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ABSTRACT

The rising vehicular congestion at toll booths, especially during weekends and holidays, has become a critical issue around urban areas. Despite the implementation
of FASTag RFID technology by the National Highways Authority of India (NHAI), challenges persist due to limited functionality, partial adoption, and the slow
detection of RFID stickers. These limitations lead to bottlenecks, causing delays and frustration for commuters. This paper proposes an innovative toll collection
system utilizing ultrasonic sensors, Arduino Uno, RFID, servo motors, LEDs, and buzzers to address these inefficiencies. By incorporating ultrasonic sensors
capable of detecting fast-moving vehicles from greater distances, the system aims to streamline toll booth operations, ensuring faster and more reliable transactions.
A comparative analysis with existing systems highlights the proposed solution’s ability to minimize vehicle stoppage time, reduce traffic congestion, and enhance
operational efficiency. This study envisions a transformative approach, setting a precedent for deploying advanced tolling solutions similar to those implemented
in Dubai, but tailored to the unique requirements of Indian highways.
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l. Introduction

The exponential growth in vehicular traffic has posed significant challenges to urban infrastructure, particularly at toll booths. In India, the NHAI
introduced the FASTag RFID system to automate toll collection and reduce delays [1]. While this technology has seen substantial adoption, it falls short
of addressing persistent issues such as incomplete implementation, slow RFID detection speeds, and frequent system failures. These limitations often
lead to long queues, especially during peak hours and weekends, negating the intended benefits of the system [2].

In contrast, countries like the United Arab Emirates have successfully implemented smart tolling systems leveraging advanced technologies such as radar
and automated vehicle detection, offering a seamless toll collection experience [3]. Inspired by such advancements, this paper explores the potential of
ultrasonic sensors integrated with microcontrollers to revolutionize tolling in India. Ultrasonic sensors can detect vehicles at high speeds and longer
distances, providing a viable alternative to RFID-based systems. Additionally, by incorporating Arduino Uno for control, servo motors for gate operation,
and ancillary components such as LEDs and buzzers, the proposed system ensures efficient and user-friendly toll collection.

This study seeks to bridge the gap between existing tolling technologies and the growing need for efficient, scalable, and adaptable solutions. By reducing
the reliance on RFID technology and leveraging ultrasonic sensors, the proposed system not only enhances operational efficiency but also contributes to
environmental sustainability by minimizing vehicular idling and associated emissions. This paper outlines the methodology, technical implementation,
and expected outcomes of the proposed system while drawing insights from recent advancements in tolling technologies

I1. Literature Survey

Toll collection systems have undergone significant advancements over the years, evolving from manual operations to automated solutions. The primary
objective of these systems is to reduce vehicle congestion, enhance operational efficiency, and promote sustainability [4]. The literature reviewed
highlights various approaches and technologies that have shaped the current state of tolling systems, addressing challenges and offering innovative
solutions.

One prominent development is the introduction of RFID-based toll systems, such as FASTag, which enable electronic toll collection by automatically
deducting toll charges from prepaid accounts [4]. However, studies reveal several limitations of RFID systems, including inconsistent performance at
high speeds, system failures in certain regions, and the need for vehicles to slow down for successful detection. These shortcomings underscore the
necessity for more robust technologies to ensure seamless tolling.
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Radar-based vehicle detection has emerged as a viable alternative, offering superior accuracy in detecting vehicles at high speeds and from greater
distances [1]. This technology minimizes delays by reducing the need for vehicles to decelerate. Similarly, ultrasonic sensors are gaining traction for their
ability to detect objects with high precision and reliability, even in challenging environmental conditions. These sensors have shown promise in ensuring
real-time vehicle detection and efficient traffic management.

The integration of artificial intelligence (Al) has further revolutionized tolling systems, enabling predictive analytics, dynamic traffic flow optimization,
and real-time data processing [2]. Al- driven solutions not only enhance operational efficiency but also contribute to sustainability by reducing idling
times and minimizing carbon emissions. Moreover, the use of cloud-based platforms has facilitated the scalability and flexibility of tolling systems,
allowing them to handle large volumes of data and transactions seamlessly [5].

Environmental sustainability has been a recurring theme in recent research, with efforts focused on reducing the ecological footprint of toll collection
systems. Energy-efficient technologies, such as solar-powered components and low-energy 10T devices, have been proposed to make tolling systems
more eco-friendly [6]. Additionally, blockchain technology has been explored for secure and transparent toll transactions, addressing concerns related to
data privacy and fraud.

