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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, retrieval, 

and filrther processing. OCR helps to convert a bulk of in/ormation avai/able 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. 

III this study an attempt is made to explore the possibilities of developing an OCR system for 

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 s'!gmentation 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 fi/rther for the development of typewritten Amharic OCR system with 

better performance. 
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CHAPTER! 

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 sCaImed 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 (AI-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. 
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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 digiti zed 

tablet. Off-line data on the other hand is wlitten 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 wi ll be stored in a 

file of picture elements called pixels. These pixels may have values OFF(O) or ON(1) for 

binalY images. At a typical sampling resolution of 300 dpi (dots per inch), an 8.5 by II 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 thi s 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 writi ng, 

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 (AI-Badr and M. Hariick). 

According to AI-Badr and M. Hariick, 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. 
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Nowadays there is much motivation to provide computerized document analysis systems. 

Gi~nt 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 

vo lume of data automatically. 

Amharic, being the working language of Ethiopia, has been in use for over a hundred years. 

Goverrunent 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 infonnation age we are in now, the recognition of these documents optically to 

machine-readable form is a necessity for many reasons. To mention some: 

• Possibility for further processing 

• Easy storage and retrieval 

• Saving storage space 

• 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). 
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In 1997 Worku Alemu, a SISA graduate, conducted a research on the app lication of OCR 

teclmiques 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 ofWashRa 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. 

He 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 

• Text from Amharic fiction where the text is printed with a different font than 

WashRa and on a grayish paper 

• Text from the Nebar font ofNCI written on white paper 

• Text written with the bold style ofWashRa 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 75.15 

Text from Nebar font ofNCI 1995 492 75.34 

Bold WashRa font 1064 12 98.87 

Table 1.1 Test result of the mam 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 perfomlance (Almost 0%). This is because the segnlentation algorithm segments a 
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character from an image line by looking for a white vel1ical 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 thilming and underline removal. 

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

Amharic 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-1 363 333 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 algonthm on typewntten Amhanc text 

From the result we can see that the accuracy of the recognition is very poor. The reasons for 

thi s could probably be attributed to: 

1. The recognition algoritlun is highly feature sensitive. 

2. The printed outputs from the mechanical Amharic typewriters that have been 

in use are mostly of poor quality. 

3. It is 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 . 
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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 Amharic 

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 cOllverting the existing 

printed infonnation into machine-readable fOlm could be done by using Optical Character 

Recognition (OCR). 

The potential application of OCR systems is endless, 

• savmg space 

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

using braille printer, 

• automating offices, 

• archiving and retrieving text, 

• sorting mail, etc. 

Ethiopia can take her share of these advantages by developing Amharic OCR systems. 
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servants in the country, including Eritrea. That same year 139,080 1I1commg letters and 

55,2 12 outgoing letters have been registered. 

The Federal Civi l service Commiss ion 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. 

Afte r 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 fi les 

and correspondence letters decreased as well. In 1989 E.C. 206,41 0 fil es, 48,90 1 incoming 

letters, and 19,46 1 outgoing letters are registered. In 1990 E.C. 199,411 fi les, 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 fo r converting existing documents into machine readable 

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

1.3 OBJECTIVES OF THE STUDY 

1.3.1 General Objectives 

The general obj ective of thi s 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 fo r typewritten Amharic OCR 
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1.3.2 Specific Objectives 

The specific obj ectives of this study, which will enab le the researcher to achieve the general 

objectives are: 

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

2. To review li terature 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 

wi ll 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 Recognition in general and pre-processing 

activities in pm1icular were dealt with thoroughly from different sources such as books, 

journal arti cles, the Internet, etc. Documents concerning the Amharic characters, especially 

outputs of that of the Amharic typewriters are also reviewed. 
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1.4.2 Programming Technique 

Proto typing approach was used in the course of developing the program. The programming 

language that wi ll be used to develop the programs is Microsoft Visual C++ version 6.0. This 

is because: 

• 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 ri ch built-in graphics facilities which enabled the researcher to get 

close to the digitized image of the document. 

• It SUppOltS object-oriented approach. 

1.4.3 Testing Technique 

A test case was prepared composed of sample pages taken from typewritten Amharic 

documents to test the selected algorithms. For this purpose a set of Amharic text that is 

extracted from an Amharic newsletter is used. 

These documents were typed using an Amharic 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. 

I.S SCOPE OF THE STUDY 

The purpose of thi s study is recognition of typewritten Amharic characters. Basically it is 

aimed at develop ing a segmentation algorithm to segment an Amharic character from a 

document and forward the result for recognition. Thus, since the previously developed 
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recognition algorithm works for the 33 base characters and their six fOnTIs, this study is also 

confined to those characters printed with mechanical typewriters. 

1.6 ORGANIZATION OF THE THESIS 

This thesi s 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 di scussed in chapter 2. The third chapter dealt with some algoritlm1s 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 

5. 
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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 Amharic script. In continuation to Worku 's effort Ermias 

(1998) worked towards recognizing formatted Amharic text (text in different font sizes, and 

features such us italic and underline) . 

In this chapter the Amharic 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 too l for transferring knowledge to fl1ture 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. a!., 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 begirll1ing 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 sCtipt, 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: 

• Core symbols and their six forms 7x33 = 231 

• Special symbol (5) Ix7=7 

• Labialized symbols = 44 

• Punctuation marks = 8 

• 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 scrip!. 

u U- 'I. 'I 'L u If 

" ll- l\.. " lb IA flo 
tit m. m. .It do :t. '" un uo- "'l. "'I 0'l 9" qo 

'" IJ.l. "'- "I "I. P' 'I' 
l ~ l- t.. &. C C' 
() (l- ll. f) (\, () (I 

if if if. if if, if j'l 

." </! 4! :l' ok :,. f 
11 ,.. It. II /l, 11 (l 

T 1: t :l' 1; T .y. 
T :fi T. :F :r; i- ¥ .., ..... .... ;) .." .., .c;' 
~ ~ ). r; ), '} <;' 

1 't 1. r: ~ l' "1' 
h 0- tt. " h, ? ~ 
tI tl- n. tJ tI. h 'f1 
1'1 lJ. 1'1. 1) 1\ n 11 
OJ UI. 'f 'I' 'II aJo 9' 
0 0- 'l. '} '}, (j P 
H It "- If Ii, 11 JI 
1f 11' 1C 'If 11: 1r 11' 
r ~ ~ y ~ 

"" 
(" 

5'. ;;. -'I. -'I S'o Y: f!. 
J>: )f. :( Jr J>:, "Y: "f. 
1 .,. 1. ;J ." "I ..., 

m m- to. fl) m, 'J' (11 

Q;l, at: m.. 6IiJ, Q;l, 6J;b t:Jil> 
A ?. A. A A, A' ~ 
K K. !l K K, K' ~ 
fJ flo t "I 'I, iJ P 
to f. &, 4- tIo lj: ~ 

T 1= 1: :r b T ;r 
Table 2.1. The 33 basic characters with their 6 forms 
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Wolf Leslau (1967) as quoted by Ermias (1998) classified the symbols (the consonantal 

symbols) into 5 groups based on their shapes. 

I. Symbols that have two straight 'legs'. 

tl 

1f 

2. Symbols that have three 'legs'. 

m 

3. Symbols that have one 'leg'. 

4. Symbols with a rounded bottom. 

u w a fJ 

5. Symbols that have a hori zontal bottom line. 

" 

1 T 

The six fonns 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 di fferentiation. 
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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 19th 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 II 

establi shed the first printing press "Merha Tibeb" in 1906. A decade and a half later 

"Berhanena Selam" - a modem printing press was estab li shed in 1921. 

The first Amharic typewriter was made around 1950. It was eight years after the 

establislunent 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 amlS of the English typewriters. Some 

modifications were made to include the extra characters, the strokes, and the loops for 

vocali zations in the Amharic script (40th Armiversary of AACC). 
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The Addis Ababa College of Commerce started teaching Amharic typewriting with the 

machines and fo und 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 numeral s are not fo und 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: 

m From m 

1 From ., 

if From () 

1i From n 

t From f-

A From It 

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. ";\). 
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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 wi ll remain between the characters and they will be cOlmected. 

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 UO' is followed by 11). 

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 fonnations of the other orders follow a standard 

way with few exceptions. The 2nd order is constructed by adding hori zontal stroke at the 

middle of the right side of the base character (eg. V. I\- m. UO'). Simi larly the 3rd order 
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is fomled by adding a horizontal stroke at the bottom of the right leg of the base character (eg. 

'I. Il ch. "'t.). The 4th 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. '/ 1\ At 0,/). The 5th order is constructed from the base by adding a ring at 

the right bottom of the right leg (eg. 'L lb th. "'t). The construction of the 6th order (eg. 

U A ;,. 9") and the 7th order (eg. If 1\0 ", ' qu) are highly irregular. All the above 

examples are derived from the base characters IJ II tit UD (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 

lb A and If. 

tJ 
Figure 2.1 The scanned image of typewritten characters /\', iii, and If. 

2.4 DEVELOPMENTS IN AMHARIC OCR 

2.4.1 PRINTED AMHARIC TEXT RECOGNITION 

The first effort to adopt OCR tecimiques 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 97.3 1 % 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 algoritlu11S Worku adopted are di scussed 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 hori zontal area between successive lines. 

To thi s 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 BangIa 

script ofIndia, and found a remarkable result. 

In this algorithm, a character is segmented in three steps. 

• line segmentation 

• word segmentation 

• 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 scarmed 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 thresho ld value, which is determined through experiment. 
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Whi le 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 algoritJull 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 thi s 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 

is 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 

perf0n11ance. 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 scatmed 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 perfomled 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 uSlllg 

topological features of a character for the recognition of the printed Amharic script. This 

algorithm, presented by Shridhar atld 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 

HI 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 {LPk: k= I ,2 .... h} where LPk is the distance from the 

left border of the segmented character image window to the first black pixel in 

klh row and h is height of the characters in bits. 

