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Abstract: Automatic Vehicle License Plate Recognition (VLPR) has become an important application in intelligent
transportation systems, traffic management, and security monitoring. However, conventional sequential image processing
approaches often experience increased computational time when processing large volumes of visual data.

This research presents a performance evaluation of vehicle license plate recognition using sequential and parallel image
processing approaches implemented a multi-core embedded processor. The proposed system integrates Python, OpenCV,
and enhanced through parallel execution of image processing tasks using the multiprocessing module.

The system performs image acquisition, preprocessing, license plate detection, character segmentation, and character
recognition using a k-Nearest Neighbour (KNN) classifier. Parallel execution is implemented to accelerate independent
processing operations including loading classification datasets and flattened image training data.

Experimental results obtained from multiple vehicle license plate images demonstrate that parallel execution
significantly reduces execution time compared with sequential processing while maintaining recognition performance. The
study confirms that parallel processing improves computational efficiency and supports real-time image processing
applications.
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l. INTRODUCTION emerged as an important image-processing application because
of its ability to automate vehicle identification without manual

Image processing plays an essential role in modern
intelligent systems where automated analysis of visual
information is required. It focuses on improving pictorial
information for human interpretation and processing image
data for various applications [6],[9]. Image processing
techniques mainly include image enhancement, image
segmentation, feature extraction, image classification, and
object recognition.

Today, image processing technologies are widely used in
security systems, traffic monitoring, military applications,
banking systems, automatic toll collection, smart transportation
systems, industrial inspection, and automated recognition
systems [3],[4]. Vehicle License Plate Recognition (VLPR) has
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intervention [1], [5], [7], [14].

Despite significant advances in recognition technologies,
real-time license plate recognition remains a computationally
demanding task [10], [16]. Accurate recognition depends on
several image processing stages including image acquisition,
preprocessing, noise reduction, license plate localization,
character  segmentation, and character  recognition.
Environmental conditions such as illumination variation,
vehicle motion, camera angle, image resolution, and
background complexity further increase  processing
requirements and reduce recognition efficiency. To overcome
these challenges, high-speed image processing techniques and
efficient computational platforms are required.
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Traditional sequential image processing approaches
execute these operations one after another, resulting in
increased execution time and reduced suitability for real-time
applications [14]. As image datasets become larger and
recognition systems become more complex, improving
computational efficiency has become a major research
challenge.

To address this challenge, modern multi-core processors
provide an effective solution by allowing multiple tasks to
execute simultaneously across several processing cores. Python
multiprocessing and OpenCV libraries are utilized to improve
execution performance by distributing workload among
available processing cores.

This research analyses the performance improvement
achieved by implementing vehicle license plate recognition
using sequential and parallel image processing techniques on a
multi-core embedded processor. Experimental analysis was
conducted using multiple vehicle license plate images to
compare processing speed and computational efficiency.

The main contributions of this research are summarized
as follows:

o Development of a vehicle license plate recognition system
using image processing techniques.

e Implementation of parallel execution using Python
multiprocessing for performance improvement.

e Comparative analysis between sequential and parallel
processing methods.

e Evaluation of processing time and system efficiency for
real-time recognition applications.

The outcomes of this study highlight the potential of
multi-core processing architectures for accelerating image-
based recognition systems and provide a foundation for future
intelligent  transportation and  real-time  monitoring
applications.

1. FUNDAMENTAL PRINCIPLES

This section presents the theoretical concepts and
fundamentals supporting the development and performance
evaluation of the proposed vehicle license plate recognition
system. The research combines digital image processing
techniques with computational performance optimization
through parallel execution on a multi-core processor.

» Digital Image Processing

Digital image processing implies the acquisition,
conversion, analysis, and interpretation of digital images using
computational algorithms. The primary objective of digital
image processing is to improve image quality and extract
meaningful information for automated decision-making and
recognition applications.

