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Personal research trajectory (1 of 4)
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X. Serra. 1989. A System for Sound Analysis/Transformation/Synthesis based on a Deterministic
plus Stochastic Decomposition. PhD Thesis.
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Personal research trajectory (2 of 4)

excitation
MMAL

EpR

spectral EpR spectral

Amplitude Phase

Flat harmonic

T T

T

. . /\, .
Filtering [——> L.~——,sines

|

SMS sound
—_—
Flat residual synthesis
excitation |
— —*| Filtering [— T Peaien |
$ g /\’\—\residual P e !
S =4
1/F HATSUNE MIKU f
:
SMS residual "
/\/\/\k

VOCALOID:

J. Bonada, O. Celma, A. Loscos, J. Ortola, X. Serra. 2001. “Singing Voice Synthesis Combining

Excitation plus Resonance and Sinusoidal plus Residual Models.” ICMC.
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Personal research trajectory (3 of 4)

inflexion

points spectral vibrato
shape data
sine data attack, T amplitude T
steady-state, T >| spectral shape and > vibrato
5| anddecay |—5| extraction > frequency »| extraction
spectral data detection detrending
residual
amplitude normalization frequency normalization sine data
and and >lloop points|———>
—* amplitude envelope pitch envelope > selection —>
extraction extraction ) residual
l l spectral data
pitch and loop points

amplitude and
amplitude
envelope

pitch envelope

P. Herrera, X. Serra, G. Peeters. 1999. “Audio Descriptors and Descriptor Schemes in the Context of
MPEG-7.” ICMC.
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Personal research trajectory (4 of 4)

Human
Knowledge

Content
Objects

Signal
features

understanding

memories

. opinions personal tati
emotions P identity expectations
similarity music
rhythm genre scores graphic
Y semantic
source melody labels shot  style
h features rhythm .
armon signs
dynamics Y sentences  tags motions  °
i itch . scenes
Ioudnesstimetlmbre P adjectives
verbs contrasts
spectrum  frequency : textures
articles
duration nouns shapes
intensity numbers colors P
Audio Text Image

(music recordings)

(video clips, CD covers,
printed scores, ...)

(lyrics, editorial text,
press releases, ...)

semantic
gap

P. Cano, M. Koppenberger, N. Wack, J. G. Mahedero, T. Aussenac, R. Marxer, J. Masip, O. Celma, D. Garcia,
E. Gomez, F. Gouyon, E. Guaus, P. Herrera, J. Massaguer, B. Ong, M. Ramirez, S. Streich, X. Serra. 2005.

“Content-based Music Audio Recommendation.” ACM Multimedia.
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The field of Sound and Music Computing (1 of 2)

“By combining scientific, technological and
artistic methodologies it aims at understanding,
modelling and generating sound and music

through computational approaches.”

X. Serra, G. Widmer, M. Leman. 2007. A Roadmap for Sound and Music Computing. S2S Consortium.
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The field of Sound and Music Computing (2 of 2)

- Digital music instruments
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The field of Sound and Music Computing (2 of 2)

- Digital music instruments

- Sound and music production

03040 ® K « » » 90 - ()] @ support
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The field of Sound and Music Computing (2 of 2)

- Digital music instruments

- Sound and music production Yo T —

Home {3 Sounds Forums People Help

- Sound and music archiving

Sounds

Random sound of the day

Happy 15th birthday Free...

This is a "Happy Birthday To You" rendition to
celebrate the 15th Freesound birthday (April
Sth 2020). The sound has ...

MTG

April 2nd, 2020
173 downloads
22 comments

3
mtg rassound birthday choi happy-bithary 1 60 L
Voctrolabs volce-synthesis Freesound15Years

Recent Additions
Logistische Gleichung - gis_sweden
First patch with Klangbau K6ln "RND Modul ’;";“ 7"’“ im
Logistische Gleichung". I got it, and I fried it, ownloads

o 0 comments
but now it's okay ...
Loglstsche-Gleichung welrd sound-design strangs | 41
modular Logistic-Equation electronic Arduino
+ 1 more sound from gis_sweden in the last 48 hours
Jalastram

Dark_Ambient_021.wav
Made using fl studio and audacity
experimental welrd background-sound atmo

d oscuro creepy sinister thrill white-noise

41 more sound from jalastram in the last 48 hours

April 7th, 2020
49 downloads
0 comments

BO®

More Sounds

/’ Browse latest comments
' Browse tags

9 Browse geotags

(i Browse packs

<L Browse remix-groups

<) Give me a random sound!

