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Abstract --- his research focuses on developing an application to
extract speech signal characteristics of Bugis regional speakers using
Matlab and Wavesurfer software. The study centers on feature
extraction, specifically Short Time Energy (STE), Autocorrelation
Cepstral for pitch extraction, and Cepstrum Linear Predictive Coding
(LPC) for formant analysis. Results indicate that male voices have
greater signal energy than female voices. The pitch values for male
speakers range from 52.29 Hz to 135.76 Hz, while female speakers'
pitch ranges from 73.39 Hz to 242.42 Hz. The formant analysis showed
that male and female speakers have distinct formant frequencies, with
male speakers having lower formant frequencies. For instance, the
first formant (f1) in male speakers ranges from 433.0 Hz to 590.3 Hz,
while in female speakers it ranges from 273.9 Hz to 452.8 Hz. The pitch
of male voices is concentrated between 50 Hz and 250 Hz, whereas
female voices fall between 120 Hz and 500 Hz. Additionally,
differences in formants (f1 to f5) were observed in the word "na'baca,"
with female speakers generally having higher formant frequencies.
This analysis provides valuable insights into the acoustic
characteristics of the Bugis regional language. The developed
application aims to enhance speech signal processing technologies,
supporting applications like speech recognition, linguistic analysis,
and voice synthesis, contributing to the preservation of the Bugis
language through signal processing techniques.
Keywords: characteristic extraction, short time energy, pitch, formant

I.  Introduction

Regional languages hold significant cultural and
identity value within communities, but with the rapid
advancement of technology and globalization, many
regional languages are at risk of extinction. Bugis, a
language spoken in South Sulawesi, is one such language
with unique linguistic features that are vital to the culture
and identity of its speakers. However, due to limited
research and technological tools available for the analysis
of regional languages, the preservation and understanding
of Bugis language through modern technology remain
underdeveloped. Therefore, the need to explore and
analyze the acoustic characteristics of Bugis speech
becomes essential, especially as regional languages face
the challenge of disappearing in the digital age.

This research is motivated by the necessity to develop
a technological solution that can assist in the preservation
and analysis of Bugis language through speech signal
processing. By focusing on feature extraction methods
such as Short Time Energy (STE), pitch measurement
using Autocorrelation Cepstral, and formant analysis with
Cepstrum Linear Predictive Coding (LPC), this study
aims to offer a deeper understanding of the Bugis
language’s acoustic properties. These techniques are
fundamental in understanding speech signals and can be

applied in various fields such as speech recognition,
linguistic analysis, and language synthesis.

Several studies have investigated speech feature
extraction methods for language processing. For example,
Hartono and Sayuti (2024) explored pitch extraction for

regional languages, particularly focusing on Bugis
language using  Autocorrelation algorithms  [4].
Meanwhile, other research has focused on the

development of speech feature extraction systems for
general applications, such as those by Wang et al. (2019)
on speech feature extraction for oral English [2] and by
Mazumder and Salam (2019) on various feature
extraction techniques for speech processing [3].
Additionally, Gill (2016) provides a review of different
speech processing techniques, which contribute to
understanding the broader context of feature extraction
methods in speech analysis [5].

This research is expected to provide a comprehensive
overview of the acoustic characteristics of the Bugis
language, leveraging advanced speech signal processing
techniques to aid in its preservation. The developed
application will not only assist in linguistic analysis but
also contribute to the enhancement of speech signal
processing technologies, supporting the effort to maintain
and preserve the Bugis language in a technological
context.

Il.  Research Methodology

its relevance in speech signal processing and its ability to

extract meaningful features from speech signals in the

context of the Bugis language.

1. Data Collection The first step in this research involves
collecting speech samples from native Bugis speakers.
The samples are selected from different regions in
South Sulawesi to ensure a diverse set of voices. Both
male and female speakers are included in the dataset
to analyze potential gender-related differences in
speech characteristics. Each participant is asked to
pronounce specific words or sentences that represent
typical speech patterns in Bugis, including phrases
such as /"na'baca"/ (to read), /'ma'bicara ogi"/ (to
speak clearly), and /"taro ada taro gau”/ (put here, put
there). These phrases are chosen for their relevance in
daily conversations and their representation of
common linguistic features in Bugis speech. The
recordings are made using high-quality microphones
to capture clear and accurate sound data, ensuring
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that the speech signals are suitable for the analysis
process.
. Preprocessing The collected audio samples are
processed to ensure that the signals are suitable for
analysis. Preprocessing includes noise reduction,
signal normalization, and segmentation to isolate
individual speech units (e.g., words or syllables). This
step is crucial for ensuring the accuracy of feature
extraction in the subsequent stages.

