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Music Processing
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Music Processing: A Multifaceted Research Area

| Music ...

Signal
Processing

= important part of our lives ...
. Machine
Mathemati Learning

= ... Spotify, Pandora, iTunes, ...

= interdisciplinary research

Information
Retrieval

Digital
Humanities

\

Musicolog) = intuitive entry point to education
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Reinhart Koselleck-Projekt: LEARN
Learning with Music Signals: Technology Meets Education

Learn from Learn about
data models

= Machine learning for
music signal processing

Interpretable models
and knowledge
integration

Music understanding
and applications

Interactive learning in
engineering through

Learn from Learn technology music
domain experts with music
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Multimodal Music Processing

Multimodal Music Processing

Recording (Audio)

Music (Image) % Piano Roll (MIDI)

Literature (Text)
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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 ID

Version ID

Category ID

Database

Hit

Bernstein (1962)
Beethoven, Symphony No. 5

Beethoven, Symphony No. 5:
« Bernstein (1962) >
= Karajan (1982)
= Gould (1992)

= Beethoven, Symphony No. 9 | 2
= Beethoven, Symphony No. 3
= Haydn Symphony No. 94
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Cooperation:

= Rainer Kleinertz (Saarbriicken)
= Stephanie Klauk (Saarbriicken)
= Christof Weil (Wirzburg)

Objectives
= Harmony-based structural analysis

= Beethoven Sonatas & Wagner’s Ring

= Interdisciplinary dialogue

Since 2014: DFG-funded project
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Different concepts

Different temporal levels

Movement level |

C major

| Global key estimation

Segment level | C major

| G major | C major \ Local key estimation
A A

X
Chordlevel [ CM | GM” [ Am |

‘ Chord recognition

Note level

Music transcription
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Computational Musicology: Harmony Analysis

= Different concepts

= Different temporal levels

Segment level Local Key Local key estimation
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Local Key Estimation
Example: J.S. Bach, Choral "Durch Dein Gefangnis" (Johannespassion)

Amplitude
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Local Key Estimation
Example: J.S. Bach, Choral "Durch Dein Gefangnis" (Johannespassion)
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Local Key Estimation
Spectrogram
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Local Key Estimation
Chromagram
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Local Key Estimation
Chromagram after smoothing
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Local Key Estimation
Arrange pitch classes according to perfect fifth series

Local Key Estimation
Arrange pitch classes according to perfect fifth series

1 1
] N NN THNEN w]
A D# -
A 08 egi‘ 08
G# C#+
@ ¢ 06 F# 06
§ F | E
D# ] D+
D 02 G- 02
ci 4 c-
[ F {7
0 v —— v T — 0
0:00 0:10 0:20 0:30 0:40 0:50 % 0:00 0:10 0:20 0:30 0:40 0:50
Time (seconds) Time (seconds)
Learning with Music Signals: N © AudioLabs, 2023 AUDIO Learning with Music Signals: R © AudioLabs, 2023 AUDIO
Technology Meets Education e Meinard Miller LABS Technology Meets Education 2 Meinard Miller LABS
Local Key Estimation Local Key Estimation
Summarize pitch class content according to diatonic scales 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
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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: WWV 86 B (Die Walkdire)
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Local Key Estimation
R. Wagner: WWV 86 B (Die Walkdire)
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Local Key Estimation

R. Wagner: WWV 86 B (Die Walkdire)
Act 3, measure 724-789 (Wotan'’s punishment)

Diatonic scale
o
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Local Key Estimation
R. Wagner: WWV 86 B (Die Walkiire)

Act 3, measure 724-789 (Wotan'’s punishment)
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Reinhart Koselleck-Projekt: LEARN

= Interpretability & explainability
= Knowledge integration

= Hybrid models

= Multitask learning

= Hierarchical approaches

oata [ mooets

ExpeRTs | LEARN

Global key
estimation

Local key
estimation

Chord
recognition

Music
transcription

Learning with Music Signals:
Technology Meets Education

© AudioLabs, 2023
Meinard Miller

AUDIO
LABS

Computational Ethnomusicology:

Traditional Georgian Vocal Music

= Interdisciplinary research project
= Prof. Dr. Frank Scherbaum (Potsdam)
= Dr. Nana Mzhavanadze (Tbilisi)

= Sebastian Rosenzweig (FAU)

= Objective: Tonal analysis

= 2018 — 2022: DFG-funded project

E/A\UJ

Friedrich-Alexander-Universitét
rlangen-Nirnberg

DFG
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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)
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Traditional Georgian Vocal Music

Example: Erkomaishvili corpus
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Traditional Georgian Vocal Music
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Traditional Georgian Vocal Music
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Traditional Georgian Vocal Music
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Traditional Georgian Vocal Music

[ Accumulated
—— Top © Middle
—— Top & Bass

——— Middle & Bass|-

Normalized occurrence
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H Difference (cents)

v v v
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(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

Reinhart Koselleck-Projekt: LEARN Pl

= Non-standard datasets
= Variety of music
= Poor audio quality

= Various sensor types

= Exploring DL models

= Total duration: 6 h . Generalization T
3
= Overfitting S
Room s
Microphone = Data scarceness Rﬂ::':l:"e
— Version —>
e, i S
Source Separation (Singing) Source Separation (Piano Concerto)
Sl & Reference = Yigitcan Ozer

SP

Original recording Singing B

:l - Al
\ ﬂ Tk Reference

> SP

Accompaniment

. _Il Al
= Reference: Best possible result D
= SP: Using traditional signal processing
= Al: Using data-driven approach
rning with Music Sign © Audi AUDIO
S

= PhD student in engineering
= Pianist
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Source Separation (Piano Concerto)

= Yigitcan Ozer
= PhD student in engineering
= Pianist

Only Piano!