Latest changed packs

* Dark Ambient by jalastram (22)

« remains by klankbeeld (73)

* Golden Gate Bridge Assay 01 by DAAyer
(24)

* Interlude by Timbre (47)

* DnB drums by kopreusz (2)

* Drones by Nielsvdb (1)

o for jams by CastorVal (1)

* Retro Video Game SFX by TolerableDruid6
(11)

* livingroom2019 by qiaofeng9876 (3)

* Die Sounds by vox_artist (5)

 Cartoon Game Theme Loop by

(1)

upf.
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The field of Sound and Music Computing (2 of 2)

- Digital music instruments

- Sound and music production

- Sound and music archiving T | o e

B s R — TP
! nnnnnnnn T ot ce soumo 25 0208~ ez
. R
- N 1 O —
! nnnnnnn N —— -

nnnnnnnn e
ssssss A, conomsmne sreome  ous
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« Sound and music retrieval

» O O 000 0 0 0 O
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The field of Sound and Music Computing (2 of 2)

- Digital music instruments

- Sound and music production
- Sound and music archiving

- Sound and music retrieval

- Computational musicology

AAAAAAA

\\\\\\\\
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The field of Sound and Music Computing (2 of 2)

Digital music instruments

- Sound and music production
- Sound and music archiving

- Sound and music retrieval

- Computational musicology

Universitat MTG
upf Pompeu Fabra Music Technology
Barcelona Group

15



Current research challenges

Corpora and datasets

Musical understanding

Neural Networks for musical tasks
Musical sound synthesis

Separation of musical audio sources
Sound and music classification

Applications

upf.
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Current research challenges

Corpora and datasets

Musical understanding

Neural Networks for musical tasks
Musical sound synthesis

Separation of musical audio sources
Sound and music classification

Applications
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Challenge: Corpora and Datasets (1 of 2)

/ Musical repertoire \

Research corpus

« Purpose

- Coverage

- Completeness
- Quality

- Reusability

X. Serra. 2014. “Creating Research Corpora for the Computational Study of Music:
the case of the CompMusic Project.” AES.
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Challenge: Corpora and Datasets (2 of 2)

freesound.org

wvi I > C ala
5 ears of c.reative Commons sounds

Sounds Forums People Help

Register LogIn J Upload Sounds

Random sound of the day

jumps from martian
reason.3.Rev.wav May 26th, 2006
processed cartoony bubble appear or bounce 1769 downloads
appear bounce bubble cartoon 5 comments
ak

Freesound Blog

15 years of Freesound!

April 4th, 2020 frederic.font

Today, 5th of April 2020, is the 15th anniversary of Freesound. Incredible, isn't it? we
couldn’t have imagined, when it all started back in 2005, that Freesound would become
such a reference website for sharing Creative Commons sounds, worldwide. Freesound
... Continue reading — Read Full Entry

Sustainability Report 2019

March 31st, 2020 frederic.font

Dear Freesounders, Last year we started the tradition of publishing a sustainability
report to give you an update about how things are going in the Freesound world
sustainability-wise, and to give you more insight about how do we work and ... Continue
reading — Read Full Entry

Recording Foley for Beginners on a Budget

March 20th, 2020 Joao_Janz

[Guest Blog post by Jodo Janz] Before we Start... With this post I'm aiming to try and

help anyone who wants to start recording foley sounds and doesn’t have a huge budget.

It'll be a simple list of do’s and ... Continue reading — Read Full Entry

Welcome to Freesound
Freesound is a collaborative database

of Creative Commons Licensed sounds.
Browse, download and share sounds.

Support Us. Get
your Freesound
T-Shirt!

Select your store:

é Love Freesound?

