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Abstract. The voice can be characterized in an objective way by means of ex-
traction and analysis of its parameters. The voice acoustic parameters allow
identifying patterns of normality and using them to recognize pathologies re-
lated to tract-vowel system. This paper presents the summary of a voice library
for extraction of parameters and its storage in database. From them, we show a
preliminary study of auditory pathologies using the fundamental frequency and
their variations.
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1 Introduction

Acoustic voice analysis allows extracting objective parameters that identify it. The
algorithms for extraction of such parameters are implemented by software, however
an alteration of one or more parameter may its origin in different and difficultly iden-
tifiable physical subsystems due to a non lineal behavior of voice producer mecha-
nism, that’s why there's no exact model that define it.

Human voice has characteristics that describe it in an objective way and they allow
comparing it with normality patterns. According to Wirz [1] the alterations of the
voice in hypoacusic are maximum in subjects with more intense and earlier auditory
losses; namely, the variation of acoustic parameters is greater.

Vocal quality from the defined the acoustic parameters are defined may be ?lte’ed
by lack of auditory, neuromuscular or phonorespiratory control. That is, In }}Y‘
poacusics fundamental tone can be displaced to deep or acuity, intensity can be in-
creased or diminished and tone is generally characterized by being opaque due to a
poor harmonic production. .

To take these characterizations into an objective plane, it does not only requires 10
study of pathological voices and acoustic parameters, but also of normal voices that
allows us to find an index of "normality" with those define the grade of variability of
tone and what it means. :

To be able to identify particular characteristics that differentiate voices of subject
with normal audition of those with auditory pathologies is necessary to haw_/e a previ-
ously recorded library of voices for their analysis. The most used pathological voices
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library is Kay Elemetrics [2], but they don't have an audiometric study of the subjects,
so that, we cannot associate it with auditory pathologies.

Previous works, like Kawahara, Kato and Williams [3] look for relationship of
auditory pathologies with speech phenomenon but guided to feedback effect and only
supported in fundamental frequency as analysis parameter. De Bodt, Hernandez and
Van De Heyning [4] propose relationship that exists among some parameters of vocal
stability with intelligibility in language, starting from their own group of voices. Di-
venyi and Haupt [5] make correlation analysis among capacity to understand speech
starting from audiometric tests, but they have not been generated voice library that
gather medical information that gives them a universality character, not for auditory
pathologies or of language studies, but like investigation reference in any area.

In this work, we talk about design, obtaining and possible use of a voice library
of subject with pathologies that go from slight, moderate and deep deaf to light neu-
rological damage, as well as subjects without pathologies and normal audition, con-
sidering in each case, the clinical file provided by a medical institution.

Starting from study of gathered voices can define investigation works like deter-
mination of voice alterations (variations in acoustic parameters) of hypoacusic subject
starting from acoustic analysis in relation to normal subjects to identify, by artificial
intelligence tools, existence of auditory deficiency, and other investigations that re-

main open.

2 Acoustic Parameters as Vocal Characterization Elements

The objective evaluation, by means of vocal stability parameters analysis, is a charac-
teristic that can be attributed to voice since 70's [2] and it has improved diagnostic
and rehabilitation, as well as works related to recognition of language and in devel-

opment of tools of artificial intelligence.

The most important parameter to achieve voice description is fundamental tone
expressed by fundamental frequency (F0) since it allows characterizing sound in
phonation. The variations or interferences of F0, produced by neurosensorial, phon-
orespiratory or muscular problems are reflected in vocal emission. From FO we can
measure stability and carry out statistical calculations that characterize voice with
more precision (modal, whisper, rough, etc).

An important derived parameter of FO is Jitter, which measures uncertainty of fre-
quency of fundamental tone, namely, is a measure of variability for period of time of
FO0, cycle-to-cycle, during its production.

From F0, cycle-to-cycle measurement, we can compute, among other statistical pa-
rameters, standard deviation and variation coefficient regarding FO mean, and varia-
tion percentage and interference average, to make a deeper analysis of frequency and
amplitude, to obtain a formal characterization of voice production.

Summary of vocal characterization parameters calculated to create an acoustic pa-
rameters database from voices library is presented in Table 1 and the formulas used to
obtain some of the important parameters are presented in Table 2.

The voice parameters were obtained with EXPARAM system, which can extract
values described with a sign of at least 20 mseg, but for a real analysis of fundamental
tone and its variability, it is recommended to have a voice sign of at least 2 secs.
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Table 1. Parameters calculated for acoustic parameters database from voices library.

~ Vocal characterization

parameters Description
“FO mean Fundamental frequency of sign under study. Global
measure of voice height.

FO maxim Higher value of fundamental frequency FO

FO minimum Lower value of fundamental frequency FO

Standard deviation Width of variation in Hz of FO with regard to mean.

