Article

CENTRAL ASIAN JOURNAL OF
MATHEMATICAL THEORY AND
COMPUTER SCIENCES

https://cajmtcs.casjournal.org/index.php/CAIMTCS

Volume: 07 Issue: 02 | April 2026 ISSN: 2660-5309

Traffic Sign Recognition Using Convolutional Neural Networks with a
Tkinter-Based Interactive Interface

N. Selvam, T. Shynu, S. Suman Rajest, B. Saferuden, J. Mohamed Zakkariya Maricar

Citation: Selvam, N, Shynu, T,
Rajest, S. S, Saferuden, B & Maricar,
J. M. Z. Traffic Sign Recognition
Using

Networks

Convolutional Neural

with a Tkinter-Based
Interactive Interface. Central Asian
Journal of Mathematical Theory and
Computer Sciences 2026, 7(2), 1-20

Received: 10" Nov 2025
Revised: 21 Dec 2025
Accepted: 14 Jan 2026
Published: 11 Feb 2026

Copyright: © 2026 by the authors.
Submitted  for open  access
publication under the terms and
conditions of the Creative
Commons Attribution (CC BY)
license
(https://creativecommons.org/lice
nses/by/4.0/)

1. Department of Computer Science and Engineering, Dhaanish Ahmed College of Engineering, Padappai,

Chennai, Tamil Nadu, India.

2. Dhaanish Ahmed College of Engineering, Padappai, Chennai, Tamil Nadu, India
3. Dhaanish Ahmed College of Engineering, Padappai, Chennai, Tamil Nadu, India
4. Department of Artificial Intelligence and Data Science, Dhaanish Ahmed College of Engineering, Padappai,

Chennai, Tamil Nadu, India.

5. Department of Computer Science and Engineering, Dhaanish Ahmed College of Engineering, Padappai,

Chennai, Tamil Nadu, India.
* Correspondence: selvamn@dhaanishcollege.in

Abstract: This project demonstrates a traffic sign recognition system that employs Convolutional
Neural Networks (CNN) to categorise traffic signs from the dataset. The code has two main parts:
training the CNN model and a graphical user interface (GUI) made with Tkinter that lets you interact
with the model. The code prepares the dataset for the CNN model training phase by putting images
and labels into numpy arrays. For model evaluation, the data is divided into training and testing
sets. To effectively capture traffic sign features, the model architecture has several convolutional and
pooling layers, followed by fully connected layers. The Adam optimiser and categorical cross-
entropy loss are used to train the model. You can see how well the training is going by looking at the
accuracy and loss curves. The code has a Tkinter-based GUI that lets users upload pictures of traffic
signs so that they can be sorted. The GUI loads the CNN model that has already been trained and
uses a pre-defined dictionary to map the predicted class to the description of the traffic sign. The
system guesses what kind of traffic sign the user uploaded and shows its description on the GUL
This traffic sign recognition system has an easy-to-use interface for classifying traffic signs in real
time. This can be helpful for learning, making roads safer, and analysing traffic sign data. The CNN
model is accurate, and the Tkinter GUI is easy to use, so the system can be used on a variety of
platforms.

Keywords: Real-Time Processing; Rectified Linear Unit; Convolutional Neural Networks; SoftMax
Activation Function; Stochastic Gradient Descent; Region Convolutional Neural Networks; Support
Vector Machine.

1. Introduction

A full set of traffic rules and laws makes sure that roads are safe [31]. These laws are
meant to control how drivers, pedestrians, and everyone else on the road acts. They talk
about things like speed limits, wearing seatbelts, being drunk or high, and rules about
who has the right of way. The most important thing about modern transportation is
making sure the roads are safe. Recognising traffic signs quickly and correctly is one of
the most important things that can be done to make roads safer [59]. As more and more
cars are on the road, we need an intelligent system that can quickly and accurately read
traffic signs. This project seeks to tackle this significant issue through the application of
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deep learning. This research primarily employs convolutional neural networks (CNNs) to
develop a dependable and highly precise traffic sign recognition system [43].
Convolutional Neural Networks (CNNs) are a specific type of deep learning model that
is very good at analysing and processing visual data, especially pictures and videos. They
are based on how the human eye works, with layers that do things like find edges, shapes,
and more complex features [62]. One thing that sets CNNs apart is that they can show
translation invariance, which means they can recognise patterns no matter where they are
in an image [27]. This is accomplished by using the same weights in different spatial
locations, which lowers the number of parameters and helps the model generalise better.

