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LA Jmm Chorus

= Chorus
= Verse 1: What is Music-IR?
= \erse 2: Audio Features

= Verse 3: Retrieval and other applications

= Fade-out
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What is ,,Music“?

= Music, of course!

TU WW Music IR — Music?

— Audio: wav, au, mp3, ...

- s

— Symbolic: MIDI, mod, ..

-
-
-
-
-
-

www.samplesmith.com

— Scores: Scan, MusicXML

= Text
— Song lyrics
— Artis Biographies
— Websites:
Fanpages, tags,
Album Reviews,
Genre descriptions

.................................................

= Video/Images
— Album covers

— Music videos
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= QOther data
— Playlists
— Market basket

— Network of
linked sites,
events
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VIENNA

Music - Sound
= Sound as acoustic wave

= Characterized by the properties of waves
(frequency/wavelength, amplitude)

= Frequency: pitch
— Humans can hear approx. 20Hz-20kHz
— speech: 200Hz-8kHz

= Amplitude: Loudness

— measured as pressure in micropascal Pa
— hearing threshold: approx. 20.Pa

- logarithmic decibel scale 1 _ 19 g (P_) _ 20 log;g (E) 9B

=10 2
Po~ Po
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Music - Sound

TU JUW Music IR — Music?

= Different file formats for storing sound:

— lossless formats

- WAV (may hold compressed audio, but usually lossless PCM)
- FLAC, Shorten, Monkey's Audio, ATRAC Advanced Lossless,

Apple Lossless, WMA Lossless, TTA

— lossy formats
- MP3
- ATRAC
- AAC
- Ogg Vorbis
- WMA

.................................................
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Features for Sound / PCM signal

TU JUW Music IR — Music?

VIENNA

= Many different types
— Timbre
— Rhythm
— Pitch, melody, chords, ...

— Loudness, roughness, ...
= Time domain vs. Frequency domain
= Capturing different aspects of sound
= (New approaches via feature learning / deep learning)

= To be discussed in detail a bit later...
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What is ,,Music“?

= Music, of course!

— Audio: wav, au, mp3, ... ‘ ' " ;

Music IR — Music?

— Symbolic: MIDI, mod, ...

-
-
-
-
-
-

— Scores: Scan, MusicXML

= Text
— Song lyrics
— Artis Biographies
— Websites:
Fanpages, tags,
Album Reviews,
Genre descriptions

.................................................

= Video/Images
— Album covers

— Music videos

www.samplesmith.com
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= QOther data
— Playlists
— Market basket

— Network of
linked sites,
events
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Musical Instrument Digital Interface - MIDI

= Symbolic Music File Format Dot "o b mas
= Dave Smith, proposed in 1981 w«n E%::_
= MIDI specification 1.0 in 1983 %EE = ....”: _"
= Interacting with keyboard produces x;gg Seee=ssaz EEEEEEEEEE
messages | P

— Note-On, Aftertouch, and Note-Off
— 127 note pitches

= Sequence of control commands
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Features extractable from MIDI representations

TU JUW Music IR — Music?

VIENNA

(Tool: e.g. JSymbolic: )

...........

Pitch: occurrence rates of diff. notes, pitch classes, ranges, variety

Rhythm: time intervals, attacks, duration of notes, meters and
rhythmic patterns

Melody: melodic intervals, variation, melodic contours, phrases
Chords: types of chords, vertical intervals, harmonic movement

Instrumentation: types of instruments, importance, pitched vs. non-
pitched, ...

Texture: # + rel. importance of independent voices, polyphonic,
homophonic

Dynamics: loudness of notes, variations in dynamics
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What is ,,Music“?

= Music, of course!
— Audio: wav, au, mp3, ...
— Symbolic: MIDI, mod, ..

TU WW Music IR — Music?

-

-
-
-
-
-
-

— Scores: Scan, MusicXML

= Text
— Song lyrics
— Artis Biographies
— Websites:
Fanpages, tags,
Album Reviews,
Genre descriptions

.................................................

= Video/Images
— Album covers

— Music videos

www.samplesmith.com
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Scores

V.E..l..{ JUW Music IR — Music?

= Also referred to as ,Sheet Music"

= Hand-written or printed form of musical notation
— Handwritten scores
— Printed scores

— Typeset scores
— MusicXML

= Different IR tasks
— Scan & Optical Music Recognition (OMR)

— Score following

— Melodic retrieval
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U K/UW“ Music IR — Music?

