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Section 2

Brief history of singing analysis tools



Tonoscope (~ 1914)

Figure: Carl Seashore and his tonoscope®

Carl E Seashore (1914). “The Tonoscope”. In: The Psychological
Monographs 16.3, pp. 1-12.



Pitch tracking using phonophotography

{4__ IV SN o I\ Ve W I T D B [ S

Figure: Example of phonophotography “score”, superposition of four
separately recorded and transcribed melody lines®

ZMilton Metfessel (1928). Phonophotography in folk music: American
negro songs in new notation. Univ. North Carolina Press.



Mid-20th century

1967 use of digital computers from the 1960s, e.g. cepstrum
analysis*

1972 "An analyser has been developed which allows presentation of
spectral analyses, amplitude and frequency vibrato on paper,
without need for photography. Signal frequencies between
100 Hz and 10 kHz can be accepted [...]"5 (emphasis mine)

1975 “[...] the problem of tracking the frequency of a single
(monophonic) periodic signal is one that has been addressed
extensively by the speech community. Some groups consider
this to be a solved problem."®

1977 application to music archives’

*A. M. Noll (1967). “Cepstrum pitch determination”. In: The Journal of
the Acoustical Society of America 41.2, pp. 293-309.

®J. Seymour (1972). “Acoustic Analyses of Singing Voices. II. Frequency
and Amplitude Vibrato Analyses”. |In: Acta Acustica united with Acustica
27.4, pp. 209-217.

6J. A. Moorer (1975). “On the segmentation and analysis of continuous
musical sound by digital computer”. PhD thesis. Standford University.

"B. Larsson (1977). Pitch tracking in music signals. Tech. rep., pp. 1-8.




The past 20 years

» pitch tracking becoming a commodity: RAPT,® PRAAT®°
STRAIGHT,!® YIN,*! SRH,*? Tartini ,!3 pYIN*

8D. Talkin (1995). “A Robust Algorithm for Pitch Tracking”. In: Speech
Coding and Synthesis, pp. 495-518.

°P. Boersma (2001). “Praat, a system for doing phonetics by computer”.
In: Glot International 5.9/10, pp. 341-345.

4. Kawahara, J. Estill, and O. Fujimura (2001). “Aperiodicity extraction
and control using mixed mode excitation and group delay manipulation for a
high quality speech analysis, modification and synthesis system STRAIGHT". .
In: Proceedings of MAVEBA, pp. 59-64.

A de Cheveigné and H. Kawahara (2002). “YIN, a fundamental frequency
estimator for speech and music”. In: The Journal of the Acoustical Society of
America 111.4, pp. 1917-1930. pO1: 10.1121/1.1458024.

2T Drugman and A. Alwan (2011). “Joint Robust Voicing Detection and
Pitch Estimation Based on Residual Harmonics.” In: Proceedings of
Interspeech 2011, pp. 1973-1976.

BPhilip McLeod (2008). “Fast, accurate pitch detection tools for music
analysis”. PhD thesis. University of Otago. Department of Computer Science.

M. Mauch and S. Dixon (2014). “pYIN: a Fundamental Frequency
Estimator Using Probabilistic Threshold Distributions”. In: Proceedings of the

IEEE International Conference on Acoustics, Speech and Signal Processing
(1CACSDE 9074) nn AEO_ARR



http://dx.doi.org/10.1121/1.1458024

Recent large-scale research

A recent large scale study of singing (11258 children!) assessed
ability aurally, i.e. without measuring even pitch.'®
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Singing and social inclusion

Graham F. Welch'*, Evangelos Himonides’, Jo Saunders’, loulia Papageorgi? and Marc Sarazin®

' Dopartment of Culture, , Instiuta of Education, University of London, London, UK.
# Department of Social Sciences, University of Nicosia, Nicosia, Cyprus.
2 Department of Education, University of Oxford, Oxford, UK.

