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Abstract. Ekush the largest dataset of handwritten Bangla characters
for research on handwritten Bangla character recognition. In recent years
Machine learning and deep learning application-based researchers have
achieved interest and one of the most significant application is hand-
written recognition. Because it has the tremendous application such in
Bangla OCR. Also, Bangla writing script is one of the most popular in the
world. For that reason, we are introducing a multipurpose comprehensive
dataset for Bangla Handwritten Characters. The proposed dataset con-
tains Bangla modifiers, vowels, consonants, compound letters and numer-
ical digits that consists of 367,018 isolated handwritten characters writ-
ten by 3086 unique writers which were collected within Bangladesh. This
dataset can be used for other problems i.e.: gender, age, district base hand-
written related research, because the samples were collected include verity
of the district, age group and the equal number of male and female. It is
intended to fabricate acknowledgment technique for hadn written Bangla
characters. This dataset is unreservedly accessible for any sort of scholarly
research work. The Ekush dataset is trained and validated with Ekush-
Net and indicated attractive acknowledgment precision 97.73% for Ekush
dataset, which is up until this point, the best exactness for Bangla charac-
ter acknowledgment. The Ekush dataset and relevant code can be found
at this link: https://github.com/ShahariarRabby/ekush.

Keywords: Bangla handwritten - Data science -+ Machine learning -
Deep learning - Computer vision - Pattern recognition

1 Introduction

There are large numbers of research have been introduced for the handwritten
recognition of Latin, Chinese, and Japanese text and characters.On the other
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hand, relatively few research has been done on Bangla Handwritten recognition
due to its compliance of Bangla characters and limitation of Bangla datasets.
Bangla language has 50 basic characters, 10 modifiers, 10 numerals and more
than 300 compound characters. But till now Bangla has no complete dataset that
contains all of these characters. So that, recognition of Bangla is at the begin-
ning period contrasted with the techniques for recognition of Latin, Chinese, and
Japanese text.

Handwritten character recognition is an imperative issues because of its
numerous implementation as Optical Character Recognition (OCR), office robo-
tization, bank check mechanization, postal computerization and also human-PC
connections. Bangla Handwritten framework recognition is an extraordinary test
since still a long ways behind the human acknowledgment capacity. In this man-
ner, numerous datasets in handwritten recognition area have been accumulated
and utilized in different dialects and applications are contrasted with our exam-
ination result. There are datasets in CEDAR [1] English words and characters,
English sentence dataset IAM [2], Indian [3] for handwritten recognition applica-
tions. However, a few studies are attested on handwritten characters of Bangla
scripts. Though Bangla is the seventh most spoken language in the world by pop-
ulation and major language in the Indian subcontinent as well as first language
in Bangladesh. Though, several studies have been dealing for Bangla handwrit-
ing recognition, a robust model for Bangla numerals and Characters classification
is still due. One of the main reasons for that the lack of a single comprehensive
dataset which covers different types of the Bangla character. There are existing
data sets which cover either just the Bangla numerals or just the Bangla charac-
ters without modifiers. While it is possible to combine them to form a unified data
set, the inconvenience faced by the researchers stems from the lack of consistency
in the data presentation of the different datasets. Ekush is the first of a chain of
dataset being introduced which aims to Bangla handwriting related research.

In order to support research on recognition for Bangla handwriting, Machine
learning, and deep learning applications, we have collected samples (isolated char-
acters) that contain 122-character samples of 4 categories (10 modifiers, 11 vowels
and 39 consonants, 52 frequently use compound letter and 10 numeral digit) writ-
ten by 3086 unique persons include verity of the district, age group and the equal
number of male and female. Figure 1 showing the sample of different character
images of the Ekush dataset.