Handwritten scores

= Different styles of notation

= Ancient greek:
stone at Delphi containing the second of the

two hymns to Apollo

gHq-fAam (953 79)

= |ndian notation o
- eET | wmaq|-af1r glaifmag|@ITha
bhat notation .;;g%:{»%lu e aﬁ = avdfsaralys aras:s
52— ; = ‘Jﬁ W % ed o
. ”"’_'ﬁ‘:{éa *ﬁaugiigﬂ ”'Q ;—wn:wf‘aﬁt#ﬂ—gni—m
- Chlna i g&?'ﬁ%@%} I ‘% 2| AR Afam alg v s glaasfr
_ _ ’?ilirfg‘%%' HiECE b : °
Quin notation niteEwy Pelnagy w7
;4|{.& 2 J\% §j§ + 7l N A
$4L Bkan °'£§%ﬁ |
aiey w280 [ Hies || |8 .
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Music Typesetting / Scorewriter

Music IR — Music?

=  Software used to automate the task of writing and engraving sheet

music, ako word processor for text

= |nput via text editor or MIDI interface,
some support Scan+tOMR

=  Qutput: PS/PDF, graphics, MIDI, MusicXML

= Popular programs:
— GNU LilyPond Software:
— GUIDO Music Notation:
— Finale:
— Sibelius:
— Comprehensive list:

.................................................
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n NiEwn JUW Music IR — Music?

GNU LilyPond Software

= |nput: UTF-8, no graphical interface
some graphical editors produce LilyPond output
(e.g.Rosegarden, NoteEdit, Canorus)

= Qutput: compiled to PDF, SVG, MIDI, ...
= Notes are entered in note, pitch and length format

= Used by several projects (Mutopia, Musipedia)
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VIENNA

LilyPond example
(1/5, from http://en.wikipedia.org/wiki/GNU _LilyPond)
#llilypond firebreathers.ly -*- coding: utf-8; -*-
%% Theme to "Fire Breathers", a homebrew NES game perpetually
%% under development. Composed by Urpo Lankinen.
%% Note: The composer has made this source code available
%% to Wikipedia under the GFDL license. Other versions outside
%% Wikipedia are typically under CC BY-SA license.
%% This file uses Finnish note names (for example, where
%% Americans use "F#" and "Bb", Finns use "Fis" and "B").
%% Dutch note names are used by default.
\include "suomi.ly"
%% Optional language upgrade helper.
\version "2.6.0"
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VIENNA

LilyPond example
(2/5, from http://en.wikipedia.org/wiki/GNU __LilyPond)

%% The header block defines the titles and texts.
\header {
title = "Theme to ~Fire Breathers!™
Instrument = "For the 2A03 or SID"
composer = "Urpo Lankinen"
enteredby = "Urpo Lankinen"
updatedby = "Jan Nieuwenhuizen"
date = "June 2005"

................................................. |$S | FACULTY OF 'NFORMATICS
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VIENNA

LilyPond example
(3/5, from http://en.wikipedia.org/wiki/GNU _LilyPond)

Melody = \relative ¢" {
\clef treble
\time 3/4
\key a \minor
%% The piece starts with a quarter-note partial bar, "\partial 4"
%% tells so to LilyPond.

\partial 4

ad |e'4.(d8[c])r8 |d4.(c8[h])r8 |a2. | e2

ad |e'4.(d8[c])r8 |d4.(e8[f])r8 |e2. | r2

ed |f4.(e8[d])r8 |d4.(c8[h])r8 |a2. | e2

ad |e'4.(d8[c])r8 |d4.(c8[h])r8 |a2.~a2r4  |\bar"|."}

.............. Yo |$S | FACULTY OF 'NFORMATICS
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VIENNA

LilyPond example
(4/5, from http://en.wikipedia.org/wiki/GNU _LilyPond)

%% This is the second voice.
SecondVoice = \relative ¢ {

\clef bass
\time 3/4
\key a \minor
\partial 4
r4 | e2. | d2. | a2. | e2
ad | e'2. | d2 f4 |e2. | r2.
| f2. | d2. | a2. | e2
ad | e'2. | d2 hd |a2 ~a2r4 |  \bar"."
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LilyPond example
(5/5, from http://en.wikipedia.org/wiki/GNU _LilyPond)

Theme to ""Fire Breathers!"
For the 2A03 or SID

Urpo Lankinen

fi o e ] i —_— .-"'.""-_"" .
ﬁ | : (- 1 L1 _J' 51: J_I - E J|P Lf?
= =
= el i slel] #e] A e . s | @i
;lﬁ:;:ﬁl el . C= il‘::i o le FETs
%?m ;g-r - i i| ir.n .I E"'. =
2] = — m— i — o | |
i' P resie vl e
- == & = —
le @] . T T T e el eall e A sle ] aa T .
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TUL M- Music IR - Music?

