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The main interest of metadata in our context is that metadata
forms the basis of sophisticated browsing tools, such as
automatic classification or similarity based search.

We propose an approach for extracting automatically time

indexes of occurrences of percussive sounds in an audioln this context, Popular music represents the huge majority
signal taken from the Popular music repertoire. The scheme of electronic music distribution. It is commonplace to note
is able to detect percussive sounds unknown a priori in a that rhythm plays a very important role in Popular music,
selective fashion. It is based on an analysis by synthesis both in the way it is perceived and produced. Moreover, we
technique, whereby the sound searched for is gradually are interested in extracting metadata from music, as it is
synthesized from the signal itself. The possibility to extract found, that is in polyphonic recordings. It is therefore
different types of percussive sounds and their occurrencesnatural to look for ways of representing and extracting
in the audio signal makes it possible to build a drum track rhythm in such recordings.

representing the essential rhythmic component of a music

piece. We present a systematic evaluation of the Rhythm is not a fully understood phenomenon, and is
performance of our algorithm on a database of popular therefore difficult to define precisely. The determination of
music titles. The system performs well on most of the cases the perceptually relevant dimensions of rhythm is a hard task
(over 75%). We analyze the reasons for failure on the that has been addressed by many researchers (e.g. [3], [4]).
remaining cases, and propose solutions for yet improving In the computer music field, most of these works focus on
the algorithm. The extracted percussive sounds and drumthe extraction of a beat and of the meter of music titles (see
track serves as a basis for search by rhythmic similamity ~ [2], [5], [6], [7]). Although beat and meter are very
the context of the European project Cuidado. important features of a music title, they are not sufficient to
represent fully the rhythmic dimension of music, and to be
used as a basis for content-based search. To give a simple
example, a huge majority of the titles of a 10,000 Rock
music catalogue will have approximately the same tempo
flOO) and the same meter (4/4).

Abstract

1. Introduction

The recent development of efficient digital audio
compression technigues together with the widespread use o
Internet is about to create a situation in which millions of
users have access to millions of music titles. This situation olvphonic recording is ill defined in general we can
calls for efficient content-based management techniques,p yp . 9 genera,
however, in the context of Popular music, make two

without which the access to large music catalogues remains .
. Important and strong assumptions.
basically a fantasy.

Firstly, the perception of rhythm in Popular music is

The development of content-based management teChanue%orrelated to the repeated occurrences of accentuated sound

has been recently boosted by works on musical metadata, e : )
. . . . long the song. These repetitions occur at different scales:

Metadata, seen as descriptors of music are indeed envisage ) .
o . : short scale (percussive sounds, successive notes of an

by many as a crucial ingredient of musical management:

instrument), middle scale (sentences, chord patterns), or
systems. Many works have been devoted recently to the .
; : i . long scale (verse and chorus). Secondly, rhythm is most
issues of extracting various types of musical metadata,

: . ) often produced by occurrences of percussive sounds,
especially in the context of Mpeg7. For instance, these LN
: L . typically a drum set, or any percussive instruments. Many
works focus on the automatic transcription of music by

detecting the melodies (see [1]), or on the automatic music titles d(_) produce impressions of rhythm although they
. do not contain any percussive sounds (for example some
extraction of the tempo (see [2]).

If the issue of extracting rhythm information from a
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folk songs by guitarist-singers like Bob Dylan), but for the - non-stationary sounds: as the exact sounds that we are

vast majority of Popular music titles this is not the case. looking for are not known a priori, the method is based
on a very general model of a non-stationary sound,

In this paper, we propose an approach to extracting rhythmic-  short sounds: their length should be less than 100ms,

information, that provides a percussive representation of- repeated sounds: we use the correlation peaks of the

rhythm, such as the one introduced in [8]. Our method is signal to detect repetitions of sounds, that are iteratively

based on the extraction of the occurrences of percussive  matched to the audio signal.

sounds in music titles, and exploits fully these two However, acoustic drum sounds are known to have a high

assumptions. noise ratio, that makes correlation inefficient. But we can
remove a large part of this noise using 2 techniques:

More precisely, the problem we address is the following: -  averaging of the extracted sounds,

given an audio excerpt of polyphonic music, we want to find -  using very short sounds: indeed, th& ms of drum

the occurrences of significant percussive sounds. These  sounds correspond to the impulse and the excitation of
occurrences are represented as a set of time series, where the T vibration modes, that are important compared to
each time series represents the occurrences of one particular the secondary vibration modes, considered as noise.
percussive sound in the signal. Moreover, we also want to

identify the percussive sounds themselves, without a priori3  The scheme

knowledge. Indeed, since virtually any instrument can

produce percussive sound;, it is not r_ealistip to assume thatl-he scheme for detecting the occurrences of percussive
the database of all percussive sounds is available. sounds is based on the progressive identification of the
source sound (the percussive sound to be found) during the
2. Onthe non-stationarity of percussive sounds analysis process. More precisely, it is the following:
- we start by considering a simple, synthetic, percussive
Different method can help to detect percussive sounds in  sound to be found in the audio signal,
audio signals. Firstly, we noticed that the occurrences of - we look for the occurrences of this sound in the signal,
important percussive sounds always correspond to local using a correlation technique,
signal energy peaks. This allows to detect the percussive- by applying filters, we determine which occurrences
onsets in monophonic signals, but is not sufficient to extract  actually denote the “same percussive sounds”: this is an
percussive sounds out of polyphonic signals. Indeed, in  evaluation of the quality of the extraction.
polyphonic signals, energy peaks correspond not only to At this point, the system may have found some occurrences
percussive onsets, but also to any loud instrument note orof percussive sounds, but it may also have missed some of
sung syllable. An extraction based on the detection of them, because of the generality of the initial sound.
energy peaks would not be precise enough, but the pre- then we synthesize a new sound based on an averaging
detection of energy peaks in the signal helps to provide a  of the percussive occurrences found in the signal.
more precise location of the percussive onsets (see 3.6). This scheme is repeated until a fixed point is reached, i.e.
Secondly, percussive sounds are short and non-stationary byhe occurrences are the same than in the preceding cycle. At
nature. But non-stationarity does not fit well with traditional this point, we consider that all the occurrences of percussive
spectral analysis and cannot be used as a model of sound. ounds have been found, the search is stopped: the system
can only discriminate percussive sounds from the stationaryprovides the percussive sounds and occurrences found. Let
notes of other instruments in monophonic signals. But as us now review briefly each step of the method.
polyphonic signals are highly non-stationary by nature, this
tech.nique is not efficient for detecting .percussive so_unds.3_L Initial synthetic percussive sound
For instance, experiments on the detection of non-stationary
parts in polyphonic signals as transients (see [9]), showedThe initial percussive sound I(t) is a basic model of the
that the method is not precise enough, as it provides not onlypercussive sound that we want to extract from the audio
the percussive sounds, but also the attacks of the notes of alsignal. Typically, we use low-pass filter and band-pass filter
the other instruments. impulse responses, that stand for bass-drum-like and snare-
As traditional signal processing methods are inefficient for drum-like sounds.
the detection of percussive sounds, we needed to build a
new approach based on the only hypotheses that we cam 5 | goking for a percussive sound in the signal
make, that we are looking for:
To find the occurrences of the previous percussive sound in
the audio signal, we compute the correlation function
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COI‘(@) between the signal S(t), where t belongs to [§] N

and the percussive instrument sound I(t), with t belonging to

[1, N
Cor (2 ):i“ S(t)x1 (t-g) which is defined forg [ [1,N5]
t=1

The technique is simple and efficient. Howeverjsitvery

sensitive, by definition, to amplitude. Therefomn®e peaks
in this correlation signal may not correspond totuat
similarity between the instrument sound and thenalg
Therefore, we introduce a peak quality measurdlterfout

bad occurrences.

3.3. Assessing peak quality

In order to keep only the most relevant peaks, s&eas the
quality of correlation peaks using various parametdy
imposing thresholds on the following quality meaessur
1. the proximity of the position of the peak witlhe
position of a signal energy peak (see 3.6), thatleates
if the correlation peak corresponds to a percuspaak,
2. the amplitude of the peak in the correlationsity
3. the relative local energy:
2
Qlcory——C;
1 - A%
sicwidn 2, Corll)

e picWidth
2

Parameters 2 and 3 evaluate how much the signak pea

corresponds to the instrument signal.
These various criteria allows us to filter out bacturrences.

However, some good occurrences of the instrumeny ma

have been missed, or some false occurrences maylyean
found, because of the under-specificity of the htic
percussive sound. To define more precisely the dotmn
search for, we synthesize a new sound based ofiltied
occurrences.