Right primary global description {RPk: k=I ,2 ... h} where RPk is the distance from the 

left border of the segmented character image window to the last black pixel in 

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

Secondary global descriptions are 

Left secondary global description = LDIFk = LPk-LPk-1 
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Right-Secondary global dissipation = RDIFk= RPk-RPk_1 

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: Wk= RPk - LPk 

Location of maximum on the left 

LMAX=j if and only ifLPj > LPk for all j,k ERI 

Location of maximum on the right 

RMAX = j if and only ifRPj > RPk for all j,k E Rl 

Location of minimum on the left 

LMIN= j if and only if LPj < LPk for all j,k E Rl 

Location of minimum on the right 

RMIN= j ifand only ifRPj < RPk forallj,k ER 

Where R 1 is a defined range on LPk or RPk 

Positive peak of left 

LPEAK+= P ifand only ifP > LDIFk for all k E R2 

Positive peak of right 

RPEAK+=P ifand only ifP > RDIFk for all k E R2 
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Negative peak ofleft 

LPEA1C= N if and only ifN > LDIFk for all k E R2 

Negative peak of right 

RPEAK = N if and only if N > RDIFk for all k E R2 

Left peak = LPEAK= ILPEAK+I + ILPEAK'I 

Right peak = RPEAK= IRPEAK+I + IRPEAK'I 

Where, R2 is a defined range on LDIFk or RDIFk 

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 fonn 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 sp litting the node 

and the character ifit 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 *leflnode; 
struct node *rightnode; 
int start yoint; 
int end YOint; 
int scale; 
int direction; 
int function; 
char fidel; IIASCII code of the character 

j , 
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While constructing the binary tree, he considered the fo llowing. 

1. The root node of the binary tree was assigned to have all the 23 1 characters; 

2. A feature function with its arguments in each node was selected by checking: 

• If a node is split to contain approximately equal number of characters, 

• If the selected feature function works the same for different images, 

• Characters returning 1 for the feature function are put in the left sibling and the 

ones retuming 0 are put to the right, 

• 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 wi ll 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 I, 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 binaty valued image regions are reduced 

to lines that approximate the center skeletons of the region (O'Gorman, 1996). 

According to Cordelia and Marcelli , and Taylor, as quoted by Emlias (1998) thinning is the 

process of reducing a binaty 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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- preserve figure topology 

- be invariant with figure rotation 

preserve shape properties of the figure 

- be noise insensitive 

be cost effecti ve. 

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 

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

P9 P2 P3 

P8 PI 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 

• 2 <= N(P 1) <= 6; that is if the non-zero neighbors of P 1 are between 2 and 6. 
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• S(PI) = I; that is if the number of 0- 1 transitions in the order sequence from P2, 

P3 ... P8 

• P2*P4*P6 = 0; 

• P4*P6*P8 = 0; 

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

flagged for deletion will be changed to O. 

Then on the resulting image step 2 of this algorithm wi ll be app lied. In step 2, the following 

conditions should be sati sfied for a foreground pixel to be changed to background. The first 

two conditions of steps 2 are the same as those of step I. The last two conditions are: 

• P2*P4*P8 = 0; 

• P2*P6*P8 = 0; 

These two steps are app lied 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 utili zation, and the test result is shown below. 

Figure 2.4 The original unthinned image 

Figu re 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 Bangia script are considered by Em1ias 

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

Considering the stage by stage segmentation for underline removal in Amharic 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 Bangia script was modified and used by Etmias to remove underline from Amharic 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. 

Figure 2.6. The original underlined image 
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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, fonn detection and removal, underline detection and removal , thilming, and 

segmentation. Underline detection and removal, and thirUling algorithms for Amharic 

characters have been dealt with by Eml i a~ (1998). 

Although graphics images are inherently binary in infonnation, 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 infonnation. On a 

normal text document for example only two levels of infonnation 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 thi s to a two intensity level image, a process 

ca lled 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 
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white may distort the image whi le 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 infonnation content. 

In this chapter an in-depth analysis of the different pre-processing algorithms wi ll 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'Gonnan (1996) the first step in OCR is reduction of noise in the image. For 

graphics images for which the informat ion 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 perfom1 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, wi ll be perfom1ed 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 perfonned to restore the size of the regions 

remaining after the small noise regions are eliminated. 
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There is a drawback to thi s algorithm in that sharp comers of character images could be made 

rounded. For preserving sharp comers of a character O'Gonnan suggests a filter called kFill 

filter. It is an algorithm that elTS 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 cOlTupted by subtractive or additive noise (Liang et. al. 1996). Subtractive noise is 

created when unwanted holes are found in the digiti zed 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 scarUling. 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 fi lter 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 input image, and R denote the output restored image. The filter design is then 

a mapping fi"om I to R 



R = F(J) 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 k3 

Filter(F) 
k4 k5 k6 ----.. ~ 
k7 kS k9 

Input Output 

Figure 3.1. Mapping between input and output images. 

Thus 
p=F(k I ,k2,k3 ,k4,k5,k6,k7 ,kS ,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 fo llowing. 

GI Input image It=d kl I k2 I k3 I k4 I k5 I k6 I k7 I kS I k9 

I 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 I 1 I I 1 1 1 0 0,1 

512 I 1 1 1 1 1 1 1 1 0,1 

Table 3.1 Look-up table for the comblllatIOns of IIlput and output. 

The number of patterns in the above look-up table is 29 = 512 and there are 2512 possible 

combinations. Liang et. a!. 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 I output, and 

detennine 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 I or a binary o. The size of the 

search then decreases from 2L to 2L-m-
n

. 

a) Table Generation for Subtractive Noise 

Subtractive noise is created when holes are found in the digiti zed 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 I or 0 depends on its contribution to hole filling. If the central 

pixel of a pattern is I , whatever the value of the surrounding pixels are, then it should be 

preserved. The number of 4-cOlmected components in each pattern will be used to partition 

the remaining possible patterns into 50 subsets. Some of them are hole fillers , with binary I 

output, and some of them are background preservers, with binary 0 output. The hole fill ers 

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 3.2 Hole Fillers. The numbers below the patterns represent rotations of each pattern. 
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Figure 3.3 Subsets of 3x3 patterns that are hole fi llers 
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H - -

---

Background 

8 8 4 4 

1 Components 2 Components 

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 15
), which still is very large. Thus subsets which 

have similar contribution to hole fi lling will be collected together. Liang et. al. divided these 

subsets into six groups by checking their similarities. These six sets are shown in fi gure 3.5. 
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~ ,i'e' , Set I 

~ [±B ,:,e, , Set 2 

~ Set ~ 

Set .1 

Set Ii 

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 I 

Hole Fillers 1 

Background Preservers 0 

Remaining subsets Oar 1 
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 digiti zed along with the image. Thus in the case of additive noise, if a pixel have 

a value 0 then it should produce an output O. 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 O. Then these 256 patterns wi ll 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. a!. 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 

4 
Additive Noise Removers 

2 

4 8 8 

4 4 

Figure 3.6 Patterns which are foreground preservers and additive noise removers 
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Therefore the look-up tab le 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 

Remain ing subsets o or 1 
.. Table 3.3. Look-up table for addlhve IIOlSe corrupted Image. 

~ lel:I.1 Set 1 

8 4 

~ ~ Set 2 

4 4 

~ ~ ~ Set 3 

2 4 

~ ~ tm Set 4 

8 8 
8 

1.1:1:1 1:1:1:1 Set 5 

8 4 

1.1:1:1 ~ Set6 •• 
4 4 

E ~ Set 7 

8 8 

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 symboli zation, 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 wi ll fai l recognizing 

the con'ect character (AI-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 Engli sh 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 wi ll be segmented as one pattern, but iso lated characters wi 11 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 wi ll be 

reset with its left border being the truncation point and the process continues until the line is 

all recognized. 

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

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

of which 7 character pairs were to uching, a single error was found (Worku, 1997). 
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4.0 INTRODUCTION 

CHAPTER 4 

EXPERIMENTATION 

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 effici ency and effectiveness. The one with better performance is selected 

and integrated with the previously developed algoritluns to see their combined effect on 

typewritten Amharic documents. 

4.1 PRILIMINARY INVESTIGATION 

The first algoritlun that is tested is the recognition algoritlun that was adopted by Worku. All 

the 23 1 Amharic 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 Scan Jet lIcx flatbed scanl1er at 300 dpi (dots per inch) 

resolution and saved in a black and white Windows' bitmap fomlat. 

The scal1l1ed bitmap image is submitted to the recognition algoritlun 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 misclass ification of the 

characters by the recognition algorithm. 
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As the precision of the recognition algorithm for iso lated characters is very important for the 

current research, it is found necessaty 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: 

• Width of the characters 

• Height of the characters 

• Width of the characters at each row 

• Left primary global description { LPk: k=1,2, ... h} where LPk is the distance from the 

left border of the segmented character image window to the first black 

pixel in kth row and h is height 

• Right primary global description { RPk: k=1,2, . .. h} where RPk is the distance from 

the left border of the segmented character image window to the last black 

pixel in kth row and h is height 

• Left secondary global description {LDIFk=LPk-LPk.l: k= I,2, ... h} where h is height 

• Right secondary global description {RDIFk=RPk-RPk_1: 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 fil e. 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 fi le. Then the files are used to create the database. 

For example filelpk stores the left primary global descriptions and filewidtll stores the width 

of the characters at each row. 

SEGMENTATION 
for{l=st_h; l<=ed_h; 1++) 
for{n =st_v; n<=ed_v; 11++) 

if(pDC-> GetPixel{n,l) = = Black) { 
lpk[l-st_h} = n-st_v; 
fprintf{"%dlt, ", l1-st _ v,jilelpk); 
break;} 

for{l=st_h; 1<=ecUl; 1++) 
for{n=ed_v; n>=st_v; n--) 

if{pDC-> GetPixel{ n,l) = =Black){ 
rpk[l-st_h} = n-st_v; 
fprintf(jilerpk, "%dlt, ", n-st _v); 
break;} 

for{l=st_h; l<=ed_h; l++){ 
width[l-sUl} = Ipk[l-st_h}-lpk[l-sUl}; 
fprintf(jilewidth, "%dlt, ",n-st _ v); 
} 

for{l=st_h+1; l<=ed_h; l++){ 

} 

Idef[l-sUl} = lpk[l-sUl}-lpk[l-sU1-1}; 
rdef[l-st _ h} = Ipk[l-sUl}-rpk[l-st _ h-1}; 
fprintf(jileldef "%dlt, ", lpk[l-sU1}-lpk[l-sU1-1); 
fprintf(jilerdef "%dlt ", rpk[l-sUl}-rpk[l-sUl-1); 

height =ed_h-st_h; 
width= ed_v-st_v; 

fprinif(jilewidthheight, "%dlt%d", width, height); 

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

Part of the tab les 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 tab le 4. 1 and 4.2. 