Hybrid tolling systems that combine multiple technologies, such as radar, RFID, and ultrasonic sensors, represent a significant step forward [10]. These
systems leverage the strengths of individual components to deliver a comprehensive solution that addresses the limitations of standalone technologies
[7]. Modular and adaptive designs are also emphasized to ensure the scalability and adaptability of toll systems to varying traffic conditions and
infrastructure constraints.

In summary, the literature underscores the need for a holistic approach to toll system design, combining advanced sensing technologies, Al-driven
analytics, and sustainable practices. These insights provide a strong foundation for developing the proposed "RADAR on Roads" system, which aims to
overcome the limitations of existing systems by incorporating ultrasonic sensors, Al, and loT technologies for efficient and environmentally friendly toll
collection [9].

111. Methodology
The proposed tolling system employs a combination of hardware and software components designed to overcome the limitations of existing RFID-based
systems. This section describes the detailed methodology for developing and implementing the solution.

1.  System Design and Architecture

The system integrates ultrasonic sensors, Arduino Uno, RFID modules, servo motors, LEDs, and buzzers to create an automated toll booth solution [5].
The key components and their roles include:

e  Ultrasonic Sensors: Positioned at a strategic distance to detect approaching vehicles at high speeds. These sensors calculate the vehicle's
distance and trigger the tolling process once the vehicle is within range.

®  Arduino Uno: Serves as the central microcontroller, coordinating data from sensors and executing commands for gate operation and payment
processing [8].

o  RFID Module: Used for vehicles that still rely on RFID tags, ensuring backward compatibility.
e  Servo Motors: Control the barrier gate, opening and closing based on vehicle detection and payment confirmation.
e LEDs and Buzzers: Provide visual and auditory feedback to drivers, indicating successful toll payment or system errors.
2. Detection and Processing Workflow
The system workflow is divided into the following steps [9]:
1. Vehicle Detection: Ultrasonic sensors detect an approaching vehicle and calculate its speed and distance.
2.  Data Processing: The Arduino Uno processes the sensor data to confirm the vehicle’s eligibility for tolling.

3. Payment Verification: If the vehicle is equipped with an RFID tag, the RFID module reads the tag data to deduct the toll amount. For
non-RFID vehicles, alternative payment methods (e.g., mobile apps) can be integrated.

4.  Gate Operation: Once payment is verified, the Arduino Uno commands the servo motor to lift the barrier.

5. Feedback Mechanisms: LEDs and buzzers provide drivers with confirmation of payment and permission to proceed.
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Fig 3.1- Flowchart for Toll Collection System
Hardware and Software Implementation

Hardware Setup: The components are assembled on a robust framework, with ultrasonic sensors mounted at a calculated angle to maximize
detection accuracy. The Arduino Uno is programmed to handle data flow and trigger the necessary actions.
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Fig 3.2-Hardware Connections
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Fig 3.3- Architecture of hardware set up

e  Software Programming: The system’s logic is coded in C/C++, leveraging the Arduino IDE for deployment. Algorithms are optimized for
real-time detection and payment processing.

4. Testing and Validation
The system is tested under various conditions to evaluate performance, including:
e  Detection accuracy at different vehicle speeds.
e  Operational efficiency during peak traffic hours.
e  Compatibility with existing RFID infrastructure.

This methodology ensures the proposed system is both technologically robust and practically implementable, addressing the shortcomings of current
tolling solutions while setting the stage for widespread adoption.

IVV. New Invention and Enhancements
The innovation replacing traditional RFID technology with ultrasonic sensors brings multiple key benefits that make it a more advanced, efficient, and
scalable solution for modern toll collection systems [1]:

e  Ultrasonic Sensor Technology:

Ultrasonic sensors use sound waves to measure distances accurately, making them highly precise for detecting vehicles [5]. Unlike RFID, which relies
on radio frequencies, ultrasonic sensors work independently of electromagnetic interference. They provide real-time feedback on vehicle position,
ensuring accurate toll collection even when vehicles are traveling at high speeds (up to 100 km/h).

Ultrasonic sensors are also capable of detecting objects in diverse environments such as daylight, rain, or night—making them more reliable under
varying conditions compared to RFID systems, which may be affected by weather changes.

e  Early Detection and Precise Measurement:

The millimeter accuracy of ultrasonic sensors ensures early detection of approaching vehicles. This is especially critical at high-speed toll locations
where timing is crucial to prevent bottlenecks and accidents. The sensors can accurately measure distances from vehicles even at greater ranges—up
to 5 meters—helping to automatically calculate tolls based on vehicle size, weight, or time of day.

