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ABSTRACT

Optical Character Recognition is an area of research where a system is made to accept a
document image and convert it into ASCII code so that it will be easy for storage, reti;ieval,
and further processing. OCR helps to convert a bulk of information available on paper to
electronically processible format without human intervention -- saving time, money, and

labour.

Recently Optical Character Recognition for the Amharic Script has become an area of
research interest. Some developments have been made in recognizing characters with
specific typestyle, font, and font size. All the trials in this regard are on very high quality
laser printouts on white papers. In reality, however, most Amharic typewritten documents

that need to be converted into machine-readable format are typewritten and on non-white

paper.

In this study an attempt is made to explore the possibilities of developing an OCR system Jor
typewritten Amharic text. To this end, features of the typewritten Amharic characters are
thoroughly studied. Some algorithms for noise removal and segmentation are reviewed. These
algorithms are implemented to see their performance on typewritten Amharic text. Previous
algorithm implemented for recognition of Amharic characters is modified to incorporate the
specific features of typewritten Amharic characters. The segmentation and the noise removal
algorithms are integrated with this algorithm. The result is tested on typewritten Amharic
documents, and test results are presented. Recommendations are also drawn to point out
issues to be investigated further for the development of typewritten Amharic OCR system with

better performance.
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CHAPTER 1

INTRODUCTION

1.0 BACKGROUND

Optical Character Recognition (OCR) technology has been in existence since 1809 when the
first patent involving OCR was awarded. This was followed by the work of Carey where he
patented an image transmission system that used a mosaic of photocells in 1870. However,

the first modern practical OCR system was patented by Shepherd in 1951 (F. Schantz).

OCR is concerned with the automatic conversion of scanned and digitized images of
characters into their corresponding symbolic forms. The ultimate goal of OCR is to imitate

the human ability to read at a faster rate (Al-Badr and M. Harlick).

OCR comprises of procedures as scanning documents by scanning device, segmenting each
character in the scanned document, extracting features of a character which may help to
differentiate the character from others, and match these features to the ones already stored to
differentiate the character. In order to increase accuracy and capability of the OCR system
different pre- and post-processing algorithms such noise removal, form removal, skew

~ detection and correction, and other semantic approaches are also applied.

Thus deriving a useful representation optically from a scanned document require the
development and integration of many subsystems: such as noise reduction, character building,
line, word, and character segmentation, feature extraction, recognition, and other spell

checking and semantic approaches.



OCR takes input data in two forms - on-line and off-line. On-line data is captured by the
machine as it is written by the user using a special purpose stylus to write on a digitized
tablet. Off-line data on the other hand is written on a paper using a regular pen and then it is
digitized with a scanner (Scattolin, 1995). Here we are concerned on the recognition of off-

line data.

Off-line data capturing is usually performed by optical scanning. The result will be stored in a
file of picture elements called pixels. These pixels may have values OFF(0) or ON(1) for
binary images. At a typical sampling resolution of 300 dpi (dots per inch), an 8.5 by 11 inch
page would yield an image of 2550 x 3300 pixels (O'Gorman, 1996). This image takes up 8.4

megabits of memory (N. Srihari and K. Srihari).

Thus it is on this file, which is a collection of pixels, that an OCR technique will be applied to

change the image to machine readable text form.

There are many factors affecting OCR system. Some of them include: the mode of writing,
the condition of the input page, the printing process, the quality of the paper, the presence of

extraneous markings, and the resolution and quality of scanning (Al-Badr and M. Harlick).

According to Al-Badr and M. Harlick, in OCR systems that recognize degraded documents
and cursive scripts with connected characters, isolating each character for recognition will be
the major task of the system to which a sizable portion of processes is devoted, and a

considerable share of errors are attributed.



Nowadays there is much motivation to provide computerized document analysis systems.
Giant steps have been made in the last decade, both in terms of technology supports and in
software products. OCR contributes to this progress by providing techniques to convert large

volume of data automatically.

Ambharic, being the working language of Ethiopia, has been in use for over a hundred years.
Government offices, private enterprises, churches, museums, libraries, and individuals use
this language in printed and handwritten form. There are piles and piles of documents through

out Ethiopia written in this language - mostly typewritten.

In the information age we are in now, the recognition of these documents optically to
machine-readable form is a necessity for many reasons. To mention some:

e Possibility for further processing

e Fasy storage and retrieval

e Saving storage space

e Preservation etc.
1.1 STATEMENT OF THE PROBLEM

Studies in the area of Amharic OCR have started very recently. The Amharic system is
categorized as syllabary and it contains more than 300 symbols. The number of symbols and
the lack of standard interchange code like that of ASCII (American Standard Code for
Information Interchange) makes the development of Amharic OCR system difficult especially

for recognition algorithms (Worku, 1997).



In 1997 Worku Alemu, a SISA‘graduate, conducted a research on the application of OCR
techniques to the Amharic script. The scope of Worku's work was adopting previously
developed segmentation and recognition algorithms to the 33 base characters and their six
forms of the Amharic script. His character recognition took into consideration the normal

typestyle of WashRa font with 12 point size.

Worku successfully developed an algorithm which, for the main test (laser printouts of text
with normal typestyle of WashRa font, with 12 point font size), registered a 97.31% accuracy.

_HHe also tested the program with other test cases such as:
® Text from Addis Zemen where the text is printed with a different font than
WashRa and on a grayish paper
e Text from Ambharic fiction where the text is printed with a different font than
WashRa and on a grayish paper
e Text from the Nebar font of NCI written on white paper

e Text written with the bold style of WashRa font on white paper

and found the result shown in table 1.1 below.

Test Case Total Number of Number of Accuracy
Characters Errors (Percent)
Text from 'Addis Zemen' 860 618 28.14
Text from Amharic fiction 1194 290 78:15
Text from Nebar font of NCI 1995 492 75.34
Bold WashRa font 1064 12 98.87

Table 1.1 Test result of the main test case of Worku's adopted algorithm

The test results for the italicized text is not included in the table because it exhibited a very

poor performance (Almost 0%). This is because the segmentation algorithm segments a



character from an image line by looking for a white vertical line which is not there for

italicized text. Thus a word is segmented as a character.

In continuation to that of Worku's effort Ermias Abebe (1998), again a SISA graduate,

attempted to adopt pre-processing algorithm for thinning and underline removal.

In an attempt to justify this study, the researcher tested Worku's algorithm on typewritten

Ambharic text. The Results found are shown in the table 1.2 below.

Total Number | Number of Accuracy
Test Case of Characters Errors (Percent)
Mechanical Typewritten Text Page-1 | 363 338 8.26
Mechanical Typewritten Text Page-2 | 310 310 0
Electric Typewritten Text page-3 269 263 2.28
Electric Typewritten Text page-4 730 707 3.15

Table 1.2 Test results of Worku’s adopted algorithm on typewritten Amharic text

From the result we can see that the accuracy of the recognition is very poor.. The reasons for
this could probably be attributed to:
1. The recognition algorithm is highly feature sensitive.
2. The printed outputs from the mechanical Amharic typewriters that have been
in use are mostly of poor quality.
3. Itis very common to see touching characters, loops filled in black (caused by
dust filling the hole of the print head of the machine), and broken characters in
degraded background paper.

4. Typewritten characters were not considered in the construction of Worku's

binary tree in the development of his OCR algorithm.



The above mentioned reasons will make it very hard for the character segmentation, thinning
and recognition algorithms developed earlier to function as desired on typewritten Ambharic

text.

Therefore it is the purpose of this study to explore different pre-processing algorithms from
literature, such as image enhancement and character building, incorporate the adopted one
with previously developed segmentation and recognition algorithms, and test the resulting

program on typewritten Amharic characters.

1.2 JUSTIFICATION OF THE STUDY

Nowadays the need for the use of information technology in information storage, processing,
and retrieval is becoming unquestionable. In this regard, the task of converting the existing

printed information into machine-readable form could be done by using Optical Character

Recognition (OCR).

The potential application of OCR systems is endless,
® saving space

helping the blind to read, that is once the text is recognized it could be printed

using braille printer,

e automating offices,

archiving and retrieving text,
e sorting mail, etc.

Ethiopia can take her share of these advantages by developing Amharic OCR systems.



servants in the country, including Eritrea. That same year 139,080 incoming letters and

55,212 outgoing letters have been registered.

The Federal Civil service Commission did not have even a single computer in 1983 E.C.. That
is all the outgoing correspondence letters, since its establishment in 1962, were written using
mechanical typewriters. More or less similar situations exist in other government

organizations.

After the fall of the derg regime, the civil service administration was decentralized and every
region became autonomous and started to administer their civil servants. The number of files
and correspondence letters decreased as well. In 1989 E.C. 206,410 files, 48,901 incoming
letters, and 19,461 outgoing letters are registered. In 1990 E.C. 199,411 files, 49,082

incoming letters, 19,197 outgoing letters are registered.

Thus if automation of any institution in Ethiopia is needed and an Optical Character
Recognition software is sought for converting existing documents into machine readable

form, then it should recognize documents printed using mechanical typewriters.

1.3 OBJECTIVES OF THE STUDY

1.3.1 General Objectives

The general objective of this study is to review the earlier works in Amharic OCR and also
new developments in OCR technology in order to investigate the possibilities of developing

an algorithm for typewritten Amharic OCR

& ‘e



1.3.2 Specific Objectives

The specific objectives of this study, which will enable the researcher to achieve the general

objectives are:

1. To study the different characteristics of the typewritten Amharic characters.

2. To review literature on the different algorithms and techniques that are employed
for pre-processing activities in Optical Character Recognition

3. To select an appropriate image enhancement and character building algorithm that
will reduce the noise in typewritten Amharic text documents, and customize it with
the previously developed programs.

4. To develop a program of the selected algorithm using Microsoft Visual C++.

5. To test the performance of the program with the typewritten Amharic characters.

6. To draw up recommendations for further study.

1.4 METHODS

To come up with a successful research output, the following methods were employed.

1.4.1 Literature Review

Relevant materials concerning Optical Character Reéognition in general and pre-processing

activities in particular were dealt with thoroughly from different sources such as books,

journal articles, the Internet, etc. Documents concerning the Amharic characters, especially

outputs of that of the Ambharic typewriters are also reviewed.



1.4.2 Programming Technique

Prototyping approach was used in the course of developing the program. The programming
language that will be used to develop the programs is Microsoft Visual C++ version 6.0. This
is because:
e This program will be part of other programs previously developed by
Worku (1997) and Ermias (1998) that used turbo C++ for Windows for their
development.
* It has rich built-in graphics facilities which enabled the researcher to get
close to the digitized image of the document.

e It supports object-oriented approach.

1.4.3 Testing Technique

A test case was prepared composed of sample pages taken from typewritten Ambharic
documents fo test the selected algorithms. For this purpose a set of Ambharic text that is

extracted from an Amharic newsletter is used.

These documents were typed using an Ambharic typewriter. Then they were scanned and
digitized before being fed to the algorithm developed. From the output of the experiment

conclusion and recommendation for further research were drawn.

1.5 SCOPE OF THE STUDY

The purpose of this study is recognition of typewritten Amharic characters. Basically it is
aimed at developing a segmentation algorithm to segment an Amharic character from a

document and forward the result for recognition. Thus, since the previously developed



recognition algorithm works for the 33 base characters and their six forms, this study is also

confined to those characters printed with mechanical typewriters.

1.6 ORGANIZATION OF THE THESIS

This thesis is organized into five chapters. The first chapter introduces Optical Character
Recognition and states the statement of the problem, the justification for this study, the
objectives, the methods used and the scope of the study. The Amharic language and the
introduction of mechanical Amharic typewriters along with the development of Amharic OCR
systems are discussed in chapter 2. The third chapter dealt with some algorithms of Noise
removal and character segmentation. The experimentation of this study is dealt with in
chapter 4. The conclusions and the recommendations of this study are summarized in chapter

3.
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CHAPTER 2

LITERATURE REVIEW

2.0 INTRODUCTION

As indicated in the previous chapter the purpose of this study is to test a noise reduction and
segmentation algorithm and integrate the result with previously developed pre-processing and

recognition algorithms, and test it on typewritten Amharic text.

The research on Amharic OCR began recently when Worku (1997) adopted segmentation &
recognition algorithms for the Ambharic script. In continuation to Worku’s effort Ermias
(1998) worked towards recognizing formatted Ambharic text (text in different font sizes, and

features such us italic and underline).

In this chapter the Ambharic script and the introduction of the Amharic typewriter to Ethiopia

is discussed along with the development of Amharic OCR.

2.1 THE AMHARIC LANGUAGE

The major tool for transferring knowledge to future generations is writing. Writing started
before the birth of Christ. The first writing system used pictures and symbols (picture-
writing) for representing information. The Egyptians used picture-writing on monuments in

3000 BC. This writing was known as Hieroglyphic and later at about 2300 BC, it was

12



developed and represented as phonetical writing (Tonne, et. al., 1965:77 as quoted by

Girmayesus (1995).

Amharic language started to be used in Ethiopia as early as the 14th century, although the
language of literature at that time and until the 19th century was Giiz, from which Amharic
evoluted. Amharic is only recognized as a medium of literature beginning the middle of the

19th century (Ermias 1998).