Edtod by: There is a growing body of neurological, cognitive, and social psychological research to

Th Matthew A. Wyon, University of suggest the possibility of positive transfer effects from structured musical engagement. In
(=Jey  viovomampton UK particular, there is evidence to suggest that engagement in musical activities may impact

it Bk e vrsity of on social inclusion (sense of self and of being socially integrated). Tackling social exclusion

and promoting social inclusion are common concerns interationally, such as in the UK

streams an« Bedfordshire, UK

IOOBMMOI < ciorto an Staden, Selt Soutn  and the EC, and there are many diverse Government ministries and agencies globally that
tnca see the arts in general and music in particular as a key means by which social needs can
*Comespondence: be addressed. As part of a wider evaluation of a national, Government-sponsored music
Graham F: Welch, Depariment of education initiative for Primary-aged children in England (“Sing Up”), opportunity was
Cuture, Communication and Moda,
ratinse of tdveatim Imomationsl 1aken by the authors, at the request of the funders, to assess any possible relationship
Music Education Research Cene,  between (a) children's developing singing behavior and development and (b) their social
Unwersity of London, 20 Bedtord— inclusion (sense of self and of being socially integrated). Subsequently, it was possible

Way, London WC1H AL, UK

mal: g.welch@ioe.ac.uk to match data from n = 6087 participants, drawn from the final 3 years of data collection

(2008-2011), in terms of each child's individually assessed singing ability (based on their
singing behavior of two well-known songs to create a “normalized sinaing score”) and

15G. F. Welch et al. (2014). “Singing and social inclusion”. In: Frontiers in
psychology 5.



Section 3

Pitch and note tracking state of the art



Usage in community

our own su rvey16:

» sent to ISMIR Community, Auditory and music-dsp

Field of work Position

Music Inf./MIR 17 (55%)  Student 11 (35%)
Musicology 4 (13%) Faculty Member 10 (32%)
Bioacoustics 3 (10%) Post-doc 6 (19%)
Speech Processing 2 (5%) Industry 4 (13%)
Experience

Pitch track 18* (58%)

Note track 16* (52%)

Both 7 (23%)

None 3 (10%)

M. Mauch, C. Cannam, et al. (2015). “Computer-aided Melody Note
Transcription Using the Tony Software: Accuracy and Efficiency”. In:
Proceedings of the First International Conference on Technologies for Music
Notation and Representation (TENOR 2015).



Usage in community

our own su rvey16:

» sent to ISMIR Community, Auditory and music-dsp

The DSP algorithms mentioned by survey participants were: YIN
(5 participants), Custom-built (3), Aubio (2), and all follow-
ing ones mentioned once: AMPACT, AMT, DESAM Toolbox,
MELODIA, MIR Toolbox, Tartini, TuneR, SampleSumo, silbido,
STRAIGHT and SWIPE.

M. Mauch, C. Cannam, et al. (2015). “Computer-aided Melody Note
Transcription Using the Tony Software: Accuracy and Efficiency”. In:
Proceedings of the First International Conference on Technologies for Music
Notation and Representation (TENOR 2015).



General overview of pitch trackers

“FO estimators often have three major components:
a) A pre-processing, or signal conditioning stage,
b) a generator of candidate estimates for the true period sought
and

c) a ‘post-processing’ stage that selects the best candidate and
refines the FO estimate.”

Talkin 1995

In addition: voiced/unvoiced detection (either as part of the third
step, or as a separate one)



Monophonic pitch tracking, a nearly-solved problem

survey of pitch trackers for singing till 2013 Babacan et al.l”

Table 1. Error Rates Across the Whole Dataset

GPE (%) | FPE (C) | VDE (%) | FFE (%)
RAPT 1.01 21.96 1.05 1.99
RAPT* 0.65 21.98 1.05 1.66
STRAIGHTv 1.26 17.22 1.05 2.22
STRAIGHTv* 1.25 17.22 1.05 2.21
PRAATu 1.47 21.91 0.81 2.18
PRAAT 1.41 21.93 0.81 2.15
PRAAT* 1.41 21.94 0.81 2.13
SRHu 1.91 18.99 1.28 3.08
SRH 1.72 17.33 1.33 2.95
SRH* 1.61 17.36 1.33 2.84
SSHu 3.51 19.66 1.27 4.55
SSH 2.40 19.46 1.39 3.61
SSH* 1.91 19.43 1.39 3.16
YINvu 2.69 8.38 1.05 3.56
YINv 2.44 12.79 1.05 3.32
YINv* 0.91 12.95 1.05 1.9

0. Babacan et al. (2013). “A Comparative Study of Pitch Extraction
Algorithms on a Large Variety of Singing Sounds”.
38th International Conference on Acoustics, Speech, and Signal Processing
(ICASSP 2013), pp. 7815-7819.

