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Rapid and brief communication

Automatic detection of vibrato in monophonic music
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Abstract

Vibrato is one of the most common techniques in musical performances for enriching the sound. We propose a novel method
that automatically detects vibrato in monophonic music. It is based on modeling the probability of vibrato existence using
three vibrato parameters, i.e., the vibrato rate, extent, and intonation. Experiments using various musical instrument tones and
the solo performance show the effectiveness of the method. The proposed method can be applied to music recognition such
as the wav-to-midi conversion.
� 2005 Pattern Recognition Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

For music recognition, musical tones are first trans-
formed into a time–frequency representation and then
musical events are detected. For example, audio signals
are converted to midi data based on the detection of starts,
transitions, and ends of notes by musical instruments or
singers[1]. Though these events are sufficient for simple
musical note transcription, more complex analysis meth-
ods are required for further understandings of a variety of
musical performances.

Vibrato is one of the most common techniques to enrich
the sound in musical performances. Researches have been
concentrated on analysis methods of the vibrato tones as-
suming that the vibrato is successfully detected[2,3]. The
detection is usually accomplished by human inspectors and
automatic detection of vibrato has not been studied much
in the literature. In monophonic music, most tones can be
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categorized into three parts, i.e., normal part, vibrato part,
and note transition part. In this paper, we propose a method
that automatically detects the vibrato part in monophonic
music.

2. The method

For analysis of a monophonic signal, we first perform
a short-time Fourier transform (STFT) and find the funda-
mental frequency track. Then we detect the voiced region
based on the energy and the fundamental frequency range
in the track. We further apply frequency enhancement tech-
niques such as the phase difference approximation[4] to
estimate the fundamental frequency accurately. The note
transition is detected by observing the abrupt change of
the fundamental frequency. The threshold for the change
is basically 12% or 200 cents, which corresponds to the
interval of two semitones.

The fundamental frequency track of a vibrato tone is of-
ten not a form of a sinusoid in real cases but, at least, the
sinusoidal component is the strongest in the track. The si-
nusoidal component can be represented as

f (n) = a(n) + b(n) sin

(
2�

fv(n)

fframe
n + �

)
, (1)
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Fig. 1. Example of the fundamental frequency track of a vibrato
tone.

wherea(n), b(n), andfv(n) are considered as the intonation,
extent, and rate of the vibrato andfframe is calculated by
dividing the sampling frequencyfs by the hop size in the
STFT. An example of the fundamental frequency track is
shown inFig. 1for a vibrato tone, where the three parameters
are constant.

Consideringf (n) as a discrete-time function, the prob-
lem is now estimation of two amplitudes and one frequency.
We choose the maximum likelihood (ML) estimation[3] for
estimating the parametersa, b, andfv , which are the instan-
taneous estimates ofa(n), b(n), andfv(n). The ML estima-
tion is effective for automatic detection of vibrato since it
applies directly to the fundamental frequency track and does
not require additional processes such as the maxima detec-
tion in the Prame’s method[2]. We briefly explain the ML
estimation procedure for further progress. The cost function
for the ML estimates of the frequencies is represented as

L(fv) = xT
mrE(EHE)−1EHxmr , (2)

whereH andT denote the complex conjugate transpose and
the transpose of a matrix andxmr is a mean removed version
of x = [f (m) . . . f (m + M − 1)]T, E = [e1, e2, e3], en =
[1, exp(2�jf n), . . . , exp(2�jf n(M − 1))]T, the normalized
frequenciesf1=0, f2=fv/fframe, andf3=−f2, andM is
the data length. The vibrato rate is estimated as the one that
maximizes Eq. (2). Then the intonation and vibrato extent
are calculated as|a11| and |a21|+|a31|, respectively, where
|ak1| is the element of thekth row of A calculated as

A = (EH
v Ev)−1EH

v x, (3)

whereEv is calculated by the ML estimate of the vibrato
rate. Finally, the averaging is performed to reduce the esti-
mation error. For more detailed procedures, refer to[3].

As shown inFig. 1, it is obvious that the most distinct
features for a vibrato tone are two parameters, the vibrato
rate and extent. Since human perception is proportional to

the log scale and the vibrato extent is proportional to the
intonation, we use the vibrato rate and normalized vibrato
extent, which is calculated by dividing the extent by the
intonation, as features. We define the probability of vibrato
existence as a multiplication of two probabilities as

f (xr , xe) = frate(xr ) · fextent(xe), (4)

where the former is the probability related to the vibrato rate
and the latter to the normalized vibrato extent. We primar-
ily comparef (xr , xe) with a threshold value to determine
whether the vibrato is present or not. The merit of this rep-
resentation is that the boundary curve between vibrato tones
and normal tones is represented as a smooth curve.

For the vibrato rate, there is an optimal range that human
subjects prefer[2,3]. If the rate is too low, human subjects
recognize not the vibrato but the periodicity of the pitch
change. If it is too high, the sound becomes a rather un-
pleasant confusion of more than one tone. So we model
the probability as a modified form of a gaussian probability
function as

frate(xr ) = exp

(
− (xr − fv)2

2�2

)
, (5)

wherexr is the vibrato rate.
The probability of vibrato existence generally increases

as the vibrato extent increases. In practice, the extent cannot
be too large and its range should be restricted. For exam-
ple, periodic note changes have characteristics similar to the
vibrato but should not be detected as vibrato. Considering
these two aspects, we model the probability as

fextent(xe)=
{ 1

1+exp(−c(xe − xthd))
for xe < ethd,

0 otherwise,
(6)

wherexe is the normalized vibrato extent.
The coefficients in Eqs. (5) and (6) should be determined

considering human perception. We first set the threshold
for f (xr , xe) as 0.5, considering a value of 1/

√
2 each for

frate(xr ) and fextent(xe). The preferred range of the vi-
brato rate differs depending on the music style but exper-
iments show that the rate is generally 5–7 Hz for western
music [2,3]. We setfv as 6 and�2 as 1/loge 2 so that
frate(xr ) = 1/

√
2, for xr = (6 ± 1) Hz in Eq. (5). For Eq.

(6), we first setc as 1000 in order to makefextent(xe)

abrupt atxe = xthd. In contrast to the vibrato rate, the per-
ceptive threshold for vibrato extent is somewhat ambiguous.
Instead, experiments on subjective perception of frequency
modulated signals show that the threshold is constant at
low-frequency regions but is proportional to the frequency
at mid- and high-frequency regions, where the proportional-
ity coefficient is about 0.0035[5]. Since the ML estimation
extracts only the sinusoidal component in the fundamental
frequency track, we use a smaller value for the threshold,
which is 0.003. This leads toxthd= 0.0021186 in Eq. (6),
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