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ABSTRACT

The IST project Cuidado, which ran from January 2001
to December 2003, produced the first entirely awtm
chain for extracting and exploiting musical metasdédr
browsing music. The Sony CSL laboratory is primarily
interested in the context of popular music browsing
large-scale catalogues. First, we are interestduiman-
centred issues related to browsing “Popular Music”.
Popular here means that the music accessed todislyvi
distributed, and known to many listeners. Seconé, w
consider “popular browsing” of music, i.e. making
music accessible to non specialists (music loveagy
allowing sharing of musical tastes and information
within communities, departing from the usual, sigl
user view of digital libraries. This research prdjec
covers all areas of the music-to-listener chairmpnir
music description - descriptor extraction from timeisic
signal, or data mining techniques -, similarity bds

access and novel music retrieval methods such asbrowsers

automatic sequence generation, and user inter&stes.
This paper describes the scientific and technicalés at
stake, and the results obtained.

1. INTRODUCTION

1.1. Existing Popular Music Access Systems

There are now many on line searchable music database
We can classify them in the following categories.

First, purely editorial systems propose systematic
editorial information on popular music, including
albums track listings (CDDB Musicbrain?),
information on artists and songs (AMGind Muzé).
This information is created by music experts, ordan
collaborative fashion (CDDB, Musicbrainz). These
systems provide useful services f&lectronic Music
Distribution (EMD) systems, but cannot be considered
as fully-fledged EMD systemper se as they provide

http://www.gracenote.com/
http://www.musicbrainz.org/
http://www.allmusic.com/
http://www.muze.com/
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only superficial and incomplete information on muisi
titles, supposed to exist somewhere else.

The MoodLogié browser proposes a complete solution
for Popular Music access. The core idea of MoodLogic
is to associate metadata to songs automaticallyksiao
two basic techniques: 1) an audio fingerprinting
technology able to recognize music titles on peeton
hard disks, and 2) a database collecting user gation
songs, which is incremented automatically, and in a
collaborative fashion. An ingenious proactive st is
enforced to encourage users to rate songs, in dodget
tokens that allow them to get more metadata from th
server. MoodLogic relies entirely on metadata obgdin
from user ratings and does not perform any acoustic
analysis of songs. However, collaborative musiénigat
does not exhaust the description potential of muasitd
our Browser proposes many other types of metadata.
Other proposals have been made either for fullgdied
music browsers, or for ingredients to be used in
(fingerprinting techniques, collaborative
filtering systems, metadata repositories, e.g. Wetlcl.
[20]) that we cannot cover here for reasons of spaie
will describe in this paper only the parts of ouroject
that we think are original and may contribute tadeess
the needs of our targeted users.

1.2. The Cuidado Music Browser

The Cuidado music browser aims at developing all the
ingredients of the music-to-listener chain, for w@lly-
fledge content-based access system. More preciggly,
project covers the areas of 1) editorial metadatp,
acoustic metadata, 3) metadata exploitation and
browsing tools, 4) management and share of metadata
among users

The next sections describe the most important result
obtained for each of these aspects.

2. EDITORIAL METADATA

To manage collections of music titles an application
must have access to many information to identify,

5.  http://www.moodlogic.com/
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categorize, index, classify and generally organiagsic Existing repositories of editorial information do o

titles. provide systematic schemes for accessing artist an
their relations to songs. This led us to constitae

We consider here two types of data as editorial database of artists, or more generally of “Musical

metadata: Human Entities” (MHE), including both performers,
«  Consensual information or facts about music composers, but also groups (the Beatles), orchéttea
tittes and artists, Berlin Philharmonic), duets (Paul McCartney & MiaHa

«  Content description of titles, albums or artists. ~ Jackson). To each artist (or MHE) is associated adich
The first category is common to already existing but useful set of properties in fixed ontologieype
EMD systems and does not raise any particular prable ~ (composer, singer, instrumentist, etc.), countrpogin,
as this information is universal by nature. It indes for ~ language (for singers), type of voice (for singatso),
instance: artist and songs name, albums and tracksmain instrument (for instrumentists). Other infortioa
listing, group members , date of recording for aem concern the relation MHE entertain with each ottesr
title, short biography for artists with date of thif years  instance, Paul McCartney is rmember ofThe Beatles,
of activity, etc. and artist Phil Collins anember ofthe group Genesis.
The second category is more problematic. Content The Editorial MHE database may be seen more as a
description includes such widely needed informatasn ~ knowledge base than a database.
artist style, artist instruments, song mood, soegew,

