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Abstract

This project endeavors to develop a real-time Automatic Number Plate Recog-
nition (ANPR) system capable of tracking vehicles with specified number plates
across multiple camera feeds. To achieve this objective, we employed YOLOv8 [1]
for efficient number plate detection. Moreover, we devised a novel algorithmic
architecture to rectify skewness and perspective distortion commonly encountered
in number plate images. Subsequently, contour analysis was utilized for precise
segmentation of characters within the number plate region. For character classifi-
cation, Support Vector Machine (SVM) was employed.

The system comprises an interactive frontend interface, a robust database for
storing and retrieving relevant information, and seamless integration with the
backend for efficient processing. By integrating multiple cameras, our system
aims to enhance surveillance capabilities and aid in law enforcement efforts.

Keywords: Automatic Number Plate Recognition, Convolutional Neural Network,
Machine Learning
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Chapter 1

Introduction

1.1 Background Introduction

The Automatic Nepali Number Plate Recognition (ANPR) system represents a
signi�cant technological advancement in the �eld of vehicle identi�cation and
tracking. With the increasing need for e�cient tra�c management, enhanced se-
curity measures, and improved law enforcement capabilities, ANPR systems have
emerged as indispensable tools in modern transportation infrastructure.

The concept of ANPR systems originated from the necessity to automate the
tedious and error-prone process of manually recording vehicle license plate num-
bers. Traditionally, law enforcement agencies and tra�c authorities relied on
manual interventions to identify vehicles, leading to ine�ciencies, delays, and in-
accuracies in data collection. Moreover, the growing volume of vehicular tra�c
and the proliferation of surveillance cameras necessitated the development of auto-
mated solutions capable of processing large quantities of image data in real-time.

Over the years, advancements in image processing, computer vision, and ma-
chine learning technologies have paved the way for the development of sophisti-
cated ANPR systems capable of accurately and rapidly recognizing license plates
under various conditions. These systems leverage a combination of techniques, in-
cluding image segmentation, feature extraction, and pattern recognition, to detect
and extract license plate information from digital images or video streams.

In the context of Nepal, where vehicular tra�c continues to grow rapidly, and
the need for e�cient tra�c management and law enforcement is paramount, the
implementation of an ANPR system holds immense potential. By automating
the process of vehicle identi�cation and tracking, ANPR systems can signi�cantly
enhance the e�ciency of tra�c operations, improve security measures, and enable
proactive law enforcement interventions.

In this project, we present the design, development, and implementation of
an ANPR system tailored speci�cally for Nepali license plates. We discuss the
methodologies, algorithms, and technologies employed in the system, along with
the expected outcomes and potential implications for transportation infrastructure
and public safety in Nepal. Through this endeavor, we aim to contribute to the
advancement of transportation systems and enhance the quality of life for citizens
through innovative technological solutions.
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1.2 Motivation

When we proposed our project, we noticed a signi�cant gap in surveillance infras-
tructure in Nepal. Law enforcement relied solely on manual methods to inspect
camera feeds and patrol areas, resulting in missed opportunities to identify wanted
vehicles. Recognizing the need for a more e�cient solution, we were motivated to
develop a real-time Automatic Number Plate Recognition (ANPR) system.

Our objective was clear: to streamline vehicle identi�cation and tracking pro-
cesses for law enforcement. By automating ANPR, we aimed to eliminate the
ine�ciencies associated with manual inspection, ultimately saving time and re-
sources. Our project sought to empower law enforcement agencies in Nepal with
a tool that could enhance public safety and security by facilitating quicker and
more accurate identi�cation of vehicles of interest.

1.3 Problem Statement

In Nepal, the absence of an e�ective Automatic Number Plate Recognition (ANPR)
system poses signi�cant challenges for law enforcement agencies. Manual inspec-
tion of camera feeds and patrol areas has proven to be time-consuming and ine�-
cient, leading to missed opportunities in identifying wanted vehicles. This reliance
on outdated methods hampers the ability of authorities to swiftly respond to se-
curity threats and enforce tra�c regulations.

Furthermore, the lack of a comprehensive ANPR system exacerbates the strain
on limited resources and manpower. Without automated plate recognition capa-
bilities, law enforcement e�orts are hindered, resulting in increased operational
costs and reduced e�ectiveness in crime prevention and detection.

