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INTISARI

RANCANG BANGUN SISTEM TRANSAKSI DAN PENGOLAHAN DATA
KENDARAAN BERBASIS FIREBASE PADA PROTOTIPE GERBANG
TOL FREE FLOW

Elhida Fauzia Riannuha
Program Studi Teknologi Rekayasa Otomasi, Sekolah Vokasi, Universitas
Diponegoro

Pertumbuhan kendaraan yang terus meningkat di Indonesia menyebabkan antrean
di gerbang tol masih sering terjadi karena sistem transaksi yang belum efisien.
Meskipun telah menggunakan e-toll, kendala seperti kegagalan tapping,
keterlambatan proses, dan kurangnya transparansi data masih ditemukan. Penelitian
ini bertujuan untuk merancang sistem transaksi dan pengolahan data berbasis
Internet of Things (IoT) menggunakan Firebase pada prototipe gerbang tol free
flow. Sistem menggunakan ESP32 sebagai pusat kendali yang terintegrasi dengan
sensor ultrasonik, RFID, dan motor servo, serta didukung oleh Firebase Realtime
Database untuk penyimpanan dan monitoring data secara real-time. Metode Finite
State Machine (FSM) diterapkan untuk mengatur alur sistem agar lebih terstruktur
dan meminimalkan kesalahan transaksi. Sistem bekerja secara otomatis mulai dari
deteksi kendaraan hingga proses transaksi dan respons gerbang. Hasil pengujian
menunjukkan RFID tag terbaca dengan akurasi 100%, logika validasi FSM berjalan
tanpa kesalahan pemotongan, dan konektivitas Firebase mencapai keberhasilan
100%. Dashboard pemantauan memperbarui data dengan waktu tunda rata-rata 1,3
detik, dengan estimasi total waktu penyelesaian transaksi sekitar 2,07 detik.

Kata Kunci: ESP32, Internet of Things (1oT), Firebase, RFID, FSM, Gerbang Tol
Free Flow
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ABSTRACT

RANCANG BANGUN SISTEM TRANSAKSI DAN PENGOLAHAN DATA
KENDARAAN BERBASIS FIREBASE PADA PROTOTIPE GERBANG
TOL FREE FLOW

Elhida Fauzia Riannuha
Program Studi Teknologi Rekayasa Otomasi, Sekolah Vokasi, Universitas
Diponegoro

The continuous growth in the number of vehicles in Indonesia frequently leads to
queues at toll gates due to inefficient transaction systems. Despite the use of e-toll
systems, issues such as tapping failures, processing delays, and a lack of data
transparency persist. This research aims to design an Internet of Things (loT)-
based transaction and data processing system using Firebase for a free-flow toll
gate prototype. The system utilizes an ESP32 as the central controller, integrated
with ultrasonic sensors, RFID, and servo motors, and is supported by the Firebase
Realtime Database for real-time data storage and monitoring. A Finite State
Machine (FSM) method is employed to structure the system workflow and minimize
transaction errors. The system operates automatically, handling everything from
vehicle detection to the transaction process and gate response. Test results indicate
100% accuracy in RFID tag reading, error-free execution of FSM validation logic
regarding deduction processes, and a 100% success rate for Firebase connectivity.
The monitoring dashboard updates data with an average latency of 1.3 seconds,
while the estimated total transaction completion time is approximately 2.07

seconds.

Keywords: ESP32, Internet of Things (1oT), Firebase, RFID, FSM, Free Flow Toll
Gate
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DAFTAR SINGKATAN DAN SIMBOL

Singkatan Definisi Simbol Definisi
ADC Analog to Digital % Persentase
Converter
ALB Automatic Lane Barrier ° Derajat
DAC Digital to Analog Toleransi
Converter Kurang Lebih
DC Direct Current > Lebih Besar
Dari
EPC Electronic Product < Lebih  Kurang
Code Dari
ETC Electronic Toll > Lebih Besar
Collection Dari atau Sama
Dengan
FSM Finite State Machine < Lebih Kecil
Dari atau Sama
Dengan
GND Ground - Nilai Negatif /
Pengurangan
GNSS Global Navigation / Per / Pembagian
Satellite System
GPIO General Purpose Input + Penambahan
Output
HTTP Hypertext Transfer = Sama Dengan
Protocol
12C Inter-Integrated Circuit s Mikrosekon
IEEE Institute of Electrical ms Milisekon
and Electronics
Engineers
loT Internet of Things S Sekon (Detik)
JSON JavaScript Object dBm Desibel-
Notation miliwatt
KB Kilobyte Hz Hertz
LCD Liquid Crystal Display kHz Kilohertz
MLFF Multi Lane Free Flow MHz Megahertz
MQTT Message Queuing V Volt
Telemetry Transport
NC Normally Closed VAC Volt Alternating
Current
NTP Network Time Protocol VDC Volt Direct
Current
OoBU On Board Unit mA Miliampere
PSU Power Supply Unit A Ampere
PWM Pulse Width Modulation Q Ohm
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Singkatan Definisi Simbol Definisi
RFID Radio Frequency cm Sentimeter
Identification
ROM Read Only Memory m Meter
RSSI Received Signal mm Milimeter
Strength Indicator
RTDB Realtime Database kgf-cm Kilogram-force
Centimeter
SCL Serial Clock
SDA Serial Data
SLFF Single Lane Free Flow
SPI Serial Peripheral
Interface
SRAM Static Random Access
Memory
TTL Transistor-Transistor
Logic
UART Universal
Asynchronous Receiver
Transmitter
UHF Ultra High Frequency
uiD Unique Identifier
uUSB Universal Serial Bus
VCC Voltage Common
Collector
VDC Volt Direct Current
WDT Watchdog Timer
Wi-Fi Wireless Fidelity
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