Ser. Char Width Width Width at Width at Width at Width at 
No. acter at row 0 at row 1 row 2 row 54 row 55 row 56 

1 U 1 4 20 

2 U- 0 2 21 

3 'I. 16 17 18 

228 :r 11 20 24 

229 1: 18 22 24 

230 T 26 28 29 

231 ;r 17 23 26 

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

Ser. Char Lpk_O Lpk_l Lpk_2 
No. acter 

1 U 22 21 3 

2 U- 20 20 2 

3 'I. 2 1 0 

228 :r 10 9 7 

229 1: 4 2 2 

230 T 2 1 0 

231 ;r 11 7 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 staliing 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. 

11' 
function=19,starting point = II , ending 

point = 14, threshold value = 19 

11' 
function=20, starting 

point=29, ending point = 
34, threshold value = -4 

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 I, 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 

is reached. 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 rej ected 

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 isolated 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 algoritlun that is used by Worku is effective for segmenting 

isolated characters. However, the Amharic typewritten text has many connected characters. 

Thes): ·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 wi ll 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 wi ll 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. 

Segmented 
character 

tmage 

Width less than y N_o _______ ---, 
thresho ld -

ed v = st v + threshold - -
Yes 

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 digiti zation. 
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Amharic typewritten text documents are highly degraded due to a number of reasons: such as: 

• the quality of the ribbon in the typewriters 

• dust filled print heads of typewriters 

• 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 teclmiques 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 detel1l1ined through 

experiment) and then restoring the image again iteratively to its original size. The flow chati 

for this algorithm is shown in figure 4.2. 
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Reduce size of 
image 

start 

Input image 

Counter < 
Threshold 

Yes 

No 

End 

No 
Counter = 0 

Restore size of 
Imalle 

thrl'-,:hnlrl 

Figure 4.4 Flowchart for mathematical morphology algorithm. 

Yes 

Counter = 
Counter + I 

This algorithm is implemented using Visual C++ version 6.0 and it is tested on typewritten 

Amharic 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 cOl1l1ectivity. 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(BLA CKON WHITE) : 
ill! II , w; 
h ~blll.bIllHeight+ 20: 
w~blll. bill Width + 20; 
pDC->StretchBlt(O, 0, w,h,pDC, 0,0, bill . bill Width , bm.bIllHeight,SRCCOP V); 
returJl ,' 

void COC/·View. 'Colllpress(CDC *pDC) 
( 

pDC->SetStretchBltMode(WHfTEONBLACK); 
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} 

illl h, w; 
h ~blll.bIllHeight-2a; 
w~bm.bm Widlh -2a; 
pDC->StretchBlt(a, a,w,h,pDC, a,a,bm. bIllWidth,bm. bmHeight ,SRCCOPY}; 
return; 

void COC/·View. :OI1SaltandpepperO 
( 

CClientDC dC(lhis); 
CDC dclmage; 
if (hlclmage. CreateCompatibleDC( &dc}) 

return; 
CBitlllap' pO/dBilmap ~ dclmage.SelectObject(&m_bitmap); 
Jor(i~ I; i< ~ I a;i ++) Compress(&dcJmage) ; 
Jor(i~ /; i<~la;i++) stretch(&dcJmage); 
dc.BitBlt(a, a, bm.bmWidth, bm.bmHeight. &dclmage, a, a, SRCCOPY); 
AftMessageBox("Noise Removed Using mathematical morphology algorithm "}; 

II dclmage.SelectObject(pOldBitmap}; 
return; 

} 

Figure 4.5 The source code for implementing the mathematical morphology algorithm 

, ~' . ." :." . , ... 
'. ." .~~ . ..", :.: .::; .. : .. \:" 

. '. y. , . ·~:t ... ·~:.: .. ' .:.,:,~(,;:, ~' .. ,· :i . " ........ . 
'.~ .;. . ~. ........ .... , '.' . 

'A(1 fl··b:;·· ···.il ti~n 
' .' ~'. '" $'" '-. ' ~ ':. 

Figure 4,6 Original image before applying the mathematical morphology algorithm. 

"i i 

Figure 4,7 The output of figure 4.6 after applying the mathematical morphology algorithm. 
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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 

sun'ounded 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 2512 It 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 detetmined accordingly. As an example 

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

~ 
;JU 

boot COcrView::SubtNoisel (illt x,illt y, CDC' pDC) 
( 

111 _ Wlzite~OxOOFFFFFF; 

111 _ Black~OxOOOOOOOO; 

if((pDC->GetPixel(x-l,y-l) ~~111_ Black) &&(pDC->GetPixel(x,y-l) ~~111_ Black) &&(pDC-> 
GetPixel(x+ 1 ,y) ~ ~111_ White) 
&& (pDC->GetPixel(x-l,y) ~~111_ Black) &&(pDC-> GetPixel(t+ I ,y) ~~111_ White) 
&& (pDC->GeIPixel(x-l,y+ 1)~~III_Black)&&(pDC-> GeIPL<eI(t,y+ 1)~~II1_Black) &&(pDC-> 
GetPixel(x+ I,Y)~~III_ While) 

) return /; 
else return 0; 
} 

Figure 4.8 The first condition and its corresponding C++ implementation. 
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1:1-1-1 --
bool COcrView::SubtNoise2(illt X';llt y,CDC' pDC} 
( 

111_ White~OxOOFFFFFF; 

111_ Black~OxOOOOOOOO; 

if((pDC->GetPixel(x-l,y-I) ~~111_ Black) &&(pDC->GetPixe!(r,y-l)~~III_ Black) &&(pDC-> 
GetPixe!(x+ I,Y) ~~III_ Black) 
&& (pDC-> GetPixel(x-1 ,Y) ~~I11_ Black) &&(pDC->GetPixel(x+ l,y) ~~111_ White) 
&& (pDC->GetPixel(x-1 ,y+ I) ~~111_ Black)&&(pDC->GetPixel(x,y+ I) ~~III_Black) &&(pDC-> 
GetPlxe!(t+ I,Y) ~~111_ 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 

suhsets for hoth 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 colunlls and the 

distance between them is greater than 10. These figures (10 and 15) are thresholds 

detennined 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 Perfolmance 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 con'esponding ground truth 

information, generating symbol statistics, such as the number of matches, changes, insertions, 

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: 

• The test case is submitted to the recognition algorithm without prior noise 

removal and the accuracy is recorded; 

• The test case is submitted to the noise removal algorithm by adjusting the 

output values of the remaining subsets; 
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• The resu lt 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 remain ing 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 app ly specific filters to 

specific images, rather an optimal fi lter should be developed for images with simi lar 

properties. To this end the average OCR accuracy for all the fi ve images is computed. Then it 

is taken as the global filter. A sample of the test is shown in figure 4.1 0 and 4.11. 

:: :r.~~' : ';. ' ,', ,. . . " 

ft · t ,~' ~ 'ft. 
." 

Figure 4.10. Original image before applying the binary morphological filtering algorithm. 

,~, '. , 

" t:' ~ft. · hll ~ 
. 

;V ..... 
. r: 

Figure 4.11. The output of figure 4.10 afler applying the binary morphological filtering algorithm 

57 



4.4 TESTING 

4.4.1 TEST OAT A 

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, S pages containing 5,172 

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

4.4.2 TEST RESULTS 

The modified recognition algoritlun 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 occUlTing errors are corrected 

by modifying the node of the binary tree where the error is observed. 

The recognition algOlithm 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_ l 1,032 526 260 49.22% 

Page_2 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 5,1 72 2,655 1,038 48.47% 
... .. Table 4.3 Test result of the modlhed recogmtlOn algorithm 

As can be seen from the above table, the perfonnance 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 scalmed at 300 dp i and are submitted to the recognition algorithm without applying 

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

process is perfonned 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 

Before After 
ion time 

case characters characters 
modification modification 

(in sec.) 

Page I 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% 51.1 8% 50 sec. 

Page 5 1016 174 49.26% 58.91 % 51 sec. 

TOTAL 51 72 1038 48.47% 53.47% 50.6 sec. 

Table 4.4 Test resul t of the modified segmentation algorithm. 
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Table 4.4 above shows that the modified segmentation algorithm increased the perfonnance 

of the OCR system by about 5%. This shows if a better recognition algorithm is implemented 

the performance of the OCR system could perfOlm better with the above segmentation 

algorithm. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

5.1. CONCLUSION 

Studies in 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 nomlalization. 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 perfomled 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 whi Ie 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 

61 

J 



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 algolitlm1 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 retums 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 algoritlm1 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 perfonnance is tested along with the recognition and a better 

perfom1ance is achieved. This segmentation algorithm improved the OCR system by 5%. 

Two image restoration algorithms are reviewed in this study. The mathematical 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 perfonnance. 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 tenns of perfonnance 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 

Amharic text. Future research in this area should also look at app lying 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: 

1. A segmentation algorithm that can efficiently isolate Amharic 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 wi ll be size independent. 

3. Recognition algorithms that are not very sensitive to the features of the 

characters should be developed. 

4. A standard code for the Amharic characters should be developed to make things 

easier 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 fonnats, such as indentation and bulleting, and 

restoring them after recognition should be developed. 

7. Skew detection and correction algoritluns should be developed. 

8. Algorithms that recognize text written in any color on any background should be 

developed. 
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APPENDIX 1 

FULL AMHARIC CHARACTER SET 

Order Labialized 
[ st 2nd 3rd 4 th Stir 6th 7th 
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Numerals Punctuation marks 
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2 ~ 7 1. 30 0 80 it ., . .. 
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4 Q 9 jj 50 :1 100 f ( ) 
5 ?i 10 I 60 ;i: 1000 ff 



APPENDIX 2 

SOURCE CODE OF THE INTEGRATED PROGRAM 

// ocrView.cpp : implementation of the COcrView class 

#include "stdafx.h" 
#include "ocLh" 

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

#ifdef DEBUG 
#define new DEBUG_NEW 
#undefTHIS FILE 
static char THIS ]ILE[] = _ FILE_ ; 
#endif 

//////////////111/////l1lil1li/////////////////////////////////////////////// 
// COcrView 
IMPLEMENT _ DYNCREATE(COcrView, CView) 

BEGIN_MESSAGE _ MAP(COcrView, CView) 
// { {AFX_MSG_MAP(COcrView) 
ON _ COMMAND(ID _ LOADBITMAP, OnLoadbitmap) 
ON _ COMMAND(ID _RECOGNIZE, OnRecognize) 
ON _ COMMAND(ID ]ILE _OPEN, OnFileOpen) 
ON COMMAND(ID NOISEREMOVE,OnNoiseremove) - -
ON COMMAND(ID SALTANDPEPPER,OnSaltandpepper) - -
II} }AFX_MSG_MAP 
// Standard printing commands 
ON COMMAND(ID FILE PRINT, CView::OnFilePrint) - --
ON_COMMAND(ID]ILE]RINT_DIRECT, CView::OnFilePrint) 
ON _ COMMAND(ID ]ILE ]RINT ]REVIEW, CView: :OnFilePrintPreview) 

