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Preface

The volume CCIS 1488 contains the refereed proceedings of the International
Conference on Optimization, Learning Algorithms and Applications (OL2A 2021), an
event that, due to the COVID-19 pandemic, was held online.

OL2A 2021 provided a space for the research community on optimization and
learning to get together and share the latest developments, trends, and techniques
as well as develop new paths and collaborations. OL2A 2021 had more than 400
participants in an online environment throughout the three days of the conference
(July 19–21, 2021), discussing topics associated to areas such as optimization
and learning and state-of-the-art applications related to multi-objective optimization,
optimization for machine learning, robotics, health informatics, data analysis,
optimization and learning under uncertainty, and the Fourth Industrial Revolution.

Four special sessions were organized under the following topics: Trends in
Engineering Education, Optimization in Control Systems Design, Data Visualization
and Virtual Reality, and Measurements with the Internet of Things. The event had 52
accepted papers, among which 39 were full papers. All papers were carefully reviewed
and selected from 134 submissions. All the reviews were carefully carried out by a
Scientific Committee of 61 PhD researchers from 18 countries.

July 2021 Ana I. Pereira
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Abstract. Jitter is an acoustic parameter used as input for intelligent
systems for the diagnosis of speech related pathologies. This work has the
objective to improve an algorithm that allows to extract vocal param-
eters, and thus improve the accuracy measurement of absolute jitter
parameter. Some signals were analyzed, where signal to signal was com-
pared in order to try to understand why the values are different in some
signal between the original algorithm and the reference software. In this
way, some problems were found that allowed to adjust the algorithm,
and improve the measurement accuracy for those signals. Subsequently,
a comparative analysis was performed between the values of the original
algorithm, the adjusted algorithm and the Praat software (assumed as
reference). By comparing the results, it was concluded that the adjusted
algorithm allows the extraction of the absolute jitter with values closer to
the reference values for several speech signals. For the analysis, sustained
vowels of control and pathological subjects were used.

Keywords: Jitter · Algorithm · Optimization · Speech pathologies ·
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1 Introduction

Speech pathologies are relatively common and can be found in different stages of
evolution and severity, affecting approximately 10% of the population [1]. These
pathologies directly affect vocal quality, as they alter the phonation process and
have increased dramatically in recent times, mainly due to harmful habits, such
as smoking, excessive consumption of alcoholic beverages, persistent inhalation
of dust-contaminated air and abuse of voice [2].

There are a variety of tests that can be performed to detect pathologies
associated with the voice, however, they are invasive becoming uncomfortable
for patients and are time-intensive [3].

Auditory acoustic analyzes, performed by professionals, lack objectivity and
depend on the experience of the physician who makes the assessment. Acoustic
analysis allows non-invasively to determine the individual’s vocal quality. It is a
technique widely used in the detection and study of voice pathologies, since it
allows to measure properties of the acoustic signal of a recorded voice where a
speech or vowels are said in a sustained way [4,5]. This analysis is able to provide
the sound wave format allowing the evaluation of certain characteristics such as
frequency disturbance measurements, amplitude disturbance measurements and
noise parameters.

Jitter is one of the most used parameters as part of a voice exam and is used
by several authors Kadiri and Alku 2020 [6], Teixeira et al. 2018 [7], Sripriya
et al. 2017 [8], Teixeira and Fernandes 2015 [9] to determine voice pathologies.

Jitter is the measure of the cycle to cycle variations of the successive glottic
cycles, being possible to measure in absolute or relative values. Jitter is mainly
affected by the lack of control in the vibration of the vocal folds. Normally, the
voices of patients with pathologies tend to have higher values of jitter [10].

This work intends to improve the algorithm developed by Teixeira and
Gonçalves [10,11] to obtain the jitter parameter, to later be used in a com-
plementary diagnostic system and obtain realiable jitter values. As a means of
reference, to ensure reliable values of the algorithm, Praat is used as a refer-
ence for comparison, as this software is accepted by the scientific community as
an accurate measure and is open software. This software is developed by Paul
Boersma and David Weenink [12], from the Institute of Phonetic Sciences at the
University of Amsterdam.

This article is organized as follows: Sect. 2 describes the determination of the
absolute jitter, the pathologies and the database used, as well as the number
of subjects used for the study; Sect. 3 describes some of the problems found
in some signals in the Teixeira and Gonçalves algorithms [10,11], as well as
the description and flowchart of the adjusted algorithm; Sect. 4 describes the
studies carried out, the results obtained and the discussion. Finally, in Sect. 5
the conclusions are presented.
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2 Methodology

In Fig. 1, the jitter concept is illustrated, where it is possible to perceive that
jitter corresponds to the measure of the variation of the duration of the global
periods.

