Final Report

on
Nepali Optical Character

Recognition
NepaliOCR

Submitted To
Mr. Bal Krishna Bal
Project Manager
Madan Puraskar Pustakalaya
&
Mr. Prajwal Rupakheti
Project Supervisor

Submitted By:
Bishnu Chaulagain
Brizika Bantawa Rai
Sharad Kumar Raya

Submitted On
July 29, 2009




ABSTRACT

This report consists of the basic description of Nepali OCR, a software system. It also
briefly deals with the uses of available Tesseract engine in our project. The work of
segmentation that has been carried out till date is trained using Tesseract.

During the research phase, accessible papers on existing OCR systems like Bangla,
Hindi (Devnagari), relevant to our project, have been reviewed and summarized in this
report.

A working fragmenter along with its Graphical User Interface was being achieved during
this three months internship period.
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1.0 INTRODUCTION

Optical Character Recognition, usually abbreviated to OCR, is the mechanical or
electronic translation of images of handwritten, typewritten or printed text into machine-
editable text. The images are usually captured by a scanner. However, throughout the
text, we would be referring to printed text by OCR. Data Entry through OCR has faster
speed, more accuracy, and generally more efficiency than keystroke data entry.

1.1 Types of OCR
Basically, there are three types of OCR. They are briefly discussed below:
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1.1.2

1.13

Offline Handwritten Text

The text produced by a person by writing with a pen/ pencil on a paper
medium and which is then scanned into digital format using scanner is
called Offline Handwritten Text.

Online Handwritten Text

Online handwritten text is the one written directly on a digitizing tablet
using stylus. The output is a sequence of x-y coordinates that express pen
position as well as other information such as pressure (exerted by the
writer) and speed of writing.

Machine Printed Text

Machine printed text can be found commonly in daily use. It is produced
by offset processes, such as laser, inkjet and many more.

1.2 Uses of OCR

Optical Character Recognition is used to convert different types of documents, such as
scanned paper documents, PDF files or images captured by a digital camera into editable and

searchable data.

The OCR technology can also be used for the following purposes:

a. Processing checks

b. Documenting library materials

a. Storing documents, searching text and extracting data from paper based documents

1.3 Benefits and Pitfalls of OCR
Every coin has two parts; so does the OCR technology. The following are the benefits of

OCR:




a. It can be used to scan and preserve historical documents.
b. It can be used to convert scanned documents into searchable text.
c. Itcan be used in obtaining the scanned data at the minimum time, with greater ease.

The pitfalls of OCR have been listed below:

a. 't doesndt wo r Havingfentsize lessthan 10mat er i al s

b. Itis useless in taking the proper threshold value. It may end up losing the necessary
pixels.

c. Itisdifficult to take the scan sample of the forms which includes lots of boxes.

1.4 Current state of OCR technology

The accurate recognition of Latin-script, typewritten text is now considered largely a
solved problem. Typical accuracy rates exceed 99%, although certain applications
demanding even higher accuracy require human review for errors. Other areasd
including recognition of hand printing, cursive handwriting, and printed text in other
scripts (especially those with a very large number of characters)--are still the subject of
active research.

Optical Character Recognition (OCR) is sometimes confused with on-line character
recognition. OCR is an instance of off-line character recognition, where the system
recognizes the fixed static shape of the character, while on-line character recognition
instead recognizes the dynamic motion during handwriting.

Recognition of cursive text is an active area of research, with recognition rates even
lower than that of hand-printed text. Higher rates of recognition of general cursive script
will likely not be possible without the use of contextual or grammatical information. For
example, recognizing entire words from a dictionary is easier than trying to parse
individual characters from script. Reading the Amount line of a cheque (which is always a
written-out number) is an example where using a smaller dictionary can increase
recognition rates greatly. Knowledge of the grammar of the language being scanned can
also help determine if a word is likely to be a verb or a noun, for example, allowing
greater accuracy. The shapes of individual cursive characters themselves simply do not
contain enough information to recognize all handwritten cursive script accurately (greater
than 98%).