To address these challenges, there is an urgent need for the development and
implementation of a real-time ANPR system tailored to the speci�c requirements
of Nepal's law enforcement agencies. Such a system would not only streamline
vehicle identi�cation processes but also enhance the overall security infrastructure,
ultimately contributing to a safer and more secure environment for all citizens.

1.4 Objective

The main objective of this project is:

ˆ To develop real-time Automatic Number Plate Recognition (ANPR) system
with multi-camera support.

1.5 Scope and Applications

The major applications of this project are:

ˆ E�ective tra�c management

ˆ Law enforcement

2



Chapter 2

Literature Review

The �eld of Automatic Number Plate Recognition (ANPR) has seen signi�cant
advancements globally, with numerous studies focusing on adapting techniques
to various languages and scripts. In the context of Nepali ANPR, however, the
literature is relatively limited but emerging.

2.1 Automatic Nepali number plate recognition
with support vector machines

In this paper [2], for detection of Number Plates is done by HSV Color Space Con-
version and Color Masking so the color red is targeted and masked then its contour
is performed with Aspect ratio test and Pro�le test.The character Segmentation is
done by skew correction then analyzing their projection .OCR is done by support
vector machine .Features are extracted from the image using the HOG descriptor.
The accuracy of complete number plate labeling experiment was 75%.

2.2 CNN based System for Automatic Number
Plate Recognition

In this Paper [3], the focus was on Number Plate Segmentation and Character Seg-
mentation using distinct methodologies. Number Plate Segmentation was achieved
by identifying distinct regions based on color, leveraging the unique characteristics
of number plate colors to separate them from the background. For Character Seg-
mentation, the researchers utilized an Inception-ResNet model to accurately iso-
late individual characters from the segmented number plates. Despite the overall
accuracy of the trained models being estimated to be over 83%, the main challenge
remained in improving the segmentation accuracy of the characters themselves.
This aspect is crucial for ensuring the reliability and precision of the entire au-
tomatic number plate recognition system. Addressing this challenge would likely
involve further re�nement of the segmentation algorithms and potentially explor-
ing additional techniques to enhance character segmentation accuracy.

2.3 An Approach to Enhance the Character Recog-
nition Accuracy of Nepalese License Plate

In the paper [4], Number Plate Segmentation was done using YOLOv3, They uti-
lized YOLOv3, to detect and segment number plates from images. Following this
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initial segmentation step, they employed horizontal and vertical projection pro-
�les to further re�ne the segmentation process at the character level. By analyzing
these pro�les, they were able to separate individual characters e�ectively. This
meticulous approach resulted in an impressive character accuracy rate of 92%,
showcasing the e�ectiveness of their segmentation and recognition methodology.

2.4 Vehicle Number Plate Recognition and Park-
ing System

In this paper [5], methodology for Plate Region Extraction and Optical Char-
acter Recognition (OCR) was done utilizing image binarization and correlation
methods. Plate region extraction was accomplished through image binarization,
a process that converts the input image into a binary format, where pixels are
classi�ed as either foreground or background based on certain criteria such as in-
tensity thresholding. This binary representation facilitated the isolation of the
number plate region from the background, laying the foundation for subsequent
OCR tasks. For OCR, the correlation method was used which involves comparing
the extracted plate region with prede�ned templates of characters. By calculating
the correlation between the plate region and each template, the characters present
on the number plate could be identi�ed. This approach leverages pattern recog-
nition techniques to recognize characters based on their similarity to prede�ned
patterns, enabling e�cient and accurate character recognition.

2.5 A Review of Automatic Number Plate Recog-
nition

In this project [6], character recognition was achieved using Google Tesseract, a
widely-used open-source OCR engine known for its accuracy in recognizing text
from images. Leveraging the capabilities of Tesseract, the system could accurately
identify and interpret characters present on the number plates extracted from im-
ages.For number plate detection, the project utilized YOLOv5, a state-of-the-art
object detection algorithm renowned for its speed and accuracy in detecting ob-
jects within images. By employing YOLOv5, the system could e�ciently locate
and extract the regions containing number plates from the input images, providing
the necessary input for subsequent character recognition.

