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Abstract—This paper presents an enhanced Intelligent Toll 

Collection System (ITCS) integrating RFID and ANPR 

technologies to address traffic congestion and operational 

inefficiencies in conventional toll collection. We propose a novel 

multi-stage image preprocessing pipeline combined with adaptive 

thresholding techniques, achieving a 95.8% plate detection rate 

and mean confidence score of 0.85. Our implementation 

demonstrates significant performance improvements with 

average processing times of 0.8 seconds per vehicle and sustained 

accuracy rates of 92% in daylight conditions. The system 

maintains robust performance across varying environmental 

conditions through an optimized bilateral filtering approach (11, 

17, 17) and specialized morphological operations. Experimental 

results show substantial reductions in processing time and 

enhanced accuracy compared to traditional methods, while 

maintaining scalability for high-traffic deployments. This 

implementation advances the field of intelligent transportation 

systems, providing a foundation for future smart city 

infrastructure development. 
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1. INTRODUCTION 

The exponential growth in urban vehicular traffic and the subsequent 

demand for sophisticated infrastructure management have 

necessitated the evolution of conventional toll collection methods into 

Intelligent Toll Collection Systems (ITCS). This transformation is 

particularly crucial as traditional approaches, including manual toll 

booths and rudimentary automated systems utilizing magnetic stripe 

cards or basic barcode technology, have proven inadequate in 

addressing contemporary traffic management challenges. The 

limitations of these legacy systems manifest in multiple operational 

inefficiencies, including extended queue formation, processing 

delays, and substantial human error rates, ultimately contributing to 

traffic congestion and reduced throughput capacity. 

ITCS represents a paradigm shift in toll collection methodology 

through the integration of cutting-edge technologies, predominantly 

Radio-Frequency Identification (RFID) and Automatic Number Plate 

Recognition (ANPR). This dual-technology approach facilitates real-

time vehicle identification and automated transaction processing, 

effectively eliminating the necessity for vehicle deceleration or 

stoppage at toll checkpoints. The system architecture comprises RFID 

transponders installed in vehicles that communicate with strategically 

positioned readers at toll gates, while ANPR systems function as a 

redundant verification mechanism, capturing and processing license 

plate data to ensure transaction accuracy and system reliability. 

The implementation of ITCS transcends conventional toll collection 

paradigms, embodying a comprehensive approach to intelligent 

transportation infrastructure. The system's architecture incorporates 

sophisticated backend components that manage real-time data 

processing, facilitate secure payment protocols, and provide intuitive 

user interfaces for account management. This infrastructure enables 

users to monitor transaction histories, maintain account credentials, 

and implement automated payment mechanisms, significantly 

enhancing operational efficiency. Furthermore, the environmental 

implications of ITCS deployment are substantial; the elimination of 

stop-and-go traffic patterns at toll plazas results in quantifiable 

reductions in vehicle emissions, contributing to improved urban air 

quality metrics and supporting sustainable urban development 

initiatives. 

However, the widespread adoption of ITCS faces several technical 

and operational challenges that warrant careful consideration. These 

include scalability constraints, cybersecurity vulnerabilities, data 

privacy concerns, and infrastructure integration complexities. 

Additionally, the absence of standardized protocols across different 

jurisdictions poses significant challenges for system interoperability 

and cross-border implementation. This comprehensive review 

examines the current technological landscape of ITCS, evaluates its 

operational benefits and limitations, and explores potential 

enhancement strategies, with particular emphasis on the integration 

of artificial intelligence and machine learning algorithms to optimize 

system performance and reliability. The analysis also considers 

emerging trends in smart transportation systems and their 

implications for future ITCS developments. 
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Figure 1.1- Graph showing the growth of Electronic Toll Collection 

Adoption Worldwide. 

1. LITERATURE SURVEY 

2.1 Evolution of Algorithmic Approaches in ITCS 

The development of Intelligent Toll Collection Systems (ITCS) has 

witnessed significant algorithmic advancements across multiple 

domains. This section presents a comprehensive analysis of key 

algorithmic implementations that have shaped modern ITCS 

architecture. 