3.4. Synthesizing a new sound

The core idea of our approach is to synthesize & ne

percussive sound newl(t) based on the results @& th

preceding steps. Because of their inherent noresiatity
and short duration, percussive sounds do not fil wih
spectral synthesis models, and thus synthesisrfenpeed in
the temporal domain, by mixing portions of the sdn
centered around the good occurrences found in I3 tive
initial sound I(t). An approximation of the syntheds the
following:

1 nbPeaks

1 .y
newl(t) = S| 1O+ i2:1:S(peakPosnn)n(|)+t)

(This is a simplified formula, that omits the nesasy
centering and phase synchronization of occurrences)

This new synthetic percussive sound newl(t) isfamement

of the initial sound I(t), made with extracts ofdloriginal
audio signal, so it can be used to find the missed
occurrences.

3.5. Repeating the scheme until fixed point

We now repeat the scheme starting from newl(t)east of
I(t), i.e look for occurrences of newl(t) in thegsial, filter
out bad peaks, and synthesize a further new sound
newnewl(t), and so forth. The process is repeatetil a
fixed point is reached, or until a maximum numbefr o
cycles is reached.

As a result, the system provides a synthetic pesices
sound extracted from the audio signal, that is ¢lusest to
the initial synthetic sound, together with its time
occurrences in the signal.

3.6. Energy peaks preprocessing

We noticed that the occurrences of relevant peigass
sounds always correspond to local signal energkgpea
Therefore, as a preliminary processing in orderaduce
the amount of data to look for percussive soundg w
extract the position of the short-term energy peakshe
audio signal, to match them with the positions diet
percussive occurrences. Useful to extract the melsvant
percussive sounds, that technique is too restediivdetect
secondary percussive sounds in noisy signals.

4. Extension to multiple percussive sounds extraction

In the method we have presented, the resulting yssiee
sound of depends on the initial synthetic souncegito the
system. Thus, running the system with differenttiadi
sounds allows to extract different types of peréuss
sounds out of the audio signal, which can be uséul
describing Popular music titles.

4.1. Binary percussive rhythm of Popular music titles

In most of the popular music titles, percussions drums,
and the main drum sounds are the bass drum (loehed),
and the snare drum (high-pitched). So our idea ds t
transcribe the drum track of a music title as awsmtce of
bass-drum-like and snare-drum-like sounds. Thehrinyof
the title is then described by its 2 most importpetcussive
instruments, and by their respective occurrences.

4.2. Method for full drum track extraction

The method consists in running the system twicethvd
different initial synthetic percussive sounds: avipitched
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one, that is the impulse response of a low-passrfiand a
high-pitched one, that is the impulse response @faad-
pass filter. In order to avoid difficulties due simultaneous
occurrences of the 2 percussive sounds, priorityiven to
the bass-drum-like sound.

So the drum track extraction consists in 2 steps:

- a first extraction based on the low-pitched sound
provides the occurrences of the most important bass
drum-like sound,

- then a second extraction based on the high-pitche
sound provides the occurrences of the most importan
snare-drum-like sound, that are not conflictingiwihe
previous bass-drum-like occurrences.

4.3. Discriminating between the 2 percussive sounds

We need to introduce a new parameter in order to
discriminate between the 2 types of percussive deun
during the extraction. The most relevant paramdtar
distinguishing between the two main classes of pesive
sounds, bass drum-like sounds and snare drum-tikeds,
was proven to be the zero-crossing rate, or ZCR (46]).

So that criterion is introduced in our algorithms an
additional way of selecting the correlation peaks the
signal (see 3.3.): only the peaks with a correctRz@re
selected.

Finally, as a result, the system provides 2 syrithet
percussive sounds extracted from the audio sigwith
their time occurrences, and a synthetic audio track
representing the drum track of the musical extract.

5. Evaluation

The performances of this process have been evaluade

follows.

We consider a database of 100 musical extracts déhat

from 10 to 20 seconds of music with percussive hinyt

These extracts are of various genres (rock, popceégjazz,

rap), and the percussive sounds are produced layiaty of

sources, including drums sounds (bass, snare) g a

African percussions (djembe), or electronic perowess

sounds (synthetic, claps), etc. We have performethaual

classification of the titles of our database, basedthe
supposed difficulty to extract their drum tracks:

- 20% of these extracts contain predominant druomsis
mixed with other quiet instruments or voices, likeme
pop acoustic songs with loud drums. These titles ar
therefore considered to have aasily extractablelrum
track,

- 60% contain percussive sounds organized in ahrid
structure, but equally mixed with other instruments
voices. This represents the majority of the Popular

music titles. These extracts are considered to have
possibly extractabldrum track,

20% of the titles, for which the percussive sosrahd
their structure are not obvious or are very quiet
compared to the other instruments, like in somezjaz
folk or noisy songs, are considered a priori to Gdiav
hardly extractabledrum track.