4



S.N Title Summary
1 Automatic Nepali number

plate recognition with sup-
port vector machines

In this paper, License Plate Localization
;HSV Color Space Conversion and Color
Masking with contour, feature extractor;
HOG descriptor and classi�er; SVM algo-
rithm is used on 2033 character datasets
training images with model accuracy of
75%. Problem ; Accuracy of the charac-
ter recognition is greatly in
uenced by the
segmentation accuracy of the characters

2 CNN based System for
Automatic Number Plate
Recognition

In this project, Number Plate Segmenta-
tion;identifying distinct regions based on
color ,character segmentation; Inception-
ResNet model with overall accuracy of
the trained models estimated to be over
83%.problem; segmentation accuracy of
the characters

3 An Approach to Enhance
the Character Recognition
Accuracy of Nepalese Li-
cense Plate

In the paper ,Number Plate Segmenta-
tion;YOLOv3,Character Segmentation ;
horizontal and vertical projection pro�les
,character accuracy;92%

4 Vehicle Number Plate
Recognition and Parking
System

In this paper,Plate region extrac-
tion;image binarization, OCR;correlation
method ;

5 A Review of Automatic
Number Plate Recognition

In this project character recognition;
Google Tesseract,number plate detection;
YOLOv5

Table 2.1: Review Matrix with Research Papers and summary of corresponding
papers.
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Chapter 3

Requirement Analysis

3.1 Software Requirement

Our ANPR system requires the following software:

1. Python

2. Star UML

3. Visual Studio Code

4. Google Colaboratory

5. CUDA

6. Git

7. Slack

8. XAMPP

3.2 Hardware Requirement

The project required following hardware requirements:

1. Windows Computer with NVIDIA Graphics Card (Cuda Enabled ) and 8GB
RAM.

2. Camera(s)

3.3 Functional Requirement

The successful operation of the Automatic Nepali Number Plate Recognition
(ANPR) system relies on ful�lling various functional requirements. These re-
quirements encompass the system's capabilities and operations, ensuring accurate
and e�cient license plate identi�cation and processing. The key functional re-
quirements include:

3.3.1 Image Acquisition

The system must be equipped with high-quality cameras capable of capturing clear
and detailed images of vehicles and their license plates. These cameras should be
strategically positioned to cover target areas e�ectively, ensuring optimal image
capture under diverse environmental conditions.

6



3.3.2 License Plate Localization

Develop algorithms to precisely locate and isolate license plates within captured
images. The localization process should account for variations in lighting, perspec-
tive, and plate orientation, enabling accurate extraction of license plate regions
for further processing.

3.3.3 Character Segmentation

Implement robust segmentation algorithms to extract individual alphanumeric
characters from localized license plate images. The segmentation process should
accurately delineate characters while minimizing noise and artifacts, facilitating
reliable character recognition.

3.3.4 Character Recognition

Develop classi�cation models capable of accurately recognizing and interpreting
segmented characters. The recognition algorithms should account for variations in
character size, style, and orientation, ensuring consistent and reliable identi�cation
of alphanumeric characters.

3.3.5 Real-time Processing

Ensure that the system can process captured images in real-time, enabling prompt
identi�cation and analysis of license plates as vehicles pass through monitored
areas. Real-time processing is essential for timely detection of vehicles of interest
and rapid response to security threats or tra�c violations.

3.3.6 Multi-camera Support

Enable the system to handle inputs from multiple cameras simultaneously, allow-
ing for comprehensive surveillance coverage across di�erent locations. The system
should coordinate data from multiple sources and trigger alerts or noti�cations
upon detecting vehicles matching speci�ed criteria.

3.3.7 User Interface

Design an intuitive and user-friendly interface for system administrators to moni-
tor, manage, and con�gure the ANPR system. The interface should provide access
to system settings, analytics, and reporting tools, facilitating e�cient operation
and decision-making.

3.4 Non-Functional Requirement

In addition to the functional aspects, the successful implementation of the Auto-
matic Nepali Number Plate Recognition (ANPR) system also relies on meeting
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various non-functional requirements. These requirements de�ne the system's qual-
ities, attributes, and constraints, ensuring its overall e�ectiveness, performance,
and usability. The key non-functional requirements include:

3.4.1 Accuracy

The ANPR system must achieve a high level of accuracy in license plate local-
ization, character segmentation, and recognition processes. The accuracy rate
should meet or exceed speci�ed performance metrics to minimize false positives
and ensure reliable identi�cation of vehicles and their license plates.

