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Abstract:

This project presents Sporadic, a
biomimetic audio processor that trans-
lates mycelial network dynamics into
delay-based audio processing. The
system addresses key challenges in
biomimetic instrument design: trans-
lating ecological processes into musi-
cal parameter mappings and balancing
autonomous behaviour with user con-
trol.

Sporadic implements adaptive net-
work topologies that mirror mycelial
behaviour, creating novel delay net-
works and dynamic feedback systems.
User evaluation with eight partici-
pants demonstrates successful design,
with high ratings for conceptual in-
tegrity (6.12/7) and exploration re-
ward (5.62/7).

This work establishes design princi-
ples for biomimetic instruments and
demonstrates how musical interaction
can serve as a pathway for understand-
ing natural systems.

The content of this report is freely available, but publication (with reference) may only be pursued due to

agreement with the author.


http://www.aau.dk
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Titel: Abstract:
Sporadic: Mycelial forsinkelseseffekt

Dette projekt preesenterer Sporadic, en

Tema: biomimetisk lydprocessor, der over-
Kandidatspeciale seetter mycelial netveerksdynamik til
forsinkelsesbaseret lydbehandling. Sy-
Projektperiode: stemet adresserer centrale udfordrin-
Forarssemestret 2025 ger inden for design af biomimetiske
instrumenter: oversaettelse af gkologi-
Projektgruppe: ske processer til musikalske parame-
DMM100007U terkortlaegninger og balancering af au-
tonom adfeerd med brugerkontrol.
Deltager(e): Sporadic implementerer adaptive net-

Cristian Pandele vaerkstopologier, der afspejler myceli-

al adfeerd og skaber nye forsinkelses-
netvaerk og dynamiske feedbacksyste-
mer. Brugerevaluering med otte del-
tagere demonstrerer vellykket design

Vejleder(e):
Dan Overholt

Oplagstal: 1 _ _ .
med hgje ratings for konceptuel inte-

Sidetal: 88 gritet (6,12/7) og udforskningsbelgn-
ning (5,62/7).

A everingsdato: Dette arbejde etablerer designprincip-

26. maj 2025 per for biomimetiske instrumenter og

demonstrerer, hvordan musikalsk in-
teraktion kan tjene som en vej til for-
stdelse af naturlige systemer.

Rapportens indhold er frit tilgaengeligt, men offentliggarelse (med kildeangivelse) ma kun ske efter aftale med
forfatteren.






Contents

Preface Xi
Acknowledgements Xiii
1 Introduction 1
L1Motivation . . . . . . . . e 2
1.2Project Goals . . . . . . . . 3
1.3Research Problems . . . ... ... ... ... . ... . .. . ... ... 4
2 Problem Analysis 7
2.1 Background . . . . ... 8
22Approach . . . . . . e e 9
23Related Work . . . . . .. 9
2.3.1 Classic Delays and TypicalUse . . . . . . .. .. ... ... ...... 12
2.3.1.1 Modulated Delay Effects. . . . . . ... ... ... ... ...... 13
2.3.1.2 Karplus-Strong: Delays as Oscillators . . . .. ... ... ..... 14
2.3.1.3 Granular Synthesis . . . . . . . ... ... oo 14
2.3.1.4 Feedback Delay Networks . . . . . . . ... ... ... ....... 15
2.3.2 Modern Delay Implementation Examples and Inspiration . . . . . . 17
2.4 Problem Statement . . . . . ... 19
2.5Design Requirements . . . . . . . . . . 19
2.5.1 Functional Requirements . . . . . . . . . . ... .. 20
2.5.2 Non-functional Requirements . . . . . . .. .. ... ... ....... 21
3 Design Manifesto 23
3.1Core Principles . . . . . . . e 24
3.1 ADoNotCoerce . . . . . . . 24
3.1.2 Do Not Misrepresent . . . . . . . . . . . 24
3.1.3 Do Not Anthropomorphize . . .. .. .. .. ... .. ... ...... 25
3.2 The Designer's Role: llluminating the Unseen . . . . . .. ... ... ... 26
3.2.1 Pointing the Flashlight . . . . . . .. ... ... ... ... .. ..... 26
3.2.2 Natural Awareness Through Wonder . . . . .. ... .. ... .... 27
3.2.3 Balancing Guidance and Freedom . . . .. .. .. ... ... ..... 27

