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ABSTRACT: One way for analysis of vowels in any language is an
analysis using formant frequency analysis. The Bosnian language has five
vowels and those are a, e, i, 0, u. The research was conducted in such a
way that words with a minimum of two identical vowels per word were
selected for each vowel. Several samples were then collected that recorded
each of the words, and then those words were analyzed in PRAAT
software. The total number of samples was 1050, twenty-one subjects were
included, twelve females and nine males. Each of them recorded ten words
for each of five vowels, therefore fifty words by each subject. The
outcomes are based on related articles and dissertations, recognition, and
analysis of vowels. Recognition was based on the statement, reading the
literature, that each person has a narrow band of F4 formant values that
should identify the person. And the analysis part was done by comparing
formant values. Also, the work was based on gender differences for this
analysis, as well as some other small observations, for example, the

difference between native and other speakers of the Bosnian language.

1. INTRODUCTION

Formant frequency analysis, in some simple way, can
be explained as a comparison between formant values
of the analyzed word. Formant analysis also can be used
for testing any vocal, not just vowels. But the best result
was shown by analyzing vowels. The formant values are
extracted and then, based on their value, compared to
achieve some new perception or conclusion on how they
behave pronounced by different people [1][2]. From a
recognition situated view formants are striking parts in
the range that can serve to recognize, for instance,
unique vowel phonemes from one another. In acoustics,
formants are characterized as tops in the range envelope
of a discourse sound. Furthermore, a formant is the
centralization of acoustic energy around a specific
recurrence in the discourse wave. There are a few

formants, each at an alternate recurrence, around one in
each 1000Hz band. Or then again, to put it in another
way, formants happen at generally 1000Hz stretches.
Each formant relates to reverberation in the vocal
parcel. With regards to the number of formants, it very
well may be said that there are five of them. (F1, F2, F3,
F4, F5) [3]. Each one of them is expressed in Hz.
Normally for examination, just an initial three are
utilized, however in this paper likewise F4 is utilized
and it is a formant that ought to distinguish the speaker.
formats frequencies have been used widely to various
vowels from different languages such as [4]-[6].

For this paper, the Bosnian language was used. Bosnian
language, in the opinion of people whose native
language is not Bosnian, is very hard to understand and
learn. The language is, by pronunciation, can be said to
be similar to the languages of the countries in the region,

1


http://scjournal.ius.edu.ba/

/ Southeast Europe Journal of Soft Computing Vol 9, No. 2, September 2020, pp. 1-5

but the grammar and spelling are much different. The
language has seven cases and five vowels. There are
three divisions of vowels. These are divisions that are
made based on the position of the tongue when
pronouncing them (first and second division) and based
on the size of the opening of the oral cavity when
pronouncing them (third division) [7].

2. BOSNIAN VOWELS

There are three divisions of vowels. These are divisions
that are made based on the position of the tongue when
pronouncing them (first and second division) and based
on the size of the opening of the oral cavity when
pronouncing them (third division). The first division is
determined based on differences in the horizontal
position of the tongue (for moving back and forth),
while the second division starts from the differences in
the vertical position of the tongue (its movement up and
down) [7]. Within the first division, the vowels are
grouped into three types:

e Front row vowels (i, €) - which are pronounced
by moving the tongue forward, towards the
front of the oral cavity and leaning on the lower
teeth, rising towards the hard palate.

e Middle-row wvocal (a) - during the
pronunciation of which the tongue does not
move forward or backward, but descends
together with the lower jaw; (This vocal is
included in the back row vocals in some
sources).

e Back-row vowels (0, u) - in the pronunciation
of which the tongue is pulled towards the back
of the oral cavity.

According to the second division, vowels are also
divided into three types:

e High vowels (i, u) - in the pronunciation of
which the tongue approaches the upper jaw
with its front and back parts;

e Middle vowels (e, 0) - in the pronunciation of
which the tongue occupies a middle position
and is located somewhere in the middle
between the upper and lower jaw;

e Low vowel (a) - in the pronunciation of which
the tongue descends towards the lower jaw.

According to the third division, the vocals compete with
each other in terms of openness, ie closedness. The most
open is the vowel a, in whose pronunciation the angle
between the upper and lower jaw is the largest, ie the
mouth is the most open. The vowels 0 and e are medium

open vowels. Closed vowels are u and i because when
they are pronounced, the mouth is the most closed, that
is, the distance between the jaws is the narrowest [7].

The classification of vowels can be seen in Figure 1
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Figure 1 Classification of vowels

3. Dataset

The data analyzed through this paper are audio
recordings. When creating the work plan, the goal was
to gather ten people, both genders who would record
their audio recordings of the pronunciation of the words
given to them. However, to achieve better and more
accurate results, but also the diversity of voices, ages,
and accents of the Bosnian language (BL), the number
was increased to twenty-one (21) subjects. ). Twelve
(12) subjects were female, and nine (9) were male. As
mentioned earlier, the BL has five (5) vowels (a, ¢, i, 0,
u). Ten words in the BL were selected for each of the
vowels, each of which has at least two identical vowels
in it. This means that each word contains only one or
five vowels and contains at least two vowels, for
example, the word banana contains only the vowel a,
and contains three times that vowel. Therefore, fifty
(50) words for each sample. In total, the number of one
thousand five hundred (1050) samples was analyzed.
All audio recordings were recorded on a mobile phone.
Table 1 shows the words per vowels.

