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ABSTRACT 

 
This project explores the realm of handwritten digit classification using 

Convolutional Neural Networks (CNNs) and aims to address the challenge 

of accurately identifying handwritten digits. In today's digitized world, the 

accurate recognition of handwritten digits is crucial for various 

applications, including postal services, finance, and document processing. 

However, conventional methods often face inefficiencies and inaccuracies, 

necessitating the development of more robust classification systems. 

 

This study specifically focuses on comparing the performance of CNNs 

and Recurrent Neural Networks (RNNs) in accurately classifying 

handwritten digits. Through rigorous experimentation with different 

classification models, it becomes evident that CNN classifiers outperform 

RNNs in terms of both speed and accuracy. 

 

Utilizing the MNIST database, widely recognized as the benchmark dataset 

for handwritten digit classification, the effectiveness of CNNs and RNNs 

is comprehensively evaluated.  

 

The classification task follows a systematic approach involving data 

preprocessing, model design, training, and evaluation. Within the CNN 

architecture, convolutional layers are utilized for extracting features, 

pooling layers for reducing dimensionality, and fully connected layers for 

classification. The integration of batch normalization and activation 

functions enhances learning and feature representation. 

 

Comparative results reveal the superior performance of CNNs over RNNs 

in accurately classifying handwritten digits. CNN classifiers demonstrate 

both higher accuracy rates and faster processing speeds, emphasizing their 

effectiveness in digit recognition tasks. 



 
 

In conclusion, this project contributes to the advancement of handwritten 

digit recognition by offering valuable insights into the performance 

comparison between CNNs and RNNs. The findings emphasize the 

importance of adopting CNN architectures to achieve better accuracy and 

efficiency in handwritten digit classification tasks. 
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                                                       1.INTRODUCTION 
 

1.1 ABOUT PROJECT 

 

Handwritten digit recognition remains a significant challenge in computer vision 

and machine learning. Despite advancements in preprocessing and classification 

algorithms, accurately identifying handwritten numerals is difficult due to 

variations in writing styles and image characteristics. This project seeks to address 

this challenge by developing a system capable of accurately recognizing 

handwritten digits (ranging from 0 to 9) using modern machine learning 

techniques. Utilizing the TensorFlow framework, Python programming language, 

and relevant libraries, we train a model on the widely-used MNIST dataset, which 

contains thousands of handwritten digit images. Our goal is to develop a robust 

recognition algorithm that accurately identifies handwritten digits input by users 

and displays results with corresponding accuracy rates. Through this project, we 

aim to demonstrate the effectiveness of machine learning in solving real-world 

recognition tasks in handwritten digit recognition. 

 

 

1.2 OBJECTIVE OF PROJECT 

 

The primary objective of this project is to develop a robust system for recognizing 

handwritten digits using machine learning techniques. This involves 

implementing a recognition algorithm capable of accurately identifying digits 

from 0 to 9. I will utilize TensorFlow and Python, alongside relevant libraries, to 

train the model on the MNIST dataset. Additionally, I aim to create a user-friendly 

interface for inputting handwritten digits. The performance of the recognition 

system will be evaluated based on accuracy and computational efficiency. 

Ultimately, the goal is to provide a practical tool for digit recognition applications, 

demonstrating the effectiveness of machine learning in real-world scenarios. 
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                     2.LITERATURE SURVEY 
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                                   3.PROPOSED SYSTEM 

 
3.1 FLOWCHART AND DIAGRAMS 

 

      
     Data Flow Diagram of the Proposed System 

 

      
     An example of a simple CNN architecture for classifying handwritten digits 

 

 

3.2 METHODOLOGY 
 

• Install Necessary Libraries 

Run the command python -m pip install numpy tensorflow keras opencv-python 

to install the required libraries. 

 

 
 

• Data Preparation and Preprocessing 

The project began by selecting the MNIST (Modified National Institute of 

Standards and Technology) dataset, a widely used benchmark dataset for 
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handwritten digit recognition. MNIST consists of 70,000 grayscale images of 

handwritten digits (0-9), with each image sized at 28x28 pixels. Grayscale images 

were preferred over color images to simplify processing and reduce 

computational complexity. The dataset was divided into a training set comprising 

60,000 images and a test set containing 10,000 images. Preprocessing involved 

standardizing the image size to 28x28 pixels and normalizing pixel values to a 

range between 0 and 1 to ensure consistency and facilitate efficient model 

training. 

 

 

Fig 1: MNIST Dataset 

 

 
 

 

 
 

• Building the CNN Model 

The methodology revolves around the construction and training of a 

Convolutional Neural Network (CNN) model tailored for digit classification, 

which forms the cornerstone of the research. CNNs are renowned for their 
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proficiency in image recognition tasks, owing to their capability to autonomously 

learn hierarchical features from raw image data. Leveraging the Keras Sequential 

API, the CNN model is meticulously built as a linear stack of layers, ensuring a 

streamlined architecture conducive to effective digit classification. 