It is necessary to understand that OCR technology is a basic technology also used in
advanced scanning applications. Due to this, an advanced scanning solution can be
unique and patented and not easily copied despite being based on this basic OCR
technology.

For more complex recognition problems, intelligent character recognition systems are
generally used, as artificial neural networks can be made indifferent to both affine and
non-linear transformations.




2.0 LITERATURE REVIEW

Our project on Nepali OCR is basically in the field of research. To gain better
knowledge, techniques and solutions regarding the procedures that we want to follow, we
studied the various research papers on existing OCR systems. These papers are much
more relevant with our project. All these study helped us with clarifying our target goals.
Some of the OCR techniques and knowledge that we became familiar with are discussed
briefly in this Literature Review section.

The basic steps involved in Optical Character Recognition are [13]:

Image Acquisition
Preprocessing

Document Page Analysis
Feature Extraction
Training and Recognition
Post Processing

" Image

Pre processing

ok wnpE

Document
page analysis

~Traine

and Recognition

Post Processing

Figure 1: Steps involved in OCR

2.1 Character Segmentation Algorithm:
The segmentation process consists of two distinct stages [10]:

Stage I: Preliminary Segmentation of Words

- When horizontal projection is computed, the row containing maximum number of
black pixel is considered to be the header line. Thus, the header line is computed,
denoted by hLinePos.

- A vertical projection is made of the given image starting from hLinePos to the bottom
row of the word image box. The columns with no black pixels are treated as
boundaries. Thus, the character/symbol box can be separated.

- When a vertical projection of the image starting from the top row of the image to the
hLinePos, the column that has no black pixels is used as delimiter for the extraction
of top modifier symbol boxes.




Stage I1: Segmentation of Conjunct/Touching Characters

For conjunct/touching characters, an outer boundary traversal is initiated from top-left
most black pixel image of the image. If the image contains a conjunct, the right-most
pixel visited will be on the right boundary. A conjunct is segmented vertically at an
appropriate column.

Collapsed Horizontal Projection: [10]

1 If there endsts an 1,6 = 1,..., W
CHP(E) = such that Imagelk, i = 1
0 otherwise
The collapsed horizontal projection is defined as {HP(k),k = 1,2,...,H} where HP(K)
records the presence of black pixels in each horizontal row and H is the height of the
image.

Continuity of the Collapsed Horizontal Projection:

We scan collapsed horizontal projection HP(K) in the sequence HP(1),HP(2),...,HP(W)
and record the position of first row containing a black pixel; let this position be i. We
continue the scan and record the position of first row containing no black pixels; let this
position be j. We continue the scan and the collapsed horizontal projection {HP(k),k =
1,2,...,W} has no discontinuity if all the rows below j contain no black pixels or j is the
boundary row. The difference j i+1 is referred to as height of the projection.

2.2 Preprocessing Steps:
The following are the preprocessing steps that act as inputs for techniques like
Kohonen Neural Network, Hidden Markov Models, etc:

2.2.1 Data Collection

The printed character is taken for raw data. The input data is first resized to 250*250
pixels to satisfy the procedure, regardless of whether the image is of single character or a
word. It should be noted that no skew correction was done, ensuring that the scanning
process is of high quality.

2.2.2 Image Processing

The images which are generally in RGB form are converted into Binary image. The
conversion procedure of RGB to Grayscale and then Grayscale to Binary takes place
using the Otsu algorithm.




2.3 Kohonen Neural Network
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Figure 2: Character Recognition Procedure using Kohonen Neural Network

The steps and procedure for character recognition using Kohonen network has been
described below [6]:

2.3.1 Feature Extraction

Feature extraction is the most important part of the character recognition procedure. Here,
vectors are created from a binary image. Each group finds and defines the probability of
making squares based on the majority of its pixels combination. Then the whole image is
mapped to a sampled area and thus we find an abstract of that image, reducing the pixel
of the image. The sampled area forms vector for that particular image.