. Feature Extraction Feature extraction is conducted in

three main stages:

a. Short Time Energy (STE): This technique is
applied to analyze the energy of the speech signal
over short time intervals. STE is used to determine
the strength or amplitude of the speech signal,
allowing for the identification of speech segments,
such as voiced or unvoiced sounds.

b. Pitch Extraction using Autocorrelation Cepstral:
The pitch of the speech signal is extracted using the
autocorrelation method, which identifies the
periodicity of the speech signal. The Cepstral
technique is applied to refine the extraction of
pitch, which is important for understanding the
prosody and intonation of the Bugis language. The
pitch values are recorded for both male and female
speakers to observe the differences in pitch ranges.

c. Formant Analysis using Cepstrum Linear
Predictive Coding (LPC): Formants are key
frequencies that shape the vocal tract's resonances.
LPC is used to model the speech signal and extract
formant frequencies, which help in identifying the
vowel characteristics and other phonetic features
of the Bugis language. Formant analysis helps
compare male and female speech characteristics,
focusing on the differences in formant frequencies
between genders.

4. Analysis and Interpretation After feature extraction,

the results are analyzed to identify patterns and
differences between the speech characteristics of male
and female speakers. The pitch values and formant
frequencies are compared to assess the phonetic
differences between the two groups. Additionally, the
STE values are analyzed to determine the overall
energy distribution in the speech signal. The results of
these analyses are used to draw conclusions about the
acoustic properties of the Bugis language.

Figure 1 shows the block diagram of the conceptual

framework in this research process.
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Figure 1 the block diagram of the research process
As for the feature extraction process,it can be seen in
figure 2 below :
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Figure 2. the block diagram future Extraction process
speech Bugis regional of language.

I11. Results and Discussion

The feature extraction method performed in this
research focuses on extracting speech signals based on the
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Bugis local language. The initial stage involves
recording, which generates the original speech signals
from utterances (words/sentences) in the Bugis language
to serve as the input data for the database. The utterances
in the Bugis language used for the recording are:
/”nabaca”/, /"ma’bicara ogi”’/, and /’taro ada taro gau’/.
The recordings were made using MATLAB software and
WavSurfer software, with settings configured for a
sampling frequency of 12 kHz, mono channel, line 1, and
a resolution of 16-bit, which resulted in audio files in the
".wav" format.

The recorded speech signals are then processed in the
pre-processing stage, which aims to optimize the quality
of the speech signal and eliminate unwanted disturbances
such as noise or background sounds. Pre-processing helps
minimize interference and highlight the relevant
information in the speech signal that will be used for
feature extraction.

Next, the framing and windowing processes are
applied. The purpose of this step is to divide the speech
signal into several frames, making it easier to analyze the
speech signal. The framing process is designed in such a
way that the speech signal does not experience significant
changes over time, which facilitates the observation of
temporal characteristics. Meanwhile, the windowing
process is used to reduce the effects of discontinuity
caused by segmenting the signal into small frames.
Windowing also ensures that the spectral analysis
conducted on the signal frames is accurate and helps in
performing the Fast Fourier Transform (FFT).

A. Extraction The Short Time Energy (STE)

step is the Short Time Energy (STE) process, which
is a graph that illustrates the variation in energy within the
speech signal over time. Each point on the graph
represents the energy value calculated for a specific time
window. Below is one of the test results for STE on the
Bugis language utterance /”’na’baca”/ in the table 1. As
seen in the results, the energy values fluctuate based on
the speaker's gender and regional origin. For instance,
Bugis 05 (male from Bulukumba) had the highest energy
value of 1.827 watts, while Bugis 04 (female from
Pinrang) had the lowest energy value of 0.369 watts.

