding Max project are to be published by EditioneS.

With the aim of dissemination and accessibility, both a binaural and a Dolby Atmos version
of the work are being created for release on digital streaming platforms.

The project aims to contribute to the vitalization of the classical music tradition — with its
specialized professionalism in both the creative and performative domains — ensuring it
remains relevant in a contemporary context by merging the best of both worlds into a new
work of art.



Structure of the Article

This article is structured into four main parts: an introductory contextualization; a core
section comprising theory, methodology, technical descriptions, and work analysis; a
concluding reflection and perspective; and finally, the appendices.

The introductory part (pp. 4-9) includes a presentation of the project’s title, its affiliation as
Artistic Research, and the contributors. Furthermore, this section provides an account of the
project’s overall results, its delimitations, and the problem statement. A brief summary
concludes this introductory section, providing an overview of the project’s content and
approach.

The main section (pp. 10-36) constitutes the analytical core of the paper and begins with a
theoretical and methodological framework. Relevant concepts, categories, technological
contexts, and the historical positioning of Max/MSP are introduced here. The
methodological approach is presented and discussed, including the adjustments and
redefinitions the project underwent during the process.

Following this is an account of the artistic development process, from the initial project idea
to the realized version. This includes a technical and aesthetic analysis of key aspects such as
the use of MC objects, the 44.4 3D audio system, Real-Time Processing (RTP), phrasing,
sampling strategies, and feedback control. An overview of the creative process is presented
at the end of this section.

In the section concerning the work itself, the score and its relationship to the developed Max
project are described. Each movement is analyzed with a focus on compositional technique
and electronic processing. A specific section on dissemination highlights how the project can
be adapted for different target groups — both the general public and music professionals.

The concluding part (pp. 37—-38) contains a conclusion summarizing the main points of the
paper, followed by a perspective and reflection on the project’s artistic, technical, and
research-related implications.

Appendices (pp. 39-58) further document the process through diary entries, technical
diagrams, the complete score, and an illustrative example from the Max project, as well as
an elaboration on the article’s theoretical approach.



Abstract

This article presents a multi-movement composition for cello and electronics, developed
with a focus on sampling and spatialization within a 48-channel 3D audio system. The work
explores the relationship between traditional compositional technique and contemporary
digital sound art, where the role of the cello balances artistic expression with serving as the
sole sound source for the electronic layer. A central dogma can be formulated: all sound
heard in the electronic processing must originate exclusively from the performed cello
material.

The first movement utilizes arpeggios and undulating textures as a foundation for real-time
processed sound, where the cello’s timbre is transformed through sampling. Here,
spatialization creates a living, spatial landscape surrounding the acoustic material.

The second movement is polyrhythmic, employing three sample buffers within an
isorhythmic structure. The relatively simple cello part, with its Baroque-like expression and
implied polyphony, leaves space for the complex rhythmic structure of the electronic layer.

The third movement unfolds a passacaglia structure, using a bourdon-based cello part as its
compositional skeleton. The electronics realize microtonal and chromatic clusters via
subharmonic series and exponential transposition, panned in 3D.

The fourth movement, Numerosa resonantiae, is written for electronics alone and utilizes an
88-band resonance filter that projects 3-6-note chords through the filtering of the second
movement’s percussive material. The chords are placed spatially to emphasize the
underlying 3:4:5 polyrhythmic structure.

The fifth movement, Canon per augmentationem cum libero contrapuncto, concludes the
work with a complex augmentation structure. The cello performs a free counterpoint over
two augmentations of a D-tonal theme, programmed with time-stretch and pitch-shift. The
work culminates in a fully chromatic 32-part canon, where the cello’s melody is lifted into its
highest register, shedding light on the darker underlying texture of the work.

Overall, the work emerges as a synthesis of compositional precision and spatial
experimentation, weaving together the 3D audio system, the cello’s expressive capacity, and
digital sound processing into a multi-dimensional auditory architecture.



Main Section

Theory and Method

Electroacoustic music encompasses music that requires the use of loudspeakers to be
heard.®> Simultaneously, it designates a genre with roots in Western art music ® The genre
can be divided into three main categories:

1. Acousmatic music Music composed exclusively for playback via loudspeakers. The
first example is Cing études de bruits (1948) by Pierre Schaeffer (1910-1995).

2. Live Electronics (Live Electronic Music) Music in which electronic and acoustic
elements are combined in real time during a live performance. The term was first
applied by Luigi Nono (1924-1990) in Con Luigi Dallapiccola (1979) for percussion
and live electronics, but the first work to utilize the technique is First Airphonic Suite
for Theremin and Orchestra (1929) by Joseph Schillinger (1895-1943).

3. Electronic music Music created entirely with electronic instruments such as
synthesizers, samplers, electric guitars, electric basses, theremins, and ondes
Martenot,” or composed directly on a computer. Originally, the term was used for
Elektronische Musik, developed in 1952 by serialist composers associated with the
radio station in Cologne, where they worked with electronically generated sounds
(for example, sine waves and filtered noise). This stood in contrast to Musique
Concrete, which emerged in France in 1948 and was based on recordings of existing
sounds. Despite aesthetic disagreements, the practice quickly became a synthesis of
the two traditions, where the artistic expression — rather than the origin of the sound
— became the central element.

Theory: Definition of Categories
Today, a distinction is typically made between analog and digital synthesis — that is, how the
sound source is produced:
¢ Analog synthesis Sound created by electronic circuits — for example, in analog
synthesizers (Moog, Roland Juno-106), electric guitars, or electric basses. The audio
signal is continuous.
o Digital synthesis Sound created via binary data processing — either in computers or
digital synthesizers (Yamaha DX7, software synths). This method falls under the term
Digital Signal Processing (DSP). Audio signals are converted via a DAC (Digital-to-
Analog Converter), and microphone input requires an ADC (Analog-to-Digital
Converter).

5 Terms such as electroacoustic music, electronic music, and live electronics remain fluid; they are not well-
defined. They continue to appear with varying meanings across different contexts. My outlining of these terms
is an attempt to move closer to a definition.

6 https://en.wikipedia.org/wiki/Electroacoustic music Accessed: 2025-06-06.

7 The Telharmonium (1897) by Thaddeus Cahill (1867-1934) is today considered the first electronic instrument.
Other early electronic instruments include the Soviet Theremin (1919), the German Electrophon/Spharophon
(1921/1926), the French Ondes Martenot (1928), and the German Trautonium (1930). These were the
precursors to the modern synthesizer, whose development truly gained momentum after the first Moog
synthesizer — developed by the American Robert Moog (1934—-2005) — was sold in 1964. The first sampler was
the Australian Fairlight CMI (1979).

10
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Digital signals are discrete and segmented into bits—in contrast to the smooth waveforms of
analog signals. The main difference, therefore, is that analog synthesis is based on physical
circuits, while digital synthesis utilizes algorithms.

Theory: Digital Signal Processing in Practice

| work with Cycling '74’s Max, which utilizes digital audio in the form of Digital Signal
Processing (DSP). Depending on the computer’s processing power, this processing can occur
in real time (Real-Time Processing — RTP), which is divided into three main categories:

1. Audio Effect Processing (AE) Acoustic signals are processed with reverb, delay,
flanger, filtering, and more. AE expands an instrument’s timbre with a digital layer,
which is immediately reproduced via loudspeakers as a kind of surreal parallel to the
acoustic sound in the room.

2. Digital Synthesis (DS) New sounds are generated from scratch using techniques such
as additive and subtractive synthesis, FM synthesis, and physical modeling. These can
be played via MIDI or programmed directly in Max.

3. Sampling Processing (SP) Works with recorded audio buffers (e.g., wind, traffic,
instrument recordings) that are processed using granular synthesis, time-stretching,
transposition, and more. Unlike DS, which creates sound from scratch, SP is based on
existing material.

SP can be seen as a hybrid field between AE and DS: On one hand, existing audio is
manipulated as in AE, and on the other, the sampler can be played as an instrument via
MIDI, as in DS. Since sampling constitutes a significant field with its own history and
widespread use, | consider SP an independent category.

Three-dimensional audio (3D audio) deals with the placement and movement of sound in
space — not how the sound is created. Sound can be panned or placed at different positions
around the listener, typically using multiple loudspeakers. This technique is called
spatialization and is also found under terms such as spatial audio, surround sound, and
immersive audio. The prevailing formats are:

e 5.1, which consists of five loudspeakers and one subwoofer (also called LFE for Low
Frequency Effect).

e Ambisonics with 4, 9, or 16 loudspeakers (1st order, 2nd order, and 3rd order,
respectively).

e Dolby Atmos, which usually has seven loudspeakers surrounding the listener, one
LFE, and four loudspeakers above the listener, i.e., a 7.1.4 format.

e Binaural audio is multichannel audio (for example, one of the three mentioned
above) that has been mixed down to be heard in headphones, where the original
spatial sound image is preserved even though it is played back from only two
speakers.

