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Meinard Müller: Research Group

 Michael Krause

 Yigitcan Özer

 Simon Schwär

 Johannes Zeitler

 Vlora Arifi-Müller

 Peter Meier (external)

2



Neue Wege für die Musikforschung
70 Jahre Musikforschung an der UdS

© AudioLabs, 2022
Meinard Müller

Meinard Müller

3

 Mathematics (Diplom/Master, 1997)
Computer Science (PhD, 2001)
Information Retrieval (Habilitation, 2007)
Universität Bonn

 Senior Researcher (2007-2012)
MPI für Informatik, Saarland

 Professor Semantic Audio Processing (since 2012)
Universität Erlangen-Nürnberg 
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Multimodal Music Processing
Sheet Music (Image) CD / MP3 (Audio) MusicXML (Text)

Music Film (Video)

Dance / Motion (Mocap) MIDI

Music Literature (Text)Singing / Voice (Audio)

Music
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Image Processing: Optical Music Recognition
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 Cooperation Agreement (2009)

 Wolfgang Bogler

 Thomas Duis

 Hans-Peter Seidel 

 Experiments with Player Piano

 User Interfaces

 Saarland Music Data (SMD)
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 Cooperation: Rainer Kleinertz

 Harmony-based structural analysis

 Visualization techniques

 Exploration of interdisciplinary research

Verena Konz, Meinard Müller, Rainer Kleinertz:
A Cross-Version Chord Labelling Approach for 
Exploring Harmonic Structures –
A Case Study on Beethoven's Appassionata
Journal of New Music Research, 42(1): 61–77, 2013
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 Cooperation: Rainer Kleinertz

 Harmony-based structural analysis

 Visualization techniques

 Exploration of interdisciplinary research

 Since 2014: DFG-funded project
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 Different concepts

 Different temporal levels

ChordsCM GM7 Am

Global key

Local keyC major G major C major

Global key estimation

Chord recognition

Music transcriptionNote level

Segment level

Chord level

Movement level C major

Melody
Middle voices

Bass line

Local key estimation
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Local keyC major G major C majorSegment level Local key estimation

 Different concepts

 Different temporal levels
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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

0 diatonic scale+1 diatonic scale+2 diatonic scale-1 diatonic scale
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Example: J.S. Bach, Choral "Durch Dein Gefängnis" (Johannespassion)
Score representation (piano reduction)
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Example: J.S. Bach, Choral "Durch Dein Gefängnis" (Johannespassion)
Recording (Scholars Baroque Ensemble, Naxos 1994)

Time (seconds)

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

b
h

h

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

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



Neue Wege für die Musikforschung
70 Jahre Musikforschung an der UdS

© AudioLabs, 2022
Meinard Müller

Local Key Estimation

28

4#

Summarize pitch class content according to diatonic scales
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5#

Summarize pitch class content according to diatonic scales
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5#

Summarize pitch class content according to diatonic scales
Multiply chroma values (in each column)
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Summarize pitch class content according to diatonic scales
Multiply chroma values
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Summarize pitch class content according to diatonic scales
Multiply chroma values
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Summarize pitch class content according to diatonic scales
Multiply chroma values
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4 #
(E major)

Normalize representation relative to global key
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4 #
(E major)

Normalize representation relative to global key
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4 #
(E major)

J.S. Bach: Choral "Durch Dein Gefängnis" (Johannespassion)
Recording: Scholars Baroque Ensemble, Naxos 1994
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1 #
(G major)

L. v. Beethoven: Piano Sonata No. 10 (Op. 14 Nr. 2), 1. Allegro
Recording: Barenboim, EMI 1998
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R. Wagner: WWV 86 B (Die Walküre)
Act 1

Act 2

Act 3
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R. Wagner: WWV 86 B (Die Walküre)
Act 1