The differences in energy values across various
speakers may indicate different speaking styles, speech
rates, and regional phonetic characteristics. The higher
energy values from male speakers in regions like
Bulukumba could suggest more intense speech, possibly
due to regional dialect differences or speech emphasis. In
contrast, female speakers tended to have lower energy
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values, which could be attributed to speech rate and pitch
characteristics.
Table 1. Energy values for Bugis language utterance

/“nabaca”/:
- . Speech Signal
. , Origin of Bugis
No. | Signal Data Name | Speaker's Gender Speaker's Speech I-:(nweartgny
1 Bugis 01 Laki-laki Sidiap, 0,949
2 Bugis 02 Perempuan Bone 0,734
3 | Bugis 03 Laki-aki Sinjai 1,103
4 Bugis 04 Perempuan Piiang. 0,369
5 Bugis 05 Laki-laki Bulukumba. 1827
6. Bugis 06 Perempuan Sidrap, 0433
B. Pitch Extraction Results Using Cepstrum

Autocorrelation Method

The pitch extraction experiment was conducted using the
cepstrum autocorrelation method with the aid of MATLAB
programming, utilizing a Bugis language speech signal
database in .wav format. The speech signals were recorded from
native Bugis speakers, with utterances n Bugis language
example process such as /“nabaca” (reading). In using the
Autocorrelation Cepstrum to display pitch value information,
this is done because speech signals are not always in a periodic
condition, but instead fluctuate over time, and the signal is
mixed with noise. Below is Figure 3., showing the cepstrum
autocorrelation process of one speech data containing a
word/sentence in the Bugis regional language."
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Figure 3.Showing the cepstrum autocorrelation process of speech
data containing a word/sentence in /’nabaca”’/.

Nest, show in table 2. presents the pitch frequency values
(in Hz) extracted from the Bugis language utterance
/“nabaca’”/ using the cepstrum autocorrelation method.
Table 2. Showing the cepstrum autocorrelation process of one
speech data containing a word/sentence /”’nabaca”/in the
Bugis regional language
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Pitch
Signal Data N Origin of Bugis extraction

No. Name Speaker’s Gender Speaker’s Speech Frequency
(Hz)

1 Bugis 01 Laki-laki Sidrap 36,93

2. Bugis 02 Perempuan Bone 74,42

3 Bugis 03 Laki-laki Sinjar 52,29

4 Bugis 04 Perempuan DPinrang 95.80

5 Bugis 05 Laki-laki Bulukumba 68.89

6. Bugis 06 Perempuan Sidrap 73,39

Pitch extraction using the cepstrum autocorrelation method

provided valuable insights into the fundamental frequency of

Bugis language speech. Pitch frequencies represent the vocal

fold vibration rate and are critical for understanding prosodand

voice characteristics.

o Male speakers generally had lower pitch frequencies, such as
Bugis 03 (from Sinjai) with 52.29 Hz, while female speakers
exhibited higher pitch values, such as Bugis 02 (from Bone)
with 74.42 Hz. This finding is consistent with known
differences in voice pitch between male and female speakers.

e The pitch values for Bugis 01 (from Sidrap) and Bugis 05
(from Bulukumba) showed some regional variations, with
Bugis 01 having a pitch of 56.93 Hz and Bugis 05 having
68.89 Hz. These differences in pitch frequencies may suggest
regional variations in pronunciation, which is an important
factor in the linguistic analysis of Bugis.

The pitch extraction results emphasize the role of

fundamental frequency in characterizing speech rhythm

and intonation,

C. Formant Extraction Results Using Cepstral

Method
The last feature extraction is the extraction of formants
from speech signals in the Bugis regional language using

Matlab programming. Formants are peaks in the

frequency spectrum produced by the resonance of the

vocal tract when a person produces sound. Each human
voice has a unique series of formants that give it its
distinctive characteristics. These formant frequencies are
closely related to the resonance patterns that occur as
sound passes through the mouth cavity, throat, and other
vocal tract passages.

By using the Cepstral LPC method, a series of formant

frequency values can be obtained from the speech signal.
Figure 4. below will display one of the wav database files
that has undergone formant extraction using the cepstral
LPC method, which is one of the wav files from the
speech signal in the Bugis regional language."ntence in
the Bugis regional language."

