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ABSTRACT

There are few works are available in Bangla Handwritten Character Recognition. To
digitalized the analog normal format Handwritten data, we proposed a new methodology
to recognized the Bangla character in continuous form. That means in sentence form. We
build a system which can take an input of an image of Bangla Handwritten sentence and
automatically output the characters exists in the sentence. This system consists of some
components like feature extraction, preprocessing, segmentation of character. In Bangla
language in written format there is a rigid possibility that two characters are overlapped.
This is the main problem in Bangla handwritten format that two consecutive characters
overlapped with each other. Some people wrote like this. This becomes difficult to segment
the character which overlapped. So, segmentation of the character is important more than
to prediction of character with model. To build an OCR system for Bangla Handwritten
text, firstly we detect line and segment the line after that word segmentation is done and
then individually segment character by character. In this project we used EkushNet dataset
model which has the best accuracy till now. This model trained on 85 basic characters, 10
digits, 52 conjunct character, 10 modifiers. By using our algorithm, we can successfully
segment 95% true character and recognized by the model. Overall, this current OCR system
can deal the recognition system and segmentation of the characters from handwritten

Bangla texts effectively.

© Daffodil International University iv



TABLE OF CONTENTS
CONTENTS

Board of examiners
Declaration
Acknowledgements
Abstract

List of Figure

List of Tables

List of Abbreviation

CHAPTER

CHAPTER 1: INTRODUCTION
1.1 Introduction

1.2 Motivation

1.3 Rationale of the Study

1.4 Research Questions

1.5 Expected Output

1.6 Report layout

CHAPTER 2: BACKGROUND STUDIES
2.1 Preliminaries

2.2 Related Works

2.3 Research Summary

2.4 Scope of the Problem

© Daffodil International University

PAGE

vii

viii



2.5 Challenges 7

CHAPTER 3: RESEARCH METHODOLOGY 8-18
3.1 Introduction 8

3.2 Research Subject and Instrumentation 9

3.3 Data collection and Preprocessing 9

3.4 Statical Analysis 16
3.5 Implementation Requirements 17
CHAPTER 4: EXPERIMENTAL RESULTS 19-21
4.1 Introduction 19
4.2 Experimental Results 19
4.3 Descriptive Analysis 20
4.4 Summary 21
CHAPTER 5: IMPACT ON SOCIETY 22-23
5.1 Impact on Society 22
5.2 Ethical Aspects 22
5.3 Sustainability Plans 23
CHAPTER 6: CONCLUSION AND FUTURE WORK 24-26
6.1 Summary of The Study 24
6.2 Conclusions 24
6.3 Recommendations 25
6.4 Implications for Further Study 25
REFERENCES 27

© Daffodil International University



LIST OF FIGURES

FIGURES PAGE NO
Figure 3.1.1: lllustrates OCR System 8
Figure 3.3.1: Line Segmentation 10
Figure 3.3.2: Indicating Gaps between two words 11
Figure 3.3.3: Word Segmentation 11
Figure 3.3.4: Before Matra elimination 12
Figure 3.3.5: After Matra elimination 12
Figure 3.3.6: Word with both upper part and lower part modifiers 12
Figure 3.3.7: Indicating Characters 13
Figure 3.3.8: Segmented character without modifiers 13
Figure 3.3.9: Upper part modifiers detection 13
Figure 3.3.10: Difference between Lower- and upper-part 14
Figure 3.3.11: Segmented character with upper part modifier 14
Figure 3.3.12: Lower part modifiers detection 15
Figure 3.3.13: Both upper- and lower-part modifiers detection 16
Figure 3.3.14: Segmented characters with both modifiers 16
Figure 3.4.1: Plot diagram of statical analysis 17
Figure 3.5.1: Architecture of EkushNet 18

© Daffodil International University vii



LIST OF TABLES

TABLES PAGE NO
Table 4.2.1: Word image recognized correctly 19
Table 4.2.2: Word image falsely recognized 20

© Daffodil International University viii



LIST OF ABBREVIATION

CNN Convolutional Neural Network
NLP Natural Language Processing
OCR Optical character recognition
Al Artificial Intelligence

© Daffodil International University



CHAPTER 1

Introduction

1.1 Introduction

Every region has their own language. Bangla is one of the most popular and speaking
language. About 220 million people all over the world uses Bangla language in their daily
life. In this present project we work on an OCR system which can recognize Continuous
Bangla handwritten language and digits and transform it in a digital information as we can

use it in various ways.