3.4.2 Speed

The system should operate with minimal latency and processing time to enable
real-time identi�cation and analysis of license plates. Speed is essential for timely
detection of vehicles, facilitating prompt responses to security incidents, tra�c
violations, and other critical events.

3.4.3 Scalability

The ANPR system should be scalable to accommodate increases in data volume,
camera inputs, and processing requirements over time. Scalability ensures that the
system can e�ectively handle growing demands and adapt to evolving operational
needs without compromising performance or reliability.

3.4.4 Robustness

The system must demonstrate robustness in diverse environmental conditions, in-
cluding variations in lighting, weather, and vehicle movement. Robust algorithms
and components are essential for maintaining system functionality and accuracy
under challenging operating conditions.

3.4.5 Security

Ensure that the ANPR system incorporates robust security measures to protect
sensitive data, prevent unauthorized access, and mitigate potential cybersecurity
threats. Security protocols should comply with industry standards and regulatory
requirements to safeguard system integrity and user privacy.

3.4.6 Usability

Design the system interface and user interactions to be intuitive, accessible, and
user-friendly for administrators and operators. Usability considerations include
clear navigation, informative feedback, and customization options to enhance user
satisfaction and productivity.
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3.4.7 Reliability

The ANPR system must demonstrate high reliability and availability to support
continuous operation and critical applications. Reliable performance is essential
for maintaining surveillance coverage, responding to security incidents, and facili-
tating law enforcement activities without disruptions or downtime.

3.4.8 Maintainability

Facilitate ease of maintenance and system updates through modular design, clear
documentation, and standardized procedures. Maintainability ensures that ad-
ministrators can troubleshoot issues, apply updates, and optimize system perfor-
mance e�ciently over time.
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Chapter 4

Feasibility Study

4.1 Economic Feasibility

The economic feasibility of the ANPR system primarily revolves around the cost
implications associated with its development and deployment. Fortunately, the
project's economic feasibility is promising as it primarily requires computational
resources. The dataset necessary for training the system can be obtained from var-
ious sources, including online repositories or manually captured images of Nepali
number plates. Additionally, the computational power required for training and
deployment is available within the project team's existing infrastructure, includ-
ing personal laptops and high-performance computers available at the institution.
Therefore, the project is economically feasible, as it does not entail signi�cant
upfront costs or ongoing expenses beyond existing resources.

4.2 Technical Feasibility

Technical feasibility assesses the project's feasibility from a technological perspec-
tive, considering factors such as data availability, algorithm complexity, and com-
putational requirements. The ANPR system's technical feasibility is robust, given
the availability of labeled images of Nepali number plates for training purposes.
Although preparing the dataset and labeling images may involve some complex-
ities, such as classifying license plates and categorizing vehicles, these challenges
are manageable with proper planning and execution. Additionally, training the
ANPR system with the dataset requires substantial computational power, which
can be ful�lled using high-performance computers equipped with suitable pro-
cessors and graphics processing units (GPUs). Therefore, the project's technical
feasibility is high, with the necessary resources and expertise available to overcome
potential challenges.

4.3 Operational Feasibility

Operational feasibility evaluates the practicality of implementing and using the
ANPR system within the intended operational environment. In the case of the
ANPR system, operational feasibility is favorable, as the system can be seam-
lessly integrated into existing infrastructure and operational work
ows. Once
trained with labeled data using neural network models, the ANPR system can
e�ciently process input images or videos and provide accurate license plate recog-
nition results. The user interface of the system will be intuitive and user-friendly,
enabling users with basic technical knowledge to operate it e�ectively. Moreover,
the system's real-time processing capabilities and multi-camera support ensure its
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suitability for monitoring multiple locations simultaneously. Therefore, the ANPR
system's operational feasibility is high, with minimal barriers to implementation
and adoption.
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Chapter 5

System Design and Architecture

We developed a Automatic Number Plate Recognition (ANPR) system which
takes continuous camera feed from multiple cameras as its input and noti�es the
authorities if a wanted number plate is seen in any of the camera feed.