LPC
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Figure 4. Diisplay formant extraction using the cepstral LPC
method in speech signal Bugis regional lamguage

The final step in the feature extraction process is the extraction
of formants using the cepstral LPC method, with the help of
MATLAB programming. The speech signal used for the
formant extraction was from the Bugis language utterance
/“nabaca”/ (reading). Below are the results of the formant
extraction for the Bugis utterance /“nabaca”/. Table 3. Formant
Extraction Results for the Bugis Language Utterance /“nabaca’/
Using Cepstral LPC Method

Tabel 3. Formant Extraction Results for the Bugis Language Utterance

/“nabaca”/ Using Cepstral LPC Method

. Origin of

Signal Speaker’s ;fglilso Formnt (615
No. | Data Name s

_aker’s Gender Speaker’s

pe Speech | £1 | n 4 3
1. | Bugis 01 | Laki-laki Sidrap 5999 | 6399 | 16801 | 24346 | 37237
2. | Bugis02 | perempuan | Bone 2739 | 5830 | 18502 | 26748 | 40492
3. | Bugis03 | Laki-laki Sinjai 4330 | 4569 | 13204 | 23013 | 38458
4. |Bugis04 | Perempuan | Pinrang 4528 | 8684 | 16881 | 23305 | 33115
5 | Bugis05 | Laki-laki Bulukumba | 5003 | 6934 | 15480 | 26693 | 30906
6. |Bugis06 | Perempuan | Sidrap 3140 | 8684 | 19388 | 25641 | 34003

Formants, which are the resonant frequencies of the vocal
tract, were extracted using the cepstral LPC method. The
formant frequencies provide a deep insight into the
articulatory characteristics of speech and are vital for
understanding speech perception.

e The formant frequencies for male speakers generally had
higher frequencies for the higher formants (f.4 and f.5)
compared to female speakers. For example, Bugis 01 (male
from Sidrap) showed f.1 =522.2 Hz, f.2 = 639.9 Hz, while
Bugis 02 (female from Bone) exhibited f.1 = 273.9 Hz,
f.2 =583.0 Hz.

e The regional influence on formant frequencies was
also evident, with Bugis 05 (from Bulukumba) showing
formants such as f.1 = 590.3 Hz and .2 = 693.4 Hz, while
Bugis 06 (from Sidrap) had f.1 = 314.0 Hz and f.2 = 868.4
Hz. This suggests that regional dialectal differences affect
both the vocal tract configuration and the articulatory
patterns of Bugis speakers.
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The formant extraction results underscore the
importance of these frequencies in analyzing the vocal
tract shape and articulatory properties of the speaker. The
differences between male and female speakers, as well as
regional variations, highlight the diversity of Bugis
language phonetics and provide a foundation for speech
synthesis and language preservation technologies.

Iv. Conclusion
Based on the results of the research, simulations, and
analyses conducted, the following conclusions can be
drawn :

1. Differences in Speech Signal Characteristics
Between Male and Female Speakers: This study
found significant differences in the parameters of
signal energy, pitch, and formants between male
and female speakers. The energy of the male
speech signal was higher compared to female
speakers, with the pitch range for male speakers
between 52.29 Hz — 135.76 Hz and for female
speakers between 73.39 Hz - 24242 Hz.
Additionally, the formant frequencies of male
speakers were generally lower than those of female
speakers, as observed in the analysis of various
words and sentences tested.

2. Contribution to the Development of Speech Signal
Processing Technology for the Bugis Regional
Language: The application developed in this
research is expected to make a significant
contribution to speech signal processing for
applications such as voice recognition, linguistic
analysis, and speech synthesis. Furthermore, this
study aims to support the preservation of the Bugis
language through a technology-based approach, as
well as open opportunities for furthe

Suggestions:

1. Further Development of the Application: It is
suggested that the speech signal feature
extraction application for the Bugis language be
further developed by improving the accuracy of
feature extraction and expanding the variety of
words or sentences tested. Further development
could include testing with different dialects of the
Bugis language to increase the application's
flexibility.

2. Application in Speech Signal Processing for
Other Purposes: It is hoped that the results of this
research can be implemented in various speech
signal processing technologies, such as automatic

[1].

[2].

3.
[41.
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speech recognition, speech synthesis systems, or
more in-depth linguistic analysis for the Bugis
language, in order to support the preservation and
development of the language.

Collaboration with Other Researchers: It is
recommended that this research be continued
through collaboration with researchers from
various fields, such as linguistics and information
technology, to produce a more comprehensive
and detailed application for processing speech
signals of the Bugis language.
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