2.3.2 Recognition Procedure

All the preprocessing stages were carried out to make it simple and acceptable in

Kohonen Network. Kohonen Neural Network is the simplest network with only two

layers of neurons - one input and another output. Given an input pattern to recognizing,

only a single neuron is selected as the fw
Kohonen Network.

2.4 Hidden Markov Models

Hidden Markov Models (HMM) is widely using in developing continuous speech
recognition (CSR) technology which has several useful aspects, including language
independent training and recognition methodology; automatic training on non-segmented
Data; and simultaneous segmentation and recognition [4]. However, other applications
including speech synthesis, character recognition and DNA sequencing are also using
HMM. We use the concept of applying HMM Technique for speech recognition into our
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training and recognition methodology of OCR where the similar approach is used in
some research of building language independent OCR system and high accuracy offline
cursive handwriting recognition. We follow the concept of Speech Recognition where
each word is considered as a single unit to be recognized from a sentence uttered. In our
approach, we create a model for each individual character or word where the character is
considered as a word only at the time when it segmented separately from a segmented
line at the time of recognition.

2.4.1 Feature Extraction using HMM:

Feature extraction is performed after preprocessing steps and framing are done
successfully. We use Discrete Cosine Transform (DCT) calculation on each individual
pixel of each frame and modify the pixel value in each frame accordingly. These newly
calculated pixels value will be considered as discrete probability distributions which will
be given as input parameter to each HMM model.

Discrete Cosine Transform converts a continuous signal into its elementary frequency
components, and as such, closely related to the Discrete Fourier Transform (DFT). The
DCT of an image can represent it as a sum of sinusoids of varying magnitude and
frequencies. Because the DCT of an mage captures the most visually significant
information in just a few coefficients, it is widely used in image algorithms such as
compression. DCT of an image is given by the following:

el (2m +1) (2n+1)g O0<ps<M-1
B m(dm+1)p n(dn+1)g =p=M —
qu—ozpn{qz ZAJHHCDS N0 COS ——55s ' 0<g<N-_1
m=0n=0
/M, p=0 {1/@, g=0
o = o ==
Pool/M, 1<sp<M-1 T |J2/N, 1<q=N-1

Where A and B are the input and output images of M rows and N columns respectively.
The DCT is a linearly separable transformation, so computing a two dimensional

DCT can be done with one-dimensional DCTs along each dimension.

2.4.2 Training and Recognition

For training, we have followed the Hidden Markov Model (HMM) model adopted from
the HTK Toolkit. During the training using the HTK tool kit involve the following
processes:

11



a) Data Preparation
b) Model Training
c) Pattern Recognition
d) Model Analysis

12



3.0 SEGMENTATION TECHNIQUES

Script segmentation is an important primary task for any Optical Character Recognition
(OCR) software. A big image of some written document is fragmented into a number of
small pieces through script segmentation. These small pieces are then used for pattern
matching to determine the expected sequence of characters.

3.1 Unique feature of Devnagari Script
Devnagari script has 11 vowels and 33 consonants along with 12 modifiers.

The direction of writing Devnagari script is from left to right in horizontally.

In Devnagari script, there is no distinction between Upper Case and Lower Case
characters.

91 Devnagari script has its own specified composition rules for combining vowels,
consonants and modifiers.

Figure 3: Consonants

1 Modifiers are attached to the top, bottom, left or right side of the other characters.

‘\Q}%‘w -

2oy

Figure 4: Modifiers
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Figure 8: Purnabiram

1 Devnagari script has a native set of symbols for numerals.

o § R 3 ¥ 4 § © ¢ % Ro

Figure 9: Numerals

3.2 Headline, baseline and three zones in Devnhagari

The Headline in Devnagari is the most dominating horizontal line in the text. For a large
number of characters (basic as well as compound), there exists a horizontal line at the
upper part called as Headline. The characters of a word are actually connected through
the Headline.

