e A
‘:‘IJSREF:{'
hewew 2 International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 10 Issue: 05 | May - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

Traffic Sign Recognition System with Deep Learning

CHANNABASAVA G S, VINAY PATEL G L
! Assistant Professor, Department of MCA, BIET, Davanagere
2 Student, 4™ Semester MCA, Department of MCA, BIET, Davanagere

Abstract

Traffic sign recognition is an essential component of intelligent transportation systems aimed at improving road safety
and driver awareness. This paper presents a web-based Traffic Sign Recognition System with Deep Learning that
accurately classifies traffic signs from user-uploaded images. The proposed system utilizes a pre-trained Convolutional
Neural Network (CNN) model to perform real-time image recognition by automatically extracting relevant visual features.
The model is designed to handle variations in lighting, orientation, and background, ensuring reliable and efficient
performance. The application includes secure user registration and login functionality, along with an administrative panel
for effective user management and system monitoring. An integrated FAQ section enhances accessibility and user
understanding. Developed with a focus on usability, scalability, and performance, the platform enables non-technical users
to easily access advanced Al-based image classification capabilities through an intuitive web interface. By combining
deep learning techniques with a practical web deployment framework, the system bridges the gap between advanced
machine learning technology and real-world traffic sign education. The proposed solution supports safer driving practices,
promotes awareness of traffic regulations, and serves as a reliable tool for both administrators and end users.

Keywords: Traffic Sign Recognition, Deep Learning, Convolutional Neural Networks (CNN), Flask, Computer Vision,
Image Classification, Road Safety.

LINTRODUCTION
The rapid growth of transportation systems and the demonstrated exceptional performance in image
increasing number of vehicles on roads have classification by automatically extracting relevant

significantly —raised concerns regarding traffic features from raw pixel data. Unlike traditional computer

management and road safety. Traffic signs serve as
fundamental elements of road infrastructure, providing
drivers with essential information such as speed limits,
warnings, prohibitions, and mandatory instructions.
Accurate understanding and timely recognition of these
signs are critical to preventing accidents and ensuring
smooth traffic flow. However, human interpretation of
traffic signs can sometimes be affected by distractions,
fatigue, poor visibility, or unfamiliarity with certain road
regulations. These limitations highlight the need for
intelligent and automated systems capable of assisting in
reliable traffic sign recognition.

In recent years, Artificial Intelligence (Al) and Machine
Learning (ML) technologies have revolutionized image
processing and pattern recognition tasks. Among these
technologies, Deep Learning has emerged as one of the
most powerful approaches for visual recognition
problems. Convolutional Neural Networks (CNNs), a
specialized class of deep learning models, have

vision techniques that rely on manually designed feature
extraction methods, CNNs learn hierarchical
representations directly from training data, making them
highly adaptable to real-world complexities such as
varying lighting conditions, background noise,
occlusion, and distortions.

Traffic Sign Recognition (TSR) has become an
important research area within Intelligent Transportation
Systems (ITS). Many modern vehicles integrate driver
assistance technologies that rely on real-time traffic sign
detection to enhance driving safety. However, existing
solutions are often embedded within specialized
hardware systems and may not be easily accessible to the
general public for educational or awareness purposes.
Additionally, conventional image processing approaches
often struggle with inconsistent environmental
conditions, faded or damaged signs, and variations in
sign appearance across regions.
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To address these challenges, this project proposes a Web-
Based Traffic Sign Recognition System with Deep
Learning, designed to provide an accessible and user-
friendly platform for recognizing traffic signs from user-
uploaded images. The system leverages a pre-trained
Convolutional Neural Network model to classify traffic
signs accurately and efficiently. By utilizing deep
learning techniques, the model automatically extracts
meaningful visual features and performs real-time
predictions, ensuring high accuracy even under
challenging image conditions.
The proposed solution is implemented as a feature-rich
web application that integrates both predictive
capabilities and administrative functionality. Users can
securely register and log in to the platform, upload
images of traffic signs, and receive instant classification
results. This interactive process enables individuals—
particularly new drivers and learners—to enhance their
understanding of road signs and traffic regulations. The
system thus functions not only as a technological
solution but also as an educational tool that promotes
traffic awareness and responsible driving practices.
Security and usability are key considerations in the
design of the application. The system incorporates robust
authentication mechanisms to ensure secure access and
protect user data. An administrative panel is provided to
manage registered users and maintain the platform’s
content effectively. Administrators have the ability to
monitor user accounts, remove inactive or unauthorized
users, and update Frequently Asked Questions (FAQs).
The FAQ section serves as a valuable resource for users,
addressing common queries related to traffic sign
recognition and system usage. This dual-role
functionality ensures a structured, well-managed, and
continuously updated platform that supports both user
engagement and administrative control.
Another significant aspect of the project is its emphasis
on model performance optimization. Data preprocessing
and augmentation techniques are employed to improve
the robustness and generalization capability of the CNN
model. Image  normalization, resizing, and
ILRELATED WORK
01. A significant contribution to Indian Traffic Sign
Detection and Recognition (TSDR) is presented by
Rajesh Kannan Megalingam et al. in the paper titled
“Indian Traffic Sign Detection and Recognition
using Deep Learning”, published in the International
Journal of Transportation Science and Technology.

