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Vocal tremor is encountered in different neurological
diseases and could be used for their characterisa-
tion. In this paper, vocal tremor features have been
extracted for speakers with Parkinson’s disease and
control speakers. It is shown that Parkinson’s disease
has significant effects on vocal tremor features. For
speakers with Parkinson’s disease, the average vocal
frequency is higher and the vocal tremor frequency is
higher. This can be explained by higher vocal tremor
components in the frequency band8 − 12Hz.

I. I NTRODUCTION

The objective of this paper is to report data about the
vocal tremor features of parkinsonian and control speakers,
as well as an improvement to the vocal tremor analysis
presented in [1].

Vocal tremor is a narrow-band low-frequency pertur-
bation of the vocal frequency. It is characterised by its
average amplitude and average frequency. The amplitude
of the perturbation is about a few percent of the average
vocal frequency. The tremor frequency range is subject to
discussion. A definition including most of the frequency
ranges is given by Titze who defines the vocal tremor as
the 1-15Hz modulation of the vocal frequency [2]. The
origins of vocal tremor are reported to be neurologic or due
to an interaction between neurological and biomechanical
properties of the vocal folds [2]. Influence of blood flow,
heartbeat and breath are also reported [3]. The lower
frequency limit should be chosen in accordance with the
effects that should be taken in account.

In this paper, the estimation of vocal tremor features
has been obtained by means of an improvement of the
analysis developed in [1]. The vocal frequency trace is first
calculated. The vocal frequency estimates are obtained for
each time sample by means of the instantaneous frequency
calculated in an automatically selected frequency-band of a
wavelet transform of the speech signal. Using this method,
no windowing of the signal is necessary and instantaneous
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F0 variations can be tracked. A second wavelet transform
has been introduced, in order to improve the precision
and robustness of the method. This is necessary to track
correctly fastF0 variations and to handle speech signals
from a clinical environment, where older and dysphonic
speakers are encountered. Instantaneous values of the vocal
tremor features are then obtained by means of a wavelet
transform of the vocal frequency trace.

In this paper, the vocal tremor features have been ex-
tracted for parkinsonian and control speakers and statistical
results about the differences between both groups are
presented.

II. V OCAL FREQUENCY ESTIMATION

The instantaneous frequencyIF (t) of a band-pass signal
s(t) is usually defined by means of its Hilbert transform
H[s(t)] and its associated analytical signalsa(t)[4].

sa(t) = s(t) + jH[s(t)] (1)

Φ(t) = arg[sa(t)] (2)

IF (t) =
dΦ(t)

dt
(3)

The IF can also be defined by means of a continuous
wavelet transformCWT (λ, t) using an analytical wavelet
ψa(t) [5]. The continuous wavelet transform of a signal
x(t) is defined as

CWT (λ, t) =
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whereψ(t) is an analytical mother wavelet andCWT (λ, t)
is the wavelet transform coefficient for a scale factor
λ, at time t. The amplitude and phase of the complex
CWT coefficients thus obtained are the envelope and
instantaneous phase of the spectral components of the
signal in the frequency-band centred on the central fre-
quencyfc of the wavelet [6]. The time-derivative of the
phase of the complex CWT coefficients is therefore an
estimate of the instantaneous frequency (IF) of the signal
in that frequency-band. The evolution of the IF in different
frequency-bands of the signal can thus be studied by means
of the CWT coefficients.
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Here, the complex Morlet wavelet is used (Fig. 1) [7]:

ψωc
(t) = C e−iωct

[

e
−

t
2

2σ2
t −

√

2e−
ω
2
c

σ
2
t

4 e
−

t
2

σ2
t

]

. (5)

The scaleλ of the wavelet is determined by the central

real part
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Fig. 1. Complex Morlet wavelet forωcσt = 5.

frequencyfc = ωc

2π
, which is the frequency of oscillation of

the wavelet. The parameterσt fixes its decay. The product
ωcσt must be constant for a wavelet family.C normalizes
the energy. The effective duration of the wavelet can be
defined as2σt.

A F0 estimate can be given by the IF based on the
phase of the CWT coefficients whose amplitudes are at a
maximum in the interval from 50 Hz to 500 Hz [1].

To minimize the smoothing of the IF on the wavelet
effective duration, this effective duration2σt should be as
small as possible for each wavelet central frequencyfc

and the wavelet parameterωcσt should therefore also be
small. On the other hand, whenωcσt decreases, the spectral
bandwidth of the wavelets increases and it becomes more
difficult to localize the CWT amplitude peak around the
vocal frequency.

To obtain a high sensitivity to theF0 variations and have
a robust method, two wavelet transforms are thus com-
bined. At first, a wavelet transform with a fine frequency
resolution is computed to identify the maximum in the
CWT and secondly a wavelet with a fine time resolution
is used to estimate the IF.