In: Proceedings of the



Partially solved problem: predominant pitch

» predominant pitch trackers (e.g. PreFEst,'® MELODIA)

» vocal activity detection?0:2!

BM. Goto (2004). “A real-time music-scene-description system:
Predominant-FO estimation for detecting melody and bass lines in real-world
audio signals”. In: Speech Communication 43.4, pp. 311-329.

19). Salamon and E. Gémez (2012). “Melody extraction from polyphonic
music signals using pitch contour characteristics”. In: Audio, Speech, and
Language Processing, |IEEE Transactions on 20.6, pp. 1759-1770.

2B Lehner, G. Widmer, and R. Sonnleitner (2014). “On the reduction of
false positives in singing voice detection”. In: Acoustics, Speech and Signal
Processing (ICASSP), 2014 IEEE International Conference on, pp. 7480-7484.

Z'M. Mauch, H. Fujihara, et al. (2011). “Timbre and Melody Features for
the Recognition of Vocal Activity and Instrumental Solos in Polyphonic Music”.

In: Proceedings of the 12th International Conference on Music Information

Retrieval (ISMIR 2011), pp. 233-238.



Pitch tracking implementations |

> YIN Java implementation in Tarsos:
https://github.com/JorenSix/TarsosDSP, Matlab
implementation see
http://www.auditory.org/postings/2002/26 .html,
Vamp implementation in pYIN:
https://code.soundsoftware.ac.uk/projects/pyin

» MELODIA (Vamp plugin)
http://mtg.upf.edu/technologies/melodia

» pYIN Vamp plugin and source code:
https://code.soundsoftware.ac.uk/projects/pyin or
Python implementation:
https://github.com/ronggong/pypYIN

» STRAIGHT (Matlab, available upon request)
http://www.wakayama-u.ac.jp/~kawahara/
STRAIGHTadv/index_e.html


https://github.com/JorenSix/TarsosDSP
http://www.auditory.org/postings/2002/26.html
https://code.soundsoftware.ac.uk/projects/pyin
http://mtg.upf.edu/technologies/melodia
https://code.soundsoftware.ac.uk/projects/pyin
https://github.com/ronggong/pypYIN
http://www.wakayama-u.ac.jp/~kawahara/STRAIGHTadv/index_e.html
http://www.wakayama-u.ac.jp/~kawahara/STRAIGHTadv/index_e.html

Pitch tracking implementations |l

>

SWIPE Matlab: http://www.cise.ufl.edu/~acamacho/
publications/swipep.m SPTK/Python: http://pysptk.
readthedocs.org/en/latest/sptk.html#f0-analysis
Tartini for Supercollider
http://doc.sccode.org/Classes/Tartini.html or
standalone http://miracle.otago.ac.nz/tartini/
Aubio http://aubio.org/ or in Vamp:
http://aubio.org/vamp-aubio-plugins/

RAPT (Matlab) http://www.ee.ic.ac.uk/hp/staff/dmb/
voicebox/doc/voicebox/fxrapt.html

mirtoolbox https://www.jyu.fi/hum/laitokset/
musiikki/en/research/coe/materials/mirtoolbox