The basic stages of image processing include image

acquisition, preprocessing, segmentation, feature extraction,
and recognition. These operations enable systems to identify
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objects and patterns that may not be easily observable through
direct visual inspection.

In this license plate recognition system, digital image
processing provides the foundation for detecting vehicle plates
and extracting character information from captured images.
The accuracy and speed of recognition largely depend on the
effectiveness of preprocessing and feature extraction
techniques.

» Vehicle License Recognition (VLPR)

Vehicle License Plate Recognition (VLPR) is an
automated image-processing technique used to identify vehicle
license plate numbers from captured images.

A typical VLPR system consists of several sequential
stages:

Image acquisition

Image preprocessing

License plate localization

Character segmentation

Character recognition

Post-processing and output generation

During preprocessing, image quality is improved through
grayscale conversion, thresholding, and noise removal. License
plate localization identifies the region containing the plate,
while  segmentation  separates individual characters.
Recognition algorithms then classify each character and
generate the final license plate number. The research
implements these stages using OpenCV-based image
processing and character recognition methods.

» Image segmentation and Character Extraction

Image segmentation is the process of dividing an image
into meaningful segments to isolate objects of significance. In
license plate recognition, segmentation plays an important role
because characters must be separated from the background
before recognition.

Character extraction typically uses contour detection and
geometric analysis to locate character boundaries and remove
irrelevant regions.

The accuracy of segmentation directly affects recognition
performance because incorrectly segmented characters lead to
classification errors.

In this research, contour-based character grouping and
extraction techniques were used to detect and isolate possible
license plate characters before recognition.

> Character Recognition Using k-Nearest Neighbour (kNN)

Character recognition is the final stage of the recognition
pipeline where segmented characters are converted into
readable alphanumeric values.

The k-Nearest Neighbour (kNN) algorithm is a
supervised machine learning method commonly used for
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classification tasks. The algorithm compares an unknown input
sample with previously trained samples and assigns the class
that produces the smallest distance.

In this research, KNN is used to recognize segmented
license plate characters by comparing them against trained
character datasets.

The advantages of kNN include simplicity, ease of
implementation, and suitability for small-scale classification
applications.

» Parallel Processing and Multi-Core Computing

Parallel processing refers to the simultaneous execution
of multiple tasks using multiple processor cores. Unlike
sequential execution, where tasks are processed one at a time,
parallel processing distributes computational workload across
available processing resources.

Multi-core processors contain two or more independent
processing cores integrated into a single unit. This architecture
improves computational throughput and enables faster
execution of intensive image processing operations.

For real-time image recognition systems, parallel
execution reduces waiting time and improves responsiveness
by utilizing processor resources more efficiently. In this
research, multiprocessing was implemented to execute
independent operations concurrently and evaluate performance
improvements compared with sequential processing.

» Python Multiprocessing Framework

Python supports parallel execution through the
multiprocessing module, which creates independent processes
that can operate simultaneously across multiple CPU cores.

Unlike multithreading, multiprocessing allows separate
memory spaces and avoids limitations associated with Python’s
Global Interpreter Lock (GIL).

The multiprocessing approach enables independent
execution of tasks such as:

Training data loading
Image preprocessing
Character detection
Recognition operations

This  capability ~makes Python suitable for
computationally intensive image-processing applications.

» OpenCV for Computer Vision Applications

OpenCV (Open-Source Computer Vision Library) is a
widely used computer vision framework that provides
optimized algorithms for image processing and object
recognition.

OpenCV supports image acquisition, transformation,

filtering, segmentation, contour detection, and classification
operations required for real-time vision systems.
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In this research, OpenCV was used to implement
preprocessing, license plate extraction, contour analysis, and
visualization of recognition results.

. SYSTEM IMPLEMENTATION AND
TECHNOLOGIES

This section describes the hardware platform, software
tools, and system architecture used to implement the proposed
vehicle license plate recognition system. The implementation
integrates image processing algorithms with parallel computing
techniques to improve computational efficiency and reduce
processing time.