A text word may be partitioned into three zones. The upper zone denotes the portion
above the Headline (Dika), the middle zone covers the portion of basic and compound
characters below the Headline, and the lower zone may contain where some vowel and
consonant modifiers can reside. The imaginary line separating the middle and lower zone
may be called the base line.

Ascender  Core
| i

Headline | 5
\
N L I T
; - u o er Zone
Middle zone —= PP
A= «—— Lower zone

! N

/ s
Baseline Descender

Figure: Headline, Baseline and Three zones

3.3 Segmentation for Devnagari Script

Segmentation is a classifier which helps to fragment each character from a word present
in a given image / page. The objective of the segmentation is to extract each character
from the text present in the image. The process of segmentation mainly follows the
following pattern:

- First, it identifies the page layout
- After that, it identifies the line from the page

15



- ldentifies the word from that line, and

- Finally, identifies the character from that word.

Word E Character
)
- ittt g

yTolig® ATl GaH<cl "]
qigara [umofi g

» Page Layout

A

4
Line
Figure: Segmentation Procedure
Step 1: Line Segmentation

The global horizontal projection method computes sum of all black pixels on every row
and constructs corresponding histogram. Based on the peak/valley points of the
histogram, individual lines are separated. The steps for line segmentation are as follow:

- Draw the Horizontal Histogram for the image
- Using the Histogram, find the points from which the line starts and ends
- Find the gap between each line
This method has some drawbacks:
- It will not work on skewed texts
- It will not work on overlapping situations

To take care of above drawbacks, a modified piece-wise projection method has been used
here we assume that the document page is in portrait mode.

Step 2: Word Segmentation
- Draw the vertical histogram for each segmented line
- Using the Histogram, find the points from which the word starts and ends
- Find the gap between each word

Step 3: Character Segmentation

- Draw the horizontal histogram for each segmented line

16



- From the histogram, find the row which consist of maximum value

- The row which consists of maximum value of black pixel for each line is actually
the row which consists of AMattra

- Remove the Mattra of the line by turning the pixels of Mattra to white

- Draw the vertical histogram for each segmented word

- Using the histogram, find the points from which the character starts and ends
- Find the gap between each character.

Step 4: Maintain the data structure to feed the line, word and character boundaries such
that the character boundary could be sufficiently extracted from the image which is
required for the further training and recognition portion of the system.

Figure: Segmentation of Words into Components
Why Histogram?

From the review of various research papers, we concluded that it has been proven more
accurate for scripts similar to Devnagari (Nepali) script, such as Bangla and Hindi.

We know from the features of the script that there is space in between the words. By the
use of histogram, this enables easier boundary identification.

3.4 Convolution

Convolution, the mathematical, local operation is central to modern image processing.
The basic idea is that a window of some finite size and shape--the support--is scanned
across the image. The output pixel value is the weighted sum of the input pixels within
the window where the weights are the values of the filter assigned to every pixel of the
window itself. The window with its weights is called the convolution kernel. This leads
directly to the following variation on equation. If the filter h[j,k] is zero outside the
(rectangular) window {j=0,1,...,J-1; k=0,1,...,K-1}, then, using equation , the convolution
can be written as the following finite sum [16]:
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J-1 -1

clm,nl = alm,n]® Hmnl=3"3 Hj.klalm-j.n-k]

=t =i

This equation can be viewed as more than just a pragmatic mechanism for smoothing or
sharpening an image. Further, while equation illustrates the local character of this
operation, equations and suggest that the operation can be implemented through the use
of the Fourier domain which requires a global operation, the Fourier transform. Both of
these aspects will be discussed below.

Convolution technique has been used after the process of segmentation. During
segmentation, we encounter various local minima. If we fragment the word at each of
these local minima, we may end up segmenting the word itself at multiple unnecessary
places. This gives the output not as per our expectation. So, we can instead use
convolution techniques for the images. This gives us a smooth/refined boundary which
simplifies the identification and attainment of global minima. Thus, this will in turn
enable us to fragment at the required place with greater accuracy.

