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Abstract— This study analyzes the statistical characteristics of
the Zero Crossing Rate (ZCR) in Indonesian and Buginese speech
signals produced by both male and female speakers. The objectives
of this research are to identify the statistical patterns of ZCR,
compare the distribution of its key descriptive measures between
the two languages, and provide a scientific foundation for
developing speech processing systems that are adaptive to regional
languages. Three types of utterances were examined, and ZCR
features were extracted using descriptive statistical parameters
including mean, variance, standard deviation, skewness, and
kurtosis. The findings show that Buginese speech exhibits higher
and more variable ZCR values compared to Indonesian speech. A
statistical summary from all tables indicates that the mean ZCR of
Buginese speech ranges from 0.0727 to 0.2464, whereas Indonesian
speech ranges from 0.0338 to 0.1577. The variance in Buginese
speech reaches 0.009023-0.022207, significantly higher than
Indonesian speech, which ranges from 0.000738 to 0.012896. The
standard deviation of Buginese speech reaches 0.149019, while
Indonesian speech ranges from 0.027173 to 0.112889. These wider
distributions in Buginese speech reflect more intense polarity
fluctuations, influenced by its distinctive phonetic features such as
geminate consonants, sharp fricatives, and glottal stops. In
contrast, Indonesian speech shows more stable ZCR
characteristics, with narrower distributions of skewness and
kurtosis, consistent with its dominance of vowels and softer voiced
consonants. These statistical differences are consistent across both
male and female speakers, although female speakers tend to
exhibit slightly more stable patterns. The results confirm that ZCR
is an effective acoustic feature for distinguishing the speech
characteristics of Indonesian and Buginese. Overall, this study
provides a strong scientific basis for the development of speech
processing and automatic speech recognition (ASR) systems that
are more adaptive to the phonetic characteristics of regional
languages.

Keywords— algoritma, zero crossing rate, staistika, descriptive,
buginese

1. Introduction

Speech signal processing is one of the strategic
areas in the development of artificial intelligence
technology, particularly in speech recognition systems,
language identification, and voice-bot applications. One
of the most widely used temporal features in signal

analysis is the Zero Crossing Rate (ZCR), which
functions as an indicator of signal sign changes and can
describe the temporal dynamics of speech signals [1], [2].

Bahasa Indonesia has been extensively studied
from acoustic and phonetic perspectives, with emphasis
on fricative features and syllabic structures that tend to
produce more complex signal fluctuations [3], [4].
However, studies on regional languages, including the
Bugis language, remain relatively limited. In fact, Bugis
is one of the major languages in South Sulawesi,
characterized by unique phonetic properties such as long
vowels, soft-voiced consonants, and prominent glottal
stops [5], [6]-

These phonetic characteristics are presumed to
influence the temporal patterns of speech signals, which
are reflected in ZCR values. However, no research to date
has specifically compared the statistical characteristics of
ZCR between Bahasa Indonesia and Bugis. Furthermore,
dialectal variations in Bugis may introduce important
articulatory differences that should be considered in
speech recognition systems [7].

This study is designed to address this gap by
conducting a descriptive statistical analysis of ZCR across
four groups of speakers. Thus, the research not only
provides deeper phonetic insights but also establishes a
scientific foundation for the development of automatic
speech recognition (ASR) technologies and Al systems
for regional languages.

The objectives of this research include: (1)
identifying the statistical characteristics of ZCR in Bahasa
Indonesia and Bugis; (2) comparing mean, variance,
standard deviation, and range between the two languages;
and (3) providing a scientific basis for developing speech
recognition systems that adapt to regional language
variations.
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II. Research Methodology

This section describes the research methodology,
including the tools and materials used, research
equipment, objects and location of the study, as well as
the stages of the research procedure.

A. Tools, Materials, and Research Location

1. The tools used in this study include a high-
sensitivity condenser microphone, a laptop/PC
with a minimum specification of § GB RAM, and
software such as Wavesurfer or Audacity for audio
recording and  preprocessing. MATLAB
programming language, Microsoft Word, and
Microsoft Excel were also used.

2. Materials:The materials consisted of recorded
speech from 5-10 speakers (Bahasa Indonesia
speakers and Bugis language speakers), each
producing recordings with a minimum duration of
3 seconds consisting of general narrative and
descriptive sentences in .wav format. The
recording process was conducted in a quiet
environment with controlled acoustics to ensure
high-quality speech signals.

3. Object: The object of this research is speech signals
from native speakers of Bahasa Indonesia and the
Bugis language.