» Hardware Platform

The proposed system was implemented on a multi-core
processing platform capable of executing multiple
computational tasks simultaneously. Multi-core processors
provide improved performance compared with conventional
single-core architectures by distributing workloads among
independent processing units.

The utilization of a multi-core processing environment is
particularly beneficial for image processing applications, as
operations such as preprocessing, feature extraction, and
segmentation require significant computational resources. By
developing parallel execution, processing latency can be
reduced while improving overall system responsiveness.

A digital image acquisition device was used to capture
vehicle images containing license plates. The captured images
served as the input dataset for the recognition process.

> Software Environment

The proposed system was developed using Python due to
its simplicity, flexibility, and extensive support for computer
vision applications.

Several software libraries were integrated during
development:

e Python

Python was selected as the primary programming
language because of its rapid development capability and
availability of scientific computing libraries. The language also
provides built-in support for parallel processing through the
multiprocessing module.

e OpenCV

OpenCV (Open-Source Computer Vision Library) was
used as the primary image processing framework. It provides
optimized implementations of image manipulation, filtering,
contour analysis, thresholding, and object detection algorithms
required for license plate recognition.

e NumPy

NumPy was used for numerical computations and matrix
operations. Since digital images are represented as
multidimensional ~ arrays, NumPy enables efficient
manipulation of image data during processing.
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e Multiprocessing Module

The Python multiprocessing module was employed to
execute independent tasks concurrently across available
processor cores. This module creates separate processes that
operate simultaneously and allows more effective utilization of
computational resources.

» System Architecture
The proposed vehicle license plate recognition system
consists of several interconnected processing stages.

Initially, an image containing a vehicle is acquired and
supplied to the preprocessing stage. The image is then
converted into grayscale format and enhanced to improve the
visibility of license plate features.

Subsequently, character regions are detected using
contour-based analysis techniques. Matching character vectors
are identified and used to locate possible license plate regions
within the image. Once the plate region has been extracted,
individual characters are segmented and passed to the
recognition stage.

Finally, a trained k-Nearest Neighbour (kNN) classifier is
used to identify the alphanumeric characters and generate the
recognized license plate number.

» Parallel Processing Architecture
To evaluate computational performance, both sequential
and parallel execution models were implemented.

In the sequential implementation, image processing tasks
were executed one after another. Each task completed before
the next operation commenced.

In the parallel implementation, independent operations
were executed concurrently using multiple processor cores.
Specifically, the loading of classification data and flattened
training images was performed simultaneously using Python
multiprocessing techniques.

The parallel execution model enables better utilization of
available hardware resources and forms the basis for the
performance comparison presented in the subsequent sections.

» Recognition Framework

The recognition framework combines image processing
and machine learning techniques to identify license plate
characters.

The framework consists of the following major
components:

Image preprocessing module
Character detection module
License plate extraction module
Character segmentation module
kNN classification module
Result visualization module
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Each module contributes to the overall recognition
process and collectively enables automatic extraction of vehicle
registration numbers from input images.

V. SIMULATION OF METHODOLOGY AND
DESIGN

This section describes the methodology adopted for the
implementation and evaluation of the proposed Vehicle
License Plate Recognition (VLPR) system. The system was
developed using Python and OpenCV and was designed to
compare the performance of sequential and parallel image
processing approaches on a multi-core processing
environment.

» Methodology

The proposed recognition framework consists of a
sequence of image processing and character recognition stages.
Initially, a wvehicle image is acquired and subjected to
preprocessing operations to improve image quality and
facilitate feature extraction. The processed image is then
analyzed to identify potential character regions, which are
subsequently grouped to determine the location of the license
plate. Once the license plate region is extracted, individual
characters are segmented and recognized using a trained k-
Nearest Neighbour (KNN) classifier.

The overall processing workflow of the proposed system
is illustrated in Figure 1.

