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ABSTRACT

A new acoustic parameter for the description of
hoarseness has been developed: The Glottal-to-Noise
Excitation Factor (GNR-Factor). It shows to which
extend a voice is excited by turbulent noise on a vocal-
tract constriction or by vocal-fold vibration. The new
parameter is introduced briefly. Then the indepen-
dence of this parameter from other well-known rough-
ness parameters is demonstrated by multidimensional
data analysis.

1. INTRODUCTION

Acoustic voice parameters are calculated from dig-
itized speech waves. They give information about
different voice characteristics. For clinical use the
acoustic parameters should correspond to perceptive
voice characteristics like hoarseness and roughness.
Several authors [1] [2]) found out that their methods

to calculate the degree of hoarseness were very sen-
sitive to roughness present in the voice. This rough-
ness is represented by the Jitter, a parameter for the
amount of perturbations in the period length.

The new GNE-parameter is compared to three
other voice parameters: Jitter, Shimmer and the
mean of the Short-Time-Cross-Correlation-Funktion
(STCCF) which is discribed later.

2. ACOUSTIC VOICE PARAMETERS

The four voice parameters are used to quantify the
voice characteristics of sustained vowels. Three of
the four voice parameters that are calculated need
the period length of each vocal-fold oscillation.

2.1 Determing the period length

The following figure illustrates the method to deter-
mine the period length:
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The STCCF is calculated for two consecutive parts
X and Y of the voice signal. The period length T is
defined to be the argument 7" for which the STCCF
reaches its relative maximum (7min < 7' < Tmax).
The consecutive signal parts X and Y have the high-
est similarity for this 7. To calculate the period
length of the following period the signal parts X and
Y are shifted by 7". The same procedure starts again
with this new starting point. In this way all period
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Period length := argmax( STCCF( T))

Tmin <= T <= Tmax

lengths are determined till the end of the signal.
2.2 Jitter and Shimmer

To quantify Jitter and Shimmer the Perturbation
Factor (PF) is calculated by the following formula

B P = iy DV [0 o 100%.  Here

u(n) stands for the period length in the case of Jitter
and for the energy per period in the case of Shimmer.
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Jitter and Shimmer are related to the roughness of
the voice. The more irregular the energy and the
length of the single periods are, the rougher is the
auditive impression. This is verified by experiments
with synthetic voices.
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3. THE GNE PARAMETER

In the figure above it is shown how the GNE-
Parameter is calculated. First an Inverse Filtering is
applied to the signal (Autocorrelation Method of 13th
order, Hanning window with 30ms length and 10ms
window-shift). Then the signal is splitted in different
frequency bands by bandpass filtering. After that the
envelopes of each frequency band are calculated. The
correlation coefficient is determined for each pair of
envelopes. The maximum of this correlation coeffi-
cient is the GNE-Parameter.

The idea behind this method is the following: The
acoustic signal of a normal voice is decribed by the
convolution of three functions: 1) Vocal-Cord-Area-
Function for one glottal cycle 2} Impulse-Response-
Function of the vocal tract 3) A comb of Delta-
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2.3 Mean of STCCF

The mean of the STCCF-Maxima serves as the third
voice parameter. For exact periodical signals the
value of this parameter is one. This parameter re-
flects the overall similarity of the periods.

Correlation of Envelopes

Envelopes of
Frequency Bands

500Hz Center Frequency

1500Hz Center Frequency

2500Hz Center Frequency

Correlation Coefficients of the Envelopes

2500Hz 0.98 0.98
1500Hz 0.99
500Hz 1500Hz

functions which are separated by the period length.
This double convolution is reversed by the Inverse-
Filtering. By this filtering the acoustic signal is ap-
proximately transformed to a train of Deltafunctions.
The locations of the Deltafunctions are correlated to
the moments of glottal closure.

The frequency bands are excited uniformly by the
train of Deltafunctions. So the envelopes of the fre-
quency bands are highly correlated. The correlation
coefficient is nearly one.

If, on the other hand, the voice is produced by turbu-
lent noise without vibration of the vocal chords (es.
in the case of strong hoarseness), different frequency
bands are irregularly excited. The correlation coeffi-
cient is close to zero.
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4. MULTIDIMENSIONAL DATA ANALYSIS

Statistic analysis was carried out with 570 records of
sustained vowels {German /e:/}. The records were
taken from patients of different pathological diagno-
sis and normal speakers. Up to four segments of one
second duration were cut out of every record. So the
four voice parameters of 1700 vowel segments formed
the data base for the analysis.

Before the analysis the data material has to be trans-
formed. To achieve an approximately uniform distrib-
ution and to let negative parameter values correspond
to normal voices the following transformations were
applied:

T
A = U x D x V
w
2
X¥->no
d1 E vi
— v2
= X X v
d4 v4
di1>d2>d3>d4
vu=Vv=E

The four columns of the data matrix A contain the
voice parameters of all segments. The columns must
have mean zero and are normalised. This is to center
the data distribution around the origin of the four-
dimensional data space and to achieve the same vari-
ance for each axis in the parameter space. After the
decomposition of the matrix 4, the matrix V contains
a new orthonormal set of basis vectors (v1, ..., v4).
This vectors represent the principal axis of the data
ellipsoid. The values d1, ..., d4 describe the variance
of the data in direction of the vectors v1, ..., v4. The
matrix W = U D contains the coordinates of the data

v1: Variance 67%

GNE
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For the statistical analysis the Singular-Value-
Decomposition (SVD) was used. It is described in
[4] and shall be illustrated in the following figure:
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of every patient in the space with the basis v1, ..., v4.

The result of the SVD is that 78% of the variance is
located in direction of vector v1 and 14% in the direc-
tion v2. With 92% the majority of the data variance
is located in these two directions. So without a great
loss of information the voice-parameter data can be
projected in a two-dimensional subspace.

After the projection the two vectors vl and v2 are
rotated in order to achieve a maximum for the GNE-
Component in the vector v2. The resulting vectors
are shown in the following figure:

v2: Variance 25%
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The vector vl is pointing in the direction of Jitter,
Shimmer and mean STCCF-Parameter. The vector
v2 is pointing in the GNE-Parameter direction. Thus
the v1-v2 subspace represents a two parameter space
with two independent voice characteristics. The vl

direction representing Jitter, Shimmer and STCCF
is thus correlated to roughness and the v2 direction
to hoarseness. In the following figure the progress of a
voice therapy is demonstrated in the twodimensional
parameter space:
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The patient had a voice therapy after a cancer resec- References

tion at the vocal chords. The record 1 has been taken
before, the'record 2 during and the records 3, 4 and
5 after the voice therapy. The letters a, b, ¢, d in
the figure denote the first, second, third and fourth
second in the record. The SVD showed that normal
voices were in the lower left corner of the subspace
shown in the figure. So the voice parameters of the
patient plotted in the figure show that his voice qual-
ity improved during the voice therapy. The parameter
values moved during the therapy from the upper right
corner ,where heavily disturbed voices are located, to
the region of the normal speakers in the lower left
corner. The degree of hoarseness and roughness had
decreased. This result was verified by the auditive
impression of the voice during the therapy judged by
experienced voice pathologists.
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