11



Theory: MIDI vs. Audio-based Composition
Composers often work from either a MIDI-based or an audio-based starting point:
o MiIDI-based practice focuses on playing rhythmic or tonal material from a piano roll
or a MIDI clip.?
e Audio-based practice takes the sound itself as a starting point and builds the work
around timbral qualities.
Although many combine the two approaches, the aesthetic approach is typically rooted in
one method or the other.

Theory: Historical Framework of Max
Max (also known as Max/MSP or Max/MSP/litter) is a visual, object-oriented programming
language for music and multimedia, developed by the software company Cycling ‘74 in San
Francisco.

e 1985: Miller Puckette develops Max at IRCAM in Paris.

e 1989: IRCAM launches Max/FTS (Faster Than Sound), capable of handling audio.

e 1990: David Zicarelli releases Max as a commercial version via Opcode.

e 1996: Puckette develops the open-source alternative Pure Data (Pd).

e 1997: IRCAM launches jMax (Java-based). The same year, Zicarelli forms the company

Cycling '74 and continues developing Max into Max/MSP.

e 2003: Jitter is added as a video module (Max/MSP/litter).

e 2011: Max is integrated into Ableton Live as Max for Live.

e 2017: Ableton acquires Cycling '74, but Zicarelli continues as head.

e 2018: Max 8 is released with MC (multichannel) objects.

e 2024: Max 9 is launched.

Theory: Max as a Tool

Personally, my journey with Max began around the time of my debut concert from the
advanced postgraduate soloist program in 1996 — a two-year specialized program following
my master's degree, culminating in an official debut recital. At that time, | used Max via MIDI
to control, initially, an Ensonig DP4+ effects processor. Subsequently, in 1997, | added an
AKAI 3200XL sampler. | was ready when Macintosh launched its MacBook G3 in 1999 and
entered an extensive period of studying Max/MSP in the year 2000. Since then, | have
consistently refined and developed my Max patches. Integrating Max into my practice
serves both as a compositional tool and a component of my artistic expression. Thus, Max
is the tool | use as a methodology in my project.

8 In common Digital Audio Workstations (DAWSs) such as Logic, Ableton, Cubase, FL Studio, and Reaper, MIDI can
be managed directly. While terminology varies slightly, the principle remains that MIDI notes are inserted into a
keyboard grid (a MIDI clip or piano roll), where pitch, duration, and velocity are embedded within each note. A
wide range of other parameters can also be managed through the MIDI system. The point is that this serves as
an alternative representation of the traditional score, which is effectively used to manipulate or trigger sound
through software.

12



Method

This study is based on a compositional practice in which the cello’s acoustic timbre is
expanded electronically through real-time sound processing and three-dimensional
spatialization. Central to the project is the fact that the musical material performed by the
cello — as prescribed by the score — constitutes the timbral foundation. The electronic
processes are thus conceived as a procedural and timbral extension of the acoustic
performance.

The methodology is embodied in the work Cing Etudes for solo cello and live electronics,
where digital techniques in Max/MSP are used for sampling, transformation, and 3D
spatialization. Each of the work’s five movements explores a distinct musical problem
through a combination of instrumental and electronic techniques:

1. Prélude. Arpeggio technique across the cello’s four strings with simultaneous
chromatically descending lines, concluding with a free rhythmic cadence sounding
over electronic textures, which are electronically stretched renditions of the
previously played arpeggios.

2. Isorythmique. A rhythmically marked ostinato is confronted with a simple Baroque-
style structure that technically employs implied polyphony. This is accompanied by
sampled percussive sounds, produced on the cello in the movement’s opening bars,
forming a complex polyrhythmic layer. These percussive layers define the
isorhythmic movement, which gradually becomes a complex polyrhythmic texture
achieved through the use of MC-sampling.

3. Passacaglia. A movement in which a bourdon-based lyrical melody forms the basis
for the interaction between the cello and its electronically generated augmentation
canon. In a free middle section, the electronic layer expands into an 8-part canon,
rhythmically proportioned as a subharmonic series, resulting in microtonality.

4. Numerosa resonantiae. This movement consists exclusively of electronic textures
and is based on an 88-part resonance filter designed to match the notes of a
keyboard. Previously sampled percussive material — strikes on the cello’s wooden
surface (from the second movement) —is used as input, and through filtering, six
distinct chords emerge. The rhythmic structure of the chords confronts the
isorhythmic sampled layer with a 3:4:5 polyrhythmic texture.

5. Canon per augmentationem cum libero contrapuncto. Following an eight-bar D-
tonal theme containing all twelve tones, a free counterpoint is applied over a two-
part augmentation canon. One voice is augmented by a factor of 1.5 and the other by
a factor of 2, beginning on C# and C, respectively. The factor-2 voice is performed
three times (3x16 bars), while the factor-1.5 voice is performed four times (4x12
bars), totaling 48 bars — a formal 3:4 structure. The movement culminates in a total-
chromatic 32-part canon, over which the cellist performs an expressive, cantabile
melody that gradually moves towards the instrument’s highest register.

Further details regarding the development of the movements and the associated reflections

can be found in Appendix 1: Reflections and Process from Journal Entries, which documents
the course of the creative process and central reflections.

13



Concluding Remarks on Theory and Method

There are countless approaches to working with electronic sounds in music. In this context,
the approach involves a solo instrument, the cello, interacting with electronic sound
spatialized in a 48-channel loudspeaker setup. It would certainly be interesting to work with
more instruments than just a solo instrument. The choice of a solo instrument, rather than a
larger ensemble, is methodologically grounded in the desire to focus on the technical and
artistic potentials of 3D spatialization, rather than on the compositional possibilities inherent
in a larger ensemble.

For the realization of the electronic part, Max/MSP is used—specifically the MC objects,
which, since their introduction in 2018, have enabled a new approach to multichannel audio
processing. This method is chosen partly due to the technological novelty of the MC objects
and partly due to the artistic continuity they represent in relation to my previous work with
Max combined with acoustic instruments.

Max is only one of many ways to work with 3D. Multichannel spatialization can, of course, be
realized through a variety of alternative platforms and technologies, including IRCAM’s SPAT,
ICST Ambisonics, and various plug-in-based systems. Similarly, the project could have been
expanded to include both AE (Audio Effect) and DS (Digital Synthesis) techniques. The
exclusion of AE is primarily due to the desire to avoid feedback issues in a system with many
loudspeakers. The exclusion of DS is methodologically grounded in the project’s artistic
premise: that all sound must originate from the cello and be anchored in the notation of the
score.

In a different context, it would be obvious and artistically fruitful to explore a larger
ensemble and the inclusion of both AE and DS techniques; however, in this project, the
focus is clearly directed towards the interaction between a single instrumental source and
its electronic expansion through spatialization.

14



Project: Before and After

Continuum as an Artistic Idea

In my project, it is implicit that blending acoustic and electronic sound is a positive endeavor.
Far from all composers agree with this; some would argue that it is a poor idea and that the
elements are incompatible. Despite this, a large part of my artistic work has consisted of
precisely this combination. The major challenge is how to succeed in integrating the acoustic
and the electronic. This depends on the techniques employed in a given piece. For instance,
if exclusively audio effects (AE) are used, it is generally easy to perceive a coherence, as the
performance is simply "colored" by effects. With sampling (SP), where sound is stored in
buffers, the transformation of the performance can quickly resonate far from the original
input. Thus, there is an artistic challenge in ensuring that material from acoustic instruments
using sampling techniques is perceived as authentic. As the samplers process the timbre, it
becomes a challenge to find an artistic solution — through perceptually intelligible steps — to
achieve a timbre and texture that can be related to the original acoustic input. Where is the
boundary at which the coherence becomes so abstract that it can no longer be experienced?
The challenge is to achieve a continuum from the instrumentally performed to the digitally
processed, from acoustic sound to DSP, from the concretely realistic to the abstractly
surreal.

The following sections explain why | found it necessary to redefine the original project —
which reflected my own practice over many years —into a project that became obvious due
to unforeseen external opportunities. In continuation of this, it feels relevant to outline key
moments in the project's timeline and the fact that the "New Hall" (Ny Sal) was ready with a
3D sound system. This leads into a discussion of general challenges in the integration of
acoustic and electronic sound, culminating in a schematic presentation of my approach to
what is required to succeed artistically in blending these two worlds.