Act 2

Act 3
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R. Wagner: WWV 86 B (Die Walküre)
Act 3, measure 724–789 (Wotan’s punishment)
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R. Wagner: WWV 86 B (Die Walküre)
Act 3, measure 724–789 (Wotan’s punishment)
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 Dagstuhl Seminar (2016):

Computational Music Structure Analysis
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 Dagstuhl Seminar (2016):

Computational Music Structure Analysis

 GI Jahrestagung (2017):

Workshop: Musik trifft Informatik
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 Dagstuhl Seminar (2016):

Computational Music Structure Analysis

 GI Jahrestagung (2017):

Workshop: Musik trifft Informatik

 Tagung (2022): 

Understanding Beethoven 

Musicology and Computer Science in Dialogue
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 Mark Gotham 

2021: Universität des Saarlandes → TU Dortmund

Professor of Music Theory
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 Mark Gotham 

2021: Universität des Saarlandes → TU Dortmund

Professor of Music Theory

 Stephanie Klauk

2022: Habilitation, Universität des Saarlandes
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 Mark Gotham 

2021: Universität des Saarlandes → TU Dortmund

Professor of Music Theory

 Stephanie Klauk

2022: Habilitation, Universität des Saarlandes

 Christof Weiß

2022: FAU → Universität Würzburg

Professor of Computational Humanities
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Computational Analysis of 
Traditional Georgian Vocal Music
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 Interdisciplinary research project

 Prof. Dr. Frank Scherbaum (Potsdam)

 Dr. Nana Mzhavanadze (Tbilisi)

 Sebastian Rosenzweig (FAU)

 Objective: Tonal analysis

 2018 – 2022: DFG-funded project
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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)
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Example: Erkomaishvili corpus
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Traditional Georgian Vocal Music

54

Difference (cents)

N
or
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ed

oc
cu

rre
nc

e

700 cents
(Fifth)

1200 cents
(Octave)

350 cents
(Third)

 Peak at 350 cents (between minor and major third)
 Non-western temperament



Neue Wege für die Musikforschung
70 Jahre Musikforschung an der UdS

© AudioLabs, 2022
Meinard Müller

Traditional Georgian Vocal Music
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 Recordings from field 
expedition in 2016

 216 performances

 Multitrack audio + video
 Room, HSM, LRX

 Total duration: 6 h
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Traditional Georgian Vocal Music
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 Musical scales

 Harmonic / melodic intervals

 Singer interaction

 Curation of music corpora

 New sensors 
(larynx microphones)

Honorary doctorate (2022)
State Conservatory of Georgia 

Frank Scherbaum
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Computational Audio Analysis
Source separation
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Singing

Accompaniment

Original recording

Reference

SP

AI

Reference

SP

AI Reference: Best possible result
 SP: Using traditional signal processing

 AI: Using data-driven approach
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Computational Audio Analysis
Source separation
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 Yigitcan Özer
 PhD student in engineering
 Pianist



Neue Wege für die Musikforschung
70 Jahre Musikforschung an der UdS

© AudioLabs, 2022
Meinard Müller

Computational Audio Analysis
Source separation
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Only Piano!

Where is the
orchestra?

 Yigitcan Özer
 PhD student in engineering
 Pianist
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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)

Source signal: BeesTarget signal: Beatles–Let it be

Mosaic signal: Let it Bee

65
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 Understanding modern machine learning techniques 

 Critical questioning of artificial intelligence (AI) concepts 

 Developing explainable AI models

 Educating next generation of scientists

 …
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Ziel soll dabei nicht die Ablösung 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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Fundamentals of Music Processing (FMP)

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

Accompanying website: 
www.music-processing.de
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Fundamentals of Music Processing
Audio, Analysis, Algorithms, Applications
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2nd edition
Meinard Müller
Fundamentals of Music Processing
Using Python and Jupyter Notebooks
Springer, 2021
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FMP Notebooks: Education & Research

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

 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://github.com/meinardmueller/PCP
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