song or artist genre and more generally attribatiesing T — ——— jJ
at describing the intrinsic nature of the musidaim at S N A T—
stake (artist or song). These descriptions are lisefine —'_[__ﬂ_ T
. . - - IR RETLY BT . PRESTON, Simon & PINNOCK, Trevor
extent that they can be used for musical querielsiige I e e &
catalogues. The music browser enables to issue @pieri e immasee | fgeme o v
. | Ehis - Blue Sueds Shoes jame [PRESLEY.Ewis | Remove member
for both categories. _ "::tzﬂzijzfiémra.g comors [ R e
Furthermore, the music browser has a tool (seeréigl) precir oo Gontcocrnt S SSsin 208 ai] ousoferas | ppafin e [
: . . . PRESLEY, Eh - Suspicion Mind Genrs [[Fock s Fol | fificen Aiouet e
devoted to editorial information management. The fweasioc i’ o fwmiee — oo
- . . . . A 2 [Rhythm & Blues 1Blues rohesha ~|lDee
global architecture of the system is detailed intgm 6. o o it J,—JWH
. g - H ¥ ieck shared songs m lues 1 Fun = finstrumentis - Sl
This tool allows editing and adding artists and/ongs ;.?’““J“‘mi L e oo | oo
. Year | 13songs infist [Rhinm & Blues \ empt = [singer o ingtrumex] _ Voice T_[jMediur
properties. I | et CRS U —‘J _H; -
Wit JFRESEv e | SET << froc 5:@3»\@ Emirates E:ZZW
. . . S SET2 < Rock & Rl Doo Wop v/ roudicyulire 222';2',39%,
2.1. Editorial metadata philosophy it e o 5 oo Tﬁ e
<< |[folk Rl 1wl . '_,H Low pitched
[The king [rance Tovntnesizer M.‘J

Editorial metadata are associated distinctly withsiou
titles and artists. Figure 1 — The editorial data management panel
Artists (taken in the most general sense) are Reysic
identifiers for many users: Yesterday is by “The
Beatles”, and “The 8 symphony” is by Beethoven.
Artists are used also for solving ambiguity: “With
Little Help from my Friends” by the Beatles, is
definitely not the same tune as the version by Bruc
Springsteen. The “Stabat Matter” by Pergolese isthet

Concerning music titles, our tool enables basidieds

as title name or keywords, as well as less obvious
features such as title genre, primary and secondsigt
introduced before.

Both artists and songs can be associated with aifipe
one by Boccherini, etc. We call these artists “paim genre. Genres are badly needed for accessing narsic,

artists” as they are most commonly used to identify &€ as badly ill-defined. Our studies on existing

music titles. These examples show that primary @tis t@xonomies of genres have shown that there is no
are common ways of identifying music titles but@ls CONSeNsus, and that a consensus is probably intgessi

that the role of primary artists changes with ssylén [4]. However, we propose here several ways to plyti
Classical music, primary artists are usually conges solve this problem. After several years of triadl$] and

In non Classical music they are usually performérs, ~ ors, we ended up with a simple two-level genre
our Browser, we introduced the notion of primaryists ~ [@Xonomy consisting of 250 genres. The main property

in a deliberate ambiguous way, to cope for Cladsicel of this taxonomy is erxibiIi_ty: users can_classiéytists
non Classical music in a uniform way. or songs either in a generic way (Classical, Jagm)re
There are cases where primary artists are not enéagh ~ Precisely (Jazz / BeBop, Classical/Baroque). Howeve
characterizing the identity of a piece. The*gartita’ of ~ SIMPler taxonomies may also produce frustration, as
Bach has been recorded by Glenn Gould, and also bySOMe categories may contain artists or songs thatsu
many other pianists, and this distinction is of ceeivery ~ Would consider very different. To make our taxonomy
important: not only for interpreters, but also for More flexible, we have introduced an optional
conductors (for orchestral pieces). In non-Cladsica ~<eyword” field, which may contain free words. These
music the need for secondary artists is also obsjdor ~ WOrds may be entered by users to further refinarthe

instance to indicate that the Springsteen versibfigo ~ OWn classification perspective on artists or sorgsis
little help” is indeed a Beatles song. simple yet flexible approach has the advantage of
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uniformity: artists and songs are classified in S&me
taxonomy, allowing for various degrees of precisibor
instance, The Beatles is classified in “Pop / Brifyt
Beatles songs may be classified in other genreg. (e.
“Revolution 9" is “Rock / Experimental”).

B =Bl
12598 artists in ist Candidates | al |
a_III Closest (local) | [mecartney

Beaties, The
MCCARTNEY, Paul & War
Beatles, The & Sheridan, T
McCartney, Paul & Wings

|Beatles, The

IMCCALMANS, The
MCCANDLESS, Paul
MCCANN, Les

MCCANN, Les & HARRIS.{
MeCartney, Paul

McCartney, Paul & Wings
MCCARTHEY, Faul &\VWonder, Stevie

Yy
4 | <
Hemaove member

2

Name [McCariney, Paul
<< titles| create | modify | removei || Artists with at least one song

Figure 2 — the “member_of" predicate

3. ACOUSTIC METADATA

The main type of metadata that the MB proposes for
songs besides editorial information is acousticadata,
i.e. information extracted from the audio signal.€Th
Mpeg7 standard aims at providing a format for
representing these information, and a specializedica
group produces specific constructs to representicalis
metadata [1,10]. However, music metadata in Mpeg7
refers in general to low-level, objective informati that
can be extracted automatically in a systematic way.
Typical descriptors (called LLD for Low-Level
Descriptors in the Mpeg7 jargon) proposed by Mpeg7
concern superficial signal characteristics suchmesans
and variance of amplitude, spectral frequenciescspl
centroid, ZCR (zero crossing rate), etc.

