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Meinard Muller
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Computer Science (PhD, 2001)
Information Retrieval (Habilitation, 2007)
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MPI fur Informatik, Saarland
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Universitat Erlangen-Nurnberg
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Meinard Muller
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Multimodal Music Processing
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Multimodal Music Processing

Sheet Music (Image)

Allegro con brio( J = 10s)
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CD / MP3 (Audio)

Music Film (Video)

MusicXML (Text)

<note>

<pitch>
<step>E</step>
<alter>-1</alter>
<octave>4</octave>
</pitch>
<duration>2</duration>
<type>half</type>

</note>
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Multimodal Music Processing
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Multimodal Music Processing

Image Processing: Optical Music Recognition
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Multimodal Music Processing

Image Processing: Optical Music Recognition
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Audio Processing: Fourier Analysis
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Multimodal Music Processing

Image Processing: Optical Music Recognition
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Audio Processing: Fourier Analysis
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fred Brend@@ethoven - Klaviersonaten Band 1 - Henle
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Multimodal Music Processing

= Cooperation Agreement (2009) ot |
= Wolfgang Bogler b | |
= Thomas Duis

= Hans-Peter Seidel

= Experiments with Player Piano

Iffj)ue
= User Interfaces s planck it
= Saarland Music Data (SMD) HfMSAAR

Hochschule fiir Musik
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Multimodal Music Processing

= Cooperation Agreement (2009)
= Wolfgang Bogler
= Thomas Duis

= Hans-Peter Seidel

= Experiments with Player Piano

Iffj)ue
= User Interfaces s planck it
= Saarland Music Data (SMD) HfMSAAR

Hochschule fiir Musik
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Computational Musicology

Cooperation: Rainer Kleinertz

Harmony-based structural analysis

Visualization techniques

= Exploration of interdisciplinary research Hlﬁﬁnl UNIVERSITAT
Aldd SAARLANDES
; 5 ; ; Iffnpie
Verena Konz, Meinard Muller, Rainer Kleinertz: o plank instita
A Cross-Version Chord Labelling Approach for
Exploring Harmonic Structures —
A Case Study on Beethoven's Appassionata HH';I:MfSAAE
Journal of New Music Research, 42(1): 61-77, 2013 ochschule frMusi
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Computational Musicology

= Cooperation: Rainer Kleinertz

= Harmony-based structural analysis

= Visualization techniques

= Exploration of interdisciplinary research Hlﬁf‘“ UNIVERSITAY

Wl SAARLANDES

EAU
|/ e\

= Since 2014: DFG-funded project Eriangen Nomberg
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A
Harmony Analysis

= Different concepts

= Different temporal levels

Movement level Global key Global key estimation
A

r

Segment level Local key Local key estimation
A A A

Chord level CM | GM” | Am Chord recognition
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Harmony Analysis

= Different concepts

= Different temporal levels

Segment level Local key Local key estimation
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Local Key Estimation

Assumption: Music based on diatonic scales

Heptatonic scales

Ordering of scales according to the circle of fifths

Each scale consists of chain of six perfect fifth

Fifth-neighboring scales share 6 of 7 notes

oo

3 o O o 3
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A 4 Y 4 A 4

-1 diatonic scale diatonic scale
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Local Key Estimation

Example: J.S. Bach, Choral "Durch Dein Gefangnis" (Johannespassion)
Score representation (piano reduction)
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Example: J.S. Bach, Choral "Durch Dein Gefangnis" (Johannespassion)
Recording (Scholars Baroque Ensemble, Naxos 1994) Waveform
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Local Key Estimation

Example: J.S. Bach, Choral "Durch Dein Gefangnis" (Johannespassion)
Recording (Scholars Baroque Ensemble, Naxos 1994) Spectrogram
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A
Local Key Estimation

Example: J.S. Bach, Choral "Durch Dein Gefangnis" (Johannespassion)
Recording (Scholars Baroque Ensemble, Naxos 1994) Chromagram

J. S. Bach, Johannespassion BWV 245, Choral No. 22, E major
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A
Local Key Estimation

Summarize pitch class (chroma) content over a certain time period

= Feature smoothing
= Parameters: blocksize b and hopsize h
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Local Key Estimation
Chromagram
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Local Key Estimation
Chromagram after smoothing (b =42, h = 15)
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Local Key Estimation
Arrange pitch classes according to perfect fifth series

Time (frames)
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Local Key Estimation
Arrange pitch classes according to perfect fifth series
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Local Key Estimation
Summarize pitch class content according to diatonic scales
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Local Key Estimation
Summarize pitch class content according to diatonic scales
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Local Key Estimation

Summarize pitch class content according to diatonic scales
Multiply chroma values (in each column)
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Local Key Estimation

Summarize pitch class content according to diatonic scales
Multiply chroma values

