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ABSTRACT

This paper proposes a new equation to show the
time domain features of jitter: Jitter = (Ti+-Ti)/T.
The subjects are tonal language speakers. Jitter is
extracted from EGG signals. The results show that:
(1) jitter does not obey Gaussian distribution but
multimodal distribution; (2) the first peak position
near zero of the jitter distribution curve increases
with the pitch; (3) each peak position is an integral
multiple of the first peak position; (4) jitter values
are around 0, and in most cases, adjacent values
have opposite algebraic sign; (5) the zero value
percentage and zero-crossing rate of jitter increase
with the pitch; (6) the variance of pitch keeps in the
allowance of just noticeable difference, which can
be attributed to the effect of audible feedback, and it
affects the variance of jitter further.
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1. INTRODUCTION

Jitter involves small fluctuations of the glottal cycle
lengths. Lieberman was the first to compare the
small cycle-to-cycle fluctuations in the fundamental
periods of healthy and diseased larynxes [3]. From
then on, most studies of jitter focus on using jitter
value to distinguish between healthy voice and
pathological voice. Another function of jitter is to
make the synthesized voice much livelier. Previous
studies of jitter can be divided into two categories,
mean analysis and time series analysis. Studies
using time series analysis method have a small
number. Because in time domain, each pitch value
is around the mean value, most studies use
Gaussian distribution to simulate the distribution of
jitter [2]. In [3, 4], jitter value was broken down
into predictable and random components.

This article focuses on the time domain features
of jitter, and a new equation is proposed to show
them. The subjects are native Chinese speakers, for

previous studies chose non-tone languages speakers
whose jitter may be different from tone languages
speakers. In this article, the distribution of jitter is
discussed, and jitter values are broken down into
predictable and random components.

Previous studies used different equations to
calculate jitter. Some couldn’t reflect time domain
features; some were affected by the pitch; some
used the mean value on the local scale. Therefore, a
new equation was proposed to show the time
domain features of jitter.

. Ti1—T;
(1) Jitter = %
i

This equation is free from the pitch effect and
can show the local fluctuations exactly.

2. METHODS

Two male subjects and two female subjects
participated the recording. They are all college
students and the average age is 25. The recordings
were made in a sound-proof room. The sample rate
is 44.1 kHz and the resolution is 16 bit. The left
channel is speech signal and the right channel is
EGG signal. Jitter is very small, so that the sample
rate is very important. In [2], the average jitter
extracted in 40 kHz is close to that extracted in 80
kHz. So the jitter value in this article is reliable.

Some recorded sounds were played back to the
subjects and they pronounced with the same pitch.
The target frequencies are 95Hz, 113Hz, 131Hz,
149Hz and 167Hz for male subjects and 180Hz,
210Hz, 240Hz, 270Hz and 300Hz for female
subjects. Before the test, the subjects’ lowest and
highest sounds were recorded, and then each step’s
value was calculated. Each subject pronounced /a/,
fil, lul in each frequency twice.

Jitter was extracted from EGG signals. EGG
signals are more pure than speech signals, for
speech signals contain more information such as
formant information. The differentials of the EGG
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signals were calculated and each peak of the
differentials was marked as the initial point of each
cycle. Then jitter sequences were calculated.

3. RESULTS

3.1. Thedistribution of jitter

Jitter does not obey Gaussian distribution but
multimodal distribution. The peaks of the
multimodal distribution are the foundation of
producing jitter. Figure 1 is a typical distribution of
jitter. It is /a/ in 270Hz pronounced by a female
subject, and it is multimodal distribution. The
distribution is symmetrical and the occurrence
number peaks when jitter value is equal to zero.

Figure 1: The distribution of jitter.
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Jitter is related to pitch. The number of the peaks
is irrelevant to pitch, but the first peak position near
zero is positively correlated with pitch. That is to
say, the first peak position near zero increases with
the pitch. So jitter calculated through equation 1 is
relative that the positive correlation is not simply
caused by the increase of the minuend and
subtrahend. Figure 2 shows the first peak positions
near zero of /a/, /i/, lul in five frequencies of four
subjects. Because the distributions are symmetrical,
the average absolute value of the left and right first
peak positions near zero was used to plot Figure 2.
Figure 2 shows that the first peak position near zero
is positively correlated with the pitch, and it is not
affected by vowels and subjects.