Donate Now

Active Forum Threads

Site is operating slowly

in Bug Reports, Errors and Feature Requests
by frederic.font, 5 hours, 5 minutes ago

drum pad practicing or rehearsing beats and
breaks

upf.
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Challenge: Corpora and Datasets (2 of 2)

freesound.org

acousticbrainz.org

@ AcousticBrainz ~ About~

information for genres, moods, keys, scales and much more. The goal of AcousticBrainz
is to provide music technology researchers and open source hackers with a massive
database of information about music. We hope that this database will spur the development of new music
technology research and allow music hackers to create new and interesting recommendation engines.

AcousticBrainz is a joint effort between Music Group at Uni peu Fabra in Barcelona
and the MusicBrainz project. AcousticBrainz was originally envisioned by Xavier Serra, the founder and head
of the MTG. At the heart of this project lies the Essentia toolkit from the MTG - this open source toolkit
enables the automatic analysis of music. The output from Essentia is collected by the AcousticBrainz project
and made available to the public.

AcousticBrainz organizes the data on a recording basis, indexed by the ainz ID for r ings. If you
know the MBID for a recording, you can easily fetch from AcousticBrainz. For details on how to do this, visit
our APl documentation.

All of the data contained in AcousticBrainz is licensed under the CCO license (public domain).

Examples

If you're wondering what this collected data actually looks like, have a look at the last 5 recordings that have
been submitted:

1. Chris Brown / Proof

2. Hugo Montenegro / The Good, the Bad and the Ugly (from the film The Good, the Bad and the Ugly)
3. Rihanna / Te Amo

4. Tyler Bates / Come and Get Them

S. Violent Femmes / Kiss Off

Downloads APl/Data Datasets ~ Sign in
Welcome to AcousticBrainz!
The AcousticBrainz project aims to crowd source acoustic information for all music in Data Statistics
the world and to make it available to the public. This acoustic information describes the
acoustic characteristics of music and includes low-level spectral information and
Lossy Lossless  Total

Unique 3,743,108 1,908,182 4,718461

All 12,108,603 5,491,854 17,600,457

updated every hour
last updated: 2020-04-06 02:00
more on the detailed statistics page

Tweets by @AcousticBrainz

B AcousticBrainz Retweeted

% MetaBrainz
@MetaBrainz

MetaBrainz has once again been accepted as
a mentor org. for @GSoC!  If you're
interested in working with us over the summer
as a student, go ahead and check out
summerofcode.withgoogle.com/organizations/
... and get in touch with us! —F #opensource
#opendata #gsoc #gsoc2020

upf.
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Barcelona
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Challenge: Corpora and Datasets (2 of 2)

freesound.org

acousticbrainz.org

dunya.upf.edu

Contact  About Register  Developers

Dunya comprises the music corpora and related software tools that have been
developed as part of the CompMusic project. These corpora have been created with
the aim of studying particular music traditions and they include audio recordings plus
complementary information that describes the recordings. Each corpus has specific
characteristics and the developed software tools allow to process the available
information in order to study and explore the characteristics of each musical repertoire.

Explore our collections

S

Hin&Ustaqi_,, Andalusian

\

upf.
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Challenge: Corpora and Datasets (2 of 2)

freesound.org

acousticbrainz.org

dunya.upf.edu
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Current research challenges

Corpora and datasets

Musical understanding

Neural Networks for musical tasks
Musical sound synthesis

Separation of musical audio sources
Sound and music classification

Applications

upf.
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Challenge: Musical understanding (1 of 2)

WIKIPEDIA
The Free Encyclopedia
Signal processing Melodic patterns
Machine learning Rhythmic patterns
Semantic analysis Semantic relationships

X. Serra. 2017. “The computational study of a musical culture through its digital traces.”
Acta Musicologica.
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Challenge: Musical understanding (2 of 2)

Node Id:
Title:

Concert:
Artist:
Raga:

Tonic:
Start-time:
End-time:

S. Gulati. 2016. Computational Approaches for Melodic Description in Indian Art Music Corpora.

PhD thesis.
Universitat MTG
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Current research challenges

Corpora and datasets

Musical understanding

Neural Networks for musical tasks
Musical sound synthesis

Separation of musical audio sources
Sound and music classification

Applications
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Challenge: Neural Networks for musical tasks (1 of 3)

Timbral features

(t, # vertical filters)