The procedure is as follows:
1) A first wavelet transform is computed, with a high

ωcσt parameter, for the reliability, where the wavelet
central frequencyf̂c corresponding to the maximal
amplitude of the CWT is obtained. The wavelet
parameterωcσt is chosen equal to5.

2) A second wavelet transform is computed, with a low
ωcσt parameter, for the sensitivity to high frequency
perturbation, where theF0 value is estimated by the
IF corresponding to the wavelet central frequency
f̂c obtained at the first step. The wavelet parameter
ωcσt is chosen equal to2.5. This second wavelet
transform must be computed only for the wavelet
central frequencies associated with the maximum in
the first step.

3) Finally, a filtering is necessary to eliminate the
residual oscillations, which appear at a frequency
equal to the vocal frequency.

III. T REMOR FEATURE ESTIMATION

To analyse theF0 features, another CWT is performed
on the F0 trace extracted in the first stage in order to
determine the tremor frequency and tremor amplitude.

A. Tremor amplitude

In the literature, the tremor amplitude is defined as
the maximal or the standard deviation of the F0 trace,
normalized by the averageF0 [8]. A definition of the
tremor amplitude is used, based on the wavelet transform
coefficients [1]:

TA(t) =

√

∑

fc>fmin
CWT 2(2πfc, t)

F̄0

(6)

whereF̄0 is the averageF0.

B. Tremor frequency

The perturbation of the vocal frequency usually presents
more than one frequency component. To take all the
frequency components into account, the tremor frequency
is obtained by the weighted sum of all instantaneous
frequencies higher thanfmin, for which the amplitude of
the CWT energy is higher than a threshold. The weight is
given by the corresponding wavelet transform energy. An
instantaneous tremor frequency can thus be obtained [1]:

TF (t) =

∑

fc>fmin
[CWT 2(2πfc, t)IF (2πfc, t)]

∑

fc>fmin
[CWT 2(2πfc, t)]

(7)

whereIF (2πfc, t) is the instantaneous tremor frequency
based on the phase of the CWT coefficients in thefc band.

C. Tremor energy distribution

Differences have been observed in the spectral energy
distributions of theF0 traces for control and parkinsonian
speakers. To emphasize this difference, a ratioR of the
spectral energy of theF0 trace in the frequency-bands
(fmin − fmid) and (fmid − fmax) has been calculated.

R =
∑

t

∑fmid

fc=fmin
CWT 2(2πfc, t)

∑fmax

fc=fmid
CWT 2(2πfc, t)

(8)

IV. EXPERIMENTAL RESULTS

The proposed analysis has been carried out on a corpus
of 28 parkinsonian and 28 control speakers (all male).
The parkinsonian speakers have reported speech problems
and are under treatment. The control speakers are healthy
normophonic speakers in the same age-range. The speech
signals are sustained vowel [a], sampled at 25kHz.

Fig. 2 and Fig. 3 show the vocal frequency, theCWT 2

coefficient, the tremor frequency and the tremor amplitude
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Fig. 5. Distributions of the average vocal frequency and of
the average vocal tremor features, for a 5-sec-long speech
segment (C: control, P: parkinsonian).

TABLE I. Effects of the health state on average vocal
frequency, average vocal tremor amplitude, average vocal
tremor frequency and average vocal tremor energy ratio
(3Hz − 7Hz/7Hz − 15Hz).

F p
Av. vocal frequency 11.874 .001
Av. VT amplitude .718 .401
Av. VT frequency 16.277 .000
Av. VT energy ratio 9.575 .003

Fig. 4, where the spectrum of the control speaker decreases
above5Hz and where an energy peak is present around
10Hz for the parkinsonian speaker.

This is also confirmed by the statistical analyses: the
multivariate analysis of variance of the vocal tremor fea-
tures shows that there is a significant difference between
the features of parkinsonian and control speakers. The
univariate analyses of variance show that there are sig-
nificant differences for the average vocal frequency, the
average vocal tremor frequency and the average vocal
tremor energy ratio (3Hz − 7Hz/7Hz − 15Hz), taken on
their own. The vocal tremor amplitude is not significantly
different for parkinsonian and control speakers.

For parkinsonian speakers, the average vocal tremor
frequency is significantly higher and the average vocal
tremor energy ratio is significantly lower. These features
are highly correlated,PearsonCorrelation : −.653, p <

.001. Both show that higher frequency components are
present in the spectrum of the vocal frequency for parkin-
sonian speakers than for control speakers.

VI. CONCLUSION

In this paper, we have improved an analysis method of
vocal tremor and applied it to the extraction of the vocal
tremor features for parkinsonian and control speakers. Sta-
tistical test have show a significant difference between both
groups: parkinsonian speakers present a higher average
vocal frequency and higher tremor frequency. Observation
of the tremor energy spectrum has emphasized the presence
of spectral peaks around8− 12Hz, that could explain the
higher tremor frequency. The average tremor amplitude
is not significantly different between parkinsonian and
control speakers.
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