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1. introduction

Tremor is an unintentional muscle movement
involving oscillations of one or more parts of the body.
Vocal tremor is known to be associated with neurological
disorders such as Parkinson’s disease, essential tremor, and
cerebellar ataxia. These vocal tremors are associated with a
low-frequency modulation of the vocal folds. Characterizing
the frequency, level and intensity of these modulations may
help in diagnosing and treating a disorder The primary non-
invasive quantification ofvocal tremor has been through
acoustic analysis, which involves measuring the variation in
the pitch contour or the fundamental frequency in a
sustained voice signal.

While much work towards measuring the variation
of the pitch contour using time domain techniques has been
done [1-3], these methods are not able to classify abnormal
phonations accurately. There are two important limitations
associated with the current methods: (a) they cannot extract
the fundamental frequency in an accurate and precise
manner; (b) they have not provided a fine structural display
ofthe variation in the acoustic energy across frequency
domain with respect to time. To overcome these limitations,
a method involving time-frequency analysis using the Fine
Structure Spectrogram (FSS) [4] is proposed as a potential
analysis tool for abnormal phonations, in particularly,
Parkinson’s disease. Results between normal and abnormal
phonations are compared.

2. method

Vocal tremor characteristics are best analyzed in
terms of the modulations in the fundamental frequency (FO0),
i.e. the pitch contour. As shown in Figure 1, FO ofthe
acoustic signal of the sustained /a/ from pathological and
normal voices can be first extracted using our custom-built
speech processing algorithm: FSS. The design of FSS was
inspired by the human auditory system and can provide a
detailed picture ofthe fine-structure found in the time-
frequency display of acoustic energy in a speech signal. The
fundamental frequency is the component with lowest
frequency in the display. More details about this approach
can be found in [4]. In our implementation here, we first
preprocessed the raw acoustic signal by performing half-
wave rectification, then down-sampling to 1kHz to reduce
computational time. The average FO was then extracted and
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a band-pass filter with cut-off frequencies 15Hz above and
below the average FO is applied to eliminate undesired
noise. In the next stage, we apply FSS to extract FO. We
used a range of 25Hz below the average FO to 25Hz above
for FSS to extract the pitch contour. The fundamental
frequency was then further processed with the following
steps: (a) subtraction of the mean (b) removal of linear trend
(c) smoothing through low-pass filtering (cut-off at 20Hz).

Fig. 1. Overview ofthe stages in vocal tremor analysis

Four analytical approaches were then applied to
this output: (a) Power Spectrum (b) Variance of FO across
frequency (c) Zero-crossing technique (d) Spectrographic
display of FO using FSS. Power spectrum provides a display
ofthe spectral density of FO. FO variance is a single number
quantitatively measuring the overall variability of the
fundamental frequency. Zero-crossings measure is also a
single number, which acts as an estimation ofthe most
dominating modulating frequency of FO. Lastly, FSS
provides a high-resolution time-frequency display ofthe
acoustic energy in FO.

3. resullts and discussion

The results show that modulations in FO is the
primary difference between normal and pathological speech.
From the FSS output, consistent low frequency modulations
in FO over time were observed in the pathological
phonations. Variance of the modulations was much higher
in the pathological phonations than in the normal. Shown in
Figure 2 is an example of the comparison between the two.
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Fig. 2. (a) FO of a normal phonation of/a/. (b) FO of a pathological
phonation of/a/. (c) Analysis of FO of the normal phonation. (d)
Analysis of FO of the pathological. (e) FSS display of FO of the
normal. (f) FSS display of FO of the pathological
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Figure 2(a) and (b) show the FO ofa normal
phonation and a pathological phonation respectively. It is
easy to observe the low frequency modulation in FO. Figure
2(c) and (d) provide a more in-depth analysis showing
spectral density, the dominant frequency and the variance in
FO. The visible difference in the spectral density and
variance offers a qualitative and quantitative cue in
separating between the two types of speech. The zero
crossings display also shows information, which may
potentially be used to distinguish between various types of
vocal tremors. Shown in Figure 2(e) and (f) are FSS display
ofthe FO from the normal and pathological phonations
respectively. Through FSS, a relatively consistent
modulating frequency is observed in the pathological
phonation, in contrast to the normal case.

4, Conclusion

The method proposed here involving the Fine
Structure Spectrogram is capable of extracting the
fundamental frequency or pitch track contour in an accurate
and precise manner. The technique shows the capacity of
discriminating between two populations of speech (normal
versus pathological) based on modulations found in FO. It is
promising in future work to develop a classifier in
distinguishing between normal and pathological phonations
for a clinical environment.
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