Original Project and Rationale for Redefinition

The original project, as described in the Artistic Research application from early 2020, was
titled Composing for Cello & Real-time Processing and focused on the further development
of my previous work with real-time instrumental sound transformation. However, two
factors led to an adjustment of the project's focus and method. Firstly, | became aware that
the Royal Danish Academy of Music had invested in a high-end 3D sound system with 48
speakers in a hemispherical configuration in the "New Hall," which was inaugurated on
September 19, 2019. Secondly, in their software update of Max to version 8 on September
25, 2018, Cycling ‘74 introduced a completely new concept utilizing "MC-objects."® These
objects can handle multiple audio channels in a single patch cord rather than the previous
limitation of one. This functionality was also added to a wide range of existing objects, which
has opened up significant possibilities and greater efficiency in Max.

These two circumstances inspired me to redefine the project's purpose. The focus shifted to
an investigation of the potential of MC-objects as a method for realizing the spatialization of
electronic sound in the New Hall's 3D setup, while the cello's role as a solo instrument and
sound source remained intact. The project's subtitle was therefore changed to Composition
for Cello & 3D Sound System.

9 https://docs.cycling74.com/userguide/mc/ Accessed: 2025-03-04.
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Changes in Method and Practice

In the original project, a key point was that the cello sound should be transformed directly
through real-time processing (RTP), primarily using AE and SP. This is a concept | have
cultivated extensively in a wide range of works since 2003. It has the advantage that the
electronic sound follows the musician, who can thus maintain a sense of phrasing and tempo
within the "fluid time" so characteristic of classical music — as opposed to the fixed time and
more mechanical performance style that risks occurring if one uses a click track to
synchronize musician and electronics.

My normal practice has been to develop my works in quadraphonic spatialization, as it is an
obvious format that provides a situation where the sound surrounds the listener in a circular
manner on a single horizontal plane: so-called "surround sound." A quadraphonic work can
often be downmixed to stereo and still provide a clear and satisfying experience of the
work's qualities. Naturally, the surround dimension is absent, just as a live performance will
always bring an extra dimension to a work compared to when it is heard solely through
speakers. Downmixing to stereo from a 3D sound system with 48 speakersin a
hemispherical configuration is more problematic, as the height dimension and the refined
listening experience derived from many speakers cannot be replicated in a stereo format as
originally intended. Instead of a stereo format, the piece will be released in a binaural
format and in Dolby Atmos.'° Dolby Atmos is used on Apple Music via Apple's "Spatial
Audio" format, which since 2021 has made it possible to simulate spatial sound in
headphones through the virtual placement of sound sources. The 7.1.4 Atmos format
combines a horizontal plane (7 speakers), a subwoofer (LFE), and four overhead speakers to
reproduce sound from above®'. Downmixing to this format has proven to be a satisfactory
solution for conveying the work's spatial qualities. This solution model will be continued in
my upcoming project: Composition for String Quartet & 3D Sound System.

10 https://www.apple.com/newsroom/2021/05/apple-music-announces-spatial-audio-and-lossless-audio/
Accessed: 2025-03-06.

1 https://www.dolby.com/experience/home-entertainment/articles/what-is-spatial-audio/#whatisspatialaudio
Accessed: 2025-03-07.
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Comparison between the Original and Current Project:

Element: Original Project: Current Project:
Instrumental Cello an Real-time Cello and 3D audio system
Setup processing (RTP)

Elektronic Real-time AE and SP Sampling via MC-objects (SP).
Method (RTP).

Spatialization

Quadrophonic;
downmixed to and
released in stereo.

48-channel 3D setup; downmixed to Dolby
Atmos. Binaural and Apple Spatial Audio
release.

Time Structure

Musician-led: phrasing
and tempo dictate
electronics.

Pre-recorded buffers become the guiding
element in certain sections; however, the
musician interacts with the heard material in
real-time, and a click-track is used for the
recording of the buffers. There are still free
sections where the musician remains in
control.

Synchronization

Computer follows the
musician.

The use of a click track has resulted in
temporally precise buffer recordings that
maintain the cellist's tempo. Other sections
remain flexible in terms of tempo, as the
electronic elements are designed to function
asynchronously within a relative time zone,
rather than through absolute synchronization
to a fixed tempo.

The project’s journey — from initial idea to finished composition and 3D realization — has
been shaped by both technological breakthroughs and artistic insights. The following
timeline provides an overview of this process.
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Timeline for Cing Etudes and MC Objects in Other Works

Chronological Overview

Dec 4, 2019: Initial thoughts regarding the project are formulated.

Apr 20, 2020: Application for the first phase of the project, FOKU 2020-2021.

May 26, 2020: Grant approval for the FOKU project.

Oct 21, 2020: Meeting with Toke Mgldrup regarding cello performance techniques.
Feb 25, 2021: Application for the continuation of the project, FOKU 2021-2022.
Apr 1, 2021: Grant approval for the continuation of the FOKU project.

Jul 24, 2022: The first version of the Max project is completed.

Aug 3, 2022: The composition is finalized in its first version consisting of six
movements.

Nov 10, 2022: Recording samples for buffers with Toke Mgldrup (cello).

Jan 30, 2023: Meeting with Peter Barnow regarding the functionality and
initialization of the New Hall 3D audio system.

May 19, 2023: The second version of the Max project is completed.

2023: The project enters a dormant phase, as spatialization cannot proceed—
primarily due to limited access to the New Hall for final spatial development.
Sep—Oct, 2024: Work on the 3D realization in the New Hall with assistant and sound
engineer Aske Vang Rasmussen.

Sep 21, 2024: A new second movement replaces the previous one.

Sep 28, 2024: The third version of the Max project is completed. The final two
movements of the 2022 score are discarded, and a new fourth movement is
composed; the work now consists of five movements instead of six.

Oct 7, 2024: The fourth version of the Max project is ready for performance.

Oct 9, 2024: World premiere at the Immersive Sessions concert.

2025: Completion of the article.

Oct 20, 2025: Recording of the work with Toke Mgldrup and Aske Vang Rasmussen.
Feb 2026: Completion of mixing and mastering for Binaural and Dolby Atmos release.
May 2026: Album release of Cing Etudes.

Use of MC Objects in Other Original Works
Other relevant research into MC objects conducted during the same period (2020-2024)
includes several of my own compositions where MC objects play a significant role:

Nordic Trilogy:
o Nordic Broken (2020, 19 min)
o Nordic Fragments (2021, 23:30 min)
o Nordic Extraction (2022, 29 min)
Harmonices Mundi — Celestial Bodies (2021, 31 min)
Slender Trees (2023, 21 min)
Indestructible (2024, 27 min)

As shown, | have explored the potential of MC objects across a range of other works in
parallel with this KUV project, which has served to expand and refine my understanding of
their possibilities. This knowledge has directly influenced the choices made in the current
composition. The following section describes the central technical and aesthetic challenges
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in working with the specific 3D audio system, including phrasing, feedback, and bleed
(crosstalk), as well as buffer- and sampler-based processing.
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Challenging Complications

3D Audio System 44.4

In classical music, an étude is a work that, on one hand, expresses the composer's artistic
ambition and, on the other, cultivates a specific technical and often virtuoso challenge. In
my work, the cello part is the driving force of the artistic expression, while the virtuoso
technique is primarily explored through the electronic realization of the sound’s movement
across the 48 loudspeakers installed in a hemispherical array in DKDM's "New Hall" (Ny Sal).
The 48-speaker setup consists of 44 identical satellites and 4 subwoofers (Low Frequency
Effect, LFE) produced by the Danish company Dynaudio. Such a configuration is often
denoted by numbers separated by a period, where the first number represents the satellites
and the second the LFEs: 44.4. See Appendix 2 for an overview of the speaker layout in the
New Hall.

On RTP and Phrasing

| find it artistically interesting and challenging to apply RTP (real-time processing) in such a
way that the sound of an instrument performed on stage is simultaneously converted into a
digital signal (ADC), transformed in a computer, and immediately sent back through
loudspeakers (DAC), expanding the instrument’s timbre as the work is performed. The
techniques generally used in other works to transform acoustic timbre are AE (audio effects)
and SP (sampling processing techniques). For the performer, live input is clearly the most
satisfying to play with. This is because everything played in the moment is reflected directly
in the electronic output. There is a high level of credibility between the actual sound heard
from the instrument and the transformed or manipulated sound from the computer: the
surreal. This is the model | prefer and which is found in most of my compositions. One could
say that the computer follows the musician and not vice versa. This means that the classical
sense of time and tempo, heard in the musician's phrasing, can retain its elasticity. It is, of
course, possible to play and maintain an exact tempo without it sounding mechanical. The
minimal displacement makes the music feel alive rather than machine-like — organic rather
than mechanical. This is of vital importance for the perception of classical music. One might
argue that a mechanical tempo has its merits, and naturally, it can be artistically justified if it
is the intention of the composition. However, it is worth going to great lengths to preserve
the elasticity of phrasing when it is the desired aesthetic expression. It is the intention of the
composition that determines whether elastic phrasing or a mechanical tempo is the correct
solution.

