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Abstract

Optical character recognition (OCR) is a technology to extract the text from an image.
The main purpose of an OCR is to make editable text documents from different scanned
documents, image files or books. In this paper, we would discuss the process to develop an OCR
for Bangla language. Bangla script contains different shapes and sizes of text. Therefore,
extraction of Bengali text from images becomes challenging. In this paper, we would discuss the
process of developing an OCR for Bengali language, we focus on the training data preparation
process, Tesseract integration procedure for character recognition and the post-processing
techniques. Before the recognition step, few preprocessing steps are needed like noise removal,
convert to gray scale and binarization for scanned documents. In this paper, we present the basic
steps required for developing a Bangla OCR and a complete workflow for development process
with the probable errors encountered during recognition using several techniques. We used
Tesseract version 3.04 for windows operating system and ‘NIKOSH’ Bangla font in this project.

For clear documents, around 95% word level recognition accuracy has been obtained.
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CHAPTER 01

Introduction

In recent years character recognition has been receiving huge attention due to the
progress of the automation process. It improves the relationship between human and machine,
for example data entry, scanned document into editable text, office automation etc. OCR is
playing an important role in this sector. It is widely being used for converting documents and
books to electronic files. Nowadays, it is possible to recognize complex documents intermixing
with text, graphics, mathematical symbols, unconstrained handwritten characters, color
documents, low-quality noisy documents, etc. Also conversion of large volumes of data has
become easier. Although there has been a significant number of improvements at building OCR
systems in languages such as English, but recognition of Bengali scripts is still in its preliminary
level. Since the mid 1980’s, a lot of research have been done aimed at building OCR systems for
recognizing Bangla characters. Most of these have focused on the recognition of individual
characters, rather than on building a complete OCR system. In 2006 when two different OCR
packages for the Bangla script BOCRA and Apona-Pathak were made. In 2007 The Center for
Research on Bangla Language Processing (CRBLP) released a software named BanglaOCR —
the first open source OCR software for Bangla. Bangla language has a very complex structure. It
contains so many characters and sometimes it combines two or more characters and creates
compound or clustered characters. And also for its inflectional nature, it becomes complicated to
develop an OCR. We want to continue working and develop a complete software with user
friendly GUI (Graphical User Interface) for Bangla OCR. It has its own pre-processing (which
includes noise removal, convert to gray scale and binarization). After Pre-processing, the image
is being processed by an open source Tesseract OCR engine which contains our custom made
trained data file for Bangla alphabets. In addition, we would like to create flexible training

method for building Tesseract trained data using various Bangla typefaces and fonts.
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1.1 Motivation

In this modern world, people’s life has become very easy because of the technological
inventions. Modern people want to spend their every single moment wisely. In this busy life,
they are running to and fro round the clock to satisfy basic needs of life. Countless of scanned
documents are being produced every day for their official work or other purposes. Due to lack of
modern science and techniques, those require manual typing to convert it to editable text. For a
single piece of paper it may seem very easy. But when it is about thousands of papers, it requires
a lot of time. To find the key to this type of problem, Optical Character Recognition can be a
very good solution. It can help to convert scanned paper, books and documents into electronic
files like Word document, PDF and editable text which make it very convenient, especially in
office work, institutional educations also. As English is an international language, the OCR is
very common and broadly researched for this language. Many papers have been published on
English language OCR. Though Bangla is ranked 5th as speaking language in the world, it is
very disappointing to inform that Bengali language OCR is not found that much. It has become
very important to convert the huge number of old Bangla book, important newspaper cuttings

and documents into digital form by using OCR.

1.2 Objectives

Our objective is to develop an OCR for Bengali language. To do so we aim to do as follows:

e Extracts all the text from the images, pdf documents or scanned files. So as opposed to
entering the data of the documents manually, it can be stored automatically which will
save a lot of time and hard labor.

¢ In many cases, the printable document or images of the text does not remain available for
editing. For example, if an article was published 15 years ago, it is most likely that the
text is not available in an editable document such as a word or text file. So, the only
option to retrieve data is to type the entire text which is a very time consuming process if
there is a lot of documents. The fastest solution of this problem is optical character

recognition. Using OCR retrieval of data will also be easier and less time consuming.
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Main mission and objective is to improve the recognition rate of Bangla OCR up to 95%,
this rate varies and is very sensitive to the typeface and the font size, as well as the

document type.