Cepstral Pitch Tracker https://code.soundsoftware.ac.
uk/projects/cepstral-pitchtracker


http://www.cise.ufl.edu/~acamacho/publications/swipep.m
http://www.cise.ufl.edu/~acamacho/publications/swipep.m
http://pysptk.readthedocs.org/en/latest/sptk.html#f0-analysis
http://pysptk.readthedocs.org/en/latest/sptk.html#f0-analysis
http://doc.sccode.org/Classes/Tartini.html
http://miracle.otago.ac.nz/tartini/
http://aubio.org/
http://aubio.org/vamp-aubio-plugins/
http://www.ee.ic.ac.uk/hp/staff/dmb/voicebox/doc/voicebox/fxrapt.html
http://www.ee.ic.ac.uk/hp/staff/dmb/voicebox/doc/voicebox/fxrapt.html
https://www.jyu.fi/hum/laitokset/musiikki/en/research/coe/materials/mirtoolbox
https://www.jyu.fi/hum/laitokset/musiikki/en/research/coe/materials/mirtoolbox
https://code.soundsoftware.ac.uk/projects/cepstral-pitchtracker
https://code.soundsoftware.ac.uk/projects/cepstral-pitchtracker

Note tracking

» much less explored (only few papers

> ill-defined for music that is not sung from a fixed note

representation

22T De Mulder et al. (2004). “Recent improvements of an auditory model
based front-end for the transcription of vocal queries”. In: Proceedings of the
IEEE International Conference on Acoustics, Speech, and Signal Processing
(ICASSP 2004). Vol. 4, pp. iv-257-iv-260. DOI:
10.1109/ICASSP.2004.1326812.

M. P. Ryyninen and A. P. Klapuri (2008). “Automatic transcription of
melody, bass line, and chords in polyphonic music”. In: Computer Music
Journal 32.3, pp. 72-86.

2*E. Gémez and J. Bonada (2013). “Towards computer-assisted flamenco
transcription: An experimental comparison of automatic transcription
algorithms as applied to a cappella singing”. In: Computer Music Journal
37.2, pp. 73-90.

M. Mauch, C. Cannam, et al. (2015). “Computer-aided Melody Note
Transcription Using the Tony Software: Accuracy and Efficiency”. In:
Proceedings of the First International Conference on Technologies for Music
Notation and Representation (TENOR 2015).

%N, Kroher and E. Gémez (in review). “Automatic Transcription of
Flamenco Singing from Polyphonic Music Recordings”. In: arXiv preprint

NZ* A A AN

22,23,24,25,26)



http://dx.doi.org/10.1109/ICASSP.2004.1326812

Note tracking — low performance

COnPOff (Precision)
CONPOff (Recall)
COnPOff (F-measure)
COnNP (Precision)
COnP (Recall)
COnP (F-measure)
COn (Precision)

COn (Recall)

COn (F-measure)
OBOn (RateGT)

OBP (RateGT)
OBOff (RateGT)

Split (RateGT)
Merged (RateGT)

| IEEE Baseline method
[ (a) Gémez & Bonada

Spurious (RateTR) | [ (b) Ryynénen
Non-detected (RateTR) | I (c) Melotranscript
0 02 04 06 08

Measure value



Melody note tracking implementations |

> Aubio http://aubio.org/

> pYIN:
https://code.soundsoftware.ac.uk/projects/pyin

» CANTE http://cofla-project.com/cante.html

» Cepstral Pitch Tracker https://code.soundsoftware.ac.
uk/projects/cepstral-pitchtracker


http://aubio.org/
https://code.soundsoftware.ac.uk/projects/pyin
http://cofla-project.com/cante.html
https://code.soundsoftware.ac.uk/projects/cepstral-pitchtracker
https://code.soundsoftware.ac.uk/projects/cepstral-pitchtracker

Section 4

Annotation /transcription tools



Survey

The tools with graphical user interfaces mentioned by survey par-
ticipants were: Sonic Visualiser (12 participants), Praat (11),
Custom-built (3), Melodyne (3), Raven (and Canary) (3), Tony
(3), WaveSurfer (3), Cubase (2), and the following mentioned
once: AudioSculpt, Adobe Audition, Audacity, Logic, Sound Anal-
ysis Pro, Tartini and Transcribe!.
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2P Boersma (2001). “Praat, a system for doing phonetics by computer”.
In: Glot International 5.9/10, pp. 341-345.



Songle.jp?