According to Worku(1997) the current form of the script is believed to have been imported
from Canaan (the ancient name of Palestine) and undergone changes in shape and number of

symbols.

The Giiz script, where Amharic came from, had 26 symbols and had symbol for vocalization
until 350 AD. The vowel indications, which took six other forms of the basic consonants for
each character, came around that time. The Amharic language took all the 26 characters from
Giiz and added many new symbols for sounds that are not found in Giiz and for vocalizations

(Worku, 1997).

As of now the Amharic script contains more than 300 symbols. These include:

e Core symbols and their six forms 7x33=231
e Special symbol (s) 1x7=7
e Labialized symbols =44
e Punctuation marks =8
e Numerals =20

13



Besides since the Amharic script does not have a symbol for zero, negative, decimal point,
and mathematical operators, the Arabic numerals and the mathematical operators from the
Latin script are borrowed (Worku, 1997). The 33 base characters and their six forms are

shown on Table 2.1. See Appendix 1 for complete set of the Amharic script.

-19.:1::@:0-5aqmn-e%:me:{s:rw{v.m-};q-:-e-:;::-:\g §x>c<
ﬁ????ﬁﬁﬁﬁhﬂ%??ﬁﬁ$?ﬁf%ﬁﬁ?ﬁa?+;3}??
H&ﬁPPﬁﬁﬁN#FHFﬁﬁ#F?M”HﬁﬁP&ﬁP“ﬁﬁ%PN
NP EXX B IVRNRIN L ILR AT >ANT R DG IASNE § D>
AR SRR Y PP PR PR ST I MY P ERPNE § > P
AR X I IR AT HAICIMT AN I Y F 2 4 RIOYYIFD>C
NREXR T IINP P I NVAT>ARLARFDHADRAIL TS

Table 2.1. The 33 basic characters with their 6 forms

14



Wolf Leslau (1967) as quoted by Ermias (1998) classified the symbols (the consonantal

symbols) into 5 groups based on their shapes.

1. Symbols that have two straight 'legs'.

N N ) N A n M H
oL ¥ A a
2. Symbols that have three 'legs'.

h  m

3. Symbols that have one 'leg'.

¢ + F 1 ¥ 7 'S 1 T

4. Symbols with a rounded bottom.

v ao w @ 0 @

5. Symbols that have a horizontal bottom line.

(A A

The six forms of the Amharic characters, representing vowels, are created by adding strokes,
loops and other simple forms to each core character. This method of symbolizing
vocalization increased the number of characters in the language by many fold. In the Latin
alphabet, for example, there are only five symbols for vocalization. Unlike that of the Latin

alphabet the Amharic script does not have upper and lower case differentiation.
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2.2 THE AMHARIC TYPEWRITTER

It is after the industrial revolution, in the mid-fifteenth century that printing was adopted in
Europe. Before that every document had to be laboriously written out by hand. Printing
brought a great advancement in this area. But the development of typewriters was a more
recent phenomenon. In 1714 AD, an English man named Henry Mill invented a typewriting

machine (Girmayesus, 1995).

The development of typewriters continued to improve until the end of the 19 century, when
the mechanism was perfected and that the four-finger system of typing proved to be the most

efficient (Girmayesus, 1995).

Printing in Amharic started in Ethiopia long before the introduction of Amharic typewriters.
The first printing machine came to Ethiopia in 1870. After that Emperor Menelik I
established the first printing press "Merha Tibeb" in 1906. A decade and a half later

"Berhanena Selam" - a modern printing press was established in 1921.

The first Ambharic typewriter was made around 1950. It was eight years after the
establishment of the Addis Ababa College of Commerce in 1942. The college has been
teaching its secretarial courses with its 25 English typewriters until 1950. In 1950, an Italian
typewriter company called Olivetti, in cooperation with Addis Ababa College of Commerce,
developed an Amharic typewriter. The Amharic characters with their arms were made and put
in place of the English alphabets and their arms of the English typewriters. Some
modifications were made to include the extra characters, the strokes, and the loops for

vocalizations in the Amharic script (40™ Anniversary of AACC).
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The Addis Ababa College of Commerce started teaching Amharic typewriting with the
machines and found encouraging result. Then the first Amharic typewriter model - Olivetti

Lexicon 80 came to the market.

The current Amharic typewriters contain 39 letter keys. Out of these 37 of them are equipped
with two letters of which one is punched together with the shift key. The other two keys are
coupled with number keys. The Amharic numerals are not found on the typewriter, instead

the Arabic numerals and the Latin mathematical operators are installed.

Some base characters are not even found on the Amharic typewriter keyboard. They are
produced by combining other base characters and appendages (strokes used to construct the
order characters). These characters are:

From m

From %

From 0

From

n
From £

St S S SN S-S

From A.

Due to the number of characters, at least two keystrokes (on average) are needed to print a
single letter. Only the 24 of the 33 base characters and other 13 order characters, out of the
total 231, can be printed with one keystroke. Furthermore there are some characters which

need four keystrokes to print (eg. 7).
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Currently there are different companies producing Amharic typewriters. Some of them are
Olivetti, Olympia, and Adler. The development of Amharic typewriters continued and
nowadays finding electric typewriters and computers with Amharic fonts in offices is

common.

2.3 NATURE OF TYPEWRITTEN AMHARIC CHARACTERS

It is observed from sample typewritten documents that the nature of the Amharic typewritten
characters, that is shape, size, etc, is almost similar from one typewriter to another. Although
height and width of the individual characters are not constant, the space that is used to type a
single character is proportional. As a result, if two consecutive characters take up all the space

provided for them, no space will remain between the characters and they will be connected.

This is especially true with the second, third and sixth forms of the characters. These
characters usually take the whole space given and most of the time they will be connected
with the succeeding character, especially if the width of the succeeding character is also large

(eg. When a?* s followed by ).

The vowel following each consonant is expressed by adding small appendages to the right or
left of the basic characters. The appendages could come at the top or at the bottom by
shortening or elongating one of its main strokes, by adding loops to the inside of the left main

stroke or to the right of the right main stroke, and by other differentiations (Worku, 1997).

With the exception of the last two orders, the formations of the other orders follow a standard
way with few exceptions. The 2" order is constructed by adding horizontal stroke at the

middle of the right side of the base character (eg. U+ & dh. @0*), Similarly the 3™ order
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is formed by adding a horizontal stroke at the bottom of the right leg of the base character (eg.
L 0 . “L). The 4" order is formed by adding a diagonal stroke at the bottom of the
leg of a one-leg base character or by elongating the right leg of a two- or a three-leg base
character (eg. ¥ A h  “¥). The 5™ order is constructed from the base by adding a ring at
the right bottom of the right leg (eg. % M d» “Z). The construction of the 6 order (eg.
Y A ch 9°) and the 7" order (cg. ¥ Mo (b 9°) are highly irregular. All the above

examples are derived from the base characters U A ¢h ao (Worku, 1997).

The addition of most of these appendages to the basic characters is done by punching at least
one extra key. The appendages that come especially at the right of a base character are very
long, (half the width of the characters on average), which makes the resulting characters very
wide. In the case of the loop because of dust filled print heads and other scrapes of ink from
the ribbon, these loop appendages appear as solid black circular images in most typewritten
documents. Figure 2.1 below shows the bitmap image taken from the typewritten characters

M A and U,

AU

Figure 2.1 The scanned image of typewritten characters h,, A, and tP.

2.4 DEVELOPMENTS IN AMHARIC OCR

2.4.1 PRINTED AMHARIC TEXT RECOGNITION

The first effort to adopt OCR techniques to the Amharic script was made by Worku (1997).

He studied the Amharic script and different OCR techniques used to recognize other scripts.
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He adopted segmentation and recognition algorithms and developed an Amharic OCR system
that recognized 97.31% of the main test case which is a laser print out of Amharic text printed
using MS-Word 6.0, Normal typestyle of WashRa font with 12 points font size. The

segmentation and recognition algorithms Worku adopted are discussed hereunder.

2.4.2 SEGMENTATION

As for Amharic documents printed using laser printers on a white paper, ligatures and kernels
are not a considerable problem. In addition, in the absence of skewness, it was possible to

find a white horizontal area between successive lines.

To this end, Worku tested the stage by stage segmentation algorithm that was originally
suggested by Pal and Chaudhury (1995) for use in the character recognition of printed Bangla

script of India, and found a remarkable result.

In this algorithm, a character is segmented in three steps.
e line segmentation
e word segmentation

e character segmentation

In the stage by stage segmentation suggested by Pal and Chaudhury (1995), lines are
segmented by first constructing a histogram based on the row-wise sum of gray values within
a scanned page of text image. This way a script line can be found between two consecutive
positions marked as the onset of lines. The onset of lines is a line where the number of gray

pixels is greater than a certain threshold value, which is determined through experiment.
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While experimenting Worku discovered that there is always a white line (height of histogram
equals 0) between two text lines. Thus, construction of a histogram was discarded from the
development of the algorithm and a region between two white rows was considered as a text
line if and only if the distance between these two white rows is greater than threshold value.
He tested this process of line segmentation on Microsoft Word document with the WashRa

font for single, 1.5, and double line spacing and no error was found.

The word and character segmentations are similar to that of the line segmentation. Here the
process is applied on the segmented image of text line for word segmentation and on a
segmented word for character segmentation, and the histogram is constructed based on the

column-wise sum of gray values.

While experimenting on word and character segmentation, Worku again found out that there
1s a sequence of white vertical lines between words as well as between characters. The only
difference was that the number of white vertical lines between words is much greater than
between characters. So he decided to implement word segmentation through character
segmentation. In the process he decided, through experiment, that if the distance between the
end of the previous character and the start of the next character (the number of white vertical
lines between characters) is greater than a threshold value, the two characters belong to two
different words. This algorithm is tested on 1155 characters and only two characters (about
0.087%) are found connected. Setting a threshold value on the other hand resulted in a poor
performance. This is so because there are some characters in the Amharic script that contain

only one pixel in a vertical line.
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The algorithm is reported to be easy to implement and not affected by noise. It showed a

good result if the scanned image is not skewed.

2.4.3 RECOGNITION

Basically there are two types of recognition methods - template based and feature based. In
template matching or matrix matching, individual image pixels are used as features.
Classification is performed by comparing an input character image with a set of templates (or
prototypes) from each character class. Feature based recognition works by trying to identify

an input image by analyzing its characteristics and features (Worku, 1997; Srihari and Lam).

Worku adopted a recognition algorithm that uses a tree classification scheme using
topological features of a character for the recognition of the printed Amharic script. This
algorithm, presented by Shridhar and Badreldin (1984), was applied on handwritten Arabic

numerals and reported 98.8% accuracy.

In implementing this algorithm the first step is the extraction and detection of features of a
character. Two types of features are derived: Border Transition Feature (BTF) and features

extracted from the contour of a character.

The Border Transition Features (BTF) are derived by dividing the character image frame into
four quadrants and calculating the length of the projection in each quadrant. For each
quadrant the range of the vertical and horizontal average length of the projection will be

computed.
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Characters horizontal average Vertical averages

H1 H2 H3 H4 Vi V2 V3 V4

Figure 2.2. The BTF Table

Because the number of characters in the Amharic script is by far greater than the 10 digits
Arabic numerals, where the algorithm was originally tested, the scanned values of images
were almost homogeneous which lead to misclassification. Thus Worku bypassed this step
and derived the second features of a character from contour analysis. For this purpose global

and local features are identified.

There are two categories of global features: primary global descriptions and secondary global

descriptions.

Primary global descriptions are:

Left primary global description {LPy: k=1,2.... h} where LPy is the distance from the
left border of the segmented character image window to the first black pixel in
k™ row and h is height of the characters in bits.

Right primary global description {RPy: k=1,2... h} where RPy is the distance from the
left border of the segmented character image window to the last black pixel in

k™ row and h is height of the characters in bits.

Secondary global descriptions are

Left secondary global description = LDIFy = LPy-LPy_,
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Right:Secondary global dissipation = RDIF,= RP-RPy_,

for k=2.3,...h

The Local features of a character include width of a character, location of maximum and

minimum both from left and right,

Width: sz R_Pk = LPk

Location of maximum on the left

LMAX=j if and only if LP; > LPy for all j,k eR1

Location of maximum on the right

RMAX = j if and only if RP; > RPy for all j,k € R1

Location of minimum on the left

LMIN=j if and only if LP; <LPy for all j,k € R1

Location of minimum on the right
RMIN=j if and only if RP; < RPy for all j,k eR

Where RI1 is a defined range on LPy or RPy

Positive peak of left

LPEAK'=P if and only if P > LDIFy for all k e R2

Positive peak of right

RPEAK"=P if and only if P > RDIF, for all k € R2

24



Negative peak of left
LPEAK™= N if and only if N > LDIFy for allk € R2
Negative peak of right

RPEAK™= N if and only if N > RDIFj for all k € R2

Left peak = LPEAK= [LPEAK'| + |LPEAK|
Right peak = RPEAK= [RPEAK | + [RPEAK|

Where, R2 is a defined range on LDIFy or RDIF

Based on the above results, 18 basic features of the Amharic script are identified. These 18
features are drawn by performing a test on the shape of the characters. For each of these
features 18 functions were developed to test if a character image has a specific feature or not.