1.3 Contribution Summary

This project is an example of training a software engine for language processing.

This project has been implemented in a comprehensive manner, thus, it covers a lot of
aspects of Bengali language.

Testing files used in this project are real life standard.

In this project we used Tesseract engine for Bangla character recognition. We developed
our own dataset for this experiment. We have listed 340 (50 basic character, 10 vowel
modifiers and 270 compound characters) characters and used these for the training using
the Bangla font “Nikosh”. The total amount of training character combination units used
is around 3200 and frequent word list of approximately 1200 common Bengali words.

We achieved around 95% accuracy for standard image, good resolution scanned

document.

1.4 Thesis Outline

The rest of the thesis is organized as follows:

Chapter 02 includes background analysis, some properties Bangla character and details
on the Tesseract OCR.

Chapter 03 presents the proposed methodology and the block diagram.

Chapter 04 demonstrates the training procedure for Bangla language on Tesseract OCR
Engine and implementation of image pre-processing steps.

Chapter 05 demonstrates the experiment results on different images.

Chapter 06 concludes the thesis and states the future research directions.
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CHAPTER 02

Background Analysis

OCR has emerged as a major research field for its usefulness since 1950. Though Bangla

OCR is not a recent work, but there are very few mentionable works in this field.

BanglaOCR is currently the only open source optical character recognition (OCR)
software for the Bangla (Bengali) script developed by the Center for Research on Bangla
Language Processing (CRBLP) [3]. Tesseract, maintained by Google, is considered to be
one of the most accurate free open source OCR engines currently available [1].

A great amount of work has been done by B. B. Chaudhuri and U. Pal since mid-1990’s
[9]. Following them some other researchers have come up with a variety of innovative
ideas. A detail description of the characteristics of Bangla text is discussed [9] where they
used a combination of template and feature matching approach for recognizing the
character shapes. They used stroke features from each character and used a feature based
tree classifier for character recognition. They classified the character set as basic and
compound character. They used a simple dictionary lookup for OCR error correction.

A company named 'Team Engine' has developed one OCR for Bangla language. The
project was funded by the government of Bangladesh. They showed their OCR for a few
months on web. However, the project is now not available on web. The accuracy of this

project is said to be around 90% .
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2.1 Some properties Bangla character

There are 11 vowel (Shoroborno), 39 consonant (Benjonborno) and 10 numerical
characters in modern Bangla alphabet. They are called basic characters. The basic characters are

shown in Table 1.

Table 1: Bangla basic characters

- R ) - S ¢
vowels % % « ‘Zr
S 3 3t
< U T T e
1>2 =2 St =/ 3
G S © T
consonants s 9 w ol Rl
o I ) A
E3) T T T
q Eal -3 A\ L2
E) < 13 3 -
ical
numerica O)b)Q)0)8 )Q)b)q’)b_)b

Some common properties in Bangla language are given below:

e Writing style of Bangla is from left to right.

e As English language there are no upper and lower case in Bangla language.
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In most of the word, the vowels take modified shape called modifiers or allograph shown

in Table 2.

Table 2: Vowel consonant modifiers and compound characters

There are approximately 253 compound characters composed of 2, 3 or 4 consonants
shown in Table 2.

All Bangla alphabets and symbols have a horizontal line at the upper part called “Matra”
except few.

A word may be partitioned into three zones. The upper zone denotes the portion above
the head line, the middle zone covers the portion of basic (and compound) characters
below head line and the lower zone is the portion where some of the modifiers can reside.
The imaginary line separating middle and lower zone is called the base line shown in
Figure 1.

HO2d 1118 M memter sy —eogedbene == G pper zone
: - Middle zone
Base line - - Vv

—— e  ——— — —— — — — — — — Lm‘ Zone

Figure 1: Dissection of Bangla word
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2.2 The Tesseract OCR

The Tesseract OCR engine was one of the top 3 engines in the 1995 UNLV Accuracy
Test. Between 1995 and 2006 however, there was very little activity in Tesseract, until it was
open sourced by HP and UNLYV in 2005. It was again re-released to the open source community
in August of 2006 by Google [1]. Tesseract is a powerful OCR engine which can reduce steps
like feature extraction and classifiers. There are multiple efforts underway to integrate the
recognition support of different scripts. The complete source code and different tools to prepare
training data as well as testing performance is available online [2]. The algorithms used in the
different stages of the Tesseract OCR engine are specific to the English alphabet, which makes it
easier to support scripts that are structurally similar by simply training the character set of the
new scripts. There are published guidelines about the procedure to integrate Bangla/Bengali

language recognition using Tesseract OCR engine [4].
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CHAPTER 03

Proposed Methodology

3.1 Workflow

Figure 2 demonstrates the workflow that represents the implementation procedure of the

proposed model of Bangla OCR for Tesseract OCR Engine.

