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Abstract: Automatic Vehicle License Number Plate Recognition (VLNPR) has become a vital component of
intelligent transportation systems due to the rapid increase in vehicles, traffic violations, and road safety
concerns. Manual traffic monitoring is inefficient, error-prone, and unsuitable for real time enforcement in
high-density traffic environments. This paper presents a real-time Vehicle License Number Plate Recognition
system using OpenCV and Optical Character Recognition (OCR) techniques to automatically detect,
recognize, and process vehicle license plates from live video streams. The proposed system captures video
input using a camera, preprocesses each frame to enhance image quality, and localizes the license plate region
using computer vision techniques. EasyOCR is employed to accurately extract alphanumeric characters from
the detected license plates. The recognized license numbers are then verified against a MySQL database to
retrieve vehicle owner details and track violation history. In the event of a traffic violation, such as
overspeeding or rule infringement, the system automatically records the violation and sends real-time SMS
notifications to the registered vehicle owner using the Twilio API. Location-based information and timestamp
details are also integrated to provide contextual awareness of the violation. Experimental evaluation
demonstrates that the proposed system achieves reliable license plate detection and recognition accuracy under
standard lighting conditions while maintaining real-time performance. The system-is cost-effective, scalable,
and suitable for applications such as traffic law enforcement, parking management, toll collection, and smart
city surveillance. This work highlights the practical implementation of an automated, efficient, and intelligent
traffic monitoring solution using open-source technologies.

Index Terms - Automatic Number Plate Recognition (ANPR), OpenCV, EasyOCR, Traffic Violation
Detection, Intelligent Transportation Systems, Optical Character Recognition

I. INTRODUCTION

The rapid growth of urbanization and the exponential increase in the number of vehicles have imposed
significant challenges on modern traffic management systems. Conventional traffic monitoring and law
enforcement methods rely Identify applicable funding agency here. If none, delete this.

heavily on manual surveillance, which is time-consuming, error-prone, and inefficient for real-time
applications. To overcome these limitations, Intelligent Transportation Systems (ITS) have adopted automated
technologies to enhance traffic regulation, road safety, and vehicle monitoring. Among these technologies,
Vehicle License Number Plate Recognition (VL NPR), also referred to as Automatic License Plate Recognition
(ALPR), plays a vital role in identifying vehicles accurately and efficiently.

A vehicle license plate serves as a unique identification number that links a vehicle to its registered owner.
Automated recognition of license plates enables a wide range of applications such as traffic law enforcement,
toll collection, parking management, stolen vehicle detection, and smart city surveil lance. VLNPR systems
utilize computer vision and image processing techniques to detect license plates from images or video streams
and convert the visual information into machine readable text using Optical Character Recognition (OCR).
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Typically, a VLNPR system consists of three major stages. The first stage involves license plate detection and
localization, where the plate region is identified from the captured vehicle image or video frame. The second
stage focuses on image preprocessing and character segmentation to remove noise and isolate individual
characters. The final stage performs character recognition using OCR techniques to extract alphanumeric
information from the segmented plate image. OpenCV, an open-source computer vision library, provides
efficient tools for image acquisition, preprocessing, contour detection, and real-time analysis, making it highly
suitable for VLNPR applications.

Despite significant advancements, license plate recognition remains challenging due to varying lighting
conditions, cam era angles, motion blur, occlusions, diverse plate fonts, and environmental noise. These factors
can degrade recognition accuracy, especially in real-time traffic scenarios. Therefore, robust preprocessing
techniques and reliable OCR models are essential to ensure accurate plate recognition. Recent research
highlights the effectiveness of integrating OpenCV based image processing with modern OCR engines to
improve recognition accuracy while maintaining computational efficiency.

This project presents a real-time Vehicle License Number Plate Recognition system using OpenCV and OCR
techniques to automatically detect and recognize vehicle license plates from live video feeds or images. The
recognized license plate numbers are validated against a structured database to retrieve vehicle information and
monitor traffic violations. In the event of a detected violation, the system can automatically generate alerts or
notifications, enabling faster enforcement and improved traffic compliance. The proposed system aims to
provide a cost-effective, scalable, and efficient solution suit able for smart traffic management, surveillance,
and automated enforcement applications.