All these features take only the outer contour of a character into consideration.

A database in a form of a binary tree is developed by Worku to be referred while recognizing
a character. Each node of the binary tree contains pointers to the parent, the left and right leaf
nodes, a start point, an end point, scale, direction, the feature function for splitting the node
and the character if it is a leaf node.

The C++ implementation of the structure of a node of the binary tree is:

struct node{
struct node *parent;
struct node *lefinode;
struct node *rightnode;
int start point;
int end point;
int scale;
int direction;
int function;
char fidel;  //ASCII code of the character

},.
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While constructing the binary tree, he considered the following.
1. The root node of the binary tree was assigned to have all the 231 characters;
2. A feature function with its arguments in each node was selected by checking:
e Ifanode is split to contain approximately equal number of characters,
e [fthe selected feature function works the same for different images,
e Characters returning 1 for the feature function are put in the left sibling and the
ones returning 0 are put to the right,
e In case of ambiguities more emphasis is given to more frequent characters,

3. Repeatedly applied step 2 until each sibling contains only one character.

Once the binary tree is initialized, in recognizing a character the following steps will be taken.
The system is made to accept a segmented character image. Then the primary and secondary
global descriptions of the image along with the local features will be extracted. The system,
based on these data, goes to the root node of the binary tree and applies the function in that
node to the image. If the function returns 1, it will go to the left sibling and checks the
function there, otherwise it will go to the right. This process continues until a leaf node is

reached. Then the character in the leaf node is taken as the mapping for the image.

2.4.4 THINNING

Thinning is an image processing operation in which binary valued image regions are reduced

to lines that approximate the center skeletons of the region (O'Gorman, 1996).
According to Cordella and Marcelli, and Taylor, as quoted by Ermias (1998) thinning is the
process of reducing a binary image to a skeleton (one pixel thick) region without altering the

shape and connectivity of the original figure. In addition Thinning algorithms should.
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- be invariant with figure rotation

be cost effective.

preserve figure topology

be noise insensitive

preserve shape properties of the figure

After experimenting on two thinning algorithms suggested by Zang and Suen, and Hilditch,

Ermias (1998) selected Zang-Suen's thinning algorithm for further consideration. He selected

these algorithms in spite of its slowness, because it showed no connectivity losses.

The Zang-Suen thinning algorithm involves two steps and the steps are iteratively applied on

the edge (contour) points of a given image region. Freeman's 8-direction code is used to label

a foreground pixel as a contour point or otherwise. A foreground pixel is labeled as a contour

if it has at least one background pixel in its 8- neighborhood.

P9 | P2 |P3
P8 |P1 | P4
P7 |P6 |P5

Figure 2.3 Freeman's 8- direction code

In step 1 a contour point p is flagged for deletion if the following conditions are satisfied. The

conditions include

e 2 <=N(pl) <= 6; that 1s 1f the non-zero neighbors of P1 are between 2 and 6.
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e S(P1) = 1; that is if the number of 0-1 transitions in the order sequence from P2,
P3..P8
o P2*P4*P6 = 0

e P4*P6*P8 =0,

After applying all the above steps to all the border points of the image region, those that are

flagged for deletion will be changed to 0.

Then on the resulting image step 2 of this algorithm will be applied. In step 2, the following
conditions should be satisfied for a foreground pixel to be changed to background. The first
two conditions of steps 2 are the same as those of step 1. The last two conditions are:

e P2*P4*Pg =0,

e P2*P6*P8 =0;

These two steps are applied to the text image iteratively five times (five determined through

experiment) until no further points are deleted and the skeleton of the text image is found.

Ermias applied the above thinning algorithms for a segmented line of text image, for better

memory utilization, and the test result is shown below.

VAT W by

Figure 2.4 The original unthinned image

(el

Figure 2.5 The thinned image (using the Zang-Suen thinning algorithm)
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2.4.5 UNDERLINE DETECTION AND REMOVAL

The stage by stage segmentation algorithm adopted by Worku (1997), for line segmentation
and the algorithm that is used by Pal and Chaudhury (1995) for detection and removal of the
metra line that is found at the top and bottom of the Bangla script are considered by Ermias

(1998) for the detection and removal of underlines from underlined Ambharic text image.

Considering the stage by stage segmentation for underline removal in Ambharic text is not
found to be reliable because some characters have black pixels at their bottom touching the
underline. Trying to remove this black pixel from the bottom of the characters, to get a white
row between the text image and the underline, makes some of the characters lose their basic
structure and the process also takes a lot of time. Thus Ermias (1998) dropped this algorithm

from further consideration.

The algorithm suggested by Pal and Chaudhury (1995) for the removal of the metra line from
the Bangla script was modified and used by Ermias to remove underline from Ambharic text
documents. The main concept here is that since an underline is made for at least a word, its
length is grater than the width of any character in the character set. Through experiment
Ermias found the maximum number of black pixels in a row for a single character to be 34.
Thus taking 40 to be the threshold value, if a row is encountered with number of black pixels
greater than the threshold value, it will be removed. The test result of the algorithm is shown

below.

h TS

Figure 2.6. The original underlined image
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h.T¢& S

Figure 2.7 Image after underline removal

Notice the noise under the second character. These kind of noise is created because all

underlines are not smooth as they seem to our eyes.
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CHAPTER 3

PRE PROCESSING ALGORITHMS

3.0. INTRODUCTION

Text is extracted from a document image through optical character recognition. The accuracy
of a recognition algorithm highly depends on the quality of the document image. In reality
many paper documents are degraded. Segmenting a character from these degraded documents

for recognition is the most troublesome work of an OCR system.

Preprocessing is a technique used to prepare isolated characters for recognition. They include
- noise removal, form detection and removal, underline detection and removal, thinning, and
segmentation.  Underline detection and removal, and thinning algorithms for Amharic

characters have been dealt with by Ermias (1998).

Although graphics images are inherently binary in information, it is often advantageous to
capture image in gray-scale. A gray-scale image has a range of intensities that is relatively
large — often 256. But many of these graphics images have fewer level of information. On a
normal text document for example only two levels of information are needed — the black text
and the white background. But even for this type of text, a gray-scale image will have many
more levels of intensities, which are caused due to non-uniform printing of characters and
shadows caused by lighting effects. To reduce this to a two intensity level image, a process

called binarization is performed (O’Gorman, 1996).

The advantage of taking a gray scale image of documents over a black and white is that a gray

scale image takes all the intensities of the document into consideration. While the black and



white may distort the image while changing all the intensities of the original image to either
black or white. But for our case we will take the images by adjusting the scanners to take a

binary image, because most text documents are binary in information content.

In this chapter an in-depth analysis of the different pre-processing algorithms will be provided
for the purpose of identifying an appropriate algorithm to be adopted for use in improving the

recognition of typewritten Amharic characters.

3.1. IMAGE RESTORATION

3.1.1. MATHEMATICAL MORPHOLOGY

According to O’Gorman (1996) the first step in OCR is reduction of noise in the image. For
graphics images for which the information is binary, Salt-and-Pepper noise is the most
prevalent. This kind of noise appears as isolated pixels or pixel regions of ON on OFF
background or OFF noise (holes) within characters and other foreground ON regions. The
process of removing these holes is called Filling. For other preprocessing and recognition

algorithms to perform well, it is important that this noise be removed from the image.

Haralick (1987) suggests that the reduction of Salt-and-Pepper noise in the image can be
performed by using mathematical morphology. It is an iterative process where, first a chosen
number of iterations of erosion, or reduction in size of the image region, will be performed to
eliminate small noise regions. Once this is done the same number of iterations of dilation, or
expansion in size of the image regions is performed to restore the size of the regions

remaining after the small noise regions are eliminated.
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There is a drawback to this algorithm in that sharp corners of character images could be made
rounded. For preserving sharp corners of a character O’Gorman suggests a filter called kFill
filter. It is an algorithm that errs on the side of maintaining text and features versus reducing
noise when those two conflict. The filter has a k parameter (the “k” in kFill) that enables

adjustment for different text and symbol sizes, and image resolutions.

3.1.2 BINARY MORPHOLOGICAL FILTERS

During document image generation process, such as scanning and digitization, the images are
usually corrupted by subtractive or additive noise (Liang et. al. 1996). Subtractive noise is
created when unwanted holes are found in the digitized image. On the other hand additive
noise is created when additional foreground pixels are found in the digitized image. The
Document may sometimes be degraded even before scanning. This could be caused by

quality of paper, long age, and filing system.

Liang et. al. (1996) suggested a method for binary morphological filter design to restore
document images degraded by additive or subtractive noise, given the constraint of the size of
the filters. With the filter size restriction (for example 3x3), each pixel in the output image

depends only on its (3x3) neighborhood of input image.

A look-up table will be constructed which shows the relationship between the input (3x3)

image and the output. The output is the value of the central pixel in the 3x3 window.

3.1.2.1. Filter Design

Let I denote the mput image, and R denote the output restored image. The filter design is then

a mapping from I to R
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R =F(I) where F is the filter
The purpose of the filter F is to restore the degraded image optimally to improve recognition

of the OCR algorithm.

Taking the size of the filter window to be 3x3, each pixel p in the output image depends on

the value of its surrounding pixels.

kl (k2 |Kk3
Filter(F)
k4 | k5 |k6 )
k7 |k8 |k9
Input Output

Figure 3.1. Mapping between input and output images.

Thus
p=F(k1,k2,k3,k4,k5,k6,k7,k8,k9)

Each input pattern is associated with an output value of p, which is either 0 or 1. The look-up

table looks like the following.

Input image Output
No- k1 k2 [ k3 [ k4 [ k5 | k6 | k7 | k& | k9 p
1 0 0 0 0 0 0 0 0 0 0,1
2 1 0 0 0 0 0 0 0 0 0,1
0,1
511 1 1 1 1 1 1 1 1 0 0,1
512 1 1 1 1 1 1 1 1 1 0,1

Table 3.1 Look-up table for the combinations of input and output.

The number of patterns in the above look-up table is 2° = 512 and there are 2°' possible
combinations. Liang et. al. suggested developing a knowledge base table to decrease the

number of searches through the look-up table.
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3.1.2.2. Generation of Knowledge-Based Table

For the generation of the knowledge-based table, first the 512 patterns of the input image
filter window will be partitioned into L different patterns by considering the 4-connected
components in each pattern. The 4-connected components of a pixel are the ones that are
found by the north, south, east, and west sides of it. In figure 3.1 for example the 4-connected
components of the pixel k5 are k2, k4, k6, and k8. All patterns in a subset should produce the
same output. If we have some knowledge of the degradation process and the nature of the
ideal input image, we can determine m subsets which must produce binary 1 output, and
determine n subsets which must produce binary 0 output, by considering contribution of each
subset to restoration. Therefore there will remain only L-m-n subsets that need to be
determined whether it is better for the output to be a binary 1 or a binary 0. The size of the

search then decreases from 2" to 2F™",

a) Table Generation for Subtractive Noise

Subtractive noise is created when holes are found in the digitized image. Thus in the case of
subtractive noise, it is assumed that an unwanted hole is created in the image. So whether a
3x3 pattern produces output 1 or 0 depends on its contribution to hole filling. If the central
pixel of a pattern is 1, whatever the value of the surrounding pixels are, then it should be
preserved. The number of 4-connected components in each pattern will be used to partition
the remaining possible patterns into 50 subsets. Some of them are hole fillers, with binary 1
output, and some of them are background preservers, with binary 0 output. The hole fillers
are shown in figures 3.2 and 3.3. The foreground and background preservers are shown in

figure 3.4.
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Figure 3.3 Subsets of 3x3 patterns that are hole fillers
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Figure 3.4 Subsets of 3x3 patterns that are foreground and background preservers

The output of the remaining subsets should have to be decided through experiment. All the
possible combinations will be searched to find the optimal output. But since the size of these
subsets is 15, the size of the search will be (2'°), which still is very large. Thus subsets which
have similar contribution to hole filling will be collected together. Liang et. al. divided these

subsets into six groups by checking their similarities. These six sets are shown in figure 3.5.
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Figure 3.5. The remaining subsets for subtractive corrupted image combined into 6 sets.

Therefore the look-up table for subtractive noise corrupted image can be reconstructed as

shown in table 3.2.

Subsets Output Pixel
Central pixel is 1 1

Hole Fillers 1
Background Preservers 0

Remaining subsets Oorl

Table 3.2 Look-up table for subtractive noise corrupted image.
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b) Table generation for Additive noise

Additive noise is created when additional point(s) that are not part of the original image are
scanned and digitized along with the image. Thus in the case of additive noise, if a pixel have
a value O then it should produce an output 0. These filters are called background preservers.
Out of the 512 patterns of the look-up shown in table 3.1 only 256 will be considered because
the other 256 have a central pixel (k5) equal to 0. Then these 256 patterns will be partitioned
into different subsets as in the case of subtractive noise. But in these case the subsets will be
used to remove the additive noise. These subsets should produce 0 outputs. See figure 3.6 for

the subsets that are used to remove additive noise.