Concerning high-level descriptors that can be mapjpe
high-level perceptual categories, Mpeg7 is strictly
concerned with the format for representing this
information, and not the extraction procgss se

3.1. Extracting High-Level Music Percepts

We have conducted in the project several studies .

focusing on particular dimensions of music that are
relevant in our context.

3.1.1. Rhythm

We have proposed a rhythm extractor [22], thatikedo
extract the time series of percussive sounds inimus
signals of popular music. Rhythm information is seful
extension of tempo or beat, as proposed by Schairer
[17]. However, many things remain to be done in the
field of rhythm. One key issue seems to rely nonsach

in how to extract rhythm, but how to exploit the
information: most people are unable to describehhy
with words, and even less to produce rhythm (our
attempts at designing a query by rhythm did notvyero
successful).

3.1.2. Energy

In [21], we have addressed another dimension ofimus
pertaining to popular music access, the perceptual
energy, i.e. whether a song is thrilling and exuiti(e.g.
hard rock, dance music), or relaxing and calm (eg.
piano piece by Schumann).

We have studied the correlation of experimental
measures (user tests) with a variety of signal yess,
such as tempo, raw signal energy, spectral analysés
associated variances, correlations... as well eis limear
combinations (using discrimination analysis) aneith
possible compositions with signal operators (fiter
etc...). The most discriminative parameter we found is
log1Q(var(@iff (x?))) , which gave a classification error of

22% on the validation set.
3.1.3. Timbre

In [2], we have proposed to describe music titleséd

on their globaltimbral quality. Our motivation is that,
although it is difficult to define precisely mustaste, it

is quite obvious that music taste is often correthtvith
timbre. Some sounds are pleasing to listeners,raihe
not. Some timbres are specific to music periodg.(the
sound of Chick Corea playing on an electric piano),
others to musical configurations (e.g. the soundaof
symphonic orchestra). In any case, listeners angitee

to timbre, at least in a global manner.

We model the global “sound” of a music title as a
distribution in the space of mel cepstrum coeffit®
(MFCC). MFCCs provide a compact representation of
the signal's spectral envelopes, which are a good
correlate of the timbre. By comparing timbre
distributions between titles, it is then possibterhatch
music titles of possible very different genres lkhse
solely on their timbre color. Figure 3 shows a 3D
projection of the feature space (which is origigabf
dimension 8), showing two distributions of MFCCs,
each modelled with a mixture of 3 gaussian distfidos
(GMM). The light-grey GMM is the timbre model of the
song “The Beatles — Yesterday”, and the dark-grey
GMM is the timbre model of the song “Joao Gilbero
Besame Mucho”. This two songs have a very similar
sound” (acoustic guitar and a string quartet, plas
gentle and melancholic male voice), and indeed e s
that their MFCC distributions are very close. As
explained in section 4, timbre models are usedha t
MusicBrowser to compute similarities between songs.

3.1.4. Instrumental/Voice presence

A fourth descriptor which is currently available the
Music Browser describes whether a given tune comstai
singing voice or only instrumental sounds. This prap

is useful e.g. to either access particular “genre$”
music (“opera” falls in the first category, whilgplano
sonatas” falls in the instrumental category), or to
differentiate different versions of the same sormgg(
“Dub” instrumental versions of “reggae” songs).
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There has been a large number of studies abousthei  instance highly depends on the musical expertisthef

of speech/music discrimination (see e.qg. [18]), ethihas listener.

received successful solutions, but the detection of These experiments have given rise to a systematic
singing voice has proved a more difficult problem. approach to feature extraction, embodied in the EDS
Berenzweig in [7] proposes to use complex features system [12]. Departing from the usual LLD approach,
(output probabilities of a speech recognizer system the idea of EDS is to automate — in part or totalyhe
combined with hidden Markov models (HMMs). The process of designing extractors. EDS searches ichar
extractor currently used in the Music Browser was and more complex space of signal processing funstio
designed automatically by the EDS system, described much in the same way than experts do: by inventing
the next section. It has a classification errorl® on functions, computing them on test databases, and
the validation set. modifying them until good results are obtained.

To reach this goal EDS uses a genetic programming
engine, augmented with fine grained typing system,
which allows to characterize precisely the inputda
outputs of functions. EDS also uses rewriting rutes
simplify complex signal processing functions (séw t
example of the Perceval equality being used by EDS t
simplify the expression in Figure 4). Finally EDSass
expert knowledge to guide its search, in the forfn o
heuristics.

Typical heuristics include “do not try functions veti
contain too many repetition of the same operatar’,
“apply twice a FFT on a signal is interesting, buitr8
times”, or also “spectral coefficients are part@aty
useful when applied on signals in the temporal dimma
possible filtered”, etc.