Il. PROBLEM STATEMENT

The rapid increase in the number of vehicles in urban and semi-urban regions has placed immense pressure on
existing traffic management, surveillance, and security systems. Conventional vehicle monitoring and
authorization methods largely depend on manual observation and record keeping by human operators, which
are inefficient, time-consuming, and prone to human error. Such systems are unable to provide real-time vehicle
identification, accurate record maintenance, or timely enforcement of traffic regulations, especially in high
traffic and security-sensitive environments.

Vehicle license plates serve as the primary means of uniquely identifying vehicles; however, manual verification
of license plate information is impractical in modern Intelligent Transportation Systems (ITS). The challenges
are further amplified by real-world conditions such as varying illumination, motion blur, different camera
angles, occlusions, diverse plate fonts, and environmental noise. These factors significantly de grade recognition
accuracy when using traditional approaches and make reliable automation difficult.

Existing automated solutions often rely on expensive hard ware, proprietary software, or deep learning models
that re quire high computational resources, limiting their deployment in cost-sensitive or resource-constrained
environments. Additionally, many systems are designed for controlled settings or specific regions, reducing
their adaptability to real-world traffic scenarios and diverse license plate formats.

Therefore, there is a strong need for a cost-effective, accurate, and real-time Vehicle License Plate Recognition
(VLPR) system that can automatically detect and recognize license plates from images or video streams under
varying conditions. Such a system should efficiently extract license plate information, validate it against a
database, and support applications such as vehicle authorization, surveillance, traffic law enforcement, and
security monitoring. Addressing these challenges using open-source computer vision tools like OpenCV and
reliable OCR techniques forms the core problem addressed in this project

. LITERATURE REVIEW

Vehicle License Number Plate Recognition (VLNPR), also known as Automatic License Plate Recognition
(ALPR), has been an active research area within computer vision and intelligent transportation systems due to
its wide applicability in traffic management, surveillance, parking automation, toll collection, and law
enforcement.

A. Traditional Image Processing Approaches

Early VLNPR systems primarily relied on classical image processing techniques implemented using tools such

as OpenCV. These systems followed a pipeline architecture consisting of image acquisition, preprocessing,

license plate localization, character segmentation, and recognition. Common preprocessing methods included

grayscale conversion, noise removal using Gaussian filtering, and contrast enhancement. Edge detection

algorithms such as Sobel and Canny were widely used to highlight the rectangular structure of license plates,
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followed by morphological operations like dilation and erosion to strengthen plate boundaries. Contour
detection and connected component analysis were then employed to localize license plate regions and segment
individual characters. While these approaches were computationally efficient and easy to implement, their
performance degraded significantly under varying illumination conditions, complex backgrounds, skewed
plates, motion blur, and non-standard font styles. As a result, traditional methods were mostly effective only in
controlled environments

B. Optical Character Recognition (OCR)-Based Methods

To convert segmented plate characters into machine readable text, Optical Character Recognition (OCR)
techniques were integrated into VLNPR systems. Tesseract OCR emerged as one of the most widely used
engines due to its open-source nature and compatibility with OpenCV. OCR based systems demonstrated
reasonable accuracy for clear and well-aligned license plates but struggled with low-resolution images, distorted
characters, overlapping fonts, and complex backgrounds. Several studies highlighted common OCR challenges,
including confusion between visually similar characters (e.g., ‘O’ and ‘0°, ‘B’ and ‘8’), multilingual plate
recognition, and sensitivity to image quality. Despite these limitations, OCR-based approaches remained
popular due to their low computational cost and suitability for real-time applications when combined with
effective preprocessing techniques.