Features extractable from scores
= Similar to other symbolic notations (MIDI)
= Additionally layout-features, annotations

= Visual features for OMR
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What is ,,Music“?

= Music, of course!
— Audio: wav, au, mp3, ...
— Symbolic: MIDI, mod, ..

TU WW Music IR — Music?

- e

-
-
-
-
-
-
-
-
-
-
-

www.samplesmith.com

— Scores: Scan, MusicXML

= Text
— Song lyrics
— Artis Biographies
— Websites:
Fanpages, tags,
Album Reviews,
Genre descriptions

.................................................

= Video/Images
— Album covers

— Music videos
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= QOther data
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Network of
linked sites,
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Text Data

= Song lyrics

= Artist biographies

= Album reviews

= Tags

= Fan websites

= Genre description sites

= Discussion fora

.................................................
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VIENNA

Text: Song lyrics

= Conveys a lot of additional musical information

= Some genres are strongly related with certain texts
= Semantics of music: love songs, christmas songs, ...
= Standard Text-IR: content analysis

= Genre-Analysis: style, rhymes, stop-words, ...

= Lyric portals: plenty of them, some generic, some specialized
— Lyrics.de
— lyrc.com.ar
— sing363lyrics.com

— oldielyrics.com
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Features for textual facet of music

TU JUW Music IR — Music?

VIENNA

= Standard BOW Features for content analysis

= Specific features for, e.g., lyrics

— Text Genre Features:

- ExclamationMark, colon, singleQuote, comma, questionMark, full-stop,
hyphen, semicolon

« Counts of digits d0-d9

* WordsPerLine, UniqueWordsPerLine, UniqueWordsRatio,
CharsPerWord

 WordsPerMinute

— PartOfSpeech: nouns, verbs, pronouns, prepositions, adverbs,
articles, modals, adjectives

— Rhyme Features: phoneme transcription + rhyme schemes

................................................. |$S | FACULTY OF 'NFORMATICS
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Features for textual facet of music: lyrics features

= Text genre statistics

(b) # words per minute
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Features for textual facet of music: lyrics features

= Part-of-Speech statistics

(a) # articles (b) # nouns

................................................. |$S | FACULTY OF 'NFORMATICS




BB TV i Music IR - Music?

= Features for textual facet of music: lyrics features

= Rhyme feature statistics

(b) # rhymes AABB
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What is ,,Music“?

= Music, of course!
— Audio: wav, au, mp3, ...
— Symbolic: MIDI, mod, ..

TU WW Music IR — Music?

-

-
-
-
-
-
-

www.samplesmith.com

— Scores: Scan, MusicXML
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= Text
— Song lyrics
— Artis Biographies
— Websites:

Fanpages, tags,
Album Reviews,

= Video/Images
— Album covers
— Music videos

— Artist websites

= QOther data
— Playlists
— Market basket

— Network of
linked sites,

Genre descriptions
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U K/UW“ Music IR — Music?

= There is more to music than sound and text

= Which genre is this album?
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U Iﬂﬂ)w Music IR — Music?

= There is more to music than sound and text

= Which genre is this album?
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U lfmﬁ”‘ Music IR — Music?

= There is more to music than sound and text

= Which genre is this album?
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U K/UW“ Music IR — Music?

= There is more to music than sound and text

= Which genre is this album?

N/
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VIENNA

= There is more to music than sound and text

= Which genre is this album?
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U lfmﬁ”‘ Music IR — Music?

= There is more to music than sound and text

= Which genre is this album?
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Ul i Audio, Text and Images

= There is more to music than sound and text

= Which genre is this album?
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Ul i Audio, Text and Images

= There is more to music than sound and text

= Which genre is this album?
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Ul.lli-  Audio, Text and Images

= There is more to music than sound and text

= Which genre is this album?

( 2007 ...
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Image / Video

...........

VIENNA

Album covers

Music videos

TU WW Music IR — Music?