END MESSAGE MAPO - -

///////////////////////////////////l1li////////////////////////////////////// 
// COcrView construction/destruction 

COcrView::COcrViewO 
{ 

} 

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

COcrView: :-COcrViewO 
{ 
} 



BOOL COcrView ::PreCreateWindow(CREATESTRUCT& cs) 
{ 

} 

II TODO: Modify the Window class or sty les here by modifying 
II the CREATESTRUCT cs 

return CView::PreCreateWindow(cs); 

111111111111111111/1/111111111111111111111111111111111111111111/1111111111111 
II COcrView drawing 

vo id COcrView: :OnDraw(CDC· pDC) 
{ 

} 

COcrDoc· pDoc = GetDoculllentO; 
ASSERT_ V ALID(PDoc); 
IICClientDC dc(this) ; 
if(1ll loaded) { 
BITMAPbm; 
m_ bi tmap. GetBitlllap( &blll) ; 
CDC dcIlllage; 
if (! dcImage.CreateCompatibleDC(pDC)) 

return; 
CBitlllap* pOldBitlllap = dcTmage.SelectObject(&m_bitmap); 
pDC->BitBlt(O, 0, bm.bmWidth, bm.bmHeight, &dcImage, 0, 0, SRCCOPY); 
dcImage.SelectObj ect(pO IdB i tmap); 
} 

11111111111111111111111111111111111111111111111111111111111111111111111111111 
II COcrView printing 

BOOL COcrView::OnPreparePrinting(CPrintlnfo* pInfo) 
{ 

II default preparation 
retUll1 DoPreparePrinting(pInfo) ; 

} 

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

II TODO: add extra initialization before printing 
} 

void COcrView: :OnEndPrinting(CDC* l * pDC*I , CPrintInfo* l*pInfo*1) 
{ 

II TODO: add cleanup after printing 
} 

III/I I I I I I I I I I I I I I I I I I I I I 1111/1 II I I I I I I II I I II I I I I I II I I II 1111111111/1111 II11 II 
II COcrView diagnostics 

J 



#ifdef DEBUG 
void COcrView::AssertValidO const 
{ 

CView: :AssertValidO; 
} 

void COcrView::Dump(CDumpContext& dc) const 
{ 

CView: :Dump(dc); 
} 

COcrDoc* COcrView ::GetDocumentO II non-debug version is inline 
{ 

} 

ASSERT(myDocument->TsKindOf(RUNTIME_CLASS(COcrDoc»); 
retum (COcrDoc*)m yDocument; 

#endif // DEBUG 

////////////////////////////////////////////////////////////1///1///1///1//// 
1/ COcrView message handlers 

void COcrView::OnLoadbitmapO 
{ 

CClientDC dc(thi s); 
m_loaded=TRUE; 
if (! m _ bitmap.LoadBitmap(IDB _BITMAPS» 
{AfxMessageBox("Cannot Open bitmap"); 

retum;} 
// BITMAP bm; 

m_bitmap.GetBitmap(&bm); 

} 

CDC dcTmage; 
if ('dcImage.CreateCompatibleDC( &dc» 

retum; 
CBitmap* pOldBitmap = dcTl11age.SelectObject(&m_bitmap); 
dc.BitBlt(O, 0, bl11.bmWidth, bm.brnHeight, &dcTrnage, 0, 0, SRCCOPY); 
dcTmage.SelectObj ect(pOldB i tmap); 

////1/1 Functions Used 1///1/1/1/1 

int COcrView: :func 60// (max (width» 
{ 
int c,temp; 
temp = width[stynt]; 
if( ed ynt>height) ed ynt=height; 
for( c =stynt+ 1 ;c<=ed ynt; c++) { 

if(width[c]>temp) temp = width[c]; 
} 



if(temp <= current->scale) retUI11 I; 
else return 0; 

} 

int COcrView::func_2011 (max (ldef)) 
{ 
illt c,temp; 
temp = Idef{ st-"nt]; 
if( ed ynt>height) ed -"nt=height; 
fore c =st-"nt+ I ;c<=ed ynt; c++){ 

if(ldef{ c ]>temp) temp = IdefT c]; 
} 

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

} 

int COcrView::func_5011 (max (rdef)) 
{ 

} 

int c,temp; 
temp = rdef{stynt]; 
if( ed -"Ilt>height) ed -"nt=height; 
fore c =st-"nt+ 1 ;c<=ed yIlt; c++) { 

if(rdefTc]>temp) temp = rdef{c]; 
} 
if(temp <= current->scale) return 1; 

else return 0; 

int COcrView:: func_ lOOII (width) 
{ 

} 

int temp; 
temp = ed _ v-st_ v; 
if(temp <= current->scale) return 1; 

else return 0; 

int COcrView::fuIlC_8011 (lpk[st]-lpk[ed]) 
{ 

} 

int temp; 
temp = Ipk[stynt]-Ipk[ed-"nt]; 
if(temp <= current->scale) return 1; 

else return 0; 

int COcrView::func_ 4011 (min (width)) 
{ 
int c,temp; 
if( ed -"nt>height) ed -"nt=height ; 
temp = width[st-"nt]; 
fo re c =st-"nt+ 1 ;c<=ed yilt; c++) { 



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

if(temp <= current->scale) retul11 1; 
else return 0; 

} 

int COcrView: :func_7011 (sum(abs(rdef(stynt,edynt)))) 
{ 

} 

int c,temp; 
temp = abs(rdeflstynt]); 
i f( ed ynt>height) ed ynt=height ; 
for(c =stynt+l;c<=edynt; c++){ 

temp += abs(rdeflc]); 
} 

if(temp <= current->scale) retUl1l 1; 
else retulll 0; 

int COcrView::func_ 14011 (hight) 
{ 

} 

int temp; 
temp = height;lled_h-st_h; 
if(temp <= current->scale) retulll I; 

else return 0; 

int COcrView::func_3011 (sum (width» 
{ 

} 

int c,temp; 
temp = width[stynt]; 
if( ed ynt>height) ed ynt=height; 
fore c =stynt+ 1 ;c<=ed ynt; c++){ 

temp +=width[c] ; 
} 

if(temp <= current->scale) retul11 1; 
else retulll 0; 

int COcrView: :func_ IOII (sum (lpk» 
{ 

} 

int c,temp; 
temp = Ipk[styntJ; 
if( ed ynt>height) ed ynt=height; 
for(c =stynt+l ;c<=edynt; c++){ 

temp +=lpk[ c J; 
} 

if(temp <= current->scale) retUl1l 1; 
else return 0; 



int COcrView::func_9011 (min (rpk(stynt,edynt))) 
{ 
int c,temp; 
temp = rpk[stynt] ; 
if( ed ynt>height) ed ynt=height; 
for( c =stynt+ 1 ;c<=ed ynt; c++){ 

if(rpk[c]<temp) temp = rpk[c]; 
} 

if(temp <= current->scale) retul11 1; 
else retul11 0; 

} 

int COcrView: :func _11011 (Width-max(rpk(stynt,ed ynt))) 
{ 

} 

int c,temp; 
temp = rpk[stynt]; 
if( ed ynt>height) ed ynt=height; 
fore c =stynt+ 1 ;c<=ed ynt; c++){ 

if(rpk[c]>temp) temp = rpk[c] ; 
} 

temp = (ed_v-st_v)-temp; 
if(temp <= current->scale) retul11 I ; 

else retul11 0; 

int COcrView::func_ 12011 (Width - min (width(stynt,edynt))) 
{ 

} 

int c,temp; 
temp = width[stynt]; 
if( ed ynt>height) ed ynt=height; 
fore c =stynt+ 1 ;c<=ed ynt; c++){ 

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

temp = (ed _ v-st_ v)-temp; 
if(temp <= current->scale) retul11 1; 

else return 0; 

int COcrView::func_ 13011 (Width - min (rpk(stynt,edynt))) 
{ 

} 

int c,temp; 
temp = rpk[stynt] ; 
if( ed _pnt>height) ed _pnt=height; 
fore c =stynt+ I ;c<=ed ynt; c++){ 

if(rpk[c] < temp) temp = rpk[c] ; 
} 

temp = (ed_v-st_v)-temp; 
if(temp <= current->scale) return 1; 

else return 0; 

., , , 
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{ 

} 

int c,temp; 
temp = width[st~nt]; 

i f( ed ynt>height) ed ynt=height; 
fore c =st~nt+ 1 ;c<=ed ~nt; c++) { 

if(width[c]>temp) temp = width[c]; 
} 

temp = (ed_v-st_v)-temp; 
if(temp <= cUlTent->scale) retum 1; 

else retum 0; 

int COcrView: :func_200// (min (rdef(stynt,edynt») 
{ 

} 

int c,temp; 
temp = rdefTstynt] ; 
if( ed ynt>height) ed ~nt=height ; 

fore c =st~nt+ 1 ;c<=ed ynt; c++){ 
if(temp > rdefTcD temp = rdefTc]; 
} 

if(temp <= current->scale) retum I ; 
else retum 0; 

////////////////////////////////////////////////////////////////////// 
/* --------------SUBTRACTIVE NOISE REMOVERS--------------------------*/ 
///////////////////////////////////////////1//////////////////1/11//// 

bool COcrView::SubtNoise l (int x,int y,CDC* pDC) 
{ m_Black=OxOOOOOOOO; 

m _ White=OxOOFFFFFF; 
if(//(pDC->GetP ixel(x- l,y-l) lll_Black) && 

(pDC->GetPixel(x,y-1 )==m_ Black)&&(pDC->GetPixel(x+ 1 ,y-I )==m _White) 
/ / && (pDC->GetPixel( x -I ,y )==m_ Black) 
&& (pDC->GetPixel(x+ 1 ,y)= m_ White) 
//&& (pDC->GetPixel(x-1 ,y+ 1)-- Ill_Black) 
&& (pDC->GetPixel(x,y+ I )= m_Black)&&(pDC->GetPixel(x+ I ,y+ 1) Ill_White) 
) retum I ; 

else retum 0; 
} 

bool COcrView::SubtNoisel _3(int x,int y,CDC* pDC) 
{ m_Black=OxOOOOOOOO; 

m_ Wllite=OxOOFFFFFF; 
if((pDC->GetPixel(x- 1 ,y-I)- -Ill_ White) &&(pDC->GetPi xel(x,y-1 )= 111_ Black)&&(pDC­
>GetPixel(x+ 1 ,y-1 )==m Black) 

