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SOROTAN

AHMAD ZAMBARKAH SARWO SURONO. Optimasi Stabilitas Pengukuran
Multi-Sensor dan Sistem Kendali Kualitas Air Menggunakan Algoritma Filter
untuk Lingkungan Sidat. Dibimbing oleh HERRY SUHARDIYANTO, | DEWA
MADE SUBRATA dan YONVITNER

1. Penelitian ini membahas pengaruh turbulensi aliran pada stabilitas pembacaan
sensor pH, EC, DO dan suhu, membandingkan kinerja algoritma filter dalam
meningkatkan stabilitas sensor, membandingkan penggunaan algoritma filter
pada sistem kendali dosing pH, salinitas dan aerator.

2. Penelitian ini menggunakan Kalman Filter, Simple Moving Average,
Exponential Weight Moving Average dan Butterworth Filter untuk menstabilkan
data sensor.

3. Hasil menunjukkan bahwa sensor pH, EC dan DO mengalami perubahan nilai,
meningkat deraunya dan perlambatan fasa diakibatkan adanya turbulensi aliran.
Kalman Filter mampu mengurangi derau pada hasil pengukuran dan juga mampu
memberikan respon paling cepat. Dengan menggunakan Kalman Filter juga
mampu meningkatkan efisiensi performa sistem kendali pompa dosing dengan
berkurangnya nyala mompa.

4. Tugas akhir ini menunjukkan pentingnya kestabilan data pembacaan sensor
dalam hal ini untuk pengukuran pH, EC dan DO pada efisiensi sistem kendali
dosing.

HIGHTLIGHTS

AHMAD ZAMBARKAH SARWO SURONO. Optimization of Multi-Sensor
Measurement Stability and Water Quality Control System Using Filtering
Algorithms for Eel Aquaculture Environments. Supervised by HERRY
SUHARDIYANTO, | DEWA MADE SUBRATA and YONVITNER.

1. This study discusses the effect of flow turbulence on the stability of pH, EC, DO
and temperature sensor readings, compares the performance of filter algorithms
in improving sensor stability, compares the implications of using filter
algorithms on pH and salinity dosing control systems and aerators.

2. This study used Kalman Filter, Simple Moving Average, Exponential Weight
Moving Average and Butterworth Filter to stabilize sensor data.

3. The results showed that the pH, EC and DO sensor experienced a change in
value, increased noise and phase deceleration due to flow turbulence. Kalman
Filter is able to reducing noise in the measurement results and is also able to
provide the fastest. Using Kalman Filter is also able to improve the performance
efficiency of the dosing pump control system by reducing the pump flame.

4. This final work demonstrates the importance of the stability of sensor reading
data in this case for the measurement of pH, EC and DO on the efficiency of the
dosing control system and suggests the potential for evaporation in the nutrient
dosing system for both plants and animals.
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RINGKASAN VISUAL

Sistem Kendali:
Dosing pH
Dosing Salinitas
Aerator

Meningkatkan efisiensi

Mengurangi nyala pompa

Aliran Air Turbulensi

Menggeser nilai tegangan
Menaikkan deray

Menggeser fasa

Stabilisasi nilai sensor

Sensor pH
&
Meningkatkan performa Sensor EC
Meningkatkan
periorma Sensor DO

Sistem kendali

Meredam derar

7 Menstabilkan nilai tegangan

Algoritma Filter:
Kalman, SMA, EWMA,
Butterworth

\

Optimasi Sistem Kendali Kualitas Air

GRAPHICAL SUMMARY

Control System:
pH Dosing
Salinity Dosing
Aerator

Efficiency improvement
Reducing pump operation

Water Quality Control System Optimmization

Water Turbulance

Shifting the voltage level
Increasing the noise level
Shifting the phase

\

Sensor Value

Stabilization pH Sensor

& EC Sensor

Improved Control System DO Sensor
Performance

Noise Attenuation

Voltage Stabilization

Filter Algorithms :
Kalman, SMA, EWMA,
Butterworth




RINGKASAN

AHMAD ZAMBARKAH SARWO SURONO. Optimasi Stabilitas Pengukuran
Multi-Sensor dan Sistem Kendali Kualitas Air Menggunakan Algoritma Filter
untuk Lingkungan Sidat. Dibimbing oleh HERRY SUHARDIYANTO, | DEWA
MADE SUBRATA dan YONVITNER

Penelitian ini bertujuan untuk mengoptimasi stabilitas pengukuran multi-
sensor kualitas air dan meningkatkan performa sistem kendali otomatis pada
lingkungan budidaya sidat menggunakan algoritma filter. Budidaya sidat
memerlukan kondisi kualitas air yang stabil karena ikan sidat sangat sensitif
terhadap perubahan lingkungan, terutama pada fase awal pertumbuhan. Pada sistem
monitoring modern berbasis sensor, kondisi aliran air yang dinamis dapat
menimbulkan derau (noise), fluktuasi sinyal, dan penurunan akurasi pembacaan
sensor. Oleh karena itu, penelitian ini dilakukan untuk mengevaluasi pengaruh
turbulensi aliran terhadap sensor kualitas air serta menentukan algoritma filter yang
paling efektif dalam meredam derau dan menstabilkan data sensor.

