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Query:

==

Goal: Find all occurrences of the query

Query:

==

Goal: Find all occurrences of the query

Matches:

Database

Query P>
Hit

Bernstein (1962)
Beethoven, Symphony No. 5

Audio ID

Beethoven, Symphony No. 5:
= Bernstein (1962) >

Version ID

Category ID

Karajan (1982)
Gould (1992)

Beethoven, Symphony No. 9|

Beethoven, Symphony No. 3
Haydn Symphony No. 94
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Audio Processing: Fourier Analysis

© AudioLabs, 2022 Annotations and Analyses in AUDIO
Meinard Miler, Viora Arifi-Miller, Christof WeiB Computationa y LABS

Music Synchronization: Image-Audio

Image Processing: Optical Music Recognition

T

(IS

AUDIO
LABS

Audio Processing: Fourier Analysis

2 Annotations and Analyses in

lora Avifi-Miiller, Christof WeiB

Music Scenarios
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= Freischiitz Digital i EEEECHUTZ

= Wagner’s Ring
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= Georgian Music

= Schubert Winterreise
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Scenario: Freischitz Digital i FREISCHOTZ

BMBF (2012 - 2016)

Detmold/Paderborn
(Prof. Veit, Digital Editions)

= Frankfurt |
(Prof. Betzwieser, Musicolog

y)

= Erlangen
(Prof. Mdller, Computer Science)
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Scenario: Freischitz Digital iggﬁl&cnﬂn

Audio

BMBF (2012 - 2016)

Detmold/Paderborn
(Prof. Veit, Digital Editions)

Frankfurt e
(Prof. Betzwieser, Musicology)

Erlangen
(Prof. Mller, Computer Science)
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Scenario: Freischitz Digital i FREISCHOTZ

Recordings
= 23 mostly complete recordings
= 10 abridged/short versions
= Recorded between 1933 and 2001

Example: Song (No. 4) from “Der Freischiitz”

Variations Performance

Kleiber C. , 1973 > d:
Tempo Elmendorff, 1944 > d:
Language Penin (fr.),1998 » 4 i
Key Orlov (russ.), 1946 > < :\
Sound quality Gui (it.), 1957 > 4:
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DIGITAL
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Scenario: Freischitz Digital iFREISCHUTz

Global inconsistencies and deviations
= Annotation process raises research questions
Structure analysis
= Partial alignment
= Language detection
= Key detection

= Annotation process becomes the subject of research

Daniel Rowenstrunk, Thomas Pratzlich, Thomas Betzwieser, Meinard Miiller, Gerd Szwillus, Joachim Veit:
Das Oper aus D: — Aspekte des Umgangs mit einer heterogenen Datenlage im
BMBF-Projekt Freischiitz Digital". Datenbank-Spektrum, 15(1): 65-72, 2015.
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Scenario: Wagner’s Ring

= DFG (2014 - 2023)

= Saarbriicken
(Prof. Kleinertz, Musicology)

= Erlangen
(Prof. Mdller, Computer Science)

Diatonic scales

" ObJeCtlves 725 730 735 740 745 750
= Harmony-based structural analysis Time (measures)
= Visualization techniques
= Exploration of interdisciplinary research
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Scenario: Wagner’s Ring