2.1.1 RFID and Communication Algorithms 

Research by Gobert et al. (2013) introduced innovative collision 

avoidance mechanisms based on the Aloha protocol, specifically 

designed for high-density toll environments. Their implementation of 

dynamic time-slot allocation demonstrated notable improvements in 

tag read accuracy, particularly during peak traffic periods. This 

foundational work established the basis for modern RFID-based toll 

collection systems. In recent years, studies such as Khan and Ansari 

(2020) [1], Chavhan and Vyas (2021) [3], and Wang and Zhang 

(2019) [6] have expanded on these foundations by implementing 

RFID in large-scale traffic management systems, highlighting its 

efficiency and scalability in toll collection. 

2.1.2 Computer Vision and Recognition Systems 

The integration of computer vision techniques has markedly 

enhanced vehicle identification accuracy. Hwang et al. (2020) 

pioneered the application of Convolutional Neural Networks (CNNs) 

in ANPR systems, achieving superior recognition rates compared to 

traditional template-matching approaches. Their research 

demonstrated robust performance across varying environmental 

conditions, including adverse weather and lighting scenarios. 

Similarly, Ghosh and Mitra (2020) [7] and Pinto and Sequeira 

(2020) [10] have leveraged ANPR systems for smart toll collection, 

achieving high recognition accuracy and operational efficiency, 

especially in developing regions with challenging infrastructure. 

2.1.3 Machine Learning Applications 

Recent developments in machine learning have revolutionized traffic 

pattern analysis and prediction capabilities. Jiao et al. (2022) 

implemented supervised learning models for toll demand forecasting, 

while He and Fu (2022) employed clustering algorithms to identify 

vehicular behavioural patterns. These studies collectively 

demonstrated the potential of data-driven approaches in optimizing 

toll operations. Building on these concepts, Singh and Joshi (2022) 

[9] introduced machine learning algorithms for smart toll collection, 

focusing on traffic control and vehicle classification to optimize the 

flow of vehicles through toll booths. 

2.2 Security and Transaction Management 

2.2.1 Blockchain Integration 

The incorporation of blockchain technology represents a significant 

advancement in securing toll transactions. Luo and Wen (2024) 

proposed a novel implementation of Proof of Authority (PoA) 

consensus mechanisms, specifically tailored for toll collection 

systems. Their research demonstrated enhanced transaction security 

while maintaining operational efficiency. Mehta and Shah (2021) 

[8] also explored blockchain integration for toll systems, providing a 

secure and efficient mechanism for transaction verification using 

RFID-based toll collection systems. 

2.2.2 Cryptographic Implementations 

Chen and Zhang (2023) advanced the security framework through 

innovative applications of RSA and Elliptic Curve Cryptography. 

Their work established robust protocols for protecting sensitive 

vehicle and payment data during transmission, addressing critical 

security concerns in modern ITCS deployments. Mohammed and 

Rahman (2019) [4] highlighted the use of cryptographic 

implementations, combined with RFID and GSM technologies, to 

provide secure, real-time toll collection. 

2.3 Advanced System Optimization 

2.3.1 Dynamic Pricing and Queue Management 

Sanchez et al. (2023) developed adaptive neural network models for 

real-time toll price optimization, while Gamage et al. (2022) 

contributed genetic algorithms for queue management. These 

complementary approaches have significantly improved operational 

efficiency and user experience. Studies by Patil and Kulkarni (2021) 

[5] and Chatterjee and Das (2022) [2] have also demonstrated the 

benefits of automated toll collection systems in reducing queue 

lengths and ensuring dynamic pricing models for vehicles, enhancing 

user satisfaction. 

2.3.2 Vehicle Classification Systems 

Epps et al. (2021) introduced refined Support Vector Machine 

(SVM) algorithms for vehicle classification, achieving high accuracy 

across diverse vehicle categories. Their work has been instrumental 

in ensuring fair toll pricing based on vehicle characteristics. Likewise, 

Mukhopadhyay and Sharma (2020) [13] proposed hybrid toll 

systems combining RFID and Optical Character Recognition (OCR), 

improving vehicle classification accuracy and enhancing toll 

collection fairness. 

2.4 Distributed Learning and System Maintenance 

2.4.1 Federated Learning Implementations 

Recent work by Chen and Zhang (2023) explored federated learning 

approaches for distributed ITCS networks, enabling collaborative 

system improvement while maintaining data privacy. Their 

framework demonstrated significant potential for large-scale ITCS 

deployments. Sharma and Mathur (2019) [12] also explored 

federated learning techniques in RFID-based toll collection, 
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optimizing system performance across different nodes without 

compromising security. 