Fig. 1. Jitter representation in a sustained vowel /a/.

2.1 Jitter

Jitter is defined as a measure of glottal variation between cycles of vibration of
the vocal cords. Subjects who cannot control the vibration of the vocal cords
tend to have higher values of jitter [11].

Absolute jitter (jitta) is the variation of the glottal period between cycles,
that is, the average absolute difference between consecutive periods, expressed
by Eq. 1.

jitta =
1

N − 1

N∑

i=2

|Ti − Ti−1| (1)

In Eq. 1 Ti is the size of the glottal period i and N is the total number of glottal
periods.

2.2 Database

The German Saarbrucken Voice Database (SVD) was used. This database is
available online by the Institute of Phonetics at the University of Saarland [13].
The database consists of voice signals of more than 2000 subjects with several dis-
ease and controls/healthy subjects. Each person has the recording of phonemes
/a/, /i/ and /u/ in the low, normal and high tones, swipe along tones, and the
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German phrase “Guten Morgen, wie geht es Ihnen?” (“Good morning, how are
you?”). The size of the sound files is between 1 and 3 s and have a sampling
frequency of 50 kHz.

For the analysis it was used a sub-sample of 10 control subjects (5 male and
5 female) and 5 patient subjects (2 male and 3 female), of 3 diseases. Of these,
2 subjects had chronic laryngitis, one of each gender, 2 subjects with vocal cord
paralysis, one of each gender and 1 female with vocal cord polyps.

3 Development

3.1 Comparative Analysis Between the Signals Themselves

Teixeira and Gonçalves in [11] reported the results of the algorithm using groups
of 9 healthy and 9 pathological male and female subject. The authors compared
the average measures of the algorithm and Praat software, over the groups of 9
subjects. The comparison shows generally slightly higher values measured by the
algorithm, but with difference lower than 20µs except for the female pathological
group. 20µs corresponds to only one speech signal sample at 50 kHz sampling
frequency. Authors claim a difference lower than 1 speech sample in average.
Anyhow, in a particular speech file it was found very high differences between
the algorithm measures and the Praat measures.

In order to try to understand why the jitter measure in some particular
speech files of the Teixeira and Gonçalves 2016 [11] algorithm are so different
from the reference values, we proceeded to a visual comparison of the signals in
the reference software and in the Teixeira and Gonçalves 2016 algorithm.

In this way, we took the signals in which the values for absolute jitter were
very different and it was noticed that for a particular shapes of the signal the
algorithm do not find the peaks in a similar way as Praat did.

In a female control signal, the reference value for absolute jitter was 10.7µs
and the algorithm value was 478.6µs. When the signal was observed, it was
realized that one of the reasons that led to this difference was the fact that the
algorithm was selecting the maximum peaks to make the measurement, while the
reference software was using the minimum peaks. This led us to try to understand
why the algorithm is selecting the maximum peaks, instead of selecting the
minimums. The conclusion observed in Fig. 2 was reached.

As it can be seen in Fig. 2, the algorithm is finding two maximum values
for the same peak. This first search of peaks is taken in a initial phase of the
algorithm to decide to use the maximum or minimum peaks. This two close
peaks leads the algorithm to erroneously choose the peaks it will use to make the
measurement, since it does not satisfy the condition of the algorithm (number of
maximum peaks=10, in a 10 glottal periods length part of speech). This problem
occurs in more signals. Correcting this error, for this signal, the absolute jitter
value went from 478.6µs to 39.3µs.

In another signal, also from a control subject, in which the reference value
for the absolute jitter is 9.6µs and the value of the algorithm was 203,1µs.



Optimization of Glottal Onset Peak Detection 127

Fig. 2. Problem 1 - finding peaks in a short window for decision for use the maximum
or minimum peaks.

When observing the signal, it was also noticed that the algorithm was using
the maximum peaks to make the measurement, while the reference software
used the minimum peaks. Looking at Fig. 3 (presenting the speech signal and
the identification of the right minimum peaks), it is possible to see why that
algorithm selected the maximum peaks instead of the minimum peaks.