Feedback and Bleed

A microphone is necessary to convert acoustic sound into digital information, but it has
certain drawbacks. A major issue is feedback — a self-reinforcing sound that quickly becomes
unbearable if not interrupted. To minimize this risk, the microphone is placed as close to the
instrument as possible, but this reduces the sound quality. An instrument rarely sounds its
best at a distance of 5-15 cm; it is only at 80—150 cm that the sound achieves the necessary
propagation in the room to provide clarity and body. One attempts to compensate for this
loss of timbre by using an equalizer to boost or attenuate various frequency ranges. While
not optimal, it can help significantly when applied correctly and with taste.

Another problem is what is known as "bleed" (or crosstalk): a microphone captures all sound
in the room. If there are multiple musicians, each with their own microphone, every
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microphone will capture all instruments — for instance, a piano will be clearly audible in the
cello's microphone. If one has a work for cello and piano, the piano will be present in the
cello's microphone, meaning that any effect intended only for the cello's timbre will, as a
byproduct, also process the sound of the piano. In this way, the cello effect is not "pure" but
carries an imprint of the piano's sound. This is a problem that cannot be entirely avoided;
therefore, one must account for it in relation to the intended artistic expression. The best
results are achieved by being pragmatic in one's approach rather than demanding
something unrealistic. In my current project, bleed is not an issue, as it is a solo work.
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Continuum as an Artistic Idea

The use of direct AE (audio effects) in a 3D 44.4 configuration, where speakers are
omnipresent as in the New Hall, would inevitably lead to massive feedback issues.
Consequently, | have moved away from AE processing, which otherwise would have played a
dominant role in my original project, Composing for Cello & Real-Time Processing. In the
redefined project, | employ SP (sampling processing techniques) instead of AE, as | can pre-
record the cello sections and fragments from the score into the sampler buffers. This offers
several advantages:

e | can experiment with MC objects independently of a cellist.

e Feedback issues are eliminated.

e | can uphold my original dogma: that every sound in the work must originate from

the cello.
e The content of the buffers can be recorded with absolute temporal precision.

The decisive difference from the original project is that the cello sounds used in the work
are not captured in the moment of the live concert but are pre-recorded. However, the pre-
recorded material is still heard "live" in the sense that it is notated in the score as an
integral part of the composition.

Recording the buffer content with mechanical precision provides two further benefits:
1. The proportions underlying the work's canonic techniques remain exact.
2. The musician is assured that the sampler playback is correct, allowing them to
immerse themselves in the precise tempo while maintaining focus on their phrasing.
In this way, the elastic performance style is reclaimed from the mechanical.

The drawback of pre-recording is that the timbre and intensity of the recordings may differ
from what is experienced in the specific version performed at a concert. In the worst case,
this could undermine the credibility of the dogma — that everything heard comes from the
cello.

In my project, it is possible to opt for real-time recording into the sample buffers. The
consequence, however, is that any minor deviation from the notation will propagate
throughout the rest of the movement, affecting how the soloist must shape their playing.
While this is a compelling situation that | have used in previous compositions, it does not
necessarily feel more "free." The choice between pre-recorded or real-time buffers is
difficult and should be decided by what best serves the work's expression and the soloist’s
performance style.

In Cinq Etudes, the first movement utilizes a buffer intended to contain the first 26 bars. The
electronic processing from the sampler begins as early as bar 4. Since the electronic
soundscape is vast, filling the hall like an orchestral tutti, a real-time recording would suffer
from significant bleed, which would obscure the delicate, extended canonic structure that is
the movement's core point. Therefore, the first movement is best served by a pre-recorded
buffer. One could also imagine a combination of pre-recorded and live-recorded buffers, but
this would require a new cue structure in both the score and the Max patch. A future
performance could focus on developing this, resulting in three versions of the patch and
score:
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1. Pre-recorded buffers.
2. Real-time recorded buffers.
3. The first buffer pre-recorded, the rest real-time.

Another interesting perspective is that the Max project could be used in an improvisational
context — for instance, with a different solo instrument — where a completely different
musical expression would emerge, while the extensive spatialization of the samplers would
remain fundamentally the same. This is a path | would find interesting to pursue.

The following summary reflects the choice of pre-recorded buffers for the world premiere
and the release. There is an artistic challenge in ensuring that the material in the buffers is
perceived as authentic. When the samplers process the timbre, one must find an artistic
solution through perceptually intelligible steps toward a sound and texture that, in the
extreme, may sound very abstract compared to the original input. One must strive to
achieve, through a gradual process, a continuum from the concretely realistic to the

abstractly surreal.

Diagram: A Gradual Process Toward a Continuum:

The sound of the
Cello

Reproduction

Gradual Proces

Continuum

Fragments and
sections from the
score are pre-
recorded and stored
in buffers

THE REAL

The sampler’s
playback of the
buffers must remain
relatable to the
cello, ensuring it
appears realistic and
credible.

THE RELATABLE

Timbral processing
creates a new
manifestation of the
cello's input through
perceptually
intelligible steps.

CONTINUUM

A continuum leading
toward a fully
abstract texture as a
result of MC-object
processing

THE SURREAL

Perceptually, a state is created in which the listener travels through a gradual process —
from the realistic cello to the surreal electronic texture. A continuum is achieved.
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The Work

Score

Below the cello part in the score, there is a staff featuring various numbers indicating cues —
for example, the numbers 7 and 8 enclosed in circles (see example from Cing Etudes,
measures 119-124; cf. Appendix 3: The complete score).

Bynchronize with sampler, see notation below---------------- - -
119 3 tempo
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The numbers 7 and 8 represent cues triggered by the cellist via a MIDI sustain pedal
connected to a USB interface.'? The Real-Time Processing (RTP) initiated at any given cue is
described by keywords, which are explained in detail in an appendix to the score. After a few
rehearsals, once the performer and the sound engineer have listened to the processing, the
keywords become associative and intuitive. In this way, the cues are decoded and become
meaningful for both the performer and the person managing the 3D mix. Consequently,
neither of them needs to concern themselves with the complex underlying programming. In
certain cases, as is my standard practice when it makes sense in context, these cues are
accompanied by written-out notation showing what is being played by the computer (see,
for example, measures 122—-124 above).

In the second system of measure 122, three of the eight bars stored in buffer 5 are visible.
These eight bars constitute the passacaglia theme of the movement and are identical to the
first eight bars of the movement in measures 89-96. When cue 7 is triggered in measure
122, sampler 5 plays its buffer (the passacaglia theme) at speeds of 1 and 0.5, respectively.
This means that the listener hears the eight bars at their original tempo (tempo multiplied
by 1) simultaneously with the same bars at half tempo (multiplied by 0.5). In the third
system of measure 122, it can be seen that the note values are doubled in length compared
to system 2. Playing at half speed has the consequence of transposing all pitches down by
one octave. In other words, sampler 5 plays the original eight-bar passacaglia theme at the
original pitch, simultaneously with the same eight bars at half speed, which results in a
duration of 16 bars and sounds one octave lower.

In measure 124, cue 8 is triggered, where sampler 5 once again plays its buffer—this time in
16 different simultaneous transpositions, starting both in the original tonality of D and in 15
other transpositions, each starting a semitone lower than the previous one. The fifteenth
transposition reaches the note B, which sounds an octave and a minor third lower (a minor
tenth below). The result of cue 8 is that one initially hears a 16-part total-chromatic cluster

12 See Appendix 4: MIDI sustain pedal and USB interface.
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(sound field). The lower the transposition, the longer it plays; this means that the voices
finish one by one, gradually reducing the number of voices from 16 down to a single voice,
which finally sounds a minor tenth below the starting point. Parenthetically, it can be heard
that the soloist's D-centered tonality at cue 8 is put into perspective by a massive 16-part
cluster, which is gradually "peeled away" until only one voice remains, sounding a minor
tenth below. Together with the soloist's final note, D, the movement thus ends on a B minor
chord, as the buffer recording concludes with a fifth interval.
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The Max Project as Interface

The following image displays the interface employed by the cellist during a performance of

the piece.
()

Cing Etudes MaxPatch04 (presentation)
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When performing the work, the sound technician must click the top-left corner labeled ";dsp
start." One can then choose whether the patch should process all audio in stereo or
multichannel. Stereo is relevant when the cellist is rehearsing with the patch, playing audio
through headphones. Multichannel spatializes all sound to the New Hall 44.4 3D audio
system.