BN
[MP frequency

» (t, # horizontal filters + # vertical filters)

|
mi

A =N, W TN Ve |

. (t, # horizontal filters)
energy envelope

J. Pons. 2019. Deep neural Networks for Music and Audio Tagging. PhD Thesis.

Front-end

-

Waveform

Eiand CCXE0 g 11 MY T

Prediction

Spectrogram

Harmonic tensor

M. Won, S. Chun, O. Nieto, X. Serra. 2020. “Data-driven Harmonic Filters for Audio
Representation Learning.” ICASSP2020.
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Challenge: Neural Networks for musical tasks (2 of 3)

Feature space
(TEC)

‘ l

Female Male

(TF) (TF)
Prototype layer ey T

(N,TEC) e

Mle il i

N

/

M. Won, S. Chun, X. Serra. 2019. “Toward
Interpretable Music Tagging with Self-
Attention.” arXiv.

Frequency

P. Zinemanas. “Explainable Deep Learning for Soﬁmaxi
Environmental Sound Classification.” (research in progress) Output
- I_ (C.2)
Universitat MTG
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Challenge: Neural Networks for musical tasks (3 of 3)

SSENTIA Documentation__Alcorithme rof Aoolicat \ |

Mel Bands Activations

Essentia
pop
alternative
ndie
electronic
female vocalists
dance
00s
alternative rock
Rz
beautiful
metal
chillout
male vocalists
classic rock
soul
indie rock
Mellow
electronica
&s
folk
90s
chill
nstrumental
punk
cldies
blues
hard rock
ambient
acoustic
experimental
female vocalist
‘ta}:
p-Hop
70s

party

country

easy listening
exy

aatchy

funk

electro

heavy metal
Progressive rock
60s

mb

indie pop

sad

House
happy

Open-source library and tools for audio a

GET STARTED DOWNLOAD

Extensive collection of Cross-platform
reusable algorithms

Flexible and easily extendable algorithms ~ Linux, Mac OS X, Wind¢
for common audio analysis processes and JavaScript

and audio and music descriptors

10 seconds window

P. Alonso-Jiménez, D. Bogdanov, J. Pons, X. Serra. 2020. “Tensorflow Audio Models in Essentia.”
ICASSP2020.
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Current research challenges

Corpora and datasets

Musical understanding

Neural Networks for musical tasks
Musical sound synthesis
Separation of musical audio sources
Sound and music classification

Applications

upf.

Universitat MTG
Pompeu Fabra Music Technology
Barcelona Group

30



Challenge: Musical sound synthesis

;Training

: Generation

musical Phopetic Fo o
notes timings ; >

Notes |

Phonetic timings

Loss

A 4 l v baseline +

microprosody

Parameter madel parameters

> FO generation

prediction net

A [y 1 N

Notes Phonetic timings

musical Phonetic W !
notes timings !

vibrate

output

J. Bonada, M. Blaauw. 2020. "Hybrid Neural-
Parametric FO Model for Singing Synthesis."
ICASSP2020.

Piainininins kghniaiaintaie \\
1
|
I

GLU Sub-Layer : Decoder
t

Att. Sub-Layer

X Nyecl

- ——— - —

M. Blaauw, J. Bonada. 2020.
“Sequence-to-sequence Singing
Synthesis Using the Feed-forward
Transformer.” ICASSP2020.

upf.
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Current research challenges

Corpora and datasets

Musical understanding

Neural Networks for musical tasks
Musical sound synthesis

Separation of musical audio sources
Sound and music classification

Applications
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Challenge: Separation of musical audio sources

n = length of target field

Dilation: 128

Dilation: 64

Dilation: 1

i
E

>

uonodeuuo)) diys

>
Vocals

s
Drums

Bass

R" € [1,1]
R" € [1,1]3{—)7
R" € [-1,1]

F. Lluis, J. Pons, X. Serra. 2019. “End-to-End
Music Source Separation: Is it Possible in the
Waveform Domain?.” Interspeech.