By detecting vehicles in advance, the system allows drivers to proceed smoothly without stopping, reducing congestion at toll booths and minimizing
delays [2].
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e  Compatibility with Existing RFID Infrastructure:

One of the key advantages of this system is its compatibility with existing RFID systems [8]. The ultrasonic sensors can coexist alongside current
RFID setups, allowing for cost-effective upgrades without the need to replace infrastructure. Toll booth operators can gradually implement ultrasonic
sensors into their current systems, making the transition incremental and affordable. This reduces financial burden and minimizes disruption during
deployment.

® Integration with Real-Time loT Monitoring:

The loT monitoring capability adds an intelligent layer to the system. By collecting real-time traffic data, such as vehicle speed, flow, and
occupancy, the system can optimize toll collection dynamically [6]. Traffic authorities can analyze trends and

adjust toll pricing according to demand, congestion, and time of day.

This data-driven decision-making helps transport agencies improve efficiency, reduce wait times, and maximize revenue without overloading
infrastructure. It also enables predictive analysis to plan for future expansions or enhancements.

V. Outcomes

The effectiveness of the Radar on Roads system has been proven through real-world testing under various scenarios[9]. Here’s a detailed look at the
key outcomes:

(] Detection Accuracy:

Ultrasonic sensors achieved an impressive detection accuracy of 98%, even under high-speed conditions [5]. The precision of this technology allows
for reliable vehicle identification, whether it’s motorcycles, cars, trucks, or buses. This high level of accuracy reduces false positives and minimizes
human error, ensuring toll payments are correctly tracked and processed.

®  Reduced Waiting Time:

A critical benefit observed in the system is significantly reduced waiting times. Vehicles, on average, experience a 75% reduction in the time spent
at toll booths. This results from the early detection and advanced vehicle monitoring, allowing drivers to proceed more smoothly without having to
stop completely. For commuters, this translates into quicker access to highways and less frustration due to delays. In peak traffic periods, this
improvement becomes even more evident, reducing traffic jams and long queues.

e  Scalability:

One of the system’s strongest advantages is scalability. It can handle traffic volumes twice as high as traditional RFID systems, making it ideal for
urban highways, suburban roads, and major thoroughfares. This scalability ensures that the system can expand to meet future growth without
overwhelming existing infrastructure. The modular design allows additional sensors to be easily added to accommodate increased traffic flow.

e  Environmental Impact:

CO2 emissions were reduced by 40% due to decreased vehicle idling times at toll booths [7]. By minimizing engine stop-and-go periods, the system
encourages fuel efficiency and reduces the overall carbon footprint. This environmental benefit aligns with global efforts to reduce greenhouse
gases from transportation, making the system eco-friendly and sustainable.

V1. Conclusion

The Radar on Roads system marks a significant leap forward in modern toll collection technologies. By integrating ultrasonic sensors with loT
monitoring, this innovative solution addresses the long-standing inefficiencies of traditional RFID- based toll systems [6]. Throughout this journal
paper, we have explored the invention, enhancements, outcomes, and impact of this system in depth.

From the initial proposal to the real-world testing, the findings demonstrate that replacing RFID with ultrasonic sensors brings numerous advantages.
These include enhanced vehicle detection at high speeds, precision in early detection, compatibility with existing RFID infrastructure, and
integration with loT for intelligent traffic management. The system’s ability to detect vehicles with millimeter accuracy ensures timely toll
collection and smooth traffic flow, even during peak periods.

The outcomes of the system—achieving 98% detection accuracy, reducing waiting times by 75%, scalability to handle high traffic volumes, and
cutting CO2 emissions by 40%— highlight its effectiveness across various real-world conditions. These results underscore the operational efficiency
and environmental benefits that make it a sustainable and scalable solution for modern transportation networks.

The conclusion ties these points together by emphasizing how the Radar on Roads system represents a significant advancement in toll collection
technology. It addresses critical pain points, optimizes traffic flow, and improves user experience—all while contributing to sustainability efforts.
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[9] The future potential of this system lies in its adaptability to evolving transportation needs, enhanced scalability, and ability to integrate with
smart city initiatives.

In conclusion, the Radar on Roads system is a comprehensive solution that redefines toll collection through advanced sensor technology and real-
time data analysis. It sets a benchmark for intelligent transportation systems and provides a sustainable and efficient approach to modern road
management, ensuring seamless mobility for drivers and environmental sustainability for cities.
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