LLLl

Where is the
orchestra?

%
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Source Separation (Piano Concerto)

kI -
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Source Separation (Piano Concerto)

b UL
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Source Separation (Piano Concerto)
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Source Separation (Piano Concerto)
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Source Separation

Score-informed audio editing
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Source Separation

Audio mosaicing (style transfer)

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

AAAA 1< | & |«
/
e DD B

Q.
Mosaic signal: Let it Bee
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Source Separation

Informed Drum-Sound Decomposition

® o -
DA N E

Remix: ¢ >
"N

N

} s ]
EEETm=Es
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music =

Reinhart Koselleck-Projekt: LEARN Rl;“

LEARN

= Reconstruction of sources

= Generative models

= Differentiable DSP

= Analysis by synthesis
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Fundamentals of Music Processing (FMP)

Meinard Muller

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

Fundamentals of
Music Processing

Accompanying website:
www.music-processing.de
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Fundamentals of Music Processing (FMP)

Meinard Mdller

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

Fun‘ feinard Milller
Mus

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

Music Processing

Second Eltion 2nd edition

Fundamentals of Music Processing (FMP)

Chapter Music Processing

Scenario Meinard Miiller
1 | Music Represenations Fundamentals of Music Processing
o —— Audio, Analysis, Algorithms, Applications
2 Signals Springer, 2015

Music Synchronization

Accompanying website:

Music Structure www.music-processing.de
Analysis

Chord Recognition

| Tempo and Beat 2nd edition

. . Tracking . .
Meinard Miller < Sacod Aud Meinard Muiller
. n tent-| i n .
Fundamentals of Music Processing 7 S e LRI Fundamentals of Music Processing
Using Python and Jupyter Notebooks 3 Using Python and Jupyter Notebooks
. 8 Musically Informed .
Sp”ngerv 2021 Audio Decomposition Sprlnger, 2021
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FMP Notebooks ail FMP Notebooks ail
Python Notebooks for Fundamentals of Music Processing Python Notebooks for Fundamentals of Music Processing

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

[Basics + 8 Chapters ]
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Tempo and Beat Tracking

@@ htpsi
" Music Processing
FMP Notebooks

Python Notebooks for Fundamentals of Music Processing

https://www.audiolabs-erlangen.de/FMP
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Tempo and Beat Tracking

n 0O ®

function A : Z — 1
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Tempo and Beat Tracking

We assume that we are given a discrete-time novelty function A : Z — 1

Definition
indicate note onset candidates. The idea of Fourier analysis is to detect lo
in novelty curve by comparing it with windowed sinusoids. A high correlati

section of A with a windowed sinusoid indicates a periodicity of the sinust
(given a suitable phase). This correlation (along with the phase) can be cc

short-time Fourier transform. To this end, we fix a window function w : Z
length centered at 7 — 0 (e.g., a sampled Hann window). Then, for a frec
parameter w € IR~¢ and time parameter n € Z, the complex Fourier coe
is defined by
F(n,w) := Z A(m)w(m — n)exp(—2wiwm).

meZ
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Definition

that we

r analysis is to detect \o
nusoids. A high correlati

Explanations
Theory

we

indicate note onset cani
in novelty curve by com
section of A with a win
(given a suitable phase).

This correlation (along with the ph:
'm. To this end, we fix a window ful

0 (e.g., a sampled Hann window).
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Example: Shostakovich
In the following example, we consider an excerpt of a recording of

Dimitri Shostakovich's Suite for Variety Orchestra No. 1. The score
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In [2]: | def compute_sinusoid_optimal(c, tempo, n, N
mnmCompute windowed sinusoid with optin E
Notebook: C empogramFourier.ipynb
Args:
c: Coefficient of tempogram (c=X(k,n))

tempo: Tempo parameter corre >nding tc
coef BPM[K])

Frame parameter of c

Sampling rate
N: Window length
: Hop size
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©f Coefficient of tempogram (c=X(k,n))
tempo: Tempo parameter corresponding tc

coef BPM[K])
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Novelty function with detected peaks.
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Novelty function with detected peaks
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Ph.D. Ph.D. Ph.D. Ph.D. Ph.D.
Project Project Project Project Projec
Rhythm Harmony Structure Timbre
Analysis Analyis Analysis Analysis
[ [A] Machine Learning in Music Signal Processing ]
I T T T T
[ [B] Interpretable Models and Knowledge Integration J
I 1 1 T | I
[ [C] Music L ing and A ]
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[ [D] ive Learning in i ing Through Music ]
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Resources (Group Meinard Mdller)

= 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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