1 Barenboim 1991-92 14:54:55

2 Boulez 1980-81 13:44:38 . Large-scale work
3 Béhm 1967-71 13:39:28

4 Furtwangler 1953 15:04:22

5 Haitink 1988-91 14:27:10 -

6 Janowski 1980-83 14:08:34 Four operas

7 Karajan 1967-70 14:58:08 = ca.15 hours

8 Keilberth/Furtwangler 1952-54 14:19:56 = 21941 measures
9 Krauss 1953 14:12:27

10 Levine 1987-89 15:21:52

1" Neuhold 1993-95 14:04:35

12 Sawallisch 1989 14:06:50 16 performances
13 Solti 1958-65 14:36:58

14 Swarowsky 1968 14:56:34

15 Thielemann 201 14:31:13

16 Weigle 2010-12 14:48:46
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Scenario: Wagner’s Ring

1 Barenboim 1991-92 14:54:55
2 Boulez 1980-81 R . Large-scale work
3 Bohm 1967-71
4 Furtwangler 1953 104
5 Haitink 1988-91 7
N \ . e e = Four operas
| 7 Karajan 1967-70 14:58:08 | = ca.15 hours
T952-5% o150 = 21941 measures
9 Krauss 1953 14:12:27
10 Levine 1987-89 E
11 Neuhold 1993-95 .
12 Sawallisch 1989 16 performances
13 Solt 1958-65
14 Swarowsky 1968 :56:: M |
.
15 Thielemann 2011 14:31:13 anual measure
16 Weigle 2010-12 14:48:46 annotations
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Scenario: Wagner’s Ring

5
Annotator 1 >

>

H e Annotator2 [
< >

z B
Time (seconds)

Deviations

Annotations and Analyses in AUDIO
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Deviations
b6 e

B 3
Time (measures)
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Scenario: Wagner’s Ring

Standard deviations among annotators

<
8.
2
g oo
s
3
(S Tt Ta% 438 a0 Tz T e s 1480
Time (measures)
Tenor Trumpets Violins Tenor
A1 "les 7] ado Tes ! " Tuso
A2 \
A3 |
A4 1 \ |
AS . L, L ‘ ‘ s
wm0 s ) 3 0 3 o0 s w0 s
> Time (seconds) >
WS

© Audiolabs, 2022 Annotations and Analyses in

Meinard Miller, Viora Avifi-Miller, Christof WeiB Computational Musicology

AUDIO
LABS

Scenario: Wagner’s Ring

= Measure position ambiguities
= Rhythm or beat unclear

= Vague note onset positions

= Non-synchronous parts (e.g., singers and orchestra)
= Introduce confidence measures

= Cross-annotator agreement

= Cost function based on novelty and homogeneity

Christof WeiB, Viora Arifi-Miiller, Thomas Prétzlich, Rainer Kleinertz, Meinard Miller:
Analyzing Measure Annotations for Western Classical Music Recordings.
In Proceedings of the International Society for Music Information Retrieval Conference (ISMIR): 517-523, 2016.
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Computational Musicology LABS

© AudioLabs, 2022

Meinard Miiller, Viora Arifi-Miiller, Christof WeiB

Scenario: Georgian Music

« DFG (2018 — 2022)

= Potsdam
(Prof. Scherbaum, Ethnomusicology)

= Erlangen
(Prof. Mdller, Computer Science)

= Objectives
= Harmonic and melodic singing analysis
= New sensors (larynx microphones)
= Digital humanities

)
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Scenario: Georgian Music
Erkomaishvili Dataset

Collection of traditional
three-voice Georgian songs

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

Recorded using tape recorders
in 1966

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

Annotations and Analyses in AUDIO
Computational Musicology LABS
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Scenario: Georgian Music
Erkomaishvili Dataset
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Scenario: Georgian Music
Erkomaishvili Dataset

Segment 1 [ Segment 2 1 Segment 3
T
£ 200 L{\n‘w
oo
e i
8 150 ¢ i
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LTI 1
10 20 40

77N SSSS o)

= FO0-annotations
= Recording structure annotations
= P
R S S = Onset annotations

Middle Voice
(Segment 2)

Bass Voice B P .
(Segment 3) e e i = Digital sheet music
da su-li - sa - tsa she-ni-sa-ta-na
1234 5 678910
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Scenario: Georgian Music
Interactive FO Annotation Tool

] Replace

guat | Replace | ' s s Options.
'

Delet:
| \
e\ . | Reload All

50 [} LT o A Salience func
Harmonic Sum  ~

200

Frequency (Hz)

