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ABSTRAK 

 

 

 
Irfani Andi Arifianto, ”Rancang Bangun Sistem Monitoring dan Proteksi Kelistrikan Secara Real-Time dengan 

Komunikasi LoRa Berbasis Mikrokontroler”, Program S1 Teknik Elektro, Fakultas Teknik dan Sains, 

Universitas Nasional, di bawah bimbingan Ir. Ruliyanto, S.T., M.T., Ph.D. dan W. G. Adhyartha Usse Keraf, 

S.T., M.M., M.TI., Agustus 2025, 81 halaman + xiii + 8 lampiran 

 

Rumah Sakit sebagai fasilitas kesehatan primer memiliki peran penting dalam pelayanan 

medis yang sangat bergantung pada ketersediaan listrik yang stabil dan aman. Namun, dalam 

praktiknya, instalasi listrik di Rumah Sakit rentan mengalami gangguan seperti arus bocor 

(leakage current), tegangan lebih (overvoltage), dan tegangan rendah (undervoltage) yang 

dapat membahayakan pengguna dan merusak perangkat medis. Sistem proteksi 

konvensional seperti MCB, ELCB, atau AVR hanya memberikan perlindungan dasar dan 

belum mampu memberikan informasi parameter kelistrikan secara real-time maupun 

mengirim notifikasi jarak jauh. Oleh karena itu, penelitian ini bertujuan untuk merancang 

dan mengimplementasikan sistem monitoring dan proteksi kelistrikan real-time berbasis 

ESP32 dan LoRa yang mampu mendeteksi gangguan secara otomatis dan memberikan 

peringatan kepada pengguna melalui LCD lokal dan Telegram bot. Sistem menggunakan 

ESP32 sebagai unit pemroses utama, terintegrasi dengan sensor PZEM-004T untuk 

mengukur tegangan, arus fasa, arus netral, arus bocor, daya, faktor daya. Data sensor dikirim 

melalui komunikasi LoRa (E220-900T22D) antara transmitter (Arduino Nano) dan Receiver 

(ESP32), dengan jangkauan hingga 305 m pada area terbuka (RSSI sekitar –106 dBm) dan 

hingga 200 m pada area pemukiman padat (RSSI sekitar –108 dBm), menunjukkan performa 

yang stabil pada kondisi lingkungan berbeda. Hasil pengujian menunjukkan sistem mampu 

memantau parameter kelistrikan dengan akurasi tinggi terhadap kWh meter digital: tegangan 

99,66% (selisih maks. 0,8 V), arus 98,87% (selisih maks. 0,01 A), daya 99,28% (selisih 

maks. 1,6 W), faktor daya 99,00% dan (selisih maks. 0,01). Untuk proteksi, sistem dirancang 

memutus beban secara otomatis berdasarkan ambang batas undervoltage, overvoltage, dan 

arus bocor yang sudah ditentukan pada setpoint di Telegram bot.. Dalam kondisi tersebut, 

buzzer akan aktif dan notifikasi dikirim secara real-time ke Telegram. Dengan demikian, 

sistem ini tidak hanya meningkatkan keselamatan instalasi listrik melalui deteksi dini 

gangguan dan pemutusan otomatis, tetapi juga menyediakan monitoring detail dan kendali 

jarak jauh berbasis internet. Sistem terbukti andal untuk menjaga kestabilan dan keselamatan 

instalasi listrik di Rumah Sakit , terutama pada lokasi dengan keterbatasan akses teknis. 

 

Kata kunci: Mikrokontroller, LoRa, Proteksi Otomatis, PZEM-004T, IoT  
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ABSTRACT 

 
 

 
Irfani Andi Arifianto, "Design of a Microcontroller-Based Real-Time Electrical Monitoring and Protection 

System with LoRa Communication", Electrical Engineering Undergraduate Program, Faculty of Engineering 

and Science, Nasional University, under the guidance of Ir. Ruliyanto, S.T., M.T., Ph.D. and W. G. Adhyartha 

Usse Keraf, S.T., M.M., M.TI., August 2025, 81 pages + xiii + 8 appendices. 

 

Hospitals as primary healthcare facilities play a crucial role in providing medical services, 

relying heavily on stable and secure electricity. However, in practice, hospital electrical 

installations are vulnerable to disturbances such as leakage current, overvoltage, and 

undervoltage, which can endanger users and damage medical devices. Conventional 

protection systems such as MCBs, ELCBs, or AVRs only provide basic protection and are 

unable to provide real-time electrical parameter information or send remote notifications. 

Therefore, this study aims to design and implement a real-time electrical monitoring and 

protection system based on ESP32 and LoRa that is capable of automatically detecting 

disturbances and providing alerts to users via a local LCD and Telegram bot. The system 

uses ESP32 as the main processing unit, integrated with the PZEM-004T sensor to measure 

voltage, phase current, neutral current, leakage current, power, power factor, and 

frequency. Sensor data is sent via LoRa communication (E220-900T22D) between 

transmitter (Arduino Nano) and Receiver (ESP32), with a range of up to 305 m in open areas 

(RSSI around –106dBm) and up to 200 m in densely populated areas (RSSI around –108 

dBm), demonstrating stable performance in different environmental conditions. Test results 

show the system is able to monitor electrical parameters with high accuracy against a digital 

kWh meter: voltage 99.66% (max. difference 0.8 V), current 98.87% (max. difference 0.01 

A), power 99.28% (max. difference 1.6 W) and power factor 99.00% (max. difference 0.01). 

For protection, the system is designed to automatically disconnect the load based on the 

thresholds of undervoltage, overvoltage, and leakage current that have been determined at 

the setpoint in the Telegram bot. In these conditions, the buzzer will be activated and 

notifications are sent in real-time to Telegram. Thus, this system not only improves the safety 

of electrical installations through early detection of disturbances and automatic 

disconnection, but also provides detailed monitoring and internet-based remote control. The 

system has proven reliable in maintaining the stability and safety of electrical installations 

in hospitals, especially in locations with limited technical access. 

 

Keywords: Microcontroller, LoRa, Automatic Protection, PZEM-004T, Internet of Things 

(IoT) 
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