E7 Am7 D GM7 Em7 Ar

>
3
o
[0}
Tm
3
3
>
3
o

8
é
'y

|

|

|

J

|

|

1 =

e -
mA AALAA A ARAARAAAAARA AAA A A AA

Play | BeatEdit ' Chord Edit = Melody Edit | Chorus Edit

%M. Goto et al. (2011). “Songle: A Web Service for Active Music Listening
Improved by User Contributions”. In: Proceedings of the 12th International
Conference on Music Information Retrieval (ISMIR 2011), pp. 311-316.



AMPACT?

“Automatic Music Performance Analysis and Comparison Toolkit"

Spectrogram with Aligned MIDI Notes Overlaid
T T T T T T T

i 20 -M-HMWMWW
» monophonic J A
sung/MIDI
alignment T ]
> perceived pitch $ul |
» vibrato rate/depth
> note slope
calculation

. . . . L L . . . L
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Time (08s)

2 Devaney, M. Mandel, and I. Fujinaga (2012). “A Study of Intonation in
Three-Part Singing Using the Automatic Music Performance Analysis and
Comparison Toolkit (AMPACT)". . In: 13th International Society of Music
Information Retrieval Conference, pp. 511-516.



Requirements
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M. Mauch, C. Cannam, et al. (2015). “Computer-aided Melody Note
Transcription Using the Tony Software: Accuracy and Efficiency”. In:
Proceedings of the First International Conference on Technologies for Music
Notation and Representation (TENOR 2015).



Section 5

Practical Intonation Analysis



A few possible research questions

» vibrato: vibrato depth and rate in different instruments3!

» scale: equal tempered vs. just intonation3?

» poor vs. good singing: accuracy and precision33

> intonation drift: does intonation reference change over
time?34

31 Yang, M. Tian, and E. Chew (2015). “Vibrato Characteristics and
Frequency Histogram Envelopes in Beijing Opera Singing”. In: Fifth Biennial
Mathematics and Computation in Music International Conference (MCMZ2015).

2] Devaney, M. Mandel, and |. Fujinaga (2012). “A Study of Intonation in
Three-Part Singing Using the Automatic Music Performance Analysis and
Comparison Toolkit (AMPACT)". . In: 13th International Society of Music
Information Retrieval Conference, pp. 511-516.

3P Q. Pfordresher and S. Brown (2007). “Poor-Pitch Singing in the
Absence of “Tone Deafness"”. In: Music Perception 25.2, pp. 95-115. DOI:
10.1525/mp.2007.25.2.95.

%M. Mauch, K. Frieler, and S. Dixon (2014). “Intonation in unaccompanied
singing: Accuracy, drift, and a model of reference pitch memory”. In: Journal
of the Acoustical Society of America 136.1, pp. 401-411.


http://dx.doi.org/10.1525/mp.2007.25.2.95

Note pitches

Most psychological studies use note-based frequency estimates3®

%P, Q. Pfordresher and S. Brown (2007). “Poor-Pitch Singing in the
Absence of “Tone Deafness"”. In: Music Perception 25.2, pp. 95-115. DOI:
10.1525/mp.2007.25.2.95; S. Dalla Bella, J. Giguére, and I. Peretz (2007).
“Singing proficiency in the general population”. In: Journal of the Acoustical
Society of America 121.2, p. 1182. por: 10.1121/1.2427111; J. Devaney and
D. P. W. Ellis (2008). “An Empirical Approach to Studying Intonation
Tendencies in Polyphonic Vocal Performances”. |In: Journal of Interdisciplinary
Music Studies 2.1&2, pp. 141-156.


http://dx.doi.org/10.1525/mp.2007.25.2.95
http://dx.doi.org/10.1121/1.2427111

Tony demo 1 (Erhu)
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Intonation

Intonation is defined as “accuracy of pitch in playing or singing”
36 or “the act of singing or playing in tune” .37

fo
= 121 —_— 1
p =69 + 12log, 440 (1)

> pitch strongly associated with fundamental frequency

» we usually measure pitch as in (1), i.e. in semitones with
middle C corresponding to p = 60

% Julia Swannell (1992). The Oxford Modern English Dictionary. p. 560.
Oxford University Press, USA.