18



4.0 TESSERACT

4.1 Introduction and History

Tesseract is a free optical character recognition engine. It was originally developed as
proprietary software at Hewlett-Packard between 1985 until 1995. After ten years without
any development taking place, Hewlett Packard and UNLYV released it as open source in
2005. Tesseract is currently developed by Google and released under the Apache License.

Tesseract is a raw OCR engine. It has no document layout analysis, no output formatting,
and no graphical user interface. It only processes a_TIFF image of a single column and
creates text from it. TIFF compression is not supported unless libtiff is installed. It can
detect fixed pitch vs proportional text. The engine was in the top 3 in terms of character
accuracy in 1995. It compiles and runs on Linux, Windows and Mac OS X, however, due
to limited resources only Windows and Ubuntu Linux are rigorously tested by
developers. Tesseract can process English, French, Italian, German, Spanish, Brazilian
Portuguese and Dutch. It can be trained to work in other languages as well. . It can only
handle left-to-right languagessuch as our Nepali script. While we can get something out
with a right-to-left language, the output file will be ordered as if the text were left-to-
right. Top-to-bottom languages will currently be hopeless. Tesseract is unlikely to be able
to handle connected scriptdike Arabic. It will take some specialized algorithms to
handle this case, and right now it doesn't have them.

Tesseract is suitable for use as a backend, and can be used for more complicated OCR
tasks including layout analysis by using a frontend such as OCRopus. Further integration
with programs such as OCRopus, to better support complicated layouts, is planned.
Likewise, frontends such as FreeOCR can add a GUI to make the software easier to use
for manual tasks.

It runs from the command line, and may be called with the command.
tesseract image.tif output

Tesseract handles image files in TIFF format (with filename extension .tif); other file
formats need to be converted to TIFF before being submitted to Tesseract. It does not
support layout analysis, which means that it cannot interpret multi-column text, images,
or equations, and in these cases will produce a garbled text output.

The algorithms used in the different stages of the engine are specific to English alphabet,
which makes it easier to support other scripts that are structurally similar by simply
training the character set from the new scripts. However, for Brahmi family of scripts like
Bangla and Devanagari, one must also consider the issue of line and character
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segmentation, as well as how to create the training data. In-depth knowledge of
Devanagari scripts is necessary to integrate the recognition support for these scripts in
Tesseract

4.2 Data files required

To train for another language, you have to create 8 data files in the tessdata subdirectory.
The naming convention is language code.file_name Language codes follow the ISO 639-
3 standard [14]. The 8 files used for English are:

T tessdata/eng.freg-dawg

T tessdata/eng.word-dawg

T tessdata/eng.user-words

T tessdata/eng.inttemp

T tessdata/eng.normproto

T tessdata/eng.pffmtable

T tessdata/eng.unicharset

T tessdata/eng.DangAmbigs

inttemp, normproto, pfftable and unicharset must be created using the procedure
described below. If we are only trying to recognize a limited range of fonts (like a single
font for instance), then a single training page might be enough. DangAmbigs and user-
words may be empty files. The dictionary files freg-dawg and word-dawg don't have to
be given many words if we don't have a wordlist to hand, but accuracy will be lower than

if we have a decent sized (10s of thousands for English say) dictionary.

4.3 How does Tesseract work?

Outlines are analyzed and stored.

Outlines are gathered together as blobs (dot).
Blobs are organized into text lines.

Text lines are broken into words.

A

First pass of recognition process attempts to recognize each word in turn.
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8.
9.

Satisfactory words passed to adaptive trainer.

Lessons learned by adaptive trainer employed in a second pass, which attempts
recognize the words that were not recognized satisfactorily in the first pass.

Fuzzy spaces resolved and text checked for small caps.
Digital texts are outputted.

