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Preface

This CCIS volume 1754 contains the refereed proceedings of the Second International
Conference on Optimization, Learning Algorithms and Applications (OL2A 2022), a
hybrid event held during October 24-25, 2022.

OL2A 2022 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 to develop new paths and collaborations. The conference had more than three
hundred participants in an online and face-to-face environment throughout two days,
discussing topics associated with optimization and learning, such as 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 Industry 4.0.

Five special sessions were organized under the following topics: Trends in Engineer-
ing Education, Optimization in Control Systems Design, Measurements with the Internet
of Things, Advances and Optimization in Cyber-Physical Systems, and Computer Vision
Based on Learning Algorithms. The OL2A 2022 program included presentations of 56
accepted papers. All papers were carefully reviewed and selected from 145 submissions
in an single-blind process. All the reviews were carefully carried out by a scientific com-
mittee of 102 qualified researchers from 21 countries, with each submission receiving
at least 3 reviews.

We would like to thank everyone who helped to make OL2A 2022 a success and
hope that you enjoy reading this volume.

October 2022 Ana 1. Pereira
Andrej KoSir

Florbela P. Fernandes

Maria F. Pacheco

Joao P. Teixeira

Rui P. Lopes
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Statistical Analysis of Voice Parameters
in Healthy Subjects and with Vocal Pathologies -
HNR
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Braganca, Portugal
pof@ipb.pt

Abstract. In this article, a statistical analysis of the Harmonic to Noise Ratio
(HNR) parameter was performed using the boxplot tool in the SPSS software,
using the Cured Database with 901 individuals (707 pathological and 194 control)
to create relevant groups, enabling the automatic identification of these dysfunc-
tions. We analyzed whether the HNR parameter for all control and pathological
subjects were compared between various voice groups, gender, vowel, and tone,
no difference in HNR can be considered between the male and female gender of
healthy and pathological voices. Still, there are differences between the vowels
and tones of each gender. Trends indicate that this parameter is a good resource
for an intelligent diagnostic system, using the vowels /a/ and /u/ in high tones.

Keywords: HNR - Statistical analysis - Cured database - Boxplot - Voice
pathologies - Vocal diagnosis

1 Introduction

The diagnosis of speech pathologies is traditionally performed through video laryn-
goscopy and videostroboscopy exams, which are invasive, uncomfortable for patients,
and expensive [1]. An alternative way to diagnose vocal pathologies is using an auto-
matic method based on speech processing techniques. It is a non-invasive method, is
fast, and can be a pre-diagnosis of such pathologies [2, 3].

There are two classic approaches in the characterization of vocal pathologies: the
acoustic analysis, where features such as fundamental frequency jitter and shimmer are
evaluated [4], and the spectral analysis based on noise parameters, where signal-to-noise
ratio parameters and the study of the spectral energy of the signal are considered [5].

The harmonic characteristics of the voice can be measured in three parameters,
Autocorrelation, NHR (Noise to Harmonic Ratio), and HNR (Harmonic to Noise Ratio),
which is the object of study in this article.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
A. I Pereira et al. (Eds.): OL2A 2022, CCIS 1754, pp. 175-186, 2022.
https://doi.org/10.1007/978-3-031-23236-7_13
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The HNR measure contains harmonic and noise components information and is
sensitive to various periodicities such as jitter and shimmer [6]. This measure is the ratio
of the harmonic component’s energy and the noise component’s energy [7]. It represents
the degree of acoustic periodicity expressed in decibels dB.

The harmonic component arises from the vibration of the vocal cords, and the noisy
components arise from glottal noise. It reflects the efficiency of the phonation process
and characterizes the amount of noise present in the signal spectrum. Its purpose is to
determine the degree of dysphonia. The lower the HNR, the more noise there is in the
voice [4].

There is a strong relationship between how we perceive voice quality and the HNR.
It is a relevant parameter for the identification of speech pathologies because the higher
the proportion of noise, the greater the perceived hoarseness, breathing, or roughness,
and the lower the HNR. That is, a low HNR indicates a high level of hoarseness, and a
high HNR indicates a low level of hoarseness [8].

Laryngeal pathology can lead to poor adduction of the vocal folds, increasing the
amount of random noise in vocal production. The problem with vibrating the vocal folds
due to growth, paralysis of one or both vocal folds, or another type of laryngeal problem
leads to more air escaping during the vibration, creating turbulent noises [9].

This paper aims to perform a statistical analysis using the boxplot tool in the SPSS
software using the Cured Database [10] with 9 speech records from different individuals,
of which 707 are pathological and 194 control using the HNR parameter.