OCR is a system which optically read user data which can be language, image, digits in
human readable form and convert the data into machine readable format. This type of
application system is very popular in first world country. In daily life people use OCR
system in Bank, School, College, library automation, post office, reading digital data for

blind people and also government documents digitalization.

There are two types of Bangla scripts can be found in our office, home and daily life. One
is computer printed character and one is hand written document. The hand written
document recognition in sentence level is the most difficult job. In this project we came up

with a algorithmic solution.

With the help of NLP and Computer vision this work successfully convert continuous
handwritten character to a digital format. The whole work done by few modules like line
segmentation, word segmentation, character segmentation and recognize the character with
the help of CNN model.

© Daffodil International University 1



1.2 Motivation
OCR system of Bangla continuous handwritten character can digitalize the analog written
text instantly. With the help of an OCR system people can be store data in cloud or server

with can be reduce the storage of analog document and can be easily found when needed.

For filing system, people manually input data in the computer which is more time costly
and also has some data entry errors. A proper OCR system can do this job with lesser data
error, saving the time. This type of system also has an automated sorting, Physical
documents can not be tracked by people when need information but digitalized text is

flexible when need.

Now data is like gold and information has increased demand day by day. Digitalization of
data is necessary in this decade. The huge number of physical data needs huge physical

space so we have to keep it in memory with a proper documentation.

Bangla is our mother language. There is not having much work in this field. So, this is a
big reason we have to focus on NLP and Computer vision area in Bangla language to build
our loving language in digitalized gold.

1.3 Rationale of The Study

Bangla is an old language. It is an Indo-Aryan language and there exists about 230 million
native speaker all over the world. Bengali language developed the course more than about
1300 years. This language exists very rich literature and poems. But in the modern

technologies not touch this language properly.

In digitalized format for language most of the work can be done by the NLP and Computer
Visions. An OCR system can be very helpful to documentation of Bangla language. But
handwritten Bangla text is the most difficult job for digitalization. Bangla language is very

© Daffodil International University 2



difficult to process every character it has 50 characters, 10 modifiers, and much more
compound characters. Single character can be recognizing easily but in hand written
sentences there is difficulties vary people to people because every person has different way
style to write a single character.

In this research we provide a proper solution to avoid the difficulties in continuous hand
written sentences. We try to build an algorithm which can preprocess the data properly for

the recognition.

The main work in this hole project is building an algorithm to preprocess the sentences.
Without segmentation the character an OCR system cannot do the job properly.

1.4 Research Questions
e What is an OCR system?
e How OCR system works in Bangla language?
e \What are the benefits of Bangla handwritten character recognition?
e How to prepare the hand written text for recognition?
e How to overcome the difficulties to removing Matra?
e \What is the future scope of character segmentation and recognition?
e How recognition model work?

e What is the impact of this research?

1.5 Expected Output

Our research project is totally algorithm base. So, our main target is publishing the paper
in a reputed conference. In this area there are other work in Bangla hand written character
recognition, but the difficult part not solve by those projects. Most of the work has done
same type of input format and variation in the model only. Single character input and

recognition by an CNN model.
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In this research project the main target is input a continuous Bangla hand written sentence
and segment the sentence in word level and character level than recognized by the model.
In Bangla language the “Matra” and “Modifiers” detection is the most difficult part of the
project there are two types of modifiers upper and lower. We developed a segmentation

algorithm which can successfully segment the character level from the sentences.

This OCR system is only for Hand written Bangla character and digits which is recognized

by the model and output the digital form in computer display.