Liang et. al. also derived some subsets that are used to preserve foreground pixels so that
sharp edge of the image will not be distorted. These are also shown in figure 3.6. The
remaining 16 subsets are combined to make only 7 sets to decrease the number of searches.

These combined sets are shown in figure 3.7.

Foreground preservers
00— — @ —
—_ —_ a —
2
Additive Noise Removers
l & ® |
@ =
-
1 4 8 8

4
Figure 3.6 Patterns which are foreground preservers and additive noise removers
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Therefore the look-up table for additive noise corrupted image can be constructed as shown in

the following table.

Subsets Output Pixel
Central pixel is 0 0

Noise removers 0
Foreground Preservers 1

Remaining subsets Oorl

Table 3.3. Look-up table for additive noise corrupted image.
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Figure 3.7. The remaining subsets for additive noise corrupted image combined into 7 sets
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3.2. SEGMENTATION

Cyganski as quoted by Worku defines segmentation as a process of separation of an image
into regions that contain pixel groups that are similar in value. Segmentation is sometimes
called symbolization, because we are extracting all symbols from pixels array. Symbolization
is considered the most important part of recognition system because it is so critical in the
sense that if a system miss-segment a character all the proceeding steps will fail recognizing

the correct character (Al-Mutawc).

3.2.1 RECURSIVE SEGMENTATION

Recursive segmentation is an approach that merges segmentation and recognition together

recursively. It is suggested by Casey and Nagy (1982) for printed English characters.

It is said to be convenient for characters of connected nature like that of the Amharic text,

when it is printed using mechanical typewriters.

This algorithm first segments a line of text from the input image. Then it partitions the text
line to a sequence of pattern arrays at places where it finds a white vertical line. At this point
touching characters will be segmented as one pattern, but isolated characters will be

segmented correctly.

The window containing the image in the patterned array will be submitted to a recognition
algorithm. If the image contains a single character it will be recognized immediately, if not,
the size of the window will be decreased from the right by one pixel and the image in the new

window will again be submitted for recognition.
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This process will be repeated until the segmented image is recognized or the window becomes
smaller than the width of the smallest character in the character set. Then the window will be
reset with its left border being the truncation point and the process continues until the line is

all recognized.

This algorithm was tested on documents of varying difficulty and remarkable results were

obtained. For example, Casey and Nagy reported that on a specific test out of 2000 symbols

of which 7 character pairs were touching, a single error was found (Worku, 1997).
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CHAPTER 4

EXPERIMENTATION

4.0 INTRODUCTION

In this chapter the algorithms for noise removal and segmentation that are discussed in
chapter 3, sections 3.1.1, 3.1.2 and 3.2.1 are implemented. The program is tested on the test
data with respect to efficiency and effectiveness. The one with better performance is selected
and integrated with the previously developed algorithms to see their combined effect on

typewritten Amharic documents.

4.1 PRILIMINARY INVESTIGATION

The first algorithm that is tested is the recognition algorithm that was adopted by Worku. All
the 231 Ambharic characters (the 33 base characters and their 6 forms) were typed using
Olympia typewriter with sufficient space between characters to eliminate segmentation errors.
This document is scanned using HP ScanJet Ilcx flatbed scanner at 300 dpi (dots per inch)

resolution and saved in a black and white Windows’ bitmap format.

The scanned bitmap image is submitted to the recognition algorithm and a very poor
performance is achieved. Out of the 231 characters only 29 (about 12%) were recognized
correctly. This happened because the recognition algorithm uses feature extraction/detection
method to recognize the laser printed 12 point size WashRa font Amharic characters for
which it was originally tested. The features and shape of the typewritten characters
significantly vary from that of the original test case. This lead to misclassification of the

characters by the recognition algorithm.
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As the precision of the recognition algorithm for isolated characters is very important for the
current research, it is found necessary to develop a working recognition algorithm which takes
into account the peculiar characteristics of typewritten Amharic characters. To this end, the
rules and methods used by Worku are followed and the recognition algorithm is modified to

suit this study as in the forgoing.

4.1.1. FEATURE EXTRACTION/DETECTION

The features used for identifying and recognizing each character are extracted from contour
analysis. The features extracted for each character image are:
e Width of the characters
e Height of the characters
e  Width of the characters at each row
e Left primary global description { LPy: k=1,2,... h} where LPy is the distance from the
left border of the segmented character image window to the first black
pixel in k™ row and h is height
e Right primary global description { RPy: k=1,2,... h} where RPy is the distance from
the left border of the segmented character image window to the last black
pixel in k™ row and h is height
e Left secondary global description { LDIF,=LPy-LPy.i: k=1,2,... h} where h is height

e Right secondary global description { RDIF=RP\-RPy_: k=1,2,... h} where h is height

To extract these features the scanned bitmap image of the 231 Amharic characters typewritten
with spacing between them is submitted to the segmentation algorithm previously adopted by
Worku. A small program is written using Visual C++ to extract the features for each

segmented character and redirect the result to an output file. The output files are used to
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develop a database containing all the above mentioned features for each of the 231 characters.
Part of the C++ program used for this purpose is shown in figure 4.1 below. Each feature of
the characters is stored in its corresponding file. Then the files are used to create the database.
For example filelpk stores the left primary global descriptions and filewidth stores the width

of the characters at each row.

SEGMENTATION

for(l=st_h; I<=ed h; [++)

for(n=st_v; n<=ed_v, n++)
iftpDC->GetPixel(n,l)==Black){
Ipk[l-st_h] = n-st_v;
fprintf(“%d\t, ", n-st v filelpk),
break;}

for(l=st_h; I<=ed_h; I++)

for(n=ed v; n>=st v, n--)
if(pDC->GetPixel( n,l)==Black){
rpk[l-st_h] = n-st_v,
fprintf(filerpk, “%d\t, ", n-st_v);
break;}

for(l=st_h; I<=ed h; I++){
width[l-st_h] = rpk[l-st_h]-Ipk[l-st_h],
Sfprintffilewidth, “%d\t,",n-st_v);
/

for(l=st_h+1; I<=ed h; I++){
ldefl-st_h] = Ipk[l-st_h]-Ipk[l-st_h-1];
rdef[l-st_h] = rpk[l-st_h]-rpk[l-st h-1];
Jprintf(fileldef, “%d\t,”, Ipk[l-st_h]-Ipk[l-st_h-1);
Jprintf(filerdef, “%d\t”, rpk(l-st_h]-rpk[l-st_h-1);

}

height =ed_h-st_h;

width= ed v-st_v;

Jprintf(filewidthheight, “%d\t%d ", width, height);

Figure 4.1 Source code used to extract the features of the characters,

Part of the tables generated for the width and the left primary global description of the

character images at each row generated by the above program is shown in table 4.1 and 4.2.
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Ser. | Char | Width | Width | Widthat ... Widthat | Widthat | Width at
No. | acter | atrow 0 | at row 1 row 2 row 54 row S5 row 56
1 ) 1 4 20
2 U~ 0 4 21
2 (A 16 17 18
. 228 . T 11 20 24
229 |B 18 22 24
230 | T 26 28 29
23] | & 17 23 26

Table 4.1 Table showing the width of the characters at each row.

Ser. | Char | Lpk 0 | Lpk_1 Lpk_2 “s Lpk_54 Lpk 55 Lpk_56
No. | acter
1 U 22 21 3
2 U 20 20 2
3 A 2 1 0
' 228 ' T 10 9 7
229 |'B 4 2 2
230 | T 2 1 0
231 | »r 11 4 6

Table 4.2 Table showing the left primary global description of the characters at each row.

These tables are used as a data source to extract the feature functions that are used to create

the binary tree. The binary tree is a data structure which stores the feature functions with the
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necessary parameters and the ASCII codes of the characters in a structured manner. Nineteen
feature functions are identified for this purpose and accordingly a Visual C++ program is
written for their implementation. The content of each non-leaf node of the binary tree is a
feature function along with their parameters starting point, ending point, and threshold value.
Whereas each leaf node contains the ASCII code of a character. The binary tree is used as a
database for the recognition algorithm. A portion of the binary tree is shown in figure 4.2 for

demonstration.

.

s 2 (5 M
function=19,starting point = 11, ending
point = 14, threshold value = 19

v v

o0, start %
f.unction:ZO., startiflg furiction==5, starting
%c:ntt;wilerlléi lngl p01_n t 4: point=30, ending point = 35,
el vae T threshold value =7

|

(L
function=5, starting
point=30, ending point =
35, threshold value =7

Figure 4.2 Portion of the binary tree
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4.1.2. DOCUMENT RECOGNITION

In recognizing a document, the program first loads the above shown binary tree into the
memory of the computer. Then the program loads the bitmap image of the document into
memory and the segmentation algorithm segments a character image. The segmented
character image with all the necessary features extracted will be submitted to the recognition
procedure. The function in the root node will be applied first on the image. If the function
returns 1, the image will be transferred to the left sibling and the function there will be
applied, otherwise it will be sent to the right sibling. This process continues until a leaf node

isreached. Then the character in the leaf node is taken as the mapping for the input image.

4.2 SEGMENTATION

4.2.1 RECURSIVE SEGMENTATION

As discussed in chapter 3 section 3.2.1, recursive segmentation works by combining the
segmentation and recognition algorithms to be done together in a recursive manner. In this
algorithm, first a character is segmented and is submitted to a recognition algorithm. If the
character is segmented correctly then it will be recognized in one step. If connected characters
are segmented as one the recognition algorithm rejects it. Then the size of the rejected
character image is reduced from the right and again it is submitted to the recognition
algorithm. This process continues until the character is recognized or the width of the image

window becomes less than the width of the smallest character in the character set.

The implementation of this kind of algorithm requires the existence of a recognition system

that rejects a character if it is not recognized correctly. The tree classification scheme that
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uses topological features of a character, like the one implemented in our case, is not one of
those recognition systems. In the tree classification scheme, first a character image is
segmented and submitted to the recognition. The recognition algorithm returns ASCII code of
the character image whether it is correctly recognized or not. Therefore the recursive
segmentation algorithm can not be applied with the tree classification system that is used to
recognize 1solated Amharic characters. Due to time limitation, developing a recognition
algorithm for typewritten Amharic text that returns a flag if a character image is not

recognized correctly is not implemented.

4.2.2 STAGE BY STAGE SEGMENTATION

The stage by stage segmentation algorithm that is used by Worku is effective for segmenting
isolated characters. However, the Amharic typewritten text has many connected characters.
These connected characters are considered as one by this segmentation algorithm. This leads

to misclassification of the characters by the recognition algorithm.

In an attempt to verify this, five pages of typewritten text from the test case containing 5,172
characters are submitted to the segmentation algorithm. The test showed that 1,038 of the
characters are connected. It is also observed that sometimes three or more characters are
connected together. Therefore the number of correctly segmented characters is less than
4,134. This by itself reduces the recognition accuracy by at least 20%. That is in a single page

of 1,000 characters approximately 200 segmentation errors will be encountered.

To accommodate these characteristics of typewritten Amharic documents the stage by stage

segmentation algorithm is modified. A threshold value is set for the width of the characters
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through experiment. After a character image is segmented, its width is checked against this
threshold value. If the width of the segmented image is greater than the threshold value, the
right border of the segmented image window will be reset to be the left border plus the
threshold value. Then the adjusted image is submitted to the recognition algorithm. The left

border of the next character will start at the end of the newly segmented character image.

The flowchart for the modified algorithm is shown in figure 4.5 below where st v and ed v

are the vertical starting and ending points of the segmented image window respectively.

v

Segmented
character
image

Width less than
threshold

.

ed_v=st_v + threshold

Recognition

!

Figure 4.3 Flowchart for the modified stage by stage segmentation algorithm.

4.3. IMAGE RESTORATION

Image restoration is a process by which a degraded image is fixed so that a better recognition
performance is achieved. The degradation or noise can be caused by different causes affecting

the original document or while digitization.
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Ambharic typewritten text documents are highly degraded due to a number of reasons: such as:
e the quality of the ribbon in the typewriters
e dust filled print heads of typewriters

e moisture and inconvenient filing

In addition, since most Amharic typewritten documents are printed on a grayish paper (non-
white), digitization adds significant amount of noise to the scanned image. Due to the highly
degraded nature of Amharic typewritten document images, there is a tremendous need for
image restoration, if at all one is expecting an OCR system of good performance. Taking this
into consideration, the image restoration techniques discussed in chapter 3 are implemented

and tested hereunder.

4.3.1 MATHEMATICAL MORPHOLOGY

The salt-and-pepper noise that exists in most binary images (images with two levels of
intensities), like the case of this study can be removed by using mathematical morphology.
This method, which is suggested by Robert M. Haralick, works by reducing the input image
iteratively a threshold number of times (the threshold value is determined through
experiment) and then restoring the image again iteratively to its original size. The flow chart

for this algorithm is shown in figure 4.2.
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Figure 4.4 Flowchart for mathematical morphology algorithm.