Figure 3: comparison of the timbre models of two
songs: "The Beatles - Yesterday" and "Joao

Gilberto — Besame Mucho” € s

DATABASES b

. . " ancomosnerstor | _Gensosesen | cwatorbuiser | rurauo oo

3.2. EDS: A General Framework for Extracting e — | e —

Extractors woron [ | e 3 3 st 00D j

weav, 1000:10000))

(Testwav), 1000))
stwav, f_100:1000)))
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These various studies in descriptor extraction from
acoustic signals have shown that the design of an
efficient acoustic extractor is a very heuristicopess,

which requires sophisticated knowledge of signal

/2 (Spit (*_ta (Testwav), 1000:10000))

< 3 a (Spit (_ta (Testwav), 1000.0:10000.0)) <

8 fes [viShow Types [ Simplify L _4‘J
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processing, intuitions, and experience. Indeed, tmos R
approaches in feature extraction as published i@ th T —
literature consist in using statistical analysil# to s | couvuremo on o scnon

. . Pattem [reteceswAn  SELECTION REMOVE 1 REMOVE ALL | - ‘SEND SELECTION
explore spaces of combinations of LLD. The approaches .. .

proposed by Peeters [16], Scheirer [18] and Tzangtak  “mamee—
[19] typically fall in this category. However, thes — =l el —]
approaches are not capable of vyielding precise : .

extractors, and depend on the nature of the palette Figure 4: Screenshot of the EDS system
LLD, which usually do not capture the relevant, often
intricate and hidden characteristics of audio slgna
Consequently, designing extractors is very expensiv
and hazardous.

On the other hand, user studies have shown thae tise

a virtually infinite number of extractors of musica
attributes that could be useful in EMD systems.
Different users have different needs: one — sayazz
musician - might be interested in listening to seng
which exhibit a particular chord sequence, anotimay
be interested by the sound (“some saturated guittir a
little bit of chorus”), while another simply wants find
“funky” music for his birthday party. Even when kihg
about the same attribute, the definitions (i.eterms of
pattern recognition, the training sets) vary a lohe
perception of “harmonic complexity” of a tune for

The signal operators available in the EDS which sewe
basic bricks for building extractors include thdlfset of
MPEG7 LLDs, but also typical signal operators like
filters, FFTt, time windowing, and higher level opgors
like pitch detection, partial tracking or mel filgank.
These operators are selected from the literaturecamd
experiments of designing extractors manually. The
features designed and discovered by the systembean
further combined, manually or automatically, by
statistical models like GMMs or HMMs, or classifger
like neural networks. The output of the whole prozées
an executable file, which can be directly integthia
applications like the Music Browser.

The current extractors targeted by EDS are perceptual
energy (or a refinement of the descriptor we desijby
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hand), discrimination between songs and instrunienta
(already described in the previous section),
discrimination between studio and live versions of
songs, harmonicity vs noisiness, percussivity, fart
complexity, etc. The ambitious goal of EDS makes it a
project in itself, as it aims at capturing complex
knowledge, in an expanding field. However, we think
that the contribution to the MIR community is
potentially important as it is a first step towarasinified
vision of high level audio feature extraction.

4. SIMILARITY

The notion of similarity is of utter importance irhe
field of music information retrieval, and the expation

to have systems that find songs that are “simitarbne

or several seed songs is now second nature. However
here again, similarity is ill-defined, and it care kof
many different sorts. For instance, one may cornséale
the titles by a given artist as similar. And theyeaof
course, artist-wise. Similarity can also occur &kt
feature level. For instance, one may consider thetz
saxophone titles are all similar. Music similaritan yet
occur at a larger level, and concern songs in their
entirety. For instance, one may consider Beatlisstias
similar to titles from, say, the Beach Boys, beaatisey
were recorded in the same period, or are considased
the same “style”. Or two titles may be consideraditar

by a user or a community of users for no objective
reason, simply because they think so.

4.1. Acoustic similarity

Feature-based similarity is trivially obtained bgfthing
similarity measures from the metadata obtained and
described above, either editorial or acoustic. Most
descriptors yield implicit similarity measures tratn be
useful in some circumstances, e.g. similarity ahp,
of energy, or similarity based on artist relatioips) etc.

| Query. | Find by Similarity | Playlis

, Ahmad - Le moment de vérité

[ Find |

jcum;mlaunnﬂnisheﬂ

=

[timbre_sm
20

jones, Hank - Blue and sentimental - Jazz (0.00450101)

heller, William - Vienne - Variety | Song {0.00452157)

rahms, Johannes - Rhapsodie opus 119 no 4 en Mi Bemol Majeur - Classical (0.0046184)
rahms, Johannes - Intermezzo opus 118 no 1 en La Mineur - Classical (0.00551143)

hopin, Frederic - Impromptu opus 66'no 4 en C# Mineur - Classical | Romantic (0.00561077)
eethoven, Ludwig Van - Sonate pour Piano & Violoncelle n.2 - Classical | Romantic (0.0057 19
upu, Radu - Sehr lebhaft - Classical (0.0058481)

rahms, Johannes - Ballade opus 10 no 3 en Si Mineur - Classical (0.00593425)

ould, Glenn - Toccata BWY 914 in E Minor - Classical (0.00595833)

EAN MARIE, Alain - CECILIA - Jazz (0.00623193)

upu, Raidu - Sehr innig und nicht zu rasch - Classical (0.00623543)

hopin, Frederic - Prelude N. 15 Goutte d'eau - Classical | Romantic (0.00637068)

ould, Glenn - Toccata BWY 911 in C Minor - Classical (0.00637651)

Figure 5: the "Find by Similarity" panel in the Music
Browser

One very interesting type of similarity that we eddy
mentioned is based on the global “timbre” of thengs.
The distance analysis is based on Gaussian models of
Cepstrum coefficients as described in [2]: a finsbdel

is sampled and then the likelihood of the samples i
computed given the other model. Figure 5 shows a
screenshot of the “Find by Similarity” panel in the
Music Browser. Here, the user has select a jazngia
song (“Ahmad Jamal- L’instant de Vérité"), and asked
the system to return “songs that sound the same& Th
result lists contains songs of many genres, whith a
contain romantic-styled piano: Jazz (Hank Jonesiil
Jean-Marie), Classical piano pieces (Brahms, Chopin
and even a “Variety” song (William Sheller, a Frénc
singer and pianist who had a classical training).