1.6 Report Layout

This report contains 6 chapter. Chapter 1 specifying an over view of the project. It also
has some sub-sections like 1.1 Introduction of the work, 1.2 Motivation of the work, 1.3
rationale study of this project, 1.4 Research questions, 1.5 Expected output and 1.6
Report layout of the whole research work. In the chapter 2 focused in the Background
studies of the work and its sections are 2.1 Preliminaries, 2.2 Related work, 2.3 Research
summary, 2.4 Scope of the problem, and 2.5 Challenges. Chapter 3 contains the whole
work methodology. In this subsection briefly described the segmentation process how
we build the algorithm to solve the difficult work. Sections are 3.1 Introduction, 3.2
Research subject and instrumentation, 3.3 Data collection and preprocessing, 3.4
Statistical analysis, 3.5 Proposed methodology, 3.6 Implementation requirements. In
chapter 4 Experimental results is showed and described, this chapter has 4.1
Introduction, 4.2 Experimental results and analysis, 4.3 Discussion. In chapter 5 we
discuss about the impact on Society, Environments, and Sustainability. This chapter
contain 5.1 Impact on society, 5.2 Ethical expects, 5.3 Sustainability plans. In chapter 6
we declare a conclusion and discuss the future scope of the project. It has 6.1 Summary
of the study, 6.2 Conclusion, 6.3 Recommendation, 6.4 Implication of further study.
After all of these contain a Reference section which help us some of the related work

and study.
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CHAPTER 2
Background Studies

2.1 Preliminaries

Bangla continuous hand written character recognition is a system were input a hand written
image file and output the information in digital format. To manually digitalized the
document is time consuming and also need much more physical space. So, an automated
OCR system can improve the time taken and also less error than human. In this chapter we
will discuss some related and Background studies which is help us in our project and also

similarities and dissimilarities of the work.

Day by day a huge number of government document has to be digitalized to store the data
of office and people biodata. So, this is a complete feature extractor for Bangla handwritten

text digitalization.

2.2 Related Work

There are some related works which has been done in early year. Now a days, Bangla hand
written character recognition is a hot topic to work. Some of the work has done a great job
but majority of the work has done the optical character recognition with a single character
input. Single character input has no difficulties than continuous character from a sentence.
So, our main focus is to segment the sentence in character level and then recognize it with
the help of CNN model.

In the age of 1870, the first OCR scanner was introduced by Carey [1] which was a retina
scanner. It was works with image transmission system. There are two type of Bangla scripts
has found in our daily life. One is printed and another is hand written scripts. In back of
previous years there are few works has been done in Bangla printed character recognition
system. This works also achieve great success with a good accuracy. For printed character
recognition “A complete Bangla OCR system for printed character recognition” [2], An

© Daffodil International University 5



OCR system for continuous Bengali character recognition [3], “An end-to-end system for
web based online handwritten character recognition” [4], “Handwritten character
recognition using a hierarchical approach” [5], “Printed OCR system completely describes
in this paper” [6] all of these paper work from different author has been completely
described their own methodology. Most of the work done in the area of handwritten printed
character recognition which is not continuous. From that point of view our work has done
a great job with continuous sentences. We extracted all continuous character and all feature

are recognized by a CNN model.

2.3 Research Summary

In this research work we developed an algorithm which preprocess the continuous Bangla
Handwritten sentences in character level. After that with the help of convolutional neural
network we get the predicted output of the character in digital format and display it. For
the test purpose we collected 600-700 pages of Handwritten sentences from our university.
Then scan those documents and run the algorithm on it. The algorithm works 100%
correctly to segment in word level but after word level 95% accurate segmentation done in
character level. For recognition purpose we use “EkhushNet” model which has 3lakhs of
training data with 97.73% accuracy. It has 50 fundamental characters, all modifiers, 10
digits. There are some errors in few Handwritten character which was falsely recognized

but majority of character was successfully classify.

This approach of extracting Handwritten character from a sentence is 95% accurately give
us the correct result. Some error happens for the segmentation fault, if two letter seems to

be compound letter than this happened.

2.4 Scope of the Problem
Bangla handwritten character recognition is opening a new era in our language. Hand
written scripts or story can be easily digitalized by the OCR and CNN. With the help of

© Daffodil International University 6



our algorithm continuous sentences can be easily segmented to character level and
recognized by the model. Computer vision and NLP is connected through one another. Day
by day people developed the algorithms and technique to solve different types of problem.
In this work our algorithm did not properly work on a connected characters or compound
character. This is the only drawbacks of this whole work. In future we will focus on that.
The scope of this work will be making a strong algorithm to segment the connected word
which is not a character. Different peoples write differently so, it is much difficult to ensure
everybody’s handwriting will be properly segmented. Thus, this is a new area of research

to improve the lacks of current work.