In the image, cue 7 is shown as activated; one can see that the patch is playing via "Buffer 5"
with Sampler 5, which handles a transposition factor (TF) of 0.5 and 1, exactly as described in
the score example (measures 119-124) above. In the bottom right corner, it is visible that
58% of the processing power is being utilized, and directly below that, one can observe
audio passing through multiple channels simultaneously.

The cellist can connect their MIDI sustain pedal, put on their headphones, and open the
relevant Max project to begin playing along with the computer. It is simple and easily
accessible.

Max functions such that once the software is downloaded and installed, it can fully execute
Max projects (and patches) without a license. One simply cannot save changes, which is not
necessary in this context. Consequently, this is a setup that is highly affordable and easy for
a musician to work with, even without any prior knowledge of the complex underlying
programming. (See Appendix 5: Examples from the Max project of buffers and samplers.)
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Compositional Technique and 3D Processing in Each Movement
Overview
1. First movement: Arpeggio
Second movement: Polyrhythm (harmonic minor, Phrygian, symmetric octatonic)
Third movement: Passacaglia in original and doubled note values
Fourth movement: Numerous Resonances, electronics only
Fifth movement: One-and-a-half times (4x) and double values (3x), a twelve-tone
theme that can be interpreted harmonically in D minor.

vk wnN

1) Prélude
The Prélude utilizes an arpeggio technique across the cello’s four strings, featuring chromatic
descending lines played simultaneously (measures 1-26), concluding with a free, rhythmic
cadenza (measures 35—42) that resonates over electronic soundscapes — which are stretched
versions of the previously played arpeggios. An association with J.S. Bach’s Prelude Il in C
minor from The Well-Tempered Clavier, Book I'3 is highly relevant, as that prelude similarly
employs a strictly executed arpeggio figure that transitions into a freer, toccata-like
structure. The movement begins with tonally anchored broken chords, but from measure 10,
it evolves toward more abstract, non-tonal chord structures. This journey from the familiar
to the abstract is mirrored in the electronic part, triggered by cue 2 in measure 4. The
harmonic progression can be interpreted as follows:

e Measure 1: Secondary dominant with seventh in the bass

e Measure 2: Minor subdominant with sixth

e Measures 3—6: C major with added ninth

e Measure 7: C minor with added ninth

e Measure 8: Ab major

e Measure 9: Return to C minor with added ninth
From measure 10, it is less meaningful to perceive the chords tonally, as the logic of the
descending chromatic lines overrides the tonality, becoming more abstract or tertian-less —
that is, devoid of major/minor harmony.
The chromatic lines from measures 1-26 are as follows:

e Topline:AAbG—AbGF#—-GF#FEEb—EEbD

e Middleline: FHFEEb D C#C

e Linein measures 21-22: Eb D C# C

e Bottom: C maintained as a pedal tone (drone).
The cadenza (measures 35—42) is intended to be rhythmically very free, allowing for a
virtuosic experience with rapid note values that gradually settle into a very slow pace — like a
breath. It should be performed with elasticity, which is possible because the electronic
sounds the cello interacts with are playing asynchronously in a complex tonal state. The
cadenza begins unambiguously in C harmonic minor, with the appearance of F# first as a
neighbor tone (measure 36) and subsequently as a structural scale degree. From measure
37, it shifts to C-minor Gipsy scale (Hungarian minor); from measure 39, with B and later Db,
the movement concludes in C Phrygian, yet with an "atonal scent" produced by the slow
arpeggio chord in the penultimate measure. In conclusion, a Baroque formal structure is
renewed through a confrontation of major/minor tonality against atonally structured
chromaticism, enriched by the use of MC-object sampling.

13 Prelude 5 in D major and 6 in D minor, also from WTC |, could be said to share the same formal structure;
however, the association is not as strong, as the tonality of those pieces is not based on C, as is the case in Cing
Etudes.
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Prélude_3D

The traditional function of a sampler is to play sounds at various pitches. Today, there are
sampling libraries that sound fantastic, though they never quite match the quality of a
musician playing their own instrument. A consequence of sampling is that when a sound is
played at half speed, becoming twice as long, it sounds one octave below the recorded pitch.
Thus, multiplying by a specific ratio corresponds to a defined transposition. If the number is
greater than 1, the sample duration is shorter than the original; if it is greater than 0 but less
than 1, it lasts longer. These pitch shifts can be avoided using a technique called
timestretching. In this case, the sample retains its original pitch but becomes shorter or
longer depending on the multiplier ratio.

In this movement, timestretching is applied to buffer 1, which contains the recording of
measures 1-26. @chans 32 indicates that there are 32 channels, each with a different length
of the sample from buffer 1. The message specified as "spreadinclusive 0.5 1" means that 32
different ratios are generated linearly between 0.5 and 1, as shown in the white table. The
consequence is that buffer 1 is played at its original pitch at 32 different speeds. The
multiplication values can be seen in the spreadsheet-like table in the "samp1 patch" below.
The calculated duration of measures 1-26 is 1:08 minutes, which Toke Mgldrup hits exactly;
however, in measure 26, he extends slightly with a crescendo and decrescendo on the final
note, making the recording 1:10’. | extend the sample to 1:13.333’ to capture the full decay.
This extension has no negative consequences, as the buffer content does not repeat. 14 The
"1" in "spreadinclusive" represents a duration of 1:33.333’, while "0.5" represents double
that duration at 3:06.666’. The other 30 channels play buffer 1 with lengths descending
between these two extremes.

The result is a descending chromaticism heard at various speeds —initially as a dense texture
with high dissonance — but as the individual channels conclude, the texture becomes
gradually less dissonant. Finally, the longest channel is heard all alone, but in halved tempo
(the penultimate one ends at 2:20.946’).

14 1n this case, 'loop' is set to off, a so-called one-shot sampler.
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[samp1]

¥ spreadinclusive 0.5 1

subharmonic 0.25 1

g~ 0 @chans 32 applyvalues 0.5
spreadinclusive 0.9 1

timestretch [x
spreadinclusive 0.8 1

buf01 1 @t
spreadinclusive 0.7 1

0, 1 20000 spreadinclusive 0.6 1

spreadinclusive 0.5 1

n_- 4x0ne, pnll::

" mc.live.gain- " melive.gain-[1

-15 d8 -20d8

The spatialization is handled as follows:

e 12 channels are played through speakers 13—24 from the panel at the audience’s
listening height.

e 20 channels are routed through speakers 25-44, extending from above the panel up
to the highest speakers (43—44), which are located centrally at the highest point of
the hall.

e Asingle channel pans gradually from left to right with a transposition factor of 0.5
(one octave below) — that is, at half speed and double duration — across 12 channels
(speakers 13-24) from the panel. One rotation takes 20 seconds, meaning it
completes slightly more than 7 full rotations. Furthermore, this channel pans across
the four subwoofers (speakers 45—48) at the same speed.
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[sampler]

The output for the three layers of sampler 1 used in this movement can be read from the
three 'mc.dac™' objects seen on the far left above.
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2) Isorythmique
The title refers to isorhythm, a Renaissance technique in which two melodic lines of different
lengths are brought together. As they are repeated, they shift in relation to one another,
constantly creating new sonorities. The isorhythmic idea is present in the three buffers
(buffers 2—4), each containing a rhythmically well-defined motif of a specific duration:

e Buffer 2: Percussive cello sound — "wood sound," duration 2 bars = 0:09.6

o Buffer 3: Pizzicato motif, duration 3 bars = 0:14.4

o Buffer 4: Noise motif on the cello bridge, duration 5 quarter notes = 0:06
These three motifs will continuously generate new rhythmic and, consequently, timbral
combinations for 9.6 X 14.4 X 6 seconds = 13 minutes and 49.44 seconds before the same
combination repeats. Furthermore, the MC objects introduce varied transpositions,
enriching the timbral variation of the minimalist and simple rhythmic material to create a
complex polyrhythmic structure. However, it is not quite as simple as an endless loop; these
three buffers are selected and deselected throughout the movement, creating a distinct
musical structure: prelude — intro, A —intro, A, B, B, A — middle section — B, A. The middle
section provides contrast, while the return of B and A marks the movement’s culmination, in
which buffer 4 plays an important role in the intensification.

A rhythmically marked ostinato (A and B) is confronted with a simple, Baroque-like
movement (the middle section), which utilizes implied polyphony. This is accompanied by
the percussive sounds of the MC sampling, produced on the cello in the opening measures
of the movement, forming a complex polyrhythmic layer. Thus, it is simultaneously an
isorhythmic movement in the traditional, strict sense, while the "isorhythmic" serves as a
metaphor for the fascinating and complex rhythmic layers provided by the MC sampler.