5.1 Use Case Diagram

Figure 5.1: System Use Case Diagram

User acts as a primary actor and has ability to create new records, generate reports,
get the search hit details, get hit alert. Admin can con�gure the system including
the camera, users, and other system settings. After new record has been created
the ANPR system has to actively look for the number plate in all camera feed.
If found in any camera feed, immediate alert should be given to authorities along
with additional hit details such as frame, hit location, hit time, details about the
record as well as the hit history of the number plate stored in the database.
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5.2 Block Diagram

Figure 5.2: Block Diagram of Number Plate Recognition (NPR) Module

Figure 5.3: Block Diagram of overall ANPR system
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5.3 ER Diagram

Figure 5.4: ER Diagram
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5.4 Flow Chart

Figure 5.5: Flow chart for NPR module of ANPR system
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Figure 5.6: Flow chart for Management module of ANPR system
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Figure 5.7: Flow chart for noti�cation module of ANPR system
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Chapter 6

Methodology

6.1 Development Aproach

The Agile development approach is a dynamic and customer-centric methodology
that prioritizes adaptability, collaboration, and continuous improvement through-
out the software development lifecycle. Characterized by its iterative and in-
cremental nature, Agile breaks down the development process into manageable
iterations, ensuring that each iteration delivers a potentially shippable product
increment. Flexibility is a core tenet, allowing Agile teams to readily respond to
changing requirements, evolving priorities, and shifts in the business landscape.
Customer collaboration is integral to the Agile philosophy, emphasizing regular
and close interaction with stakeholders to incorporate feedback and align devel-
opment e�orts with customer expectations. Cross-functional teams, comprising
members with diverse skill sets, facilitate e�cient communication and collabora-
tion. Continuous delivery is a key goal, enabling the rapid and consistent delivery
of valuable software increments. Agile embraces change, recognizing that require-
ments are subject to evolution, and the development process should accommodate
such changes without undue disruption. Regular re
ection and improvement, of-
ten facilitated through retrospective meetings, underscore Agile's commitment to
re�ning processes and enhancing team performance.

Figure 6.1: Agile Model for Software Development

source: https://www.archbee.com/blog/technical-documentation-waterfall-vs-agile
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6.2 Dataset Preparation

The dataset for training the Automatic Number Plate Recognition system under-
went a comprehensive preparation process, involving the collection of raw images,
manual annotation, character dataset generation, and manual classi�cation of seg-
mented characters.

6.2.1 Collection of Raw Images

A total of 3014 raw images of Nepali number plates were gathered manually and
from online source [7]. These images provided a diverse representation of Nepali
number plates in various contexts and environmental conditions.

6.2.2 Augmentation of Raw Images

Following the collection of raw images, a subset of the images underwent augmen-
tation to enhance the robustness of the model in detecting skewed number plates.
This augmentation involved randomly rotating the images by angles within the
range of 1 to 25 degrees. By introducing this variation, the model gains exposure
to skewed number plates, thereby improving its ability to accurately detect and
recognize number plates across diverse orientations and environmental conditions.

Figure 6.2: Example of a raw image (left), its corresponding augmented image
rotated clockwise (center), and its corresponding augmented image rotated anti-
clockwise (right).

6.2.3 Manual Annotation

Each image in the dataset underwent manual annotation using an annotating
tool [8]. Bounding boxes were meticulously placed around the number plates
within the images to facilitate supervised learning.

The annotation format for YOLOv8 follows the convention of normalized co-
ordinates. Each annotation consists of �ve values: class, normalized center co-
ordinates (x, y), normalized width (w), and normalized height (h). These values
represent the position and size of the bounding box relative to the dimensions of
the image. This format allows for consistent representation of object locations
across di�erent image resolutions and aspect ratios, facilitating e�cient training
and inference with the YOLOv8 model.
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Figure 6.3: Example of manual annotation of raw images.

Figure 6.4: Example of a bounding box annotation (left) and its corresponding
annotation format (right).

20



6.2.4 Character Dataset Generation

To facilitate character recognition, we created a character dataset. Utilizing
YOLOv8 object detection, we trained the model to identify number plates within
images. Additionally, we developed a character segmentation algorithm. Combin-
ing both approaches, we autonomously segmented characters from the annotated
dataset images. This process yielded 5720 segmented character images.