2.5 Challenges

The main challenge was to find out that how we can develop an algorithm such a way in
which everybody’s handwriting will be covered. But it was not so easy because different
people have different type of handwriting, they write their own modified letters, they have
different gaps in words, one may use small modifiers, other may use long modifiers. We
have to calculate the gap for everybody and find out a global solution which will work for
everybody. Bangla language is not like English language, in English they have separate
character not connected to each other but in Bangla when we make a word we put “Matra”
on it. Matra is a single line which connected all characters with the upper bound in Bangla
writing format. So, we have to think a way to separate all connected character from a word.
This all are big challenges in this whole work to build a such algorithm which can solve all
of this challenges.

© Daffodil International University 7



CHAPTER 3

Research Methodology

3.1 Introduction

In this section, the whole research technique has been described step by step. Here include
all of the process and step of the project section. How we preprocess all the data and how
we observe the problem and building the solution of the problem. We have used a deep

learning model for recognition purpose named “EkushNet”. Which is till now the largest

dataset model in Bangla language character recognition.

In this chapter there is subsections which is briefly described the whole methodology. A

good methodology is required for further study in this field and for the future work. Work’s

flow is given bellow, which is the blue print of the whole work.

input paragraph removing noise Line segmentation

recognition

‘” Character ‘ l ‘

word segmentation

|l character
| segmentation

known as "matra"

removing distinctive horizontal line

|

Figure 3.1.1: lllustrates OCR System
© Daffodil International University




3.2 Research Subject and Instrumentation

Our research topic “Bangla continuous Handwritten character and digit recognition using
CNN?” this is a hot topic in computer vision and NLP. In Bangla language there is less work
done in NLP. We discuss the whole process how we build up the algorithm in theoretical
and technical process. Deep learning model needs high GPU performance machine and
GPU support TensorFlow toolkit. Now the whole list is given bellow, which is used in this

project.

Hardware and Software:
e Intel Core i7 7th generation with 8GB RAM
e 1TBHDD
e Google Colab (12 Gb GPU)

Development Tools:

Windows 10 or Ubuntu 16.4 LTS
e Python 3.5

e TensorFlow 1.2 GPU engine

e Pandas

e NumPy

e Matplotlib
e OpenCV

o Keras

3.3 Data Collection and Preprocessing
We use our collected data for segmentation purpose. We collected through our university’s

student about 600-700 pages of Bangla Handwritten data in a given format. Then

© Daffodil International University 9



preprocess the data for segmentation to see how our algorithm is work on the data. The
necessary steps of all preprocess details are given bellow subsection wise.

The initial step is done by converting the image in gray scale format. Then remove the
noise from the data as far as possible. After removing noise convert the image in binary
format where all value is 0 or 255. By converting this we found the foreground area of the

image.

3.3.a Line Segmentation

In this section we will briefly discuss about the line segment from a passage. Line detection
is done measuring the gaps between two words That means, the image is converted into
grayscale image. In grayscale image we have only two color’s consider character with
colour white and the rest of the picture is white. From that we can measure that between
two line we gap. Basically, gaps means when we found the summation of the white pixels
is zero. As we know the white pixels value is zero. As the image is converted as a 2d matrix.
In this image, there some rows that summation is zero. When zero summation row is found
it is considered a gap. Line image is cropped according to the gaps given by this method.
In recent years many works have been done on line segmentation in different languages
English [7], Hindi [8], achieving great success. The image shows in Fig:3.3.1 how
segmentation of line is done. In the picture the red colour is indicating the size of line which

is considered a line.

Figure 3.3.1: Line segmentation

© Daffodil International University 10



3.3.b Word Segmentation
In this section we will briefly discuss the word segmentation form the line image. The
image is now converted into a binary image. The word segmentation we have done the
same work done in the line segmentation. But this time we need to think differently. In this
section we found the gaps column wise. When the connected gaps in the column is more
than fifteen, we consider it as a gap. Then the gaps are removed from the image. Shown in

the Fig:3.3.2. In the image two red lines are considered as a gap. Segmented word shown

Figure 3.3.2: Indicating Gaps between two words

o

Figure 3.3.3: Word segmentation

3.3.c Character Segmentation
In this section we find the segmented word from the word image. In this section the main
problem occurs with Bangla language is, its distinctive horizontal line known as “matra".
First Problem is to remove the “matra” from the image. Which is connected with all the
characters in a word. To solve the problem, we need to resize the main image. As we get
the resized image, we crop the upper 25 percent from the image. We can clearly see the
“matra” always in the above part of the image. Shown in Fig:3.3.4 with matra and Fig:3.3.5

after matra elimination.