PROPOSED
METHODOLOGY

I

[ Image Acquisition ]

[ Pre- processing J

[ Tesseract OCR Processing ]

|

[ Post-Processing ]
[ Text Output ]

Figure 2: Proposed Methodology
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3.2 Proposed Diagram

Figure 3 shows the block diagram of the proposed model.

L NO

Yes

Figure 3: Proposed Block Diagram
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CHAPTER 04

Implementation

The tasks that we are undergoing for building a Bangla OCR application are listed below:
e Preparing Training data using Bangla font for Tesseract OCR.
e Pre-processing the document image.
e Preparing Tesseract supported image.
e Performing Recognition using the Tesseract engine.

e Post-processing the generated text output.

4.1 Required Tools and Programming Language
Here is a list of required tools and Programs-

e jTessBoxEditor-1.7.3
e Tesseract OCR 3.04
e NetBeans IDE &.02

4.2 Preparing Training Data

The first step is to determine the full character set to be used, and prepare a text file
containing all possible combination of Bengali characters. While creating training text file we
need to make sure that there are a minimum number of samples of each character at least 10 is
good, but 5 is okay for rare characters. There should be more samples of the more frequent
characters - at least 20. We have listed 340 (50 basic character, 10 vowel modifiers and 270
compound characters) characters and used these for the training using the Bangla font “Nikosh”.

For this experiment, we considered two approaches as follows:
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Approach-1. Train dependent modifiers separately than the basic units.

Figure 4 shows the dependent modifiers separately than the basic units

Figure 4: Dependent modifiers separately than the basic units

To make a word in Bangla the modifiers (vowel & consonant) are placed around the basic
characters and connected with each other according to the grammatical structure. In most of the
cases the image of basic character and modifier has overlap between them. As a result it is not
possible to make a horizontal and vertical boundary line between them. This scenario is
completely different than English character where there are no modifiers as well as less amount

of overlapping and touching problem. We noted that Tesseract can successfully recognize those

units (Example: I, Cz, Co ) where it can separate the modifier from the basic character.

However in case of other modifiers (Example: T, o, ¢, ¢, (o, ¢ ) it is not possible for
separating modifiers from basic character using any vertical box. In such cases Tesseract failed
to recognize them because it was unable to identify the bounding box for modifier and basic unit.

This observation motivates us towards approach-2 which we will discuss next.
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Approach-2. Train dependent modifiers combined with the basic units.

To overcome the error occurred in approach-1, it is necessary to train all possible
combinations of the modifiers with basic characters. An example of few training units with

modifier is shown in Figure 5.

" | Bangla Characters All Combinations - Notepad
File Edit Format View Help

FPEPE TP (P (P (P
LA YLy L
51911 51 511 @3 91 5 (51 C51 Co11 (N
o R Y Y g (T (= (|

& 1 1% Bl © (8 81 (&
GOIEBI G (6 (6 (61 (Bl

RRRRARRR R (R (R (R
G 1 G G 6 G (G 08t (T (G

Figure 5: Dependent modifiers combined with the basic units

So, in the final training data set will consist of the following combinations:
* All vowels, consonants and numerals
* Consonants + vowel modifiers
* Consonants + consonant modifiers
» Combined consonants (compound character)
» Compound characters + vowel modifiers

» Compound characters + consonant modifiers

Following approach-2 the total amount of training data units will be around 3200. We choose the

most popular font “Nikoshban” because it is widely used for official documents.
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4.3 Training Procedure for Bangla for Tesseract OCR Engine

A detailed description of the training procedures has been demonstrated in different sub-sections:

4.3.1 Generate Training Images

We prepared a UTF-8 text file (input.txt) containing our training text according to the
above mentioned approach-2. Now on jTessBoxEditor-1.7.3, we convert the text file (Bangla
Character all combination.txt) into TIFF image shown in Figure 6. We will need the image file to

create box files in the next step.

| £ TessBoxEditor
File Settings Tools Help
Trainer Box Editor TIFF/Box Generator

[] text2image Input Output |C:\Users\WorkSpace\Desktop o | |ben nikoshban.expd. tif MikoshBAN 14pt

GEIFTTCHI TS FTLIATED
REARLEICEA®LY aamﬂr@
AIIAHINITCL IR 5
a?aﬁﬁ?é?rg?aj@@ﬁafm@ﬁ

Qo YA Yy @ el

of #fT fot 217 o] o o ¢t Cof ot ¢om

IO A gY@

© el fe &g © Ce cel (&

Figure 6: Generate Training Images
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4.3.2 Prepare box file

A box file contains necessary information about the bounding box of each character.
Each box has an x- and y-coordinate, a width and height and the character which has been
recognized in the. Tesseract has built in tool to create box information from an image which
create box file which is designed for English characters. In this case it produces results which is
not appropriate in some cases and needs manual editing like merging two boxes for
vowel/consonant with modifiers and compound characters, edit box height and width in case it
fails to capture the character in the bounding box. To make this easier, several tools are
available. These tools are called “Tesseract box editors”. To handle this issues we used
jTessBoxEditor-1.7.3 to create box files shown in Figure 7. It is important to note that the
encoding of the text files to produce box files needs to be UTF-8 otherwise the converter will not

be able to read the Bengali text.

|2 jTessBoxEditor - ben.nikoshban,exp0.tif
File Edit Settings Tocls Help
Trainer Bex Editor  TIFF/Box Generator

Open Save Reload Merge Spiit Insert Delete Character X 0|y olw| ozilH
Box Coordinates Box Data Box View
Char X Y Width Height
100 6| 35 2 |
47 1] 46 7
3 5| 20 | 46
44 5 32 | 43
B IETTHqE e 3@ AATE
SEAEANIERER EiIRicgichi et AR b k=g 2
g 21 6| 24 2

463 | 109 29 43
511 | 117 26 27

RlciucciobivioRicRilakiliikals S

691 | 111 26 37
727 | 116 29 32
17 24 28

LR NRHEAMNIAR LD L o8 @
86 | 207 35 32
6 | 207 37 32

196 2 39
196 2 38

e salalsakisdhdIsdsaAsalsal
-
e ki<l

Page: 1of 10 4 ¥

SIEISIESISS]

-
o
I_H_H_HIIIIIIIIIII\I\I\I\I\I\I\HHHH_H_H_H_H_H_H_H_H_H_HIII‘IIIIII\I\I\I
~
3
=}

Figure 7: Preparing box file
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Figure 8 shows the output of completed box files

Name Date Type Size Tags
| | ben.nikoshban.exp0...  12/10/2017 1:22 PM BOX File N7 KE
=i ben.nikoshban.expl 12/10/2017 1:22 PM TIF File 1,148 KB

Figure 8: Completed box file

Figure 9 shows the contents of a sample box file for different characters

Figure 9: Contents of a sample box file

4.3.3 Prepare Training file

In this step, for the tiff image and box file, we ran Tesseract for training. The output is a
* tr file which contains the features of each character of the training page shown in Figure 10.

This files contain the shape information of given characters.

-~

MName Date modified Type Size

|| ben.nikoshban.exp0.tr 12/10/2017 1:44 PM TR File 10,018 KB

Figure 10: Prepare Training file
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4.3.4 Prepare character set file

Tesseract needs to know the set of possible characters it can generate as output. For this
reason, it requires a file named unicharset. This program takes the *.box files as input. This will

generate file *.unicharset file shown in Figure 11.

Mame Date modified Type Size

|| unicharset 12/10/2017 1:44 PM  File 244 KB

Figure 11: Prepare character set file

4.3.5 Set Font properties

Create a new file with the properties of the font we are using. Syntax of the command is:
“fontname italic bold fixed serif fraktur”. These are all simple 0 or 1 flags indicating whether the

font has the named property shown in Figure 12.