2 Literature Review

There are three open access datasets available for Bangla characters, these are
the BanglaLekha-Isolated [4], the CMATERdbD [5], and the ISI [3]. But every
dataset has some drawback. BanglaLekha-Isolated dataset contains 166,105
squared images (while preserving the aspect ratio of the characters), where each
sample have 84 different Bangla characters. Those characters have 3 categories
which is 10 numerals, 50 basic characters, and 24 compound characters. Two oth-
ers datasets CMATERdb and ISI where CMATERdbD also has 3 categories for
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basic characters, numerals and compound characters and ISI dataset has two dif-
ferent categories for basic characters and numerals. A comparison between Ekush
and with that three popular sources of Bangla handwriting related datasets

(BanglaLekha-Isolated dataset, CMATERdbD, and the IST Handwriting dataset)
are given in Table 1.
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) Modifier ) Basic ) Numeral
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Fig. 1. Sample images of Ekush dataset

Table 1. Number of images in different datasets

Dataset name Modifiers | Basic Compound | Numeral | Total
characters | characters

ISI None 30,966 None 23,299 34,256

CMATERdb None 15,103 42,248 6,000 63,351

Banglal.ekha-Isolated | None 98,950 47,407 19,748 166,105

Ekush 30,667 154,824 150,840 30,687 | 367,018

The Ekush dataset consists of 367,018 images that contain 122 classes and
it became the largest dataset for Bangla characters yet. For other language like
DEVANAGARI there are some work like “Relative positioning of stroke based
clustering: a new approach to on-line handwritten devnagari character recog-
nition” [6] where author used to WCACOM table to collect the data. Same
authour has other work like “Character recognition based on non-linear multi-
projection profiles measure” 7], They did their experiment on several languages
like Roman, Jap-anese, Katakana, Bangla etc. There proposed method used
dynamic programming to match the nonlinear multiprojection profile which is
used to recognize hand-written characters. “Radon transform” [8] used to pro-
duce the nonlinear multi-projection profile. On other paper “Character Recog-
nition based on DTW-Radon” [9] author tries to recognize characters using the
“DTW algorithm” [10] at every projecting angle.
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3 The Ekush Dataset

Ekush is a dataset of Bangla handwritten characters which can be used as multi-
purpose way. Ekush dataset of isolated Bangla handwritten characters structured
and organized data was collected from 3086 peoples covering university, school,
college students, where approximately 50% 1510 male and 50% 1576 female.
The handwriting characters were written in a form after then scanned it to get
image data from raw data. We likewise centered around some of different issues
for gathering manually written information, such as making a shape, informa-
tion accumulation strategy, process, programming and pertinent apparatuses.
Figure 2 demonstrating a flowchart of making the Ekush dataset.

Prepare form & | [ Manually error
collect data checking

Filled the Scanning &
Move to trash form renaming the
GpEy] forms

Crop the single
characters with a
script

Keep data
maintaining
labels with script

Final manually
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error in Make it correct

labeling?

Add to final
dataset

Fig. 2. A flow diagram of “Ekush” dataset

3.1 From Preparation and Collection

Initially creating the form was followed some steps as cell created with equal
size, which letter helps to separate the character automatically and made border
which help to crop the form equal size. There are lots of compound characters
in Bangla language, so we selected most frequently used compound characters.

Than peoples were voluntarily filled up the form which letter scanned for
further process.
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3.2 From Processing

To process the form we follow the A Universal Way to Collect and Process
Handwritten Data for Any Language [11]. During scanning the form, a big black
boundary was created to detect the biggest couture. To find that we use canny
edge detection algorithm. as same shape with same angle.
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Fig. 3. Sample form for Ekush

After skew correction, first cropped the images by row where 12 characters
contains each row. After that cropped the row by column. That cropping was
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separated all the characters and stored all the images in folder which was labeled
by the character name. This process was separate all the 120 characters.

The OTSU [12] algorithm find the best threshold value instead of the specified
thresh value. In our method used Gaussian blur for smoothing the images.

We removed all extra bit of information to provide efficient output and stored
them. Then Adding white padding to preserve the aspect ratio of the images.

This stored image then inverted into character into white and background as
black. All the processed can be done atomically by our designed GUI which able
to process 100 scanned images per minute. A filled template used for collection
of data is shown In Fig. 3.

3.3 Constructing Ekush

Ekush dataset of Bangla handwritten characters were collected from 3086 peo-
ples where 50% male and 50% female. Each individual developed 120 characters
including 50 Bangla basic characters, 50 frequent Bangla compound characters,
10 modifiers, 10 digits. But after processing the dataset we found more than 55
type compound characters because of Bangla compound characters are confusing
and some of are similar. So when the writer wrote they made mistake to under-
stand which character actually exist in the form. Then we manually checked and
found 2 compound character most of the people were mistake to understand
the proper character. So after that, we picked those 2 characters and added in
our dataset and finally got 52 types of compound character. These writers were
selected from various age, gender, and educational background groups. Figure 4
showing a bar chart of data samples from different ages base on gender.
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Fig. 4. A bar chart of data samples from different ages base on gender

The collected dataset is preprocessed in three different format:

1. Foreground and background are inverted so that images have a black back-
ground with the letter drawn in white.
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2. Foreground and background filled with white so that images have a white
background with the letter drawn in black

3. Removed noise and smoothing attempted using the Trash holding and Gaus-
sian blur filter. The proceed dataset is further filtered and after necessary
smoothing different format are created including CSV.