R" € [-1,1]
Other

L oo -
Mixture Fragment Singer Independent
Mixture Spectrogram Continuous Representation
Non-causal (Magnitude) of Linguistic Features [1] Spectral Envelope [2]
Encoder
Raw Vocal Track
v . '\‘v\\‘h A Synthesis
2))) . .
~lY) Singer Identity (One hot or learned) Y

Polyphonic FO extraction [3]

Ll

P. Chandna, M. Blaauw, J. Bonada, E. Gomez. 2020. "Content Based Singing
Voice Extraction From a Musical Mixture.” ICASSP2020.
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Current research challenges

Corpora and datasets

Musical understanding

Neural Networks for musical tasks
Musical sound synthesis

Separation of musical audio sources
Sound and music classification

Applications
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Challenge: Sound and music classification (1 of 3)

-\W.»-FSD Explore  Annotate  Discussion  Download  Monitor xserra & logout  # Home

FSD - Air conditioning «

Hierarchy # > Soundsofthings > Mechanisms > Air conditioning

The sound of a device that removes heat from the air inside a building or vehicle, thus lowering the air

Description

temperature.
Is Enginestarting present in the following sounds? m Tryothersounds &
URI http://en.wikipedia.org/wiki/Air_conditioning
Siblings Mechanicalfan  Clock  Cashregister  Ratchet,pawl  Sewingmachine  Printer  Camera  Pulleys  Gears #1 seein Wv'reesound #2 seein -*Mrfreesound #3 seein *‘M"lveesound
Examples
#audio samples 131 ) Present and predominant ) Present and predominant ) Present and predominant
#ground truth 48 (propagated from children: 0) Not present ) Present but not predominant ) Present but not predominant ) Present but not predominant

) Not present ) Not present ) Not present
42.27% 42.96%
) Unsure ) Unsure ) Unsure

#4 seein erreesound #5 seein Wﬁeesound

. . # ground truth # candidate
# categories # audio samples . A # votes
annotations annotations
Present and predominant ) Present and predominant ) Present and predominant
632 297144 245692 685384 371690 Present but not predominant ) Present but not predominant ) Present but not predominant
Not present ) Not present ) Not present
Unsure ) Unsure ) Unsure

E. Fonseca, J. Pons, X. Favory, F. Font, D. Bogdanov, A. Ferraro, S. Oramas, A. Porter, X. Serra. 2017.
“Freesound Datasets: A Platform for the Creation of Open Audio Datasets.” ISMIR.
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Challenge: Sound and music classification (2 of 3)

deep network

predictions labels

/
T D fm

:

| ) T Ae =0.05

I noise-robust v nin
e e e e loss f(x) o029

ﬂ R 0.025

mixup il bd -
% 0.025
(007

time (frames]

By r 3

: $8 5 "
|

| f

E. Fonseca, F. Font, X. Serra. 2019. “Model-agnostic Approaches to Handling Noisy Labels When Training
Sound Event Classifiers.” WASPAA.
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Challenge: Sound and music classification (3 of 3)

234567 15 7s

Glass Smash, Bottle, C.wav

Raw audio of dropping a glass bottle on a tiled
floor. This sound is NOT in the public domain.
You ..

Jazz Bass A 6.0GG: music jazz jazzy

Break Breaking crash bottle Glass Shatter
breaking shatter Tile Smashing break glass

Glass Smash, Bottle, A.wav

Raw audio of dropping a glass bottle on a tiled
floor. This sound is NOT in the public domain.
You ...

Break Breaking crash bottle Glass Shatter
breaking shatter Tile Smashing break glass
Glass Smash, Bottle, G.wav

Raw audio of dropping a glass bottle on a tiled
floor. This sound is NOT in the public domain.
You ..

Break Breaking crash bottle Glass Shatter
breaking shatter Tile Smashing break glass
glass19.flac

glass

Automatic by relevance

InspectorJ

1$415[0]

InspectorJ
April 26tt

«

clusters

e Cl #1 (break shatter smash, 217)
e Cl 2 (water tone wine-glass, 280)
e Cl #3 (break smash breaking, 62)
e Cl 4 (broken break jar, 186)

e Cl 5 (hit ring bowl, 242)

licenses

® Attribution (120)
® Attrib

n Noncomm 2l (16)
ve Commons 0 (80)
Sampling+ (1)

tags

24-bit 48k 48khz bottle break
breaking oris broken chest ciinks
crack crash crunch drop cropping faliing field-
recording floor foley game g |aSS g\asses
gold hit p on sample Shards
shatter smash verre

