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ABSTRAK

IMPLEMENTASI PROTOKOL MODBUS UNTUK
KOMUNIKASI LORA PADA SISTEM
MONITORING KETINGGIAN
AIR SUNGAI

Nicolas Dwi Saputra, NIM : 2212009
Dosen Pembimbing I : Prof.Dr.Eng. Aryuanto Soetedjo, ST., MT.
Dosen Pembimbing II : Dr. Michael Ardita, ST., MT.

Bencana banjir yang sering terjadi di Indonesia menuntut sistem
monitoring ketinggian air sungai yang andal dan mampu bekerja secara
real-time. Teknologi LoRa dikenal efektif sebagai media komunikasi
nirkabel berdaya rendah dan berjangkauan luas,namun implementasinya
umumnya masih bersifat point-to-point tanpa mekanisme pengaturan
giliran pengiriman data, sehingga rawan terjadi tabrakan data. Penelitian
ini mengimplementasikan protokol Modbus RTU secara murni berbasis
perangkat lunak pada mikrokontroler ESP32 yang terintegrasi dengan
modul LoRa, tanpa menggunakan konverter hardware eksternal. Sistem
dirancang dengan topologi jaringan Star dan arsitektur Master-Slave, di
mana satu Node Master melakukan polling sekuensial terhadap lima Node
Slave. Seluruh logika protokol dikodekan menggunakan Arduino IDE
berbahasa C++. Pengujian komunikasi prototipe menghasilkan tingkat
keberhasilan 97,96% pada polling 1 detik, 96,67% pada polling 5 detik,
dan 97,14% pada polling 10 detik, dengan rata-rata delay 88,29-91,72 ms
dan rata-rata RSSI -50,31 hingga -58,72 dBm yang berkategori Sangat
Kuat hingga Sangat Baik. Pengujian komunikasi lapangan di area
Kampus 2 ITN Malang pada kondisi non-Line-of-Sight, dengan jarak
Slave 130—170 m dari Master, menghasilkan tingkat keberhasilan 84,13%
pada polling 1 detik, 88,33% pada polling 5 detik, dan 70,00% pada
polling 10 detik, dengan rata-rata delay 92,28-104,05 ms. Pada kedua
pengujian tersebut, seluruh kegagalan yang terjadi berjenis Timeout tanpa
satu pun kejadian tabrakan data, membuktikan bahwa mekanisme polling
sekuensial Modbus RTU secara efektif mencegah tabrakan data.

Kata Kunci: Modbus RTU, LoRa, ESP32, Multi-Node,Monitoring
Ketinggian Air



ABSTRACT

IMPLEMENTATION OF THE MODBUS PROTOCOL FOR
LORA COMMUNICATION IN A RIVER WATER LEVEL
MONITORING SYSTEM

Nicolas Dwi Saputra, NIM : 2212009
Supervisor I : Prof.Dr.Eng. Aryuanto Soetedjo, ST., MT.
Supervisor II : Dr. Michael Ardita, ST., MT.

Flooding disasters that frequently occur in Indonesia demand a reliable,
real-time river water level monitoring system. LoRa technology is well
known as an effective low-power, wide-area wireless communication
medium; however, its implementation is generally still point-to-point
without a data transmission scheduling mechanism, making it prone to
data collision. This research implements the Modbus RTU protocol in a
purely software-based manner on an ESP32 microcontroller integrated
with a LoRa module, without using an external hardware converter. The
system was designed with a Star network topology and Master-Slave
architecture, in which one Node Master performs sequential polling of
five Node Slaves. All protocol logic was coded using the Arduino IDE in
C++. The prototype communication test yielded success rates of 97.96%
at 1-second polling, 96.67% at 5-second polling, and 97.14% at 10-second
polling, with an average delay of 88.29-91.72 ms and an average RSSI of
-50.31 to -58.72 dBm, falling within the Very Strong to Very Good
category. The field communication test conducted at Campus 2 of ITN
Malang under non-Line-of-Sight conditions, with Slave distances of 130—
170 m from the Master, produced success rates of 84.13% at 1-second
polling, 88.33% at 5-second polling, and 70.00% at 10-second polling,
with an average delay of 92.28—104.05 ms. In both tests, all failures were
of the Timeout type, with no data collision events recorded, proving that
the Modbus RTU sequential polling mechanism effectively prevents data
collision.

Keywords: Modbus RTU, LoRa, ESP32, Multi-Node,Water Level
Monitoring
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