Penelitian menggunakan empat sensor kualitas air, yaitu sensor pH, sensor
EC (Electrical Conductivity) untuk pengukuran salinitas, sensor DO (Dissolved
Oxygen), dan sensor suhu DS18B20 yang diintegrasikan dalam satu modul multi-
sensor berbasis ESP32. Eksperimen dilakukan menggunakan akuarium uji dengan
aliran dinamis yang dihasilkan oleh wavemaker untuk merepresentasikan kondisi
lingkungan budidaya sidat secara nyata. Kecepatan aliran dikarakterisasi
menggunakan flowmeter yang telah dikalibrasi, sedangkan seluruh sensor
dikalibrasi menggunakan larutan standar untuk memastikan akurasi pengukuran.

Data hasil pengukuran sensor dianalisis menggunakan empat metode filter,
yaitu 1) Kalman Filter, 2) Simple Moving Average (SMA), 3) Exponential Weighted
Moving Average (EWMA), dan 4) Butterworth Filter. Evaluasi performa filter
dilakukan menggunakan parameter statistik berupa standar deviasi, Root Mean
Square Error (RMSE), Noise Reduction Ratio (NRR), Signal-to-Noise Ratio (SNR),
dan Smoothness Index.

Hasil penelitian menunjukkan bahwa turbulensi aliran berpengaruh signifikan
terhadap kestabilan pengukuran sensor pH, sensor EC dan sensor DO. Sensor pH
menjadi sensor yang paling sensitif terhadap perubahan aliran dan menghasilkan
fluktuasi sinyal paling besar, sedangkan sensor suhu tidak menunjukkan perubahan
sinyal yang signifikan. Hasil komparasi menunjukkan bahwa setiap algoritma filter
memiliki karakteristik berbeda. SMA memiliki respons cepat namun kurang
optimal dalam meredam derau, EWMA menghasilkan sinyal lebih stabil tetapi
memiliki keterlambatan respons, sedangkan Butterworth menghasilkan sinyal
paling halus namun menimbulkan phase lag. Secara keseluruhan, Kalman Filter
menunjukkan performa terbaik karena mampu menghasilkan keseimbangan
optimal antara kestabilan sinyal, akurasi estimasi, dan kecepatan respons.

Penelitian ini juga menunjukkan bahwa stabilisasi sinyal sensor berdampak
langsung terhadap performa sistem kendali otomatis seperti aerator, pompa dosing
pH, dan pompa dosing salinitas. Penggunaan Kalman Filter menghasilkan sistem
kendali yang lebih stabil dan mengurangi switching aktuator akibat derau sensor.
Dengan demikian, penelitian ini membuktikan bahwa Kalman Filter merupakan



a kunci: Butterworth, Ikan Sidat, Kalman Filter, Multi-sensor, Turbulensi Aliran

'metode yang efektif untuk meningkatkan reliabilitas sistem monitoring dan kendali
kualitas air pada lingkungan budidaya sidat dengan kondisi aliran dinamis.
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SUMMARY

AHMAD ZAMBARKAH SARWO SURONO. Optimization of Multi-Sensor
Measurement Stability and Water Quality Control System Using Filtering
Algorithms for Eel Aquaculture Environments. Supervised by HERRY
SUHARDIYANTO, | DEWA MADE SUBRATA and YONVITNER

This study aimed to optimize the stability of multi-sensor water quality
measurements and improve the performance of automatic control systems in eel
aquaculture environments using filtering algorithms. Eel farming requires stable
water quality conditions because eels are highly sensitive to environmental changes,
particularly during the early growth stages. In modern sensor-based monitoring
systems, dynamic water flow conditions may generate noise, signal fluctuations,
and reduced sensor reading accuracy. Therefore, this study was conducted to
evaluate the effect of flow turbulence on water quality sensors and to determine the
most effective filtering algorithm for reducing noise and stabilizing sensor data.

The study employed four water quality sensors, namely a pH sensor, an EC
(Electrical Conductivity) sensor for salinity measurement, a DO (Dissolved
Oxygen) sensor, and a DS18B20 temperature sensor integrated into an ESP32-
based multi-sensor module. Experiments were conducted using a test aquarium with
dynamic flow generated by a wavemaker to simulate real eel aquaculture conditions.
Flow velocity was characterized using a calibrated flowmeter, while all sensors
were calibrated using standard solutions to ensure measurement accuracy.

Sensor measurement data were analyzed using four filtering methods: 1)
Kalman Filter, 2) Simple Moving Average (SMA), 3) Exponential Weighted
Moving Average (EWMA), and 4) Butterworth Filter. Filter performance
evaluation was conducted using statistical parameters including standard deviation,
Root Mean Square Error (RMSE), Noise Reduction Ratio (NRR), Signal-to-Noise
Ratio (SNR), and Smoothness Index.

The results showed that flow turbulence had a significant effect on the
measurement stability of pH sensors, EC sensors and DO sensors. pH sensors are
the most sensitive to flow changes and produce the most signal fluctuations, while
temperature sensors do not show significant signal change.. Comparative analysis
demonstrated that each filtering algorithm had different characteristics. SMA
provided fast response but was less effective in reducing noise, EWMA generated
more stable signals but introduced response delays, while the Butterworth Filter
produced the smoothest signals but caused phase lag. Overall, the Kalman Filter
demonstrated the best performance by providing an optimal balance between signal
stability, estimation accuracy, and response speed.

This study also showed that signal stabilization directly affected the
performance of automatic control systems such as aerators, pH dosing pumps, and
salinity dosing pumps. The implementation of the Kalman Filter resulted in more
stable control systems and reduced actuator switching caused by sensor noise.
Therefore, this study proves that the Kalman Filter is an effective method for
improving the reliability of water quality monitoring and control systems in eel
aquaculture environments with dynamic flow conditions.
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