Fig. 3. Problem 2 - selection of maximum/minimum peaks (in red the position of the
minimum peaks). (Color figure online)

As it is possible to observe in Fig. 3 the length of the window used, defined in
global periods, comprises 11 minimum peaks. Taking into account the conditions
of the algorithm to select the maximum or minimum peaks, for later measure-
ment, the fact of having more than 10 minimum peaks leads the algorithm to
select the maximum. When the window correction was made, for this signal in
question, it started to select only 10 minimum peaks and the algorithm starts
to select the minimum peaks for measurement. Thus, the jitter absolute value
went from 203.1µs to 32.3µs.

In two pathological signals, one female and one male, in which the reference
value for absolute jitter is 8.0µs and the value of the algorithm is 68.6µs for
female signal. For the male, the absolute jitter in reference software is 28.7µs and
that of the algorithm is 108.0µs. When the signal of each of them was observed,
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it was noticed that the choice between selecting the maximum/minimum was
well done, however, this type of signal have two peaks very close in same period
that alternatively have the minimum/maximum value. Once the algorithm takes
always the minimum/maximum value, the selection of the first and second peak
changes along the signal, making the measure of the jitter inconsistent.

In Figs. 4 and 5 it is possible to observe the problems found in these two
signals. These figures present the speech signal in blue line, the moving average
in red line and the marked peaks with red circle.

Fig. 4. Problem 3 - variation along the signal of the moving average minimum peak.
(Color figure online)

Fig. 5. Problem 4 - variation along the signal of the signal minimum peak. (Color
figure online)

As it is possible to observe in Figs. 4 and 5 the fact that there are 2 peaks
(minimum peaks in these examples) in the same glottal period, sometimes the
maximum peak is the first, other times it is the second, which leads to increase
the absolute jitter determined.
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3.2 Algorithm Adjustments

The main purpose of the present work is to present the optimizations applied to
the algorithm proposed in [11], since it was mainly observed the inability to deal
with some recordings, both in the control group and those who have some type of
pathology. Thus, a recap of the steps in [11] is proposed in order to contextualize
each improvement developed. It must be emphasised the importance of the exact
identification of the position of each onset time of the glottal periods, for an
accurate measure of the Jitter values. The onset time of the glottal periods are
considered as the position of the peaks in the signal.

According to [11], the process of choosing the references for calculating the
Jitter parameter can be better performed by analyzing the signal from its cen-
tral region. There it is expected to find high stationarity. In addition, it was
concluded that a window of 10 fundamental periods contains enough informa-
tion to determine the reference of the length of the fundamental period and the
selection between the minimums or maximums. On this window, the moments
that occur the positive and negative peaks of each glottal period are determined,
as well as the amplitude module of the first cycle. The step between adjacent
cycles is based on the peak position of the previous cycle plus a fundamental
period. Focusing on this point, the position of the posterior peak is determined
by searching for the maximum (or minimum) over a two-third window of the
fundamental period. Finally, in an interval of two fifths of fundamental period,
around each peak, the search for other peaks corresponding to at least 70% of
its amplitude is carried out. The reference determination is made considering
the positive and negative amplitudes of the first module cycle and the count of
positive and negative peaks in the interval of 10 cycles. Basically, the measure of
amplitude directs the decision to the parameter with the greatest prominence,
since it is expected to have isolated peaks for the one with the greatest ampli-
tude. On the other hand, the count of cycles indicates the number of points
and oscillations close to the peaks, which may eventually prevail over these. The
occurrence of these behaviors may or may not be something characteristic of the
signal, in a way that it was observed that for cases in which this rarely occurred,
a slight smoothing should be sufficient to readjust the signal. In [11], when the
peak count exceeded the limit of 10 for both searches, a strong smoothing was
applied over the signal that sometimes de-characterized it.

Based on the mentioned amplitude parameters and the peaks count, a
decision-making process is carried out, which concludes with the use of max-
imums or minimums of the original signal or its moving average, to determine
all glottal periods. In Fig. 6 the flowchart of the proposed algorithm is presented.
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Fig. 6. Algorithm flowchart.

The rules of the decision process are described below, where the limit param-
eter n = 13 is defined as the maximum peak count accepted for the use of the
original signal or for the application of light straightening.