Figure 2: The first peak position near zero of the

distribution of jitter
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Another result is that each peak position is an
integral multiple of the first peak position. Table 1
shows each peak’s position and the occurrence
number in the jitter distribution of /a/ in 270Hz
pronounced by a female subject. The second peak
position is twice the first peak position and the third
peak position is three times it. Though the left and
right fourth peak positions are not equal, they are
all at integer multiples of the first peak position.

Table 1: The jitter distribution of /a/ in 270Hz

Jitter value The occurrence number
-0.307 1
-0.093 1
-0.077 1
-0.018 2
-0.012 14
-0.011 1
-0.006 74

0 88
0.006 73
0.012 10
0.018 1
0.019 1
0.036 1
0.103 1

3.2.  The time domain features of jitter

Figure 3 shows the time domain features of jitter of
fal in 300Hz pronounced by a female subject and
Figure 4 is the features of /a/ in 95Hz pronounced
by a male subject. The ordinate represents jitter
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value and the abscissa represents the ordinal of the
cycles. In these two Figures, all jitter values are
around 0, and in most cases, adjacent values have
opposite algebraic sign. In Figure 3, most jitter
values are near 0.0068; in some cycles, the jitter
values jumped to about 0.0137 in random. In Figure
4, the jitter values are irregular compare to Figure 3.
But, adjacent values still have opposite algebraic
sign in most cases. By observing all the data, the
pitch instead of gender is the key factor that made
the curves change.

Figure 3: The time domain features of jitter of /a/ in
300Hz
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Figure 4: The time domain features of jitter of /a/ in
95Hz
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Two parameters are introduced to show the
trends of jitter varying with the pitch. The zero
value percentage is the percentage of zero of all the
jitter values. The zero-crossing rate of jitter is the
proportion of the number that adjacent values have
opposite algebraic sign of all the cycles. Figure 5
and 6 show that the zero value percentage and
zero-crossing rate of jitter increase with the pitch (A
few exceptions on the local scale). The range of
zero value percentage is from 10% to 50% and the
range of zero-crossing rate of jitter is from 0.6 to 1.

Figure 5: The zero value percentage

» 60%
(=)
8 50%
3
S 40%
o
o 30%
=
)
S 10%
N
0%
90 140 190 240 290
Frequency (Hz)
== M1_a e M2_a ] 3
== F2_a ML_i e M2_i
F1_i — F)_j e M1_U
=l M2_u Fl_u F2_u

e fitting result

Figure 6: The zero-crossing rate of jitter
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3.3.  Jitter and audible feedback

The pitch changes with the jitter, and the jitter’s
change is limited by the pitch. Figure 7 is the FO of
fif pronounced by male subject and Figure 8 is the
FO of /i/ pronounced by female subject. These two
FO curves seem to be limited by two boundaries.
When the FO increases to the upper bound, the FO
starts to decrease. When it decreases near the lower
bound, it starts to increase. It can be attributed to
the effect of audible feedback. A simple example is
that if one can’t hear his own voice when he sings,
he will be off key. Similarly, when one speaks,
there are target tones in one’s brain. So when the
pitch drifts too far from the target value, the speaker
will adjust the jitter value. It can explain why the
synthetic voice is unnatural, even if synthetic jitter
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is small, but the voice is natural, even if the natural

jitter is large in some cycle. Just noticeable
difference (JND) is a complex variation. Klatt [1]
indicated that the subjects could detect a change of
0.3 Hz in a constant FO contour when FO = 120 Hz,

but the JND is an order of magnitude larger (2.0 Hz)
when the FO contour is a linear descending ramp
(32 Hz/sec). So JND varies with pitches. JND is
also different between tone language speakers and
non-tone language speakers; because as Wang [5]
showed that, for the previous, the perception of tone
is category perception that their IND may be larger.

Figure 7: FO of /i/ pronounced by male subject
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Figure 8: FO of /i/ pronounced by female subject
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4. CONCLUSION

Jitter value can be broke down into predictable and
random components. The predictable components
are that: all jitter values are around 0 and in most
cases, adjacent values have opposite algebraic sign;
the zero value percentage and zero-crossing rate of
jitter increase with the pitch; the first peak position
of the distribution of jitter increases with the pitch;
each peak position is an integral multiple of the first
peak position; the variance of pitch keeps in the
allowance of just noticeable difference and it affects
the wvariance of jitter further. The random

components are that: the zero value position; the
number of the peaks of the multimodal distribution;
the position that jitter value jumped suddenly.
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