CNNs have many layers that gradually pull out more abstract and complicated
features. This makes them very good at a wide range of computer vision tasks. The
technology helps drivers a lot by automatically recognising these signs, which is
especially helpful when they are driving in new or difficult situations [50]. A lot of hard
work went into putting together a complete dataset with a wide range of traffic signs.
Every picture in the dataset is carefully processed ahead of time to make sure that the
model can quickly evaluate and understand a wide range of indicators in a variety of
settings. The project uses the gathered dataset to train a CNN model using the most
advanced deep learning methods. The model can now recognise different types of traffic
signs, taking into account differences in size, lighting, and other environmental factors
[30]. Accuracy and Performance: The main goal of the project is to get traffic sign
recognition to be very accurate and fast. We check how well the model works in real life
by putting it through a lot of tests on a set dataset. A graphical interface that is easy to use
has been made so that more people can take advantage of this technology. Users can
upload pictures of traffic signs using this interface, and the system will automatically sort
them and show what the sign means [54]. The main goal of the project is to make driving
easier and safer for everyone. The goal of the project is to make drivers more aware of
traffic signs and lower the chances of accidents and traffic violations by teaching them
how to read and understand them correctly [58]. This project shows how useful deep
learning can be in the real world, especially when it comes to controlling traffic and
keeping people safe on the road. By properly implementing a system for classifying traffic
indicators, we make a lot of progress toward making the road infrastructure safer and
more useful [42]. Join us on this journey as we use the newest technology and deep
learning to make the roads safer and more useful. Making roads safer is a job that never
ends and requires cooperation between governments, law enforcement, businesses, and
the public. The main goal is to cut down on car accidents and the costs that come with
them, such as injuries, deaths, and lost money. By encouraging road safety, communities
can make transport systems safer and more long-lasting for everyone.
Problem Statement

In today's world of advanced technology, road safety is still very important. Traffic-
related injuries, deaths, and fatalities are still major threats to people and communities
[53]. One of the many things that make roads safer is being able to read traffic signs
correctly and quickly. These signs are very important for communication on the side of
the road because they give drivers, pedestrians, and other road users important
information [34]. However, it can be hard to identify and understand these signs correctly,
especially when the weather is bad, the lighting is poor, or there are many things going
on in modern cities [49]. This project aims to solve this difficult problem using the latest
machine learning methods, especially Convolutional Neural Networks (CNNs). The
biggest problem is making a system that can automatically identify and classify traffic
signs from pictures and videos that is both reliable and very accurate [41]. The main goal
is to make the roads safer by helping drivers understand and follow traffic signs right
away. This will lower the chances of accidents, violations, and possible road hazards.
There are many different shapes, colours, and sizes of traffic signs [65]. They can be
broken, hidden by trash, or hard to see because of the weather.

The hard part is making a model that can accurately recognise and categorise these
signs in a variety of situations. The system needs to work in real time for it to be useful
and work well. This means that it should quickly process pictures or video frames, find
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traffic signs, and send the information to the driver without causing any delays that could
put safety at risk. The main goal of the project is to make roads safer [26]. The system has
to be very safe and dependable so that the information it gives drivers is correct and
trustworthy. The project will collect a large dataset of traffic signs, including many
different types of common road signs [48]. The dataset's images will all be carefully pre-
processed so that the model can quickly analyse and understand them. The "Traffic Sign
Classification with Deep Learning" project is very important [37]. By solving the problem
of accurately recognising traffic signs, it immediately makes the roads safer. The project's
results could lead to fewer accidents, traffic violations, and the costs that come with them.
It also promises to give drivers a useful tool for getting around complicated and changing
city situations, which will make roads safer and more useful in the end. This problem
statement lists the main problems, challenges, goals, and objectives of your traffic sign
classification project [60]. It also stresses how important it is to make roads safer and help
drivers right away.
Aim of The Project

The main goal of this project is to make a big difference in the field of vehicle safety
by using advanced deep learning techniques, especially Convolutional Neural Networks
(CNNs), which have the power to change the game [57]. The main reason for this project
is to make the roads much safer and give drivers and other road users access to the latest
technology. The main goal is to make a smart and very accurate system that can quickly
and accurately sort and identify a wide range of traffic signs seen in videos and images
[38]. This includes a lot of different signs, like stop signs, warning signs, speed limits, and
many more. The system's goal is to be a reliable co-pilot for drivers, giving them quick,
accurate, and useful information so they can respond to the signs' messages quickly and
safely. By reaching this goal, the project hopes to cut down on traffic violations, make the
roads safer, and cut down on the number of accidents [47]. In addition to improving
technology, this project is based on a strong commitment to putting the health, safety, and
quality of life of people and communities who travel on today's complicated roads at the
top of the list of priorities [28]. The end goal is to change how people think about road
safety by using deep learning to create a world where driving is not only useful but also,
most importantly, safe.
Project Domain