Table 1 Words used per vowel

Words

Numbering Vowel

a e i 0 u
1. Banana Ceker Cilim | Kokos | Humus
2. Flaga Ekser Isti Kolo Kukuruz
3. Kanta Element | I¢i Kopno | Kupus
4. Krastavac | Fenjer Pisti Lopov | Kusur
5. Krava Melek Piti Odmor | Putuju
6. Lama Melem | Prisiti | Oko Ubrus
7. Lampa Negdje Siliti Okolo Unuk
8. Tabla Pelet Siti Porok | Usput
9. Trava Pjeske Sitni Potok Uzduz
10. Carapa Reljef Stititi | Slovo | Zumbul
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4. METHODS

The analysis was focused on the separation of two
genders and observing F1, F2, F3, and F4. The average
value for each formant and each vowel was calculated,
and based on that graphs were plotted. This type of
value was used for easier analysis of formants per each
vowel. The plan was to show which formants have the
higher and lower values and is it possible to recognize
the gender-based formant values. The processing and
analysis were done using PRAAT software [8]. Figure
2 shows samples of waveforms for each of the five
vowels.

¥

Figure 2 Example of waveform per each vowel
respectively

5. RESULTS

From Figure 3 it can be seen that data is slightly
unexpected. What does this mean? It means that by
doing the research, almost all of the resources claimed
that values will be higher for female samples rather than
male samples. The unexpected was that for four vowels
F1 for males was slightly higher than F1 for females. F3
was higher for females in vowels e, i, 0. For vowel, a,
and vowel u (both classified as ‘back’ vowels) all values
from F1 to F4 were higher for males. The average
results of female formants, especially F4, might have a
small deviation. This is because for 21 recordings (2%)
F4 could not be read. After all, the value is too high
(over 5000Hz). Therefore, where the results could not
be read, zero was counted so it might reduce the final
value.
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Figure 3: Formant values males/females

The analysis could be better seen in the graphs above.
As stated, vowel (i) has the highest values for all
formants in both genders. Also, the unexpected values
for females were lower than for males (F4 especially)
since the female voice, in general, has higher
frequencies, but it might be due to mentioned software
limitations.

When it comes to the difference between native
speakers and those not living for a long time in Bosnia
and Herzegovina. Things that can be seen from the
comparison of these two are 1. Again, the vowel with
the highest values of formants frequencies was i. 2. In
general, the highest values were for speakers living in
Bosnia and Herzegovina region rather than the
Scandinavia region. This is the case for both female and
male samples. 3. Small deviations were for vowels e and
0, but this was expected since the Swedish language and
in general, all languages spoken in the Scandinavia
region have emphasized pronunciation of these vowels
and also a couple of different variants of it. Person 1 is
a native Bosnian speaker and Person 2 is a Bosnian
speaker living in the Scandinavia region. Furthermore,
the next graphs (Figures 4, 5 and 6) are showing these
differences.
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Figure 3 Vowel values per formant — Person 1
ex. Person 2
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Figure 4 Vowel values per formant — Person 2

Bosnian speaker living in Bosnia and Herzegovina vs Bosnian speaker living in
Sweden
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Figure 6 Bosnian speaker living in Bosnia and
Herzegovina vs Bosnian speaker living in Sweden

e o u a e o u

WFl WF2 WF3 WF4

6. CONCLUSION

What could be concluded from the analyzed data is
that almost all of the resources claimed that values
will be higher for female samples rather than male
samples. The unexpected was that for four vowels
F1 for males was slightly higher than F1 for
females. F3 was higher for females in vowels e, i,
0. For vowel, a, and vowel u (both classified as
‘back’ vowels) all values from F1 to F4 were higher
for males. The average results of female formants,
especially F4, might have a small deviation. This is

because for some words F4 could not be read
because the value is too high (over 5000Hz). So,
where the results could not be read, zero was
counted so it might reduce the final value. For
future work, Research on this topic would be based
on further analysis related to these patterns, such as
reading a person pronouncing a particular word
based on the F4 value alone. Also, the analysis
would be performed based on other software that
could read the values unavailable in the one used.
The data set would expand to as many patterns as
possible, and the words that would be used to
record the audio would contain more than two of
the same vowels in it. More samples from different
spoken areas whose mother tongue is Bosnian
would be collected and compared with samples
from people living in Bosnia and Herzegovina.
Also, the wider range of age of people recording
voices would be collected. The whole process of
recording would be placed in special conditions, so
the noise could be reduced to a minimum. After
doing all of this, the plan is to do analysis based on
deep learning methods, so extracting the
information about formant frequency values and
then doing formant estimation and formant
tracking.
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