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Signal Processing is signal processing that is related to the presentation,
transformation, and manipulation of signal content and information. Digital Signal
Processing is signal processing that is related to the presentation, transformation,
and manipulation of signal content and information in digital form. The speech
control system is very efficient. Speech signals are signals that change over time at
a relatively slow speed. If observed at short intervals (between 5 and 100 miles per
second), the practical characteristics are constant, but if observed at longer
intervals, the characteristics appear to change according to the sentences spoken.
This study uses the signal pattern recognition method with the MFCC and ANFIS
methods as learning. The performance results of the entire system obtained an
accuracy value with 6 feature extractions in 2 respondents, namely 65% -72.5% and
the smarthome control system worked well.
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Pengolahan Sinyal Digital Sistem
Kedali

Pengolahan Sinyal adalah pemrosesan sinyal yang mempunyai kaitan dengan pe-
nyajian, perubahan bentuk, dan manipulasi dari isi sinyal dan informasi.
Pengolahan Sinyal Digital adalah pemrosesan sinyal yang mempunyai kaitan
dengan penyajian, perubahan bentuk, dan manipulasi dari isi sinyal dan informasi
dalam bentuk digital. Sistem kendali dengan ucapan sangatlah efisien. Sinyal
ucapan merupakan sinyal yang berubah terhadap waktu dengan kecepatan yang
relatip lambat. Jika diamati pada selang waktu yang pendek (antara 5 sampai
dengan 100 mil perdetik), karakteristik praktis bersifat tetap, tetapi jika diamati
pada selang waktu yang lebih panjang karakteristiknya terlihat berubah-ubah
sesuai dengan kalimat yang diucapkan. Penelitian ini menggunakan metode
pengenalan pola sinyal dengan metode MFCC dan ANFIS sebagai
pembelajarannya. Hasil kinerja dari keseluruhan sistem didapat nilai akurasi
dengan 6 ekstraksi ciri pada 2 responden yaitu 65%-72,5% dan sistem kendali
smarthome bekerja dengan baik.

Introduction

With the advancement of computer technology, intelligent robots began to grow rapidly
around the 1950s. Improvements in computer processing power and the reduction in the size of
physical components have led to the creation of robots intelligent enough to perform tasks
typically carried out by humans.

The control system is a crucial and integral part of robotic systems. An automatic control
system can manage mechanical systems without supervision and repeated data input, as it is
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equipped with a series of processors to provide automatic control commands. The control
system or mobile robot control, in general, still commonly uses remote control.!

Voice-based control systems are often an alternative in research, as the control process can
be easy and efficient for individuals with physical limitations. However, it is not as simple as it
may seem, as the voice recognition process requires machine learning methods to extract sound
patterns or voice features by studying the characteristics of previously recorded sounds.>

Speech recognition systems focus on extracting features from certain parts of the message
information, which contains the spoken text. This spoken text includes linguistic units known
as phonemes, representing the keywords of a message or the complete message itself.
Meanwhile, speaker identification emphasizes analyzing the voice of the speaker, ensuring that
each word spoken by the speaker is distinguishable.?

Human voice signals exhibit a very high level of variability. A voice signal produced by
different speakers generates distinct sound patterns. One approach to handling this variability
is by using the ANFIS pattern recognition method, which operates similarly to a standard FIS
(Fuzzy Inference System) but differs in its calculation (algorithm).*

Advances in technology within the field of digital signal processing have significantly
impacted human life and continue to evolve. Digital signal processing, or digital signal
recognition, involves transforming or analyzing information represented as a sequence of
discrete numbers.>

Research on speech recognition has been extensively conducted. By applying the ANFIS
method to cases involving word recognition or specific words in the Indonesian language, the
results obtained align with expectations. This research leverages the method for applications in
smart home control systems.

Methodology
Data Acquisition

At this stage, a speech recognition application is designed, consisting of two parts: speech
recognition and data transmission to the control system, as illustrated in Figure 1. The input
data takes the form of voice signals, which are then extracted and classified.
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Figure 1. Research Flow Diagram

Feature Extraction

Feature extraction is performed using the MFCC (Mel-Frequency Cepstral Coefficients)
method. MFCC is an algorithm that transforms voice characteristics into coefficients
representing the voice's features, based on the calculation of frequencies audible to humans or
audio sounds. This method is highly effective for applications in any field related to voice
processing.®8

The MFCC process involves several stages: Frame Blocking, Windowing, FFT, Mel-
Frequency Wrapping, and Cepstrum. The stages of the Mel-Frequency Cepstral Coefficients
method are illustrated in Figure 2.
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Figure 2. Diagram of the Extraction Process Using the MFCC Method
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Data Classification

Neuro-fuzzy is a combination of two systems: fuzzy logic systems and artificial neural
networks. A neuro-fuzzy system is based on a fuzzy inference system trained using learning
algorithms derived from artificial neural networks. Consequently, the neuro-fuzzy system
inherits all the advantages of both fuzzy inference systems and neural networks.