Carefully designed to convey a specific information

Style, Image, Character

Hardly exploited so far

Indications, that humans are able to deduce music

genre from album covers.

(Sally Jo Cunningham: ,What People Do When They
Look for Music: Implications for Design of a Music

Digital Library®, Proc. Of ICADL 2002)

......................................
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Image / Video

...........

TU WW Music IR — Music?

VIENNA

Analyse correlation between color and emotions

Analyse dynamics in music videos and music

Face detection and object recognition

Alexander Schindler. A picture is worth a thousand songs: Exploring visual aspects
of music. In Proceedings of the 1st International Digital Libraries for Musicology
workshop (DLfM 2014), London, UK, September 12 2014.

Alexander Schindler and Andreas Rauber. A music video information retrieval
approach to artist identification. In Proceedings of the 10th International Symposium
on Computer Music Multidisciplinary Research (CMMR2013), Marseille, France,
October 14-18 2013
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VIENNA

Image / Video
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VIENNA

Image / Video
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TUL M- Music IR — Music?

Features for visual facet
= Standard Image IR features: color histograms, texture, ...
= Face detection/recognition

= Object detection

For music videos

= Cut frequency, type of cuts, camera movement, ...
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What is ,,Music“?

= Music, of course!
— Audio: wav, au, mp3, ...
— Symbolic: MIDI, mod, ..

TU WW Music IR — Music?
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www.samplesmith.com

— Scores: Scan, MusicXML

= Text
— Song lyrics
— Artis Biographies
— Websites:
Fanpages, tags,
Album Reviews,
Genre descriptions

.................................................

= Video/Images
— Album covers
— Music videos

— Artist websites
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Other Data

U JUW Music IR — Music?

= Playlists as sets or sequences, co-occurrence

(market basket)

= Network/Graph analysis of band compositions

= Cover versions

= Technical metadata of recordings

= Dedicated feature repesentations & analysis techniques

.................................................
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What is Music IR?

= Searching for Music, of course!

Ul [Nia- Music IR — Tasks?

VIENNA

— Searching for music on the Web
— Query by Humming
— Similarity Retrieval

— Identity detecting (fingerprinting)

= Plenty of other tasks!

................................................. |$S | FACULTY OF 'NFORMATICS




What is Music IR? - Other tasks

TU JUW Music IR — Tasks?

VIENNA

= Genre classification = Audio segmentation

= Mood classification = Instrument detection

= Artist identification = Automatic source

= Artist similarity separation

= Cover song detection " Onset detection

» Rhythm and beat detection *= Optical music recognition
= Score following = Melody transcription

= Chord detection = Symbolic music similarity

= Automatic Composition .
................................................. |fs FACULTY OF !NFORMATICS
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VIENNA

Music IR material
= Papers

— Stephen Downie: Music information retrieval. Annual Review of
Information Science and Technology 37: 295-340. 2003.

— Nicola Orio: Music Retrieval: A Tutorial and Review. In: Foundations
and Trends in Information Retrieval, Volume 1 Issue 1. 2006.

= Conferences

— ISMIR: International Conference on Music Information Retrieval

— DAFx: Conference on Digital Audio Effects

— ICMC: International Computer Music Conference

— other Multimedia, Information Retrieval, and Digital Library Conferences

= Journals

— ICMJ: International Computer Music Journal
— JNMR: Journal on New Music Research
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Music IR material

= On-line class
— Started Jan 6 2014

— Participation via

= Companion Text Book

U Mﬂm Music IR — Music?

— George Tzanetakis: Music Information Retrieval

(draft version)
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A4 Jmm Chorus

= Chorus
= Verse 2: Audio Features

= Verse 3: Retrieval and other applications

= Fade-out
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VIENNA JUW Audio Features

= So far we talked about music IR...
... without ever touching upon music itself

= Retrieval based on audio

= Need to calculate features from audio

= Text: bag of words, n-grams, phrases, POS,...
= Music: 7?7

= What have we got?