The HNR measurement was analyzed for all subjects in the database (control and
pathological (all pathologies)), comparing different conditions such as vowel, tone, and
gender. The objective is to create relevant groups, enabling the automatic identification
of these dysfunctions.

2 Methodology

This section presents the database, the pathologies used, present the HNR parameter and
the statistical analysis.

2.1 Database

In the development of this paper, the Cured Database was used. This database includes
several parameters. In this article, only the HNR was used, extracted from 9 voice
registers corresponding to 3 vowels in 3 tones for subjects with 19 pathologies, plus
control subjects.

In [10, 11], the Cured Database was built and organized based on the Saarbrucken
Voice Database (SVD) [12]. The German database of speech files SVD is available
online from the Institute of Phonetics of the University of Saarland. The SVD database
comprises voice signals from more than 2000 people with and without pathologies. Each
person has the recording of the phonemes /a/, /i/, and /u/ in low, neutral/normal, and high
tones, varying between tones, and the German phrase Guten Morgen, Wie Geht es [hnen?
(Good morning, how are you?). The size of the sound files is between 1 and 3 s, recorded
with 16 bits resolution and a sampling frequency of 50 kHz [4].
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The Cured Database is available in.xls format through the link: http://www.ipb.pt/
~joaopt/ and includes several parameters extracted from sounds produced by patients
distributed in 19 speech pathologies and one control group. The parameter set of this
database consists of jitter, shimmer, HNR, NHR, autocorrelation, and Mel cepstral fre-
quency coefficients (MFCC) extracted from the sound of sustained vowels /a/, /i/ and /u/
in high, low and normal tones and a short phrase in German. The Cured Database has
a total number of 901 individuals [10], In this article, the German phrase was not used,
and the statistical analysis was performed only with the HNR parameter.

2.2 Pathologies Used in the Database

All pathologies from the Cured Database defined in [10] and [13, 14] were used. In
Table 1, the groups studied are presented, each pathological condition was mentioned,
and the total size of each sample.

2.3 HNR Parameter

The HNR is a measure that relates the periodic component (corresponding to vocal
fold vibration) with the non-periodic component (glottic noise, mainly inter harmonic
energy), indicating the efficiency of the phonation process [15].

There is a significant correlation between HNR values and the hoarseness and
breathiness parameters [15]. The noisy component is greater the smaller the harmonic
components of the issuance. Its value is expressed in dB.

The HNR is, by definition, a logarithmic measure of the ratio of energies associated
with the two components, which assumes the integration of spectral power over the
audible range of frequencies (see Eq. (1)) [16].

[, 1 Hw)?

HNR = 10 x loglofw NP

(D

The H(w) corresponds to the harmonic component and N(w) to the noise component.

The logarithmic measure owes its pertinence to the good correlation with the percep-
tion of sound intensity (or sound volume). In other words, the HNR attempts to measure
the perception of the relationship between the periodic component of a voiced sound
and its noise component.

In practice, spectrum calculation is performed using efficient techniques like the
FFT. The spectrum is calculated, not as a continuous function but as a sampling of this
function, so that, in practice, the integration operator gives a place for the sum (Eq. (2))
[16].

S IH wp)l?

k

HNR =10 x loglom
k

2)

An efficient low complexity algorithm to determine HNR in voiced speech audio
files was presented in [17].
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Table 1. Groups used for the study.

Group Sample size male | Sample size female | Total individuals
Control 71 123 194
Vocal Cord Paralysis 67 102 169
Hyper functional dysphonia 32 95 127
Functional Dysphonia 24 51 75
Dysphonia 29 40 69
Spasmodic Dysphonia 22 40 62
Psychogenic Dysphonia 13 38 51
Chronic Laryngitis 25 16 41
Reinke’s Edema 5 29 34
Vocal Cords Polyps 17 10 27
Carcinoma of the Vocal Cords | 18 1 19
Hypofunctional Dysphonia 8 4 12
Hypopharyngeal Tumor 5 - 5
Laryngeal Tumor 3 1 4
Cyst 1 2 3
Intubation Granuloma 3 - 3
Granuloma 1 1 3
Hypotonic Dysphonia 2 - 2
Fibroma - 1 1
Laryngeal Dysphonia 1 - 1

2.4 Descriptive Statistical Analysis

Every statistical analysis should start with a good descriptive analysis of the data so
that, from graphs and tables, it is possible to know and better understand the data set and
decide which inferential analysis should be performed. Although simple, visualizing data
from charts is a powerful tool that allows quickly identifying patterns and relationships
between variables in the data set. The Boxplot is one of the most valuable graphs in
statistical analysis [18].

