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Abstract— Stable water pH control is an essential factor in maintaining water quality in aquariums and other water-based cultivation
systems, as uncontrolled pH fluctuations can negatively affect the growth and health of aquatic organisms. This study aims to develop an
automatic water pH monitoring and control system based on a Proportional-Integral-Derivative (PID) controller integrated with the
Internet of Things (IoT) to improve control accuracy while enabling real-time monitoring. The proposed system employs an ESP32
microcontroller, a pH sensor integrated with an ADS1115 analog-to-digital converter, dosing pumps as actuators for acidic and alkaline
solution injection, and the Blynk application as the monitoring Platform. Sensor data are processed using second-order polynomial
regression, an RC low-pass filter, and a moving average filter to improve signal stability. The PID parameters are initially determined using
the Ziegler—Nichols tuning method and subsequently refined through trial-and-error tuning. The experimental results indicate that the
optimal PID parameters are Kp = 81.8, Ki = 19.4, and Kd = 85.96. The system achieves the desired setpoint with a settling time of 119.43
seconds, an overshoot of 3.14%, and a steady-state error of 0.8%. Furthermore, the implementation of the ADS1115 module, RC low-pass
filter, and moving average filter significantly improves the stability of pH sensor measurements, while IoT integration enables real-time
monitoring of pH values, setpoints, and system status through mobile devices. These results demonstrate that the developed system is
capable of automatically regulating water pH with stable, accurate, and reliable performance while providing convenient remote
monitoring.
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