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ABSTRACT

The present study investigates the va-
lidity of a new jitter-algorithm on tele-
phone-transmitted speech samples which
are particularly degraded by band-width
limitation. The algorithm has been deve-
loped for specific use in forensic speaker
identification and allows for the quantifi-
cation of hoarseness not only from isola-
ted sustained vowels but also from
vowels in connected speech. The results
of a pilot study are presented here. They
show that the algorithm is valid to differ-
entiate speakers with certain kinds of
pathological hoarseness from speakers
with normal voices.

INTRODUCTION

In order to quantify voice qualities
which are perceived as hoarse, special
attention has been paid to a phenomenon
which refers to the temporal irregularities
of the vibration process of the vocal
folds. The phenomenon is called jitter. It
is defined as the involuntary short-term
variation of the voice fundamental fre.
quency (fo) from one cycle to the next, in
contrast to the voluntary and controlled
long-term variation of fo which is the
physical correlate of sentence intonation.

While several studies have proposed
methods to allow for jitter measurements
in high quality recordings of isolated sus-
tained vowels [1,2,3,4,56 for example],
there seems to be no reliable method of
measuring jitter in connected or degraded
speech. These problems, however, arise
in forensic speaker identification (8D,
where (a) non-cooperative speakers have
to be examined who are not inclined to
produce sustained vowels, and (b) the
majority of the speech samples to be
analysed are telephone-transmitted with a
pass-band between about 300 to 3400
Hz. Therefore a new jitter-algorithm was
developed by the Forensic Science Labo-
ratory of the Bundeskriminalamt (Federal
Criminal Police Office) and the Universi-
ty of Trier which was designed to yield
reliable results even under forensic condi-
tions.

JITTER-ALGORITHM

The new algorithm differs from pre-
vious ones by allowing jitter measure-
ments either from sustained vowels or
from vowels in connected speech,
irrespective of the underlying sentence
intonation. It has been impiemented on a
MEDAV SPEKTRO 3000 computer
system and consists of two analytical
procedures: (a) a new fo analysis method
which is based on frequency demodula-
tion procedures providing high resolution
fo values, and (b) a new method for the
computation of jitter taking up the basic
idea of relative average perturbation
(RAP) as suggested by Koike [4].

The two procedures have been ex-
plained in detail in an earlier study [7],
however, the specificity of the new algo-
rithm is described in more detail here. It
consists in treating the high resolution fo
contour as a multidimensional vector. A
second, auxiliary vector is derived fr_om
the first using a method of approximation
with a third order polynomial function - a
contour with one point of inflexion, ser-
ving as a reference vector of the fo con-
tour. In Figure 1, the second window
from the bottom gives an example how
the procedure works with jitter in a por-
tion of 120 ms duration of the sustained
vowel /a:/ produced by a hoarse male
speaker at an average fo of 88 Hz. The
steps represent the high resolution fo
contour including short-term variations,
the smooth curve represents the long-
term variations derived by a third order
polynomial function which describes the
intonation contour. The deviation of the
actual values from the polynomial func-
tion is calculated and the result is shown
in the lower right corner in terms of
RAP. The value is 2.8655 %.

EXPERIMENT

In order to test the validity of the
algorithm based on speech samples which
are degraded by band-pass filtering and
thus do not contain the fundamental in
the signal, the study uses a harmonic
rather than the fo as a multidimensional
vector in the procedure. The results of
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the jitter measurements obtained in this
way are compared to the results of mea-
surements on the basis of high quality re-
cordings.

SUBJECTS AND MATERIAL

The material consists of recordings of
seven male German speakers with normal
voices and seven speakers with patholo-
gical hoarseness of various origins devi-
ding the hoarse speakers into two sub-
groups: speakers who suffer (a) from
hypo- and (b) from hyperfunctional dys-
phonia. The recordings were made under
sound treated conditions using high qua-
lity equipment. Subjects were required to
produce different types of sustained
vowels, both in isolation and in a /mVm/-
context, and also various sequences of
connected speech.

ANALYSIS PROCEDURE

Recordings of both of the two sus-
tained productions of the vowels lel, Iel,
/a/, and /o/, and one sample of the same
vowel from connected speech were digi-
tized in the MEDAYV SPEKTRO 3000
computer system in a two channel mode,

Session 53.16

Vol. 3 Page 331

where subsequently one of the two chan-
nels was band-pass filtered from 300 to
3400 Hz, thus simulating the degrading
characteristic to telephone-transmission,
Jitter-measurements were made using the
fo from the channel containing the high
quality recording, and the third harmonic
(h3) from the filtered channel, because
even in low male voices, it can be safely
assumed to be within the range of tele-
phone-transmission.

RESULTS

Because it was observed that jitter
values vary with the duration of the mea-
sured portion of the vowel and because
of the fact that in connected speech
vowel durations of more than 120 ms are
rare, portions of 120 ms were used for all
measurements. Furthermore, it was found
that the four different vowels lel, I¢l, 1/,
and /o/ did not yield any systematical dif-
ferences in jitter values. Therefore, these
vowels were pooled in the study.