MName Date Type Size Tags
|| ben.font_properties 12/10/2017 1:22 PM FONT_PROPERTIE... 1 KB
1| ben.font_properties - Notepad - O *

File Edit Format View Help

nikoshban © @ © © © =

Figure 12: Prepare font properties file

4.3.6 Clustering

When the character extraction features like creating *.box, *.tr, *.unicharset etc are done,
we need to cluster them to create the prototypes. The character shape features can be clustered

using the shapeclustering, mftraining and cntraining programs shown in Figure 13.
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MName Date Type Size Tags

| | ben.font_properties 12/10/2017 1:22 PM FONT_PROPERTIE... 1KB
| | ben.frequent_words_list 12/10/2017 1:43 PM FREQUENT_WOR... OKE
| | ben.inttemp 12/10/2017 1:45 PM INTTEMP File 13,454 KB
| | ben.nikoshban.exp0.box 12/10/2017 1:22 PM BOX File 17 KB
5| ben.nikoshban.expl 12/10/2017 1:22 PM TIF File 1,148 KB
| | ben.nikoshban.exp0.tr 12/10/2017 1:44 PM TR File 10,018 KB
| | ben.normproto 12/10/2017 1:46 PM NORMPROTO File 300 KB
| | ben.pffmtable 12/10/2017 1:45 PM PFFMTABLE File 43 KB
| | ben.shapetable 12/10/2017 1:45 PM SHAPETABLE File 42 KB
| | ben.unicharset 12/10/2017 1:45 PM UNICHARSET File 244 KB
| | ben.words_list 12/10/2017 1:43 PM WORDS_LIST File OKB
| | unicharset 12/10/2017 1:44 PM File 244 KB

Figure 13: Clustering

4.3.7 Prepare dictionary data

Tesseract uses 3 dictionary files for each language. Two of the files are coded as a
Directed Acyclic Word Graph (DAWG), and the other is a plain UTF-8 text file. To make the
DAWG dictionary files we used wordlist2dawg program in tesseract. We collected a list of
frequent word list that are present in our dataset for achieving better accuracy and another list of
common words. Using the word list and the frequent word list we generate the dictionary files
freq-dawg and word-dawg. The freq-dawg file contains around 1200 general random Bengali

words and the word-dawg contains around 300 common Bengali words.

4.3.8 Combining

In the last step we combine all the files shown in Figure-13 and created the *.traineddata

file. Combined training data file named “ben.traineddata” shown in Figure 14.

MName h Date medified Type Size

| | ben.traineddata 12/10/2017 1:46 PM TRAINEDDATA File 14,081 KB

Figure 14: Combining
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4.4 Pre-processing the Document Image

Pre-processing of scanned document or color image is required before applying Tesseract
OCR. The accuracy of the output will also depend on the quality of input images. If the input file
is a photo taken by a camera, it is important to check if there is noise. If there is noise, it will
cause trouble for the OCR to give accurate results. If the input file is generated by scanning a
document, it is likely to produce better quality outputs though it requires pre-processing. Also,
the resolution of the scanned file should be minimum500 pixels. Some tested pre-processing

steps are discussed below.

4.4.1 Noise removal

Noise can be produced in time of scanning. There are various types of noises like
Gaussian noise, Poisson noise, Speckle noise, Salt and Pepper noise and many more are in digital
images. In case of Bangla, we cannot eliminate wide pixels from upper or lower portion of a
character because it may not only eliminate noise but also the difference between two characters

like \b and \U and for some other characters. Some techniques for noise removal are given below:

e The commonly used approach for noise removal is to low pass filter the image and to use
it for later processing. The objective in the design of a filter is that it should remove as
much of the noise as possible while retaining the entire signal.

e At the same time, mixed noise of Gaussian and impulse cannot be removed by
conventional method. Total Variation regularization process can remove these two types
of noise based on PSNR (Pick Signal to Noise Ratio) and subjective image quality. The
main advantage of this method is it can eliminate mixed noise efficiently & quickly.

e Dots existing in a character like D may be treated as noise. To solve this problem first
have to estimate the size of the dots in each region of the text. Then the minimum size of
dots in each region is estimated based on the estimated size of dot in that region.

e To remove background noise statistical analysis can be used. For other type of noise
removal and smoothing, wiener and median filters can be used.

e Connected component information is found using boundary finding method (such as edge

detection technique). Pixels are sampled only where the boundary probability is high.
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This method requires elaboration in the case where the characteristics change along the

boundary.