transformation techniques help the model handle diverse
image inputs effectively. Data augmentation methods
such as rotation, scaling, and flipping increase dataset
diversity, thereby enhancing the model’s accuracy and
reducing the risk of overfitting. These practices ensure
that the system remains reliable when exposed to real-
world images captured under different environmental
conditions.

The development of this web-based system demonstrates
how modern Al technologies can be integrated into
practical applications to solve real-world problems. By
combining deep learning algorithms with web
development frameworks, the project bridges the gap
between advanced research concepts and everyday
usability. Users do not need technical expertise in
machine learning to benefit from the system, as the
interface abstracts complex computational processes into
a simple and intuitive workflow.

Furthermore, the project contributes to broader efforts
aimed at improving road safety and supporting
intelligent transportation initiatives. Providing an
accessible platform for traffic sign recognition enhances
public awareness of road regulations and assists
individuals in learning traffic symbols effectively. The
system can serve as a foundation for future
enhancements, such as real-time video-based detection,
mobile application deployment, or integration with smart
transportation systems.

In conclusion, the proposed Traffic Sign Recognition
System with Deep Learning represents a comprehensive
approach that integrates Al-driven image classification
with secure and user-friendly web application design. By
addressing the limitations of manual recognition and
traditional image processing methods, the system offers
an accurate, scalable, and practical solution for traffic
sign identification. Through its predictive accuracy,
secure architecture, and dual user-administrator
functionality, the project highlights the potential of deep
learning technologies in promoting safer driving
practices and enhancing road safety awareness in
modern transportation environments.

The authors proposed a Refined Mask R-CNN
(RMR-CNN) model, an improved version of Mask
R-CNN, specifically designed for Indian road
conditions. Unlike many prior works trained on
foreign datasets such as GTSRB and LISA, this
study introduced a custom Indian traffic sign dataset
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comprising 6480 images with 7056 sign instances
across 87 categories. The model incorporated
architectural refinements, balanced ROI distribution,
modified foreground—background weighting, and
extensive data augmentation techniques to improve
detection accuracy. Additional preprocessing steps
such as shape detection, region of interest (ROI)
extraction, and color probability analysis were
implemented to enhance robustness under varying
lighting and environmental conditions. The
proposed RMR-CNN achieved a precision of
97.08%, outperforming both Fast R-CNN and Mask
R-CNN models. This work demonstrates the
importance of region-specific datasets and model
adaptation for achieving high-performance traffic
sign recognition in real-world Indian scenarios.

02. An important contribution to traffic sign
detection and recognition systems is presented by
Sergio Escalera et al. in the book Traffic-Sign
Recognition Systems, published by Springer London.
The authors propose a comprehensive and generic
framework for real-time traffic sign detection and
recognition using advanced computer vision
techniques. The work focuses on robust object
detection methods combined with powerful multi-
class  classification  strategies,  particularly
emphasizing the use of Error-Correcting Output
Codes (ECOC) for traffic sign categorization. The
book systematically
methodologies, classification strategies, and system-

discusses detection
level integration, followed by experimental
validation using a mobile mapping application.
Unlike  traditional  single-stage
approaches, this research presents an extensible
architecture capable of handling a large number of

recognition

traffic sign classes efficiently. Their work provides a
strong theoretical foundation and practical
implementation framework that has influenced later
developments in intelligent transportation systems
and computer vision-based traffic sign recognition.