This algorithm is implemented using Visual C++ version 6.0 and it is tested on typewritten
Ambaric text. Even though it is found to operate very fast and it removes most of the salt-and-
pepper noise from the scanned image, the characters in the image loose their original features.
Some of the characters even lose their connectivity. This makes the precision of the feature
sensitive recognition algorithm, as in the case of this study, to drop even further. Hence, this
algorithm is abandoned from further consideration. Part of the visual C++ source code for
implementing this algorithm is shown in figure 4.4 and a sample of the test is shown in

figures 4.5 and 4.6.

void COcrView::stretch(CDC *pDC)
/
pDC->SetStretchBltMode(BLACKON WHITE),
int hw,
h=bm.bmHeight+20;
w=bm.bmWidth+20;
pDC->8tretchBit(0,0,w,h,pDC,0,0,bm.bmWidth,bm.bmHeight, SRCCOPY),

return,
void COcrView::Compress(CDC *pDC)

{
pDC->SetStretchBltMode(WHITEONBLACK),
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/

int h,w,

h=bm.bmHeight-20;

w=bm.bmWidth-20;
pDC->StretchBI(0,0,w,h,pDC,0,0,bm.bmWidth,bm.bmHeight, SRCCOPY);

return;

void COcrView::OnSaltandpepper()

{

4

#

CClientDC de(this),
CDC dclmage;,
if (!dcImage.CreateCompatible DC(&dc))
return,
CBitmap* pOldBitmap = dcimage.SelectObject(&m_bitmap),
Jor(i=1, i<=10;i++) Compress(&dclmage),
SJor(i=1; i<=10;i++) stretch(&dclmage),
de. BitBIt(0, 0, bm.bmWidth, bm.bmHeight, &dclmage, 0, 0, SRCCOPY);
AfiMessageBox("Noise Removed Using mathematical morphology algorithm");
dclmage.SelectObject(pOldBitmap);
return;

Figure 4.5 The source code for implementing the mathematical morphology algorithm

Figure 4.6 Original image before applying the mathematical morphology algorithm.

K4 2A AT
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Figure 4.7 The output of figure 4.6 after applying the mathematical morphology algorithm.



4.3.2 BINARY MORPHOLOGICAL FILTERS

Binary morphological filtering algorithm is first suggested by Liang et. al. (1996) for the
removal of subtractive and additive noise in degraded images. In implementing this
algorithm, first a look-up table is constructed showing the input and output values of a pixel
surrounded by a 3x3-filter window. Since there are 9 possible pixel values in the input image
window and two possible values for the output, the look-up table contains 512 patterns that
can have either 0 or 1 output. Thus the number of combinations of this table will be 2°'*. Tt is
computationally burdensome and not efficient to search through all this combinations looking

for a mapping. To this end, a knowledge table is created as suggested by Liang et. al..

By closely following the algorithm discussed in chapter 3, a program is written to implement
all the conditions in the generated knowledge base table for both subtractive and additive
noise. Each condition in the generated table has its own boolean function in the main body of
the program. The functions return true if the conditions are satisfied and false otherwise, and
the value of the central pixel (that is the output) is determined accordingly. As an example

two of the conditions and their C++ implementation are shown in figure 4.4 and figure 4.5.

(10
L J( J

bool COcrView.:SubtNoisel (int x,int y, CDC* pDC)

{
m_White=0x00FFFFFF;
m_Black=0x00000000;

if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1)==m_Black) &&(pDC->
GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y)==m_Black) &&(pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&&(pDC->GetPixel(x,y+1)==m_Black) &&(pDC->
GetPixel(x+1,y)==m_White)
) return 1;
else return 0;

}

Figure 4.8 The first condition and its corresponding C-++ implementation.



bool COcrView::SubtNoise2(int x,int y, CDC* pDC)
[

909

m_White=0x00FFFFFF,
m_Black=0x00000000;
ifl(pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1)==m_Black) &&(pDC->
GetPixel(x+1,y)==m_Black)
&& (pDC->GetPixel(x-1,y)==m_Black) &&(pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&&(pDC->GetPixel(x,y+1)==m_Black) &&((pDC->
GetPixel(x+1,y)==m_White)
) return I;
else return 0;

}

Figure 4.9. The second condition and its corresponding C++ implementation.

The return values for the hole-fillers, and the background preservers in the case of subtractive
noise are fixed. Similarly the return values for the noise removers and the foreground
preservers in the case of additive noise are fixed. But the return values of the remaining
subsets for both the subtractive and the additive noise are unknown and thus should be

determined through experiment.

By studying the degradation level of the input image, either the subtractive or additive noise
removers are applied to the document. The output values of the remaining subsets are

adjusted through experiment until the optimal filter is determined.

The additive noise in the images will be removed in the process of segmentation. The stage
by stage segmentation algorithm that is adopted by Worku segments a line of text image as
the line between two white rows as long as the distance between them is greater than 15.
Similarly a character image is segmented if it is found between two white columns and the
distance between them is greater than 10. These figures (10 and 15) are thresholds

determined after a thorough experimentation to remove additive noise as well as to segment
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lines and characters. This algorithm removes most of the additive noises that are found in
digitized images. Hence, Worku’s stage by stage segmentation algorithm is taken as additive
noise remover. However, the subtractive noise, in the digitized image of the Amharic text, is
dealt with by the binary morphological filter algorithm suggested by Liang et. al. as in the

forgoing.

4.3.2.1. Generation of a knowledge base table

All the conditions set for subtractive image removal are implemented. The output values of
the remaining subsets in the subtractive noise knowledge base table are determined after

experimenting the algorithm on five pages of typewritten Amharic text documents.

Even though an OPE (OCR Performance Evaluation) software is needed to set the values of
the remaining subsets and test the performance of such an algorithm, the researcher could not
find one. An OPE software compares the OCR outputs and the corresponding groundtruth
information, generating symbol statistics, such as the number of matches, changes, isertions,
and deletions, as well as line statistics. In addition it optionally generates a contingency table

which tells how each character is interpreted by the OCR algorithm (Liang et. al. 1996).

Due to the unavailability of an OPE software, this algorithm is evaluated by following the
steps below:
o The test case is submitted to the recognition algorithm without prior noise
removal and the accuracy is recorded,
e The test case is submitted to the noise removal algorithm by adjusting the

output values of the remaining subsets;



e The result of the second step is submitted to the recognition algorithm and

the accuracy is recorded.

This process is repeated for each image by changing the output of the remaining subsets of the
subtractive noise removers until an optimal result is found. This way the optimal image
specific filter (look-up table) is identified. But it is not efficient to apply specific filters to
specific images, rather an optimal filter should be developed for images with similar
properties. To this end the average OCR accuracy for all the five images is computed. Then it

1s taken as the global filter. A sample of the test is shown in figure 4.10 and 4.11.
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Figure 4.11. The output of figure 4.10 after applying the binary morphological filtering algorithm

5



4.4 TESTING

4.4.1 TEST DATA

Test data is needed to experiment the selected algorithms. Worku (1997) randomly selected a
sample of 5000 Amharic words from the 1996 issue of the popular government newspaper
“Addis Zemen”. He computed the frequency of occurrence of words and gave a statistical
analysis to distinguish the widely used characters from their similar (duplicate) ones and to

see which characters are widely used in the literature.

It is expected that the usage of the Amharic language have not changed much within the last
two years. Accordingly, out of the 19 pages Worku generated, 5 pages containing 5,172

characters are randomly taken as a test case for this study.

4.4.2 TEST RESULTS

The modified recognition algorithm is tested on the bitmap image from which the features are
extracted to develop the binary tree and no error is found. In addition it is tested on pages of
images which contain isolated characters and most frequently occurring errors are corrected

by modifying the node of the binary tree where the error is observed.
The recognition algorithm is tested on five pages of Amharic documents. The test case is

typed without intentionally embedding spaces between characters. The test results are shown

in table 4.3 below.
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Test Case No of No of errors No of connected | Accuracy %
characters characters

Page 1 1,032 526 260 49.22%
Page_z 1,053 546 198 42.77%
Page 3 1,004 551 178 53.8%

Page 4 1,067 522 228 47.30%
Page 5 1,016 510 174 49.26%
TOTAL 5,172 2,655 1,038 48.47%

Table 4.3 Test result of the modified recognition algorithm

As can be seen from the above table, the performance of the recognition algorithm dropped

significantly. The problem is attributed to noisy images and the connecting nature of Amharic

_characters that lead to segmentation errors.

The modified stage by stage segmentation algorithm is tested on the same test case.

The

pages are scanned at 300 dpi and are submitted to the recognition algorithm without applying

the modified segmentation algorithm and the recognition accuracy is recorded. The same

process is performed by applying the modified segmentation algorithm. The result of this test

is shown in table 4.4. The source code for the integrated program is attached in appendix 2.

Number of Recognition accuracy (%) Recognit
Test Number of connected ion time
case characters characters Before Aftgr (in sec.)

modification modification

Page 1 1032 260 49.22% 49.8% 53 sec.
Page 2 1053 198 42.77% 49.66% 49 sec.
Page 3 1004 178 53.8% 57.81% 50 sec.
Page 4 1067 228 47.30% 51.18% 50 sec.
Page 5 1016 174 49.26% 58.91% 51 sec.
TOTAL 5172 1038 48.47% 53.47% 50.6 sec.

Table 4.4 Test result of the modified segmentation algorithm.
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Table 4.4 above shows that the modified segmentation algorithm increased the performance
of the OCR system by about 5%. This shows if a better recognition algorithm is implemented
the performance of the OCR system could perform better with the above segmentation

algorithm.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1. CONCLUSION

Studies 1n the area of Amharic OCR started recently in Ethiopia. It is now attracting more
and more attention by researchers in the area. Previous studies include adopting algorithms
for segmentation, recognition, thinning, underline removal and normalization. These studies

were done for laser printed Amharic text.

In this study an attempt is made to recognize typewritten Amharic characters. The previously
developed algorithms were tested as to their performance on typewritten Amharic documents.
However, the result is found to be very poor. This is caused by the significant difference in
features of the typewritten Amharic characters from that of the laser printed Amharic text in
the normal typestyle of WashRa font with 12 points font size. In addition typewritten
Amharic characters sometimes connect with each other making the stage by stage
segmentation algorithm fail to find a white line between them. The test performed on five
pages of typewritten documents containing 5,172 characters showed that the number of
characters segmented is 4134. That is 20.06% of the characters are connected. This by itself

makes the performance of a perfectly working recognition algorithm drop by at least 20%.

The recognition algorithm is revised by taking the features of typewritten characters into

consideration while identifying the feature functions and developing the binary tree. It is then

tested on five pages of typewritten Amharic text with isolated characters and 61% accuracy is
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registered. The accuracy dropped because of the feature sensitivity of the recognition

algorithm. Sometimes a single character when typed twice changes its feature.

When the recognition algorithm is tested on documents without intentionally isolating the
characters, the accuracy of the recognition algorithm dropped significantly to 48.6%. To
isolate the characters while segmentation, the application of recursive segmentation algorithm
is reviewed. This algorithm requires a recognition algorithm that returns an “unrecognized
flag” if a character is not recognized. But this is not the case with the recognition algorithm

herein. Hence it is dropped from being implemented.

The stage by stage segmentation algorithm is modified to segment connected characters.
When the connected characters are separated into two, the features at the end of the first
character and at the beginning of the next character will not be the same as the features of the
original characters. Still, its performance is tested along with the recognition and a better

performance is achieved. This segmentation algorithm improved the OCR system by 5%.

Two image restoration algorithms are reviewed in this study. The maﬁhematical morphology
algorithm for salt-and-pepper noise, and binary morphological filtering algorithm for
subtractive and additive noise. These two algorithms are implemented and tested. The first
algorithm, in spite of its speed, reported poor performance. Even though it removes the salt-
and-pepper noise in the image, it also makes the characters lose their basic features. In some
cases some of the characters are disconnected. The second algorithm is found to work better
in terms of performance but it is very slow. The algorithm is slow because many conditions

have to be checked for every pixel throughout the bitmap image.
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5.2. RECOMMENDATIONS

This study attempted to develop noise removal and segmentation algorithms and test the
possibilities of applying the previously adopted algorithms for the recognition of typewritten
Ambaric text. Future research in this area should also look at applying other segmentation
and recognition algorithms. Much more improvements remain to be made to Amharic OCR
to get a usable algorithm. The following points are recommended for further research:
l. A segmentation algorithm that can efficiently isolate Ambharic typewritten
character images for recognition should be developed.
2. Normalization techniques should be devised and integrated with the present
development in Amharic OCR, so that the system will be size independent.
3. Recognition algorithms that are not very sensitive to the features of the
characters should be developed.
74. A standard code for the Amharic characters should be developed to make things
casier for future researchers in the area.
5. A form detection and removal algorithm to detect and extract text from tables,
forms etc. should be developed.
6. Algorithms for detecting formats, such as indentation and bulleting, and
restoring them after recognition should be developed.
7. Skew detection and correction algorithms should be developed.
8. Algorithms that recognize text written in any color on any background should be

developed.