Isorythmique_3D

Three percussive sounds. Shown here is the subpatch that generates the irrational
polyrhythms. It is worth noting that the "wood sound" (buffer 2) is sent through a quadruple
Onepole filter to enable an amplification of the lowest frequencies, which are played in the
four subwoofers with a circular panning cycle of 10 seconds. In addition, the high-frequency
noise (buffer 4) — after first being heard in its pure form —is subsequently played through a
long reverb, ultimately emerging as an intensifying sonic object.
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3) Passacaglia

In its strictest form, a passacaglia repeats a bass line continuously throughout a piece or
section. In a bourdon-based movement, the cello plays alongside its augmented canon. In a
free middle section, the electronic part expands into an 8-voice canon, rhythmically
proportioned as a subharmonic series!> in which microtonality comes into play. This
mirroring across different temporal planes creates a vivid, meditative tension between
predictability and variation.

Passacaglia_3D: On the far left, buffer 5 is played at half speed, causing the passacaglia
theme to be transposed down an octave (Score: Cue 5, bar 113). This represents an
augmentation canon, which is panned circularly across eight speakers with a period of 7
seconds.

The subharmonic realization of buffer 5 in the center of the patch results in a microtonal
progression (Cue 6, bar 117). The lowest transposition of the passacaglia theme lies a tritone
below the original tonality. In a purely chromatic system, this would span seven semitones,
including the original. However, in this case, eight transpositions are compressed into the
same interval, meaning each step is slightly smaller than a semitone. Consequently, the
whole is subtly shifted out of the tempered scale; the result is a microtonality that clearly
deviates from the chromatic, giving the voices of the passacaglia a hovering, almost unstable
character. From bars 117-128, the octave transposition and the microtonal layer sound
together with a free counterpoint in the cello (bars 117-122). The cello re-enters in bar 127
with an expressive Cadenza, which sounds alongside the microtonal layer until bar 137.

This is followed by Cue 7 (bar 138), where the cello’s free counterpoint plays against the
original transposition and the octave transposition at half speed. From Cue 8 (bar 140), the
third realization of buffer 5 is added, utilizing an exponential transposition across 16
semitones (including the starting pitch D and the ending pitch B). This creates a fully
chromatic cluster spanning an octave and a minor third downwards. Originally, the intention
was to use 8 semitones, which would have extended the chromatic progression down a
perfect fifth; however, during testing, it became clear that the higher density of voices
achieved by doubling the number of semitones yielded a more satisfying result. This is
combined with itself in two opposing panned movements (clockwise and counter-clockwise)
—one with a cycle of 11 seconds, the other 13 seconds — thereby distributing the sound
across 32 channels.

The role of the cello is to interact freely with the electronic layer through the noted cadenza,
allowing for a variable phrase form within an otherwise structurally fixed section. A vibrant
"buffer zone" emerges, where the cello moves freely and elastically — first in its cadenza,
then in a free counterpoint. The result is a complex and asynchronous movement where
traditional compositional techniques are integrated with contemporary sound processing
and spatial organization.

15 A subharmonic series refers to the undertonal reflections of the overtone series, where the frequencies are
divisions: f, f/2, /3, and so on."
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4) Numerosa resonantiae

This movement is exclusively for electronics and is based on an 88-band resonance filter,
where each band corresponds to a single key on a piano, covering just over seven octaves
(A0 to C8 = 88 keys). The filter is used to extract and amplify specific frequencies from a
complex percussive input — specifically the wood sounds from buffer 2 in the second
movement. This process generates harmonic chords whose timbre is directly derived from
the original sounds through intensive filtering. In this way, | have composed five distinct 3- to
6-note chords, which are placed spatially and emerge — aided by calculated randomness — as
a minimalist mosaic with gradual shifts that emphasize the underlying 3:4:5 polyrhythmic
structure.

Numerosa resonantiae_3D: The rhythmic structure is carried over from the isorhythmic
movement, while the spatialization is organized into six separate zones that clarify the
polyrhythmic layers. These zones position the filtered chords in space to highlight the
rhythmic displacements and stratifications latent within the material. The result manifests as
vibrant, multi-layered sound sculptures.
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5) Canon per augmentationem cum libero contrapuncto

The title translates to "augmentation canon with free counterpoint." Following an eight-bar
theme in D, the cello plays a free counterpoint over a two-voice canon, augmented by
factors of 1.5 and 2, starting in C# and C respectively. The factor-2 augmentation repeats
three times (3 X 16 bars), while the factor-1.5 augmentation repeats four times (4 X 12 bars),
totaling 48 bars. This is followed by a total-chromatic canon in 32 voices, over which the
cellist performs an expressive, lyrical melody that gradually ascends to the cello's highest
register.

Canon per augmentationem cum libero contrapuncto_3D: This section features the two
augmentations at 1.5 and 2 times the length of the original theme. Since the theme is in D,
and the augmentations are intended to start a semitone and a whole tone below (C# and C),
time-stretching is again employed, but here combined with pitch-shifting. In this way, it is
possible to decouple the physical relationship between playback speed and transposition.
Once these augmentations have completed their cycles — four times the first theme duration
and three times the second — the climax occurs with 32 transpositions played
simultaneously, accompanied by a free contrapuntal variation of the theme in the cello’s
high register. The light appears particularly clear against the dark background.
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Conclusion

The objective of this Artistic Research (KUV) project — to develop a new composition for
cello, written for Toke Mgldrup as the dedicated soloist, with a duration of approximately 19
minutes — has been achieved. The results are presented in the following five points:

e Score: Published by Edition-S: Cing Etudes.

e Max Project: A user interface for concert performance available for download.

e World Premiere: Performed on October 9, 2024.

o Digital Release: Binaural and Dolby Atmos versions, May 2026.

Search online: Ejnar Kanding: Cing Etudes.
e This Research Article

Choosing to compose specifically for cellist Toke Mgldrup and adhering to the "dogma" that
all sound must be generated from the cello led to several innovative solutions. The original
intent, defined by the title Composing for Cello and Real-Time Processing, had to be re-
evaluated in light of the new possibilities and challenges presented by a multi-speaker
system, such as the one in the Academy's New Hall (Ny Sal). It was central to my process that
all processing remained closely linked to the original sound source — ensuring that the
listener perceives a sense of coherence and continuity between the acoustic and electronic
timbres.

In developing the five movements of Cing Etudes, | took a specific compositional technique
as a starting point for each — arpeggio, polyrhythm, passacaglia, resonance filtering, and
augmentation canon. These techniques formed both the musical and electronic structures.
This allowed me to focus on different forms of integrated interaction between compositional
technique, electronic sound processing, and spatialization, while simultaneously creating
five clearly defined yet interconnected miniature universes.

Beyond the composition itself, | developed a digital user interface in the form of a Max
project that manages the computer's direct interaction with the performer. The interface is
intuitive and accessible for a typically classically trained musician without prior experience in
electroacoustic music. Furthermore, | developed a notation practice for the score that
documents the knowledge relevant to the musician for performing the work. Both the score
and the Max project are published by Edition-S. For broader dissemination, a binaural
version of the work is available on digital streaming platforms, as well as a Dolby Atmos
version on Apple Music utilizing their Spatial Audio format.

This approach ensures that the performer — the cellist — remains in active control, capable of
phrasing freely in the moment, despite Cing Etudes utilizing pre-recorded buffers. The score
and electronic realization maintain an intuitive, musical responsiveness. Spatialization was
employed not as an effect, but in accordance with the musical idea of each movement,
adding a dimension that expands the spatiality of the sound and transforms it into a new
form of dramaturgy for the listener’s experience.

Reflection
With Cing Etudes, | have developed a method for the electronic expansion of the cello's
sound, where all parameters — both compositional and electronic — are interconnected and
conveyed to the musician through notation in a score. This work builds upon my previous
practice while opening new avenues for future projects.
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There are countless approaches to working with electronic sounds in music. In this context,
the approach was a solo instrument, the cello, in interaction with electronic sound
spatialized in a 48-channel speaker setup. For the realization of the electronic part,
Max/MSP was used, specifically the MC (Multichannel) objects.

The project’s journey — from initial idea to finished composition and 3D realization — has
been marked by both technological advancements and artistic realizations. Taken as a
whole, Cing Etudes stands as a synthesis of compositional precision and spatial
experimentation, where the 3D sound system, the expressive capacity of the cello, and
digital sound processing are woven together into a multi-dimensional auditory architecture.
The work contributes to an actualization of the classical music tradition, merging its
specialized professionalism in both creation and performance with the best of the digital
world into a new work of art.