03. A recent study by Khaldaa Alawaji et al., titled
journal article 2024, proposes a multi-task deep
learning framework to improve traffic sign
recognition performance in autonomous driving
systems. Unlike conventional single-task learning
approaches, the authors integrate multi-task learning
(MTL) strategies—both hard and soft parameter
sharing—to jointly learn traffic sign and traffic light

recognition. Pre-trained deep CNN architectures
such as DenseNet201 and InceptionResNetV2 are
evaluated and incorporated into the MTL structure.
Additionally, a YOLOv7-based region of interest
(ROI) module is introduced to enhance real-world
detection from street-level images. The system also
includes a decision-making module that maps
recognized signs to appropriate driving actions.
Experimental validation on GTSRB, GTSDB, and
LISA datasets demonstrates a high classification
accuracy of 99.07%, and real-time testing on Riyadh
highways confirms the practical feasibility of the
proposed model. This work significantly contributes
to intelligent transportation  systems by
demonstrating the effectiveness of multi-task deep
learning combined with real-time object detection
for autonomous vehicle applications.

04. A practical implementation of traffic sign
detection using deep learning was presented by
Rahul Bhakad et al. in the paper titled ijert paper
2022, published in the International Journal of
Engineering Research & Technology (IJERT) in
2022. The authors proposed a real-time traffic sign
detection and recognition system based on the
YOLOVS5 object detection algorithm. Unlike
traditional machine learning approaches that rely on
handcrafted features such as HOG and SVM, this
study utilized a single-stage deep learning detector
to achieve faster processing speed and improved
accuracy. The model was trained on a custom traffic
sign dataset derived from German Traffic Sign
datasets and implemented using Google Colab with
GPU support. Additionally, the system integrates the
pyttsx3 text-to-speech library to generate voice
alerts whenever a traffic sign is detected, thereby
assisting drivers in real-time navigation. The study
highlights the advantage of YOLOVS over two-stage
detectors like Faster R-CNN in terms of real-time
performance and computational efficiency, making it
suitable for intelligent transportation and driver
assistance systems.

05. A study by Mrs. Prathima Gamini et al., titled
jjert paper 2024, published in the International
Journal of Creative Research Thoughts (IJCRT)
(2024), proposed a hybrid deep learning framework
that combines Convolutional Neural Networks
(CNNs) with the YOLOv4 object detection
algorithm for efficient traffic sign recognition. In
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their approach, YOLOv4 is utilized for real-time
detection of traffic signs in complex road
environments, while a CNN model performs
accurate classification of the detected signs. The
dataset consists of 42 traffic sign classes collected
from Kaggle, and preprocessing techniques such as
scaling and data augmentation were applied to
enhance model performance. Experimental results
demonstrated that the integration of YOLOv4 with
CNN improves both detection speed and
classification accuracy, making the system suitable
for autonomous vehicles and intelligent
transportation systems. The study highlights the
effectiveness of one-stage detection frameworks in
achieving real-time performance while maintaining
high precision.

06. A study by Kousalya Kittusamy titled
“Investigation of applying various filters for traffic
sign board detection using convolution neural
network™ (2021) investigates the impact of different
image filtering techniques on traffic sign board
detection using Convolutional Neural Networks
(CNNs). The research was presented in the
conference proceedings 2021 and focuses on
enhancing detection accuracy under varying
environmental conditions. The study applies
preprocessing filters to improve feature extraction
and reduce noise before feeding the images into a
CNN model. Experimental results show that
appropriate  filtering  significantly
detection performance and robustness. The paper
highlights the importance of preprocessing

improves

techniques in deep learning-based traffic sign
recognition systems, especially in real-world
scenarios involving lighting variations and
distortions.

07. A study by Yuanzhou Wei et al., titled “Research
and Implementation of Traffic Sign Recognition
Algorithm Model Based on Machine Learning”
(2023), presents a comparative analysis of CNN and
ResNet architectures for traffic sign recognition.
Published in the Journal of Software Engineering
and Applications, the research utilized a Kaggle
traffic sign dataset containing over 73,000 images
across 43 classes. The authors designed customized
CNN and ResNet-based models and evaluated their
performance using accuracy and Fl-score metrics.
Experimental results demonstrated that the ResNet

model achieved 99.2% accuracy, outperforming the
CNN model, which achieved 98.7% accuracy. The
study highlights the effectiveness of residual
learning in overcoming degradation problems in
deep networks and emphasizes the suitability of
ResNet for high-precision intelligent transportation
applications.