4. Research Location: The research was conducted
within the Faculty of Engineering, Department of
Electrical Engineering, specifically at the
Computational Engineering Laboratory, Electrical
Engineering Study Program, Faculty of
Engineering, Universitas Muslim Indonesia.

B. Research Procedure
The stages of the research procedure are
outlined as follows:

1. Stage 1: Preparation and Data Collection

A list of test sentences in Bahasa Indonesia
and the Bugis language with similar length and
structure was prepared. Native speakers aged 20—
40 years were recruited, consisting of 10
respondents (5 males and 5 females) who had no
speech impairments and were fluent in one or
both languages. Speech recordings were carried
out in a closed room with minimal noise and
stored in WAV format following standard
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technical parameters. MATLAB and Wavesurfer
were used to organize therecordings into

a database. The sentences recorded included:

e Bahasa Indonesia: “membaca”, “berbicara
bahasa Indonesia”, and “satu kata satu
perbuatan”

e Bugis language: “na’baca”, “ma’bicara ogi”,
and “taro ada taro gau”.

Stage 2: Signal Preprocessing

Signal preprocessing included removing
background noise using Audacity, normalizing
audio volume, and segmenting recordings into
sentence or phrase units. Framing and windowing
were applied to each speech signal using

MATLAB and Wavesurfer as part of ZCR feature

extraction. The waveform of each signal was also

visualized.

Stage 3: ZCR Feature Extraction

Feature extraction was performed using
the Zero Crossing Rate (ZCR) algorithm on
speech signals from both Bahasa Indonesia and

Bugis speakers. MATLAB was used to compute

ZCR values and their sequences. The results were

saved as numerical arrays and visualized for

descriptive  statistical analysis and signal
representation.

Stage 4: Descriptive Statistical Analysis

The extracted ZCR values were analyzed
using descriptive statistical parameters including
mean, variance, standard deviation, skewness,
and kurtosis (if required). Boxplots were
generated for each language to observe data
distribution. A two-sample difference test was
also conducted to examine whether the ZCR
differences between the two languages were
statistically significant.

Stage 5: Interpretation and Reporting

The final stage involved interpreting the

ZCR differences across languages, drawing

conclusions, and providing recommendations for

applying the findings to locally adapted speech
recognition systems.

A block diagram illustrating the research

workflow is presented in Figure 1.
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start

Acquisition of Indonesian and Buginese
dialect speech signal data in wav file format

Preprocessing of speech signal data using
digital signal processing: amplitude
normalization, noise filtering, framing, and
Hamming windowing

Speech signal extraction using the ZCR (Zero-
Crossing Rate) algorithm based on frames
and displaying the graph

Extraction of descriptive statistical approach
values to determine the mean, variance,
standard deviation, skewness, and kurtosis
values in the speech signal files according to
the speaker’'s gender

Performing a comparison of the ZCR values
between the two languages

Conclusion and implementation suggestions
for a speech processing signal approach
pattern

stop

Figure 1. Block diagram illustrating the research
workflow

II1. Result and Discussion
A. Results of Speech Signal Acquisition

The speech signal data used for analysis were obtained
through recordings conducted using MATLAB and
Wavesurfer. The recorded words and sentences in Bahasa
Indonesia and the Bugis language were sampled at 16
kHz, 16-bit, mono channel to produce high-quality .wav
files for the database.

Based on the collected samples from both language
groups, Figure 2 presents the waveform of one speech
sample from Bahasa Indonesia, specifically the utterance
“membaca”.
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Figure 2. Waveform of the Indonesian speech utterance
“membaca

Meanwhile, Figure 3 shows the waveform of the

Bugis-language utterance “na’baca’.
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Figure 3. Waveform of the Bugis speech utterance “na’baca”

These waveforms demonstrate that speech signals
exhibit distinctive characteristics within specific time
regions. Speech signals are inherently time-varying
waveforms that carry information generated by human
vocal tract movements, represented through continuous
variations in air pressure.

When observed over very short durations (5—100 ms),
speech signals can be considered quasi-stationary. At
shorter durations, the characteristics remain stable;
however, over longer durations, the characteristics change
and reflect the dynamic content of the spoken utterance.
Thus, speech signals are generally depicted as complex,
continuous acoustic waveforms.

Additionally, speech signals do not consist solely of
isolated syllables; overlapping transitions between
consecutive sounds often occur, contributing to the
complexity of the waveform.