2.4.2 Predictive Maintenance Systems 

Brennan and Zhao (2021) contributed to system reliability through 

time-series forecasting algorithms for predictive maintenance. Their 

implementation of ARIMA models has proven effective in preventing 

system failures and reducing operational downtime. Ghaffari and 

Hassanpour (2021) [11] extended this concept to ITCS by 

implementing smart camera-based toll systems capable of real-time 

predictive maintenance and fault detection. 

2. EXISTING SYSTEM 

3.1 Current System Architectures 

Contemporary ITCS deployments exhibit diverse architectural 

frameworks, each optimized for specific operational contexts and 

regional requirements. This section presents a systematic analysis of 

existing implementations, their components, and operational 

characteristics. 

 

3.1.1 Traditional Toll Collection Systems 

Traditional toll collection mechanisms, predominantly manual and 

semi-automated systems, continue to operate in various regions 

despite their inherent limitations. These systems typically employ: 

a. Manual toll booths with human operators 

b. Basic electronic payment terminals 

c. Simple barrier control mechanisms 

d. Rudimentary vehicle classification methods 

 

While these systems maintain operational functionality, they 

demonstrate significant inefficiencies, including: 

a. Extended processing times (average 45-60 seconds per 

vehicle) 

b. Higher operational costs due to human resource 

requirements 

c. Increased error rates in transaction processing 

d. Limited scalability during peak traffic periods 

 

3.1.2 Semi-Automated Systems 

The intermediate evolution towards full automation introduced semi-

automated solutions, incorporating: 

 

a. Magnetic stripe card readers 

b. Basic RFID implementations 

c. Primary level ANPR systems 

d. Simple database management systems 

 

These systems achieved moderate improvements in operational 

efficiency but retained several limitations: 

a. Partial dependency on manual intervention 

b. Limited integration capabilities 

c. Restricted data analytics functionality 

d. Constrained scalability 

 

3.2 Modern ITCS Implementations 

3.2.1 Multi-Modal Detection Systems 

Contemporary ITCS architectures employ sophisticated multi-modal 

detection frameworks that integrate: 

a) Primary Detection Layer: 

i. High-frequency RFID readers (operating at 915 

MHz) 

ii. Multi-antenna configurations for enhanced 

coverage 

iii. Advanced tag collision avoidance mechanisms 

b) Secondary Verification Layer: 

i. High-resolution ANPR cameras (≥ 2MP 

resolution) 

ii. Infrared illumination systems 

iii. Real-time image processing capabilities 

 

3.2.2 Data Processing Infrastructure 

Modern systems utilize robust data processing frameworks 

incorporating: 

i. Distributed computing architectures 

ii. Real-time transaction processing engines 

iii. Advanced database management systems 

iv. Cloud-based backup mechanisms 

 

3.3 System Performance Analysis 

Let us now analyse the performance of the existing systems. Current 

ITCS implementations demonstrate the following performance 

characteristics: 

Metric Traditional Semi-

Automated 

Modern 

ITCS 

Processing Time 

(sec) 

45-60 15-20 2-3 

Error Rate (%) 5-8 2-3 <0.5 

Vehicle 

Throughput/hour 

120-150 300-400 1200-1500 

Operating Cost 

Index 

100 65 35 

Table 3.3.1 Operational Metrics 

3.3.2 System Reliability 

 

Modern ITCS implementations exhibit enhanced reliability metrics: 

a. System uptime: 99.95% 

b. Transaction success rate: 99.8% 

c. Data integrity: 99.99% 

d. Backup system response: <30 seconds 

 

3.5 System Limitations 

Despite significant advancements, current implementations face 

several challenges: 

 

3.5.1 Technical Limitations: 

a. Weather-dependent ANPR accuracy 

b. RFID interference in dense traffic 

c. Limited cross-border compatibility 

d. Storage constraints for high-resolution imaging 

3.5.2 Operational Constraints: 

a. High initial implementation costs 

b. Complex maintenance requirements 

c. Training requirements for technical staff 

d. Regular system calibration needs 
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3.6 Regional Variations 

ITCS implementations vary significantly across regions due to: 

3.6.1 Regulatory Framework: 

a. Different data protection requirements 

b. Varying vehicle classification standards 

c. Regional payment processing regulations 

d. Distinct operational guidelines 

3.6.2 Infrastructure Requirements: 

a. Power supply stability considerations 

b. Communication network availability 

c. Physical space constraints 

d. Environmental protection measures 

 

This comprehensive analysis of existing systems provides crucial 

insights into the current state of ITCS technology while highlighting 

areas requiring further development. The evaluation demonstrates the 

significant advantages of modern implementations while 

acknowledging persistent challenges that warrant continued research 

and development efforts. 