$"Michael Kennedy (1980). The Concise Oxford Dictionary of Music. p.
319. Oxford University Press, Oxford, United Kingdom.
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Interval error stats
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from our paper3®

%M. Mauch, K. Frieler, and S. Dixon (2014). “Intonation in unaccompanied
singing: Accuracy, drift, and a model of reference pitch memory”. In: Journal
of the Acoustical Society of America 136.1, pp. 401-411.



Tony demo 2 (Happy Birthday) + IPython Notebook

: J u pyter Tutorial Singing Analysis Last Checkpoint: 13 hours ago (autosaved)

File Edit

View Insert Cell Kernel Help

+ x @ B 44 v > B C Code 4 Cell Toolbar: None

In [118]:

In [119]:

In [120]:

Intonation analysis example

Imports

# numpy and matplotlib-related
import matplotlib

import numpy as np

import matplotlib.pyplot as plt
import pandas as pd
smatplotlib inline

# other funky imports
import bz2
from xml.etree import ElementTree

Constants and helper functions

fs = 44100

'

A

Python2 O



Tony demo 3 (Happy Birthday singing!) + updated
IPython Notebook

link to notebook online, don't use in presentation :)


https://github.com/matthiasmauch/singing/blob/master/Tutorial%20Singing%20Analysis.ipynb

What can go wrong? Things to consider.

Timing. You're interested in intonation, but people sing at
different speeds, so you don't know whether intonation differences
are caused by the different speed.

Solution:

» provide click track to singers



What can go wrong? Things to consider.

Unintended pitch bias. You're using Audacity's standard clicks,
but after a while you notice that they're actually pitched, so you're
unsure if singers pick up their pitch from the clicks.

Solution:
» use un-pitched noise clicks

» eliminate other pitched sounds (fans etc.) from the
environment



Action choice:

Tempo [beats per minute]:

Beats per measure [bar]:

Number of measures [bars]:

Optional click track duration [minutes seconds]:
Individual click duration [milliseconds]:

Start time offset [seconds]:

Click sound:

Noise click resonance - discernable pitch [g]:
MIDI pitch of strong click:

MIDI pitch of weak click:

Manage Preview

What can go wrong? Things to consider.

Click Track

120.0

16

10

0.00

92

80

Generate track

ping
¥ noise
tick

-

Debug

B

30 - 300 beats/minute
1 - 20 beats/measure
1- 1000 bars

Whole numbers only
1-100 ms

0 - 30 seconds

1=120
18-116

18- 116

Cancel




What can go wrong? Things to consider.

Audio analysis fail. You recorded in a reverberant or noisy room,
and in the analysis stage you realise that it's not clear what is the
clean singing signal, and what is echo or noise.

Solution:
» use rooms with little reverb
» seek quiet rooms and CHECK FOR HUMS!

» use close mic'ing (we used a headset)




What can go wrong? Things to consider.

Singers out of range. You recorded singers and asked them to
sing a melody, giving them a particular pitch. Some singers had to
try very hard to reach the high notes (or couldn't reach them),
while for others the melody was in their comfort range.

Solution:
» nothing to worry about if testing for reaction to vocal strain
was your aim ;)
» find pitch that singers are comfortable with



What can go wrong? Things to consider.

Data unsharable. You recorded singers but didn't ask them
whether you could (anonymously) share their singing recordings
with the community.

Solution:
» do ask them in writing (and record the answers)

» by the way: also make sure you've got ethics approval for your
experiments (this is usually very easy, at least at UK
universities)



What can go wrong? Things to consider.

Poor singers. Some of the singers either don’t sing the right song,
or sing it so badly that it's unrecognisable.

Solution:

» devise a rule in advance to remove poor singers (e.g. all that
have an interval error > 1 semitone in more than 20% of the
notes.