B. Results of Digital Signal Processing

Preprocessing is a crucial stage in speech-signal
extraction, ensuring that noise is minimized and the
signals are prepared for feature computation. This stage
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improves the quality of the speech data for subsequent
processing.

For both Bahasa Indonesia and Bugis signals recorded
at a sampling frequency of 16 kHz, framing was
performed using a frame length of 400 samples with an
overlap of 160 samples. Frame duration, typically 10-30
ms, plays a critical role in capturing the quasi-stationary
behavior of speech.

In this study, the speech signals were divided into
frames of size 366 x 480. Figure 4 illustrates an example
of the Indonesian speech signal before windowing.
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Figure 4. Frame graph before windowing and Hamming
window applied.

Windowing was performed using the Hamming
window, which reduces discontinuities between frames
by assigning lower weights at the edges and higher
weights at the center. This smooth transition minimizes
artifacts and prepares the signal for reliable further
analysis.

Figure 5 shows the waveform after applying the
Hamming window.

e- ISSN 2656-0143

x107 3 Frame Pertama Setelah Windowing

1 |
BT I‘Nlmm l W "Ih o |
I

|
i

\ . . \
0 100 200 300 400 500
Sample

Win Frame 1
Win Frame 2 |
Win Frame 3

Amplitude
. o
- ()] o
—

Figure 5. Frame graph after applying the Hamming
window

After segmentation and windowing, the signals were
ready for feature extraction.

C. Results of ZCR Feature Extraction

Zero Crossing Rate (ZCR) extraction measures the
rate at which the speech signal crosses the zero-amplitude
axis—changing from positive to negative or vice versa.
ZCR is effective for distinguishing voiced from unvoiced
segments. Voiced segments such as vowels typically have
low ZCR due to periodic low-frequency content, whereas
unvoiced segments or noise-like components exhibit high
ZCR.

Figure 6 provides an example of ZCR extraction for
the Indonesian utterance “membaca” (male speaker).
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Figure 6. ZCR extraction graph for Indonesian speech
signal
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Figure 7 presents the ZCR extraction for the Bugis-
language utterance “na’baca’.
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Figure 7. ZCR extraction graph for Bugis speech signal

Based on the test results presented, it can be observed
that the ZCR values in voiced signal frames tend to be
lower, whereas in unvoiced segments that resemble noise,
the ZCR values tend to be higher. This indicates that the
ZCR varies depending on the nature and context of the
uttered speech.

Speech-signal analysis is one of the important
approaches in digital signal processing, particularly for
understanding the phonetic, acoustic, and prosodic
characteristics of a language. A speech signal contains
complex information stemming from both linguistic
aspects and the physiological characteristics of the
speaker. Therefore, various acoustic features have been
developed to quantitatively describe the structure of
speech signals. One of the fundamental yet highly
significant features is the Zero Crossing Rate (ZCR),
which measures the number of times a signal crosses the
zero axis within a given time unit.
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D. Results of the ZCR Algorithm for Descriptive
Statistical Analysis of Indonesian and Bugis Speech
Signals
This subsection presents the results obtained from the

application of the Zero Crossing Rate (ZCR) algorithm to

speech-signal data produced by male speakers in both

Bahasa Indonesia and the Bugis language. All

computational processes were carried out using

MATLAB, which was used to calculate the descriptive

statistical ~ parameters—including mean, variance,

standard deviation, skewness, and kurtosis—for each
recorded speech signal stored in the database. These
statistical ~ indicators allow for a quantitative
characterization of the temporal behavior of the speech
signals and provide a basis for comparing the acoustic

properties of the two languages.

1. Results of the ZCR Algorithm Test on Indonesian
Using Descriptive  Statistical
Extraction. The ZCR algorithm testing on Indonesian

Speech  Signals

speech-signal data for descriptive statistical extraction
is presented in three main tables, each containing
descriptive statistical values for the word “membaca”,
the sentence “berbicara bahasa Indonesia”, and the
phrase “satu kata satu perbuatan”. These values
illustrate variations in the acoustic characteristics
produced by each speaker, as reflected in the changes
in mean values, the spread of variance, and the
distribution patterns indicated by skewness and
kurtosis. The descriptive statistical results obtained
from the testing process are presented in the
corresponding tables in this study.
a) Results for Male Speakers
The results obtained from the descriptive
statistical analysis using the ZCR algorithm for
Indonesian speech signals produced by male

speakers are presented in the following tables:

Table 1. Descriptive statistical results of the ZCR algorithm for the
Indonesian utterance “membaca” male speaker