Log Compression

ETI—

Meinard Miiller, Sebastian Rosenzweig, Jonathan Driedger, and Frank Scherbaum:

q Yy with Research.
In Proceedings of the AES Conference on Semantic Audio, 2017.
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Scenario: Georgian Music
Erkomaishvili Dataset

o = Superimposed FO-trajectories
5 = #—"H !\—4
= i Y Pl s = Measuring harmonic intervals
! .m"ff " h e, o
Z —
100 Y ..,_f"\*n VN
w— Accumulated
oo —— Top © Middle
i —— Top « Bass = Peak at 350 cents (between
: ——| Middle «» Bass minor and major third)
5 = Non-western temperament

: Harmonié intervals (cents]

350 700 1200
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Scenario: Georgian Music
Erkomaishvili Dataset
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o @ Fist Segment (Top Voice)
O Second Segment (Top + Middie Voice)
O Thic Segment (Top + Middie + Bas Voice)
O Mixofal Segments
https://www.audiolabs-erlangen.de/resour 2019-Georgi 1sic-Erkomaishvili >
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Scenario: Georgian Music
Erkomaishvili Dataset

= Temporal organization
= No notion of meter
= Continuous note transitions (glissando)
= Voices not synchronous
= Tonal organization
= Non-western temperament
= Harmonic vs. melodic intonation
= Transcription problematic

= Poor recording conditions

Sebastian i, Vlora Arifi-Miller, and Meinard Mller:
Erkomaishvili Dataset: A Curated Corpus of Traditional Georgian Vocal Music for Computational Musicology.
Transactions of the International Society for Music Information Retrieval (TISMIR), 3(1): 31-41, 2020.
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Scenario: Schubert Winterreise

= Winterreise
= Song cycle for voice and piano
= Music: Franz Schubert (1828)
= Poems: Wilhelm Miiller

= MIR Objectives
= Music synchronization
= Stucture analysis
= Harmonic analysis
= Activity detection (singing, lyrics, ...)
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Scenario: Schubert Winterreise e Scenario: Schubert Winterreise e
< <
01. Gute Nacht v 01. Gute Nacht v
02. Die Wetterfahne 02. Die Wetterfahne
03. Gefrome Tranen o 03. Gefrome Tranen o
04. Erstarrung - 04. Erstarrung -
05. Der Lindenbaum il 05. Der Lindenbaum il
06. Wasserflut 06. Wasserflut
07. Auf dom Flusse 07. Auf dom Flusse
08. Riickblick 08. Riickblick
I 09. Iicht I 09. Iicht
10. Rast 10. Rast
g’ 11. Friihlingstraum g’ 11. Friihlingstraum
S 12 Einsamkeit S 12 Einsamkeit
o) 13.Die Post ) 13.Die Post
14. Der greise Kop! 14. Der greise Kop!
l 15. Die Krahe l 15. Dio Krahe
16. Letzte Hoffnung 16. Lotzte Hoffnung
17.Im Dorfe. 17. Im Dorfe
18. Der stiirmische Morgen 18. Der stiirmische Morgen
19. Tauschung 19. Tauschung
20. Der Wegweiser 20. Der Wegweiser
21. Das Witshaus 21. Das Witshaus
22. Muth 22. Muth
23. Die Nebensonnen 23. Die Nebensonnen
24. Der Leiermann 24. Der Leiermann
AN ‘,\0‘; »°‘> &9 w"‘a 89 &°‘ 39, &": &
PP P P S
- ¢_,c°‘ ‘e\eﬂ« .5:,0‘ \‘5’5 S » PO \@ s «%‘3
o°
—
Poet* ,Composer" Performer*
— Version —>
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Scenario: Schubert Winterreise e
<
01. Gute Nacht
S e Cross-Version Evaluation v
03. Gefrome Tranen o
04. Erstarrung -
05. Der Lindenbaum il
06. Wasserflut
07. Auf dom Flusse
08. Riickblick
I 09. Iicht
o %Rt
11. Frihlingstraum ; i
S 12 Ensamkeit Neither split
) 13.Die Post
14. Der greise Kop!
l 15. Dio Krahe
16. Letzte Hoffnung
Im Dorfe
. Der stiirmische Morgen
Tauschung
Der Wegweiser
. Das Wirtshaus
) — Local Keys
. Die Nebensonnen [— Chords
. Der Leiermann Measures
(‘w ,ag\ © \‘,\0\‘ §O ﬁ\"\\\é\"\o ) &o\ &o\oa\o\\&\o\\)&o\ Raw data
‘e\ *« P“(,\F Q\V \V‘d,\ @\ o T S
\:&‘\ o N R PR R -’ ong
‘f'
—
Poet" ,Composer" Performer*
— Version —>
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Scenario: Schubert Winterreise g
Harmony Analysis