© Daffodil International University 11



Figure 3.3.4: Before matra elimination Figure 3.3.5: After matra elimination

Bangla language also has modifiers. There are two parts of modifiers: upper part and lower
part. In different types of characters use of the modifiers are different. To detect the
modifiers, we have used an algorithm called “Divide and Conquer”. After getting the word
image, we divided the image into three parts. To segment the character from the word
image, resize the word image into hxw. Three types of word image can be found (i) with
no modifier, (ii) upper part or lower part modifier (iii) with both upper- and lower-part
modifiers. To identify different types of word with different modifiers there has been a flag

indicator set. Shown in Fig:3.3.6.

—— ——= upperpart
—— = middlepart

———= lowerpart

Figure 3.3.6: Word with both upper part and lower part modifiers

3.3.d Word with No Modifiers

Since Bangla language has “matra”, the upper part of the word has been removed from the
image. The main body part of the majority of Bangla characters is in the center. As a result,

the main body of the word is cropped from the lower portion of the image. Take the main
© Daffodil International University 12



body component by this equation to exclude matra (Height-25). The height here is 100.
The linked white pixels in the y-axis are considered an individual character in that picture,
as seen in Fig 3.3.7. After indicating each character and eliminating the unnecessary

vertical gaps, each character displayed in Fig. 3.3.8 is eventually separated.

! N
It I s

Figure 3.3.7: Indicating Characters Figure 3.3.8: Segmented characters without

modifiers

3.3.e Word with Upper part or Lower part Modifiers
For detection of lower- or upper-part modifier we have to calculate the difference between
lower part and the upper part of the image shown in Fig.3.3.10 was taken from the main

image in Fig.3.3.9. for labeling the term with single modifiers.

o>

Figure 3.3.9: Upper part modifier detection

© Daffodil International University 13



13 13 13 13 13 13

Figure 3.3.10.a: Lower part Figure 3.3.10.b: Upper part

Figure 3.3.10: Difference between lower and upper part

Then, as seen in Figures 3.3.10(a) and 3.3.10(b), divide the picture into three sections. Each
section is 1/3 of the total. If a word has an upper part modifier, at least one-third of the
upper part image's black pixels sum will be equal to zero. This is how an upper component
modifier has been detected. However, there is no zero (sum of black pixels) in the lower
part of the splited image, as seen in Fig 3.3.10(a). In Fig 3.3.11 showed the segmented
characters with upper part modifiers.

4 <

Figure 3.3.11: Segmented character with upper part modifier

© Daffodil International University 14



If a term has a lower part modifier, at least one element of the representation of the lower
component would have zero black pixels. Fig 3.3.12 describes the situation. By marking
the word with modifiers, if the word has an upper part modifier, the upper part of the
expression is omitted, and if the word has a lower part modifier, the lower part of the image
is deleted. Much of the time, the lower part modifier is attached to the word. Calculate the
starting white pixel point and ending point vertically from the lower portion of the image
to remove the lower part modifier. Since each character has been segmented, the modifier
is inserted after the character that belongs to this modifier.

AN et

1/3 1/3 1/3

3.3.12.a: Word image 3.3.12.b: Upper part 3.3.12.c: Lower part

Figure 3.3.12: Lower part modifier detection

3.3.f Word with Both Upper part and Lower part Modifiers
We already discussed about in the previous two sections, if a word has upper- and lower-
part modifiers, at least one subset (1/3) of both the upper and lower parts has at least one
zero portion, as seen in Fig 3.3.13. As a result, the word has modifiers for both the upper
and lower parts. Then, as described in sections 3.3.d and 3.3.e, the same mechanism would
be used for character segmentation. In figure3.3.14 shows that the segmented character

with upper- and lower-part modifiers.
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1/3 1/3 1/3