The test consisted in extracting for each of thestacts a

drum track made of 2 different percussive soundsséd

drum-like and snare-drum-like), and in evaluatirgphwell
this drum track fits with the original title.

We assigned to each resulting drum track one améng

qualitative levels to evaluate the quality of theraction:

- a perfectdrum track extraction perfectly provides the
correct occurrences of the 2 main percussive sgunds
and provides a rhythmic structure that correspotuls
the original title,

- anacceptabladrum track extraction provides a majority
of the occurrences of the 2 main percussive soubds,
can miss some of them or add some false occurrences
however, the global rhythmic structure is still abws,
and the result can be used for further analysis,

- a half acceptabledrum track extraction finds the
occurrences of only 1 out of the 2 main percussive
sounds (typically the bass-drum-like one), or firas
acceptable drum track with confused sounds,

- abaddrum track extraction does not find the 2 main
percussive sounds, or is unable to provide a rhythm
structure that is linked to the original music ¢itlthe
result is unusable for rhythm analysis.

The results are presented in the following tablep@hding
on the supposed difficulty to extract the drum ttac

Quality of the extraction
Half
Bad Acceptable Acceptable| Perfect
Easy (20%
of the 5% 15% 25% 55%
database)
Possible
0, 0, 0, 0,
(60%) 8% 16% 28% 48%
Hard
0, 0, 0, 0,
(20%) 50% 10% 10% 30%
Discussion

The performances are very close between easily and
possibly extractable drum tracks: about 50% of eetrf
drum tracks extractions, and more than 25% of atatdp
ones. That is to say that our approach providesemban
75% of correct results for usual Popular musicestl For
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tittes containing hardly extractable drum tracks wabtain
40% of correct results, which is an acceptable gantince.
In any case, the worst results are due to different
phenomena:
- 35%: the occurrences of the percussive soundthef
title are inherently not obvious.
This corresponds to titles that were classified hasing
hardly extractable drum tracks, for instance jaxtracts
with subtle drum parts, or difficult snare drum gasn Their
extraction would require difficult audio signal
preprocessing. However, for these titles, the etioa of
all the percussive sounds is probably not the nedfitient
way to describe their global rhythm.
- 15%: the high-pitched percussive sound foundhs t
voice of the singer.
This confusion appears exclusively between snaneadr
like percussions and women voices. Indeed, theamirg
of percussive sounds removes their noisy part, el
result is close to female vocals, that often haveva noise
ratio. This could probably be solved by consideramgpther
discriminative feature, such as the duration of guaind,
which is often longer for sung syllables.
- 10%: the high-pitched percussive sound is comduse
with the low-pitched one.
This problem sometimes appears when the 2 perogissiv
sounds are hit at the same time, but the priorityeg to
bass-drum-like sounds (see 4.2) should avoid cdoifiss
These confusions are probably due to the use of dnl
discriminative parameter, the zero-crossing rathjctv is
sufficient for very different-sounding percussiveusds.
But another one is probably required, for exampleew the
pitches of the 2 sounds are too close, or for tkteaetion of
more than 2 different percussive sounds.
- 10%: the high-pitched percussive sound is notnfibu
because of its specificity.
This problem often appears when the snare-drum-like
percussion is a clap sound for example. It is doethe
initial percussive signal model (see 3.1), whictpisbably
too general to hook on specific sounds.
- 10%: a high level of noise.
This problem appears in recordings where drumsane/n
under other instruments, often loud and saturated| the

averaging does not remove enough noise to extract

percussive sounds correctly. It would require cogmpl
signal processing that would not fit the simple aggrh
developed here.

6. Conclusion

We have presented a new approach to automatically

describe the rhythm of percussive Popular muslegjtby
extracting a drum track representing the occurrerféts 2
most relevant percussive sounds. Our method previde

more than 75% of correct extractions for the majoof
Popular music titles. The resulting information tains 2
kinds of data: the extracted percussive soundsrépaesent
a percussive audio signature of the title, andpieecussive
structure of the drum tracks, that represents ahrmc
signature of the title. These two information argetul for
musical queries and are currently being used toigtes
rhythmic similarities measures, themselves integiah a
content-based music browser.
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Audio examples of the extracted drum tracks carhbard
at: http://www.csl.sony.fr/~aymeric/dt