(=)
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APPENDIX 2

SOURCE CODE OF THE INTEGRATED PROGRAM

// ocrView.cpp : implementation of the COcrView class

#include "stdafx.h"
#include "ocr.h"

#include "ocrDoc.h"
#include "ocrView.h"

#ifdef DEBUG

#define new DEBUG NEW

#undef THIS _FILE

static char THIS_FILE[]=__ FILE ;

#endif

T T T T
/l COcrView
IMPLEMENT_DYNCREATE(COcrView, CView)

BEGIN_MESSAGE MAP(COctView, CView)

I1{{AFX MSG_MAP(COcrView)
ON_COMMAND((ID_LOADBITMAP, OnLoadbitmap)
ON_COMMAND(ID RECOGNIZE, OnRecognize)
ON_COMMAND(ID FILE OPEN, OnFileOpen)
ON_COMMAND(ID NOISEREMOVE, OnNoiseremove)
ON_COMMAND(ID_SALTANDPEPPER, OnSaltandpepper)

1} }AFX_MSG_MAP

// Standard printing commands

ON_COMMAND(ID FILE PRINT, CView::OnFilePrint)
ON_COMMAND(ID_FILE PRINT DIRECT, CView::OnFilePrint)
ON_COMMAND(ID_FILE PRINT PREVIEW, CView::OnFilePrintPreview)

END MESSAGE_MAP()

W L L
// COcrView construction/destruction

COcrView::COcrView()

{

}

// TODO: add construction code here
m_loaded=FALSE;

COcrView::~COcrView()

{

}



BOOL COcrView::PreCreateWindow(CREATESTRUCT& cs)

{
// TODO: Modify the Window class or styles here by modifying
/I the CREATESTRUCT cs
return CView::PreCreateWindow(cs);
}
T T T
// COcrView drawing
void COcrView::OnDraw(CDC* pDC)
{
COcrDoc* pDoc = GetDocument();
ASSERT VALID(pDoc);
//CClientDC dc(this);
if (m_loaded) {
BITMAP bm;
m_bitmap.GetBitmap(&bm);
CDC dcImage;
if (!dcImage.CreateCompatibleDC(pDC))
return;
CBitmap* pOldBitmap = dcImage.SelectObject(&m_bitmap);
pDC->BitBIt(0, 0, bm.bmWidth, bm.bmHeight, &dcImage, 0, 0, SRCCOPY);
dcImage.SelectObject(pOldBitmap);
}
h
I T
// COcrView printing
BOOL COcrView::OnPreparePrinting(CPrintInfo* pInfo)
{
// default preparation
return DoPreparePrinting(pInfo);
}

void COcrView::OnBeginPrinting(CDC* /*pDC*/, CPrintInfo* /*pInfo*/)
{

}

void COcrView::OnEndPrinting(CDC* /*pDC*/, CPrintInfo* /*pInfo*/)
{

}

T T T T
// COcrView diagnostics

// TODO: add extra initialization before printing

// TODO: add cleanup after printing



#ifdef DEBUG
void COcrView::AssertValid() const

{
CView::AssertValid();
h
void COcrView::Dump(CDumpContexté& dc) const
{

CView::Dump(dc);
) .
COcrDoc* COcrView::GetDocument() // non-debug version is inline
{
ASSERT(m _pDocument—>IsKindOf(RUNTIME_CLASS(COchoc)));
return (COcrDoc*)m_pDocument;

}
#endif / DEBUG

I T T
// COcrView message handlers

void COcrView::OnLoadbitmap()
{
CClientDC dc(this);
m_loaded=TRUE;
if (!m_bitmap.LoadBitmap(IDB_BITMAPS))
{AfxMessageBox("Cannot Open bitmap");
return; }
I BITMAP bm;
m_bitmap.GetBitmap(&bm);

CDC dcImage;
if (!dcImage.CreateCompatibleDC(&dc))

return;
CBitmap* pOldBitmap = dcImage.SelectObj ect(&m_bitmap);
de.BitBIt(0, 0, bm.bmWidth, bm.bmHeight, &dcImage, 0, 0, SRCCOPY);
dcImage.SelectObject(pOldBitmap);

}

/11111 Functions Used /11111

int COcrView::func_6()// (max (width))
{
int c,temp;
temp = width[st_pnt];
if(ed_pnt>height) ed_pnt=height;
for(c =st_pnt+1;c<=ed_pnt; c++){
if(width[c]>temp) temp = width([c];
}



if(temp <= current->scale) return 1;
else return 0;

}

int COcrView::func_2()// (max (Idef))
{
int ¢,temp;
temp = ldef[st_pnt];
if(ed_pnt>height) ed_pnt=height;
for(c =st_pnt+1;c<=ed_pnt; ct++){
if(ldef[c]>temp) temp = ldef]c];
1
if(temp <= current->scale) return 1;
else return 0;

}

int COcrView::func_5()// (max (rdef))
{
int c,temp;
temp = rdef[st_pnt];
if(ed pnt>height) ed_pnt=height;
for(c =st_pnt+1;c<=ed_pnt; c++){
if(rdef[c]>temp) temp = rdef[c];
}
if(temp <= current->scale) return 1;
else return 0;

}

int COcrView::func_10()// (width)
{ .
nt temp;
temp = ed_v-st_v;
if(temp <= current->scale) return 1;
else return 0;

}

int COcrView::func 8()// (Ipk[st]-Ipk[ed])
{
int temp;
temp = Ipk[st_pnt]-Ipk[ed_pnt];
if(temp <= current->scale) return 1;
else return 0;

}

int COcrView::func 4()// (min (width))
{
int c,temp;
if(ed_pnt>height) ed_pnt=height;
temp = width[st_pnt];
for(c =st_pnt+1;c<=ed_pnt; c++){



if(width[c]<temp) temp = width[c];
b

if(temp <= current->scale) return 1;
else return 0;

}

int COcrView::func_7()/ (sum(abs(rdef(st_pnt,ed _pnt))))
{
int ¢,temp;
temp = abs(rdef[st_pnt]);
if(ed_pnt>height) ed_pnt=height;
for(c =st_pnt+1;c<=ed_pnt; c++){
temp += abs(rdef[c]);
1
if(temp <= current->scale) return 1;
else return 0;

}

int COcrView::func_14()// (hight)
{ .
nt temp;
temp = height;//ed_h-st_h;
if(temp <= current->scale) return 1;
else return 0;
}

int COcrView::func 3()// (sum (width))
{
int c,temp;
temp = width[st_pnt];
if(ed_pnt>height) ed_pnt=height;
for(c =st_pnt+1;c<=ed_pnt; c++){
temp +=width[c],
}
if(temp <= current->scale) return 1;
else return 0;

}

int COcrView::func 1()// (sum (Ipk))
{
int c,temp;
temp = Ipk[st_pnt];
if(ed pnt>height) ed_pnt=height;
for(c =st_pnt+1;c<=ed_pnt; c++){
temp +=lpk[c];
}
if(temp <= current->scale) return 1;
else return O;



int COcrView::func_9()// (min (rpk(st_pnt,ed_pnt)))
{
int c,temp;
temp = rpk[st_pnt];
if(ed pnt>height) ed_pnt=height;
for(c =st_pnt+1;c<=ed_pnt; c++){
if(rpk[c]<temp) temp = rpk[c];
¥
if(temp <= current->scale) return 1;
else return 0,

}

int COcrView::func_11()/ (Width-max(rpk(st_pnt,ed _pnt)))
{
int c,temp;
temp = rpk[st_pnt];
if(ed_pnt>height) ed_pnt=height,
for(c =st_pnt+1;c<=ed_pnt; c++){
if(rpk[c]>temp) temp = rpk[c];
}
temp = (ed_v-st_v)-temp;
if(temp <= current->scale) return 1;
else return 0;

}

int COcrView::func 12()// (Width - min (width(st_pnt,ed_pnt)))
{
int ¢,temp;
temp = width[st_pnt];
if(ed_pnt>height) ed_pnt=height;
for(c =st_pnt+1;c<=ed_pnt; ct++){
if(width[c]<temp) temp = width[c];
}
temp = (ed_v-st_v)-temp;,
if(temp <= current->scale) return 1;
else return 0;

;

int COcrView::func_13()/ (Width - min (rpk(st_pnt,ed_pnt)))
{
int c,temp;
temp = rpk[st_pnt];
if(ed pnt>height) ed_pnt=height;
for(c =st_pnt+1;c<=ed_pnt; c++){
if(rpk[c] < temp) temp = rpk[c];
}
temp = (ed_v-st_v)-temp;
if(temp <= current->scale) return 1;
else return 0;



int ¢c,temp;

temp = width[st_pnt];

if(ed_pnt>height) ed_pnt=height;

for(c =st_pnt+1;c<=ed_pnt; c++){
if(width[c]>temp) temp = width[c];
b

temp = (ed_v-st_v)-temp;

if(temp <= current->scale) return 1;
else return 0;

j

int COcrView::func 20()// (min (rdef(st _pnt,ed_pnt)))
{
int c,temp;
temp = rdef[st_pnt];
if(ed_pnt>height) ed_pnt=height;
for(c =st_pnt+1;c<=ed_pnt; c++){
if(temp > rdef[c]) temp = rdef]c];
}
if(temp <= current->scale) return 1;
else return 0;

}

T T
T TN— SUBTRACTIVE NOISE REMOVERS-----nnnzzemmmmmemmmmeeen J
I

bool COcrView::SubtNoisel (int x,int y,CDC* pDC)

{ m_Black=0x00000000;
m_White=0x00FFFFFF;

if(//(pDC->GetPixel(x-1,y-1)==m_Black) &&

(pDC->GetPixe1(x,y-1)==m_Black)&&(pDC—>GetPixel(x+1,y-1)=:m_White)

/1&& (pDC->GetPixel(x-1,y)==m_Black)
&& (pDC->GetPixel(x+1,y)==m_White)
//&& (pDC->GetPixel(x-1,y+1)==m_Black)
&& (pDC—>GetPixe1(x,y+1):m_Black)&&(pDC—>GetPixel(x+1 ,y+1)==m_White)
) return 1;

else return 0;

}

bool COcrView::SubtNoisel 3(int x,int y,CDC* pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_White) &&(pDC->GetPixel(x,y-1):m_Black)&&(pDC—
>GetPixel(x+1,y-1)==m_Black)
&& (pDC->GetPixel(x-1,y)==m_White) //&& (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_White)&& (pDC-
>GetPixel(x,y+1)==m_Black)&&(pDC->GetPixel(x+1,y+1 )==m_Black)



) return 1;
else return 0;

}

bool COcrView::SubtNoisel 4(int x,int y,CDC* pDC)
{ m_Black=0x00000000;
m_ White=0xO0FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_White) &&(pDC->GetPixel(x,y-1 )==m_White)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_Black) && (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&&// (pDC-
>GetPixel(x,y+1)==m_Black)&&
(pDC->GetPixel(x+1,y+1)==m_Black)
) return 1;
else return 0;

}

bool COcrView::SubtNoisel 2(int x,int y,CDC* pDC)
{ m_Black=0x00000000;
m_White=0xO0FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) //&&(pDC->GetPixel(x,y-1)==m_Black)
&&(pDC->GetPixel(x+1,y-1)==m_Black)
&& (pDC->GetPixel(x-1,y)==m_Black) && (pDC->GetPixel(x+1,y)==m_Black)
&& (pDC->GetPixel(x-1,y+1)==m_White)&& (pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1,y+1)==m_White)
) return 1;
else return 0O;

;

bool COcrView::SubtNoise2(int x, int y,CDC* pDC)
{ m_Black=0x00000000;
m_White=0xO00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1)==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_Black)
&& (pDC->GetPixel(x-1,y)==m_Black)&& (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black) &&(pDC-
>GetPixel(x,y+1)==m_Black)&&(pDC->GetPixel(x,y+1)==m_White)
) return 1;
else return 0;

}

bool COcrView::SubtNoise3(int x, int y,CDC* pDC)
{ m_Black=0x00000000;,
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1)==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_Black)
&& (pDC->GetPixel(x-1,y)==m_Black)&& (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black) &&(pDC-
>GetPixel(x,y+1)=m_Black)&&(pDC->GetPixel(x,y+1)==m_Black)



) return 1;
else return 0,

}

bool COcrView::SubtNoised(int x, int y,CDC* pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y- 1)==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_Black)&& (pDC->GetPixel(x+1,y)==m_Black)
&& (pDC->GetPixel(x-1,y+1)==m_Black) &&(pDC-
>GetPixel(x,y+l)=:m_Black)&&(pDC->GetPixe1(x,y+1)==m_Black)
) return 1;
else return 0;

}

bool COcrView::SubtNoise5(int x, int y,CDC* pDC)
{ m_Black=0x00000000;,
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) & & (pDC->GetPixel(x,y-1 )==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_Black)
&& (pDC->GetPixel(x-1,y)==m_Black)&& (pDC->GetPixel(x+1,y)==m_Black)
&& (pDC->GetPixel(x-1,y+1)==m_Black) &&(pDC-
>GetPixel(x,y+1)==m_Black)&&(pDC->GetPixel(x,y+1 )==m_Black)
) return 1;
else return 0,

}

bool COcrView::SubtNoise6(int x, int y,CDC* pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF,
if((pDC->GetPixel(x-1,y-1)==m_White) & & (pDC->GetPixel(x,y- 1)==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_White) &&(pDC-
>GetPixel(x,y+1)==m_Black)&&(pDC->GetPixel(x,y+1 )==m_White)
) return 1;
else return 0;