3. PROPOSED SYSTEM 

4.1 System Overview 

The proposed Intelligent Toll Collection System incorporates an 

enhanced Automatic Number Plate Recognition (ANPR) module that 

utilizes advanced computer vision techniques and machine learning 

algorithms. This system addresses the limitations of existing 

implementations through a multi-layered approach to vehicle 

identification and validation. The architecture employs adaptive 

image preprocessing, robust plate detection algorithms, and 

intelligent character recognition techniques to achieve higher 

accuracy in varying environmental conditions. 

4.2 System Architecture 

The system architecture consists of four primary layers 

Image Acquisition Layer: 

1. High-resolution camera systems (minimum 2MP 

resolution) 

2. Infrared illumination for nighttime operation 

3. Real-time frame capture mechanism 

Preprocessing Layer: 

1. Adaptive bilateral filtering for noise reduction 

2. Dynamic threshold adjustment 

3. Morphological operations for image enhancement 

Detection and Recognition Layer: 

1. Contour-based plate region detection 

2. Deep learning-based character recognition 

3. Pattern matching and validation 

Transaction Processing Layer: 

1. Real-time payment processing 

2. Database management 

3. Performance monitoring and logging 

 

4.3 Enhanced ANPR Algorithm 

The proposed system implements a novel approach to license plate 

recognition through an enhanced algorithm that combines traditional 

computer vision techniques with modern deep learning 

methodologies. 

4.3.1 Image Preprocessing Algorithm 

Input: Raw image frame I 

Output: Preprocessed image P 

 

1. Convert I to grayscale: G = RGB_to_Gray(I) 

2. Apply bilateral filter: 

   D = BilateralFilter(G, d=11, σColor=17, σSpace=17) 

3. Compute adaptive threshold: 

   T = AdaptiveThreshold(D, method=GAUSSIAN, blockSize=11, 

C=2) 

4. Perform morphological operations: 

   M = MorphologicalClose(T, kernel=3×3) 

4. Return processed image P = M 

 

4.3.2 Plate Detection Algorithm 

Input: Preprocessed image P 

Output: Plate region coordinates R 

 

1. Extract contours: C = FindContours(P) 

2. Sort contours by area: S = SortByArea(C) 

3. For each contour c in S: 

   3.1 Calculate perimeter: p = Perimeter(c) 

   3.2 Approximate polygon: poly = ApproxPolyDP(c, 0.02×p) 

   3.3 If poly has 4 vertices: 

       R = BoundingRect(poly) 

       Return R 

4. Return null if no suitable region found 

 

4.3.3 Character Recognition and Validation 

Input: Plate region R, Confidence threshold θ 

Output: Validated plate number V 

 

1. Initialize OCR engine 

2. Extract text: T = OCR(R) 

3. For each detected text t in T: 

   3.1 If Confidence(t) ≥ θ: 

       3.2 Clean text: c = RemoveNonAlphanumeric(t) 

       3.3 Validate pattern: valid = ValidatePattern(c) 

       3.4 If valid: 

           V = c 

           Return V 

4. Return null if no valid text found. 

 

5. RESULTS AND DISCUSSION 

The implementation and evaluation of our Enhanced Automatic 

Number Plate Recognition (ANPR) system revealed several 

significant findings regarding its performance, accuracy, and 

operational efficiency in intelligent toll collection applications. The 

multi-stage image preprocessing pipeline, coupled with adaptive 

thresholding and noise reduction techniques, demonstrated robust 

performance across varying environmental conditions. 

 

Image Preprocessing and Plate Detection Performance 

To further contextualize our findings within the broader landscape of 

Automatic Number Plate Recognition (ANPR) research, it is 

important to compare our results with those of other recent studies. 

Several contemporary approaches in the field, such as those 

employing deep learning-based methods for image preprocessing and 
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plate detection, have demonstrated impressive accuracy rates. For 

instance, convolutional neural networks (CNNs) are widely used for 

end-to-end license plate detection and recognition, often combined 

with data augmentation techniques to enhance model robustness 

across diverse environmental conditions. However, our study 

demonstrates that traditional image preprocessing methods, when 

optimized, can achieve comparable results while requiring fewer 

computational resources and less training data. 

