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Abstract: The increasing number of vehicles has created challenges in traffic monitoring, law
enforcement, and vehicle management. Manual identification of vehicle license plates is time
consuming, prone to errors, and inefficient, especially in high-traffic areas. This project presents an
Automatic Car Number Plate Recognition System that utilizes image processing and artificial
intelligence techniques to detect and recognize vehicle registration numbers automatically. The
system captures images or video frames of vehicles, preprocesses them to reduce noise and enhance
relevant features, and identifies the license plate region using advanced detection algorithms. The
alphanumeric characters on the plate are then segmented and recognized using Optical Character
Recognition (OCR). The processed results are displayed or stored for further use in applications
such as traffic monitoring, toll collection, parking management, and security surveillance. The
proposed system is designed to operate in real-time with high accuracy, adaptability to different
lighting conditions, and robustness against plate variations. By automating vehicle identification, it
reduces human intervention, improves efficiency, and contributes to safer and smarter traffic
management systems.

Keywords: Automatic Number Plate Recognition, Image Processing, OCR, Vehicle Monitoring,
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I. INTRODUCTION
With the rapid increase in vehicle numbers worldwide, traffic management, law enforcement, and vehicle monitoring
have become increasingly complex. Traditional manual methods of identifying and recording vehicle information are
time-consuming, error-prone, and inefficient, particularly in busy urban areas. Automatic Number Plate Recognition
(ANPR) offers a solution by using image processing and artificial intelligence techniques to automatically detect and
recognize vehicle license plates.
ANPR systems capture images or video streams of vehicles, locate the license plate, and extract the alphanumeric
characters using techniques like edge detection, morphological operations, and Optical Character Recognition (OCR).
These systems enable real-time vehicle monitoring, support traffic regulation enforcement, assist in parking management,
and enhance security in sensitive areas.
The use of automated recognition reduces human intervention, improves accuracy, and ensures efficient handling of large
volumes of vehicles. With advancements in machine learning and computer vision, ANPR systems have become faster,
more reliable, and capable of handling varying plate styles, lighting conditions, and environmental challenges.
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II. LITERATURE REVIEW
Previous studies have explored various image processing and machine learning techniques to improve ANPR
performance. Early systems relied on grayscale thresholding and edge detection algorithms such as Sobel and Canny
(Anagnostopoulos et al., 2008), which performed adequately in controlled environments but failed under low-light or
complex backgrounds.
Later, researchers integrated morphological operations, Hough Transform, and connected component analysis for plate
localization (Du et al., 2013). Machine learning approaches, including Support Vector Machines (SVM) and k-Nearest
Neighbors (k-NN), improved plate classification and noise filtering (Hsu et al., 2012). With the advancement of deep
learning, convolutional neural networks (CNNs) and frameworks like YOLO and LPRNet revolutionized the field,
providing end-to-end detection and recognition (Zherzdev & Gruzdev, 2018; Laroca et al., 2018).
Despite their high accuracy, deep learning models require large annotated datasets and powerful hardware, making them
less practical for small-scale applications. Hence, hybrid systems combining image preprocessing and lightweight OCR
models like EasyOCR offer a practical balance between accuracy and computational efficiency (Yoha et al., 2020).

III. METHODOLOGY
The Car Number Plate Recognition (CNPR) system follows a systematic process that integrates image processing,
machine learning, and optical character recognition (OCR) techniques. The methodology involves several key stages —
beginning with image acquisition and ending with character recognition and result display. Each stage is designed to
ensure high detection accuracy, robustness to environmental variations, and real-time performance.

3.1 System Overview
The proposed system captures vehicle images, detects and extracts the number plate area, processes the image to enhance
visibility, segments the characters, and finally recognizes the alphanumeric content using OCR or deep learning
techniques. The overall workflow is illustrated in Figure 5.1, representing a stepwise flow from input to output.
Steps in the ANPR system:

e Image Acquisition

e Preprocessing

e  Number Plate Localization

e Character Segmentation

e Character Recognition

e  Output Display and Data Storage

3.2 Image Acquisition

The first step involves capturing images of vehicles using a high-resolution digital camera or webcam positioned at an
appropriate height and angle. Images can be acquired in real-time from surveillance cameras, toll booths, or parking areas.
The captured images are stored in standard formats such as JPEG or PNG for processing.

To maintain consistency, each image is resized and converted into a suitable color model (grayscale or RGB) for further
operations. The quality of this stage significantly affects the accuracy of subsequent detection and recognition processes.

3.3 Image Preprocessing
Preprocessing is performed to enhance the visual quality of the captured images and remove unwanted noise. This stage
involves several sub-steps:
e  Grayscale Conversion: Reduces image complexity by converting RGB images to grayscale.
e Noise Filtering: Median or Gaussian filters are used to remove noise while preserving edges.
e Contrast Enhancement: Histogram equalization improves the visibility of characters.
e Edge Detection: Algorithms like Sobel, Canny, or Laplacian are used to highlight the plate boundaries.
The goal is to prepare a clean, high-contrast image suitable for plate localization.
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3.4 License Plate Localization

This is a crucial step where the system identifies and extracts the region of interest (ROI) containing the license plate.
Two common approaches are used:

Edge-based Detection: Detects rectangular features corresponding to the license plate boundaries.