4.3.1 Processes Used

During these processes, Tesseract uses:

il
T

Algorithms for detecting text lines from a skewed page

Algorithms for detecting proportional and non proportional words (a proportional
word is a word where all the letters are the same width)

Algorithms for chopping joined characters and for associating broken characters

Linguistic analysis to identify the most likely word formed by a cluster of
characters

Two character classifiers: a static classifier, and an adaptive classifier which
employs training data, and which is better at distinguishing between upper and
lower case letters (for English).

4.4 Training Procedure

4.4.1 Generate Training Images

The first step is to determine the full character set to be used, and prepare a text or word

processor file containing a set of examples. [14]

Next print and scan (or use some electronic rendering method) to create an image of your

training page.

For the next step below, Tesseract needs a 'box’ file to go with each training image. The

box file is a text file that lists the characters in the training image, in order, one per line,

with the coordinates of the bounding box around the image.

Tesseract can be run on each of the training images using this command line:

tesseract fontfile.tif fontfile batch.nochop makebox
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To train a new character set, it is a good idea to put in the effort on a single font to get
one good box file, run the rest of the training process, and then use Tesseract in your hew

language to make the rest of the box files as follows:
tesseract fontfile.tif fontfile -1 yournewlanguage batch.nochop makebox

The process given below can be followed to make better training data for your own
language or subset of an existing language:
1. Filter the box files, keeping lines for only the characters you want.
2. Run tesseract for training (below).
3. Cat the .tr files from multiple languages for each font to get the character set that
you want.
4. Cat the filtered box files in an identical way to the .tr files for handing off to
unicharset_extractor.
5. Run the rest of the training process.
For each of your training image, boxfile pairs, run Tesseract in training mode:
tesseract fontfile.tif junk nobatch box.train

Tesseract can then recognize text in your language (in theory) with the following:

tesseract image.tif output -l lang

4.5 Limitations of Tesseract

Tesseract is an OCR engine, notamplete OCR program

Tesseract is an OCR engine rather than a fully featured program similar to commercial

OCR software such as Nuanceb6s Omnipage.
component part of other programs or systems. Although Tesseract works from the
command line, to be usable by the average user the engine must be integrated into other
programs or interfaces, such as FreeOCR.net, WeOCR or OCRpous. Without integration

into programs such as these, Tesseract has no page layout analysis, no output formatting

and no graphical user interface (GUI).
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5.0 BRIEF INTRODUCTION ON OCR
TOOL ON PROGRESS

5.1 Introduction

Perl stands for Practical Extraction and Reporting Language, and this relates to the
original development purpose, which was to process a large amount of textual report
information.

Perl is many different things to many different people. The most fundamental aspect of
Per | i s t-lewltprogramnding languagh wrigten originally by Larry Wall and
now supported and developed by a cast of thousands. The Perl language semantics are
largely based on the C programming language, while also inheriting many of the best
features of sed, awk, the Unix shell, and at least a dozen other tools and languages.

5.2 Main features of Perl
Perl is free.

Perl Is Simple to Learn, Concise, and Easy to Read.
Perl Is Fast

Perl Is Extensible

Perl Has Flexible Data Types

Perl Is Object Oriented

Perl Is Collaborative

ST Q - ® o o0 T ®

Similar Learning process as other Programming Languages, like C

ltds a Scripting Language

5.3 Downloading and Installing Perl

We can easily get Perl and download it since it is open source programming language.
www.perl.com is the best source to download it. We can use any Perl developing
application for simplicity such as Optiperl, Perl Express etc. along with this application
software we need a Perl interpreter i.e. Activeperl. After installing these things, your Perl
program is ready to run on your computer.

5.4 Why Perl in our project?

Since Perl is free, easy to learn and fast in performance we are using it. The interface
designing with Perl/Tk is simple and a creative task. The extensibility of its functionality
by calling other programming languages is the best feature that compelled us to use Perl
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in our project. We are trying to develop an interface that should be simple with embedded
other programming language files. So our choice for Perl seems to be the best decision.