Vii



Viii Contents

3.3 Putting It All Together . . . . . . . . . . 28
34 ALivingDocument . . . . ... e e e e 28
4 Implementation 31
4.1 First Quarter: Conceptual Renement . . . . .. ... ... .. ....... 32
4.1.1 In Search of the Future Imperfect . . . . . . ... ... ... ...... 32
4.1.2 From Critique to Implementation . . . . . . ... . ... ... ..... 33
4.2 Full Moon: Biological Foundation . . . .. ... ... ... ......... 34
4.2.1 Forest and Mycelial Ecology 101 . . . . . .. .. .. ... ... .... 34
4.2.2 Musical Atoms . . . . .. e 35
4.2.2.1 Solar Energy Harvesting . . . . . . . .. ... ... ... ... .. 35
4.2.2.2 Energy Storage and Distribution . . . . . ... ... ... ..... 37
4.2.2.3 Root Systems Tapping into the Mycelial Network . . . . . . . .. 38
4.2.2.4 Mycelial Network Mediating Nutrient Exchange . . . . . .. .. 38
4.2.2.5 Understanding Mycelial Nutrient Distribution . . . . . . . .. .. 39
4.2.3 Sporadic Topology Considerations . . . . . .. .. ... ... ..... 42
4.3 Third Quarter: Platform Choice . . . . . . . . . ... ... ... ....... 43
4.3.1 Platform Typology . . . . . . . . . . 44
4.3.1.1 High-level Platform Choice . . . .. . ... ... ... ....... 45
4.3.1.2 The Modulation Imperative . . . . . .. ... ... ... ...... 45
4.3.1.3 Design Considerations for Sporadic . . . .. .. .. ........ 46
432 ChosenTech Stack . . ... ... .. .. . ... . . .. . .. . ..., 46
4.3.2.1 JUCE: The Foundation of Cross-Platform Audio Development . 47
4.3.2.2 Plugin-GUI-Magic: Rapid Ul Prototyping . . . . ... ... ... 48
4.3.2.3 Model-View-Controller (MVC) Architecture . . . . .. ... ... 48
4.3.2.4 Integrated Development Approach . . . . . ... .. ... .... 50
4.4 New Moon: JUCE Implementation . . . . ... ... ... .......... 50
4.4.1 Sporadic Top Level Overview . . . . . . . . . .. ... . .. .. 50
4.4.1.1 Functional Blocks . . . . ... ... ... .. ... ... ... 51
4.4.2 Sporadic Audio Path Implementation . . . .. ... ... ....... 52
4.4.2.1 Input Processing and Signal Conditioning . . . . ... ... ... 54
4.4.2.2 Edge Tree Processing and Envelope Following . . . . . ... ... 54
4.4.2.3 Delay Network Architecture and Band Processing . . . . . . . .. 55
4.4.2.4 Output Sculpting . . . . . . ... .. ... . 57
4.4.2.5 Sky Processing and Ambient Generation . . . ... .. ... ... 58
443 GUIDesign . ... .. 58
4.4.3.1 Upper Panel with 1/0 and Performance Controls . . . . . . . .. 58
4.4.3.2 Visualisation System and Real-Time Feedback . . . . .. ... .. 60
4.4.3.3 Lower Panel with Simulation Parameters . . . . . . ... ... .. 61
5 Evaluation 63

5.1 Introduction . . . . . ... e e e e e 63



Contents iX

5.2 Experimental Design and Methodology . . . . . .. ... ... ... .... 64
5.2.1 Evaluation Framework Considerations . . . . . . . .. ... ... ... 64
5.2.2 Experimental Protocol . . . .. .. ... ... .. .. ... .. .. ... 64
5.2.3 Evaluation Dimensions and Metrics . . . . . ... ... ... ..... 67
5.2.4 Methodological Considerations and Limitations . . . . ... ... .. 67

5.3 Assessment Against Project Objectives . . . . . . .. ... ... ... .... 68
5.3.1 Functional Prototype Development. . . . . . .. ... ... ...... 68
5.3.2 Ecological-to-Audio Parameter Mapping Framework . . . . . . . .. 68
5.3.3 Interface Design and Ecological Communication . . . . ... ... .. 69
5.3.4 Encouraging Creative Exploration . . . ... ... .. ... ...... 70
5.3.5 Effectiveness in Musical Contexts . . . . . . . .. ... ... ...... 71
5.3.6 Human-Nature-Technology Relationships . . . . . . . ... ... ... 71
5.3.7 Final Thoughts on EvaluationResults . . . .. .. ... ... ..... 72

6 Conclusions and Future Work 73

6.1 Future Work . . . . . . . . 75

Bibliography 77

A Design Tools and Platforms 81

B Evaluation Survey 85

1






Preface

This work is not a culmination or a grand statement marking the completion of the
narrative arc of my education in engineering and sound. Rather, it is an attempt
to recontextualise the skills and knowledge gained within the larger frame of a
world that fascinates me. This is what emerges from the sponge that soaked in the
rain, baked in the sun, and gazed at the stars alongside me. And no, the Danish
wordplay on the word "svampe" is not at all lost on me.

It is no coincidence that the natural world sets the scene for this project. It is
here countless hours were spent studying the movement of snails and caterpillars,
here where the greatest sense of bliss was felt looking down at valleys below, and
also here the most visceral frights played out with currents' pull away from shore.
Through all these highs and lows, it is in the embrace of nature that time and
space have been made manifest most clearly. Here, true connectedness and inter-
dependence is to be found within systems anchored in the present, with histories
reaching back as far as the faintest stars in the night sky.

In seeking to translate these natural systems into musical expression, | am
not merely borrowing from nature, but acknowledging our place within it. The
mycelial networks that inspire this work existed aeons before us and will likely
persist long after. Their silent, invisible labour creates the foundation for entire
ecosystems, much like the unseen processes that shape the culture emerging from
our shared experience of sound and music. This project stands as an invitation
to listen more deeply, not just to the resulting sounds, but to the patterns and
relationships that make them possible.

Aalborg University, May 26, 2025

Cristian Pandele
cpande23@student.aau.dk
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