C. Machine Learning and Deep Learning Techniques

To overcome the limitations of rule-based and OCR only systems, researchers introduced machine learning and
deep learning models into VLNPR. Support Vector Machines (SVM), k-Nearest Neighbors (KNN), Artificial
Neural Networks (ANN), and regression-based models were initially used for character classification and
vehicle-related tasks such as speed estimation. In recent years, Convolutional Neural Networks (CNNs) have
significantly advanced license plate. detection and recognition. Deep learning-based object detection
frameworks such as YOLO, SSD, Faster R-CNN, and YOLOV5 enabled end-to-end detection and localization
of license plates in real time with higher accuracy. These models demonstrated strong performance across
varying lighting conditions, angles, and plate formats. However, they require large annotated datasets, high
computational resources, and powerful hardware, making them less suitable for cost-sensitive or resource-
constrained deployments.

D. Hybrid and Integrated Systems

Several studies proposed hybrid architectures that combine traditional OpenCV-based image processing with
machine learning or deep learning models to balance accuracy and. efficiency. Hybrid systems often use
OpenCV for preprocessing and region extraction, followed by OCR or CNN-based recognition. Some
approaches also integrate REST APIs, cloud platforms, 10T devices, and databases to enable real time vehicle
identification, violation detection, and automated notification systems. Additionally, vehicle tracking and speed
estimation techniques such as optical flow, frame differencing, centroid tracking, and regression-based models
have been explored to extend VLNPR systems for traffic monitoring and speed violation detection. While
effective, these systems de pend heavily on camera positioning, frame rate, and calibration accuracy

E. Challenges and Research Gaps

Despite substantial progress, VLNPR systems still face challenges related to varying environmental conditions,
weather effects, non-standard license plates, multilingual characters, occlusions, and privacy concerns. Deep
learning methods offer high accuracy but at the cost of increased complexity and computational requirements,
whereas traditional OpenCV based systems are lightweight but less robust.

VI. PROPOSED METHODOLOGY

The proposed methodology integrates classical OpenCV based image processing with deep learning—based
license plate detection and OCR-based character recognition. The system is designed to be computationally
efficient, accurate, and suitable for real-time deployment in intelligent traffic and access control systems.
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A. Overall Methodology Overview

The system follows a pipeline-based architecture, consisting of:
1) Image / Video Acquisition

2) Preprocessing using OpenCV

3) License Plate Localization

4) Plate Region Enhancement

5) Character Segmentation

6) Optical Character Recognition (OCR)

7) Post-Processing and Validation

8) Database Verification / Output Display

Proposed NMMiethodology

~ ™~
Capture Video
Frame
Preprocess Imlmage
Detect License Plate

[ Extract Characters j

[Recog nNnize Cha racter%

1

[ Store Record j

+

( Send Notification j

Fig. 1. Overall methodology of vehicle license plate recognition

B. Image Acquisition
The input is obtained from: ¢ Static images * Recorded video (MP4) « Live camera feed (CCTV / USB camera)
Video inputs are decomposed into frames using OpenCV at a fixed frame rate.

C. Image Preprocessing

Preprocessing improves image quality and reduces computational complexity. Steps: ¢ Resizing— standardizes
image dimensions * Grayscale Conversion— reduces color complexity * Noise Removal- median / Gaussian
filtering * Contrast Enhancement— histogram equalization * Binarization— adaptive thresholding

D. Character Segmentation
Character segmentation isolates individual alphanumeric symbols. Techniques Used: ¢ Binary image analysis ¢

Connected Component Analysis * Contour-based segmentation * Size and alignment filtering
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Fig. 2. Character segmentation process

E. Optical Character Recognition

OCRconverts segmented characters into text. OCR Engines: ¢ EasyOCR (preferred for natural scenes)
Tesseract OCR (lightweight alternative) Each character is assigned a confidence score, and low-confidence
results are discarded.

V. RESULTS AND DISCUSSION

The proposed Vehicle License Number Plate Recognition (VLPR) system was implemented using OpenCV-
based image processing techniques combined with Optical Character Recognition (OCR). The system was
evaluated using real-time images and video frames captured under different environmental conditions. The
primary objective of the result analysis was to assess the accuracy, robustness, and computational efficiency of
the proposed approach in comparison with existing methods reported in the literature.

A. Qualitative Results

The system successfully performs license plate recognition through a multi-stage pipeline consisting of image
acquisition, preprocessing, license plate localization, character segmentation, and character recognition. The
experimental observations confirm that OpenCV preprocessing significantly improves OCR accuracy by
enhancing contrast and reducing noise.