4.4.2 Gray Scale Conversion

A grayscale image is simply one in which the only colors are shades of gray. The darkest
possible shade is black and lightest one is white. Intermediate shades of gray are represented by
equal brightness levels of the three primary colors (red, green and blue) for transmitted light. The
brightness levels of the red (R), green (G) and blue (B) components are each represented as a
number from decimal 0 to 255. For every pixel in a red-green-blue (RGB) grayscale image, R =

G=B.

In image processing, color increases the complexity of the model. So to solve this problem
grayscale is used. Gray scale reduces complexity: from a 3D pixel value (R, G, B) to a 1D
value. In optical character recognition grayscale is a very important topic. There are two ways to

convert a color image into grayscale image.

e Average method

e Weighted method or luminosity method

Wﬂaﬂwﬁmﬁﬁwﬁw
EUIE T CeEACITRIN

Figure 15: RGB to Grayscale conversion

In this project we used the second one as shown in Figure 15, weighted method or luminosity

method. We implemented this using java programming language. As we know red has more
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wavelength then other two colors (green and blue), on the other hand green is the color that has
not only less wavelength then red color but also green is the color that gives more soothing effect
to the eyes. So, we have to decrease the presence of red color, and increase the presence of the

green color, and keep blue color in between these two.
The equation is: Grayscale image = ((0.3 * R) +(0.59 * G) + (0.11 * B))

As per the equation, Red has contributed 30%, Green has contributed 59% and Blue has

contributed 11%. So, here is the color image that has been converted to grayscale.

4.4.3 Binarization Method

Global Fixed Threshold: The algorithm chooses a fixed intensity threshold value I. If the
intensity value of any pixel of an input is more than I, the pixel is set to white otherwise it is
black. If the source is a color image, it first has to be converted to grey level using the standard

conversion. Implementation is shown in Figure 16.

Wwwﬁmﬁﬁwﬁm
EUIE T CeEACITRIN

Wﬂwwmﬁﬁwﬁmﬁ
¢ W3 SNFCRHET ofkTe

Figure 16: Grayscale to Binarization
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CHAPTER 05

Experiment Results

The OCR Engine needs a library file called ‘traineddata’ to process the character
recognition part. This file is concatenation of several other files that we have created in our
implementation phase. As we have successfully created our own Tesseract OCR compatible
trained data named “ben.traineddata”, now we can use that for testing on different images using
Tesseract OCR engine. Here we have tested different type images for example: black and white
clear image, scanned documents, newspaper cutting, color image, book cover etc. Below

discussed the experiment results.

5.1 Performing Recognition using Tesseract engine

We installed Tesseract in Windows Operating System. Google provides an installer of
Tesseract with built-in English traineddata. After installing a folder named ‘Tesseract-OCR’ was
created in the ‘Program Files’ folder. When the library file for Bangla “ben.traineddata” is put
into a specific location called “tessdata”, Tesseract can access it for performing character
recognition. There is no user interface for Tesseract. So, we needed to use the command line to
run it. We used the following commands shown in Figure 17: “tesseract test.jpg output -1 ben -

psm 1

Command Prompt

t -1 pen -psm 1

) for 1875124 b but using orientation anyway: @

Figure 17: Tesseract processing using command prompt
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Then we implemented Tesseract OCR on Netbeans IDE using the built-in exec method in

java. Figure 18 shows a screenshot.

Figure 18: Tesseract processing using NetBeans Java
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5.1.1 Experiment on single line text image

Figure 19 shows the input image that contains a single line text and output result. For

good resolution black and white image it produces very good accuracy.

(OGR! Seoe A e

Output Result

File Edit Format View Help

(ST G S ]

Figure 19: Experiment on Single line text image
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5.1.2 Experiment on multiple line text image

Figure 20 shows the input image that contains multiple line text and output result. One

error detected in the output and marked as red. Also the output is left justified.

