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INTIRSARI

Kecelakaan lalu lintas masih menjadi permasalahan serius di Indonesia,

dengan tercatatnya 217.218 kasus pada periode Juni 2024 hingga November 2025

yang mengakibatkan 21.155 korban jiwa. Sebesar 95% kejadian disebabkan oleh

faktor manusia, khususnya perilaku mengemudi berisiko seperti kecepatan

berlebih, pengereman mendadak, dan manuver agresif. Sistem pengawasan

manual dinilai tidak mampu merespons pelanggaran secara cepat, sehingga

diperlukan solusi pemantauan berbasis teknologi yang bersifat real-time.

Penelitian ini merancang dan membangun sistem monitoring perilaku

pengemudi angkutan umum berbasis Internet of Things (IoT) menggunakan

metode Research and Development (R&D) dengan model ADDIE. Sistem

mengintegrasikan mikrokontroler ESP32 sebagai unit pemroses utama, modul GPS

Beitian BN-220 untuk mendeteksi posisi dan kecepatan kendaraan, serta sensor

MPU6500 untuk mendeteksi manuver agresif berupa zig-zag dan pengereman

mendadak. Pelanggaran yang terdeteksi memicu peringatan suara melalui speaker

dan notifikasi visual melalui LCD I2C 16×2, sekaligus mengirimkan data secara

real-time ke web dashboard melalui protokol WebSocket untuk pemantauan

manajemen.

Hasil pengujian menunjukkan kinerja sistem yang baik. Sensor GPS

menghasilkan rata-rata error latitude 0,0001170% dan longitude 0,00002171%.

Sensor MPU6500 mencatat rata-rata error sudut kemiringan sebesar 1,02%

terhadap inclinometer, sedangkan pengujian kecepatan menghasilkan rata-rata

error 2,23% terhadap speedometer kendaraan. Pengujian integrasi pada dua jenis

kendaraan membuktikan seluruh skenario pelanggaran, baik tunggal maupun

kombinasi, berhasil dideteksi dan direkam secara konsisten tanpa gangguan

fungsi. Sistem ini terbukti berfungsi sebagai instrumen peringatan dini bagi

pengemudi sekaligus alat pemantauan berbasis data bagi manajemen, sehingga

berkontribusi terhadap peningkatan keselamatan transportasi jalan secara

berkelanjutan.

Kata kunci: Internet of Things, ESP32, GPS, MPU6500, monitoring real-time,

pelanggaran kecepatan, manuver agresif, keselamatan berkendara.
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ABSTRACT

Traffic accidents remain a serious problem in Indonesia, with 217,218 cases

recorded between June 2024 and November 2025 resulting in 21,155 fatalities.

Approximately 95% of incidents are caused by human factors, particularly risky

driving behaviors such as overspeeding, sudden braking, and aggressive

maneuvering. Conventional manual supervision is inadequate in responding to

violations promptly, necessitating a real-time technology-based monitoring

solution.

This study designs and develops an IoT-based driving behavior monitoring

system for public transport drivers using the Research and Development (R&D)

method with the ADDIE model. The system integrates an ESP32 microcontroller as

the main processing unit, a Beitian BN-220 GPS module for detecting vehicle

position and speed, and an MPU6500 sensor for identifying aggressive maneuvers

including zig-zag movement and sudden braking. Detected violations trigger audio

warnings via speaker and visual notifications via a 16×2 I2C LCD, while

simultaneously transmitting data in real-time to a web dashboard through

WebSocket protocol for management monitoring.

Testing results demonstrate strong system performance. The GPS sensor

achieved an average latitude error of 0.0001170% and longitude error of

0.00002171%. The MPU6500 recorded an average tilt angle error of 1.02% against

a digital inclinometer, while speed testing yielded an average error of 2.23%

against the vehicle speedometer. Integration testing across two vehicle types

confirmed that all violation scenarios, whether single or combined, were

consistently detected and recorded without disruption. The system effectively

serves as an early warning instrument for drivers and a data-driven monitoring

tool for management, contributing to sustainable road transport safety

improvement.

Keywords: Internet of Things, ESP32, GPS, MPU6500, real-time monitoring,

speed violation, aggressive maneuver, driving safety.