The Ekush dataset will available on the various format, depending on the
user desired applications as well as will be available without extra information
on character images, and with padding added to preserve aspect ratio and also
in CSV format. Table 2 showing the details of Ekush dataset base on gender.

Table 2. Number of character in Ekush by gender

Gender | Modifiers | Basic Compound | Numeral | Total | Total in

characters |characters Ekush
Female | 15580 78615 76912 15622 186729 | 367018
Male 15087 76209 73928 15065 180289

3.4 Visual Representation of the Ekush Dataset

The class breakdown of Ekush dataset shows in Fig. 5, where see that Fig. 5(a),
(b) showing Bangla modifiers and digits class as well as seeing that all class
are almost equally distributed. The number of the Ekush dataset Modifier and
Digits has 30769 and 30687 respectively. From Fig. 5(c), (d) most of the classes
are equally distributed, but there are few classes exist where number of images
of that characters are not averagely equal to compare the other classes. While
writing the compound characters people made mistake to write the proper char-
acter. Then we relabeled some compound character also deleted other as well as
collected some incorrect compound characters and added them to the dataset in
two new class which we are seeing at the last to Fig. 5(d) Compound character
bar chart.

4 Data Labeling

The extracted image is saved as the JPEG format and each image has unique ID
or name that represent writer gender, hometown, age, education level and serial
number. In order to storing the writer information which helps to identify that
person using an ID. So that this dataset not only use for handwritten recognition
but also help to predict a person gender, age and his or her location as well as
it can help investigators focusing more on a certain category of suspects and
forensic purposes. This id or name fixed according to the following criteria, Its
first one digit indicates writer gender. If it is 0 which means writer was male and
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Fig. 5. Visual represent of Ekush dataset

1 means writers were female. After that have writer home district names First 3
or 4 letter, the next one represents age and then their education or occupation
level (0 means primary level, 1 high school level, 2 means college level, 3 means
university and 4 means other occupation) and the last one is the serial number.
And that information are separated by an underscore (_). Here an example.

0_-Dha_20_3-00052

Here the first digit one so it was written by a male writer and he is from

Dhaka district the next one is 20 which means his age 20 and he is a university
student and the last one is the serial number of male data.

5 Possible Uses of Ekush Dataset

This dataset can be used for handwritten character recognition, Bangla OCR,
Machine learning and Deep learning base research fields. The prediction of age,
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gender, the location from handwriting is a very interesting research field. These
information’s can also be used for forensic purposes, where it will help investi-
gators focusing more on a certain category of suspects.

6 EkushNet

To test the performance of Ekush dataset we built a multilayer CNN model
EkushNet [13] in order to classifying Bangla Handwritten Characters. Figure 6
showing the CNN architect.

[et conan |

Inyer14: Dropout

Tnput: InpufLayer
layerl7: MaxPooling2D
layer18: Dropout
layer1: Flatten

Inyer3: MaxPooling2D

Inyer10: Dropout

T ——

Fig. 6. The architect of EkushNet

We trained the EkushNet and got 96.90% accuracy on training and 97.73%
accuracy on validation of Ekush datasets. After train the model we cross validate
that with CMATERdb dataset and got satisfactory accuracy of 95.01%. Figure 7
showing the training and validation loss and accuracy on Ekush Dataset.
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Fig. 7. (a) Training and validation loss. (b) Training and validation accuracy of Ekush

7 Conclusion and Future Work

This research formulate a diverse repository containing primarily for the Com-
puter Vision and NLP research and called the dataset Ekush. In future, we will
extend our dataset including all kinds of compound characters. Also, we will
make a website where the user can download the form and upload the scan copy
which will automatically process those data and added to the dataset after ver-
ifying. That website also gives the user to search and download character data
by age, gender and districts.
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