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ABSTRACT

We first present a unified view of various jitter and shim-
mer measurements from pathological voice and propose
a novel perturbation parameter to characterize jitter and
shimmer well. The parameter is shown to be correlated
better with perceptual judgments made by a trained laryn-
gologist than some well-known jitter/shimmer parameters.
Although most of the jitter/shimmer parameters have been
devised to represent the overall degree of the hoarseness of
voice, multidimensional measurements are often needed to
gain a deeper insight into perturdation characteristics of
the hoarseness. We propose an autoregressive-moving av-
erage (ARMA ) analysis method to represent the perturba-
tion characteristics and indicate that ARMA parameters
provide with useful information on the perturbation prop-

erties.

Keywords: Pathological voice, perturbation parameters,
jitter, shimmer.

1. INTRODUCTION

Many jitter and shimmer parameters have been studied to
quantify the degree and nature of the hoarseness of patho-
logical voices /1-4/. Among those often used are the per-
turbation quotient proposed by Koike (PQ) /1/, the per-
turbation factor by Hollien (PF) /2/ and their modified
versions /3/. We show that a computation process of these
parameters are all formulated as high-pass filtering of the
sequence by the filters with different frequency character-
istics. A novel perturbation parameter (PP) is defined
as the average energy of the high-pass filter outputs of
the sequence from which a slow variation (trend) has al-

ready been removed. Comparative performance study has
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shown that PP has higher correlation with the perceptual
judgments made by a trained laryngologist than PQ and
PF do.

Acoustic characteristics of pathological voices must be de-
scribed from multi-dimensional viewpoints: average fun-
damental period, sound pressure level, voice range pro-
file, jitter and shimmer, frequency spectrum of the glottal
volume velocity waveform, dynamic nature of the glottal
waveform in the transitional segment of the vocal fold vi-
bration, amount of laryngeal noise, frequency spectrum
of the noise, and so on /3/. In order to represent the
stochastic properties of the fundamental period and am-
plitude sequence measured from a vowel signal sustained
by individuals with or without larngeal diseases, we pro-
pose an autoregressive moving average (ARMA) model to
generate the sequence and present a method to estimate
automatically the ARMA parameters from the measured
sequence. We indicate that the ARMA parameters pro-
vide with useful information on the perturbation proper-
ties of the sequence.

2. MEASUREMENT OF
FUNDAMENTAL PERIOD AND
AMPLITUDE SEQUENCE

An analysis interval is chosen over the whole stationary
portion of a vowel signal sustained by a patient. Since con-
sidrable accuracy is required for the measurement of the
fundamental period, a sophysticé.ted algorithm has been
devised to detect the fundamental period sequence from
the vowel. The method is based on the waveform match-
ing procedure /5/.

A sustained vowel signal is band limited to 4.8 kHz and
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digitized at a sampling frequency of 40 kHz. In a new
analysis system, they are 6.25 kHz and 48 kHz, respec-
tively /6/. A high sampling frequency has been chosen so
as to allow for accurate comb filtering to separate laryn-
geal noise from harmonic components. The analysis inter-
val is automatically determined by evaluating the signal
power. The waveform matching alogorithm is applied over
the analysis interval to measure the fundamental period
on the cycle-to-cycle basis. Peak amplitude sequence is
also measured by locating the maximum amlitude value
within each of the periods. The measured fundamental
period and peak amplitude sequences are subject to fur-
ther perturbation analysis. Before describing our new per-
turbation analysis method, a unified view is presented on

jitter and shimmer measurements.

3. UNIFIED VIEW OF
JITTER/SHIMMER MEASUREMENTS

A number of parameters have been proposed to quantify
the jitter and shimmer included in the vowel sustained by
patients with laryngeal diseases. Among those often used
are the perturbation quotient proposed by Koike {PQ)
/1/, the perturbation (jitter and shimmer) factor by Hol-
lien (PF) /2/ and their modified veriosns /3/. Unification
has been made on the perturbation measures in terms of
statistical estimates /4/. In order to achieve better under-
standing of the measurements, we present a unified view

of the measurements in the frequency dormain.

PQ and PF are represented by the following equations:
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where N is the number of the sequence u(n) and K is the
window length. The terms in the absolute of the nomina-
tor of the two equations can be regarded as defining linear
filtering operation and are respectively denoted by
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F(n) =u(n) — u(n - 1).

Unit sample reponses of these filters are respectively given
by the following equations:

)0

hy(n) = 6(n) — % 3 b(n+ ),

k=""'('z_—

hy(n) = 6(n) — 8(n — 1),

where §(n) is a unit sample. Frequency characteristics of
these responses are illustrated in Fig. 1. It is apparent
from the figure that the two filters all represent the high
pass characteristics with different cut off frequency curves.
Therefore, it can be concluded that these perturbation
parameters quantify the averaged absolute value of the
high pass filter (HPF) outputs normalized by the average.
However, it is not clear yet if the cut off characteristics of
these HPF's are adequate for extracting the perturbation
properties of the pathological voice.