This project is in the middle of image processing and computer vision, and it focuses
on transport and road safety. This fast-growing field has many uses for improving traffic
management and road safety that are based on the expert analysis and interpretation of
visual data, especially photos and videos [52]. Your project is well-positioned to be a
leader in this field because it addresses the important issue of correctly recognising traffic
signs, which is necessary for safe and effective driving. The technology behind this project
is computer vision, which is the ability to teach robots how to understand and interpret
visual data [33]. This is important for keeping people safe on the road. It uses
Convolutional Neural Networks (CNNs), a cutting-edge deep learning method, to
identify and sort many different types of traffic signs. The goal is to give drivers reliable,
real-time information about the complicated messages these signs are sending, which can
include warning signs, speed limits, stop signs, and more [46]. The project's domain is
unique because it is at the crossroads of cutting-edge technology, transportation, and
safety. It has the power to change the basic safety assumptions of modern transportation
and is very much in line with the ideas of traffic control and road safety. It's not just a
technology project; it's a promise to keep people and communities safe and healthy as
they navigate the ever-changing web of modern roads [61]. Your project hopes to create
conditions that make road travel more efficient while also maintaining the highest
standards of safety, dependability, and security by adding more lanes to this field.
Scope of The Project

This project has a wide range of important factors that it will cover. The research
delves deeply into advanced deep learning techniques, especially Convolutional Neural
Networks (CNNSs). To do this, we need to make, use, and improve cutting-edge models
that can find and sort a wide range of traffic signals [40]. Real-time processing capabilities
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add to the project's technical skills by making sure that it can quickly analyse picture and
video data and give accurate and immediate interpretations. Also, the project needs
careful management of a large and diverse dataset of traffic signs, which includes
collecting, curating, and pre-processing the data so that the model can be trained quickly.
The main use of the project is to recognise traffic signs. It wants to find and sort a wide
range of traffic signs, such as stop signs, warning signs, speed limits, and more [35]. The
app's scope expands to give drivers real-time help and teach them how to make decisions
while driving when they can quickly and accurately understand these signs.
Generalisation is another important part of the project. It lets the system adapt to new
traffic signs and different weather conditions, making it more useful and effective. The
project's significance extends beyond its technical attributes to encompass its potential
and impact. Its main goal is to make the roads safer by reducing accidents, violations, and
other dangers [56]. This makes the roads safer for everyone who uses them. The project's
potential goes beyond the local level and could have an impact on the development of
smart transport systems and their use in communities and civilisations all over the world.
It also opens the door for future progress in related areas like smart cities, driverless cars,
and more general computer vision applications [63]. This means that the field of
transportation and safety technology will continue to change and grow in exciting and
important ways.

2. Materials and Methods

Convolutional Neural Networks (CNNs) are deep learning models that are made to
work with structured grid data like pictures and videos. CNNs are often used in computer
vision tasks like image segmentation, object recognition, and image classification.
Convolution is an important step in CNNs. It means putting a small filter (also called a
kernel) over the picture that was input [45]. The filter gathers characteristics by adding up
the results of multiplying each element by itself. This is done all over the picture to make
feature maps. During training, learnable filters in convolutional layers change to recognise
different patterns and features in the input data [64]. To make the model non-linear, an
activation function (usually REL - Rectified Linear Unit) is applied to each element after
each convolution operation [39]. The network needs this non-linearity to learn
complicated patterns. Pooling layers are used to keep the most important information
while making the feature maps smaller in space. Max-pooling is a common way to pool
data. It picks the highest value in a small area of the feature map [55]. Pooling helps lower
the amount of work that needs to be done and stops overfitting. After a few convolutional
and pooling layers, fully connected (Dense) layers are often added. These layers do the
same things that regular neural networks do, where each neurone is linked to every
neurone in the layer before and after it [32]. You can use fully connected layers for
classification or regression tasks. A Flatten layer is put before the fully linked layers to
change the 2D feature maps into a 1D vector. This is necessary because fully connected
layers need flat input. To keep from overfitting, dropout layers are used. During training,
dropout randomly turns off some neurones so they can't help the network make
predictions [51]. This makes the network want to learn stronger features.

The last layer of the CNN makes the network's output. The number of neurones in
this layer depends on the task at hand. In image classification, the output layer usually
has the same number of neurones as there are classifications. The SoftMax activation
function is often used to make class probabilities [36]. The job determines which loss
function to use. Categorical cross-entropy is a common way to sort pictures into groups.
It finds the difference between the true class labels and the expected probability. The
optimiser changes the model's weights based on the loss function's gradients. Adam, SGD
(Stochastic Gradient Descent), and RMSprop are all common optimisers for CNNs. The
CNN learns from a labelled dataset by giving it input pictures and their target labels. The
weights of the network are changed during training to make the loss function as small as
possible [29]. CNNs are great at finding hierarchical features in pictures. As you go deeper
into the network, it automatically learns to recognise simple things like edges and corners,
as well as more complex patterns like textures, shapes, and objects. Because they can
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extract features in a hierarchical way, CNNs are great for computer vision problems [44].
In this project, the main things we look at to see how well the system works are accuracy,
real-time processing speed, error rate, generalisation performance, and user interface
efficiency. This makes sure that the system is both reliable and useful for making roads
safer.

