
HANDWRITTEN CHARACTER 

RECOGNITION USING CUSTOMIZED, 

SEQUENTIAL CONVOLUTIONAL 

NEURAL NETWORK

MUNIBA HUMAYUN 

02-241181-004

A THESIS SUBMITTED IN FULFILLMENT OF THE 

REQUIREMENTS FOR THE AWARD OF THE DEGREE OF 

MASTERS OF SCIENCE (SOFTWARE ENGINEERING)

DEPARTMENT OF SOFTWARE ENGINEERING

BAHRIA UNIVERSITY KARACHI CAMPUS

SPRING 2020



II

Approval for Examination

No. 35590RegistrationScholar's Name: MUNIBA HUMAYUN

Program of Study: MS (SE) 

Thesis Title:

HANDWRITTEN CHARACTER RECOGNITION USING CUSTOMIZED, 

SEQUENTIAL CONVOLUTIONAL NEURAL NETWORK

It is to certify that the above scholar's thesis has been completed to my satisfaction and, 

to my belief its standard is appropriate for submission for examination. I have also 

conducted plagiarism test of this thesis using HEC prescribed software and found 

similarity index & ?, 

the MS degree thesis. I have also found the thesis in a format recognized by the BU for 

the MS thesis.

% that is within the permissible limit set by the HEC for

Supervisor’s Signature:Principal

\9>Date:
Name:



Ill

Author’s Declaration

hereby state that my Master’s thesis titledI, MUNIBA HUMAYUN

“HANDWRITTEN CHARACTER RECOGNITION USING CUSTOMIZED, 

SEQUENTIAL CONVOLUTIONAL NEURAL NETWORK”

is my own work and has not been submitted previously by me for taking any degree from this 

university

BAHRIA UNIVERSITY KARACHI CAMPUS

or anywhere else in the country/world.

At any time if my statement is found to be incorrect even after my graduation, the University 

has the right to withdraw/cancel my MS (SE) degree.

Name of scholar: -A-Vo-oCvfiyVK xtA
Date: \ Pf\cy<cK -Xo"Lo



VI

Acknowledgment

In preparing this thesis, I was in contact with many people, researchers, academicians, 
and practitioners. They have contributed towards my understanding and thoughts. In particular, 
I wish to express my sincere appreciation to my thesis supervisor, Professor Dr. Raheel Siddiqui, 
for encouragement, guidance, critics and friendship. Without his continued support and interest, 
this thesis would not have been the same as presented here.

Librarians at Bahria University also deserve special thanks for their assistance in 

supplying the relevant literature. My fellow students should also be recognized for their support. 
My sincere appreciation also extends to all my colleagues and others who have assisted on 

various occasions. Their views and tips are useful indeed. Unfortunately, it is not possible to list 
all of them in this limited space. I am grateful to all my family members.



VII

Abstract

Handwritten character recognition is a field that falls under the domain of image 

recognition. It has been under research for years. The main purpose of handwritten character 

recognition is to recognize characters written by humans in a paper that is available in digital 

form. This research work is focused on recognition English characters including uppercase, 

lowercase and the digits using a convolutional neural network.

In this research work, a customized convolutional neural network model is proposed 

called E-Character Recognizer after several experiments on different parameter values of the 

convolutional neural network. The English character dataset, EMNIST is used to test the 

performance of E-Character Recognizer which is compared with the different pre-trained 

models including VGG-16, VGG-19, DenseNet-121, ResNet50 V2 and Mobile Net V2 on 

the same dataset. The problem encountered in the model was confusion due to the similarity 

of the structures of some of the characters like “1” and “I” etc. it has proved to be the main 

reason for confusion for the model.

Upon the comparison, the accuracy of the E-Character recognizer is the best as 

compared to the pre-trained models. E-Character recognizer has produced better results in 

terms of both the accuracy and the training time. The E-Character recognizer has performed 

better as compared to the pre-trained model with an accuracy of 87.31 %. The research was 

conducted on the Google Colab GPU service.
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