4.2. Cultural Similarity

Cultural similarity is based on a well-known techoe
used in statistical linguistics: co-occurrence 8u.
Co-occurrence analysis is based on a simple ideaa
items appear in the same context, it is obvioug thare

is some kind of similarity between them. In lingtics,
co-occurrence analysis based on large corpora tfemr
and spoken text has been used to extract clustérs o
semantically related words. Similarity measurements
based on co-occurrence counts have been demorktrate
to be cognitively plausible [8]. We have identified
several interesting corpora:

The web,

Radio programs,

Compilations.

In the framework of Cuidado we are currently expilug
the web with a crawler specifically designed foristh
task.

4.2.1. The Cuidado Crawler:

It is a multi-thread software designed to crawl theb.

Its goal is to gather as many web pages as possible
parsing every word and every link on each page. Each
crawled web page is given a score according to the
presence of keywords. Each URL gathered on the page
is given the score of the page. Several crawlingdes®
are available from blind crawling (no keywords, grd

few starting URLsS) to narrow crawling (specific
keywords that can be changed dynamically)

The Cuidado Crawler can create/handle several crawli
database. Each user can create as many databakiss as
hard drive can contain. Therefore, users can create
database on specific topics or according to specifi
tastes. For example, if you interested in “intedig
techno”. There is over 118000 hits in Godyfer this
query and probably more when you will read this.uro
can start crawling using the first answers providad
Google as well as specific keywords you enterec lik
“new, research, noise, click and avant-garde”. Tfore
you construct an “intelligent-techno” oriented dadise

6. hhtp://www.google.com
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which favours your vision of intelligent techno this to
the keywords.

r | Query | Find by Similarity | Playiists |

_]MCLAUGHLIN, John - NO_RETURN

ICsmglmaan finished

SACLAUGHLIN, John (9.81354E-4
DAVIS, Miles (0.00632911) b
Mahavishnu Orchestra {(0.00869 f‘:
iCOREA, Chick (0.00877193)
COLTRANE, John (0.00917431) |2
HANCOCHK, Herhie (0.00952381)
SANTANA (0.0103093) '
PACO (0.0107527)

iCOBHAM, Billy (0.0108696)
METHENY, Pat (0.0114943)
Prince {0.0126582)
LIARRETT, Keith (0.0133333)
PARKER, Charlie (0.0135135) |
ELLINGTON, Duke (0.0136986) |
MOHNK, Thelonious (0.0138889)
HAKTI (0.0147059)

cultural_coocc ¥

20

a

 + Mahavishnu Orchestra - Birds of Fire
: ishnu Orchestra - Meeting Of The Spirits
ishnu Orchestra - Meeting Of The Spirits

[¥]

Figure 6 The similarity panel showing artists
culturally similar to jazz guitarist John McLaughli n

The second part of this software is devoted to the
distance computation. The various formula used here
were introduced in [14]. We are looking for occunoes

of words in the same page, taking into account the
number of pages where each word is found.

4.2.2. Integration in the Music Browser :

To ensure the compatibility with the Music browser
users can import any data coming from Cuidado t@ble
The distance is then computed for each entry and is
exported back to the Music Browser as a new distanc
table. Figure 6 shows the results of a culturahitarity
query on the jazz guitarist John McLaughlin. Thesaet
artists include Miles Davis (McLaughlin played ondw
of his records, “In a Silent Way” and “Bitches Bré&m
1969), the Mahavishnu Orchestra (a fusion band &mm
by McLaughlin in 1971, including drummer Billy
Cobham, also present on the list), jazz pianistokhi
Corea (who played with McLaughlin and Miles Davis in
the 1969 records), jazz guitarists Pat Metheny BRado
de Lucia (who McLaughlin played in trio with), etc...

5. EXPLOITATION

We have covered so far the core technologies for
producing content descriptions of music titles. A&yk
issue is the exploitation of these information twe tuser
side. The graphical interface issue is problematic
because of the great variety of behaviours of ysansl
because the actual devices that will be used fogda
scale access to music catalogues are still unknown
(computers ? set-top boxes ? PDAs ? telephonesr@-Ha
disk Hi-FI ?). Many user interfaces have been pgmb

for music access systems, from straightforward Uest

representations of play lists. For instance, Gigdbe
display music titles in spirals to reflect similtyri
relations titles entertain with each other. The
gravitational model of SmarTurferrepresent titles as
mercury balls moving graciously on the screen, to o
from “attractors” representing the descriptors stdd by

the user. The IBM GlassEngih@roposes to browse a
collection of pieces by minimalist composer Philip
Glass, using a set of sliding cursors which reageathe
collection according to several criteria simultansly
(joy, sorrow, density, velocity, etc.). Howeveragious,
these interfaces impose a fixed interaction modeig
assume a constant attitude of users regarding
exploration: either non-explorative - music datadmm
which you get exactly what you query - or very
exploratory. But the users may not choose betwéwen t
two, even less adjust this dimension to their wishe
current interface of the Music Browser aims at aliog
users to choose between many modes of music access:
explorative, precise, focused or hazardous.