&& (pDC->GetPixel(x-l ,y) lll_ White) //&& (pDC->GetPixel(x+ 1 ,Y)==I11_ Wllite) 
&& (pDC->GetPixel(x -I ,y+ 1 )==m _ Whi te )&& (PDC-

>GetPixel(x,y+ 1 )= 111_ Black)&&(pDC->GetPixel(x+ 1 ,y+ 1 )-=111_ Black) 



) return 1; 
else return 0; 
} 

boo l COcrView::SubtNoisel _ 4(int x,int y,CDC* pDC) 
( m _ Black=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 
if«pDC->GetPixel(x-l ,y- l)= m_ White) &&(pDC->GetPixel(x,y-I)- =rn_ White)&&(pDC­
>GetPixel(x+ I,y-I)==rn_ White) 

&& (pDC->GetPixel(x-l ,y)==m_Black) && (pDC->GetPixel(x+ l ,y)-=m_ White) 
&& (pDC->GetPixel(x-1 ,y+ I )==m _ Black)&&// (PDC-

>GetPixel(x,y+ I ) III_Black)&& 
(pDC->GetPixel(x+ I ,y+ 1 )= m_ Black) 
) return 1; 

else return 0; 
} 

boo I COcrView::SubtNoise l 2(int x,int y,CDC* pDC) 
( m_B lack=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 
if«pDC->GetPixel(x-1 ,y-I )- =rn _Black) //&&(pDC->GetPixel(x,y-1 )==rn _Black) 

&&(pDC->GetPixel(x+ 1 ,y-I )==rn _B lack) 
&& (pDC->GetPixel(x-1 ,y)= m_BI ack) && (pDC->GetPixel(x+ I,y)- =rn _Black) 
&& (pDC->GetPixel(x-l ,y+ 1 )==rn _ White)&& (PDC-

>GetPixel(x,y+ I) 111_ White)&&(pDC->GetP ixel(x+ I,y+ 1)==111_ White) 
) return I; 

else return 0; 
} 

boo l COcrView: :SubtNoise2(int x, int y,CDC* pDC) 
( I11_Black=OxOOOOOOOO; 

111_ White=OxOOFFFFFF; 
if«pDC->GetPixel(x-l ,y-I )= 111_ Black) &&(pDC->GetPixel(x,y- l ) 111_ Black)&&(pDC­
>GetPixel(x+ l,y-I)==I11_Black) 

&& (pDC->GetPixel(x-I ,Y)= I11_Black)&& (pDC->GetPixel(x+ 1,Y)--III_ White) 
&& (pDC->GetPixel(x-l ,y+ I )==m_ Black) &&(PDC-

>GetPixel(x,y+ I) Ill_ Black)&&(pDC->GetPixel(x,y+ 1 )==111_ White) 
) return I; 

e lse retUnl 0; 
} 

bool COcrView::SubtNoise3(int x, int y,CDC* pDC) 
( m_Black=OxOOOOOOOO; 

111_ White=OxOOFFFFFF; 
if«pDC->GetPixel(x- 1 ,y- I ) 111_ Black) &&(pDC->GetPixel(x,y-l )=m _ Black)&&(pDC­
>GetPixel(x+ 1 ,y- l )==111_ Black) 

&& (pDC->GetPixel(x- I ,Y)= I11_Black)&& (pDC->GetPixel(x+ 1 ,Y)= I11_ White) 
&& (pDC->GetPixel(x-l ,y+ I )==I11_Black) &&(PDC-

>GetPixel(x,y+ 1 )- m _ Black)&&(pDC->GetPixel(x,y+ 1 )==111_ Black) 



) return I ; 
e lse return 0; 
} 

bool COcrView::SubtNoise4(int x, int y,CDC* pDC) 
{ m_Black=OxOOOOOOOO; 

m _ White=OxOOFFFFFF; 
if((pDC->GetPixel(x-l,y-l) 11I~lack) &&(pDC->GetPixel(x,y- l) III_Black)&&(pDC­
>GetPixel(x+ I ,y- I)==m _ White) 

&& (pDC->GetPixel(x-1 ,y)==m_Black)&& (pDC->GetPixel(x+ l,y) iii_Black) 
&& (pDC->GetPixel(x-l ,y+ I )==m _Black) &&(PDC-

>GetPixel(x,y+ 1 )==m_ Black)&&(pDC->GetPixel(x,y+ 1 )==m _Black) 
) return 1; 

else return 0; 
} 

boo l COcrView: :SubtNoise5(int x, int y,CDC* pDC) 
{ m_Black=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 
if((pDC->GetPixel(x-1 ,y-I ) III_Black) &&(pDC->GetPixel(x,y-l) ilI_ Black)&&(pDC­
>GetPixel(x+ l ,y-1 )==m _Black) 

&& (pDC->GetPixel(x-1 ,y)-=m _ B lack)&& (pDC->GetPixel(x+ I ,y)= m _B lack) 
&& (pDC->GetPixel(x-1 ,y+ I )==m_BI ack) &&(PDC-

>GetPixel(x,y+ I )- m _ Black)&&(pDC->GetPixel(x,y+ 1 )==m _Black) 
) return 1; 

else retum 0; 
} 

bool COcrView::SubtNoise6(int x, int y,CDC* pDC) 
{ m_B lack=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 
if((pDC->GetPixel(x-1 ,y- l )==m_ White) &&(pDC->GetPixel(x,y-1 )--III_B lack)&&(pDC­
>GetP ixel(x+ l ,y-l)==m_ White) 

&& (pDC->GetPixel(x-1 ,y)= m _ White)&& (pDC->GetPixel(x+ l ,y)=m_ White) 
&& (pDC->GetPixel(x-1 ,y+ I )==m_ White) &&(PDC-

>GetPixel(x,y+ 1) 111_ Black)&&(pDC->GetPixel(x,y+ 1 )==m _ White) 
) retum 1; 

else retul1l 0; 
} 

bool COcrView::SubtNoise7(int x, int y,CDC* pDC) 
{ I11_Black=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 
if((pDC->GetPixel(x-1 ,y-I )-=m _Black) &&(pDC->GetPixel(x,y-l )==111_ Black)&&(pDC­
>GetPixel(x+ I ,y- I)==m_ White) 

&& (pDC->GetPixel(x-1 ,Y)= 111_ White)&& (pDC->GetPixel(x+ 1 ,y)=m_ White) 
&& (pDC->GetPixel(x- 1 ,y+ I )==111_ White) &&(pDC-

>G etPixel(x,y+ I )-=111_ Black)&&(pDC->GetPixel(x,y+ I )==m _ White) 
) retul1l 1; 

else return 0; 



} 

bool COcrView::SubtNoise8(int x, int y,CDC* pDC) 

{ ITI_Black=OxOOOOOOOO; 

ITI_ White=OxOOFFFFFF; 

if«(pDC->GetPixel(x-1 ,y- I )==ITI_ Black) &&(pDC->GetPixel(x,y-1 )==ITI _ Black)&&(pDC­

>GetPixel(x+ 1 ,y-I )==ITI_ White) 

&& (pDC->GetPixel(x-I,Y)= ITI_ White)&& (pDC->GetPixel(x+ I ,Y)- ITI_ White) 

&& (pDC->GetPixel(x-1 ,y+ 1 )==m _Black) &&(PDC-

>GetPixel(x,y+ I )= ITI_Black)&&(pDC->GetPixel(x,y+ 1 )==ITI _ White) 

) return I; 

else return 0; 

} 

boo I COcrView::SubtNoise9(int x, int y,CDC* pDC) 

{ ITI_Black=OxOOOOOOOO; 

ITI_ White=OxOOFFFFFF; 

if«pDC->GetPixel(x-1 ,y-I )==ITI_ Black) &&(pDC->GetPixel(x,y-1 )- =m _ Black)&&(pDC­

>GetPixel(x+ l,y- I)==ITI_ White) 

&& (pDC->GetPixel(x-l ,Y)= ITI_ White)&& (pDC->GetPixel(x+1,Y)=ITI_ White) 

&& (pDC->GetPixel(x -I ,y+ 1 )==m _ Whi te) &&(PDC-

>GetPixel(x,y+ 1 )==m _ Black)&&(pDC->GetPixel(x,y+ 1 )==111_ Black) 

) return I; 

else return 0; 
} 

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

{ ITI_Black=OxOOOOOOOO; 

111_ White=OxOOFFFFFF; 

if«pDC->GetPixel(x-1 ,y-I )=ITI_ White) &&(pDC->GetPixel(x,y-1 )- =m _ Black)&&(pDC­

>GetPixel(x+ I ,y-I )==ITI_ White) 

&& (pDC->GetPixel(x-I,Y)-- IIl_ White)&& (pDC->GetPixel(x+ l ,y) III_White) 

&& (pDC->GetPixel(x-l,y+1)==m_Black) &&(PDC-

>GetPixel(x,y+ 1 )= ITI _ Black)&&(pDC->GetPixel(x,y+ 1 )==m _Black) 

) return I; 

else return 0; 

} 

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

{ I11_Black=OxOOOOOOOO; 

111_ White=OxOOFFFFFF; 

if«(pDC->GetPixel(x-l,y-l) 111_ White) &&(pDC->GetPixel(x,y- l) III_Black)&&(pDC­

>GetPixel( x+1 ,y- l )==111_ Whi te) 

&& (pDC->GetPixel(x-I,Y)==I11_Black)&& (pDC->GetPixel(x+ I ,y) III_White) 

&& (pDC->GetPixel(x-l,y+ I)==m_Black) &&(pDC-

>GetP ixel(x,y+ 1 )-=ITI_ Black)&&(pDC->GetPixel(x,y+ I )==111_ White) 

) return I; 

else return 0; 

} 



bool COcrView::SubtNoiseI2(int x, int y,CDC* pDC) 

{ m_Black=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 

if((pDC->GetPixel(x-1 ,y-I )- =m _Black) &&(pDC->GetPixel(x,y-1 )--IIl_ White)&&(pDC­

>GetPixel(x+ I ,y-I )==m _White) 

&& (pDC->GetPixel(x-l,y)==m_ White)&& (pDC->GetPixel(x+ l ,y)=m_Black) 

&& (pDC->GetPixel(x-l ,y+ I)==m_ White) &&(pDC-

>GetPixel(x,y+ 1 )= m _ Black)&&(pDC->GetPixel(x,y+ I )==m _Black) 

) return I; 
else return 0; 
} 

bool COcrView::SubtNoiseI3(in! x, int y,CDC* pDC) 