Perspectives

In a different context, it would be obvious and artistically fruitful to investigate a larger
ensemble and the inclusion of both AE (Audio Effects) and DS (Digital Synthesis) techniques.
Consequently, | have defined a new Artistic Research project involving a larger ensemble — a
string quartet — utilizing the 3D sound system in New Hall (Ny Sal). This project is tentatively
titled: Composition for String Quartet & 3D Sound System, and has already been approved
by the Ministry of Culture.

| find it artistically compelling and challenging to use Real-Time Processing (RTP) in a way
where the sound of an instrument performed on stage is transformed in a computer in the
very same moment and immediately sent back through speakers, thereby expanding the
instrument's timbre simultaneously with the performance. This will be expressed to an even
higher degree in the new Artistic Research project than was the case in Cing Etudes. Through
this, | hope to achieve an even greater sense of credibility between the authentic acoustic
performance and the transformed computer output: the surreal.

This is the model | prefer and have cultivated in most of my compositions: the computer
follows the musician, not the other way around. The organic time and elastic playing style so
characteristic of classical music can flourish freely. In working with RTP, one should succeed
through a gradual process in achieving a continuum from the concretely realistic to the
abstractly surreal. Perceptually, a state must be created where the listener travels from the
realistic acoustic sound to the surrealistic electronic texture through a gradual process.

This confirms my fundamental belief that new technology is best applied as an extension of
the human and the musical — not as a replacement — and that the intersection of classical
instrumental tradition and electronic development offers new opportunities to create music
that moves, challenges, and wonders.
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Appendices

Appendix 1: Reflections and Creative Process from Diary Notes

21.10.2020
Meeting with Toke Mgldrup: Exploration of Cello Techniques and Repertoire
Key Points:

Drone/Bourdon: Utilizing pedal points on open strings.
Repertoire:

o Britten: Cello Suites.

o Koddly: Solo Sonata, Op. 8 (1915).
Chords: Four-part chords involving open strings, major and minor sixths, and their
inversions.
Artificial Harmonics: Major thirds, fourths, and fifths. Tremolo limited to a maximum
interval of a fourth.
Performance Techniques:

o Comodo playing: Using the bow far from the bridge (sul tasto), incorporating

tremolos.

o Pizzicato on open strings.
Concept — Bach Citations: Utilizing figures from Bach that lie well on the instrument,
specifically for use in delay-based processing.
Extended Techniques: Percussive sounds ("tapping") on the cello body to be
recorded for a sample library.

25.2.2021
| forbindelse med genansggning af FOKU om videreudvikling af projektet, er disse opgaver
formuleret:

Faerdigggrelse af partitur til kompositionen.

Faerdigggrelse af kodning i Max af det endelige bruger interface, det vil sige
implementeringen af de nye resultater i et for en given musiker let forstaeligt og
brugervenligt Max patch.

Uropferelse af vaerket i Ny Sal, fremfgrt af Toke Mgldrup.

Reflekterende artikel om proces og resultat pa dansk og engelsk til brug for DKDMs
site og fagtidsskrifter.

Udgivelse af vaerket pa relevante streaming platforme, Apple Music, Spotify,
Soundcloud, Youtube; aftale er indgaet med Cosmopol Music Group, partituret
udgives af EditioneS.

22.1.2022

Thoughts on Content: Suite or Etude?

Should it be a Suite in seven movements, each with a duration of approximately three
minutes?

About the Air. Air in 4/4 as in Bach: French Suite No. 4 in E-flat major (placed before
a Gigue and after a Gavotte). Or as an Airin 2/2 (alla breve) as in French Suite No. 2
(after the Sarabande and before the Minuet).
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Bach: About an alternative content of the suite: Orchestral Suite No. 3 in D major;
Overture, Air (4/4), Gavotte | and Il, Bourrée, Gigue (6/8).

Or should it be an Etude?

Rachmaninoff: Etudes-Tableaux, Op. 33 and 39.

Chopin: Ftudes, Op. 10 and 25.

Cage: Ftudes Australes (1974-75 for piano), Etudes Boréales (1978 for cello and/or
piano).

Ligeti: Etudes (three books).

Debussy: Etudes (12 pieces).

Liszt: Transcendental Etudes, Op. 16.

Bartok: Three Etudes, Op. 18.

Glass: Ftudes (two volumes).

Stravinsky: Quatre Etudes, Op. 7.

25.6.2022

Instrumental exploration is deprioritized to focus on real-time processing techniques, opting
out of digital synthesis.

The Baroque suite is abandoned as it would result in a texture that is too rhythmically and
instrumentally uniform. Regarding the Air, the orchestral Air is clearly the most compelling
(and notably absent from the English Suites), but it would require extensive work with
complementary rhythms.

Consequently, the current status consists of seven distinct studies in real-time processing:

1.

5.
6.
7.

(MC) sampling: polyrhythm in defined transpositions, audible rhythmic structure, a
la Reich.

MC sampling: microtonality through transposition, complex rhythmic structure, a la
Ligeti.

MC sampling: microtonality through time-stretching.

MC sampling: microtonality through reverse (both transposition and time-
stretching).

Granular sampling.

Spectral delay.

Sampling Freeze, single-note samples.

Ostinato sequences and minimalism may play a role in several movements. Filtering may
also play a role in several movements.

6.7.2022
Status: Six Etudes

1st movement: Prélude. 1:45. Arpeggios.
2nd movement: Répétition musicale immuable (Unchanging musical repetition).
Currently 24 bars, 1:30 min. - 2:00 min.?
3rd movement: Canon d’augmentation, fois 2 et 1.5: Time-stretching (étirement
temporel) - approx. 4:00 min.?
4th movement: Canon d’augmentation, fois 2 et 1.5: With transposition, later
@chans 22 chromatic — approx. 5:00 min.?
5th movement: Minimalisme dans les transpositions polyrythmiques. Audible
rhythmic structure 1:1.66:2.66 = 3:5:8 triplets (or notated in 16th notes?). A la Reich
or Glass? Featuring MC-chord filtering on previous buffers — perhaps 4:00 min.?
6th movement: Elégie Mélancholique (The beautiful, Melancholic Elegy). Preliminary
ideas: Granular sampling of rhythmic ostinati? Freezing pitches to form chords?
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Spectral delay of rhythmic ostinati? Sampling of low D for a double bass sampler with
fade-in/out? — perhaps 6:00 min.?

7.7.2022
Notes on Three Movements:
1. Minimalisme dans les transpositions polyrythmiques
a.12/8:3:5:8 =1:1.66:2.66, 3 X5 X 8 =120, 10 bars.
b.12/8:3:4:7 =1:1.33:2.33,3 X4 x 7 = 84, 7 bars.
c.4/4:4:7:11 =1:1.75:2.75, 4 X 7 X 11 = 308, 19 bars and one 16th note.
d. No, | will go with a fourth down (3/4) and a fifth down (2/3).
2. Fourth Movement: Perhaps use MC-chord filtering instead of mc.reson™.
3. Remember to test the 5th movement's MC-chord filtering on previous buffers.

11.7.2022
6th Movement: Elégie Mélancholique. The beautiful, Melancholic Elegy — 5:12 min.

24.7.2022
First version of the Max project is complete.

3.8.2022
Current movements:
1. Prelude
2. lIsorythmique
3. Canon microtonal (later titled: Passacaglia)
4. Canon par augmentation (later titled: Canon per augmentationem cum libero
contrapuncto)
5. Caractere minimaliste (formerly: Minimalisme dans les transpositions
polyrythmiques; later omitted)
6. Cantus firmus et contrepoint (formerly: Elégie Mélancholique; later omitted)

17.-19. maj 2023
Intensive work with MC samplers, their textures, and Max/MSP programming.

20.9-3.10 2024
Intensive work with MC samplers, their textures, and Max/MSP programming.

28.9-3.10 2024

The six movements are reduced to five, as the final two movements are omitted. The
original fourth movement will henceforth serve as the final movement, and a new electronic
fourth movement is composed: Numerosa resonantiae (Numerous Resonances). This
movement employs an 88-band chromatic filter on the percussive cello samples from the
second movement. Thus, the five movements are now:

1. Prélude

2. lIsorythmique

3. Passacaglia

4. Numerosa resonantiae

5. Canon per augmentationem cum libero contrapuncto"

5.10, 7.10 2024
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To intensive arbejdsdage i Ny Sal med spatialisering. Den i forvejen programmerede
spatialisering finjusteres og afprgves i praksis. Aske Vang Rasmussen er med som assistent.
Toke kommer sent d. 7.10 til preve med afsluttende generalprgve.

9.10.2024 kl. 17
World premiere in New Hall, RDAM.

14.3.2025
The cello part in the second movement is being reworked. On April 17, 2025, the new
section was expanded.

17.4.2025

| returned to the former sixth movement, the 'Melancholy' movement, and discovered that |
was working on it on July 11th, 13th, and 14th, 2022 (score versions: Six Etudes08-10). In
that movement, there are some fine non-functional harmonies that could, at some point, be
revisited—for instance, for cello and piano.