Literature Review

Anwar, et al. [1] examined the application of convolutional neural networks (CNN5s)
in the detection and analysis of traffic anomalies. The authors suggest a CNN architecture
comprising an input layer, convolutional layers, pooling layers, and a fully connected
layer [24]. They also talk about how the community was trained and tested with a dataset
of the symptoms of site visitors. The effects show that the proposed structure was accurate
to ninety-seven percent.44%, which is 7.57% better than the ultra-modern technique [14].
The paper concludes that the proposed structure is suitable for traffic sign detection and
recognition tasks.

Liu, et al. [2] examined the methodology for traffic sign detection employing Region
Convolutional Neural Networks (RCNNSs). The authors suggest a better way to find and
classify traffic signs using RCNNs to get features from images. Two benchmark datasets
of German traffic signs were used to test this method, and the results show that it works
better than other methods for finding traffic signs. Belouadah, et al. [3] introduced a
technique for the detection and recognition of road signs utilising Convolutional Neural
Networks (CNNs). The authors employed a multi-stage methodology to identify and
categorise road signs. The first step is feature extraction, which is done by using a CNN
to find areas of interest in an image [23]. The second step is classification, which is done
by using a Support Vector Machine (SVM) to sort the areas of interest that were found.
The results of the experiments showed that the suggested method was able to detect 94.9%
of the time and recognise 93.9% of the time [19]. The authors concluded that their
proposed method is applicable for real-time road sign detection and recognition.

Babu, et al. [4] introduced a real-time traffic sign detection and recognition system
utilising a Convolutional Neural Network (CNN). There are four parts to the system:
preprocessing images, extracting features, selecting features, and classifying them. Image
preprocessing includes things like improving the image, normalising it, and removing the
background. After that, we use the CNN model to get features and then choose which
ones to keep to cut down on the number of features. Finally, a Support Vector Machine
(SVM) classifier is used to sort the data. Stotts, et al. [5] talked about how to use
Convolutional Neural Networks (CNNs) to recognise traffic signs. CNN is a kind of
artificial neural network that can find patterns in pictures [16]. The author uses this
technology to correctly identify traffic signs. The authors used a German traffic sign
recognition database to see how accurate the CNN was. The authors also talk about how
this technology could be used in the future and how it could make roads safer. Xu, et al.
[6] introduced a real-time traffic sign detection and recognition system utilising a
Convolutional Neural Network (CNN). The suggested system uses CNN architecture to
take features from input images and then uses those features to identify and classify
different road signs [13]. We tested the system on a publicly available dataset of German
road signs, and the results show that it can accurately find and classify road signs.

Stahl, et al. [7] introduced an innovative method for real-time traffic sign recognition
employing a convolutional neural network (CNN). The suggested method uses CNNs to
find and sort traffic signs quickly and correctly. The authors did a number of tests to see
how well the proposed system worked [20]. The results show that the suggested method
can work with 98.2% accuracy and 60 frames per second. The author also talks about the
trade-off between speed and accuracy. Zhu, et al. [8] look into how convolutional neural
networks can be used to recognise traffic signs. The authors suggest a method for
recognising road signs in two steps using convolutional neural networks. The first step
uses a multilayer convolutional neural network to find the features of road signs. In the
second step, the extracted features are sorted into groups using support vector machines
[17]. Tests on publicly available datasets show that the suggested method is more accurate
than other methods.
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Sun, et al. [9] introduced a real-time traffic sign recognition system utilising a
Convolutional Neural Network (CNN). In real time, this system uses CNNs to sort road
signs in pictures. The proposed system was evaluated using two publicly accessible
datasets: the GTSRB and the German Traffic Sign Recognition Benchmark (GTSRB). The
proposed system's experimental results show that it had an average accuracy of more than
95% on the GTSRB dataset and more than 96% on the GTSRB benchmark. The suggested
system is shown to work well and be dependable for recognising traffic signs in the real
world. Zhang, et al. [10] put together a traffic sign recognition system that uses a CNN
(Convolutional Neural Network). There are two steps in the system [22]. We first take
features from the input image and then use CNN to sort them. Two data sets were used
for the tests, and the results show that the system can get very close to 90% of the time.
The authors also talk about how to make the system work better by using more training
data, changing the network structure, and using data augmentation methods [18].

Dziedzic [11] introduced a road sign recognition technique employing a
Convolutional Neural Network (CNN). CNN is a kind of artificial neural network that
can help you look at pictures and other visual data. The article talks about how the CNN
was trained on a set of German road sign images and then used to sort each image into
one of 43 road sign categories [25]. The findings indicate that the CNN can correctly
identify road signs with an accuracy exceeding 99%. You can use this method to make
self-driving cars that are more accurate and stable. Jain, et al. [12] talked about how to use
Convolutional Neural Networks (CNNs) to recognise traffic signs (TSR). The authors
explain how to use CNNs to find traffic signs in pictures [21]. They test the model on the
German Traffic Sign Recognition Benchmark (GTSRB) dataset and show that it works
better than other TSR methods. The authors also talk about how changing the model's
parameters affects its accuracy [15]. In the end, they decided that CNNs can give accurate
TSR results and can be used to make cars safer.