SIGNAL STANDARD
DATA LABEL DEVIATION
DATA AKO1 0035779
DATAASO1 0021173
DATA Chot 0.113561
DATA Dd01 0.137487
DATA Fd01 0.038680

MEAN | VARIANCE

0071400 | 0001280
0.045300 | 0.000738
0.304500 | 0.012896
0.178600 | .0189030
0085000 | 0.001496

SKEWNESS

2322900
3.083400
-0.587500
0.801700
1053100

KURTOSIS

10.700800
17.597200
2.266500
2.936600
9.945500
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Table 2. Descriptive statistical results of the ZCR algorithm for the
Indonesian utterance “berbicara bahasa Indonesia” male

speaker

SIGNAL DATA STANDARD

LABEL MEAN | VARIANCE DEVIATION SKEWNESS | KURTOSIS
DATAAK02 | 0.071300 | 0.003245 | 0.096964 | 1.710000 9.278400
DATAAS02 | 0033800 | 0001125 | 0.033535 |2.755900 | 11.541500
DATACh02 | 0.232500 | 0.024879 | 0.157731 | 0.533400 2464200
DATADd02 | 0.171900 | 0.020652 | 0.143707 |0.959200 3.005900
DATAFd02 | 0.102300 | 0012515 | 0.111872 |3.759700 | 18.672000

Table 3. Descriptive statistical results of the ZCR algorithm for
the Indonesian utterance “satu kata satu perbuatan ”
male speaker

SIGNAL DATA STANDARD

LABEL MEAN | VARIANCE DEVIATION SKEWNESS | KURTOSIS
DATAAKO3 | 0.060300 | 0.001682 | 0.041017 | 1.664500 | 5952100
DATAAS03 | 0.038900 | 0.001165 | 0034126 | 3.193300 |13.922300
DATAChO3 | 0.166500 | 0.011955 | 0.109340 | 1.986900 | 7.612400
DATAD03 | 0.243000 | 0036144 | 0190115 | (0.884900 | 3248500
DATAFd03 | 0.129700 | 0.020378 | 0.142781 | 2826600 | 11.382100

Based on the results presented in these tables, the
striking differences observed across all statistical
parameters—particularly the mean, standard deviation
(SD), and kurtosis—confirm that the ZCR feature has
strong discriminative power for distinguishing speaker
identities in Bahasa Indonesia.

Speaker AS is characterized by a very low mean ZCR
and extremely high kurtosis, indicating a speech signal
dominated by highly pure vowel components but
containing very sharp outliers. In contrast, speaker Ch is
characterized by a higher mean and a distribution that is
closer to normal due to lower kurtosis, suggesting a signal
more evenly dominated by higher-frequency components.

b) Results for Female Speakers

The results of the descriptive statistical
analysis using the ZCR algorithm for Indonesian
speech signals produced by female speakers are
presented in the tables below:

Table 4. Descriptive statistical results of the ZCR algorithm
for the Indonesian utterance “membaca” female speaker

SIGNAL DATA STANDARD
gL MEAN | VARIANCE DEVIATION SKEWNESS | KURTOSIS
DATAAFOL | 0066300 | 0.001883 | 0.043390 | 3801700 | 24.149600
DATAALOL | 0091500 | 0.006627 | 0.081408 | 4992000 | 33.090500
DATADEO! | 0099005 | 0.008241 | 0.090780 | 3298796 | 16.904398
DATAMUO? | 0125600 | 0.006049 | 0077778 | 4482900 | 30.666600
DATANAOL | 0091331 | 0.003103 | 0055709 | 2319472 | 12681080
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Table 5. Descriptive statistical results of the ZCR algorithm
for the Indonesian utterance
Indonesia” female speaker

“brbicara bahasa

SIGNAL DATA STANDARD

LABEL MEAN | VARIANCE DEVIATION SKEWNESS |  KURTOSIS
DATAAFOL | 0095200 | 0010914 | 0104468 | 3.159700 | 13402500
DATAALO1 0.119200 | 0012744 | 0.112889 | 3.228300 | 14166300
DATADEO® | 0081100 | 0003385 | 0.068180 | 2496700 | 10.278200
DATAMUOL | 0117300 | 0.018947 | 0.137649 | 3.058100 | 11.949700
DATANAOL | 0103617 | 0.011983 | 0109466 | 3.579934 | 18.094299

Table 6 Descriptive statistical results of the ZCR algorithm
for the Indonesian utterance “satu kata satu perbuatan”
female speaker