A Boxplot is a graph in which it is possible to represent the relationship between
a quantitative (numerical) variable and a qualitative variable. The Boxplot’s vertical
axis represents the quantitative variable’s values, and the horizontal axis represents the
categories of the qualitative variable [19]. In the construction of the Boxplot, some
percentiles (median, first, and third quartiles) are used that are little influenced by extreme
values.

Initially, the normality test (Kolmogorov-Smirnov) [20] was performed in SPSS.
According to Table 2, it was verified that our variable does not have a normal distribution
(p < 0.05). In this situation, the Boxplot is the ideal statistical analysis because this type
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of graph must show the central tendency, the dispersion (observations between the first
and the third quartile), and data showing extreme values. This set of information is
helpful for comparing variables that have wide variability.

Table 2. Normality test result.

Kolmogorov-Smirnov?

Statistic df Sig.
HNR_dB .080 8028 p < .001

Lilliefors Significance Correction

This article presents a statistical analysis of healthy and pathological voices. The
HNR measure was used for all subjects in the Cured Database (control and pathological
(all pathologies)), analyzing it by comparing different conditions such as vowel, tone,
gender, and pathology. For the gender Analysis of HNR, a comparison was made between
the three sustained vowels (/a/, /i/ and /u/) in the three tones (low, neutral, high), and the
control and pathological groups were also analyzed. And all these comparisons were
made by separating the male gender from the female gender. For the case of the analysis
of HNR in vowels, a comparison was made in the three tones (low, neutral, high) in the
groups (control and pathological) separating each sustained vowel. For the analysis of
the HNR in Tones, a comparison was made for the groups separated by each tone. For the
analysis of HNR in Control/Pathological groups, a general comparison of these 2 groups
was made across the entire database. And finally, in a more specific way, a comparison
was made of the control group with 6 pathologies (in which they have more than 50
individuals), namely: Dysphonia, Functional Dysphonia, Hyperfunctional Dysphonia,
Psychogenic Dysphonia, Vocal Cord Paralysis, and Spasmodic Dysphonia.

It should be mentioned that previous to the statistical analysis, the outliers were
identified and replaced by limit values (maximum and minimum), as seen in Fig. 1. The
interquartile range is given by the difference between the first and third quartiles (IQR
= Q3-Q1). The removal of outliers is crucial for this study because some audio files
contain speech without any harmonicity resulting in HNR values being extremely low
or even extremely high due to error measurements. These extreme values are unrealistic
and would distort the analysis of HNR because, generally, there is a relatively low
difference between healthy and pathologic voices. The extreme values are also natural
but correspond to very low voice quality and are acoustically perceived.

In the different comparisons, statistically significant differences were found, which
will be described in the next section.
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3 Results and Analysis

A comparison of the HNR parameters is made in the first instance between the female
and male genders. The records of the three vowels of the three tones in a total of 9
different records for each individual in the two control and pathological groups were
used.

Interquartile Range

(IQR)
Outliers . Outliers
"Minimum" "Maximum"
(Q1 - 1.5*IQR) Q1 Median Q3 (Q3 + 1.5*IQR)

(25th Percentile) (75th Percentile)

Fig. 1. Boxplot information

The boxplot graphs, the analysis of these graphs is based on [21] in which there are
3 situations. In the Ist, there is no overlap between the boxes, so there is a difference
between the groups. In the 2nd, the boxes overlap without their medians, so there is
probably a difference between the groups. In the 3™, the boxes medians overlap, and no
distinction can be considered between the groups.

3.1 Gender Comparison

The comparisons in Fig. 2 show a tendency of higher HNR in the vowels /u/ and /i/
compared to the vowel /a/. But, there are no statistically significant differences between
vowels /u/ and /i/ in both genders. Nevertheless, vowel /a/ was a statistically significant
difference in HNR to vowels /u/ and /i/ in both genders because, according to the graph,
the boxes and medians overlap.

Concerning the gender comparison, no statistical difference can be observed between
genders in any vowel, tone or control/pathological groups. Despite this, there is a
tendency for higher HNR in all cases in female voices.