Beethoven: Korn:
Per Elisa Freak on a Leash

o
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n TUA JUW“ Audio Features

General principles

= Extract characteristics from audio signal

= Model certain aspects of what we perceive
— Melodic
— Rhythmic

— Timbre
= Usually represented in high-dim vector space

= Used as basis for computing similarity:
— Retrieval

— Classification, clustering,...
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n e JUW“ Audio Features

= A number of features can be calculated
— Zero-crossings

— Statistical characteristics of the spectrum
- MFCCs
— Rhythm Patterns

— Rhythm Histograms
- SSDs

= Capture different characteristics of sound
= Have different dimensionality
= Perform differently on different tasks
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JWN Time-Domain Features

VIENNA

Zero Crossing Rate (ZCR) = 3/ms

0.4 z
| || ||I II | |!| III
O § | lI A |I !I (., !l
- O —bdg s d—a—o- =15/ 5ms
2 k| || | e Bl < |I
g || A ~A ] |i AT
| [y | \ \/ v
E '0'2"| | |I | f || ||| v \/
II ll Il || IIII III v
-0.4t) .'l :
“crossing zero” is defined as:
_06 I I 1 L
0 1 2 3 4 S (X[n-1] < 0 and x[n] > 0)
Time [ms]
or (x[n-1] > 0 and x[n] < 0)
measures noisiness or (x[n-1] # 0 and x[n] = 0).
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e Mﬂﬁﬁ“ Signal Processing

Time Domain
(,Wave Form*) (»Spectrum®)

Time-Frequency Transformation
Fourier Transform (FFT)

Discrete Cosine Transform (DCT)
Wavelet Transform
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i Jmm Spectral Features

= Spectral Centroid
— center of gravity (balancing point of the spectrum)
— gives an indication of how “dark” or “bright” a sound is

SC

_ ZLR[}?] *n
>, Bl

P.[n] ... nt"frequency bin of power spectrum (with N bins)
t... timeframe

Cory McKay, Automatic Music Classification with jJMIR (PhD thesis, 2010) *
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i Jmm Spectral Features

= Spectral Rolloff

— the frequency below which some fraction, k (typically 0.85, 0.9
or 0.95 percentile), of the cumulative spectral power resides

— measure of the skewness of the spectral shape

— indication of how much energy is in the lower frequencies

SR, N
> Plnl=k) Pln]
n=l n=I

P.[n] ... nt"frequency bin of power spectrum (with N bins)
t... timeframe

Cory McKay, Automatic Music Classification with jJMIR (PhD thesis, 2010) *
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i Jmm Spectral Features

= Spectral Flux
— squared differences in frequency distribution of two successive
time frames
— measures the rate of local change in the spectrum

SF, = i(Nf[n] =N, [n])

n=1

computed from the normalized magnitude spectrum Nn]

Cory McKay, Automatic Music Classification with jJMIR (PhD thesis, 2010) *
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n LA Jmm Spectral Features

= Spectral Variability:
— standard deviation of the bin values of the magnitude spectrum
— provides an indication of how flat the spectrum is and if some
frequency regions are much more prominent than others
= Strongest Partial:

— center frequency of the bin of the magnitude or power spectrum
with the greatest strength
— can provide a primitive form of pitch tracking

= and others ...

Cory McKay, Automatic Music Classification with jJMIR (PhD thesis, 2010) *
................................................. I 'F S FACULTY OF INFORMATICS
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e

MPEG?7 Features

MPEG?7 Features

Audio Framework

Silence D

Timbral Temporal
LogAttackTime D
TemporalCentrond D

Basic Spectral
AudioSpectrumEnvelope D
AndioSpectrumCentroid D

AundioSpectrumSpread D
AudioS pectrumFlatness D

Timbral Spectral
HarmonmicSpectralCentroid D
HarmonicS pectral Deviation D

HarmonicS pectral Spread D
HarmomcSpectral Vanation D
SpectralCentroid D

Speciral Basis
AndioSpectrum Basis D

AundioSpectrumProjection D

Basic
AudioWaveform D
AndioPower D

Signal parameters
AundioHarmomeity D
AudioFundamental Frequency D

.................................................
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VIENNA JUW MFCC Features

Mel-Frequency Cepstral Coefficients (MFCC)
= used previously in speech recognition
= model human auditory response (Mel scale)

= ,cepstrum” (s-p-e-c reversed): result of taking the
Fourier transform (FFT) of the decibel spectrum as if it
were a signal

= show rate of change in the different spectrum bands

= good timbre feature

................................................. |$S | FACULTY OF 'NFORMATICS




Rhythm Pattern (RP)

VIENNA

W_. Segmentation (6 s) E. Pampalk, A. Rauber, D. Merkl:
1 Content-based Organization and
Visualization of Music Archives
In: Proceedings of ACM Multimedia

g 2002, pp. 570-579, December 1-6,
Bark scale (24 bands) 2002, Juan-les-Pins, France.