;

bool COcrView::SubtNoise7(int x, int y,CDC* pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) & & (pDC->GetPixel(x,y-1 )==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_White) &&(pDC-
>GetPixel(x,y+1)==m_Black)&&(pDC->GetPixel(x,y+1 )==m_White)
) return 1;
else return 0;



}

bool COcrView::SubtNoise8(int x, int y,CDC* pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC—>GetPixe1(x,y-1)=:m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black) &&(pDC-
>GetPixel(x,y+1)==m_Black)&&(pDC->GetPixel(x,y+ 1)==m_White)
) return 1;
else return 0;

}

bool COcrView::SubtNoised(int x, int y,CDC* pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF; ‘
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1 )==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_White) &&(pDC-
>GetPixe1(x,y+1)=:m_B1ack)&&(pDC—>GetPixel(x,y+1)==mﬁBlack)
) return 1;
else return 0;

}

bool COcrView::SubtNoisel0(int x, int y,CDC* pDC)
{ m_Black=0x00000000;
m_White=0xO00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_White) &&(pDC->GetPixel(x,y-1 )==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1 ,y)=—m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black) &&(pDC-
>GetPixel(x,y+1):miB1ack)&&(pDC—>GetPixel(x,y+1)::m_Black)
) return 1;
else return 0O;

}

bool COcrView::SubtNoisel1(int x, int y,CDC* pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1 )==m_White) &&(pDC->GetPixel(x,y-1 y==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_Black)&& (pDC->GetPixel(x-+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black) &&(pDC-
>GetPixe1(x,y+1):—mgB1ack)&&(pDC—>GetPixe1(x,y+1):rm_White)
) return 1,
else return 0;

}



bool COcrView::SubtNoisel2(int x, int y,CDC* pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1 )==m_White)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1,y)==m_Black)
&& (pDC->GetPixel(x-1,y+1)==m_White) &&(pDC-
>GetPixel(x,y+1 ):=m_B1ack)&&(pDC—>GetPier(x,y+1)==m_B1ack)
) return 1;
else return 0;

;

bool COcrView::SubtNoisel3(int x, int y,CDC* pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1 Y==m_Black) &&(pDC->GetPixel(x,y- 1)==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White) && (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black) &&(pDC-
>GetPixel(x,y+1)==m_Black)&&(pDC->GetPixel(x,y+ 1)==m_Black)

) return 1;
else return 0;
¥
A REMAINING SUBSETS FOR SUBTRACTIVE NOISE-------------- *

bool COcrView::RSubtNoisel 1(int x, int y, CDC *pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1 )==m_Black) &&(pDC->GetPixel(x,y-1 )==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_Black)&& (pDC->GetPixel(x+1 ,y)==m_White)
&& (pDC->GetPixel(x-1,y+1 )==m_White)&&(pDC-
>GetPixel(x,y+1 y==m_White)&&(pDC->GetPixel(x+1 ,y+1)==m_White)
) return 1;
else return 0;

}

bool COcrView::RSubtNoisel 2(int x, int y, CDC *pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1 )==m_White)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1 ,y)=m_Black)&& (pDC->GetPixel(x+1 ,y)==m_White)
&& (pDC->GetPixel(x-1,y+1 )==m_Black)&&(pDC-
>GetPixel(x,y+1 y==m_Black)&&(pDC->GetPixel(x+1,y+1 )=m_White)
) return 1;
else return 0;

}



bool COcrView::RSubtNoise2_1(int x, int y, CDC *pDC)
{ m_Black=0x00000000;,
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC—>GetPixel(x,y-1):mﬁWhite)&&(pDC—
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1 y==m_White)&&(pDC-
>GetPixel(x,y+1)==m_Black)&&(pDC->GetPixel(x+1 ,y+1)==m_White)
Yereturn: 13
else return O;

}

bool COcrView::RSubtNoise2_2(int x, int y, CDC *pDC)
{ m_Black=0x00000000;
m_White=0xO00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1 Y==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)=—m_White)&& (pDC->GetPixel(x+1,y)==m_Black)
&& (pDC->GetPixel(x-1 ,y+1)==m_White)&&(pDC-
>GetPixel(x,y+1 y==m_White)&&(pDC->GetPixel(x+1,y+1 )==m_White)
) return 1;
else return 0O;

}

bool COcrView::RSubtNoise2 3(int x, int y, CDC *pDC)
{ m_Black=0x00000000;
m_White=0xO0FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1 )==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC—>GetPixe1(x+1,y)er_White)
&& (pDC->GetPixel(x-1 ,y+1)==m_Black)&&(pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1 ,y+1)==m_White)
) return 1;
else return 0;

}

bool COcrView::RSubtNoise3_1(int x, int y, CDC *pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_White) &&(pDC—>GetPixel(x,y-1)=:m7Black)&&(pDC—
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_Black)&& (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1 )==m_White)&&(pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1 ,y+1)==m_White)
) return 1;
else return 0;

}

bool COcrView::RSubtNoise4 1(int x, int y, CDC *pDC)
{ m_Black=0x00000000;



m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1)==m_White)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_White)&&(pDC-
>GetPixel(x,y+1)==m White)&&(pDC->GetPixel(x+1,y+1 )==m_Black)
) return 1;
else return 0;

}

bool COcrView::RSubtNoise4 2(int x, int y, CDC *pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1 )==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_White)&&(pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1,y+ 1)==m Black)
) return 1;
else return 0;

}

bool COcrView::RSubtNoise4 3(int x, int y, CDC *pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1 )==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1,y)==m_Black)
&& (pDC->GetPixel(x-1,y+1 y==m_White)&&(pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1 ,y+1)==m_Black)
) return 1;
else return 0;

}

bool COcrView::RSubtNoise5 1(int x, int y, CDC *pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_White) &&(pDC->GetPixel(x,y- 1)==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&&(pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1,y+1 )==m_Black)
) return 1;
else return O;

}

bool COcrView::RSubtNoise5 2(int x, int y, CDC *pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;



if((pDC->GetPixel(x-1,y-1)==m_White) &&(pDC->GetPixel(x,y-1 )==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1 ,y)==m_Black)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&&(pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1,y+1)==m_White)
) return 1;
else return 0O;

}

bool COcrView::RSubtNoise5 3(int x, int y, CDC *pDC)
{ m_Black=0x00000000;
m_White=0xO00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_White) &&(pDC->GetPixel(x,y-1 y==m_Black)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1,y ==m_Black)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&&(pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1,y+1)==m_Black)
) return 1;
else return 0,

}

bool COcrView::RSubtNoise6 1(int x, int y, CDC *pDC)
{ m_Black=0x00000000;,
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1 )==m_White)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1 ,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&&(pDC-
>GetPixel(x,y+1)==m_Black)&&(pDC->GetPixel(x+1,y+1)==m_Black)
) return 1;
else return 0;

}

bool COcrView::RSubtNoise6 2(int x, int y, CDC *pDC)
{ m_Black=0x00000000;
m_White=0xO00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1)==m_White)&&(pDC-
>GetPixel(x+1,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_Black)&& (pDC->GetPixel(x+1 ,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&&(pDC-
>GetPixel(x,y+1)==m_Black)&&(pDC->GetPixel(x+1,y+1)==m_Black)
) return 1;
else return 0,

}

bool COcrView::RSubtNoise6_3(int x, int y, CDC *pDC)
{ m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1)==m_White)&&(pDC-
>GetPixel(x+1,y-1)==m_White)



&& (pDC->GetPixel(x-1,y)==m_White)&& (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&&(pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1 ,y+1)==m_Black)
) return 1;
else return O;

}

T T
R ——— ADDITIVE NOISE REMOVERS---------mremmmsonmm- */
I ]

bool COcrView::AdditNoisel(int x, int y,CDC *pDC)
{
m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_White) &&(pDC->GetPixel(x,y-1)==m_White) &&(pDC-
>GetPixel(x,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White) && (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_White)&& (pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1,y+1 )==m_White)
) return 1;
else return O;

}

bool COcrView::AdditNoise2(int x, int y,CDC *pDC)
{
m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1)==m_White) &&(pDC-
>GetPixel(x,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_Black) && (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x,y+1 y==m_White)&&(pDC->GetPixel(x+1,y+1 )==m_White)
) return 1;
else return 0;

}

bool COcrView::AdditNoise3(int x, int y,CDC *pDC)
{
m_Black=0x00000000;
m_White=0xO0FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1)==m_White) &&(pDC-
>GetPixel(x,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White) && (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_White)&& (pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1,y+1 )==m_White)
) return 1;
else return 0;

I
bool COcrView::AdditNoise4(int x, int y,CDC *pDC)

{



m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_White) &&(pDC->GetPixel(x,y-1)==m_White) &&(pDC-
>GetPixel(x,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_Black) && (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_White)&& (pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1,y+1 )==m_White)
) return 1;
else return 0;

}

bool COcrView::AdditNoise5(int x, int y,CDC *pDC)
{
m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1)==m_White) &&(pDC-
>GetPixel(x,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White) && (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&& (pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1,y+1 )y==m_White)
) return 1;
else return 0;

b
LI R emaining Subsets for Additive Noise Removal //////11/

bool COcrView::AdditNoisel 1(int x, int y,CDC *pDC)
{
m_Black=0x00000000,
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_White) &&(pDC->GetPixel(x,y-1)==m_Black) &&(pDC-
>GetPixel(x,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_White) && (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&& (pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1,y+1 )==m_White)
) return 1;
else return 0;

}

bool COcrView::AdditNoise2_1(int x, int y,CDC *pDC)
{
m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_White) &&(pDC->GetPixel(x,y-1)==m_Black) &&(pDC-
>GetPixel(x,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)=—m_White) && (pDC->GetPixel(x+1,y)==m_Black)
&& (pDC->GetPixel(x-1,y+1)==m_White)&& (pDC-
>GetPixel(x,y+1)=—m_White)&&(pDC->GetPixel(x+1,y+1 y==m_White)
) return 1;
else return 0;

}



bool COcrView::AdditNoise3 1(int x, int y,CDC *pDC)
{
m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_White) &&(pDC->GetPixel(x,y-1)==m_White) &&(pDC-
>GetPixel(x,y-1)==m_Black)
&& (pDC->GetPixel(x-1,y)==m_White) && (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&& (pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1,y+ 1)==m_White)
) return 1;
else return 0;

}

bool COcrView::AdditNoise4 1(int x, int y,CDC *pDC)
{
m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_Black) &&(pDC->GetPixel(x,y-1)==m_White) &&(pDC-
>GetPixel(x,y-1)==m_Black)
&& (pDC->GetPixel(x-1,y)==m_White) && (pDC->GetPixel(x+1,y)==m_Black)
&& (pDC->GetPixe1(x-1,y+l)=:m_Black)&& (pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1 ,y+1)==m_White)
) return 1,
else return O;

t
bool COcrView::AdditNoise5_1(int x, int y,CDC *pDC)
{
m_Black=0x00000000;
m_White=0xO0FFFFFE;
if((pDC->GetPixel(x-1 ,y-1)==m_White) &&(pDC—>GetPixel(x,y-I)ZmQWhite) &&(pDC-
>GetPixel(x,y-1)==m_Black)
&& (pDC->GetPixel(x-1, )==m_White) && (pDC->GetPixel(x+1,y):=m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&& (pDC-
>GetPixel(x,y+1 y==m_Black)&&(pDC->GetPixel(x+1,y+ 1)==m_Black)
) return 1;
else return O;

}
bool COcrView::AdditNoise6_1(int x, int y,CDC *pDC)

{
m_Black=0x00000000;
m_White=0xO00FFFFFF;
if((pDC->GetPixel(x-1,y-1 )==m_White) &&(pDC->GetPixel(x,y-1 y==m_White) &&(pDC-
>GetPixel(x,y-1)==m_Black)
&& (pDC->GetPixel(x-1,y)==m_White) && (pDC->GetPixel(x+1,y)==m_Black)
&& (pDC—>GetPixel(x-1,y+1)=:melack)&& (pDC-
>GetPixel(x,y+1)==m_Black)&&(pDC->GetPixel(x+1,y+ 1)==m_White)
) return 1;
else return 0;

;

e
i



bool COcrView::AdditNoise7 1(int x, int y,CDC *pDC)
{
m_Black=0x00000000;
m_White=0x00FFFFFF;
if((pDC->GetPixel(x-1,y-1)==m_White) &&(pDC->GetPixel(x,y-1)==m_Black) &&(pDC-
>GetPixel(x,y-1)==m_White)
&& (pDC->GetPixel(x-1,y)==m_Black) && (pDC->GetPixel(x+1,y)==m_White)
&& (pDC->GetPixel(x-1,y+1)==m_Black)&& (pDC-
>GetPixel(x,y+1)==m_White)&&(pDC->GetPixel(x+1,y+1 )==m_White)
) return 1;
else return 0;