1/3 173 13

Figure 3.3.13: Both upper- and lower-part modifiers detection

[« e

Figure 3.3.14: Segmented character with both modifiers
3.3.g Classification and Recognition
The EkushNet [9] model is used here for classification and identification. This model
is capable of recognizing characters that we see on a regular basis. It has 50 fundamental
Bangla letters, ten digits, and ten modifiers handwritten on it. There are also 50 compound
characters in it. The dataset used in this model is Ekush [10]. It is cross-validated using the
CMATERGdb [11] dataset, with a recognition accuracy of 97.73 percent. Till now this gives

us the best accuracy for Bangla Handwritten characters.

3.4 Statical Analysis

In this section we tried to showed that the calculation of truly and falsely recognized
character level after segmentation. We collected our data from different people, they have
different types of Handwriting. About 600-700-page continuous handwritten data after
segmentation likely more then 40-thousand-character recognition done. The truly
recognition rate is 95 percent and falsely recognize about 5 percent. In Figure 3.4.1 shows

the statical plot of the recognition level.
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95% correctly —\

B True recognition
mm Flase recognition

N\ [ Fasen]

Figure 3.4.1: Plot diagram of statical analysis

3.5 Implementation Requirements
In this section we discussed about the requirements of Library model, for the specific
problem. “Bangla Handwritten character recognition” this recognition part will be done by

a CNN model. And we need some require analysis to classify the data on the model.

3.5.a Problem Discussion
After successfully segmented all the sentences in character level. We have to classify with
a robust model. Here Al has been done a great job to classify all the characters. We use
“EkushNet” model which is deep neural network. The main problem was we have to
preprocess the segmented data same as the data model has been trained. So, the right

segmentation will give us the right recognition.

3.5.b CNN MODEL

The model we use for recognition purpose is called “EkushNet”, this model has 97percent
accuracy in test data on Bangla languages. In Figure 3.5.1 shows the model architecture in

details.
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CHAPTER 4

Experimental Results

4.1 Introduction

Character segmentation in Bangla language from continuous sentences is a complex task
in computer vision and NLP. We use “EkushNet” for model for the recognition task. In
this section we are discuss about the results we get from our collected images after
successfully segment the images. A high configuration pc used for train the data for
“EkushNet” model. After preprocessing the collected data, we resize it in 28*28-pixel
format to each character for recognition purpose.

4.2 Experimental Results

In this section we try to show that how our algorithm works in collected data after
segmentation. The machine gives output accurately about 95% character. Some of the
character does not recognize properly because of the mismatch of data level or error of
classifying the true level. This is more difficult to segment from different people
handwriting because every people have different size and shape of the character. If the
segmentation works properly then the “EkushNet” model will give 97% accuracy on
recognition level. In table 4.2.1 shows that the word image which recognized by
“EkushNet” correctly and table 4.2.2 shows that the word image which recognized by
“EkushNet” falsely.

Table 4.2.1: Word image recognized correctly

Serial no Word image Characters in word image

recognized by EkushNet

1 D"H‘m I I e
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3 foq@=3g

° &G A T

Table 4.2.2: Word image recognized falsely

Serial no Word image Characters in word image
recognized by EkushNet
1
(AN @ d
2 gfeAqgasa
° Tgfoamas
4 . .
AR ol

4.3 Descriptive Analysis

To build the algorithm we going through some major steps. Line detection and word
segmentation was not so difficult task. After word image to character segmentation was
difficult to find the right value to find the gaps between two characters. We take the

connected white pixel to consider as a character then cut it from the image. If we found any
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black pixel between two white pixels than we consider it as a gap. After cutting all the
character we push all in a vector and store that for recognition purpose sequentially. Then
load the model with the help of TensorFlow and recognize it. After recognition process we
print all the character and modifiers in the display sequentially.