Vehicle Image
Acquisition

A 4

Image Preprocessing

A 4

Character Detection

9

License Plate
Localization

A 4

Character
Segmentation

A 4

Character Recognition
using kNN

A 4

Display of recognised
license plate number

Fig 1 Overall Processing Workflow of Vehicle License Plate
Recognition System

The methodology was implemented under both
sequential and parallel execution environments to evaluate
computational performance.
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» Image Preprocessing

Image preprocessing was performed to enhance image
quality and improve the accuracy of subsequent processing
stages. The acquired vehicle image was first converted into
grayscale format to reduce computational complexity while
preserving essential visual information.

Noise reduction techniques were then applied to
minimize image artifacts and improve feature visibility.
Adaptive thresholding was subsequently performed to generate
a binary image that clearly separates foreground characters
from the background. These preprocessing operations improve
character detection accuracy and facilitate reliable license plate
localization.

» Character Detection and License Plate Localization

The detection stage identifies potential character regions
within the image using contour-based analysis techniques.
Geometric properties such as area, aspect ratio, width, and
height were evaluated to distinguish character regions from
non-character objects.

Detected character regions were grouped according to
spatial relationships and similarity measures. Groups of
matching characters were then analyzed to identify possible
license plate regions. The region containing the most probable
character sequence was selected as the candidate license plate.

» Character Segmentation

Following plate localization, the extracted license plate
image was processed to isolate individual characters. Contour
detection techniques were employed to identify character
boundaries within the plate region.

Unwanted contours and overlapping regions were
removed based on predefined geometric constraints. The
remaining segmented character images were normalized and
prepared for classification.

» Character Recognition Using kNN

Prior to testing, the classifier was trained using labeled
character samples stored as classification and flattened image
datasets. Each segmented character was resized to a standard
dimension and transformed into a feature vector. The trained
kNN model then compared the input vector with stored training
samples and assigned the most similar character class.

» Parallel Processing Implementation

To investigate the impact of parallel execution on system
performance, multiprocessing techniques were incorporated
into the implementation.
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The Python multiprocessing module was utilized to
execute independent computational tasks concurrently on
multiple processor cores.

> Sequential Processing Implementation

In the sequential implementation, all processing tasks
were executed one after another within a single execution flow.
Each operation completed before the next stage commenced.

> Performance Evaluation

The effectiveness of the proposed system was evaluated
using a set of wvehicle license plate images under both
processing modes. The primary performance metric considered
in this study was total image processing time.

The evaluation focused on:

Processing time under sequential execution
Processing time under parallel execution
Comparative speed improvement

System efficiency in utilizing processor resources

Execution times were recorded for each test image, and
the results were analyzed to determine the effectiveness of
multiprocessing techniques in accelerating vehicle license plate
recognition tasks.

V. PERFORMANCE ANALYSIS RESULTS

This section presents the experimental results obtained
from the proposed Vehicle License Plate Recognition (VLPR)
system and evaluates the performance of sequential and parallel
image processing approaches.

> Experimental Setup

The performance evaluation was conducted using a
dataset of ten vehicle license plate images. Each image was
processed under both sequential and parallel execution
environments using the same recognition algorithm and
preprocessing procedures. Processing time was recorded for
each image from the initialization stage to the completion of
license plate recognition.

To ensure a fair comparison, all experiments were
performed using the same hardware and software environment.
The recognition methodology, preprocessing operations, and
classification algorithm remained unchanged throughout the
evaluation process.

» Processing Time Comparison

Table 1 Comparison of Parallel and Sequential Processing Times

Image Number Parallel Processing (s) Sequential Processing (s)
1 1.369 1.842
2 0.821 1.161
3 0.620 0.903
4 1.027 1.455
5 0.887 1.266
6 0.937 1.250
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7 0.896 1.201
8 0.892 1.271
9 0.786 1.179
10 0.794 1.107

The results demonstrated that parallel implementation
consistently required less processing time than the sequential
implementation for all test images.