• If the maximum amplitude is greater than the minimum amplitude in module
and the maximum peak count is in the range [10, n], or, the minimum peak
count is greater than n and the maximum peak count is in [10, n]:

◦ If the maximum count is equal to 10, the search for peaks is per-
formed on the original signal using the maximum as a cycle-by-cycle
search method;
◦ Else, a moving average with a Hanning window of equal length to a
ninth of a fundamental period is applied to the signal and the search for
peaks in this signal is carried out through the maximum of each cycle.
Figure 7 shows the comparison between the original signals, the moving
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average MA1 and the moving average MA2. The peak marking was per-
formed within this rule, that is, starting from MA1 and using maximum
method. It is noted that the slight smoothing applied keeps the peak
marking close to the real one and maintains, in a way, the most signifi-
cant undulations of the signal, whereas MA2, in addition to shifting the
position of the peaks more considerably, their undulations are composed
of the contribution of several adjacent waves. This can reduce the reli-
ability of marking signals that have peaks’ side components with high
amplitude in modulus.

Fig. 7. Comparison between the original signal, the signal after moving average with
Hanning window of length N0/9 (MA1) and the signal after moving average with
Hanning window of length N0/3 (MA2). The peaks of glotal periods are shown in
black and were detected through maximum method over MA1. Recording excerpt from
a healthy subject performing /i/ low. Normalized representation.

• Else, if the minimum amplitude in module is greater than the maximum
amplitude and the minimum peak count is in the range [10, n], or, the max-
imum peak count is greater than n and the minimum peak count is in [10,
n]:

◦ If the minimum count is equal to 10, the search for peaks is per-
formed on the original signal using the minimum as a cycle-by-cycle search
method;
◦ Else, a moving average with a Hanning window of equal length to a
ninth of a fundamental period is applied to the signal and the search for
peaks in this signal is carried out through the minimum of each cycle.
Figure 8 shows an example of the path taken through this rule. Here, the
generated MA1 signal proves to be much less sensitive than the MA2 (gen-
erated for comparison) since in this one, the wave that contains the real
peak is strongly attenuated by the contribution of the previous positive
amplitude to the averaging. In this way, the application of smoothing
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contributes to eliminates rapid oscillations in the samples close to the
minimum, but preserves the amplitude behavior of signals that do not
need a strong smoothing.

Fig. 8. Comparison between the original signal, the signal after moving average with
Hanning window of length N0/9 (MA1) and the signal after moving average with
Hanning window of length N0/3 (MA2). The peaks of glotal periods are shown in
black and were detected through minimum method over MA1. Recording excerpt from
a pathological subject performing /a/ high. Normalized representation.

• Else, a moving average with a Hanning window of equal length to a third of
the fundamental period is applied to the signal. On the result, linear trends
are removed and a new analysis is performed in the central region of the
signal. In this analysis, an interval of 10 fundamental periods is evaluated
cycle by cycle about the maximum, minimum peaks and their adjacent peaks
greater than 75% of their amplitude:

◦ If, in the first cycle, the maximum amplitude is greater than the min-
imum amplitude in module, and the maximum count is equal to 10 or,
the minimum count is greater than 10 and the maximum count is equal
to 10, the search for peaks is made on the moving average signal using
the maximum as a method of inspection cycle by cycle. Figure 9 demon-
strates the case in which this rule is followed. It is possible to observe, by
comparing the original signal, MA1 and MA2, that the determination of
the peaks of the global periods is only possible when a heavy smoothing is
applied, since the region with the greatest positive amplitude and energy,
can only be highlighted with a single peak approaching a context long
enough to avoid the two adjacent peaks in the original signal. It is also
noted that MA1 reduces the high frequencies but keeps the maximum
point undefined, varying between the left and right along the signal;
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Fig. 9. Comparison between the original signal, the signal after moving average with
Hanning window of length N0/9 (MA1) and the signal after moving average with
Hanning window of length N0/3 (MA2). The peaks of glotal periods are shown in
black and were detected through maximum method over MA2. Recording excerpt from
a pathological subject performing /a/ normal. Normalized representation.

◦ Else, the search for peaks is done on the moving average signal using
the minimum as a method of inspection cycle by cycle.

In all cases, the inspection of the peaks cycle by cycle of every signal is carried
out with steps of a fundamental period from the reference point (maximum
or minimum) and then an interval of one third of the fundamental period is
analyzed. The reduction in the length of this interval from two thirds (used in
[11]) to one third makes the region of analysis more restricted to samples close
to one step from the previous peak. With this it is expected to guarantee that
the analysis is always carried out in the same region of the cycles, avoiding the
exchange between adjacent major peaks. However, in the cases where there is a
shift in the fundamental frequency over time, the use of a fixed parameter as a
step between cycles, as done in [11] and in this work, can cause inevitable errors
in the definition of the search interval. The maximum or minimum points of
each cycle are used as a source for determining the parameters Jitter according
to Eqs. 1.