{ m_Black=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 

if((pDC->GetPixel(x-1 ,y-I )= m _Black) &&(pDC->GetPixel(x,y-l )= m _ Black)&&(pDC­

>GetPixel(x+ l ,y-I)==m_ White) 

&& (pDC->GetPixel(x-1 ,Y)=I11_ White)&& (pDC->GetPixel(x+ I ,y)==m_ White) 

&& (pDC->GetPixel(x-l,y+ I)==m_Black) &&(pDC-

>GetPixel(x,y+ I )-=m _ Black)&&(pDC->GetPixel(x,y+ 1 )==m _Black) 

) retum I ; 
else return 0; 
} 

/*----------REMAINING SUBSETS FOR SUBTRACTIVE NOISE--------------*/ 

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

{ 111_ Black=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 

if((pDC->GetPixel(x-1 ,y-l )= m_ Black) &&(pDC->GetPixel(x,y-l )= m _ Black)&&(pDC­

>GetPixel(x+l ,y-l)==m White) 

&& (pDC->GetPixel(x-l ,y)==m _Black)&& (pDC->GetPixel(x+ 1 ,y) Ill_White) 

&& (pDC->GetPixel(x-l ,y+ 1 )==m _ White)&&(pDC-

>GetPixel(x,y+ 1 )==m_ White)&&(pDC->GetPixel(x+ 1 ,y+ I )-=m_ White) 

)retuml; 
else return 0; 
} 

bool COcrView::RSubtNoise l_2(int x, in! y, CDC *pDC) 

{ m_Black=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 

if((pDC->GetPixel(x-l,y-l) Ill_Black) &&(pDC->GetPixel(x,y- l )=m_ White)&&(pDC­

>GetPixel(x+ 1 ,y- l )==111_ White) 

&& (pDC->GetPixel(x-1 ,Y)= 111_Black)&& (pDC->GetPixel(x+ I,y) Ill_White) 

&& (pDC->GetPixel(x-1 ,y+ I )==m _ Black)&&(pDC-

>GetPixel(x,y+ I) 111_ Black)&&(pDC->GetPixel(x+ 1 ,y+ I )==111_ White) 

) return I ; 
else return 0; 
} 



boot COcrView: :RSubtNoise2_ I(int x, int y, CDC *pDC) 
{ 111 B lack=OxOOOOOOOO; 

111_ White=OxOOFFFFFF; 
if«pDC->GetPixel(x-1 ,y-I )= 111_ Black) &&(pDC->GetPixel(x,y-1 )= 111_ White)&&(pDC­
>GetPixel(x+ 1 ,y-I)==I11_ White) 

&& (pDC->GetPixel(x-1 ,y)- =m_ White)&& (pDC->GetPixel(x+ 1 ,Y)= I11_ White) 
&& (pDC->GetPixel(x-1 ,y+ I )==111_ White )&&(PDC-

>GetPixel(x,y+ 1 )-=111_ Black)&&(pDC->GetPixel(x+ 1 ,y+ 1 )==111_ White) 
) retul11 I; 

else return 0; 
} 

boot COcrView::RSubtNoise2_2(int x, int y, CDC *pDC) 
{ I11_Black=OxOOOOOOOO; 

111_ White=OxOOFFFFFF; 
if«pDC->GetPixel(x-1 ,y-I )--111_ Black) &&(pDC->GetPixel(x,y-l )==I11_Black)&&(pDC­
>GetPixel(x+ 1 ,y-l )==111_ White) 

&& (pDC->GetPixel(x-1 ,y) lll_ White)&& (pDC->GetPixel(x+1 ,y) lll_ Black) 
&& (pDC->GetPixel( x -I ,y+ 1 )==111_ White )&&(pDC-

>GetPixel(x,y+ 1 ) - -lll_ White )&&(pDC->GetPixel(x+ 1 ,y+ 1 )--111_ White) 
) return 1; 

else return 0; 
} 

boot COcrView::RSubtNoise2_3(int x, int y, CDC *pDC) 
{ I11_Black=OxOOOOOOOO; 

111_ White=OxOOFFFFFF; 
if«pDC->GetPixel(x-1 ,y- I) lll_ Black) &&(pDC->GetPixel(x,y-l )= I11_Black)&&(pDC­
>GetPixel(x+ 1 ,y-I )==111 White) 

&& (pDC->GetPixel(x-l,y)--Itl_ White)&& (pDC->GetPixel(x+l,y) ill_White) 
&& (pDC->GetPixel(x-1 ,y+ 1 )==m _ Black)&&(pDC-

>GetPixel(x,y+ 1 )= 111_ W11ite)&&(pDC->GetPixel(x+ 1 ,y+ 1 )==m_ W11ite) 
) return I; 

else return 0; 
} 

bool COcrView::RSubtNoise3_1 (int x, int y, CDC *pDC) 
{ 111_Black=OxOOOOOOOO; 

111_ White=OxOOFFFFFF; 
if«pDC->GetPixel(x-1 ,y-I)==m_ White) &&(pDC->GetPixel(x,y-I)==m_Black)&&(pDC­
>GetPixel(x+ 1 ,y- I )==m_ W11ite) 

&& (pDC->GetPixel(x-1 ,Y)==I11_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 I ; 

else return 0; 
} 

boo I COcrView: :RSubtNoise4_ I(int x, int y, CDC *pDC) 
{ 111_Black=OxOOOOOOOO; 



m_ White=OxOOFFFFFF; 
if((pDC->GetPixel(x-1 ,y- l ) II1_Black) &&(pDC->GetPixel(x,y-I)-=m_ White)&&(pDC­
>GetPixel(x+ l ,y- I)==m White) 

&& (pDC->GetPixel(x-1 ,y)= m _White )&& (pDC->GetPixel(x+ I ,y)==m _White) 
&& (pDC->GetP ixel(x- 1 ,y+ 1 )==m_ White)&&(pDC-

>GetPixel(x ,y+ I) 111_ White)&&(pDC->GetPixel(x+ 1 ,y+ 1 )-=m_Black) 
) retum I; 

else retum 0; 
} 

bool COcrView::RSubtNoise4_2(int x, int y, CDC *pDC) 
( m_B lack=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 
if((pDC->GetPixel(x-1 ,y-I) 111_ Black) &&(pDC->GetPixel(x,y-1 )= m _ Black)&&(pDC­
>GetPixel(x+ l ,y-I)==m_ White) 

&& (pDC->GetPixel(x-1 ,y)= m_ White)&& (pDC->GetPixel(x+ I,y) 111_ White) 
&& (pDC->GetPixel(x -I ,y+l )==m _ White )&&(pDC-

>GetP ixel(x,y+ I )--m_ White )&&(pDC->GetPixel(x+ 1 ,y+ I )-- 111_ Black) 
) retum I ; 

else retum 0; 
} 

bool COcrView::RSubtNoise4_3(int x, int y, CDC *pDC) 
( m_Black=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 
if((pDC->GetPixel(x-1 ,y-I )==m_Black) &&(pDC->GetPixel(x,y- 1 )==m _Black)&&(pDC­
>GetPixel(x+ I ,y-I )==m White) 

&& (pDC->GetPixel(x-l ,y)=m_ White)&& (pDC->GetPixel(x+ I ,Y)==l11_Black) 
&& (pDC->GetPixel(x-1 ,y+ I)==m _ White)&&(pDC-

>GetPixel(x,y+ I )--1l1_ White )&&(pDC->GetPixel(x+ 1 ,y+ I )-=111_ Black) 
) retum I ; 

else retum 0; 
} 

bool COcrView::RSubtNoise5 _ I (int x, int y, CDC *pDC) 
( 111_Black=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 
if((pDC->GetPixel(x-l,y-I)- - ill_ White) &&(pDC->GetPixel(x ,y-1 )--111_ Black)&&(pDC­
>GetPixel(x+ l ,y- I)==111_ White) 

&& (pDC->GetPixel(x-l ,y)= m_ White)&& (pDC->GetPixel(x+l,Y)= 111_ White) 
&& (pDC->GetPixel(x-1 ,y+ I)==m _Black)&&(pDC-

>GetPixel(x,y+ 1) 111_ White)&&(pDC->GetPixel(x+ 1 ,y+ 1 )-=111_Black) 
) retum I ; 

else retum 0; 
} 

bool COcrView::RSubtNoise5_2(int x, int y, CDC *pDC) 
{ m_Black=OxOOOOOOOO; 

111_ White=OxOOFFFFFF; 



if((pDC->GetPixel(x-1 ,y-I )==111_ White) &&(pDC->GetPixel(x,y-1 )==111_ Black)&&(pDC­
>GetPixel(x+ I ,y- I )==111_ White) 

&& (pDC->GetPixel(x-1 ,Y)= I11_ White )&& (pDC->GetPixel(x+ 1 ,Y)= 111_ Black) 
&& (pDC->GetPixel(x-1 ,y+ 1 )==111_ Black)&&(pDC-

>GetPixel(x,y+ I) 111_ White)&&(pDC->GetPixel(x+ 1 ,y+ I )= 111_ White) 
) return I ; 

e lse return 0; 
} 

boo I COcrView::RSubtNoise5_3(int x, int y, CDC *pDC) 
{ I11_Black=OxOOOOOOOO; 

111_ White=OxOOFFFFFF; 
if((pDC->GetPixel(x-1 ,y- I) III_White) &&(pDC->GetPixel(x ,y-1 )= 111_ Black)&&(pDC­
>GetPixel(x+ I ,y- I)==m_ White) 

&& (pDC->GetPixel(x-1 ,y) 111_ White)&& (pDC->GetPixel(x+ I,y)= m_ Black) 
&& (pDC->GetPixel(x-1 ,y+ I )==m_Black)&&(pDC-

>GetPixel(x,y+ I )= m _ White)&&(pDC->GetPixel(x+ 1 ,y+ 1 )==111_ Black) 
) return I; 

e lse return 0; 
} 

bool COcrView::RSubtNoise6_ l(int x, int y, CDC *pDC) 
{ 111_Black=OxOOOOOOOO; 

111_ White=OxOOFFFFFF; 
if((pDC->GetPixel(x-1 ,y- I )= 111_ Black) &&(pDC->GetPixel(x ,y-1 )==m _ White)&&(pDC­
>GetPixel(x+ 1 ,y- I )==111_ White) 

&& (pDC->GetPixel(x-I ,Y)-=I11_ White)&& (pDC->GetPixel(x+ I,Y)= 111_ White) 
&& (pDC->GetPixel(x-1 ,y+ 1 )==m _ Black)&&(pDC-