08. he emergence of modern deep learning for image
classification can be traced back to the
implementation of the AlexNet architecture. Alom et
al. [15] provide a comprehensive survey detailing
how AlexNet revolutionized computer vision by
utilizing an eight-layer deep convolutional neural
network (CNN) structure, which included five
convolutional layers followed by three fully
connected layers. This architecture was pivotal in
demonstrating the power of Rectified Linear Units
(ReLU) to accelerate training and the use of dropout
layers to mitigate overfitting. By successfully
leveraging GPU acceleration to handle large-scale
datasets like ImageNet, AlexNet set the foundational
standard for subsequent deep learning models—
including InceptionV3 and more complex CNNs—
making it a critical reference point for any research
involving high-performance traffic sign recognition
systems.

09. The shift toward automated feature learning is
further exemplified by the work of Li and Yang [16],
who investigated traffic sign recognition through the
lens of deep learning integration. Their research
emphasizes the importance of a structured
pipeline—comprising image pretreatment, feature
extraction, and classification—to improve the
robustness of road sign identification. By comparing
traditional feature-based algorithms with deep
learning approaches, they demonstrated that deep
neural networks significantly outperform manual
feature extraction in handling environmental
variations. This study supports the methodology of
utilizing various deep learning architectures, such as
the CNN, InceptionV3, and AlexNet models used in
this research, to achieve high-precision classification
in complex, real-world scenarios.

10. The evolution of traffic sign recognition has
recently focused on balancing architectural depth
with computational efficiency. Antony et al. [11]
explored this by implementing a hybrid approach
using standard Convolutional Neural Networks
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(CNN) and Residual Networks (ResNet) on the
Belgium Traffic Signs (BTS) dataset. Their research
highlights how the strategic incorporation of
residual blocks allows the model to learn more
intricate, high-level features without suffering from
the degradation typical of deeper networks.
Achieving an accuracy of 94.25% across 62 different
classes, the study emphasizes the suitability of
ResNet-based  architectures  for  real-time
applications like autonomous driving (e.g., Tesla
systems) and traffic surveillance. This work provides
a benchmark for how skip-connections in neural
networks can enhance the reliability of recognition
systems in diverse, real-world environments.

III. METHODOLOGY

The methodology for the proposed Traffic Sign
Recognition System is structured to combine Deep
Learning (DL) techniques with a user-friendly web
interface, enabling the automated extraction of features
from uploaded images and matching them to specific
traffic sign categories. The following steps outline the
end-to-end process, from data collection to real-time
prediction delivery.

HTTP
Requests

JSON
Responses

Query
Results

Image
Processing

Data
Operation

Architecture Diagram

01. Data Collection and Preparation
The system utilizes a structured dataset comprising
approximately 7,000 photographs of 70 different types of
traffic signs specifically from the perspective of roads in
Bangladesh. This data provides the foundational visual
information for training the neural network to recognize
local sign variations.

02. Image Preprocessing

To ensure effective model training and consistency, all
raw images undergo several preprocessing steps:

Image Resizing: All photographs are scaled to a
standard resolution of 64x64 pixels to ensure uniform
input dimensions for the CNN

Normalization: Pixel values are normalized by dividing
by 255.0 to scale them between 0 and 1, which facilitates
faster convergence during the training phase.

Data Augmentation: Techniques such as zooming,
shearing, and rotation are applied to increase model
robustness and accuracy.

03. Feature Extraction and CNN Architecture
Unlike manual feature extraction used in traditional
systems, the proposed methodology utilizes a
Convolutional Neural Network (CNN) for automatic
feature extraction.

e Convolutional Layers: The model uses layers

with "ReLU" activation to identify patterns such as

edges and shapes.

e Pooling Layers: MaxPooling layers are

integrated to reduce the spatial dimensions of the

features while retaining critical information.

e Flatten and Dense Layers: The processed

features are flattened and passed through fully

connected (Dense) layers to determine the
probability of the sign belonging to a specific class.

