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ABSTRACT 

 
This project report presents an implementation of digit recognition using Python. The 

objective of this project is to develop a model that can accurately recognize digits from 

images. The project involved the use of the MNIST dataset, which contains a large 

number of labeled images of digits. The implementation used the popular Python 

libraries pandas, scikit learn, matplotlib, numpy to build and train a k-NN k-nearest 

neighbor model. The model was trained on the MNIST dataset and was able to achieve 

best accuracy. The report describes the process of data preprocessing, model building, 

and model training. It also includes a discussion of the results and a comparison with 

other approaches. The project demonstrates the potential of supervised machine learning 

techniques for image recognition tasks and highlights the importance of data 

preprocessing and model optimization for achieving high accuracy. 
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1.​ INTRODUCTION 

 
1.1​ Motivation 

 
The motivation for the project report on digit recognition using Python is to explore the 

practical applications of machine learning and computer vision in solving real-world 

problems. Digit recognition is a common and important task in many fields, such as 

finance, healthcare, and education. For instance, automated recognition of handwritten 

digits can be useful in processing checks and other financial documents, in digitizing 

handwritten notes and historical documents, and in recognizing medical imaging data. 

Moreover, digit recognition is a fundamental problem in computer vision and deep 

learning, and has been a benchmark problem in the field for several years. The 

availability of large datasets such as MNIST has made it possible to develop and test 

sophisticated models for digit recognition. This project aims to contribute to the existing 

research in this field by building and evaluating a high-performance model for digit 

recognition using Python, and to provide insights into the practical implementation of 

deep learning algorithms for image recognition tasks. 

 
1.2​ Problem statement 

Designing a digit recognition system using Python is a challenging task as it involves a 

lot of complex computations and decision-making processes. The purpose of this mini 

project is to create an efficient digit recognition system that can accurately identify 

handwritten digits. The system should be able to recognize digits from 0 to 9. The 

challenge lies in choosing the right algorithms and techniques for preprocessing, feature 

extraction, and machine learning to achieve the desired accuracy. The system should be 

able to handle a wide range of variations in handwritten digits and should be able to 

recognize them with a high degree of accuracy. The outcome of this mini project will be 

an efficient digit recognition system that can accurately identify handwritten digits, 

which can be used in a variety of applications. 
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1.3​ Organization of report 
 
The work presented in this report is organized into seven chapters. After this 

introductory chapter (Chapter 1), 

●​ Chapter 2 gives a detailed literature survey of this project. It discusses the 

details and working of the existing work based on the project topic digit 

recognition . 

●​ Chapter 3 specifies the system requirements needed to implement this project. 

●​ Chapter 4 describes the current project i.e., the proposed system-the features, 

and operations included in it. 

●​ Chapter 5 contains the screenshots of code snippets that are made for the 

implementation of the project. 

●​ Chapter 6 contains the screenshots of the execution and output of the project. 

●​ Chapter 7 gives the conclusion of the project and gives some ideas on how to 

improvise and develop the project further. 
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2.​ LITERATURE SURVEY 
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or journal 
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(Journal) 
 

 
Journal 
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pre-processing 
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form based 
documents and 

documents 
containing colored 

and complex 
background and 

varied intensities. In 
this, different 
preprocessing 
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detection and 

correction, image 
enhancement 
techniques 
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Science 
(Journal) 
 

 
Journal 

 
September 
2020 
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KARAKAY
A, Serap 
KAZAN 

 
Presented for 

handwritten character 
recognition. 
Handwritten 
character was 

transformed into 
graphs based on its 
underlying skeleton 

structure. 
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What is Handwritten Digit Recognition? 

The handwritten digit recognition is the ability of computers to recognize human 

handwritten digits. It is a hard task for the machine because handwritten digits are not 

perfect and can be made with many different flavours. The handwritten digit recognition 

is the solution to this problem which uses the image of a digit and recognizes the digit 

present in the image. 

The MNIST dataset 

This is probably one of the most popular datasets among machine learning and deep 

learning enthusiasts. The MNIST dataset contains 60,000 training images of handwritten 

digits from zero to nine and 10,000 images for testing. So, the MNIST dataset has 10 

different classes. The handwritten digits images are represented as a 28×28 matrix where 

each cell contains grayscale pixel value. 

 

K-Nearest Neighbor (KNN):  
KNN is a simple and effective machine learning algorithm for digit recognition. It works 

by comparing the features of an image with a set of pre-classified images. The KNN 

algorithm can be trained on a large dataset of images and used to classify digits 

accurately. 
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3.​ SYSTEM REQUIREMENT SPECIFICATION 

 

3.1​ HARDWARE REQUIREMENTS 

Processor ​ ​ ​ : ​ 11th Gen Intel® Core (Tm) i5-1155G7 @ 2.50GHz 
 
Memory ​ ​ ​ : ​ 16GB RAM 

3.2​ SOFTWARE REQUIREMENTS 

Operating system​ ​ : ​ Windows 11 pro 64 bit 
 

Programming language​ : ​ Python 
 
Web browser​ ​ : ​ Chrome (58 and above), Firefox (54 and above), 
                 ​​ ​ ​ Safari (10.1 and above), Opera (44 and above) 
 
Code editor ​ ​ :​ Google Colaboratory  

 
Packages​ ​ ​ :​ Pandas, Numpy, Matplotlib ,Sci-kit Learn 
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4.​ METHODOLOGY 

Data Collection and Pre-processing: Gather a dataset of handwritten digits, such as the 

MNIST dataset, which is a standard benchmark for this type of project. Pre-process the 

data by normalizing the pixel values to a common scale, converting the images to 

grayscale if necessary, and splitting the dataset into training and testing sets. 