 

The CNN model architecture comprises essential components meticulously 

designed to extract and process features from input images. Convolutional layers 

serve as the primary feature detectors, equipped with 32 filters of size (3, 3) to 

detect intricate patterns within the images. The Rectified Linear Unit (ReLU) 

activation function is applied to introduce non-linearity, enabling the model to 

learn complex features efficiently. Subsequent MaxPooling layers are 

strategically placed to down-sample spatial dimensions, aiding computational 

efficiency and mitigating overfitting by retaining essential features. Following 

this, a Flatten layer transforms the output into a one-dimensional array, 

facilitating seamless processing by subsequent fully connected layers. 

 

Incorporating two dense (fully connected) layers, the model advances to higher-

level reasoning and decision-making, culminating in a final dense layer with 10 

nodes, each corresponding to one of the ten possible digit classes (0-9). The 

softmax activation function is applied to the final layer, enabling multi-class 

classification by outputting probabilities for each class. 

 

 
 

 

• Compiling the Model 

With the CNN model architecture established, the next crucial step involves 

compiling and training the model using appropriate configurations. The training 
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process spans multiple epochs, with the model updating its parameters after 

processing batches of training data. 

 

Additionally, to mitigate overfitting and ensure model robustness, techniques 

such as early stopping and model checkpoints may be implemented. By 

meticulously following this methodology, the model is trained on preprocessed 

training data, iterating over 5 epochs, allowing it to learn from the dataset multiple 

times to improve its accuracy and performance. 

 

 
 

 

 
 

• Validation and Testing 

  Validation methods were applied to evaluate the performance of the trained CNN 

model. A validation set, typically comprising 10-20% of the training data, was 

established to monitor the model's performance during training and prevent 

overfitting. Following training, the model underwent assessment using a distinct 

test dataset to determine its accuracy and ability to generalize to unseen data. 

Performance metrics including accuracy, precision, recall, and F1 score were 

computed to measure the model's effectiveness, with test accuracy indicating its 

capability to classify unseen instances accurately. 

 

 
 

• Making Predictions 

The trained model is utilized to make predictions on the test set, enabling analysis 

of the predictions to evaluate the model's performance and identify potential areas 

for improvement. 
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3.3 SYSTEM ANALYSIS 

 
The system we are talking about is good at recognizing handwritten numbers using 

a special kind of computer program called a Convolutional Neural Network (CNN). 

It is like teaching a computer to read your handwriting. The system learns from a big 

set of handwritten numbers called the MNIST dataset. We split this set into two 

parts: one to teach the computer, and the other to test how well it learned. 

The system's strength comes from its smart design. It uses CNNs, which are good at 

finding patterns in images, like loops or straight lines in numbers. The way the CNN 

is set up, with different layers working together, helps it understand the numbers 

better. We also make sure the numbers are in a format the computer can understand 

easily, which helps it learn faster and do a better job. 

 

But, like anything, there are some things to watch out for. Sometimes the computer 

learns a little too well and gets confused by things that are not there. It is also not 
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great at explaining why it makes the choices it does, which can be tricky if we need 

to understand its decisions. 

 

To make the system even better, we could try a few things. For example, we could 

give it more examples to practice with, or adjust some settings to help it learn better. 

It would also be helpful if we could understand more about why the computer makes 

the choices it does, so we could trust it more. Overall, while the system is good at 

recognizing handwritten numbers, there are ways we can make it even better. 

 

3.4 SYSTEM SPECIFICATION 

 

A Software Requirements Specification (SRS) serves as a comprehensive document 

outlining the expected behavior of a software system to be developed. It may 

encompass a series of use cases detailing how users will interact with the software. 

Additionally, the system specification defines the hardware and software setup 

required for the new system, establishing operational and performance guidelines. 

Non-functional requirements, such as performance engineering standards and 

quality criteria, are also included, imposing constraints on design and 

implementation. The SRS document catalogues all essential requirements essential 

for project development. These requirements are derived through clear and thorough 

understanding of the intended products, achieved through extensive communication 

with the project team and the customer. 

- Operating System 

    An Operating System (OS) is an interface between computer user and computer 

hardware. It is a software which performs all the basic tasks like file 

management, memory management, process management, handling input and 

output and controlling peripheral devices such as disk drives and printers. The 

operating system required for proper execution of the system is Windows 10 or 

above. 
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- Languages and Software Packages 

Visual Studio: 

Visual Studio is an integrated development environment (IDE) developed by 

Microsoft. It provides a comprehensive suite of tools for software development 

across various platforms and programming languages. Visual Studio supports 

a wide range of programming languages, including C++, C#, Visual Basic, F#, 

and Python, among others. It offers features such as code editing, debugging, 

version control integration, and collaboration tools, making it a popular choice 

for developers working on projects of all sizes and complexities. Visual Studio 

also includes specialized editions tailored for different development scenarios, 

such as Visual Studio Community, Visual Studio Professional, and Visual 

Studio Enterprise. 