3. Results and Discussion
Project Description
Existing System

Traffic sign identification can be done with recurrent neural networks (RNNs),
especially when sequential information is needed. RNNs are better for identifying traffic
signs because they can handle time-based features [74]. CNNs are more often used for
classifying static images. Traffic signs are collected in the form of picture or video
sequences.The frames of the video are seen as time steps, and the order of the frames
shows the time information. In general, images are preprocessed and then put through a
CNN to find important spatial features in each time step. The Long Short-Term Memory
(LSTM) and Gated Recurrent Unit (GRU) are two types of RNNs that are used to show
how features change over time.At each time step, the RNN takes the extracted features
from the CNN and the hidden states from the previous time step as input. The RNN gives
an output at every step [69]. In the context of traffic sign recognition, this output is often
a probability distribution over different classes of traffic signs.Softmax activation changes
the RNN output into class probabilities. At each time step, the predicted class probabilities
are compared to the ground truth labels to find the loss.For classification tasks, categorical
cross-entropy is a common loss function [77]. Gradients are calculated in time steps, which
helps the model learn how things are related over time.Gradient descent or optimisation
methods are used to change the model's parameters. The model is tested on a different
test dataset using metrics like accuracy, precision, recall, and Fl-score. In real-time
recognition settings, the algorithm can be used to predict traffic signs as new frames come
into a video stream [67]. People often use post-processing techniques on video sequences
to make predictions more accurate over time, get rid of false positives, and improve
identification accuracy.RNNs are great for following traffic signs that are moving or
recognising signs based on how they look over time (for example, when an electronic
traffic sign changes). RNNs are better at handling sequential data than CNNs, which are
good at getting spatial information [71]. However, it is very important to have enough
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data and to think about how hard it is to use RNNs, especially when working with longer
sequences.

Proposed System

The code starts by getting pictures of traffic signs and their labels from a specific folder
[76]. It goes through 43 different kinds of traffic signs, putting pictures into lists for data
and labels. The pictures have been resized to 30x30 pixels, which is the standard size. The
dataset is split into a training set (X_t1, y_t1) and a validation set (X_t2, y_t2) using the
train_test_split function from scikit-learn. For training, 80% of the data is used, and for
validation, 20% is used. Keras' to_categorical function changes the labels in y_t1 and y_t2
to one-hot encoding. This encoding is used to turn category labels into binary vectors. The
CNN model is made with the Keras Sequential APL. There are many layers in it [70]. To
get features from input pictures, REL turns on convolutional layers.MaxPooling layers are
used to downsample and reduce the size of the spatial dimension. Dropout layers help
keep overfitting from happening during training by turning off some neurones. Fully
linked (dense) layers for categorisation.The output layer uses SoftMax activation for
multi-class classification. The fit method is used to teach the model with the training data
(X_t1 and y_t1). Training is done in 15 epochs with a batch size of 32. The validation data
(X_t2 and y_t2) is used to keep an eye on how well the model is doing during training
[73]. After training the model, it is saved to a file called "my_model.h5."function to save.
Also, there is an attempt to save the model with a new name, but there is a syntax error
that needs to be fixed: model.save('traffic_classifier.h5').

The code tries to show accuracy and loss over epochs in order to create a map of the
training history. But the code for making the training history chart has a few problems. It
talks about variables like anc and history, which should be changed to model and eps.
The function opens a CSV file called "Test.csv" and checks how well the model works with
the test data. To see how well the model works, the predictions are compared to the real
labels. The code uses the tkinter library to make a graphical user interface that lets people
upload pictures of traffic signals. Users can use the trained model to sort an image they
send in by clicking a button [66]. The expected class label is shown. The script builds a
CNN model with Keras. The fit method was used to build the model, and the categorical
cross-entropy loss was used to train it. The script tries to plot training history, but there
are bugs in the code that stop it from graphing accuracy and loss. It is important to change
the names of variables like anc and history to model and eps [78]. The labels for the traffic
signs in the training and validation sets are changed to one-hot encoding. You can do this
with Keras' to_categorical function [75]. One-hot encoding turns category labels into
binary vectors, which makes sure that the model can do multi-class classification well.
The CNN model is built using the Keras Sequential APL