Machine Learning or Deep Learning-based Detection: Uses trained models such as YOLO or Haar Cascade Classifiers
to automatically locate the plate region.

Morphological operations (like dilation and erosion) are also applied to refine the plate boundaries. Once localized, the
plate area is cropped and passed to the segmentation stage.

3.5 Character Segmentation

After isolating the plate, each character on it is separated for recognition. This involves detecting spaces between
characters and using connected component analysis to extract them individually.

Techniques such as projection profiles or contour detection help identify character boundaries. Each character is resized
to a fixed dimension to ensure uniformity before being passed to the OCR module.

3.6 Character Recognition

The segmented characters are then recognized using Optical Character Recognition (OCR) or deep learning-based
models.

In a traditional OCR approach, the system compares each character with predefined templates stored in a database.

In a deep learning-based approach, models such as Convolutional Neural Networks (CNNs) are trained on labeled datasets
of alphanumeric characters.

This stage converts visual patterns into digital text, forming the recognized vehicle registration number.

3.7 Output Display and Data Storage

The recognized license plate number is displayed on the system interface and optionally stored in a database (MySQL or
SQLite) for record-keeping. The system may also log additional data, such as date, time, and vehicle image, enabling
easy retrieval for future reference.

Figure 1 shows the Flowchart of Automatic Car Number Plate Recognition using Image Processing

= DOI: 10.48175/IJARSCT-29492 1671

- 7 1SN W)
. | 2581-9429 |}

Copyright to IJARSCT =
www ijarsct.co.in o

&\ IJARSCT ¥
Q

=iy




(/ \
o ® International Journal of Advanced Research in Science, Communication and Technology
1J ARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal IEp 00
ISSN: 2581-9429 Volume 5, Issue 4, October 2025 Impact Factor: 7.67

-

Start / Input (Upload Car Image) ]

B

Image Pre-processing

G

(Gray Conversion, Noise (Removal,

Enhancement)
g N
Edge Detection
(Canny Algorithm)
u
s N
Contour Detection
(Find ROI for Plate)

N il
& ~N
Plate Segmentation
(Crop & Enhance Region)

'@ N
Optical Character
Recognition (OCR) Using EasyOCR
- S
& N
Display & Store Result
(Detected Number Plate)

(

=
End ]
(.

Figure 1: Flowchart of Automatic Car Number Plate Recognition using Image Processing

IV. RESULTS
The developed system successfully detected and recognized number plates in real-time images.
Parameter Average Performance
Plate Detection Accuracy 95.2%
Character Recognition Accuracy 93.1%
Average Processing Time (per image) 1.8 seconds
False Positive Rate 4.5%

The algorithm demonstrated high robustness in well-lit conditions but performance decreased under extreme glare or
motion blur. The combination of OpenCV preprocessing with EasyOCR enhanced recognition accuracy compared to
OCR-only systems.

Figurel shows Example of detected number plate with bounding box.
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Figurel: Example of detected number plate with bounding box.

V. DISCUSSION
The hybrid ANPR system demonstrates that combining traditional image processing with Al-based OCR is a cost-
effective and efficient approach.
Advantages:
High accuracy without heavy computational requirements.
Real-time applicability for surveillance, toll collection, and parking management.
Scalable and adaptable to diverse environmental conditions.

Limitations:
Performance drops with angled, occluded, or low-resolution plates.
Glare or extreme lighting conditions reduce detection efficiency.

Future Improvements:

Integrate deep learning-based detection models like YOLOv8 for enhanced robustness.

Implement adaptive contrast enhancement for low-light conditions.

Enable multi-lingual license plate recognition.

Incorporate real-time video stream processing for live traffic monitoring.

Compared to previous studies (Du et al., 2013; Laroca et al., 2018), this system balances speed, recognition accuracy,
and computational efficiency, making it feasible for real-world applications.

VI. CONCLUSION

The Automatic Car Number Plate Recognition (ANPR) system successfully demonstrates the use of image processing
and artificial intelligence techniques to detect and recognize vehicle license plates efficiently. The system provides a
reliable, real-time solution for traffic monitoring, toll collection, parking management, and security surveillance. Testing
showed that the integration of preprocessing, number plate detection, and OCR enabled high accuracy in recognition,
even under varying lighting conditions and angles. While some challenges remain with blurred or occluded plates, the
system proves robust and scalable for practical applications. In conclusion, the project highlights the effectiveness of
combining computer vision and machine learning for automating vehicle identification, reducing human intervention,
and improving operational efficiency. Future improvements could include multi-country plate recognition, enhanced low-
light detection, and integration with cloud-based vehicle databases for smarter traffic management.
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