04. Model Training and Optimization

The processed dataset is split into a training set (80%)
and a validation set (20%). The model is compiled using
the Adam optimizer and Categorical Cross-entropy loss
function. It is trained over 10 epochs, eventually
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achieving an outstanding classification accuracy of
approximately 95%.

05. Similarity and Classification Logic
The core of the prediction engine is the Softmax
activation function in the final layer. It calculates the
probability distribution across all 70 classes, and the
system selects the class with the highest confidence score
as the predicted traffic sign.

06. Web Application Integration

The entire deep learning pipeline is integrated into a

Flask-based web application.
. Frontend: Developed using HTML and
CSS, it allows users to register, log in, and
upload images.
. Backend: The Flask server handles the
HTTP requests, passes the images to the saved
traffic_sign_model.h5 file, and returns real-time
predictions to the user dashboard.

07. Administrative Oversight
To maintain the platform, a dedicated admin panel is
provided to manage the user database and update the
Frequently Asked Questions (FAQ) resource. This
ensures the platform remains current, secure, and
supportive for both regular drivers and students.

IV. TECHNOLOGIES USED

The proposed Traffic Sign Recognition System
integrates a range of modern technologies and
frameworks to deliver real-time, deep learning-based
sign identification. Below are the primary technologies
and tools employed in the development and deployment
of the system.

01. Python Programming Language

Python serves as the core programming language for
both backend logic and deep learning tasks. Its extensive
library support and readability make it the standard
choice for rapid prototyping in machine learning and
data science projects.

02. Flask/Django Web Framework

A web framework (such as Flask or Django) is used to
build the application backend, manage user
authentication, and serve as the bridge between the
trained deep learning model and the user interface.

3. Deep Learning and Numerical Libraries
TensorFlow / Keras: These libraries are utilized for
constructing, compiling, and training the Convolutional
Neural Network (CNN) architecture.

NumPy: Employed for handling complex numerical
computations and managing image data as multi-
dimensional arrays efficiently.

Pandas: Used for data manipulation and analysis,
specifically for loading and mapping the labels provided
in the tabular dataset.

4. Computer Vision and Image Processing

OpenCV: This library is critical for image preprocessing
tasks, including resizing images to a standard resolution
(64x64), color conversion, and basic feature extraction.

5. Database Management

MySQL: A relational database management system is
used to store user profiles, registration details, and the
Frequently Asked Questions (FAQ) database. It ensures
data integrity through the use of primary and foreign
keys.

6. Frontend Technologies

HTML, CSS, and JavaScript: These technologies are
used to develop a responsive and intuitive user interface.
HTML provides the structure, CSS handles the visual
styling (such as the navy-blue accents), and JavaScript
manages interactive elements.

7. Integrated Development Environment (IDE)

Visual Studio Code: A lightweight yet robust code editor
used for writing and debugging the Python backend,
frontend scripts, and SQL queries. Its support for
extensions and real-time validation accelerates the
development process.
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V Result

Predict Sign Language fom Image

VI. CONCLUSION

The development of the Traffic Sign Recognition
System with Deep Learning provides an efficient and
dependable solution for the automated classification of
road indicators. By bridging the gap between cutting-
edge machine learning technology and practical web-
based accessibility, the system serves as a vital tool for
improving intelligent transport systems and road safety
awareness.

Through a rigorous methodology, this research
successfully integrated a high-performance
Convolutional Neural Network (CNN) capable of
interpreting complex visual data with a commendable
accuracy rate of approximately 95%. The system's
technical, financial, and operational feasibility were
confirmed through detailed study, ensuring it is a
commercially viable platform with low overhead and
high utility for drivers and educators alike.

The implementation of distinct user and administrator
roles ensures a secure and well-managed environment.
While users benefit from real-time predictions and
educational resources like the FAQ section,
administrators maintain the platform’s integrity through
robust user management and content moderation.
Systematic testing across unit, integration, and system
levels further validates that the application is resilient,
scalable, and prepared for real-world scenarios.

In summary, this project demonstrates the transformative
power of Al when integrated into practical web
applications. It addresses the inherent limitations of
manual traffic sign identification—such as human error
and environmental interference—by providing a smart,
automated alternative. Ultimately, this work contributes
to a safer transportation landscape by empowering

ordinary users with sophisticated tools to better
understand and follow the rules of the road.
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