There are many layers in the model. For example, convolutional layers use Rectified
Linear Unit (ReLU) activation functions [72]. These layers pull out features from the
pictures that are sent to them.MaxPooling layers are used to downsample and reduce the
spatial dimensions of the feature maps so that the model can get the most important
information.Dropout layers use regularisation to stop overfitting by turning off some
neurones at random during training.Fully linked (dense) layers are used to put things into
groups.The softmax activation function is used in the output layer for multi-class
classification [68]. The model is built with the right settings. The categorical cross-entropy
loss function is used because it works well for multi-class classification tasks. The Adam
optimiser is used to train the model, and accuracy is used to measure how well it works.
Module Description

Flow diagrams show the steps and phases in a program or code in a visual way [92].
Figure 1 above is a flow chart for this project. The algorithm carries out several important
steps, such as preparing the data, building the model, training it, testing it, and letting
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users interact with it [81]. The code starts by getting the data ready for testing and training.
A lot of the time, this information is made up of pictures of traffic signs. It loads the
pictures and gets them ready for use by making them all the same size (30x30 pixels). The
pictures are turned into numbers that a machine learning model can use. The matching
labels or classes for each image are saved, which tells you what kind of traffic sign is in
the picture.

Traffic Sups Recopniton Svstesn

[mage

datz urmpr Traffic Sign Data CNNModel
opens) * umage: [mage + | model. Sequestial
resizes) Habel: inr build_model()
coenpile_model)
tram_model()
)
trun_model()
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Userlnterface
root: Tiinter window
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classify_bemon: Tkinter bamon
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Figure 4.1.2: UML Diagram

Figure 2, the UML class diagram, shows the main classes and how they are related in
your code for a system that recognises traffic signs. The Traffic Sign Recognition System
is the main class that brings together different parts, such as the model, data, and user
interface [80]. Traffic Sign Data is a class that stores pictures of traffic signs and their labels.
Image is a class that deals with image-related tasks like opening and resizing. The CNN
Model is a class for the Convolutional Neural Network model. It has ways to build,
compile, and train the model [91]. The User Interface class is for the graphical user
interface (GUI) that was made with Tkinter. It has ways to show images and sort them
[93].
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Figure 4.2: Architecture Diagram

Data Preparation is in charge of bringing in and getting ready the collection of traffic
sign pictures. It includes reading photos from the file system, resizing them, and
converting them to numbers. The data part has two lists: one for class labels and one for
pre-processed image data. The Model Building part makes the convolutional neural
network (CNN) model. The CNN model is used to classify images and has different
layers, like convolutional layers, max-pooling layers, and fully connected layers [85]. This
is the architecture, and it shows the number of filters, kernel sizes, and activation functions
for each layer. This part is all about changing how the CNN model is trained. It means
setting the loss function (categorical cross-entropy), the optimiser (Adam), and the
performance metrics for the model (like accuracy). These parameters are very important
for training the model quickly. The Model Training part is in charge of teaching the CNN
model. It goes through the training data over and over, changing the model's parameters
to make the loss function as small as possible. This method is used over a set number of
epochs with a set batch size. During training, dropout layers are used to keep the model
from overfitting. Accuracy Graphs makes and shows graphs that show how accurate the
model is during training and validation over time [90]. These graphs help keep track of
how well the model is learning and whether it is overfitting or underfitting. This part is
in charge of a different test dataset that has pictures and labels. We use these test photos
to see how well the trained model works.

The User Interface part uses the Tkinter library to make a graphical user interface that
lets users interact with the model. There is a main program window (root), an area for
displaying images (image_label), and a button to "Classify Image" (classify_button) [86].
The graphical user interface (GUI) lets users interact with the program and sort pictures.
When a user sends in a picture, the Result Display part of the GUI shows the expected
class of traffic sign. This lets the user know right away how well the model was able to
categorise the data. The code execution is done after the user interacts with the GUI. It
marks the end of the program's main execution flow [82]. This architectural diagram
makes it clear that your code is well-organised, with separate parts taking care of
preparing data, making models, training them, interacting with users, and showing
results [94]. The design makes it easy for users to test how well the model can recognise
traffic signs and gives you information about how your code works and how it was made.
Module Description

In the code you gave, a "module” usually means a separate part or section of the code
that contains certain functions or a group of related operations [89]. Your code is broken
up into different parts or modules that do different things.

Data Preparation Module

This module is in charge of loading and getting the dataset of traffic sign pictures
ready [87]. It involves reading images from the file system, changing their size to a
common size (30x30 pixels), and turning them into arrays of numbers.

Key components
1. Loading and preprocessing images.
2. Managing the data list to store preprocessed image data.
3. Managing the labels list to store class labels.
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Figure 4.3.1: Data Preparation

Model Building Module:

This module is all about building the Convolutional Neural Network (CNN) model
to recognise traffic signs [79]. It tells you how the neural network is set up, including how
the layers are arranged and how they are set up.