Furthermore, | am considering expanding the current fifth movement with a virtuosic cello
section, to be inserted from bar 232, thus preceding the lyrical, upward-striving cadenza.
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Appendix 3: The Complete Score

Cing Etudes

For cello & multi speaker system Ejnar Kanding
1) Prélude Dedicated to Toke Maldrup
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2) Isorythmique
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4) Numerosa resonantiae 5) Canon per augmentationem cum libero contrapuncto

This movement is probably longer, -
B N~ o
B : = oot g
14
a - - - - - -
14
3 - - - . - - -

4'” be o e he be bo bo e o hp £ .
fy—be—f—p— ==c==r"
g p
g = = = h o - o <o
P
i
§ - - - o Hﬁi 20 ?Ii
1 1 1
»r
aug factor=2, trans.C#2
{ @ ug.factor=1.5, trans.C2
" - 1 - t - t ﬁ’r’ | - t - + - t - i
188
e T pe—pe—t I i ve = = { . Lv:/'—'\ biz'—__’]
‘t—— ”~ - L] v
. ‘;/"_\\
ﬁ o o hﬂ b - o —

P augfactor=1|5, trans.C2
%ﬁ:lﬁ!r—f-nw':m_hfw :

Celio & Multi Speaker System - 7



_ %Fﬁ EE’EE’EE—*
e : #*. ﬂ%ﬁ ===
n’f—-‘"i;. aug.factor=2, | trans.C22
Lo e :
=== =
02 f._:ﬂlf'F#EE\'
=_ — = ______## »
% o - h" L5 1
9 - 3= be e
207
-5 be : == : ] : — : :
B I A e i i B A T AR i s
9 o fo = ° > fo
aug.factor=1.5, trans.C2
D e T

aug.factar=1.5, trans.C2

A - : -

Cella & Multi Spagker Systern - B

51



Bl

|
|
|

S bo wbe T
!:F aug.factor=2, trans.C#2
= #n Y ol L1 > e
-t factor=15, trans,C2
— [ —  bg e aug
3 P - i F- Fir E| : i ir s ] E_IP‘F B
: 1 i 1
aug factor=2, trans.CH2 aug.factar=1.5, trars 2
I - - - - === .. i
222
. — i #f‘ I — ]  —
e o e K 5 fo_| s wreie
L T “.-f" B
D= G go ——= s o

| —
Ea= = === : s E =
L 1 | | 1 T
Incllasdes mad en virtups passage ala Fluctuant?
279 Cadenza: yrique el expressive
— e
——= 1 1 t 1 .
o ) R
b .
‘I_E'FEF 1' E |r - - - - - -

-+

Calla & Multi Spagker Systern - 9



9t = e P .F!m SETre—
o - - - -
o - - - -
" A e —

Cello & MuRi Speaker System - 10

53



Appendix 4: MIDI Sustain Pedal and USB Interface

A YAMAHA FC5, MIDI sustain pedal. Link to YAMAHA FC5 hos Thomann Accessed: 2025-03-
13.

An Audiofront MIDI Expression, USB-interface. https://www.audiofront.net/index.php
Accessed: 2025-03-13.

MIDI Expression tilsluttes computeren med et USB-kabel, sustain pedalen tilsluttes MIDI
Expression. Det virker pa Mac-computere uden installation af ekstra drivere.

The MIDI Expression is connected to the computer via a USB cable; the sustain pedal is
connected to the MIDI Expression. It works on Mac computers without the need for
additional drivers.
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Appendix 5: Example of Buffers from the Max Project

[buffer-record]

-0
yrd~ buf06 1
trapezoid~ 0.0005 0.0005
»:, 0 fadein/fadeout 5.33 ms
ord~ buf05 1
ezoid~ 0.001 0.001

fadein 548.6 ms cropped

~buf04 1

4~ buf03 1

~0.001 0.001

fadein/fadeout 6 ms

trapezoid~ 0.001 0.001

0 ~0

p "MTD to buf02"
0.001 0.001
fadein/fadeout 9.6 ms

trapezoid~ 0.0002 0.02

~ 0. fadein 13.6 ms, cropped

mer | crop

Ll

fadein/fadeout 14.4 ms

r buffermode rINIT

size 80000
replace étudesbuf1
buffer~ buf01 80000 1

calculated duration:
68000 ms

s duration

EREIEIE CENEH

forst laves PRE-rec
version

siden laves LIVE-rec pa
alle buffers

fadein 13.7 ms cropped

buf02 records the MTD that gives
the BPM for buf03-04. Therefore
NO "crop"® of buffers
replace étudesbuf2
replace étudesbuf3
replace étudesbufd
buffer~ buf04 6000 1
buffer~ buf03 14400 1

fer~ buf02 9600 8

size 45000 size 35000
replace étudesbuf5 replace étudesbuf6
~ buf0s buffer~ buf06 35000 1

calculated duration calculated duration
00 ms 27429 ms
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Appendix 6: Detailed Version of the Section about Max/MSP

Max, also known as Max/MSP or Max/MSP/litter, is a visual (object-oriented) programming
language for music and multimedia, developed and maintained by the San Francisco-based
software company Cycling '74. Max is the software | use for the systematic testing of various
solutions for the 3D sound system, primarily utilizing SP [Sampling Processing Techniques].

American developer Miller Puckette began his work on Max in 1985 at the Institut de
Recherche et Coordination Acoustique/Musique (IRCAM) in Paris. In 1989, IRCAM developed
a version of Max called Max/FTS (Faster Than Sound) for their NeXT computer: the IRCAM
Signal Processing Workstation (ISPW). While the original Max handled data such as MIDI and
mathematical procedures, Max/FTS was capable of processing and manipulating audio — a
task requiring significantly greater computational power. In technical parlance, a distinction
is made between "data-rate" (for example for MIDI) and "audio-rate" (signal-rate).1® In 1996,
Puckette released a fully redesigned composition tool that continued the Max tradition in a
new open-source environment, which he named Pure Data (Pd). IRCAM’s internal
development of Max took its own course and was launched in 1998 as jMax, which
incorporated Java for Silicon Graphics (SGI) systems and later for Linux. With the G3
processor for the first generation of Power Macintosh, launched in November 1997, it
became possible to handle audio-rate processing in a much more affordable setup.

As early as 1990, David Zicarelli released a commercial version of Max through Opcode.
When it became increasingly clear that Opcode could not continue, Zicarelli acquired the
rights in 1997 and founded a new company, Cycling '74, to carry on the commercial line that
became Max/MSP (Max Signal Processing, named in honor of Miller Smith Puckette).
Starting with Max 4 in 2003, real-time video was added to Max as a collection of new objects
named lJitter, representing a major upgrade under the name Max/MSP/litter. In 2011, Max
was incorporated into Ableton Live as "Max for Live." Ableton acquired Cycling '74 in 2017,
though David Zicarelli remains the head of the company. The latest major update, Max 8,
arrived in 2018, featuring the MC objects as a significant innovative leap. Max 9 was
launched in 2024.17

e 1985: Miller Puckette (at IRCAM) develops the first version of Max.

e 1989: Max/FTS (Faster Than Sound) for NeXT computers; introduces audio-rate
processing.

e 1996: Pure Data (Pd) — Puckette's open-source variant.

e 1997: jMax — IRCAM'’s Java-based implementation.

e 1997: David Zicarelli acquires commercial rights and founds Cycling '74.

e 2003: Max 4 introduces real-time video processing (Jitter).

e 2011: Max for Live is integrated into Ableton Live.

e 2017: Ableton acquires Cycling '74; Zicarelli remains in leadership.

e 2018: Max 8 is released, featuring MC objects.

e 2024: Launch of Max 9.

16 https://encyclopedia.pub/entry/27896 Accessed: 2025-03-05.

17 https://en.wikipedia.org/wiki/Max_(software) — https://en.wikipedia.org/wiki/Power Macintosh G3 —

https://www.max-externals.com/max-msp-

intro#f:~:text=Max%2FMSP%20has%20a%?20thirty,0f%20routines%20(called%200bjects) Accessed: 2025-03-05.
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https://encyclopedia.pub/entry/27896
https://en.wikipedia.org/wiki/Max_(software)
https://en.wikipedia.org/wiki/Power_Macintosh_G3
https://www.max-externals.com/max-msp-intro#:~:text=Max%2FMSP%20has%20a%20thirty,of%20routines%20(called%20objects)
https://www.max-externals.com/max-msp-intro#:~:text=Max%2FMSP%20has%20a%20thirty,of%20routines%20(called%20objects)
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