For the purpose of comparing  be-
tween high quality and degraded speech
samples distributions of high and low jit-
ter values were investigated on measure-
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Figure 1. Procedure of the new jitter-algorithm working in the sustained production of

the vowe/ /a:/
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Figure 2a. Distribution of jitter values:
measurements based on fo of sustained
vowels
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Figure 3a. Distribution of jitter values:
measurements based on h3 of sustained
vowels

ments based both on fo and h3 for the
hoarse and normal speakers and for both
vowel conditions separately. Mean jitter
values, as well as minimum and maxi-
mum values were computed for the dif-
ferent types of measurements for the nor-
mal speakers and the two groups of
hoarse speakers.

Jitter-measurements based on fo

Figure 2a shows the distribution of jit-
ter values for measurements based on fo
for the two sustained vowel productions.
The full line represents the values for the
normal speakers, the broken line the
values for the hoarse speakers.

It was established that most of the
values for the normal speakers range be-
tween 0.2 to 0.3% RAP. Values of more
than 0.5% are rare. The means are 0.3%,
the minimum values 0.1% and the maxi.
mum values 0.7% RAP for both of the
two sustained productions. The values
for the hoarse speakers, however, show a

Figure 2b. Distribution of jitter values:
measurements based on fo of vowels
Jrom connected speech
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Figure 3b. Distribution of jitter values:
measurements based on h3 of vowels
Jrom connected speech

very large range of between 0.1 and
4.4% RAP. But, whereas the values for
the hypofunctional group are well within
the range of the normal speakers, the
values for the hyperfunctional group are
clearly higher, and values of less than
0.5% RAP are very rare. The mean
values are 1.0 and 1.1% RAP for the two
sustained productions, however, the vari-
ation within this group is large.

Figure 2b shows the distribution of jit-
ter values for measurements based on fo
of the vowels from connected speech. 1t
emerged that jitter values were higher
than in the sustained vowel productions
for all groups of speakers, and both of
the two groups of hoarse speakers differ
from the group of the normal speakers.
Whereas the range of the normal spea-
kers' jitter values amounts to 0.2 to 0.7%

with a mean of 0.4%, the hoarse
speakers exhibit jitter values ranging
from 0.4 to 4.3% RAP with a mean of
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0.7% for the hypofunctional and a mean
of 1.6% for the hyperfunctional group.

Jitter-measurements based on h3
Figure 3a shows the distribution of Jit-
ter values for measurements based on h3
of the sustained vowel productions. It is
evident that the jitter values of all groups
of speakers are lower than the compara-
ble values obtained from measurements
on the basis of fo. Nearly all of the jitter
values (51 out of 56) of the normal spea-
kers are distributed between 0.1 and
0.2% RAP for the two sustained produc-
tions. The minimum value is 0.0%, the
maximum value is 0.3% RAP. The
hoarse speakers, however, exhibit larger
variation in the jitter values ranging from
0.1 10 0.5% RAP for the hypofunctional
and from 0.1 to 1.6% RAP for the hyper-
functional group. The means are 0.2 and
0.3%, respectively, for the hypo- and 0.4
and 0.5% RAP for the hyperfunctional
group for the two sustained productions.

Figure 3b shows the distribution of jit-
ter values for measurements based on h3
of the vowels from connected speech. As
for the sustained vowels it was observed
that all jitter values obtained from mea-
surements based on h3 are lower than
those based on fo. However, the values
of vowels taken from connected speech
are higher than those based on sustained
vowels. The normal speakers show val-
ues from 0.1 to 0.6% RAP with a mean
of 0.3%, and the hypofunctional group
yields values which “are well within the
range of the normal speakers. The values
of the hyperfunctional group, however,
fange from 0.2 to 1.9% RAP with a
mean of 0.8%,

DISCUSSION

The Jitter-algorithm was found to
ifferentiate speakers with certain kinds
of pathological hoarseness from normal
speakers through measurements based on
h3 as well as on fo and on both types of
vowel production, Whereas speakers
who suffer from hypofunctional dyspho-
nia sh(‘)w‘ Jitter values which are more or
less within the range of those of normal
Speakers, _Speakers who suffer from
hyperfunctional dyphonia exhibit values
“{hlqh are much higher and more widely
distributed, The boundary line between
these hoarse Speakers and the normal
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speakers is about 0.5% for the measure-
ments based on fo and about 0.3% RAP
for the measurements based on h3. Jitter
values based on vowels in connected
speech were found to be slightly higher
than those based on sustained vowels.
This can possibly be explained by the
influence of coarticulation on the vowels
In connected speech. All these findings
correspond with the results of a previous
study by the present author [7], where
Juter-measurements were made on the
basis of fo from the vowel /a/ only. The
observation that jitter values obtained
from measurements based on fo are sys-
tematically higher than those based on h3
is considered to be related to the working
principle of the algorithm.

. It can be concluded that the algorithm
is in principle able to measure Jitter in
connected speech which is degraded by
the particularly band-pass filtering of
telephone-transmission. However, before
the procedure can be established in foren-
sic S, more research is needed.
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