Key components:
1. Using Keras to make the CNN model.
2. Setting up dropout layers, fully connected layers, max-pooling layers, and
convolutional layers.
3. Setting the output layer so that it can predict classes.
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Figure 4.3.2: Model Building

Model Compilation Module:
This module is responsible for configuring the training process of the CNN model
[83]. It defines the loss function, optimizer, and evaluation metrics.
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Key components:
Compiling the CNN model with the specified loss function (categorical cross-
entropy), optimizer (e.g., Adam), and evaluation metric (e.g., accuracy).

At lwtarrixiary

Cotrwlation Matr for Trmince

Figure 7: Correlation Matrix

Accuracy Graphs Module:

This module is responsible for creating and displaying graphs that track the model's
training and validation accuracy over time [84]. These visualizations help monitor the
model's learning progress.

Key components:
1. Plotting and displaying training and validation accuracy over epochs.
2. Visualizing training and validation loss over epochs.

Epochs

Figure 8: Accuracy graph

User Interface (GUI) Module:
The User Interface module uses the Tkinter library to create a graphical user interface
(GUI) for user interaction [95]. It allows users to upload images for classification.
Key components:
1. Building the main application window (root).
2. Creating an image display area (image_label).
3. Adding a "Classify Image" button (classify_button).
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Result Display Module:

This module shows the predicted traffic sign class on the GUI right after a user
uploads an image for classification. This gives the user immediate feedback. These
modules break up the code into separate parts, each of which has a specific job in the
system for recognising traffic signs [88]. This modular structure makes the code easier to
read, maintain, and work on different parts of it without affecting the whole thing.

User Interface (Optional):
1. Description: If this module is included, it gives users a graphical user interface
(GUI) to use with the neural style transfer system.
2. Functionality: Let users choose and load style and content images.
3. Change things like the weight of the content and the style. Start the style transfer
process and show the image with the new style.

x_gats appard|og.arrwyiat]]
v Anta. appendiint{i))

LU I R Y
v MaLaonp ar rayly deta

PrAnT{x_mata. shage, y_dsta shape
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Figure 5.2.1: Reading training dataset

1. The dataset is brought in

2. Numpy changes the data into an array format.

3. The shape of the data is shown.
Test results

1. Access to data set data.

2. The pictures are made smaller and changed to RGB.

3. The data that is being looked at is loaded as an array.
Integration Testing

Input
model - -Soequentaial(
modol  add{Conv2O( 92, (5,9}, Anput_shape~(SU, S0, 5), activarion=' relu’, padding~"s4ee" )
wodel . add{Convao(0a, | ), activation relu’, padding - came

model  add(Dropouti{t_ 1))

model  add(MaxPooling20( ) )

mode ] add(BatctNormalization|))

model add({Coov2D( 22 | }.octavation. relu', pasding-“same"))
model a0d({CoovdO(84, (5, 3], activation="relu', padding-"same"))
wudel _add(Ocopaut (0.3))

model add{MaxPoalingzo( | )

model add{Batchdorsalization{))

model add{Flatten
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Figure 5.2.2: Building the model

1. The CNN model is made.
2. The model is made with the help of sequential function.
3. Next, the model's features are added.

Test results:

o The model has a lot of different parts.
o The model was made using a sequential function.
. The model's summary will be looked over
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The proposed method's effectiveness is multidimensional and crucial for the project's
success and impact. The system's ability to quickly and accurately identify and sort a wide
range of traffic indicators is the best way to show how efficient it is. This effectiveness
makes sure that drivers get the right information at the right time so they can make
decisions while driving. One of the most important parts of the system's effectiveness is
that it can process data in real time. It lets the system quickly process pictures or video
frames so that there isn't much time between when a traffic sign is collected and when it
is read. This real-time part is very important when safety depends on making decisions
quickly. Also, the system works well when it comes to adaptability and generalisation
[96]. An effective system can tell the difference between regular traffic signs and variations
and non-standard signs. It can adapt to a wide range of environmental factors, such as
bad weather, changing lighting, and even signs that are in strange places. Because it can
do so many things, it's more useful and will keep working well in a lot of different real-
world situations. Efficiency is also directly linked to safety and dependability.

A good system cuts down on mistakes, like false positives and negatives, and makes
sure that the information given to drivers is accurate and useful. This dependability is
very important for road safety. Another important thing to think about is how well the
graphical user interface (GUI) works. The GUI should be fast, easy to use, and simple to
understand. An effective interface makes it easier for users to interact with the system,
which improves the overall user experience. In conclusion, the system you suggest is able
to improve road travel efficiency and safety because it is very efficient. It has real-time
processing, flexibility, reliability, safety, and a good user interface, all of which work
together to make it a useful and effective way to recognise traffic signs and make the roads
safer.