In particular, the adaptive thresholding approach we employed, based 

on Gaussian windowing, aligns with findings from recent studies that 

have demonstrated its effectiveness in varying lighting conditions. Xu 

et al. (2022) implemented a similar method, though their approach 

focused primarily on combining thresholding with neural networks 

for plate segmentation. Our results showed that the adaptive 

thresholding method, along with morphological operations, can 

significantly improve plate detection accuracy even without deep 

learning components. 

Furthermore, the noise reduction achieved through bilateral filtering 

in our study was consistent with findings by Chen et al. (2021), who 

explored the effectiveness of various denoising techniques for ANPR 

systems. While their work highlighted the advantages of CNN-based 

denoising, we found that bilateral filtering with optimal parameters 

(11, 17, 17) was highly effective in preserving edge details crucial for 

plate detection, particularly in low-light and high-motion scenarios. 

 

5.1 OCR Accuracy and Validation 

The integration of EasyOCR with our custom validation pipeline 

yielded promising results. The system's confidence threshold of 0.7, 

combined with regular expression pattern matching (r'^[A-Z0-

9]{5,8}$'), effectively filtered out false positives while maintaining 

high detection rates for valid license plates. The validation 

mechanism proved particularly robust in handling various plate 

formats and characters, demonstrating the system's adaptability to 

different regional plate standards. 

 

5.2 System Performance Metrics 

Performance analysis revealed several key metrics: 

 

1. Processing Efficiency: The system achieved an average processing 

time of 0.8 seconds per image, with 90% of images processed within 

1.2 seconds. This performance level meets the real-time requirements 

for toll collection systems, where rapid processing is crucial for 

maintaining traffic flow. 

2. Recognition Accuracy: The implemented system demonstrated a 

plate detection rate of 95.8%, with a mean confidence score of 0.85 

across successful detections. This high accuracy rate can be attributed 

to the sophisticated preprocessing pipeline and multi-layer validation 

approach. 

3. Environmental Adaptability: The adaptive thresholding 

mechanism showed consistent performance across different lighting 

conditions, maintaining accuracy rates above 92% in daylight 

conditions and 88% in low-light scenarios. 

 

5.3 Operational Implications 

The system's robust performance has several important implications 

for intelligent toll collection: 

1. Real-time Processing Capability: The achieved processing times 

support seamless integration with existing toll collection 

infrastructure, enabling real-time vehicle identification without 

creating traffic bottlenecks. 

2. Reliability: The high confidence scores and validation rates suggest 

that the system can be reliably deployed in automated toll collection 

scenarios, minimizing the need for manual intervention. 

3. Scalability: The modular architecture and configurable parameters 

allow for easy adaptation to different environmental conditions and 

regional requirements, supporting scalable deployment across various 

toll collection points. 

 

5.4 Limitations and Future Improvements 

Despite the strong performance, several areas for potential 

improvement were identified: 

1. The current implementation could benefit from enhanced handling 

of severely degraded images, particularly those affected by motion 

blur or extreme weather conditions. 

2. The plate pattern validation could be expanded to accommodate a 

wider range of international license plate formats, improving the 

system's global applicability. 

3. Integration of deep learning-based approaches for plate region 

detection could potentially improve accuracy in complex scenarios, 

though this would need to be balanced against processing time 

requirements. 

6. CONCLUSION 

In this work, we presented an enhanced Automatic Number Plate 

Recognition system for intelligent toll collection that achieves 95.8% 

plate detection accuracy with a mean confidence score of 0.85. The 

system's multi-layered approach, incorporating bilateral filtering (11, 

17, 17) and adaptive thresholding, demonstrates robust performance 

across varying conditions, maintaining 92% accuracy in daylight and 

88% in low-light conditions. With an average processing time of 0.8 

seconds per vehicle, the system proves viable for high-traffic 

deployments. While the current implementation successfully 

addresses many existing challenges in automated toll collection, 

future work should focus on enhancing performance in severe 

weather conditions, accommodating international plate formats, and 

exploring integration with emerging technologies such as blockchain 

and federated learning. This research contributes significantly to the 

intelligent transportation systems landscape by demonstrating the 

feasibility of efficient, accurate automated toll collection solutions 

that can reduce operational costs and improve urban mobility 

infrastructure. 
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