>GetPixel(x,y+ I) III_Black)&&(pDC->GetPixel(x+ I ,y+ I) Ill_B lack) 
) return I ; 

e lse return 0; 
} 

bool COcrView::RSubtNoise6_2(int x, int y, CDC *pDC) 
{ m_Black=OxOOOOOOOO; 

111_ White=OxOOFFFFFF; 
if((pDC->GetPixel(x-1 ,y- I )= m_ Black) &&(pDC->GetPixel(x,y-1 )--111_ White )&&(PDC­
>GetPixel(x+1 ,y- I)==m_ White) 

&& (pDC->GetPixel(x-l,y) II1_Black)&& (pDC->GetPixel(x+ I ,Y)= I11_ White) 
&& (pDC->GetPixel(x-1 ,y+ 1 )==m _ Black)&&(pDC-

>GetPixel(x ,y+ 1)--111_ Black)&&(pDC->GetPixel(x+ 1 ,y+ 1 )==m _Black) 
) return I ; 

e lse return 0; 
} 

boo I COcrView::RSubtNoise6_ 3(int x, int y, CDC *pDC) 
{ m Black=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 
if((pDC->GetPixel(x- 1 ,y- I)-=m_Black) &&(pDC->GetPixel(x,y-1 )==m_ White)&&(pDC­
>GetPixe l(x+ 1 ,y- l )==m_ White) 

{ 



&& (pDC->GetPixel(x-l ,y)==m_ White)&& (pDC->GetPixel(x+ l ,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 I; 

else return 0; 
} 

////////////////////////////////////////////////////////////////////// 
/' ---------------------ADDITIVE NOISE REMOVERS----------------------, / 
//////////////////////////////////////////////////////////////!/////// 

boo I COcrView::AdditNoisel(int x, int y,CDC 'pDC) 
{ 

m _ B lack=OxOOOOOOOO; 
m_ White=OxOOFFFFFF; 

if«pDC->GetPixel(x-1 ,y-I )--111_ White) &&(pDC->GetPixel(x,y-l) III_White) &&(pDC­
>GetPixel(x,y-l) 111_ White) 

&& (pDC->GetPixel(x-1 ,y)==m _White) && (pDC->GetPixel(x+1 ,y) 111_ White) 
&& (pDC->GetPixel(x-1 ,y+ 1 )==m _ White)&& (PDC-

>GetPixel(x,y+ 1)--111_ White)&&(pDC->GetPixel(x+ 1 ,y+ I) 111_ White) 
) return I ; 

else return 0; 
} 

boo I COcrView::AdditNoise2(int x, int y,CDC 'pDC) 
{ 

m _ B lack=OxOOOOOOOO; 
m _ White=OxOOFFFFFF; 

if«pDC->GetPixel(x-1 ,y-I) 111_Black) &&(pDC->GetPixel(x,y-l) 111_ White) &&(pDC­
>GetPixel(x,y-l )- =m_ White) 

&& (pDC->GetPixel(x-l,y) 111_Black) && (pDC->GetPixel(x+ I,y) Ill_White) 
&& (pDC->GetPixel(x,y+ 1 )==111_ White)&&(pDC->GetPixel(x+ I,y+ 1 )=m_ White) 
) return I; 

else return 0; 
} 

bool COcrView::AdditNoise3(int x, int y,CDC *pDC) 
{ 

111_ Black=OxOOOOOOOO; 
111_ White=OxOOFFFFFF; 

if«(pDC->GetPixel(x-1 ,y-I)==m _Black) &&(pDC->GetPixel(x,y-1 )-=111_ White) &&(pDC­
>GetPixel(x,y-l) 111_ 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 )- -IIl_ White)&&(pDC->GetPixel(x+ 1 ,y+ 1)==111_ White) 
) retum I; 

else return 0; 
} 
boo I COcrView::AdditNoise4(int x, int y,CDC *pDC) 
{ 

, . 



m _ Black=OxOOOOOOOO; 
m_ White=OxOOFFFFFF; 

if((pDC->GetPixel(x-l ,y- l )==m _White) &&(pDC->GetPixel(x,y- l )==m _White) &&(PDC­
>GetPixel(x,y- l )--111_ White) 

&& (pDC->GetPixel(x-1 ,y)==m_Black) && (pDC->GetPixel(x+ 1 ,y)==m_ White) 
&& (pDC->GetPixel(x- l ,y+ l )==m_ White)&& (pDC-

>GetPixel(x,y+ 1 )==111_ White )&&(pDC->GetPixel(x+ 1 ,y+ 1 )==111_ White) 
) return 1; 

else retum 0; 
} 

bool COcrView: :AdditNoise5(int x, int y,CDC *pDC) 
{ 

111_ B lack=OxOOOOOOOO; 
111_ White=OxOOFFFFFF; 

if((pDC->GetPixel(x-l ,y-l )==m_Black) &&(pDC->GetPixel(x,y- l ) 111_ White) &&(PDC­
>GetPixel(x,y-l) Ill_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+ I ) 111_ White) 
) return I ; 

else return 0; 
} 
IlllllllllllllllllllllllllRel11aining Subsets for Additive Noise Removal IIIIIIIII 

boo I COcrView::AdditNoisel _ l(int x, int y,CDC *pDC) 
{ 

111_ Black=OxOOOOOOOO; 
m_ White=OxOOFFFFFF; 

if((pDC->GetPixel(x- 1 ,y-I )==IlI_ White) &&(pDC->GetPixel(x,y-l )==I11_Black) &&(pDC­
>GetPixel(x,y-I)- =m_ White) 

&& (pDC->GetPixel(x-I ,Y)= I11_ White) && (pDC->GetPixel(x+ I,y)==m_ White) 
&& (pDC->GetPixel(x-l,y+ I)==m_Black)&& (pDC-

>GetPixel(x,y+ I)- - ill_ White)&&(pDC->GetPixel(x+ I,y+ 1)--111_ White) 
) return I ; 

else return 0; 
} 

boo I COcrView::AdditNoise2_ I(int x, int y,CDC *pDC) 
{ 

111_ B lack=OxOOOOOOOO; 
111_ White=OxOOFFFFFF; 

if((pDC->GetPixe l(x-1 ,y-I)==m_ White) &&(pDC->GetPixel(x,y-l )--1 II_B lack) &&(pDC­
>GetPixel(x,y- l) 111_ White) 

&& (pDC->GetPixel(x-1 ,Y)= I11_ Whi te) && (pDC->GetPixel(x+ 1 ,Y)-=I11_Black) 
&& (pDC->GetPixel(x-l ,y+ I)==l1l_ White)&& (pDC-

>GetPixel(x,y+ 1)==111_ White)&&(pDC->GetP ixel(x+ l ,y+ 1)==111_ White) 
) return I; 

else return 0; 
} 

, 'J 



bool COcrView::AdditNoise3_ I(int x, int y,CDC *pDC) 

( 
m _ B lack=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 

if«pDC->GetPixel(x-l ,y-I)==m_ White) &&(pDC->GetPixel(x ,y-I)==m_ White) &&(pDC­

>GetPixel(x,y-1 )--111_ Black) 

&& (pDC->GetPixel(x-I ,Y)= I11_ White) && (pDC->GetPixel(x+ I ,y)= m_ White) 

&& (pDC->GetPixel(x-1 ,y+ I )==111_Black)&& (pDC-

>GetPixel(x,Y+ I )--111_ White )&&(pDC->GetPixel(x+ I ,y+ 1)==111_ White) 

) return I; 

else return 0; 
} 

bool COcrView: :AdditNoise4_ I(int x, int y,CDC *pDC) 

( 
111_Black=OxOOOOOOOO; 

111_ White=OxOOFFFFFF; 

if«pDC->GetPixel(x-1 ,y-I )==111 _Black) &&(pDC->GetPixel(x,y- 1 )--m _White) &&(pDC­

>GetPixel(x,y-1 )==m_ Black) 

&& (pDC->GetPixel(x-1 ,y) Ill_White) && (pDC->GetPixel(x+ 1 ,Y)==111 _Black) 

&& (pDC->GetPixel(x-1 ,y+ 1 )==m _ Black)&& (pDC-

>GetPixel(x,y+ I) 111_ White)&&(pDC->GetPixel(x+ I ,y+ I ) III_White) 

) return I ; 

else retum 0; 
} 
bool COcrView::AdditNoise5_ I(int x, int y,CDC *pDC) 

( 
111_Black=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 

if«pDC->GetPixel(x-1 ,y-I)= m _ White) &&(pDC->GetPixel(x ,y-l)- - IiI_ White) &&(PDC­

>GetPixel(x,y-1 )= m _Black) 

&& (pDC->GetPixel(x-1 ,y)-=m_ White) && (pDC->GetPixel(x+ I ,Y)-=111_ White) 

&& (pDC->GetPixel(x-l ,y+ 1 )==m _ Black)&& (PDC-

>GetPixel(x,y+ I) 111_ Black)&&(pDC->GetPixel(x+ I ,y+ I )-=111_ Black) 

) return 1; 

else retum 0; 
} 
bool COcrView::AdditNoise6_ I(int x, int y,CDC *pDC) 

( 
111_ Black=OxOOOOOOOO; 

m_ White=OxOOFFFFFF; 

if«pDC->GetPixel(x-l,y-1 )-=111_ White) &&(pDC->GetPixel(x,y-I)==I11_ White) &&(PDC­

>GetPixel(x,y-1 )==m _Black) 

&& (pDC->GetPixel(x-1 ,Y)-=111_ White) && (pDC->GetPixel(x+ I ,y)= m_ Black) 

&& (pDC->GetPixel(x- 1 ,y+ 1 )==111_ Black)&& (pDC-

>GetPixel(x,y+ I )==111_ Black)&&(pDC->GetPixel(x+ I ,y+ I ) III_White) 

) retum 1; 

else retum 0; 

} 
, ( 



boot COcrView::AdditNoise7 _ I (int x, int y,CDC *pDC) 
{ 

m _ Black=OxOOOOOOOO; 
m_ White=OxOOFFFFFF; 

if((pDC->GetPixel(x-l,y-I)==m_ White) &&(pDC->GetPixel(x,y- I)= m_Black) &&(pDC­
>GetPixel(x,y-l) Ill_White) 

&& (pDC->GetPixel(x- 1 ,y)==m_Black) && (pDC->GetPixel(x+ l ,y)= m_ White) 
&& (pDC->GetPixel(x-l ,y+l )==m_Black)&& (pDC-