SIGNAL DATA STANDARD

ABEL MEAN | VARIANCE DEVIATION SKEWNESS | KURTOSIS
DATAAFOL | 0096000 | 0.005461 | 0.073899 | 4469800 | 28.720500
DATAALOL | 0102400 | 0.010330 | 0101638 | 4.566900 | 26.042000
DATADEOL | 0064900 | 0.001384 | 0.087205 | 3877000 | 23.933900
DATAMUO1 | 006500 | 0.006669 | 0.081664 | 3014900 | 15.954900
DATANAOL | 0093962 | 0011987 | 0.109486 | 5202344 | 32.2095%

The ZCR data analysis for female speakers
shows  highly consistent characteristics,
particularly in the distribution-shape parameters,
which differ from the ZCR
characteristics of male speakers. The generally
low and concentrated ZCR values indicate that
female speech signals are dominated by voiced
segments (vowels). This observation is consistent
with the fact that the fundamental frequency
(pitch) of female voices is typically higher,
whereas ZCR,which measures zero crossingsis

significantly

influenced primarily by harmonic frequencies
that are usually lower in vowel sounds.
Comparatively (implicitly), the substantially
higher kurtosis values observed in female
speakers compared to the average male speakers
indicate that the ZCR feature is highly effective
as a gender discriminator, as the distribution
profile is much sharper and more concentrated for
female voices.
2. Results of the ZCR Algorithm Test on Bugis Speech
Signals for Descriptive Statistical Extraction
The following tables present the results of the ZCR
algorithm using a descriptive statistical approach,
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generated through MATLAB processing of several
words and sentences in the Bugis language. The
subjects, or speakers, consist of both male and female
respondents.
a) Statistical Results for Male Speakers
The tables below present the results of the
ZCR algorithm applied to Bugis speech-signal

data produced by male speakers:
Table 7 Descriptive statistical results of the ZCR algorithm
for the Indonesian utterance “na’baca” male speaker

SIGNALDATA STANDARD
LABEL MEAN | VARIANCE DEVIATION SKEWNESS | KURTOSIS
DATAANL 0239600 | 0012302 | 0110913 | 0262900 | 2949100
DATABIL 0.113600 | 0.006663 | (0.081627 1907100 | 6.267200
DATACI! 0207700 | 0009228 | 009063 | -0.612700 | 1.636500
DATADI! 0.137500 | 0004953 | 0.070375 1400900 | 5.028300

DATATI! 0087600 | 0.003024 | (0.054994 5210800 | 3.834280

Table 8 Descriptive statistical results of the ZCR algorithm for
the Indonesian utterance “mabi’cara ogi” male speaker

SIGNALDATA ; STANDARD ;
LABEL MEAN | VARIANCE DEVIATION SKEWNESS | KURTOSIS
DATAAR 0.072700 | 0.002224 | 0.047161 | 0.887300 3.985300
DATABO2 | 0076700 | 0.000730 | 0027012 | 2222100 | 11.190700
DATAC2 ] 0153600 | 0.010050 | 0100249 | 0.862300 2933730
DATADD2 | 0.104100 | 0.009556 | 0.097757 | 1432900 | 3.846100

DATAUN (.090000 | 0.003621 | 0.060177 | 3.968600 | 26.930400

Table 9 Descriptive statistical results of the ZCR algorithm
for the Indonesian utterance “taro ada taro gau” male

speaker
SIGNALDATA| . STANDARD : ,
LABEL MEAN | VARIANCE DEVIATION SKEWNESS | KURTOSIS

DATAA3 0220300 0022207 | 0149019 | 0209800 | 1326400
DATABO3 | 0.119200 | 0005956 | 0077176 | 1697200 | 5.132500
DATACO3 | 0.206900 | 0017166 | 0131019 | 0543100 | 1915000
DATADO3 | 0.129500| 0005013 | 0070805 | 0803500 | 3281800
DATATO3 | 0.080300 0001180 | 0034357 | 1223400 | 5355100

The following tables present the results of the
ZCR algorithm applied to Bugis speech-signal data
produced by male speakers:

The highest mean ZCR values were obtained by
DATA A0l when pronouncing the word
“na’baca”, and by DATA A03 when pronouncing
the phrase “faro ada taro gau”. Both recordings
produced mean values above 0.2000. This indicates
that the speech signals of speaker A contain a larger
proportion of consonantal elements or exhibit
clearer consonant segmentation within the signal
duration compared to other speakers.