Variation coefficient Allow us relative standard deviation in comparison
with FOmean.

Jitter mean Measure of sum of difference between two consecu-
tive cycles of vibration.

Jitter factor Allow us relative Jitter mean in comparison to
FOmean.

Jitter ratio Mean of variations of periods among consecutive
vibration cycles what is relative to value of half period
of observed sign.

Perturbation relative Mean of variation of three serial periods with relation-

average ship to half period of observed sign.

Table 2. Formulae used for acoustic voice parameters extraction

Parameters Formula
FO mean where F0, is 1 &
FO cycle-to-cycle ; Fo,, = EZF 0,
interval =l
Standard Deviation

N
Desv.est.= \/%Z (FO,-F0,)?
=1

Variation coefficient ev. =100 Desv.est
Fo,,
Jitt N-1
Mean Jitter Jitter, = —— 3'|F0, - F0,,|
N-1 i=l
Jitter factor itter,, (H:
itter fac Jitter , = lOO*L%';L-Q
Jitter ratio . . Jitter,, (ms)
Jitter,,, =1000* ————
10,
Perturbation relative 1 710, +Tq+Tq,
average =10,
N—2 1=2 3

P Lpert=
romrelper ™
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3 General Purpose Voice Library

According to the voice characteristics, we can extract reliable parameters from sus-
tained recording of /a/ vowel.

Kay Elemetrics [2], one of the most used voice library, outlines two types of re-
cordings, one with a paragraph reading and another with vowel / a / emission. How-
ever, Kay Elemetrics looked for to relate voice parameters with speech pathologies
and physical problems that rotated around it that is why clinical files are only based
on organic and physical characteristic of vocal tract characteristic.

Our position intends to include a voice confing from any pathology, from light
neurological damage, physical located damage, to deaf, that is why voice library
allows studying interferences coming from different causes. The difficulties in obtain-
ing samples are basically: 1) to have a clinical file emitted by a medical institution
that identified pathology and 2) that subject was capable of interact in obtaining a
satisfactory sample. As library also includes normal voices, university student’s vol-
unteers were looked for not with family antecedents neither defined pathologies.

The procedure for obtaining the library consisted in several steps; the first one was

experiment explanation. Later on we carried out capture from relative data to clinical

file. Distances and angles were adjusted between subject and microphone and re-
cording began. We allowed the subject to rest for five minutes and repeats recording
until completing at least two successful recordings or a maximum of five fail intents.
It is considered a successful recording when a vowel was emitted at least during three
seconds in a sustained way. In figure 1 distribution of sample is shown by gender.

Distribution of volices library samples by gender

Women

Men

o

10 20 30 40 50 80 70 80

rl Total 0 Pathological non-hypoacusic volces D Hypoacusic volces O Norma! volcu]

Fig. 1. Distribution of voices library sample by gender

To achieve a sample, clinical data was required using a template designed for such
purpose according with the Mexican Official Norm for clinical file. Recordings were
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carried out with a digital recorder and an unidirectional microphone with a frequency
range between 100 and 17 000 Hz located at a distance lower than 50 cm. and not
smaller to 20 cm. of subject's mouth using a pedestal to regulate an appropriate incli-
nation to each subject. Recordings were transferred to a computer using an adapting
audio cable connected to a sound card and stored in wav format with a sampling
frequency of 44,100 Hz, 16 bits mono.

Lastly we built the database with tables for clinical files of those subject with
pathological voices and another for normal voices, they were also related files re-
corded with subjects and their pathologies. In figure 2 shows final distribution ob-
tained with a total sample of 104 subjects. Figure 3 shows the database design that
incorporates the voices including a table with relative acoustic parameters to each
sound file.

The total of gathered voice files was analyzed to define if they fulfilled defined
characteristics for its use, and they should be eliminated when coming from subjects
that were not able to support vocal emission for established time or they could not
cooperate appropriately. The final distribution of obtained files is shown in Figure 4.

4 Work in Progress

One of direct sequels of auditory loss, mainly in event of severe hypoacusics is a
problem of acquisition of language. But when deaf is light or moderate, quality of
vocal emissions, as well as reception of same ones are altered, this is due to deteriora-
tion in auditory feedback process (feed-back). We have defined voice of hypoacusic
like it tightens, page, lacking, whispering, rough, monotonous, rhythm less and high
tone [1].