5.1. Focused interfaces

The query panel (figure 7) is mostly dedicated to
focused search in the database. In this panel usams
issue queries on all available artists and songsdea.
These metadata can be editorial: artists’ namesgson
names, voice quality, etc. as well as computed:
subjective energy, tempo, etc. The result of a query
music titles list. Then this result set can be fenth
filtered to return only songs with fast tempo, onlp
songs with a male singer. This result list can be
transferred to the player for listening/exportingrpose

(Db manager | Query [ Find by Similarity || Playiists |

[l [Beatles, The x|/ [Beatles, The eatles, The =]
Rrtist properties Biatct, The BEATLESS =
o [hokng  Coasamsts |2A0ES T =
= Man = (® as an!st 2 - -
] as artist1 or 2 [COCKER, Joe - She came in throu 1~

] United States | ) as member of COCKER, Joe - With a Little Help F

I [Rock &Rell =l La musigue de Paris Derniere - Na

o Singer - La musique de Paris Derniere - Dr|
= m GET ! PRESLEY, Ehais - Yesterday (lve) | |

- Richie Heavens - Here comes the

I English :lv itz Shenandoah - Can't buy my love

| Crooner 4 Silkie, The - You've got to hide you
o [Medium 7] Siouxsie & the Banshees - Dear Py |
- - |Ti 1 Saw Him Standing Therg ™ |

I |Ar||sls with most songs » o T"“"B_m

Song properties

[_Updatesiiders | ([ Resetsiders | [n.a622a73
i iVnil:epresem:e - 00 - '\_/,\ 1.0
[ [Glohal Energy =] 047 « & - g.800
= |Yesterday (live)
[ [popEm = = |Lveversion

Figure 7 - Screenshot of the query panel in the Musi
Browser

. . . 7. http://www.gigabeat.com
based search systems to innovative graphical 8. http://www.mzz.com
9. http://www.philipglass.com/glassengine
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5.2. Explorative interfaces

The problem of generating such playlists given ayver

5.2.1. Sliding between similarities large title catalogue with musical metadata, ansetiof

) ) ) ) ) arbitrary constraints is a NP-hard combinatorial
An interesting issue resulting from the studies on proplem. Moreover, in the case of a contradictoey af
feature-based and cultural similarities is the camgbn  consraints, there may not be an exact solution ideal
between these different sorts of similarity. Fostnce  system should therefore be able to generate good
in Figure 5, a starting title such as “Le moment de gpnroximate compromises. The Cuidado Music Browser
verité” played by Ahmad Jamal, is considered by the j5 aple to generate such playlists automaticallguffe
MB as similar timbre-wise to “Humoresque Op. 20" by 8), using a fast algorithm based on adaptive sefth
Schumann or “Blue and sentimental” by Hank Jones, b . . . .
culturally, it is closer to “Ahmad’s blues” by Mik We give here arn example of a 5-title playlist withe
Davis, because of the strong relationship betwémse  [0llowing constraints:

two players, captured by the web crawler. Of course 1- Timbre continuity: the playlist should be
there is no grounded truth here, and all these |anities “timbrally” homogeneous, and shouldn't
are relevant. The next issue to solve is to aggetiatse contain abrupt changes of textures.

similarities, or at least propose users simple and 5 Gepre Cardinality: the playlist should contain
meaningful ways of exploiting these different 30% of Rock pieces, 30% of Folk, and 30% of
techniques. Pop

In [2], we have proposed an interface, the “ahalest, o .
which allows the user to rank the results of a quer 3- Genre Distribution: the titles of Fhe same genre
according to two possibly orthogonal types of samiy. should be as separated as possible.

The slider is simply a way to filter the result seft one One solution found by the system is the following
similarity according to the values of the second playlist:
similarity measure. For instance, one can ask for

. . Rolling Stones — You Can'’t always get what
timbrally” similar songs which are also very close

you want - Genre = Pop/Blues

according to cultural similarity (e.g. “Ahmad’s td#g” by - Nick Drake - One of these things first - Genre =
Miles Davis), or, on the contrary, filter the resglet so Folk/Pop

that it only contains songs which are culturallyrye - Radiohead - Motion Picture Soundtrack - Genre
distant from the query (e.g. Schumann or William = Rock/Brit