4.4 Summary

This section is for described the output result in short form which is briefly described in
experimental results. Our algorithm successfully handles 95 percent of character truly

recognized by the model.
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CHAPTER S5

Impact on Society

5.1 Impact on Society

The prosperity of technology and computer engineering has formed a remarkable social
impact and also global society. There are many major changes impact on society through
computer science like home entertainment, helping the disabled, agriculture and also in the
medical science. Al done a great job after the 3" industrial revolution. Now this is the era
of 4" industrial revolution between biological, digital and physical combination. Al,
robotics, 10T, Quantum computing amalgam towards the 4™ revolution. Our Al build
algorithm and model also a touch of 4" evolution to accelerate. It will digitalize the nation
of Bangla and also other language which is similarity with Bangla. This type of project Al

machine completely change the earth we live.

5.2 Ethical Aspects

There are some ethical aspects in research-based project. Our project is well planed and
adjusted. We analysis the data properly and all of the information briefly described above
is scientifically proven and applied in our own hand. To gain the proper knowledge we
have to research properly and maintain plagiarism. All the methodology is described above
is our own and the model we use is take permission properly. We also give the independent
result of all the output. Therefore, we maintain all the ethical aspects of research that can

be take care.

5.3 Sustainability Plans
“Bangla handwritten continuous character and digit recognition” this project will help the
community or organization to improve their performance to digitalized their documents.

Governments will also use to developed their database of people information. This project
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will help financially any type of organization to reduce their worker cost who type the
handwritten document for printing purpose. To build capacity of volunteers and trustees,
develop marketing and communication plan. Also regularly update the project and fix the
bugs. Marketing will attract the donors for funding the project. This will help to build the
project more user friendly and compact. This project will survive in the long run because
our nation needs this type of software which digitalized the nation firstly. Financial
sustainability is the most necessary part of a project this help a project to survive in long
run. Community sustainability gives a project a life. If user does not benefit from the
project, it will be lost in long run. Our project is not much costly to maintain so, it will

survive in the long run.
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CHAPTER 6

Conclusion and Future Work

6.1 Summary of the study

This whole project is based on Bangla NLP and computer vision. We have built an
algorithm to segmented the continuous sentences in character level. Then recognize the
character with the help of a CNN model. This project took us almost 6 months to stand.
We done a lot of tasks to give the best possible solution. The steps that we take care was

given bellow.

Data collection for segmentation purpose

Scan all the data and store on drive

Extract all the sentences and store on a folder
Build an algorithm for segmentation of character
Load EkushNet model for recognition

After recognition shows the output

N o g~ wDd e

Check the statical results and then analysis the percentage rate.

This project will help the NLP community of Bangladesh and also impact on the Bangla

language to digitalized. This will open a new door towards digitalized nation.

6.2 Conclusion

In this research the main focus was to contribute on Bangla language in NLP and computer
vision area. We successfully build an algorithm to segmentation of the character and with
the help of Al we recognize it properly. We used an input image of Bangla Handwritten
sentences, and the system automatically output the digitalized format of the characters. If
two characters are joined together with some pixel value, than we have to differentiate two
characters differently. This is another scope of research in Bangla character recognition
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and digitalization. This project totally working for normal character and digits with out
compound character. Although, this project will increase our NLP recourse in Bangla

Language research.

6.3 Recommendation

In future the next step will be improvement the segmentation algorithm. And also try to
rebuild the CNN model for more accurate recognition level. And here we are segment with
out compound character. In future we will try to segments and recognize the compound
character of Bangla Handwritten languages. Few recommendations for Bangla continuous

Handwritten character and digit recognition are given bellow:

e Reduce the error rate of recognition
e Segmentation of compound character
e Build CNN model with more training data

e Segmentation of connected two character

6.4 Implications for Further study

We spend a lot of time completing our research work. And many times, our thoughts can't
be put into one task so we leave the rest to the future. The future work in a research paper
is very important. This is a very important organ. Researchers discuss how much and how
they will evaluate and expand future work in the context of their current work. This section
contains important research data. And the main thing is that this section gives an indication
of the direction or concept of their new research from which those who are new in research
will get some direction to start their work. Currently we have identified letters and digits
by working with uninterrupted data. Our thoughts on the future are much broader. Since
handwritten letter identification is a very difficult task and very few researchers have
applied it. So, we're thinking of working with mixed letters and digits. And with the Bengali

language there are many letters of the letter that the machine can not recognize easily. We
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will work to separate as many characters as there are in that consonant. In our work we
have trained models using three lakh data but we are planning to increase the data further

in future. So that our model can work more accurately and provide better results.
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