4 Results and Discussion

In this section, the results of some analyzes made will be reported, as well as
their discussion.

A comparative analysis was made for the values of absolute jitter between
the values obtained by the algorithm developed by Teixeira and Gonçalves 2016
[11], the reference software [12] and the adjusted algorithm, in order to try
to understand if the adjusted algorithm values are closer to the values of the
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reference software. Praat software was used as a reference, although the exact
values of jitter cannot be known.

For 10 control subjects and 5 pathological subjects, the absolute jitter was
extracted and averaged by tone and vowel. Table 1 shows the results of this
analysis for control subjects and Table 2 for pathological subjects.

Table 1. Average absolute jitter (in microseconds) for each vowel and tone for control
subjects.

Vowel Tone Praat Teixeira and Gonçalves 2016 Adjusted

a High 14.673 26.795 25.890

Low 27.614 80.084 34.105

Normal 24.916 50.091 32.016

i High 16.092 23.621 23.617

Low 23.805 26.246 26.378

Normal 18.593 23.909 23.900

u High 13.361 23.422 23.857

Low 29.077 60.089 37.140

Normal 18.376 23.759 23.755

Table 2. Average absolute jitter (in microseconds) for each vowel and tone for patho-
logical subjects.

Vowel Tone Praat Teixeira and Gonçalves 2016 Adjusted

a High 32.817 56.447 56.379

Low 39.341 82.316 82.316

Normal 36.462 139.866 103.326

i High 39.774 62.280 62.284

Low 35.512 48.347 48.347

Normal 25.611 33.921 33.916

u High 33.606 45.489 45.489

Low 40.751 65.752 65.745

Normal 52.168 323.279 103.322

Through the data in Tables 1 and 2 it is possible to see that the adjusted
algorithm obtains jitter measures closer to the reference than the Teixeira and
Gonçalves 2016 algorithm, since, for example, in the vowel /a/ low tone, for the
control subjects, with the algorithm obtained an improvement of 46µs.

After the average evaluation an analysis of the individual values per subject
was made. Thus, the vowel /a/ normal tone was selected for control and patho-
logical subjects for further analysis. In Fig. 10 it is possible to observe the results
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of absolute jitter for the 10 control subjects and in Fig. 11 the results of absolute
jitter for the 5 pathological subjects.

Fig. 10. Comparison of the absolute jitter values for the 10 control subjects.

Fig. 11. Comparison of absolute jitter values for the 5 pathological subjects.

Through Figs. 10 and 11 it is possible to observe that comparing the values
of the Teixeira and Gonçalves 2016 algorithm with the adjusted algorithm, the
adjusted algorithm has closer values to the reference for more subjects. In con-
trol subjects, comparing the reference values with the Teixeira and Gonçalves
algorithm, 2016, the difference is less than 16.8µs. Now comparing the refer-
ence values with the adjusted algorithm, the difference is less than 7.1µs. For
pathological subjects, the difference between reference values and Teixeira and
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Gonçalves algorithm, 2016, is less than 57.9µs and the difference with the cor-
rected algorithm is less than 29.4µs.

Therefore, it can be concluded that the adjusted algorithm obtains values
closer to the reference values.

It should also be mentioned that an interpolation procedure of the speech sig-
nal was also experimented with interpolations of several order between 2 and 10.
The objective was to increase the resolution of the peak position. The interpola-
tion procedure didn’t improve the accuracy of the absolute jitter determination,
and was discarded.

5 Conclusion

The objective of this work was to improve the algorithm developed by Teix-
eira and Gonçalves 2016 in some particular signals subjected to inconsistencies
finding the onset glottal periods. In order to try to increase the accuracy of
the absolute jitter, some adjustments were made in the algorithm, where the
detection of the peaks was improved. In order to understand if these corrections
obtained improvements in the detection of the absolute jitter, an analysis was
made of the averages of the values obtained from the absolute jitter of 10 control
subjects and 5 pathological ones. In this analysis it was noticed that the values
obtained through the corrections were closer to the reference values. In order
to understand how the adjusted algorithm behaves compared to the reference
value another analysis was carried out comparing, for one vowel, the 10 control
subjects and the 5 pathological subjects. Thus, it was noticed that the adjusted
algorithm measures the absolute jitter with values closer to the reference val-
ues for more subjects. The algorithm still measure absolute jitter with slightly
higher values than Praat. In control subjects, the difference in absolute jitter
measurements was reduced from 16.8 to 7.1µs, and for pathological subjects,
the difference was reduced from 57.9 to 29.4µs.
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