B. Quantitative Performance Evaluation
To evaluate the effectiveness of the proposed system, standard performance metrics such as accuracy, precision,
recall, F-score, success ratio, and processing time were considered.

1. Success Ratio (SR): The Success Ratio (SR) is calculated as:
SR=NSs /TNs x100
where:
NSs =Number of successful samples
TNs = Total number of samples
The system achieved a high success ratio across multiple test cases, indicating its reliability for Indian
license plate formats..

2. Accuracy of Individual Operations: Table 1: Accuracy of Operations Operation Samples Success
Failure Success Ratio License Plate Localization 100 92 8 92Character Segmentation 92 88 4
95.7Character Recognition 88 83 5 94.3The results indicate that character segmentation and OCR
recognition stages achieve higher accuracy compared to plate localization, which is sensitive to
illumination and camera angle.
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3. Precision, Recall, and F-Score: The model performance was further evaluated using precision, recall,
and F-score, defined as:
F-Score = 2xPrecision xRecall/ Precision + Recall
where:
Precision = True Positives/ True Positives + False Positives
Recall = True Positives /True Positives + False Negatives
The proposed system demonstrated a balanced trade-off between precision and recall, resulting in a high
F-score. This confirms that the system minimizes both false positives and false negatives, which is crucial
for real-time traffic monitoring applications.

C. Processing Time Analysis

The computational efficiency of the system was analyzed by measuring the time taken for plate detection and
recognition. ¢ Initial recognition time: 18 seconds (without optimization) ¢ Optimized rule-based plate
extraction: 2 seconds ¢ Average processing time per frame: 0.2 seconds Figure 10 shows the performance graph
comparing pixel resolution and processing time. The proposed system demonstrates lower latency and faster
execution compared to several traditional approaches reported in IEEE literature.

D. Comparison with Existing IEEE-Based Methods

The proposed OpenCV + OCR approach was compared with existing techniques such as YOLO, ANN,
Decision Tree, and Bernsen algorithm, based on accuracy and processing time. Table 2: Accuracy Comparison
Between Existing and Proposed Methods Method Detection Accuracy (Bernsen Algorithm— 85.0 0.75 s ANN
94.0-90.6 0.47 s YOLOV5 86.2 95.0— Decision Tree 93.78 100 97.03— Proposed OpenCV + OCR Method 98.3
96.1 98.0 0.2 s The comparison clearly shows that the proposed system achieves higher accuracy with
significantly lower processing time, making it suitable for real time applications.

E. Robustness and Practical Observations

The system demonstrated robust performance under: ¢ Different lighting conditions ¢ Varying plate sizes
Moderate camera distance ¢ Standard Indian license plate formats However, performance degradation was
observed in cases of: ¢ Blurred or low resolution images ¢ Poor illumination or excessive glare * Ob structed or
damaged plates * Non-standard fonts and decorative plates These challenges are consistent with limitations
reported in prior IEEE studies.

F. Discussion

The experimental results confirm that OpenCV-based preprocessing combined with OCR provides a
computationally efficient and accurate solution for vehicle license plate recognition. While deep learning—based
detectors such as YOLO and Faster R-CNN offer strong detection capabilities, they require extensive training
data and higher computational resources. In contrast, the proposed system: * Requires no dataset training
Achieves competitive accuracy ¢ Operates efficiently on low-end hardware ¢ Is easy to deploy and maintain
These advantages make the system suitable for traffic monitoring, parking management, restricted area access
control, and smart city applications.
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Fig. 3. Proposed system architecture.
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VI. ALGORITHM DESCRIPTION

A. Algorithm Description (As Implemented in the Project)

The proposed Vehicle License Number Plate Recognition System follows a pipeline-based algorithm,
combining classical image processing techniques with Optical Character Recognition (OCR) to achieve
efficient and real-time license plate recognition.