Section 6

Singing data resources



Meertens Tune Collections
http://www.liederenbank.nl/mtc/

Dawn Black’s Singing Voice Audio Dataset
http://isophonics.net/SingingVoiceDataset

QBSH Corpus http://neural.cs.nthu.edu.tw/jang2/
dataSet/childSong4public/QBSH-corpus/

IRMAS (instrument recognition, but has 778 voice samples)
http://www.mtg.upf.edu/download/datasets/irmas

iKala Dataset http://mac.citi.sinica.edu.tw/ikala/
MTG-QBH
http://mtg.upf.edu/download/datasets/mtg-qbh
Molina's evaluation framework incl. some data
http://wuw.atic.uma.es/ismir2014singing/

Jiajie Dai's Singing Experiment data http://figshare.com/
articles/Media_Content_for_Analysis_of_
Intonation_Trajectories_in_Solo_Singing_ /1482221


http://www.liederenbank.nl/mtc/
http://isophonics.net/SingingVoiceDataset
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http://figshare.com/articles/Media_Content_for_Analysis_of_Intonation_Trajectories_in_Solo_Singing_/1482221
http://figshare.com/articles/Media_Content_for_Analysis_of_Intonation_Trajectories_in_Solo_Singing_/1482221

Polina Proutskova's phonation modes dataset http:
//www.doc.gold.ac.uk/~mas02pp/phonation_modes/
MedleyDB
http://medleydb.weebly.com/downloads.html

RWC (Musical Instrument Sound) https:
//staff.aist.go.jp/m.goto/RWC-MDB/rwc-mdb-i.html
TONAS Dataset
http://mtg.upf.edu/download/datasets/tonas
ccmixter corpus (separate vocal tracks)
http://www.loria.fr/~aliutkus/kam/

Jamendo corpus
http://www.mathieuramona.com/wp/data/jamendo/
Ultrastar Database (annotations for vocals, gender, ..., but no
audio for popular songs) http://openaudio.eu/

RWC Melody line annotations and more detailed

vocal/instrumental activity https://staff.aist.go.jp/m.
goto/RWC-MDB/AIST-Annotation/


http://www.doc.gold.ac.uk/~mas02pp/phonation_modes/
http://www.doc.gold.ac.uk/~mas02pp/phonation_modes/
http://medleydb.weebly.com/downloads.html
https://staff.aist.go.jp/m.goto/RWC-MDB/rwc-mdb-i.html
https://staff.aist.go.jp/m.goto/RWC-MDB/rwc-mdb-i.html
http://mtg.upf.edu/download/datasets/tonas
http://www.loria.fr/~aliutkus/kam/
http://www.mathieuramona.com/wp/data/jamendo/
http://openaudio.eu/
https://staff.aist.go.jp/m.goto/RWC-MDB/AIST-Annotation/
https://staff.aist.go.jp/m.goto/RWC-MDB/AIST-Annotation/

Tunebot Database
http://music.cs.northwestern.edu/data/tunebot/
MARG database http://marg.snu.ac.kr/?page_id=767
NTENT Singing Voice Database (by Liliya Tsirulnik and

Shlomo Dubnov.)
http://liliyatsirulnik.wix.com/svdb

Mixing Secrets Dataset https://sisec.inria.fr/
professionally-produced-music-recordings/

Cofla Flamenco Annotations
http://cofla-project.com /corpus.html


http://music.cs.northwestern.edu/data/tunebot/
http://marg.snu.ac.kr/?page_id=767
http://liliyatsirulnik.wix.com/svdb
https://sisec.inria.fr/professionally-produced-music-recordings/
https://sisec.inria.fr/professionally-produced-music-recordings/
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[Nakano, Goto, 2008-]

l What is VocalListener?

1 Vocalistener synthesizes natural singing voices
by analyzing and imitating human singing

 Imitate the pitch, dynamics, phoneme timing, and breath
of the singer's voice

« Estimate parameters of singing synthesizer “VOCALOID”

VOCALOID 2
s >

Game of Love

| .
Original VOCALOID VOCALOID + VocalListener
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[Nakano, Goto, 2008-]

¢ VocalListener

1 Generate a musical score
by analyzing the input singing voice
1 Estimate synthesis parameters for each virtual singer

[ Input ]

Singing voice

.