Sampledistribution used for the voicelibrary

Hypoacusic
41%

Normal voices g
28 % . § Others
59%

* Total of sample: 104 subjects

Figure 2. Sample distribution used for obtaining library of voices
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Figure 3. Database design incorporates library of voices and acoustic parameters of each file

Voice files from voice library

D Total

B Pathological non-
hypoacusic volces

@ Hypoacusic voices

0 Normal voices

Total Useful

Figure 4. Total distribution of 277 obtained voice files of a universe of 104 subjects,
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To define these subjective characteristics, we outline as proposal identify parame-
ters obtained from voice acoustic analysis that are related with existence of auditory
problems obtained from clinical analysis using voices library and tools of artificial
intelligence to correlate them. We believe there is some kind of relationship between
parameters of language (voice characterizations) and auditory deficiency.

One of the goals of this work is to provide to specialists an alternative of diagnos-
tic and a tool that supports this diagnosis, besides opening investigation field for
procedures of use of voice acoustic analysis inside diagnosis and rehabilitation of
subject with audition and language problems.

Analyzing the voices of the library, we found clear differences between subject
with auditory pathologies and subject of normal audition we use Exparam [15]. Figure
5 shows analysis carried out on a hypoacusic subject and a normal audition subject.

As it is seen in Figure 5, graph of left side, shows stability in voice generation, ac-
cording to fundamental frequency, while graph of right side, shows a series of irregu-
larities originated by flaw in feedback process that hearing provides for voice genera-
tion. The data shown are confirmed in the calculations presented in figure 6, where
superior window shows resulting data of Figure 5 graph of a normal audition subject,
while inferior window shows calculations that were of graph of hypoacusic subject.

Non-hypoacusic subject Hypoacusic subject
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Figure 5. FO representation of a normal audition subject, and of a hypoacusic subject, both
cases with emission of /a/ vowel.
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Figure 6. Calculations obtained from voice analysis in same subjects shown in figure 5.
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According to the figure 6, it stands out difference between a FO 125.5 in a normal
audition subject, and one of 278.4 in a hypoacusic subject, as well as coefficient of
variability of 4.25 in a normal voice and of 25.5 in a hypoacusic voice. Regarding
mean jitter, normal audition subject possesses a value of 0.236, while subject with
pathological voice sample a mean jitter of 14.43.

As a preliminary analysis, we can conclude that in normal voices of the library,
73% of subjects’ presents a smaller coefficient of variability at 10, while in hy-
poacusic voices, 27% hardly presents a smaller coefficient of variability to 10 and
61% it presents it between 10 and 30. Regarding mean jitter, we takes as normal val-
ues below 3 [6] that is proven in normal voices library where 78% of sample is pre-
sented below this value, while in the deaf pathological voices, 38% is only adjusted to
the normal range, and 62% it surpasses this values, like it is shown in Table 3.

Table 3. Analysis of two parameters of vocal stability obtained starting from voices library.

Variation coefficient

Normal voices Pathological non- Hypoacusic voices
hypoacusic voices
Range Value % Value % Value %
<10 47 734 5t 49 24 27
>10<20 5 7.8 32 30.8 35 39.3
>20<30 7 10.9 15 14.4 21 23.6
>30<40 5 7.8 6 5.8 9 10.1
> 40 0 0 0 0 0 0
Mean jitter
Normal voices Pathological non- Hypoacusic voices
hypoacusic voices
Range Value % Value % Value %
<3 50 78.1 39 37.5 34 382
>3<10 8 12.5 36 34.6 32 36
>10<20 4 6.3 18 17.3 19 21.3
>20<30 2 3.1 7 6.7 4 45
>30<40 0 0 1 1 0 0
> 40 0 0 3 2.9 0 0

In previous chart 21.9% of cases is presented in that normal voices overcome value
of 3 in mean jitter, this can originate for problems of noise in voice sign, problems of
voice production like age or vocal training, as well as non critical problems in phono-
logic system, but they not necessarily outline a defined pathology.

5 Conclusion

Voice analysis in diagnosis and medical rehabilitation field is a complex subject, so
that, constitutes an investigation area in development. Acoustic parameters of vocal
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stability allow us to find relationships with defined pathologies. Therefore, it is nec-
essary to have a voice library, besides pathological voices, normal voices, to find
patron and relationships among them.

Simple pathologies rarely originated by a single cause are presented, in must of
cases exist one or more problems related to the same pathology, this indicates a diffi-
culty that turns out to be able to pre-establish premises, models and resnlts.

In this work a voice library is presented that gathers 104 subject., with normal and
pathological diverse characteristic. Of total of subjects they were ou.ained two voice
files at least with emission of / a/ vowel, which were revised to determine if they
fulfilled the duration requirements and sign quality. At end, voice library conformed

to for 257 files of normal and pathological Subject voices. All files were analyzed
with Exparam system for parameters of voca] stability parameters, with which was
integrated a database. .

Among existent pathologies in those subjects of study, we defined hypoacusics
like analysis matter, for what segmented sample and they were carried out prelimi-
nary analysis of vocal characterization acoustic parameters results, finding relation-
ships between coefficients of variability and mean jitter.
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