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The equal average period-to-period
variability should make it possible to ex-
amine and compare the perceptual sensi-
tivity between the different sequences.
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However, the jitter and shimmer se-
quences with the same n are not compa-
rable, since the step magnitudes of 0.6%
and 1% are chosen arbitrarily.
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ABSTRACT

Sustained vowels with different kinds
and magnitudes of jitter and shimmer
sequences were synthesised and evalu-
ated in a listening test. Though having
the same jitter and shimmer magnitude,
the different sequences were rated differ-
ently.

INTRODUCTION

For normal voices the acoustic effect
of irregularities in the voice source is, in
most cases, subtle, but pathological
changes in the larynx may cause it to be
a prominent feature. As we can hear
rather small perturbations in the voice,
we should also be able to measure and
make objective classification of such
perceptual voice qualities. Unfortunately,
most attempts to do so have been rather
disappointing.

Methods of chaos physics can be used
to explain the mechanism behind ob-
served irregularities in the voice source
such as period doubling and chaotic vi-
brations of the vocal folds [1]. Simple
simulation models of the vocal folds,
like the two-mass model, can also be
used to illustrate these mechanisms.
However, understanding the mechanisms
behind the irregularities in the voice
source does not automatically give us the
methods to analyse the corresponding
acoustic features.

One kind of irregularity in the voice is
the occurrence of more or less regular
patterns of period-to-period variability.
Such voices are often referred to as
rough or creaky [2]. In the frequency
domain, this corresponds to subharmon.
ics in the spectrum. In the present inves-
tigation we have been studying the per-
ception of synthetic voices with subhar-
monics by using synthetic vowels with
repetitive patterns of perturbed periods.

METHOD
The synthesis was produced using the
LF-model by Fant, Liljencrants & Lin

[3], followed by a vocal tract filter tuned
for the vowel /a/ [4]. Average fundamen-
tal frequency was 100 Hz and sampling
frequency 16000 Hz. Different se-
quences of fundamental periods were
generated, following the sequences AB,
AOBO and AABB (see Tables 1 and 2).
In the jitter case, A stands for a pro-
longed period and B for a shortened one,
whereas O stands for an unmodified one.
In the shimmer case, A stands for a pe-
riod with higher amplitude and B stands
for a period with lower amplitude.

This results in six different types of
stimuli. Each of these was generated
with 10 different magnitudes giving a
total of 60 stimuli.

The sequences AOBO and AABB
should give the same average jitter or
shimmer measure since the AOBO se-
quence varies 1 unit between every pe-
riod and the AABB sequence varies 2
units every other period. The AB se-
quence varies 2 units between every pe-
riod. Therefore the magnitude of the
peak  period-to-period variability was
divided by 2 in the AB sequence. The
different sequences are illustrated in Fig-
ure | and the spectra of the six types of
stimuli in Figure 2. All jitter and shim-
mer values refer to the voice source.

Table 1. The jitter sequences, period
time deviations, n=0,1,..,9

Per. # AB AOBO AABB

1 +00.6% +n-1.2% +n'1.2%
2 -n:0.6% 0% +n-1.2%
3 +n0.6% -n'12% -n1.2%
4 -n-0.6% 0% -n12%

Table 2. The shimmer sequences, period
amplitude deviations, n=0,1,..,9
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Figure 1. The three different shimmer sequences. n=9 (Table 2).
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Figure 2. Narrow-band spectra
harmonics. n=6 (Tables 1&2).
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In Figure 2, one may note the differ-
ence between the jitter and shimmer
stimuli by the envelope of the subhar-
monics. The jitter stimuli contain much
weaker low-frequency subharmonics
than higher-frequency subharmonics
whereas the shimmer subharmonic enve-
lope follows the envelope of the harmon-
ics. It is also obvious that the stimuli
with AABB or AOBO sequences have
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25 Hz between spectral peaks, while the
AB sequences have 50 Hz between the
peaks. (Strictly speaking, the fundamen-
tal frequency has dropped from 100 Hz
to 50 or 25 Hz, but if the subharmonics
are weak enough the perceived pitch will
still be 100 Hz). The spectra of AOBO
and AABB stimuli appear similar but not
identical.
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Figure 3a, b. Average and standard deviation of ratings of jitter (a) and shimmer (b)
sequences. Each bar is an average of ratings of n=0,1,..,9 and all listeners.
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Figure 4. Average of all listeners’ ratings of the different sequences.
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The 60 stimuli were presented in ran-
dom order to two experienced voice cli-
nicians, two voice researchers and one
musician. Each listener listened to the
stimuli between one and three times,
giving a total of 12 listening series. The
listeners were asked to rate the degree of
deviating voice quality on a visual ana-
logue scale [5]. The position on the
analogue scale was translated to a num-
ber between O (no deviation) and 1000
(maximum deviation).

RESULTS AND DISCUSSION

The results indicated that the se-
quences were rated quite differently re-
garding deviating voice quality. In the
jitter case, the AABB sequence was rated
20% higher than the AB sequence and
the AOBO was rated 22% lower than the
AB sequence on average (see Figure 3a).
In the shimmer case, the AABB se-
quence was rated 88% higher than the
AB sequence and the AOBO was rated
3% higher than the AB sequence on av-
erage (see Figure 3b).

Figure 4 shows the perceptual ratings
as a function of the magnitudes of jitter
and shimmer for the different sequences.
As expected, an increased degree of jitter
or shimmer results in an increased per-
ceptual rating of deviating voice quality.

A closer look at the spectra for the
(Figure 2) might explain why the differ-
ent types of stimuli were rated differ-
ently. Comparing the AABB and AOBO
spectra, the latter have slightly weaker
subharmonics and, furthermore, the jitter
AOBO spectrum lacks the subharmonics
0.5-F0, 1.5-FO etc.

This indicates that the levels of sub-
harmonics could be more perceptually
relevant than the jitter and shimmer
measures.

All the listeners rated the AABB and
AOBO stimuli as above. However they
disagreed on how the AB sequence
should be rated compared to AABB and
AOBO sequences. This can be seen in
the standard deviation bars in Figure 3.
The AABB and AOBO sequences had a
similar sound quality, while the AB
stimuli differed from them. The different
sound qualities can be explained by dif-
ferences in the spectra. The AB sequence
had 50 Hz between spectral peaks and
the AABB and AOBO had 25 Hz. This
might explain why the listeners disa-
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greed on how to compare the AB stimu-
lus with the AABB or AOBO stimuli.

CONCLUSIONS
We have shown that different kinds of

jitter and shimmer sequences with the
same average period-to-period variability
are rated differently. This indicates that
methods using period-to-period variabil-
ity as a way to rate voice qualities might
fail. We have also seen that there are dif-
ferences in narrow-band spectra of the
stimuli that might explain the differences
in perceptual rating of the stimuli. For
voices with repetitive patterns in period-
to-period variability, this suggests that a
method analysing spectral characteristics
might yield better results than jitter or
shimmer methods.
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