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INTISARI
IMPLEMENTASI OPENPLC BERBASIS ESP32 MENGGUNAKAN
METODE PID PADA SISTEM PENGENDALIAN LAJU ALIRAN AIR

Rizal Nadhif Pratista
Teknologi Rekayasa Otomasi, Sekolah Vokasi, Universitas Diponegoro

Penelitian ini mengimplementasikan OpenPLC berbasis ESP32 menggunakan
metode Proportional-Integral-Derivative (PID) untuk pengendalian laju aliran air.
Sistem menggunakan dua ESP32, yaitu ESP32 OpenPLC sebagai pengendali utama
yang menjalankan program FBD dan Function Block CTRL PID, serta ESP32
pendukung untuk akuisisi sensor dan aktuasi pompa. Sensor YF-S201 digunakan
sebagai umpan balik laju aliran, sedangkan pompa DC dikendalikan melalui driver
BTS7960. Pertukaran data antarkedua ESP32 dilakukan secara pin-to-pin berbasis
PWM-RC-ADC. Parameter awal PID ditentukan menggunakan metode Ziegler—
Nichols open-loop berdasarkan process reaction curve, kemudian dilakukan fine
tuning hingga diperoleh parameter K;, = 3,5, K; = 3,5, dan K; = 0,35. Pengujian
closed-loop dilakukan pada setpoint 1000, 2000, dan 3000 mL/min. Hasil pengujian
menunjukkan rata-rata process variable masing-masing sebesar 1001,11 mL/min,
2003,17 mL/min, dan 3003,32 mL/min dengan bias absolut sebesar 0,111%,
0,158%, dan 0,111%. Nilai rise time berturut-turut sebesar 2,051 s, 1,012 s, dan
0,772 s, sedangkan maximum overshoot sebesar 9,36%, 74,96%, dan 16,67%. Nilai
RMSE masing-masing sebesar 48,75 mL/min, 55,44 mL/min, dan 117,46 mL/min.
Secara keseluruhan, implementasi CTRL PID pada OpenPLC berbasis ESP32
mampu mempertahankan rata-rata laju aliran mendekati setpoint pada ketiga titik

operasi yang diuji.

Kata kunci: OpenPLC, ESP32, PID, laju aliran air, CTRL PID, Ziegler—Nichols,

closed-loop.
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ABSTRACT
IMPLEMENTATION OF ESP32-BASED OPENPLC USING THE PID
METHOD IN A WATER FLOW RATE CONTROL SYSTEM

Rizal Nadhif Pratista
Automation Engineering Technology, Vocational School, Universitas

Diponegoro

This study implements an ESP32-based OpenPLC system using the Proportional-
Integral-Derivative (PID) method for water flow rate control. The system employs
two ESP32 microcontrollers, consisting of an OpenPLC ESP32 as the main
controller that executes the FBD program and the CTRL PID Function Block, and
a supporting ESP32 for sensor data acquisition and pump actuation. The YF-S201
sensor is used as the flow rate feedback sensor, while the DC pump is controlled
through a BTS7960 driver. Data exchange between the two ESP32 microcontrollers
is performed through a pin-to-pin PWM—-RC-ADC scheme. The initial PID
parameters were determined using the Ziegler—Nichols open-loop method based on
the process reaction curve, followed by fine tuning until the parameters, and were
obtained. Closed-loop testing was conducted at setpoints of 1000, 2000, and 3000
mL/min. The test results showed average process variable values of 1001.11
mL/min, 2003.17 mL/min, and 3003.32 mL/min, with absolute biases of 0.111%,
0.158%, and 0.111%, respectively. The rise time values were 2.051 s, 1.012 s, and
0.772 s, respectively, while the maximum overshoot values were 9.36%, 74.96%,
and 16.67%. The RMSE values were 48.75 mL/min, 55.44 mL/min, and 117.46
mL/min, respectively. Overall, the implementation of CTRL_PID on the ESP32-
based OpenPLC system was able to maintain the average flow rate close to the

setpoint at all three tested operating points.

Keywords: OpenPLC, ESP32, PID, water flow rate, CTRL_PID, Ziegler—Nichols,

closed-loop.

X1X




    K  p = 3 , 5


    K  i = 3 , 5


    K  d = 0 , 35