Spectrogram (FFT)

\ 4

Spectral Masking

\ 4

Decibel Modulation‘AmpIitudes
Phon Fluctuation Strength

\ 4 l
Sone Filtering/Smoothing

(Basis for RH)

A 4

Rhythm Pattern
features

(Basis for SSD)

(1A40-dimensions)

................................................. |$S | FACULTY OF 'NFORMATICS




Statistical Spectrum Descriptor (SSD):

U Jmm Audio Features

VIENNA

= description of each of the 24 critical bands
of the Sonogram by 7 statistical measures

= 168 feature attributes (24x7)

mean
median
i:tical variance
Bands skewn_ess
(Bark scale) ku_rt05|s
min
max

Bark-scale Sonogram (after Sone Step of RP)

= Thomas Lidy, Andreas Rauber.
MIREX 2006: Computing Statistical Spectrum Descriptors for Audio Music
Similarity and Retrieval.

. Victoria, Canada, October 8-12, 2006. .
................................................. I-fS FACULTY OF !NFORMATICS




TU JUW Audio Features

VIENNA

Rhythm Histogram (RH)

critical
bands

Modulation frequency ,cepstrum®
(after 2nd FFT of RP)

e & .
modulation frequency

- ~ — aggregation
(before weighting and blurring)

= histogram of modulation magnitude per modulation frequency

= 60 bins -> 60 feature attributes

................................................. |$S | FACULTY OF 'NFORMATICS




= Software for Audio Features
—~ RP/RH/SSD extractor (TU Wien, Matlab, Java, Webservice)

U JUW Indexing Audio

VIENNA

— Marsyas Framework (George Tzanetakis, C++)

— BeatRoot (Simon Dixon, Java)

— JMIR: jAudio, jSymbolic (Cory McKay, Java)

— MIRToolbox (Olivier Lartillot, Matlab)

— CLAM (MTG, UPF Barcelona, C++ Library)

— M2K:Flow-chart based toolbox (Stephen Downie et al., Java)

— Echonest (commercial, Web API)
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A4 Jmm Chorus

= Chorus
= Verse 3: Retrieval and other applications
= Fade-out

................................................. |$S | FACULTY OF 'NFORMATICS
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VIENNA

Example 1: classical song

Query Song: classical_2-fruhlingsnacht.mp3 ¥
Top 5 and #10 similar songs according to different feature sets:

Features:
Rank:

1.

a &> 0D

».Q.I
».Q.I
%I
».Q.I
».Q.I

A

RH

classic
classic
classic
world

classic

classic

.................................................

!
!
!
{
{

A

SSD

classic
classic
classic
classic

classic

classic

A

I1£S

JUUM Retrieval and Classification

RP MFCC
classic & classic
classic &) classic
classic QJ: classic
classic § classic
classic < classic
classic &) classic
FACULTY OF

INFORMATICS
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Query Song: rock_pop_1-nocturne.mp3 )

W\M Retrieval and Classification

Top 5 and #10 similar songs according to different feature sets:

Features:
Rank:

1.

a &> 0D

<
<
<
<
<

9

RH

rock _pop
world
electronic
jazz_blues

rock_pop

rock _pop

.................................................

!
!
{
{
!

A

SSD

rock_pop
rock_pop
world

electronic

electronic

rock_pop

RP

Q- rock_pop &
§-rock pop &
- world ¥
& jazz_blues &
& metal_punk §

MFCC

rock _pop
electronic
electronic
electronic

electronic

& metal_punk #/-electronic

I1£S

FACULTY OF
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U JUW Retrieval and Classification

VIENNA

Query Song: electronic_10-walking_safely.mp3 «

Top 5 and #10 similar songs according to different feature sets:

Features: RH SSD RP MFCC
Rank:

1. Qlrock_pop & electronic 4 rock_pop gl rock_pop
2. rock pop  &jazz blues & rock pop @ &world

3. - world U rock _pop Q- world J-¢electronic
4, &-electronic  §-rock_pop & rock _pop  &:rock_pop
5. &k world &rock pop & world & metal_punk
10. &-electronic &rock pop & metal punk &frock pop

................................................. |$S | FACULTY OF 'NFORMATICS




U Mﬂm Clustering & Browsing

VIENNA

= Need new interfaces to access huge music archives
= SOMedB: SOM-enhanced Jukebox

= Cluster music (by feature sets)

= Based on Self-Organizing Map (SOM)