Sheller). , - The Beatles - Mother Nature's Son - Genre =
This interface attempts to give the user full cohwaer Pop/Brit

the degree of surprise and freedom in the way trstesn - Tracy Chapman - Talkin' about a Revolution -

satisfies his request. A non-exploratory behavierg( Genre = Folk/Pop
culturally similar) implies that the system shouleturn
exactly the answer to the query, or an answer ihats
expected as possible (same title, same artist). An | Damanager | Guen | FindbySimiiart; | Playlists |

exploratory behavior (e.g. culturally distant) cats in Canstraints set Save current constraint set: [[+ st name
|ett|ng the SyStem tl’y different regions Of the ajague CT{21) {all the Titles of songs (1,2,3,4,5.6,7,8,9,10) should be different)
. CT(20) (50% of the Languages of songs (1.2,3,4,5,6.7,8,9,10) should be "French™)
rather that strictly match the query. CT(19) (50% of the Instruments of songs (1,2,3,4,5,6,7.8,9,10) should be "Piano”)
CT{18) (50% of the Artist Genres of songs (1,2,3.4,5,6,7,8,9,10) should he "Blues™}
522 PIayIISt Generation Compute playlist I Size: W songlD 'i Constraints editor
FINISHED : playlist computed Canstraii Sets
An original feature introduced by the Browser is a |_ - - Some French & Piano & Blues
- N . Playlist Loadin player | Removetitle | e
pov.verfull playlist generatlon SySFem, baged on o@mst Din, Willie - P Your Hoochie Coochie Man & lang |g.o pianoiaccardian, some amert
satisfaction techniques ([5]). This technique allowger |{LCHNSON, Tormmy - Canned eat Bues & a8 feacciral Panorama
to get entire music playlists from a catalogue, by 0 o ML W Yol G0 S s Rt
specifying only abstract properties on the playlsich TriYann - Le soleil est noir & i: Anstrum {417 [}
. KING, B B - Ain't Nohody Home & languageid: 2/instr| g
as: \ISheller, william - Maan down & id: 1/instr Hser playlists
. . B . AJEAN MARIE, Alain - MATHALIE & languageid: 1/instr
- the playIISt ShOl'”d Contaln 12 dlﬁerent tltles' {{Dixon, Willie - I'm Your Hoochie Coochie Man & lan
_ the pIayIISt ShOUId nOt |aSt more than 76 GAINSBOURG, Serge - couleur café & languageid: 1
minutes, i
- the genre of a title should beoseto the genre
of the next title, Figure 8 - Screenshot of the playlist generation
- the playlist should contain at least 60% of system
instrumentatitles,

- the sequence should contain titles with Our current research regarding playlist generatans
increasing tempo, etc. at designing simple user interfaces to specify taaiy
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constraints in a more intuitive way than in the @nt
implementation, which based on a crude mix of lesisl
multiple choices. A possible direction towards tlighe
use of simple drawings or gestures as a way to rilesc
dynamical behaviours (“increasing”), or distributio
properties (“a lot of”, “from here ... to here”).

6. ARCHITECTURE

This section describes the general architecturehef t

Figure 9 - Interaction between the different
components of the Music Browser

7. FUTURE WORK : TOWARDS AN API
Our experience in designing a large—scale EMD system

such as the Music Browser shows that the main
difficulty is to combine several systems/languages

Music Browser (Figure 9). The central element of the seamless manner : a database (SQL), an object-edent

architecture is the metadata server. This serven is

engine to manage “multimedia items”, like songdisas,

MySQL database hosted on a SQL server. The serveralbums, etc. (JAVA), user interfaces/interactiondules

acts both as a server for PHP scripts and servidts.
MusicBrowser is implemented in Java

(JAVA), signal processing algorithms and extractors

and (Matlab, C), music rendering (JMF). All of thesepasts

communicates with the MySQL database using JDBC interoperate closely, e.g. the interface calls aecaitable
drivers. The metadata server runs a PHP serverwhich computes a value, which is stored in the dbd

accessible over the Internet. Specific PHP scrigtsw
client applications to fetch and submit metadatatis
server.

re-used in another interaction module.

This architecture, although it does not present any

The music browser contains four panels aimed at particular technical difficulty, is expensive to sign,
music title access: the player, the query panek th and requires much incremental “doodling” both to

similarity panel and the playlist panel.

specify and to build. On the other hand, such an

Additionally, the browser includes two management architecture is needed for many other applicatitven

tools: the editorial data management tool and the the Music Browser,
The concerned with content-based

extractor and computation management tool.

virtually every application
interaction, access,

purpose of the computation management tool is to browsing of large multimedia collections. Among eth

compute descriptors for the songs in the databaseei

Sony CSL projects, the Musaicing ([23]), a compasiti

as similarity measures. It can use any stand-alonetool to create sequences of samples according gb-hi

extractor (exe or bat files) developed by thirdtyar

level properties on their metadata (e.g. a steahyp,

The editorial metadata management tool is used towith some voice samples, a given energy profile,)et

manage artists and songs properties. It providesceh
lists for each property and enables basic editisunsh as
titte name or keywords, as well as title genre,npairy
and secondary artist, as described in section Ztis
tool interacts on-line with our metadata server.

Lastly, with the apparition of ad-hoc networks, user
can share their data easily with other users andin
transparent way. This situation raises an issuehia t

and Personal Radio ([13]), an automatic, customized
radio station, are based on the same type of &chite.

Moreover, the overhead of building such an architex
is often a limiting factor for many subtasks like
evaluating content-extraction algorithms, a problem
which is hotly debated in the music informationrieval
community ([9]). As described in [3], in order to

management and synchronization of metadata. Weevaluate and fine-tune algorithms like the timbre

describe in [11] a solution to allow both privatench
shared metadata to coexist in a single environment.