6 #

-~ N TN 1

0.8

o
H*
|

w
H*
1

N
+H*
I

0.6

o
|

0.4

Absolute Diatonic Level
jen

2b
3b1 40.2
4b

5bH

T T T T T 4_ 0
0:00 0:10 0:20 0:30 0:40 0:50
Time (seconds)

Neue Wege fur die Musikforschung © Audiolabs, 2022
70 Jahre Musikforschung an der UdS Meinard Muller mm



Local Key Estimation

Summarize pitch class content according to diatonic scales
Multiply chroma values
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Local Key Estimation

Summarize pitch class content according to diatonic scales
Multiply chroma values
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Local Key Estimation
Normalize representation relative to global key
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Local Key Estimation
Normalize representation relative to global key
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Local Key Estimation

J.S. Bach: Choral "Durch Dein Gefangnis" (Johannespassion)
Recording: Scholars Baroque Ensemble, Naxos 1994
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Local Key Estimation

L. v. Beethoven: Piano Sonata No. 10 (Op. 14 Nr. 2), 1. Allegro
Recording: Barenboim, EMI 1998
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Local Key Estimation

R. Wagner:

Act 1

WWV 86 B (Die Walkdire)
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Local Key Estimation
R. Wagner: WWYV 86 B (Die Walkiire)

Act 1

Act 2

Act 3

Diatonic scale Diatonic scale
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Local Key Estimation

R. Wagner: WWYV 86 B (Die Walklire)
Act 3, measure 724—789 (Wotan’s punishment)
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Local Key Estimation

R. Wagner: WWYV 86 B (Die Walkiire)
Act 3, measure 724-789 (Wotan’s punishment)
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Interdisciplinary Dialogue

Dagstuhl Seminar (2016):

Computational Music Structure Analysis
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Interdisciplinary Dialogue

= Dagstuhl Seminar (2016):

Computational Music Structure Analysis

= Gl Jahrestagung (2017): Gesellschaft
Workshop: Musik trifft Informatik fiir Informatik
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Interdisciplinary Dialogue

= Dagstuhl Seminar (2016):

Computational Music Structure Analysis

= Gl Jahrestagung (2017):
Workshop: Musik trifft Informatik

= Tagung (2022):

Understanding Beethoven

Musicology and Computer Science in Dialogue
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Qualification

= Mark Gotham
2021: Universitat des Saarlandes — TU Dortmund

Professor of Music Theory
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N
Qualification

= Mark Gotham
2021: Universitat des Saarlandes — TU Dortmund

Professor of Music Theory

= Stephanie Klauk

2022: Habilitation, Universitat des Saarlandes
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N
Qualification

= Mark Gotham
2021: Universitat des Saarlandes — TU Dortmund

Professor of Music Theory

= Stephanie Klauk

2022: Habilitation, Universitat des Saarlandes

= Christof Weil}
2022: FAU — Universitat Warzburg

Professor of Computational Humanities
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Computational Analysis of
Traditional Georgian Vocal Music

= Interdisciplinary research project

= Prof. Dr. Frank Scherbaum (Potsdam)

= Dr. Nana Mzhavanadze (Tbilisi)

= Sebastian Rosenzweig (FAU) . -
nekg -&-

d‘q}am

= Objective: Tonal analysis
EAU

Friedrich-Alexander-Universitat
Erlangen-Niirnberg

UFG

= 2018 — 2022: DFG-funded project

Neue Wege fir die Musikforschung " © AudioLabs, 2022 WA U D | 0
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Traditional Georgian Vocal Music

Example: Erkomaishvili corpus

= Collection of traditional
three-voice Georgian songs

= Performed by the former
Georgian master chanter
Artem Erkomaishvili (1887-1967)

= Recordings of 100 songs
using tape recorders (1966)

“Original masterpieces of Georgian
musical thinking.” (Shugliashvili, 2014)

Neue Wege fiir die Musikforschung © AudiolLabs, 2022
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Traditional Georgian Vocal Music

Example: Erkomaishvili corpus

O Bass Voice

O Middle Voice > Middle Voice

> Top Voice > Top Voice

)
©
=
3
=
<
Time
Segment 1 Segment 2 Segment 3
_IL K _ L K _ I _ I K
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Traditional Georgian Vocal Music
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A
Traditional Georgian Vocal Music
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Traditional Georgian Vocal Music
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Traditional Georgian Vocal Music

Accumulated
Top e Middle
Top & Bass

Middle < Bass| -

Normalized occurrence

p— ¥ == | £ L £ I -

100 200 300 1400 500 600 7G0 800 900 1000 1100 12P0 1300 1400 1500 1600 1700
: Difference (cents) :

v v v

350 cents 700 cents 1200 cents
(Third) (Fifth) (Octave)