Python: 

Python is a widely-used, high-level programming language known for its 

simplicity and versatility. It is popular across various domains like web 

development, data science, AI, and scientific computing. Python's 

straightforward syntax and focus on readability make it accessible to all levels 

of developers. Its extensive standard library offers numerous modules and 

functions for diverse tasks, aided by dynamic typing and automatic memory 

management. Python's popularity is also due to its vibrant community and vast 

ecosystem of third-party libraries, facilitating effective collaboration and 

solution leverage. Overall, Python's simplicity, versatility, and extensive 

ecosystem make it a top choice for developers seeking a powerful and efficient 

programming language. 

 

HTML: 

HTML, or Hypertext Markup Language, is the standard language for creating 

web pages. It defines elements like headings, paragraphs, images, links, and 

forms using tags enclosed in angle brackets. Tags indicate how content should 

display, with opening and closing tags enclosing content. Attributes can 

provide extra information or functionality. HTML documents combine text 
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content and tags to create webpage layouts. Browsers interpret HTML tags to 

display content, enabling user interaction with webpage elements. 

 

- Hardware and Software Specifications 

- Software Requirements: 

Operating System: Windows 10 or above  

Front End: Visual Studio 

Back End: HTML 

Developing tool: Python  

- Hardware Requirements: 

Processor: Intel(R) Core (TM) i3-1005G1 CPU @ 1.20GHz 1.20 GHz 

RAM: 8 GB  

System type: 64-bit operating system, x64-based processor 
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3.5 SOURCE CODE 

CONVOLUTIONAL NEURAL NETWORK: 
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GUI: 
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                         4.ANALYSIS  

 

4.1COMPARISON WITH RNN 

Convolutional Neural Networks (CNNs) are widely acknowledged for their superior 

accuracy in image recognition tasks compared to Recurrent Neural Networks 

(RNNs). The inherent architecture of CNNs is specifically designed to excel in 

capturing spatial patterns and local dependencies within images, making them 

exceptionally effective for tasks like object recognition and image classification. 

This is achieved through the utilization of convolutional layers that apply filters to 

extract features from different parts of the input image. Additionally, max-pooling 

layers are employed to down-sample the feature maps, allowing the network to focus 

on the most relevant information while reducing computational complexity. On the 

contrary, although RNNs are proficient in processing sequential data and capturing 

temporal dependencies over time, they may not achieve the same level of accuracy 

as CNNs in image-related tasks. This is primarily due to the fact that RNNs lack the 

specialized structure and feature extraction capabilities inherent in CNN 

architectures. While RNNs excel in tasks requiring memory of past inputs and 

sequential context, such as natural language processing and speech recognition, 

CNNs remain the preferred choice for image recognition tasks owing to their ability 

to effectively capture spatial features and patterns. 

 

Graph to show the comparison of CNN and RNN 
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                                                    5.RESULTS 

 

Achieving an accuracy of 98.9% in CNN classification for handwritten digit 

recognition is a commendable result. With such high accuracy, the CNN 

model demonstrates excellent performance in accurately classifying the vast 

majority of handwritten digits from the MNIST dataset. While there's always 

room for improvement, a 99% accuracy rate indicates that the model is highly 

reliable and effective for digit recognition tasks. Fine-tuning the model further 

or exploring additional optimization techniques may potentially push the 

accuracy even higher. Nonetheless, achieving such a high level of accuracy is 

a testament to the robustness and efficacy of the CNN model in digit 

classification. 

 

 

 

 

 

 

loss accuracy validation loss validation accuracy

CNN 0.12446 0.9612 0.07876 0.98968
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GUI used to classify handwritten digits with the help of CNN model: 
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Predicted Numeral is Nine 
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                                 6.CONCLUSION 

 

In conclusion, the utilization of Convolutional Neural Network (CNN) models 

for recognizing handwritten digits presents a highly efficient and accurate 

approach. Leveraging the MNIST database and state-of-the-art libraries like 

NumPy, TensorFlow, and Keras, our system achieved a remarkable prediction 

accuracy of 99%. This demonstrates the effectiveness of CNN architectures in 

handling image classification tasks, particularly in the context of handwritten 

digit recognition. Moving forward, there is immense potential for further 

research and development in this area.  

 

Future Scope: 

Exploring hybrid CNN models such as CNN-RNN and CNN-HMM opens up 

exciting possibilities for enhancing digit recognition systems. These hybrid 

architectures could potentially leverage the strengths of both CNNs and 

recurrent models to improve accuracy and handle more complex sequences. 

Additionally, developmental algorithms aimed at optimizing CNN learning 

parameters could lead to even higher levels of performance and efficiency. 

Furthermore, expanding the scope to include other datasets and real-world 

applications beyond handwritten digits could extend the impact of CNN-based 

recognition systems in various domains, such as document processing, 

biometrics, and healthcare. Overall, the future of CNN-based digit recognition 

holds promise for further advancements and innovations in the field of 

machine learning and computer vision. 
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