Due to its learning capability, the neuro-fuzzy system is often referred to as ANFIS
(Adaptive Neural Fuzzy Inference Systems). The initialization process of ANFIS follows a well-
known structure, as illustrated in Figure 3, which represents the ANFIS structure.
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Figure 3. ANFIS Structure

Design

The design of the speech recognition and electrical system is implemented as an
interconnected system controlled by voice. System testing aims to evaluate the accuracy of
speech recognition and measure the response time required to interact with the smart home
system. In this study, MATLAB software is used for data processing and program development,
which will serve as a learning platform for the smart home control system application.

The accuracy of speech recognition is calculated by comparing the number of correct
outputs generated by the system with the total amount of data. The accuracy percentage is

calculated using the following formula:
> Correct Words

a7 T 0
> Words Tested x 100%

Accuracy =

Results and Discussion
Speech Recognition System Testing

Testing the accuracy of the smart home control system requires thorough testing and
analysis. The testing is conducted in two stages: system testing and real-time testing. System
testing is carried out to achieve optimal results.

The training data consists of 40 voice samples per respondent, tested with two male
respondents. Each respondent's voice samples include 10 for "Nyala" (On), 10 for "Mati" (Off),
10 for "Buka" (Open), and 10 for "Tutup" (Close), as shown in Figure 4.
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Figure 4. Detected Voice Results for "Nyala," "Mati," "Buka," and "Tutup"
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Figure 5. Undetected Voice Results for "Nyala," "Mati," "Buka," and "Tutup"
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The two images above show the results of voice signal detection that will later be processed
by the smart home control system. In Figure 4, the detected voice signals are read by the smart
home control system. In Figure 5, the undetected voice signals are shown, where the system
fails to recognize the signals. The difference in signal readings is clearly visible. The failure to
detect the voice signals is caused by changes in the signal frequency and the presence of noise
that affects the voice signal, resulting in either the system failing to detect the signal or reading
it incorrectly.

This system testing is based on 40 training data points and six feature extractions from two
respondents. The results are presented in Table 1 and Table 2.

Table 1. Testing Results with 6 Features for Respondent 1

Command Word Correct Incorrect Accuracy %
Nyala 10 0 100%
Mati 7 3 70%
Buka 6 4 60%
Tutup 6 4 60%
Average Accuracy 72.5%

Table 2. Testing Results with 6 Features for Respondent 2

Command Word Correct Incorrect Accuracy %
Nyala 6 4 60%
Mati 7 3 70%
Buka 7 3 70%
Tutup 6 4 60%
Average Accuracy 65%

From the testing results, the two respondents achieved accuracy rates with average
accuracies of 72% and 65%, respectively. The second respondent showed the lowest accuracy
with an average of 65%. This result indicates that the system’s accuracy is not ideal, likely due
to differences in intonation for each word spoken, differences in the respondents' vocal cords,
lower frequency values for each respondent, and noise disturbances from the environment,
considering that the testing was conducted in a room with high noise levels.

Smart Home Response Testing

The testing of the smart home response significantly impacts the success of this research.
The smart home response testing serves as the output of the training data results.
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Figure 6. Results of Smart Home Device Testing

Based on the overall system test results, which produced output responses in the smart
home system, high precision is required to achieve good accuracy. In this research, the device
response is sometimes accurate for each word, providing the correct response, but at other
times, it gives less accurate responses, resulting in suboptimal outcomes. The lower accuracy is
due to the program, which serves as the brain of the system, being imperfect or not functioning
optimally.

Conclusion

Based on the results of the research above, it can be concluded that the testing of the smart
home system shows good performance, fulfilling commands sent in real-time from speech to
the smart home control system. By using feature extraction with the MFCC method for speech
recognition, the system can accept input values from previously created training data with two
respondents, achieving an average accuracy range of 65% to 72.5%. The inaccuracy in the data
collection process is due to the MFCC method's speech recognition being less effective, along
with a looping process in the program that affects the accuracy, thereby impacting the output
of the smart home control system. Voice tone or pitch must be the same and consistent during
data collection to ensure accurate results.
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