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ABSTRACT: Recognition of handwritten characters and numbers is an essential part of many applications, from 

document processing to human-computer interaction. This project introduces a comprehensive solution employing 

Python and Convolutional Neural Networks (CNN) for this purpose. The system integrates seamlessly with camera 

functionality, facilitating real-time image capture, analysis, and recognition. Several CNN models are developed and 

trained on the well-known MNIST dataset, which is a common benchmark for handwritten digit identification tasks, by 

utilizing the sturdy TensorFlow framework. The system's workflow begins with opening the camera, followed by the 

capture of images containing handwritten characters or digits. Subsequently, a series of preprocessing steps are applied 

to enhance image quality and extract relevant features. The trained CNN models are then fed these previously 

processed images to be recognized. The CNN architectures employ convolutional layers to extract intricate spatial 

features and fully connected layers for accurate classification. Rigorous evaluation through extensive testing showcases 

the system's high accuracy and robustness in recognizing handwritten characters and digits in real-time scenarios. By 

seamlessly integrating camera access, real-time image processing, and CNN-based recognition models, this system 

offers a versatile solution applicable within a spectrum of domains, including document processing, digitization, and 

interactive systems. 
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I. INTRODUCTION 

 

The project focuses on the development of a comprehensive system for handwritten character and digit recognition, 

employing Convolutional Neural Networks (CNN) trained on the MNIST dataset. Many libraries, such as NumPy, 

scikit-learn, OpenCV, TensorFlow, and Keras, are used in this project to assist with different parts of the recognition 

process. The system's workflow encompasses multiple steps, starting with data training using the MNIST dataset to 

train CNN models. The system incorporates real-time video recording, image reading, preprocessing, and recognition 

functions after training. 

 

The system can capture images with handwritten letters or numbers by using OpenCV to set up video capture to 

access real-time camera feed. Then, to improve feature extraction, these photos are processed in grayscale using 

OpenCV. To ensure compatibility with further processing stages, the photos are also scaled to fit into the uint8 range. 

For precise handwritten character and digit recognition, the preprocessed images are subsequently fed into the CNN 

models, which are developed using Keras with a TensorFlow backend. 

 

Through the integration of multiple libraries and methodologies, this project seeks to provide a stable and effective 

solution for the recognition of handwritten characters and numbers, which may be used in a variety of fields including 

interactive systems, document processing, and digitalization. 

 

http://www.ijirset.com/


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

            KJ                               |e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal | 

|| Volume 13, Issue 3, March 2024 || 

| DOI:10.15680/IJIRSET.2024.1303087 |    
  

IJIRSET©2024                                                              |     An ISO 9001:2008 Certified Journal   |                                            1882 

 

 

II. RELATED WORK 

 

The tutorial by Adrian Rosebrock, which shows how to use OpenCV, Keras, and TensorFlow for OCR 

handwriting recognition, served as the model for the project. The tutorial walks through pre-processing photos, 

recognizing character contours, and loading a serialized handwriting recognition model [1]. Because each 

handwriting style is different, the paper highlights how difficult it is to recognize handwriting when compared to 

typical OCR [1]. 

The study is also influenced by earlier attempts to train recognition algorithms on the MNIST digits dataset and 

the NIST Special Database 192 using Keras and TensorFlow. Using these datasets, a neural network with 96% 

accuracy on the testing set was trained to recognize both alphabetic characters (A-Z) and digits (0-9) [2]. 

Another important component of the project is the integration of different libraries for data processing, 

visualization, and machine learning tasks, such as scikit-learn, NumPy, and matplotlib [2]. Using these libraries 

makes it easier to define and get the handwritten digits dataset, which is necessary for neural network model 

training [2]. 

With With an emphasis on the difficulties and developments in handwriting identification, the project is based 

on earlier research in OCR, image recognition, and deep learning. It also acknowledges the potential for further 

improvements in handwriting recognition through the application of deep learning models such as LSTMs[1].  

With an emphasis on the difficulties and developments in handwriting identification, the project is based on 

earlier research in OCR, image recognition, and deep learning. It also acknowledges the potential for further 

improvements in handwriting recognition through the application of deep learning models such as LSTMs[1]. 

 

1 Source: Adrian Rosebrock on PyImageSearch - OCR Handwriting Recognition Tutorial 

2 Source: PyImageSearch - Tutorial on Handwriting Recognition with Keras and TensorFlow  

III. METHODOLOGY 

 

With an emphasis on data loading and possible ausgmentation to increase the diversity of the training data, the 

MNIST dataset will be chosen for the recognition model's training and testing. Using Keras and TensorFlow, an 

appropriate CNN architecture that can efficiently train and recognize features within handwritten characters and digits 

will be integrated into the recognition model building process. Hyperparameter tuning will be used to maximize the 

model's performance after it has been trained and validated. The configuration of video capture and real-time image 

preprocessing, such as grayscale conversion and scaling, will be made possible by the integration with OpenCV. The 

trained CNN model will be used for real-time image processing, including accuracy assessment and possible 

performance optimization via model quantization methods. The project will also benefit from the use of libraries like 

scikit-learn, NumPy, and Matplotlib, and comprehensive reporting and documentation will guarantee the work's 

reproducibility and clarity. By adopting this methodology, the project hopes to provide a reliable and effective system 

for handwritten character and digit recognition in real-time, with an emphasis on accuracy optimization and useful 

implementation.   
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IV. EXPERIMENTAL RESULTS 

 

Figures shows the result of Hand written Character and Digit recognition using Python and CNN. Figures. 1,2,3,4 

shows the output of the hand written character or digits by using techniques such as CNN, MNIST, EMNIST. 

 

 

 
(Fig.1) 

This the main page for hand written character and digit recognition where we can select the options whether to 

recognise the characters or digits. 

 

 

 
(Fig.2) 

 

Here we have selected the option Digit recognition, so now it will open the camera module and starts the starts to scan 

the digits, it first capture the image and converts in 28 x 28 pixels and compare it with MNIST dataset from which 

program has trained 

 

 (Fig.3) 
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Here we have selected the option Character recognition, so now it will open the camera module and starts the starts to 

scan the Character, it first capture the image and converts in 28 x 28 pixels and compare it with EMNIST dataset from 

which program has trained 

 

 

 

(Fig.4) 

 

Here we have selected the option Digit recognition, so now it will open the camera module and starts the starts to scan 

the digits, it first capture the image and converts in 28 x 28 pixels and compare it with MNIST dataset from which 

program has trained 

 

V. CONCLUSION 
 

The purpose of this project is to use convolutional neural networks (CNN) in Python to create an effective and useful 

system for real-time handwritten character and digit recognition. We can exploit the MNIST dataset to perform 

accurate and real-time recognition of handwritten letters and digits by using robust libraries like Keras, TensorFlow, 

and OpenCV. 

We will concentrate on a number of areas, such as performance optimization, real-time integration, and model building, 

to achieve this. We can guarantee the system's effective installation by putting these tactics into practice. 
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