4. NOVEL JITTER/SHIMMER
PARAMETER

Based on the above-mentioned unification of the jit-
ter/shimmer measurements, we propse a novel perturba-
tion parameter (PP) as the average energy of the HPF
outputs in dB:
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Fig.1 Frequency characteristics of A¢(n) (top) and A (n)
(bottom).
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where y(n) is the output of HPF, to which the input z(n) B
is either fundamental period or peak amplitude sequence. E
We assume the input sequence z(n) to have already been g ~40.07
normalized by the average value of each of the sequences K|
and to have no more trend copmponent in itself. To re- & -60 0 0.| 1 0.'2 0'3 0'4 o5
move the trend, we applied a 3rd order polinomial. The normalized freq‘uency : :
frequency characteristics of HPF employed in this study Fig.2 Frequency characteristics of HPF used to measure
is illustrated in Fig. 2. PP.
Comparative experiments have been performed with 52 w(n) :- G — ; (—n)- T -: . (n)
vowel samples sustained by patients with laryngeal cancer, ; P G- 1—2"1
recurrent nerve paralysis and vocal fold polyp. Correla- | 2 :
tion coefficients of PQ, PF and PP with perceptual judg- 'L _ _ AR MA i
ments made on the grade scale by a trained laryngologist E(}) ——————— !
/7/ were 0.71, 0.71, and 0.75, respectively, for the period Fig:3 ARMA model to generate the perturbation se-
sequence, and 0.69, 0.69, and 0.72, respectively, for the quence.
amplitude sequence. The novel perturbation parameters 0.15
show better correlations with the perceptual judgments
than the other parameters do. 9 .10
g 0.05"
5. ARMA ANALYSIS OF JITTER AND
SHIMMER % 0.0
An autoregressive moving average (ARMA) model is -0.05
shown in Fig. 3 to generate the perturbation sequence g —o.10-
#(n) from a white random signal w(n). w(n) is first fed )

to the IIR filter of the second order (AR part), result- -0.15
ing in the AR signal v(n), and then passes through the
FIR fitter of the first order (MA part), producing the per-

turbation sequence z(n). Since the MA coefficient of the 20.0
model is fixed to a constant value (=1) and only the AR _
parameters are responsible for the spectral shape of the E 0.0
sequence z(n), the model may be called AR model. Thus 'g
the system function H(z) is given by %‘
g -20.0
G(1-z71)
H(z) = 1—ayz=! = apz~2’ E
ﬁ —-40.017
v(n) is obtained from z(n) by £
v(n) = v(n — 1) + z(n). L
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An AR signal v(n) is represented by the following equa- no
tion: Fig.4 An example of the period perturbation sequence
(top) and its FFT (dashed) and ARMA (solid) spec-

v(n) = a1v(n — 1) + azv(n — 2) + Guw(n). tra.
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The AR parameters are estimated using ordinary linear
prediction method.

Figure 4 illustrates an example of the period sequence
x(n) of a vowel sustained by a patient with laryngeal can-
cer and two frequency spectra of z(n): FFT spectrum
(dashed curve) and ARMA spectrum (solid curve), where
the frequency is normalized to 1. Although the FFT spec-
trum indicates two significant peaks, one at 0.5 and the
other around 0.33, corresponding to the variation in the
first 2/3 part of the sequence and the last 1 /3, respec-
tively, the AR peak is located at 0.5 as seen in the ARMA
spectrum. This is because the sequence alternates be-
tween plus and minus a little longer in the first part of
the sequence. In order to characterize the perturbation,
we compute three parameters from AR coefficients: gain
G, pole frequency, and bandwidth.

Figure 5 illustrates two scatter plots of the parameters,
where circles are for no roughness, triangles for weak
roughness, and crosses for severe roughness samples. It
can be seen from the figure that AR parameters reflect
the perturbation properties well.

6. SUMMARY

We described a unified view of jitter and shimmer mea-
surements in the frequency domain and proposed a novel
jitter/shimmer parameter. The new parameter showed
better correlation with perceptual judgments than some
well-known jitter/shimmer parameters. An ARMA anal-
ysis method has been presented to gain deeper insight into
the perturbation charactersitics.
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Fig.5 Scatter plots of the relative gain, pole frequency and
pole bandwidth for 52 vowel samples sustained by pa-
tients with laryngeal cancer, recurrent nerve paralysis
and vocal fold polyp.
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