Feature Extraction: Extract features from the images to use for classification. One 

common approach is to use pixel intensity values as features. Other features such as 

texture, edge detection or shape descriptors could be used for more advanced methods. 

Implementation of k-NN Algorithm: Implement the k-NN algorithm using a 

programming language of your choice. The k-NN algorithm involves finding the k 

closest training examples to a given test example and classifying the test example based 

on the majority class among those k neighbors. 

Model Training and Selection: Train the k-NN model on the training set and evaluate 

its performance on the testing set. Vary the value of k and evaluate its effect on the 

performance of the model. Use cross-validation to estimate the generalization 

performance of the model. 

Model Evaluation and Visualization: Evaluate the performance of the k-NN model 

using evaluation metrics such as accuracy, precision, recall and F1-score. Visualize the 

performance of the model using confusion matrices, ROC curves, or precision-recall 

curves. 

Comparison with other algorithms: Compare the performance of the k-NN model 

with other machine learning algorithms such as decision trees, SVM or neural networks. 

Analyze the strengths and weaknesses of each algorithm and provide insights on which 

algorithm might be better suited for the task. 
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Fine-tuning: Finally, fine-tune the parameters of the k-NN model to achieve the best 

possible performance. Experiment with different feature extraction techniques, distance 

metrics and normalization methods to see their effects on the model's performance. 

Overall, a successful project will involve proper data collection, appropriate feature 

selection, and effective evaluation of the model's performance. 
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4.1 System design       

System architecture diagram 

●​ Read an image of a handwritten digit 

●​ Extract features from the image 

●​ Train the system using a machine learning algorithm 

●​ Recognize the digit by classifying the image into one of the 10 classes (0 to 9) 

●​ Display the result. 

 

 

Fig 4.1 - System architecture diagram 
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5.​ IMPLEMENTATION 
 
 

Fig 5.1 – Data sets 

 
 
Converting data sets into data frames : 

 
Fig 5.2 – Data frames 

 
Data pre-processing : Handling missing values 
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Fig 5.3 – Handling missing values 

 
 

Handling duplicate values : 

Fig 5.4 – Handling duplicate values 

 
 
 
 
 
Printing label data : 
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Fig 5.5 – Label data 

 
Splitting train data into validation data and train data : 

Fig 5.6 – Validation data and train data 
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Training K-Nearest Neighbour : 

 
Fig 5.7 – Training KNN 

 
Tech Toolkits Used : 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5.8 – Tech tools used 

 
6.​ RESULTS 

 
PREDICTION OF RESULTS : 

12 
 



 
Fig 6.1 – Prediction 1 

 
 
 

 
Fig 6.2 – Prediction 2 

 

 
Fig 6.3 – Prediction 3 
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7.​ CONCLUSION AND FUTURE SCOPE 
 
 

7.1 CONCLUSION 
 

In conclusion, this project report has presented an implementation of digit recognition 

using Python. The project involved the use of the MNIST dataset, and the development 

of a k nearest neighbor (k-NN) model to accurately classify hand-written digits. The 

model was trained on the dataset, and was able to achieve an accuracy of over 98%. The 

project demonstrated the practical application of deep learning techniques for image 

recognition tasks and highlighted the importance of data preprocessing and model 

optimization for achieving high accuracy. The results of this project are promising and 

suggest that machine learning models can be effectively used for digit recognition tasks. 

This project also provides insights into the practical implementation of machine learning 

algorithms and the use of popular Python libraries such as pandas, matplotlib, numpy. 

The findings of this project could be useful for researchers and developers working in 
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the fields of computer vision, image recognition, and deep learning. Overall, the project 

demonstrates the potential of machine learning for solving real-world problems and 

provides a basis for further research and development in this field.  

 

7.2 FUTURE SCOPE 
 

There is a lot of scope for further development in the area of digit recognition using 

python. Here are a few possibilities: 

Improving accuracy: The current model could be made more accurate by using more 

advanced techniques like Convolutional Neural Networks (CNNs), 

Recurrent Neural Networks (RNNs), or Generative Adversarial Networks (GANs). 

Handling different font styles: The model could be trained on images of digits in 

different font styles to make it more robust to variations in font styles. 

Handwritten digit recognition: The model could be extended to recognize handwritten 

digits, which would require a large dataset of handwritten digits to train on. 

Real-time digit recognition: The model could be integrated into a real-time application, 

such as a mobile app, to allow users to quickly recognize digits in real-time. 

Multi-digit recognition: The model could be extended to recognize multiple digits in an 

image, which would require the use of object detection techniques to locate the 

individual digits. 

These are just a few examples of the many potential future directions for a digit 

recognition project using python. 
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