}

o

void COcrView::inittree()
{
FILE *fp;
intn_type,n_lab, bn_lab,i;

fp= fopen("mynewtre.msk", "r'");
ASSERT(fp!=NULL);,
if((root=new engine)==NULL)
AfxMessageBox("Root is NULL!");
root->parent = NULL ;
root->left = NULL;
root->right = NULL;
current = root;
fscanf(fp,"%d %d\n", &n_type,&n_lab);
fscanf(fp,"%d %d %d %d\n",&root->start _pnt,&root->end_pnt,
&root->scale,&root->function);
bn_lab =n_lab;
do{
if((tempo = new engine)==NULL)
AfxMessageBox("Tempo is NULL!");
tempo->parent = NULL ;
tempo->left = NULL;
tempo->right = NULL;

fscanf(fp,"%d %d\n", &n_type,&n_lab);
if(bn_lab <n_lab){
current->left = tempo;
tempo->parent = current;
current = tempo;
bn_lab =n_lab;
}
else if(bn_lab ==n_lab){
current = current->parent,
current->right = tempo;



tempo->parent = current;
current = tempo;
bn_lab=n lab;

}
else if(bn_lab >n_lab){
for(i=0;i<=bn_lab-n_lab; i++)
current = current->parent;
current->right = tempo;
tempo->parent = current;
current = tempo,
bn lab=n_lab;
}
if(n_type==1)
fscanf(fp,"%d %d %d %d\n",&tempo->start _pnt,&tempo->end_pnt,
&tempo->scale,&tempo->function);
else fscanf(fp,"%c\n",&tempo->fidel);
twhile(! feof(fp));

fclose(fp);

void COcrView::recognize(CDC *pDC)
{

int 1,j,k=0,m=0,s,t,ed line=0,st_line=0;
int n=0,p=0,l,space=0;
m_Black=0x00000000;

FILE *fp;

BITMAP bm,;
m_bitmap.GetBitmap(&bm);
fp= fopen("Topology.out", "w");

for(i=0;i<=bm.bmHeight; i++){
k=0,
for(j=0;j<=bm.bmWidth; j++)
if(pDC->GetPixel(j,i)==m_Black)k+=1;
if((k!=0) && (m==0)){if ((i-ed_line)>55) fpute(13,ip) ;st_line =1; m= 1;}
else if (k==0) && (m==1)){
ed line=i-1; m=0;,
if ((ed_line-st_line) >15){
for(s=0;s<=bm.bmWidth; s++){
v=0;
for(t=st_line; t<=ed_line; t++)
if(pDC->GetPixel(s,t)==m_Black)v+=1;
if((v!=0) && (p==0)){
st v=s;,p=1;



if(st_v-ed v >30) space = 1

}
else if((v==0) && (p==1)){
ed v=s-1; p=0;

if((ed_v-st v)>10){
if((ed_v-st_v)=45)
{ed v=st v+ (ed_v-st_v)/2;
s=ed_v+1;
}
st h=0; n=0;
for(l=st_line;l<=ed_line; 1++){
v=10;
for(t=st_v; t<=ed_v; t++)
if(pDC->GetPixel(t,))==m_Black) {v+=1;break;}
if(v!=0) && (n==0)){st h=1;n=1;}
else if((v==0) && (n==1)){ed h =1-1;break;}
else if(v!=0) && (n==1) &&(l==ed_line)) ed_h =1,
}
for(l=st_h; I<=ed_h; 1++)
for(n=st_v; n<=ed_v; nt++)
if(pDC->GetPixel(n,])==m_Black){
Ipk[l-st_h] =n-st_v;
break;}
for(l=st_h; I<=ed_h; 1++)
for(n=ed_v; n>=st_v; n--)
if(pDC->GetPixel( n,l)==m_Black){
rpk[l-st_h] =n-st v;
break;}
for(l=st_h; I<=ed h; I++){
width[l-st_h] = rpk[l-st_h]-Ipk[l-st_h];
h
for(I=st_h+1; I<=ed_h; ++){
ldef[l-st_h] = Ipk[l-st_h]-lpk[l-st_h-1];
rdef[l-st_h] = rpk[l-st_h]-rpk[l-st_h-1];
!
height =ed_h-st_h;
current = root;
do{
st_pnt = current->start_pnt;
ed pnt = current->end_pnt;
switch(current->function){
case 1: n=func_1(); break;
case 2: n=func_2(); break;
case 3: n=func_3(); break;
case 4: n=func_4(); break;
case 5: n=func_5(); break;
case 6: n=func_6(); break;
case 7: n=func_7(); break;
case 8: n=func_8(); break;
case 9: n=func_9(); break;



case 10: n=func_10(); break;
case 11: n=func_11(); break;
case 12: n=func_12(); break;
case 13: n=func_13(); break;
case 14: n=func_14(); break;
case 15: n=func_15(); break;
case 16: n=func_16(); break;
case 17: n=func_17(); break;
case 18: n=func_18(); break;
case 19: n=func_19(); break;
case 20: n=func_20(); break;
}
if(n==1) current=current->left;
else current = current->right;
Ywhile ((current->right != NULL)&&(current->left I=NULL));
fputc(current->fidel, fp);
}
}
if(space == 1){fputc(32, fp);space = 0;
}
}
fpute(13,fp);
}
}
}
fclose(fp);
//alert.CloseWindow(IDCANCEL);

}

void COcrView::OnInitialUpdate()

{
CView::OnlInitialUpdate();

inittree();

}

void COcrView::OnRecognize()

{
CClientDC dc(this);

//IBITMAP bm;
//m_bitmap.GetBitmap(&bm);

CDC dclmage;
if ('dcImage.CreateCompatibleDC(&dc))

return;
CBitmap* pOldBitmap = dcImage.SelectObject(&m_bitmap);
//de.BitBIt(0, 0, bm.bmWidth, bm.bmHeight, &dclmage, 0, 0, SRCCOPY);
//dcImage.SelectObject(pOldBitmap);

recognize(&dclmage);



}

// TODO: Add your command handler code here
AfxMessageBox( "Recognition Completed");

void COcrView::OnFileOpen()

{

CString strFilter;

strFilter+="BMP Files";

strFilter += (TCHAR)"\0"; // next string please
strFilter += T("*.BMP");

strFilter += (TCHAR)\0'; // last string
CFileDialog

dlgFile(TRUE,"* Jbmp",NULL,OFN_HIDEREADONLY|OFN_OVERWRITEPROMPT,NU
LL,this);

dlgFile.m_ofn.IpstrTitle="Open BitMap";
dlgFile.m_ofn.lpstrFilter=strFilter;

ll*

dlgFile.m ofn.IpstrTitle=title;

dlgFile.m_ofn.IpstrFile = fileName.GetBuffer( MAX PATH);
AfxMessageBox(fileName);

CString title;
VERIFY (title.LoadString(nIDSTitle));

dlgFile.m_ofn.Flags |= 1Flags;

CString strFilter;
CString strDefault;
if (pTemplate != NULL)
{
ASSERT VALID(pTemplate);
_ AfxAppendFilterSuffix(strFilter, digFile.m_ofn, pTemplate, &strDefault);

else

// do for all doc template

POSITION pos = m_templateList. GetHeadPosition();
BOOL bFirst = TRUE;

while (pos != NULL)

{
CDocTemplate* pTemplate =

(CDocTemplate*)m_templateList. GetNext(pos);

_ AfxAppendFilterSuffix(strFilter, dlgFile.m_ofn, pTemplate,
bFirst ? &strDefault : NULL);
bFirst = FALSE;



// append the "*.*" all files filter

CString allFilter;

VERIFY (allFilter.LoadString(AFX_IDS_ALLFILTER));
strFilter += allFilter;

strFilter += (TCHAR)\0', // next string please

strFilter += _T("*.BMP");

strFilter += (TCHAR)\0'; // last string
digFile.m_ofn.nMaxCustFiltert+;

dlgFile.m_ofn.IpstrFilter = strFilter;

dlgFile.m_ofn.IpstrTitle = title;

dlgFile.m_ofn.IpstrFile = fileName.GetBuffer( MAX PATH);
int nResult = digFile.DoModal(),

//fileName.ReleaseBuffer();

return;// nResult == IDOK;

void COcrView::Additive(int x,int y,CDC *pDC)

{

m_Black=0x00000000;

m_White=0xO0FFFFFF;

if((AdditNoisel (x,y,pDC):=1)L|(AdditN0iseZ(x,y,pDC)==1)H(AdditNoiseB (x,y,pDC==1)
||(AdditNoise4(x,y,pDC)==1 )1|(AdditNoiseS(x,y,pDC)=:1)||(AdditNoisel_1 (x,y,pDC)==1)
|l(AdditNoise2_1 (x,y,pDC)==1)||(AdditNoise3_1 (x,y,pDC)==1)||(AdditNoise4_1 (x,y,pDC)==
1)

|(AdditNoise5_1(x,y,pDC)==1 )||(AdditNoise6_1(x,y,pDC)==1)| |(AdditNoise7_1(x,y,pDC)=
1)

pDC->SetPixel(x,y,m_White);

}

void COcrView::Subtractive(int x,int y,CDC *pDC)

m_Black=0x00000000;

if((SubtNoisel(x,y,pDC)==1 )]|(Suthoise2(x,y,pDC):=1)||(Suth0ise3(X,y,pDC)f—‘1 )
||(SubtNoise4(x,y,pDC)==1 )|[(SubtNoise5 (x,y,pDC)==1)||(SubtNoise6(x,y,pDC)==1)
{|(SuthoiseG(x,y,pDC)=:1)||(Suthoise7(x,y,pDC)==1 )||(SubtNoise8(x,y,pDC)==1)
[|(SubtNoise9(x,y,pDC)==1)||(SubtNoisel 0(x,y,pDC)==1)||(SubtNoise11(x,y,pDC)==1)
||(SubtNoisel2(x,y,pDC)==1 )/|(SubtNoisel3(x,y,pDC)==1)
||(SubtNoisel_2(x,y,pDC)==1)||(S ubtNoisel 3 (x,y,pDC)zl)]|(Suthoiselfél(x,y,pDC):: 1)
||((RSubtNoisel_1(x,y,pDC)==1)| |(RSubtNoisel_2(x,y,pDC)==1))

|(RSubtNoise2_1 (x,y,pDC)==1)||(RSubtNoise2_2(x,y,pDC)==1 )||(RSubtNoise2_3(x,y,pDC)
=1))

|((RSubtNoise3_1(x,y,pDC)==1)

|((RSubtNoise4_1(x,y,pDC)==1)| |(RSubtNoise4_2(x,y,pDC)==1 )||(RSubtNoise4_3(x,y,pDC)
==1))

||(RSubtNoise5_1(x,y,pDC)==1 )||(RSubtNoise5_2(x,y,pDC)==1 )|[(RSubtNoise5_3(x,y,pDC)

—1)



|((RSubtNoise6_1(x,y,pDC)==1)||(RSubtNoise6_2(x,y,pDC)==1)| (RSubtNoise6_3(x,y,pDC)

==1)))
pDC->SetPixel(x,y,m_Black);

}

void COcrView::OnNoiseremove()
{
m_Black=0x00000000;
m_White=0xO0FFFFFF;
CClientDC dc(this);
CDC dcImage;
if (!dcImage.CreateCompatibleDC(&dc))
return;
CBitmap* pOldBitmap = dcImage.SelectObject(&m_bitmap);
int 1,];
for(i=1;i<=bm.bmHeight;i++)
for(j=1;j<=bm.bmWidth;j++)
if(dcImage.GetPixel(i,j)==m_Black)
Additive(i,j,&dcImage),
for(i=1;i<=bm.bmHeight;i++)
for(j=1;j<=bm.bmWidth;j++)
if(dcImage.GetPixel(i,j)==m_White)
Subtractive(i,j,&dcImage);

//recognize(&dclmage);

dc.BitBIt(0, 0, bm.bmWidth, bm.bmHeight, &dcImage, 0, 0, SRCCOPY);
// dcImage.SelectObject(pOldBitmap),

AfxMessageBox("Noise Removal Completed");

}

void COcrView::stretch(CDC *pDC)

{
pDC->SetStretchBltMode(BLACKONWHITE);
int h,w;
h=bm.bmHeight+20;
w=bm.bmWidth+20;
pDC->StretchBIt(0,0,W,h,pDC,0,0,bm.bmWidth,bm.bmHeight,SRCCOPY);
return;

}

void COcrView::Compress(CDC *pDC)

{

pDC->SetStretchBltMode(WHITEONBLACK);

int h,w;

h=bm.bmHeight-20;

w=bm.bmWidth-20;
pDC->StretchBlt(0,0,w,h,pDC,0,0,bm.bmWidth,bm.bchi ght, SRCCOPY);
return;



void COcrView::OnSaltandpepper()
{ . .
inti;
CClientDC dc(this);
CDC dclmage;
if (!{dcImage.CreateCompatibleDC(&dc))
return;
CBitmap* pOldBitmap = dcImage.SelectObject(&m_bitmap);
for(j=1;j<=10;j++)
Compress(&dcImage);
for(j=1;j<=10;j++)
stretch(&dcImage);

de BitBIt(0, 0, bm.bmWidth, bm.bmHeight, &dcImage, 0, 0, SRCCOPY);
AfxMessageBox("Noise Removed Using Salt and Pepper Algorithm");

1 dcImage.SelectObject(pOldBitmap);
return;
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Output of test case page 4 after the segmentation algorithm is modified
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Output of test case page 5 after the segmentation algorithm is modified
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