X. Favory, F. Font, X. Serra. 2020. “Search Result Clustering in Collaborative Sound Collections.” ICMR.
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Current research challenges

Corpora and datasets

Musical understanding

Neural Networks for musical tasks
Musical sound synthesis

Separation of musical audio sources
Sound and music classification

Applications
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Challenge: Applications N

Query q D= {511 S «e sn}

{ l

Encoding the songs
Encoder Encoder

Music identification l !
oo
Xq € RY E = {Xqy X9 == X}

\ [/

Retrieval / Similarity estimation

Fast k-NN
algorithms

|

R={s4, s23, ..., s}
Top-k results

F. Yesiler, J. Serra, E. Gdmez. 2020.
“Accurate and Scalable Version
Identification Using Musically-Motivated
Embeddings.” ICASSP2020.
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Challenge: Applications

N 10 Q - i
Music identification
Segments 40 —e— 1002000
Trajectories ’ : 132;222
L e Penultimate (200) 30 : %EEEEZ
Music exploration ) % =
ot o
T-SNE 0 ¥ [ 4 —7
Original /’““. a
° :
5
Hover . ‘4 \}.ﬁ \
Click a0 S
Disabled
Log>scale -20 -10 0 10 20 30 40
» 0:00/0:00 |
P. Tovstogan. “Facilitating Interactive Music
Exploration.” (research in progress)
Universitat MTG
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Challenge: Applications

- Music identification
- Music exploration

« Music recommendation

Data input
Conten;IUdio N Extract relevant information of the music (MIR)
|5°9’es b Content §
B ricles Analysis RECOMMEND
kY
album covers Ty .
” ’ Machine Learning
/ Algorithms =1
Editorial information/ curated ya
playlists / i GET FEEDBACK
COII-"ﬁtZOr :}?;Ive Important Ethic considerations:
—

o 2
g Previous users history
=1

e  Reduce unwanted biases (e.g: popularity, gender, styles)

e  Better explanations to users and artists about why they get a
recommendation (explainability)

e  Communicate how the algorithms work (transparency)

e  Understand what is a fair recommendation considering interests
of multiple stakeholders

A. Ferraro, D. Bogdanov, X. Serra, J. Yoon. 2019. “Artists and Style
Exposure Bias in Collaborative Filtering Based Music
Recommendation.” wsHCMIR.

Universitat MTG
upf Pompeu Fabra Music Technology
Barcelona Group

41



Challenge: Applications

Music identification
Music exploration
Music recommendation

Music creation

Model
Attack
Release
Brightness
Hardness
Depth
Roughness
Boominess
Warmth

Sharpness

Kicks high

O

O

O

O

0.05

0.50

0.46

0.61

0.69

0.52

0.69

0.73

0.43

M > ©

0:00 O ——

0

2000 4000 6000 8000 10000 12000 14000

0

2000 4000 6000 8000 10000 12000 14000

A. Ramires, P. Chandna, X. Favory, E. Gémez, X. Serra. 2020. “Neural
Percussive Synthesis Parameterised by High-Level Timbral
Features.” ICASSP2020.
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Challenge: Applications

o = = = = e e e =,

e Dataset .
h \

Students'

Recordings
Musical Scores

Features
Extraction/
Learning

Music identification

Performance

Teachers' > Level Learning

Performance Level

Assessments . > /)

---------------------

Music recommendation New Students'

Recordings
with Musical Scores

Music exploration

PR S

_____________________

Feature Performance

Music creation M Extraction ~ | Level Estimation

Music education

Performance
Visualization 1—/—/—/—

| ‘ Level

V. Eremenko, A. Morsi, J. Narang, X. Serra. 2020.
“Performance Assessment Technologies for the
Support of Musical Instrument Learning.” CSME.

Universitat MTG
upf Pompeu Fabra Music Technology
Barcelona Group




Challenge: Applications
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Conclusions

Many things left out

Specificity of sound and music research and applications
Multidisciplinarity

Publications:

—  https://www.upf.edu/web/mtg/research/publications

Software & Datasets:

— https://www.upf.edu/web/mtg/software-datasets
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Thanks !!
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