Speaker U shows the most extreme skewness
and kurtosis values (UO1, U02), although the
standard deviation remains low. This suggests that,
although the signal is predominantly vowel-based
(indicated by high skewness), the ZCR transitions
between vowels and consonants occur
infrequently but are very sharp (extreme kurtosis).

b) Statistical Results for Female Speakers

The results obtained from the descriptive
statistical analysis using the ZCR algorithm for
Bugis speech signals produced by female speakers
are presented in the tables below:

Table 10 Descriptive statistical results of the ZCR algorithm for the
Indonesian utterance “na’baca” female speaker

SIGNAL
DATA | MEAN |VARANCE | STAVDARD | SKEWNESS | KURTOSIS
LABEL

DATAAO1 | 0.093000 | 0.009897 | 3.526900 | 3.526900 | 15.757400
DATAMO1 | 0.242500 | 0011055 | 0.105145 | -0.396300 2774000
DATANO1 | 0.246400 | 0.014640 | 0.120996 | 1.008200 | 5.829900
DATARO1 | 0.052100 | 0.001595 | 0.039941 | 3.528400 | 16.996500
DATATOL | 0.086200 | 0.002024 | 0.044989 | 3.946500 | 28.512100

Table 11 Descriptive statistical results of the ZCR algorithm for the
Indonesian utterance “mabi’cara ogi” female speaker

SIGNAL
DATA MEAN | VARIANCE ?)Elrl‘:'ﬁgﬁ
LABEL
DATAA02 | 0.078100| 0.002633 | 0.051314 | 4.550500 | 33.567200
DATAMO2 | 0.191600| 0.010615 | 0103030 | 0.552700 | 5.451100
DATANO2 |0.157600 | 0.009023 | 0.094988 | 1.624200 | 8.879900
DATAR02 | 0.112500 | 0.010307 | 0.101521 | 3.221800 | 14.488300
DATATO02 |0.088200] 0.004305 | 0.065616 | 5.192000 | 38.861100

SKEWNESS | KURTOSIS

Table 12 Descriptive statistical results of the ZCR algorithm for the
Indonesian utterance “taro ada taro gau” female speaker

STGNAL
DATA | WEAN | VARIANCE | STILPRY | SKEWNESS | KURTOSIS
LABEL

DATAAO03 | 0.089100 | 0.001743 | 0.041754 | 1918600 | 8.657000
DATAMO3 | 0.207300 | 0.009987 0.099937 | -0.206600 | 1.485300
DATANO3 | 0206900 | 0.017166 | 0.31019 | 0.543100 | 1.915000
DATARO03 | 0.102200 | 0.001322 0.036362 | 1.543000 | 9.370500
DATAT03 | 0.080300 | 0.001180 | 0034357 | 1.223400 |5.355100

Speaker M (M01, M02, M03) consistently produced signals
with the highest mean values among all speakers for the three
phrases. This suggests that speaker M may have generated the
strongest signal energy or spoken with higher amplitude
compared to the other speakers during the recording process.

The descriptive statistical analysis of the ZCR algorithm
applied to speech signals in Bahasa Indonesia and the Bugis
language demonstrates that although both languages exhibit
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ZCR mean values within relatively similar ranges, there are
significant and consistent differences in signal variability and
distributional shape. These differences make ZCR an effective
feature for distinguishing between the two languages.
Therefore, the ZCR mean, standard deviation, and skewness
can be utilized as key feature vectors for effective recognition
or classification systems involving Bahasa Indonesia and the
Bugis language

IV. Conclusion

Based on the simulation results and data analysis
conducted in this study, several conclusions can be drawn
as follows:

1. The statistical characteristics of the ZCR feature
in speech signals of Bahasa Indonesia and the
Bugis language are proven to be highly
informative and varied, both between the two
languages and between genders. The ZCR of
male speakers in Bahasa Indonesia is marked by
a highly dynamic mean or the widest mean range,
as well as the highest standard deviation (SD),
with a maximum value of 0.190115. This also
implies the presence of highly contrasting
acoustic transitions occurring between vowel and
consonant segments. Meanwhile, in female

speakers of Bahasa Indonesia, ZCR reflects

distinct acoustic transitions influenced by vocal

articulation patterns.

2. The
discriminative power between Bahasa Indonesia

ZCR feature demonstrates significant
and the Bugis language. In the Bugis language,
ZCR values more frequently exhibit negative
skewness observed in two cases which indicates
that Bugis speech tends to show ZCR
distributions concentrated at higher frequencies.
This may be attributed to specific consonantal
phonetic patterns.
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