5.5 Perl/Tk
The Tk module allows us to easily add a graphical interface to our Perl scripts and still
use allthefeat ur es t hat make Per | great . The tk e

standard distribution of Perl. You will need to get it separately from a CPAN site and
install it. After you install the tk module, you simply add use tk to the top of your
scripts.

The role of Tk is to make the process of designing a user interface significantly easier.
The core of the windowing system provides the methods and basis for simple operations
and events, such as opening windows, drawing lines, and accepting input and actions
from the keyboard and mouse.

Unlike today, creating even a simple on-screen element, such as a button or even a simple
text pane, originally involved hundreds of lines of code. The result was the development
of individual elements of a GUI environment called widgets. A single widget can define a
core element of the interface, such as a button, scrollbar, and even more complex
elements, such as scales and hierarchical lists, which them selves can be composed of
other simpler widgets

Because of the natural relationship between widgets and objects, developing GUIs within
a scripting language is incredibly easy, and Tk was originally developed in cooperation
with the Tcl language.

5.6 Installing Tk under Windows

The best way to install Tk under Windows is to use either the basic Perl Package
Manager (PPM) or the Visual Package Manager (VPM) that come with ActivePerl and
the Perl Development Kit respectively.

Within PPM, just typing the following command should be enough to download and then
install everything you need:

PPM> install Tk

5.7 Interface using Tk
AThi ngs should be made as IiSAlberfEineinas possi b

A simple interface is prepared to load the image file and the output Tesseract file that will
be loaded as the required output text. A simple interface is sufficient to get the editable
text as output. Due to the simplicity of the interface, any one can use it without any
difficulty.
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Nepali OCR (=13

This is Nepali OCR

Figure: GUI of Fragmenter

Train button imports the image file below the window and recognize loads the text file
into the text widget. It calls the Tesseract file which is the required file.

Nepali OCR

This is Nepali OCR

Fig: Image file is loaded
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Nepali OCR g@@

This is Nepali OCR

UAE HATAR
UAE HATAR
UAE AR

Fig: Text file is loaded in text widget.
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6.0 APPENDIX

ImageFragmenter fragmant il tha napali linss of taxt
3e a single row and stora avary singla
row of optical taxt ancapsulating it

in a singla alamant of RowFragmant
array

MNepalilmageFragmenter -
-RowFragmant arrgy — —
+HragmantRows() e Ganaratas tha componant
+ganarstaFragmantlmagss()| = 0 0 T T T T T —— = e e - - — — .| imagsas of all tha optical
charactar fragmants in tha
. imaga documant
CharFragementCom ponent
— ol po Ganarstas tha charatar
[pixs imaga from tha pixals
|-haight array R
|-ewidth PR
+ganarsta lmags() P -
RelativeFragmentComponent
-ralstiveRowPos
-ralstivaCaolPos >
-epacislSymbols
4
RowFragment
L Ganarata tha imaga of
tha individual linas of
aptical taxt from tha
pixal array
RelativeRowFragment ="
ralativeRowPos » o, -7
-ariginallmg =
-rowWVidth -
-FragmantComponamssTarmay
+ganaratalmg() Gaarastas all tha fragmants
+fragmantCaolumns() and ancapsulats it in
- - T ===—=—==—1 FragmantComponant
array

Figure: Architecture Diagram for Fragmenter
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7.0 CONCLUSION

The internship program was a great opportunity for us to experience the workings of software
industry and bring our four years of academics to practice. The three months period of internship
was very useful for learning the industry specific practices and standards. We are very confident
that this experience will be a great boost and help for our career ahead.

The internship period at Madan Puraskar Pustakalaya was a great learning experience with very
helpful project supervisors and project managers. Their evaluation and guiding helped us a lot to
learn and understand new techniques and methodologies. Overall, it was a great experience and
will greatly benefit us in our future.
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