Music transcription
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Scenario: Schubert Winterreise g
Harmony Analysis

Global key estimation

Segment level Local key Local key estimation

CcM GM Am Chord recognition

vel C major

= Music transcription

Note leve
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Scenario: Schubert Winterreise
Harmony Analysis

4:
>

Annotations

A1 | A | e EmIw |A maiorl

A2 | Amajor |

A3 | AT | e e
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Scenario: Schubert Winterreise
Harmony Analysis

Annotator agreements and differences

@® Relative diff.  #2% Fifth relative diff.
Agreement mm Parallel diff. Fifth parallel diff.
Il Fifth diff. No key
100
< ]
o)
T 90 o
€
5}
£ 80
o}
2
>
< g0l |
A1-A2 A1-A3 A2-A3 A1-A2-A3
2022 Annotations and Anal AUDIO
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Scenario: Schubert Winterreise
Harmony Analysis

= Harmony-related annotations
= Hierarchical nature of musical structures
= High degree of subjectivity

= Dependence on user needs and applications

Christof WeiB, Frank Zalkow, Viora Arifi-Miiller, Meinard Miiller, Hendrik Vincent Koops, Anja Volk, Harald Grohganz:
Schubert Winterreise Dataset: A Multimodal Scenario for Music Analysis.
ACM Journal on Computing and Cultural Heritage (JOCCH), 15(2): 1-18, 2021.

ses i AUDIO
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Conclusions

= Annotating music data is a challenge
= Data inconsistencies
= Underlying model assumptions often violated
= High degree of subjectivity
= Dependency on user needs and applications

= Never trust your annotations!

= Annotations and analyses cannot be separated
= Needs to be an interactive process
= Requires a dialogue between domain experts and computer scientists
= Requires an understanding and adaption of tools

= Opportunities
= Annotation process becomes subject of research
= Increasing appreciation of datasets
= Great potential for interdisciplinary research
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Fundamentals of Music Processing (FMP)

Meinard Mdller

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

Fun(_iamental§ of Accompanying website:
Music Processmg www.music-processing.de

Fundamentals of Music Processing (FMP)

Meinard Mdller

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

FURY | s Accompanying website:
Mus Fundamentals of www.music-processing.de

usic Processing

2nd edition

Meinard Mdiller

Fundamentals of Music Processing
Using Python and Jupyter Notebooks

Second Edition

abs, 2022 Annotations and Analys
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Fundamentals of Music Processing (FMP)

Meinard Mdller

Music Represenations Fundamentals of Music Processing
R —— Audio, Analysis, Algorithms, Applications
Signals Springer, 2015

Music Synchronization

Accompanying website:

Music Structure www.music-processing.de
Analysis

Chord Recognition

Tempo and Beat 2nd edition

oy - Meinard Miller
us Contont pased Audio Fundamentals of Music Processing
T — Using Python and Jupyter Notebooks
8 EI Audio Decomposition Springer, 2021

© AudioLabs, 2022 Annotations and Analyses in AUDIO
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FMP Notebooks: Education & Research

Fundamentals of

AUDIO
BS

FMP Notebooks B
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

© AudioLabs, 2022 Annotations and Analyses in AUDIO
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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

© AudioLabs, 2022 Annotations and Analyses in uDIO
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