= Peak at 350 cents (between minor and major third)
= Non-western temperament
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Traditional Georgian Vocal Music

= Recordings from field
expedition in 2016

= 216 performances

= Multitrack audio + video
= Room, HSM, LRX

= Total duration: 6 h

Room
Microphone
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Traditional Georgian Vocal Music

Honorary doctorate (2022)
State Conservatory of Georgia

Musical scales

Frank Scherbaum

Harmonic / melodic intervals

Singer interaction

Curation of music corpora

New sensors
(larynx microphones)
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Computational Audio Analysis

Source separation
‘ _ IS Reference
H o SP

Original recording Singing

B g Al

o
B - Reference
I \
IS
I SP

b IS
Accompaniment
. _ I (16 Al
= Reference: Best possible result \
= SP: Using traditional signal processing
= Al: Using data-driven approach
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Computational Audio Analysis

Source separation

= Yigitcan Ozer
= PhD student in engineering
= Pianist
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Computational Audio Analysis

Source separation

= Yigitcan Ozer
= PhD student in engineering
= Pianist

Only Piano!

LILL]

Where is the
orchestra?

%
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Computational Audio Analysis

Source separation
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Computational Audio Analysis

Source separation
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Computational Audio Analysis

Source separation
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Computational Audio Analysis

Source separation
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Computational Audio Analysis

Score-informed audio decomposition
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Computational Audio Analysis

Audio mosaicing (style transfer)

Target signal: Beatles—Let it be Source signal: Bees

KA | & %
/
MDD D

IS

Mosaic signal: Let it Bee
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Computational Audio Analysis

Understanding modern machine learning techniques

Critical questioning of artificial intelligence (Al) concepts

Developing explainable Al models

Educating next generation of scientists
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Neue Wege fur die Musikforschung

Ziel soll dabei nicht die Ablosung der Historischen Musikwissenschaft
durch eine wie auch immer zu definierende Musikinformatik sein, sondern
vielmehr ein Dialog zwischen Historischer Musikwissenschaft und

Informatik auf der Basis ihrer unterschiedlichen Voraussetzungen und

Methoden.
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A
Fundamentals of Music Processing (FMP)

Meinard Muller
Fundamentals of Music Processing

: Audio, Analysis, Algorithms, Applications
Meinard Miiller Springer, 2015

Fundamentals of
Music Processing

Accompanying website:

WWW.Mmusic-processing.de

Audio, Analysis,
Algorithms, Applications

@ Springer
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Fundamentals of Music Processing (FMP)

Meinard Muller

Fundamentals of Music Processing
Audio, Analysis, Algorithms, Applications
Meinard | Springer, 2015

Fu n | Meinard Miiller
Mus

Audio, Ar

Accompanying website:
Fundamentals of Www.music-processing.de

woite | Music Processing

Using Python
and Jupyter Notebooks

Second Edition 2nd edition
Meinard Muller

Fundamentals of Music Processing
Using Python and Jupyter Notebooks
Springer, 2021

@ Springer
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Fundamentals of Music Processing (FMP)

Music Processing

Chapter

Scenario

1 .| Music Represenations
Fourier Analysis of
2 i
Signals
3 Music Synchronization
Music Structure
4 )
Analysis
) Chord Recognition
6 Tempo and Beat
" | Tracking
ksl Content-Based Audio
7 eI 1 )
weontw | Retrieval
8 Musically Informed
Audio Decomposition

Meinard Muller

Fundamentals of Music Processing
Audio, Analysis, Algorithms, Applications
Springer, 2015

Accompanying website:
WWwWw.music-processing.de

2nd edition

Meinard Muller

Fundamentals of Music Processing
Using Python and Jupyter Notebooks
Springer, 2021
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FMP Notebooks: Education & Research

Fundamentals of I AL ALIOX0 LABORA
Music Processing

FMP Notebooks n-

Python Notebooks for Fundamentals of Music Processing

The FMP notebooks offer a collection of educational material closely following the textbook
Fundamentals of Music Processing (FMP). This is the starting website, which is opened when calling
https://www.audiolabs-erlangen.de/FMP. Besides giving an overview, this website provides
information on the license, the main contributors, and some links.

https://www.audiolabs-erlangen.de/FMP
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Resources (Group Meinard Muller)

= FMP Notebooks:

https://www.audiolabs-erlangen.de/FMP

= libfmp:

https://github.com/meinardmueller/libfmp

= synctoolbox:

https://github.com/meinardmueller/synctoolbox

= libtsm:

https://github.com/meinardmueller/libtsm

= Preparation Course Python (PCP) Notebooks:
https://www.audiolabs-erlangen.de/resources/MIR/PCP/PCP.html

https://qgithub.com/meinardmueller/PCP
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