B. Step-by-Step Algorithm Flow
1. Image / Video Acquisition
Vehicle images or frames are captured using a camera.
2. Preprocessing using OpenCV
RGB to Grayscale conversion
Gaussian Blur for noise removal
Thresholding and edge detection
Morphological operations such as dilation and erosion
3. License Plate Detection
Contour detection is applied on the processed image
Rectangular contours matching license plate dimensions are selected
A bounding box is drawn around the detected li cense plate
4. License Plate Cropping
The detected plate region is cropped from the original image
The cropped image is resized and enhanced for better recognition.
5. Character Recognition using OCR
The cropped license plate image is passed to Easy OCR or Tesseract OCR
OCR recognizes alphanumeric characters using learned patterns
6. Post-processing
Extracted text is validated for correctness
The recognized license number is stored in a database or used for traffic monitoring and alert generation

C. Advantages of the Algorithm Used

» No manual training required: Uses pre-trained OCR models, saving time and implementation complexity.
» Simple and efficient pipeline: Easier to implement compared to KNN or CNN-based classifiers.

* Real-time performance: Suitable for traffic monitoring and surveillance systems.

» High accuracy for standard plates: Works well for clear, front-facing license plates.

* Open-source and cost-effective: Uses OpenCV and OCR libraries without any licensing cost.

* Platform independent: Can run on Windows, Linux, or embedded systems.

D. Example of a Sample Trained Dataset

* Image quality dependency: Blurred or low-resolution images significantly reduce recognition accuracy.

* Lighting sensitivity: Poor illumination, glare, or shadows negatively affect recognition performance.
 Non-standard plates: Decorative fonts, damaged plates, or unusual layouts reduce OCR accuracy.

* Environmental issues: Rain, fog, and night-time conditions degrade system performance.

* Limited robustness compared to custom deep learning models: Does not generalize as well as fully trained
CNN-based Automatic License Plate Recognition systems.

VII. CONCLUSION

This project successfully demonstrates the design and implementation of a Vehicle License Number Plate
Recognition (VLNPR) system using OpenCV and Optical Character Recognition (OCR). The primary objective
of the system is to automatically detect vehicle number plates from images or video frames and accurately
recognize the alphanumeric char acters present on them. The proposed system follows a systematic pipeline
consisting of image acquisition, preprocessing, license plate localization, plate extraction, character
segmentation, and character recognition. OpenCV plays a crucial role in enhancing image quality through
grayscale conversion, noise reduction, edge detection, and morphological operations, which significantly
improve the accuracy of plate detection and OCR performance. Experimental results show that the system
performs effectively under normal daylight and moderate night-time conditions, achieving reliable recognition
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for standard Indian license plates. The simplicity of the OpenCV based approach makes the system
computationally efficient, easy to deploy, and suitable for low-resource hardware environments without the
need for extensive training datasets. Compared with several IEEE-reported deep learning—based methods, the
proposed system offers a lightweight and practical alternative, especially for applications where real-time
performance, cost efficiency, and ease of implementation are critical. Although advanced deep learning models
may achieve higher accuracy in complex scenarios, the presented approach balances accuracy and efficiency
effectively for real-world deployment. Overall, this project validates that open-source tools such as OpenCV
and Tesseract OCR are mature enough to build reliable and scalable vehicle license plate recognition systems,
contributing meaningfully to intelligent transportation and automated monitoring solutions.

VIIl. FUTURE SCOPE

While the proposed system delivers satisfactory performance, several enhancements can be explored to further
improve robustness and applicability:

* Improving recognition accuracy under poor lighting, glare, shadows, and adverse weather conditions

* Extending the system to support multiple countries’ li cense plate formats

* Enhancing OCR performance for non-standard fonts and damaged plates

» Integrating real-time video processing for high-speed vehicle monitoring

» Combining OpenCV with deep learning models (CNN/YOLO) for improved detection accuracy

* Deploying the system on embedded platforms such as Raspberry Pi for edge-based applications

» Integrating with traffic surveillance, toll collection, parking management, and law-enforcement systems

* Incorporating database connectivity for vehicle tracking, authorization, and violation management

With these enhancements, the proposed VLNPR system can evolve into a comprehensive smart transportation
and surveillance solution, contributing to safer roads, improved traffic regulation, and smarter urban
infrastructure
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