Comparison of Existing System and Proposed System

You can use either CNN or RNN to classify traffic signs. Recurrent Neural Networks
(RNNSs) are made for tasks that involve sequential data, where the order and context of
the data points are very important. They are often used in natural language processing,
time series analysis, and speech recognition, where temporal dependencies are very
important. The main goal of RNNs is to find and understand temporal relationships in
sequences of data, so they aren't very useful for classifying images. These temporal
dependencies are not as important in image analysis, so CNNs are the better choice. The
decision to use a Convolutional Neural Network (CNN) model for this project is well-
founded because it fits the data and the task perfectly. CNNs are well-known for being
very good at tasks that involve images, so they are the best choice for things like object
detection, image classification, and feature extraction. This project involves a dataset of
traffic sign images, and being able to see and understand spatial patterns, like the different
visual features of each sign, is very important for successful classification.

CNNs are perfect for this job because they can automatically learn and adapt to the
important visual features in the images. This automated feature learning makes it less
necessary to do manual feature engineering, which is time-consuming and often leads to
mistakes [97]. This is a big plus when working with large and varied datasets. This project
makes full use of the CNN architecture's ability to do well at image recognition tasks by
choosing a CNN model. The model can quickly look at traffic signs and figure out what
they are based on their shapes, colours, and other visual features. It's a sign that you chose
the right model architecture for your project, showing that you really understand the
problem area and the pros and cons of different neural network architectures for different
types of data and tasks.

Results

The model has reached a very high accuracy of 95%. To see the results, an accuracy

graph and a loss graph have been made.
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Figure 6.3.1: Accuracy graph of training and validation set

Figure 14 makes it easy to see how well your machine learning model did during
training. It shows how the number of training epochs affects how accurate your model's
predictions are. The training accuracy line, which is often blue, shows how well the model
is learning new things from the training dataset over time. The validation accuracy line,
which is often shown in a different colour, like orange, shows how well the model does
on a different validation dataset at the same time. The validation dataset is used to see
how well the model works with new data. When both accuracy lines go up and come
together, the model is learning and generalising well, which is the best case. But you need
to pay close attention to the validation accuracy because a plateau or drop while the
training accuracy goes up could mean that the model is overfitting, which means it is too
focused on the training set [98]. The accuracy graph gives you useful information about
how well the model can generalise and learn, which lets you change hyperparameters and
architecture without overfitting.

wwidation

Figure 6.3.2: Loss graph of training and validation set

The Loss graph in Figure 15 is an important visual aid for training machine learning
models. It gives a full picture of how the number of training epochs (shown on the
horizontal axis) affects the model's loss (shown on the vertical axis). The blue line for the
training loss shows how well the model is learning from the training data over time. The
training loss should go down over time, which means that the model is getting better at
making predictions on the training data [99]. At the same time, the validation loss line,
which is usually a different colour like orange, shows how well the model does on a
separate validation dataset. The validation loss is very important for figuring out how
well the model can work with data it hasn't seen before. The lines for training loss and
validation loss should both go down and eventually meet in an ideal situation. This means
that the model is not only learning from the data but also doing a good job of generalising
to new data that it hasn't seen before.
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4. Conclusion

In conclusion, convolutional neural networks (CNNs) are a good way to find and sort
things. CNNs can find many important features for self-driving cars. CNN is also very
accurate, which makes it a good tool for searching and sharing. As the need for self-
driving cars grows, CNNs are likely to become more important in the future. The first step
is to load and pre-process an image drawing, then scale it to standard sizes and quickly
code the text. The CNN model's architecture includes the convolutional process,
maximum pooling, the continuous version process, and all of its layers. After the model
is built, it is trained on the prepared data, and training and application follow-up happen
for a set amount of time. Keep the training model for later use. The code also has a way to
check how accurate the model is on test data and give you information about how well it
works. It also has a graphical user interface (GUI) made with tkinter that lets users send
in graphs and get predictions from the learning model in real time. This GUI makes your
project easier to use because it can be used by people who don't know how to program.
So, this code makes a full pipeline for classifying traffic signs, from preparing the data to
training the model, testing it, and making it easy for users to use through a GUI. The GUI
also lets users see the model's predictions and compare them to the ground truth labels
for more analysis.

The code also lets users save and load trained models, so they can use them again and
again in different settings without having to start from scratch. The suggested method
worked well for sign classification and was also efficient because it used CNNs. This
method can find and sort different types of traffic signs in real time, so it should be very
useful for self-driving cars and smart traffic systems. Also, the proposed method could be
made better by looking into other CNN architectures and adding more information about
the context to the model. We can make our signature classification more accurate and
reliable by looking into other CNN architectures. Adding more information about the
context, like the weather or road patterns, can also help the model better identify and
describe traffic signs in different places. Tests show that the proposed method is 95%
accurate, which is a big improvement over other state-of-the-art methods. This shows that
the suggested method works well for correctly classifying signals. Also, the system's
strength was tested by giving it different hard problems to solve, like bad lighting and
signals that weren't uniform. The system was able to handle accuracy and high
performance.
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