The average processing time for the parallel
implementation was approximately 0.903 s, whereas the
sequential implementation required approximately 1.264 s.
This corresponds to an average reduction in execution time of
approximately 28.6%.

» Speedup Analysis

Using the average execution times obtained during
experimentation, the overall speedup achieved by the proposed
parallel implementation was approximately 1.40. This indicates
that the parallel approach executed approximately 40% faster
than the sequential approach.

The observed improvement demonstrates the
effectiveness of distributing independent computational tasks
across multiple processor cores.

» Discussion of Results

The experimental results clearly indicate that parallel
processing provides significant performance benefits for
vehicle license plate recognition applications. In every test
case, the multiprocessing implementation achieved lower
processing times than the corresponding sequential
implementation.

Furthermore, the reduction in processing time was
achieved without altering the recognition algorithm or
compromising recognition capability. This demonstrates that
performance improvements were obtained primarily through
improved computational efficiency rather than changes to the
recognition methodology.

The results confirm that multiprocessing techniques can
effectively accelerate computationally intensive image
processing applications and support real-time license plate
recognition requirements.

VI DESIGN OPTIMIZATIONS

To improve the computational efficiency of the system,
several optimization techniques were incorporated during
implementation. These optimizations focused on reducing
processing time, improving resource utilization, and
maintaining reliable recognition performance.

» Parallel Processing Optimization

The primary optimization introduced in this research was
the use of Python's multiprocessing framework to execute
independent tasks concurrently across multiple processor
cores. In the parallel implementation, the loading of
classification data and flattened image datasets was performed
simultaneously rather than sequentially. This approach
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improved processor utilization and reduced overall execution
time, resulting in better performance compared with the
conventional sequential implementation.

> Image Processing Optimization

Image preprocessing operations were optimized through
grayscale conversion and adaptive thresholding to reduce
image complexity and improve character visibility. In addition,
contour-based filtering techniques were employed to eliminate
irrelevant image regions and identify potential character
candidates. These optimizations improved the efficiency of
license plate localization and character segmentation while
reducing computational overhead.

» Recognition and Memory Optimization

Recognition performance was enhanced by utilizing pre-
trained Kk-Nearest Neighbour (kNN) classification data,
eliminating the need for repeated training during execution.
Furthermore, efficient memory management techniques and
optimized OpenCV functions were employed to reduce
processing overhead and accelerate image manipulation
operations. These improvements contributed to faster
execution while maintaining reliable recognition accuracy.

VILI. CONCLUSIONS

This study investigated the performance of vehicle
license plate recognition (VLPR) using sequential and parallel
image processing techniques on a multi-core processing
environment. A VLPR system was developed using Python,
OpenCV, and the k-Nearest Neighbour (kNN) algorithm to
perform image preprocessing, license plate localization,
character segmentation, and character recognition.

The experimental results demonstrated that the parallel
implementation consistently outperformed the sequential
approach in terms of processing speed. The average processing
time was reduced from 1.264 s to 0.903 s, achieving an
execution time reduction of approximately 28.6% and an
overall speedup factor of 1.40. These findings confirm that
multiprocessing can effectively improve computational
efficiency and processor utilization for image processing
applications without modifying the underlying recognition
algorithm.

The proposed system successfully detected and
recognized vehicle license plates under various test conditions,
demonstrating the effectiveness of combining OpenCV-based
image processing techniques with kNN-based character
recognition. The results indicate that multi-core processing
architecture provides a practical solution for real-time vehicle
identification and intelligent transportation applications.

However, recognition performance may be affected by
factors such as poor image quality, illumination variations,
motion blur, and damaged license plates. Future work may
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focus on deep learning-based recognition methods, GPU-
accelerated processing, multilingual license plate recognition,
and real-time video stream analysis to further enhance system
accuracy and performance.
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