Input Image

S TN A
wifsy corE it |
CSTIF TS,
I @Yt S A |

@l
FIICH (19 IS 90
it Aot 9,
w7 =1, 2F R-
|,
ST (O 4l (TS
ify ot el wgg gl o

It oot [ = (e,
I (TR, I T (oA-
JI Sive =iz

F{Eﬁﬁ{mwl

T, (O CLF AN
S FICT we
I W,
W 2w, T @&-
N, (O Wi e g
@,
S T e i |

Output Result

" output - Motepad
File Edit Format View Help

SN CTE J18a,
WIS (OTNT Ol |
(TN 19T,

ST SATCT TG A | |

87,
1RSI (OTF SICNF 0N
HIT AT B,

Wi =, =0 &-

87,

SN O O (5F(©

I Pt (Tl NYF =T | |

JI (AT, BRI (9T,
B (N, I W 51-
Jl W5 [Rgag
EICERGH

R P A |

AT, (ol Y- 911
ST PICH <1051
ECIGRATS

R =, =¥ -

W, (O IR WfeTw =t
87,

W T G ©1 |

Figure 20: Experiment on multiple line text image
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5.1.3 Experiment on paper cutting

Figure 21 shows the experiment on old paper cutting and output result.

Input image Converted to Grayscale Binarized image

SRR R
IR KT R RaIR
RCASERISIE
RO ER DI

Output Result:

3 cutput - Motepad
File Edit Format View Help

SRIAF TN
WA S ST
SRIAF TN
FIANOF STy

Figure 21: Experiment on paper cutting
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5.1.4 Experiment on scanned document

Figure 22 shows the scanned input image that contains multiple line text and output

result. The image is converted to grayscale and then converted to binarized image demonstrating

pre-processing steps.

Input image

Converted to Grayscale

QG YRR [FPTa goled SIS

¢ Wb INFCHER o

Binarized image

e

7 NEOITCEd Rers qeifed sfewat
R E R RS S ERCIRRIN

Output Result

_| output - Notepad

File

Edit Format View Help

IS NFETd [IFvq gIfod SforErs
8 WI2fH 2NFOIIOET O[T,

Figure 22: Experiment on scanned document
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5.1.5 Experiment on book cover

Figure 23 shows the color book cover input image that contains multiple line text and

output result. The image is converted to grayscale and then converted to binarized image

demonstrating pre-processing steps.

Input image

Converted to Grayscale

Binarized image

JER RS
R EARIEES

o]

RIECAw s

Output Result

File Edit Format View Help
R SR
AR[NHAP

SRR PR

Figure 23: Book Cover
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5.1.6 Experiment on multiple color text book cover

Figure 24 shows the book cover page as input image that contains multiple color text and
output result. The image is converted to grayscale and then converted to binarized image

demonstrating pre-processing steps.

Input image Converted to Grayscale Binarized image

o AT
| [< < ;\%IT‘*% Tl oE
AT TR

Output Result

File Edit Format View Help

(RIGRS
S BIME
BN EEENGIPY

DIEN LRUERE|

Figure 24: Experiment on multiple color text book cover
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5.2 Post Processing

After recognition process, remain step is post processing. For some images the output is
not 100% accurate. Sometimes the recognized character does not match with the original one or
cannot be recognized properly. To solve this post processing steps include spell checking, error

checking, and text editing etc. process.
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CHAPTER 06

Conclusion and Future Work

6.1 Conclusion

A lot of implementation yet to be done to make this a complete Bangla OCR. We have
already completed working with only one font but this is not enough. It has got its limits, if there
are texts of other fonts available in the input image, the OCR may mismatch to some extent and
produce error results. At different stages we tested several methods and choose the appropriate
one for our purpose. A lot of methods failed and produced errors. We went through a lot of trial
and error processes to find out which will be the best method to prepare training data. Lots of
efforts have also been put together in modifying the box files. Proper identification of the errors
helped us to take right decisions to correct those errors at different stages. This project will be

open for general purpose use after adding further improvements.

6.2 Future Work

There is a vast area of research on Bangla Character Recognition. Complex character
based language like Bangla needs deep research to meet its goal. We have already completed
working with only one font with accuracy of 95% but this is not enough. Though it is not quite
possible to implement all fonts of Bengali language to the OCR due to execution speed
limitation, we would like to implement at least ten most popular, widely used fonts to our OCR.
This Tesseract engine can work to its full potential provided the library file is accurate and rich.
Now we would like to create bigger dataset and better Tesseract trained data combining a lot of

Bangla typefaces and styles. Also large amount of word list is needed to make it even better.
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