This is probably because males use a more fluid voice and the basal register, charac-
terized by less glottal closure force, favoring a decrease in harmonics and more glottal
noise.
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Fig. 2. Comparison of HNR between vowels, tones, control/pathological, and gender using
Boxplot

3.2 Vowel and Tone Comparison

Analyzing the comparisons made in the graphs in Fig. 3, a statistically significant lower
HNR in vowel /a/than in vowels /i/ and /u/at the three tones can be seen. This was already
regarded in the comparison by gender in the previous section. The control group presents
a statistically significant higher HNR than the pathological group in vowel /a/, but only
a tendency of higher values for the other two vowels. There is no difference between /i/
and /u/ but again /a/ vowel confirms to have lower HNR.

Concerning the tone in Fig. 4, the high tone has higher HNR than the low tone. There
is a tendency for HNR to increase along the vowels /a/, /i/ and /u/. There is a tendency
for higher HNR in the control group than in the pathological group for the three tones.
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3.3 Control and Pathological Comparison

Group

@ Control
W Pathological

u

High

Analyzing the comparisons presented in Fig. 5, no statistically significant difference
between the control and pathological groups can be considered. Still, the control group
tends towards higher HNR values.

The previous analysis was done by grouping the subjects of the 19 pathologies. An
attempt to separate the analysis for the pathologies with the higher number of subjects
resulted in the comparison of 6 pathologies and the control group. This Boxplot shows a
statistically significantly lower value of HNR for Vocal Cord Paralysis than the control
group. Still, no difference was found for the other pathologies against the control group.
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4 Discussion

Analyzing the results of previous works [22], it can be seen that the following differences
were reported in the HNR:

e Higher HNR in High tone than in Neutral and LOW tone.
e Higher HNR in the vowel /u/ than in /i/ and /a/ in the control group.
e Lower HNR in the vowel /a/ than in /u/ and /i/ in dysphonia groups.

Analyzing the results of the work [23], the following can be verified about the HNR:

e There is no difference between gender (although it tends to be slightly greater for
females).

e HNR is higher in the High tones (it is in line with the previous work).

e HNR is higher in the vowel /u/ (it agrees with the previous work).

Analyzing the results of the work [21], the following can be verified about the HNR:

e There is a significant difference between the control group and the Laryngeal Tumor
pathology.

e There may be a difference between the control group and the pathologies: Reinke’s
Edema and Carcinoma.

e There is no difference between control and other pathologies.

The present work intends to continue the work started in [21-23]. In [22], the statis-
tical analysis was performed between the control group and 4 speech pathologies only,
while in the present work, 19 speech pathologies were included emphasizing the 6 with
more than 50 individuals. The current work also verified the differences reported in [22].
Despite the Dysphonia group has not separated by vowels, there was a lower HNR in
the vowel /a/ than in /u/ and /i/ in the pathological group.

In the current paper, the research was carried out for healthy and pathological voices.
In the article [23], the statistical analysis was performed only for healthy voices. By the
work [23], no significant difference was found between genders, only in healthy voices.
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This non-difference from HNR is confirmed and extended to pathological voices in
current research.

In [21], it was confirmed that there is no difference between the control and the
other pathologies. In this article, it was verified. The specific analysis of the Laryngeal
Tumor, Reinke’s Edema, and Carcinoma pathologies were not performed for the reasons
mentioned above. According to the criteria used to select the 6 pathologies, there are
differences between the control group and the pathology of Vocal Cord Paralysis.

5 Conclusion

In this article, the Cured Database was used to compare different pathologies with the
control group, differences in gender, vowels, and tones for the HNR parameter along
healthy and pathological voices.

Concerning the gender comparison, the HNR parameter did not register statistical
significance. No difference can be considered between male and female voices, but there
is a tendency for higher HNR for female voices.

There are differences between the female vowels /a/ and the male vowel /a/, between
the vowels /a/ and /i/ and between the vowels /a/ and /u/. Therefore, the HNR in the vowel
/al is an interesting parameter for artificial intelligence tools in developing automatic
techniques for pre-diagnosis speech pathologies.

Comparing vowels and tones shows a tendency towards higher values of HNR in
the high tone for the three vowels. There is a tendency for higher HNR for the control
than for the pathological group in the three tones (low, neutral, and high), making them
interesting parameters. There are differences between the low and high tones. There is
a tendency for higher HNR for the control group than the pathological group along the
three vowels.

No statistically significant difference between the control and pathological groups
can be considered, but the control group has a tendency for higher HNR values.

There are statistically significant differences between the control group (higher HNR)
and Vocal Cord Paralysis pathology.

As future work, already undergone, a similar comparison would be extended to the
other parameters, Jitter, Shimmer and Autocorrelation, present in the Cured Database.
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