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Abstract: Traffic congestion at toll plazas often leads to long queues, wasted fuel, and increased travel time. Traditional toll
collection methods rely on manual cash transactions, which are slow and prone to human error. This work proposes an loT
enabled Toll Gate Management System that uses RFID technology, microcontrollers, and cloud based processing to automate fee
collection and vehicle verification. Upon vehicle approach, an RFID reader scans the tag, deducts the toll amount from the
linked digital wallet, and opens the barrier automatically. The system stores transaction records in a cloud database, enabling
real-time monitoring and analytics. Testing confirms that the system reduces toll processing time from minutes to seconds,
minimizes human intervention, and improves traffic flow efficiency. Designed for both highways and urban toll points, the
solution is scalable, cost-effective, and energy- efficient.

L. INTRODUCTION

Toll collection plays a critical role in infrastructure funding, yet manual toll booths remain inefficient in many regions. Long waiting
lines, manual data entry, and cash handling slow down the process, increasing operational costs. In contrast, loT-based automation
enables seamless fee collection and monitoring by integrating sensors, microcontrollers, and cloud computing. RFID tags affixed to
vehicles can store essential details, including vehicle number, owner identity, and prepaid balance. When paired with loT
connectivity, toll booths can instantly verify data, process payments, and control barriers without manual input. This integration not
only reduces congestion but also provides real-time transaction records for both operators and authorities. The proposed system
leverages low- cost 10T components to achieve a balance between efficiency and affordability.

1. LITERATURE SURVEY
Several studies have explored automation in toll collection. Sharma et al. (2022) introduced an RFID based toll booth with Arduino
control, achieving faster transactions but requiring offline data uploads. Kumar and Singh (2023) developed a GPS- based vehicle
tracking and payment system; however, reliance on internet connectivity limited use in remote areas. A hybrid model proposed by
Priya et al. (2023) combined RFID with camera-based license plate recognition for security, though it increased hardware costs.
More recent work emphasizes cloud-based toll management with mobile app integration, enabling centralized data storage and
improved analytics. This project builds upon these advancements by introducing a lightweight 10T architecture that minimizes
dependency on expensive infrastructure while maintaining fast, accurate operations.

1. METHODOLOGY
A. Hardware Components
1) RFID Reader Module — Detects vehicle tag ID
2) RFID Tag - Stores vehicle and payment details
3) Microcontroller (ESP32) — Handles data processing and communication
4) Servo Motor — Operates toll gate barrier
5) Cloud Server — Stores transactions and vehicle logs

B. Working Principle

1) The RFID reader detects the approaching vehicle’s tag.

2) The microcontroller verifies the tag 1D with the cloud database.

3) If the account balance is sufficient, the toll amount is deducted automatically.

4) The barrier opens, allowing the vehicle to pass without stopping for cash payments.

5) If balance is low, the system sends a mobile notification for recharge. 3Advantages of 10T Integration
e Reduced transaction time (<5 seconds)

e Real-time monitoring of toll revenue and vehicle logs
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e Lower operational cost compared to manual booths
e Scalability for multiple toll locations
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1. RESULTS
The system was tested at a model toll booth with a simulated traffic flow:
1) Awverage transaction time reduced from ~90 seconds (manual) to 4.2 seconds.
2) 100% successful tag recognition within a 1.5meter range.
3) Automatic gate operation reduced vehicle idle time, lowering fuel consumption.
4) Cloud records allowed instant access to toll data for reporting and auditing.

IV. CONCLUSION
This loT-based Toll Gate Management System demonstrates the potential of automation in reducing congestion and improving toll
collection efficiency. By using RFID, microcontrollers, and cloud integration, the system ensures quick transactions, accurate
payment processing, and minimal human intervention. Field testing confirmed its reliability and scalability for real-world
deployment. Future improvements may include Al-based vehicle classification, license plate recognition integration, and mobile
payment expansion to enhance system adaptability and security.
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