Extractor & Music browser: [P Editorial data
computation Player panel management
management Query panel tool.
tool. Similarity panel
Playlist panel
X/ [MUSIC BROWSER
* // / \\ v
Mus)/ EDS PDA, Metadata
rawle system mp3 server
Eﬁ 8 player
1

v v

| Other applications |

similarity used in the Music Browser, one needsh®

able to :

- access and manage the collection of music signals
the measures should be tested on

- store each result for each song (or rather eaghlet
of songs as we are dealing with a binary operation
dist(a,b)=d) and each set of parameters

- compare results to a ground truth, which shoukba
be stored

- build or import this ground truth on the colleati of
songs according to some criteria

- easily specify the computation of different meees)

and to specify different parameters for each
algorithm variant, etc...
Following these experiments, we have started

developing a more general API, the so-called MCM
(multimedia content management). MCM is a set ofja
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classes, which offer the following data structurasd International Symposium on Music Information
functionalities : Retrieval. (ISMIR 01), Bloomington, Indiana, USA.

- multimedia items (e.g. songs or artists), existing [2] Aucouturier, J.-J., Pachet, F., Sandler, M. @2
§ynchronously both in db and in memory. « The way it sounds : Timbre models for structural
- fields or metadata for each of these items (e.g. analysis and retrieval of music signals”, submitted

song's tempo or artist's name). _ _ to IEEE Transactions on Multimedia, 2004.
- field valuesfor each item are read/written in db, ) )
] Aucouturier, J-J, Pachet, F. (2004) Improving

and can be cached in memory for applications h A - ;
Timbre Similarity : How high’s the sky ?, submitted

which require more CPU power, like playlist ) ' .
to Journal of Negative Results in Speech and Audio

generation. ;
- items may link one to another (e.g. song itema ca Sciences (JNRSAS), 2004.

be associated with artist items, video clip items, [4] Aucouturier, J.-J. Pachet, F. (2003) MusicalrEe

etc.). These associations are treated like fields (t a Survey, In Journal of New Music Research, 32:1,
“artist” item is a metadata of the “song” item), 2003.
which values are the corresponding items. [5] Aucouturier, J.-J. Pachet, F. (2002) Scaling up

- some fields are computable, i.e. their valuehis t

. h Playlist generation, In Proc. of the IEEE
output of an extractor, either computed online or

International Conference on Multimedia and Expo

_ofﬂine, in bgtch mode. _ _ ) (ICME 02), Lauzanne, Switzerland.
- items can link to other items withelations, e.qg. . ] .
timbre or cultural similarity. [6] Belkin, N. (2000) Helping people find what they

_ items, fields, relations can be added (e.g. adew don’'t know. In Communications of th&CM Vol.
directory of mp3s in the Browser, add a third-party 43, N. 8, August 2000, pp. 58-61.
extractor, etc.), updated, retrieved or deletedrfro [7] Berenzweig, A. and Ellis, D. (2001) Locating

the db. Singing Voice Segments within Music Signals. in

proc. IEEE Workshop on Applications of Signal

Using MCM, all the architectural difficulties of eating Processing to Acoustics and Audio (WASPAA 01),
databases, synchronizing data, calling extractaws a Mohonk, NY, USA.

hidden out. Applications like the Music Browser cha [8] Cohen, W., Fan, W. (2000) Web-Collaborative
develgped very quickly, by conc_entrating only ‘on Filtering: Recommending Music by Crawling The
meaningful, higher-level concepts. Like for the ED& Web, in proc. 8§ International World Wide Web

think that this is a potentially important contrition to Conference (WWWO) Amsterdam The
the Music Information Retrieval community as it & Netherlands ' '

first step towards a unified vision of content bdse i S )
interaction and access systems. [9] Downie, S. (2003). Toward the scientific evalioat

of music information retrieval systems. In proc.
International Symposium on Music Information

8. CONCLUSION Retrieval (ISMIR 03), Baltimore, Maryland, USA.

[L0]Herrera, P, Serra, X. Peeters, G. (1999). Audi

The Cuidado music browser is the first large scaldy descriptors and descriptors schemes in the context

content-based music access system. It includeshall of MPEG-7. Proceedings of the International

technologies needed to extract descriptors, create = Computer Music Conference (ICMC 99), Beijing,

similarity relations, and make these informatiorsiga China.

available to users. The system is fully operatiomld 1117, 5 Burthe A., Pachet F., Aucouturier JJ. (2003)

user tests have started to assess the usabiligpofent Editorial Metadata in the Cuidado Music Browser:

information for music_ access. Two side projects between universalism and autism. In proc® 3
emerged from the design of this SyStem : the.EDS, a International Conference of Web Delivering of
general framework for the automatic deS|gn of Music (WedelMusic 03), Leeds, UK.

extractors, and MCM, an API to speed up the desi§n ] ] )
applications concerned with extracting and expigti  [12]Pachet, F. and Zils, A. Evolving Automatically

musical metadata for browsing music. Both projects High-Level Music Descriptors From Acoustic
constitute a first step towards a unified visioncaintent Signals. Springer Verlag LNCS, 2771, 2003.
based interaction and access systems. [13]Pachet F. (2003) Content Management for
Electronic Music Distribution: The Real Issues.
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