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ABSTRAK 

 

Ketidakpastian serta kompleksitas dalam pengendalian level air pada sistem 

industrial, khususnya manufaktur di bidang energi, seringkali memicu 

ketidakefisienan distribusi (kerugian 15-20%) dan ketidakstabilan operasi (30% 

lebih sering adanya waktu berhenti) akibat keterbatasan kontrol otomatis. 

Tantangan utama teridentifikasi pada kebutuhan presisi adaptif dalam pengaturan 

aliran cairan, yang tidak dapat optimal dikendalikan oleh mekanisme valve manual 

maupun konvensional. Melihat pentingnya efisiensi dan kestabilan dalam 

pengontrolan level air pada sitem industrial muncul ide untuk merancang suatu 

miniatur menggunakan motorized valve dengan mengadopsi pendekatan 

kecerdasan buatan berbasis Fuzzy Logic Mamdani yang menawarkan fleksibilitas 

dan kemampuan dalam mentranslasikan variabel ambigu menjadi aksi kontrol yang 

presisi secara berkelanjutan.  

Sistem ini terdiri dari beberapa komponen utama, yaitu ESP 32, Motorized 

valve, Pompa Air 12VDC, Solenoid Valve, sensor ultrasonik HC-SR04, sensor YF-

B10 DN25, DAC MCP4725, Power Supply 12VDC, HMI Nextion, dan relay 

5VDC. Pengujian dan analisis sistem menunjukkan bahwa desain miniatur dan box 

panel telah sesuai dengan perencanaan awal. Penelitian ini menggunakan 

pendekatan kuantitatif melalui perancangan eksperimental skala miniatur, 

didukung teknik observasi instrumentasi berbasis ESP32, sensor HC-SR04, serta 

pengujian daya tanggap, akurasi output valve, response sistem terhadap variasi 

parameter dan skenario abnormal. 

Telah dilakukan pengujian disertai dengan pengumpulan data yang 

mengintegrasikan analisis respon aktuasi motorized valve secara kontinu berbasis 

pembacaan sensor dan algoritma fuzzy, dikomparasi melalui dua membership 

function, serta dilakukan evaluasi kinerja kontrol yang dihasilkan. Temuan 

penelitian menunjukkan desain sistem mampu menjaga level cairan pada kisaran 

optimal 69-73%, waktu respon aktuator cepat terhadap perubahan kondisi cairan, 

dan sistem fuzzy Mamdani berhasil mengurangi fluktuasi serta siklus ON/OFF 

pompa yang berlebihan, error rata-rata sensor ultrasonik pada ketiga tangki yaitu 

hanya 0,05%, 0,13%, dan 0,08%, menandakan keandalan implementasi prototipe. 

Sistem membuktikan keberhasilannya dalam menghadirkan kontrol adaptif dengan 

hasil yang akurat dan hemat energi, sementara validasi komputasi fuzzy dengan dua 

skenario membership menghasilkan kontrol yang teliti tanpa adanya perbedaan 

yang mencolok. Dengan demikian, sistem penggunaan motorized valve dengan 

mengadopsi pendekatan kecerdasan buatan berbasis Fuzzy Logic Mamdani terbukti 

handal dan konsisten dalam pengontrolan level air. 

 

Kata Kunci: Adaptif, Kesetabilan Kontrol Level Air, Motorized valve, Fuzzy Logic 

Mamdani  
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ABSTRACT 

Uncertainty and complexity in controlling water levels in industrial systems, 

particularly in energy manufacturing, often trigger distribution inefficiencies 

(losses of 15-20%) and operational instability (30% more frequent downtime) due 

to the limitations of automatic control. The main challenge is identified in the need 

for adaptive precision in fluid flow regulation, which cannot be optimally 

controlled by manual or conventional valve mechanisms. Given the importance of 

efficiency and stability in controlling water levels in industrial systems, the idea 

emerged to design a miniature model using a motorized valve by adopting an 

artificial intelligence approach based on Mamdani Fuzzy Logic that offers 

flexibility and the capability to translate ambiguous variables into precise, 

continuous control actions. 

This system consists of several main components, namely ESP 32, 

Motorized valve, 12VDC Water pump, Solenoid Valve, HC-SR04 ultrasonic sensor, 

YF-B10 DN25 sensor, MCP4725 DAC, 12VDC Power Supply, Nextion HMI, and 

5VDC relay. System testing and analysis show that the miniature design and panel 

box are in accordance with the initial planning. This study uses a quantitative 

approach through miniature scale experimental design, supported by ESP32-based 

instrumentation observation techniques, HC-SR04 sensors, and responsiveness 

testing, valve output accuracy, system response to parameter variations and 

abnormal scenarios. 

Testing has been carried out accompanied by data collection that integrates 

continuous motorized valve actuation response analysis based on sensor readings 

and fuzzy algorithms, compared through two membership functions, and evaluation 

of the resulting control performance. The research findings show that the system 

design is able to maintain the liquid level in the optimal range of 69-73%, the 

actuator response time is fast to changes in liquid conditions, and the Mamdani 

fuzzy system successfully reduces fluctuations and excessive pump ON/OFF cycles, 

the average error of the ultrasonic sensor in the three tanks is only 0.05%, 0.13%, 

and 0.08%, indicating the reliability of the prototype implementation. The system 

proves its success in providing adaptive control with accurate and energy-efficient 

results, while fuzzy computation validation with two membership scenarios 

produces precise control without any significant differences. Thus, the motorized 

valve usage system by adopting an artificial intelligence approach based on 

Mamdani Fuzzy Logic is proven to be reliable and consistent in controlling water 

levels. 

 

Keywords: Adaptive, Stability of Water Level Control, Motorized valve, Fuzzy 

Logic Mamdani. 
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