Lyrics

nome to iwarete

youkini nonda
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Vocalistener [Singing synthesizers]
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[Nakano, Goto, 2008-]

¢ VocalListener

1 Generate a musical score
by analyzing the input singing voice
1 Estimate synthesis parameters for each virtual singer

[ Input ] Vocalistener [Singing synthesizers]

- : » i, ]
Slnglng voice -2 ,FO 0@\ N » Hatsune Miku
ol ey < |18
ot gy | O Woﬁ*‘ ®) '
v* Power T HP [ Kagamine Rinj<.
Lyrics 1 6 —
nome to iwarete o O DA IGackpoid
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Megpoid
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[Nakano, Goto, 2008-]

¢ VocalListener

1 Generate a musical score
by analyzing the input singing voice
1 Estimate synthesis parameters for each virtual singer

[ Input ] Vocalistener [Singing synthesizers]
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Robot Singer HRP-4C Miim

VocalListener + VocaWatcher

AlIST, Japan
Shuuji Kajita, Tomoyasu Nakano,

Masataka Goto, Yosuke Matsusaka,
Shin‘ichiro Nakaoka, and Kazuhito Yokoi



[Kajita, Nakano, Goto, Matsusaka, Nakaoka, Yokoi, 2010-]

l Humanoid Robot Singer: HRP-4C Miim

a Imitating a human singer -

[ VocaListener PROLOGUE 2010
Imitate vocal expressions to synthesize singing voices

m VocaWatcher
Imitate facial expressions to generate robot motions

Human

singer Voice
Face

[jow i VocaWatcher

- Robot
singer )

BUEE = = ADIZAED FOO— d
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f 00 0@

2 “Uncanny Valley”

Uncanny? Creepy? Cute?

SagashituzuketalkutarinoholNtone Pologue
ELEEIT: ZADIEFEAED ZOA—/

familiarity

- Human
Humanoid

Industrial
robot

human likeness 100%

Uncanny valley



l Toward Future Technologies

1 Let’s overcome the “Uncanny Valley”!

« We should not be afraid of jumping into the valley
« Otherwise, we cannot go beyond

» Let's challenge!

Uncanny? Creepy? Cute?

SagashituzuketalkutarinoholNtone Pologue
ELEEIT: ZADIEFEAED ZOA—/

-+

familiarity

- Human
Humanoid

Industrial
robot

human likeness 100%

Uncanny valley
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Robot Singer HRP-4C Miim

VocalListener + VocaWatcher

Video clips are available on the weD!

http://staff.aist.go.jp/t.nakano/VocaListener/
http://staff.aist.go.jp/t.nakano/VocaWatcher/



é Singing Information Processing Systems

2 Vocal Timbre Analysis
 MIR based on vocal timbre similarity
« Male/female estimation
« Singer identification

2 Lyric Transcription and Synchronization
* Lyric synchronization/transcription
 Lyric animation (kinetic typography)

1 Singing Skill Evaluation

 Singing skill evaluation/visualization/training
1 Singing Synthesis

« Text-to-singing synthesis

« Speech-to-singing synthesis

« Singing-to-singing synthesis

* Robot singer

No. 58



l Summary

J Summary

* Introduce singing information processing systems

2 Let’s work on singing information processing!

« Singing possesses aspects of both speech and music

 Many unsolved research problems
Automatic recognition of singing (lyrics) is
the most difficult class of speech recognition (ASR)
because of loud accompaniment and large fluctuations

Singing synthesis requires dynamic, complex, and expressive
changes in the voice pitch, power, and timbre

* Research activities on speech and music will be integrated
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Why singing is interesting

» inherent reasons

> people love to sing
> people love to listen to other people singing

» scientific reasons
» scientific discovery in music psychology: how people sing, and
how people perceive singing
» scope for historical and cultural analysis: how people’s singing
differs and changes

» MIR reasons
» many MIR tasks relating to singing can be improved, and new
ones explored!

> there’s a lot of data out there (even annotated), which we can
exploit
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