= Mapping from
input- to output space (“2 dim. map")

= Preservation of Neighbourhood relationships
= Map of music space
= PlaySOM and PocketSOM applications

S

e, [IREEREE

................................................. |$S | FACULTY OF 'NFORMATICS




VIENNA

PlaySOM
= Organizing Music
= Creating Playlists

ooooooooooooooooooooooooooooooooooooooooooooooooo

I1£S

U Mﬂm Clustering & Browsing

FACULTY OF

INFORMATICS



U Mﬂm Clustering & Browsing

VIENNA

PocketSOM-Player

= Application for mobile devices
= Streaming audio

= Remote control

FACULTY OF INFORMATICS




TU| | Clustering & Browsing

VIENNA

Web-based Browsing
= Web-based interface
= Reduced functionality

Mozilla Flrefox

.o .8 8 g 3 & .
ot o . Mgt .. e b [ sears] 3 m

" dhuome  bocknaris f Detoary off Googe ffiarizs o Sabeah oty dewtadman o CUPS Pemter o iy ki f My -l angeem o Caery 1003

Selected Unit: 24/17

B Sysmphony Ho 40 in @ minor. FY 550 (Pl versicn withost
elaremets) - 4 Allegra assal
! Symphany Mo 400 G minor K 86D (Second vessian with
slarinsial - 1 Molo allary

B Cursrure

B Sy=phony ¥a 2% in Dmajor, BV 181- 2 Andantine graziess

Music Information Retrieval
Group

PlaySOM-Demo: Ballroom dance music

Selected Unit: 0/0 gy
B} SlowWaltz 105005 [ s
enneseWaitz Ballroom Magicil
m] [smp3]

Tha PlaySoM man screen

Drawng pathe - &

Class Legend

. ynphense . Cencerte
Keyboardwiscka
- peras
Cinas Dvartimants
BN ChaChaCha [ Jive
B Quickstep Rumba
Samba . SlowWaltz M FlateQuartets & Sonatas
Tango VienneseWaltz aSonates M PiancEssmbles

Rhythm Pattern
1]
2

Rhythm Pattern

=

critical bard

E3 stefd ke Sgeicherpiats i Lokl
Datersriges {C2) fur Verligung.

3a L3 67 LE} 101
rodulation fraquency

el P e mEE s
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A4 JUW Summary

= numerous Music IR algorithms exist already

= numerous commercial applications based on Music IR
already exist as well

= but still there is a large number of open issues

= benchmarking and evaluation is important, but also
faces challenges

= it's a very interesting domain!
... still a lot of research to do! get involved!
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—I
—
-

1V JUW Chorus

= Chorus
= Fade-out

................................................. |$S | FACULTY OF 'NFORMATICS
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JUW Fade-out

You have heard a lot about Music IR

= Different types of music representation

= Different types of musical information

= Features we can compute from audio

= State of the art in retrieval, classification

= Evaluation and benchmarking challenges

= Applications for browsing music collections

= Challenging application scenarios

................................................. |$S | FACULTY OF 'NFORMATICS
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n 1V JUW Fade-out

But

= There is a lot more to learn...

= ...and a lot of open problems to solve!
= Music IR is a very young discipline

= Many surprises, unknown territory waiting to be
explored

* | hope this presentation has

— given you some interesting and new information

— Inspired you to pick up challenging research questions in this
field

................................................. |$S | FACULTY OF 'NFORMATICS
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VIENNA

group at IF5, TU Vienna - Mozilla

* Bl Edt View Go Bookmarks Tooks Window Help

r-ﬁ - " mzn L b Wttp: eveeve. s turwien, ac. stimir/ o L_a-’ﬂ"" :ﬁz >

" fhriome | b 4 Dictionary 4 Google o kartoo o BabelFish o ds-WebAdmin o CUPS Printer o ifs-Mailadmin o Mylibio - Nicht angem... 4 Gallery 2005

Vienna University of Technology

W Music Information Retrieval

mir group

[Home] [People] [Publications] [Press]
With the creation of large audic collections, we need to devise ways to make those collections accessible to the
Audia Feature Extraction users. Currently, access to music repositories it mostly limited to query-based retrieval based on texnal meta-data,
with some advanced sydems supporting acoustic queniss. What we would ke to have additionally, s a way o
facilitate exploration of musical Bbraries. We thus need to mmomatically organize music according to &5 somnd
PlaySOM - Organisation of characteristics in such a way that we find similar pieces of music grouped together, allowing us to find a classical
Music Archives section, or a hard-rock section etc in a music repository.

