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ABSTRAK

Muhamad Arrivo Al Izhar, "Rancang Bangun Sistem Monitoring Dan Peringatan Dini Pada Pergeseran
Tanah 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 Dr. Viktor Vekky Ronald
R, S.T, M.T, Agustus 2025, 81 halaman + xiii + 19 lampiran

Indonesia memiliki tingkat aktivitas tektonik dan curah hujan yang tinggi, sehingga berisiko
besar terhadap bencana tanah longsor. Berdasarkan data Badan Nasional Penanggulangan
Bencana (BNPB), pada tahun 2021 tercatat lebih dari 1.300 kejadian longsor. Untuk
mengurangi risiko korban jiwa dan kerugian material, diperlukan sistem deteksi dini yang
mampu memantau parameter pemicu longsor secara real-time. Penelitian ini
mengembangkan sistem pemantauan tanah longsor berbasis Internet of Things (IoT) dengan
komunikasi Long Range (LoRa). Sistem terdiri dari transmitter berbasis Arduino Nano yang
dilengkapi sensor kelembapan tanah, tipping bucket, piezoelektrik, dan MPU6050, serta
receiver berbasis ESP32 yang menampilkan data pada LCD, mengirimkan informasi ke
platform cloud, dan mengaktifkan buzzer sebagai alarm peringatan dini. Hasil pengujian
menunjukkan seluruh sensor bekerja dengan baik dan stabil. Sensor kelembapan tanah
menghasilkan tren sesuai soil tester, tipping bucket memiliki error rata-rata hanya 0,30%,
MPU6050 membaca sudut dengan rata-rata error 7,65-8,35%, sedangkan sensor
piezoelektrik memberikan respon stabil dan aman bagi mikrokontroler. Sistem mampu
mengirimkan data secara konsisten melalui LoRa dengan jangkauan efektif hingga 150 m
(RSSI minimum -102 dBm), meskipun performa dipengaruhi kondisi lingkungan dan
antena. Dari sisi konsumsi daya, kebutuhan energi sistem sebesar 16,8 Wh per hari dapat
dipenuhi panel surya 20 Wp dan baterai 12 V 7,5 Ah, sehingga sistem dapat beroperasi
secara mandiri di lapangan. Dengan demikian, sistem terbukti andal, akurat, hemat energi,
dan layak digunakan sebagai alat pemantauan kondisi tanah secara real-time untuk
mendukung mitigasi bencana longsor.

Kata kunci: Tanah longsor, deteksi dini, loT, LoRa, sistem pemantauan.
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ABSTRACT

Muhamad Arrivo Al Izhar, “Design and Development of a Monitoring and Early Warning System for Land
Displacement Using Microcontroller-Based 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 Dr. Viktor Vekky Ronald R., S.T., M. T., August 2025, 81 page + xiii + 19 appendices.

Indonesia has high tectonic activity and rainfall intensity, making it highly vulnerable to
landslides. According to the National Disaster Management Agency (BNPB), more than
1.300 landslide events were recorded in 2021. To reduce the risk of casualties and material
losses, an early warning system capable of monitoring landslide-triggering parameters in
real time is required. This study developed a landslide monitoring system based on the
Internet of Things (loT) with Long Range (LoRa) communication technology. The system
consists of a transmitter based on Arduino Nano equipped with soil moisture, tipping bucket,
piezoelectric, and MPUG6050 sensors, as well as a receiver based on ESP32 that displays the
data on an LCD, sends information to a cloud platform, and activates a buzzer as an early
warning alarm. The test results showed that all sensors worked properly and stably. The soil
moisture sensor produced trends consistent with a soil tester, the tipping bucket achieved an
average error of only 0.30%, the MPU6050 measured angles with an average error of 7.65—
8.35%, while the piezoelectric sensor provided a stable response within a safe voltage range
for the microcontroller. The system consistently transmitted data via LoRa with an effective
range of up to 150 m (minimum RSSI of -102 dBm), although its performance was affected
by environmental conditions and antenna placement. In terms of power consumption, the
system required 16.8 Wh per day, which can be reliably supplied by a 20 Wp solar panel
and a 12V 7.5 Ah battery, enabling standalone operation in the field. Therefore, the system
is proven to be reliable, accurate, energy-efficient, and feasible to be applied as a real-time
soil condition monitoring tool to support landslide disaster mitigation.

Keyword: Landslide, early detection, loT, LoRa, monitoring system.
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