Figure 6.5: Left: Example of image data. Right: Example of segmented character
data.

6.2.5 Manual Classi�cation of Segmented Characters

The segmented character images were manually classi�ed into their respective
categories. Each character was meticulously categorized based on its alphanumeric
representation. This manual classi�cation ensured the accuracy and reliability of
the character dataset for training purposes.
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Class Number of Dataset
0 464
1 637
2 523
3 421
4 407
5 361
6 378
7 397
8 341
9 425
ba 614
cha 522
ga 1
gha 2
ja 9

kha 19
ko 4
lu 1
pa 191
ra 3

Total 5720

Table 6.1: Dataset Classi�cation by Class

6.2.6 Dataset Splitting

The dataset was divided into training and testing sets using an 80:20 ratio, ensur-
ing that 80% of the data was allocated for training the model, while the remaining
20% was reserved for testing its performance. The table below illustrates the dis-
tribution of images between the training and testing sets:

Purpose Dataset Number of Images Percentage

Detection
Training 2412 80%
Testing 602 20%

Classi�cation
Training 4576 80%
Testing 1144 20%

Table 6.2: Distribution of Images between Training and Testing Sets
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6.3 Number Plate Recognition Pipeline

6.3.1 Number Plate Localization

For the task of number plate localization, the system utilizes the YOLOv8 object
detector developed by Ultralitics. Speci�cally, the Nano version of YOLOv8 is em-
ployed to ensure optimal performance while conserving computational resources.
This model is trained on the prepared dataset, consisting of raw images of Nepali
number plates, using annotated bounding boxes for localization.

The training process involves training the YOLOv8 Nano model for 600 epochs
on the dataset. During training, the model learns to accurately identify and lo-
calize the regions of interest containing Nepali number plates within the input
images. By leveraging deep learning techniques and state-of-the-art object detec-
tion algorithms, the system achieves robust and reliable localization of number
plates in diverse environmental conditions.

6.3.1.1 Training Metrics

Figure 6.6: Training and Validation losses
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(a) Recall-Con�dence Curve (b) Precision-Con�dence Curve

(c) F1 Curve (d) Precision-Recall Curve

Figure 6.7: Evaluation Curves for YOLO object detector

6.3.1.1.1 D
 loss: This metric measures the loss associated with the distance
between predicted bounding box coordinates and ground truth bounding box co-
ordinates. It helps in optimizing the model to accurately predict the bounding
box locations.

D
 loss: 0.9579

6.3.1.1.2 Box loss: Box loss quanti�es the error in predicting the dimensions
(width, height) of the bounding boxes. It penalizes the model for inaccuracies in
bounding box size prediction.

Box Loss: 0.7546

6.3.1.1.3 Cls loss: Classi�cation loss is associated with the accuracy of pre-
dicting the class labels for the objects detected within the bounding boxes. It
penalizes the model for misclassi�cation of objects.

Classi�cation Loss: 0.4153

6.3.1.1.4 Recall: Recall measures the proportion of actual positive samples
that were correctly identi�ed by the model. In the context of object detection, it
evaluates how well the model can detect all relevant objects in the image.

Recall: 0.617
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6.3.1.1.5 Precision: Precision indicates the accuracy of the model's positive
predictions. It measures the proportion of correctly predicted positive samples out
of all samples that the model has predicted as positive.

Precision: 0.835

6.3.1.1.6 mAP50: Mean Average Precision (MAP) at IoU (Intersection over
Union) threshold of 0.5. It evaluates the precision-recall curve for di�erent con�-
dence thresholds and computes the average precision across all classes at an IoU
threshold of 0.5.

MAP at 0.5: 0.69

6.3.1.1.7 mAP50-95: Mean Average Precision (MAP) calculated by averag-
ing the precision over di�erent IoU thresholds ranging from 0.5 to 0.95. This met-
ric provides a more comprehensive evaluation of the model's performance across
a range of IoU thresholds, capturing both high and low IoU matches between
predicted and ground truth bounding boxes.

MAP from 0.5 to 0.95: 0.369

6.3.1.2 Confusion Matrix

Figure 6.8: Confusion Matrix for YOLO object Detector
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