Music Classification

Brawsing Music Spaces on

A T We thiss research various methods of indesing and structing o collections, & well as providing intuiive wser

interfoces for o wide rauge of devices. Feoture extraction from audio sigacls, incorporsting psychoasousts
Map of Mozart information, is combined with textaal featares. Machine learning techniques are used to € xtract semantic nformation,
roup o by sinlarity, or classify it into various geares. Advanced visualization techniques are ensploved to
provids Etuitive mterfaces to asdo collections on standerd PC as well as mobile devices

wisualization Enhancements

S0Meld
Contact: Andreas Rauber

Audio Feature Extraction

Uting methads from digital signal processing and peyeho-aconstics we
are extracting semantic mformation from music. The featwres extracted
from the audio signal are able to describe the stlistic coatent of the
mmsic, ¢.g beat, presence of voice, timbre, etc. Thus, a system using
audio feamre extraction is able to tell about the content of a piece of
s without the need of amotated kabels such as artist, song Gitle or
genre, Moreover, it is able to find similar music anomatically. Different
kinds of featare sets (Rhythm Patterns, amongst others) are the basis wo
many subsequent tasks, such as momatic nmsic organization or
classiBication into genres. [Details]

Project Members: Thessas Lidy, David Lasstes, Alerander Trinkd
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Rhythm Patterns

U Jmm Audio Features - RP

VIENNA

= Demo Video
(prepared by Elias Pampalk)

Beethoven - Fiir Elise

................................................. |$S | FACULTY OF 'NFORMATICS




U JUW Feature Extraction

VIENNA

Beethoven - Fiir Elise

33%

Beethoven - Fiir Elise

1%

o ! :

http:iwww.oefal.at/~elias music
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TU Mﬂm Feature Extraction

VIENNA

Beethoven - Fur Elise

5 x 20 Seconds

o Beethoven = — Fur Elise

o K's Choice — Not An Addict

« Sublime — Doin” Time
Be « Korn — Freak On A Leash
¥ « Boomfunk MCs  — Freestyler

Tt o ool sl - sy Tonink
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TU dmﬁm Feature Extraction

Beethoven - Fiir Elise

Audio Sig

Beethoven - Fi

I’ Amplitude

nal (216 Values)

Time (6 Seconds, 11kHz)

LS NP s Seap——y

>

e e e St elian Yomiaic

ooooooooooooooooooooooooooooooooooooooooooooooooo
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TU Mﬂm Feature Extraction

VIENNA

Beethoven - Flir Elise

Specific Loudness Sensation (512x20 Values)

Frequency (Bark-Scale, 20 Bands)

>
/ Time (6 Seconds, 12ms)
Sone

tpe wwwm oofal sl ofias Trye

................................................. |$S | FACULTY OF 'NFORMATICS




U dmﬁm Feature Extraction

VIENNA

Beethoven - Filir Elise

: Rhythm Pattern (60x20 Values)

F Frequency (Bark-Scale, 20 Bands) .
i =
o T , Modulation Frequency

" (0 — 10Hz, 0.17Hz)
Fluctuation Strength
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U Mﬂm Feature Extraction

VIENNA

Beethoven - Fur Elise

| Typical Rhythm Pattern (60x20 Values)

Frequency (Bark-Scale, 20 Bands)

T , Modulation Frequency
" (0 — 10Hz, 0.17Hz)

Fluctuation Strength

bt e oelal et olas e
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Beethoven - Fiir Elise

e Il b T e e L S /oo e i AR P

{ i
et e e LN T i M B M N e Pl L T ol i ) AR ""M
1 .

i

..... B v

i

Beethoven - Fiir Elise

S P A et ot S e

Tt moww o oofaial  elias wsic
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TU dmﬁm Feature Extraction

Beethoven - Fiir Elise

7 e e e g e i Bt £ e £ e o e et ey
, Tl il APk e 2 e T Al i e - p— -—Pm
4
}
1 {
e g e L e i 1o Ak e SRR - ek 3 i g SR e R, SR, S PR .

Bee
i

thoven - Fir Elise

e et

e v oot il elias sk

................................................. |$S | FACULTY OF 'NFORMATICS




Rhythm Patterns

U Jmm Audio Features

VIENNA

= Demo Video
(prepared by Elias Pampalk)

Beethoven - Fiir Elise
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