>GetPixel(x,y+ 1 )-=m_ White)&&(pDC->GetPixel(x+ 1 ,y+ I)==m_ White) 
) return I ; 

else return 0; 
} 

//////////////////////////////////////////////////////////////////////////////// 

void COcrView::inittreeO 
{ 
FILE *fp; 
int n_ type,n_lab, bnJab,i; 

fp= fopen("mynewtre.msk" , "r"); 
ASSERT(fpl =NULL); 
if((root=newengine)=NULL) 

AfXMessageBox("Root is NULL!"); 
root->parent = NULL; 
root->Ieft = NULL; 
root->right = NULL; 
current = root; 
fscanf(fp,"%d %d\n", &n_type,&n_Iab); 
fscanf(fp,"%d %d %d %d\n" ,&root->startynt,&root->endynt, 

&root->scale,&root->function) ; 
bn_lab = nJab; 
do{ 

if((ternpo = new engine)= NULL) 
AfxMessageBox("Tempo is NULL!"); 

tempo->parent = NULL ; 
tempo->Ieft = NULL; 
ternpo->ri ght = NULL; 

fscanf(fp,"%d %d\n" , &n_type,&nJab); 
if(bn_lab < n_ lab){ 

} 

current-> Ieft = tempo; 
tempo->parent = current; 
current = tempo; 
bn_ lab = n_lab; 

else if(bn_lab == nJab){ 
current = current->parent; 
current->right = tempo; 

. , 



} 

} 

tempo->parent = current; 
current = tempo; 
bnJab = nJab; 

else if(bn_ lab > n_Iab){ 
for(i=O;i<=bn_lab-n _lab; i++) 

} 

CUITent = current->parent; 
current->right = tempo; 
tempo->parent = current; 
current = tempo; 
bn _lab = n_Iab; 

if(n_type = I) 
fscanf(fp ,"%d %d %d %d\n" ,&tempo->starlynt,&tempo->endynt, 

&tempo->scale,&tempo->function); 
else fscanf(fp," %c\n" ,&tempo->fidel) ; 

} while(!feof(fp )); 

fclose(fp); 

void COcrView: :recognize(CDC *pDC) 
{ 

int i,j ,k=O,m=O,s,t,ed _line=O,sUine=O; 
int n=O,p=O,I,space=O; 
m _ B lack=OxOOOOOOOO; 

FILE *fp; 
BITMAP bm; 
m_ bitmap. GetBitmap( &bm); 
fp= fopen("Topology.out", "w"); 

for(i=O;i<=bm.bmHeight; i++){ 
k = O; 
for(j=OJ <=bm.bm Width; j++) 

if(pDC->GetPixel(j ,i)= m _ Black)k+= I ; 
if((k!=O) && (I]}= O)){if((i-ed_ line»SS) fputc(l3,fp);sUine = i; m= I;} 
else if ((k= O) && (m== I)){ 

ed_ line = i-I; m= 0; 
if((ed_line-sUine) > IS){ 

for(s=O;s<=bm.bmWidth; s++){ 
v=O; 
for(t=sUine; t<=ed_ Iine; t++) 

if(pDC->GetPixel(s,t)= Il1_Black)v+= l ; 
if((v !=O) && (p==O)){ 
st_v = s; p= I; 



if(st_ v-ed_ v >30) space = 1 
} 
else if((v==O) && (p== I»{ 
ed_v = s-I; p=O; 
i f(( ed _ v-st_ v» 1 O){ 

if(( ed _ v-st_ v»45) 
{ed_v=st_v + (ed_v-st_v)l2; 
s=ed_v+l; 
} 
SUl = 0; n=O; 
for(l=sUine;I<=ed_line; I++){ 
v= O; 
for(t=st_ v; t<=ed _ v; 1++) 
if(pDC->GetPixel(t,I)--lI1_ Black) {v+= 1 ;break;} 
if((v !=O) && (n==O»{st_h = I; n= I ;} 
else if((v==O) && (n= I»{ed_h = I- I ;break;} 
else if((v! =O) && (n== I) &&(l==ed_Iine» ed_h = I; 
} 

for(l=st_ h; I<=ed _ h; 1++) 
for(n=st_ v; n<=ed _ v; n++) 
if(pDC->GetPixel(n, I)= m ~Iack) { 

Ipk[l-sUl] = n-st_ v; 
break;} 

for(l=sUl; I<=ed _h; 1++) 
for(n=ed_v; n>=st_v; n--) 
if(pDC->GetPixel( n, l) itl_Black){ 

rpk[l-sUl] = n-st_ v; 
break;} 

for(l=st_h; I<=ed_h; I++){ 
width[l-st_ h] = rpk[l-st_ h ]-lpk[l-st_h]; 

} 
for(l=st_h+l ; I<=ed_h; I++){ 
IdefTI-st_ h] = Ipk[l-st_h ]-lpk[l-st_ h- I]; 
rdefTI-st_ h] = rpk[l-st_ h ]-rpk[l-sUl-1] ; 
} 

height =ed _ h-st_ h; 
current = root; 
do{ 

stJlnt = current ->start ---'pnt; 
ed Jlnt = current->end ---'pnt; 
switch( current->ful1ction) { 

, ' 

case I: n=func _10; break; 
case 2: n=func_20; break; 
case 3: n=func_30; break; 
case 4: n=func_ 40; break; 
case 5: n=func_50; break; 
case 6: n=func_60; break; 
case 7: n=func 70; break; 
case 8: n=func_80; break; 
case 9: n=func_90; break; 



} 

} 
} 

} 

case 10: n=func _ 100; break; 
case II : n=func 110; break; 
case 12: n=func_ 120; break; 
case 13: n=func _ 130; break; 
case 14: n=func _ 140; break; 
case 15: n=func _ 150; break; 
case 16: n=func_160; break; 
case 17: n=func_ 170; break; 
case 18: n=func_ 180; break; 
case 19: n=func_ 190; break; 
case 20: n=func _ 200; break; 
} 
if(n= l) current=current-> Ieft; 
else current = cUITent->right; 

}whi le ((current->right != NULL)&&(current-> left !=NULL» ; 
fputc( current->fidel, fp); 
} 

if(space = l){fputc(32, fp);space = 0; 
} 
} 
fputc(13,fp); 
} 

fclose(fp); 
Ilalert.CloseWindow(IDCANCEL); 

vo id COcrView: :OnlnitialUpdateO 
{ 

} 

CView: :OnInitiaIUpdateO; 
in i ttreeO; 

void COcrView: :OnRecognizeO 
( 

CClientDC dc(this); 

I!BITMAP bm; 
Ilm_bitmap.GetBitmap(&bm); 

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

return; 
CBitmap* pOldBitmap = dcImage.SelectObj ect(&m_bitmap); 
Ildc .BitB1t(O, 0, bm.bmWidth, bm.bmHeight, &dcImage, 0, 0, SRCCOPY); 
IldcImage.SelectObject(pO IdB i hllap) ; 

recognize(&dcImage); 



} 

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

void COcrView::OnFi leOpenO 
{ 

CString strFilter; 

strFilter+="BMP Fi les"; 
strFilter += (TCHAR)'\O'; II next string please 
strFilter += _T("*BMP"); 
strFilter += (TCHAR)'\O'; II last string 
CFi leDialog 

dlgFi le(TRUE,"*.bmp",NULL,OFN_HIDEREADONLYIOFN_OVERWRITEPROMPT,NU 
LL,this); 

dlgFile.m_ ofn. lpstrTitle="Open BitMap" ; 
dlgFi le.m _ ofn.lpstrFilter=strFilter; 

1* 
dlgFi le.m _ ofn.lpstrTitle=title; 
dlgFile.m_ ofn.lpstrFile = fi leName,GetBufferL MAX] ATH); 
AfxMessageBox(fi leName); 

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

dlgFile.m_ofn.Flags 1= IFlags; 

CString strFilter; 
CString strDefault; 
if(pTemplate != NULL) 
{ 

} 
else 
{ 

ASSERT _V ALID(pTemplate); 
_AfxAppendFilterSuffix(strFi lter, dlgFile.m _ ofn, pTemplate, &strDefault); 

II do for all doc template 
POSITION pos = m_templateList.GetHeadPositionO; 
BOOL bFirst = TRUE; 
while (pos != NULL) 
{ 

CDocTemplate* pTemplate = 
(CDocTemplate*)m_ temp lateList. GetNext(pos); 

} 
} 

_ AfxAppendFilterSuffix(strFi Iter, dlgFi le.lll_ ofn, pTelllplate, 
bFirst ? &strDefau lt : NULL); 

bFirst = FALSE; 



} 

II append the "**" all files filter 
CString allFilter; 
VERIFY(aIlFilter.LoadString(AFX_IDS_ALLFILTER» ; 
strFilter += allFilter; 
strFi lter += (TCHAR)'\O'; II next string please 
strFilter += _T("*.BMP"); 
strFilter += (TCHAR)'\O'; II last string 
dlgFile.l11_ofu.nMaxCustFilter++; 

dlgFile.l11_ofn.lpstrFilter = strFilter; 
dlgFile.l11_ofu.lpstrTitle = title; 
dlgFile.l11_ofn .lpstrFile = fileName.GetBufferCMAX]ATH) ; 
int nResult = dlgFile.DoModaIO; 
llfileName.ReleaseBufferO; 
return ;!1 nResult == IDOK; 

void COcrView::Additive(int x,int y,CDC *pDC) 
{ 
m _ B lack=OxOOOOOOOO; 
m_ White=OxOOFFFFFF; 
if((AdditNoise I (x,y,pDC)= 1 )11(AdditNoise2(x,y,pDC)= 1 ) 11 (AdditNoise3(x,y,pDC)== I) 
II (AdditNoise4(x,y,pDC)== I) II (AdditNoise5(x,y,pDC)= I) II (AdditNoise(l(x,y,pDC)= I) 
II(AdditNoise2 _ I (x,y,pDC)== 1 )I IC AdditNoise3 _I (x,y,pDC)== 1 ) II ( Addi tNoise4 _ I (x,y ,pDC)= 
I) 
II (AdditNoise5 _ I (x,y,pDC)== 1 )11(AdditNoise6 _ I (x,y,pDC)= 1 )11(AdditNoise7 _ I (x,y,pDC)= 

1 » 
pDC->SetPixel(x,y,m_ White); 
} 

void COcrView::Subtractive(int x,int y,CDC *pDC) 
{ 
I11_Black=OxOOOOOOOO; 
if( (SubtNoise I (x,y,pDC)== 1 ) II (S ubtNoise2( x,y,pDC)== I )1I (SubtNoise3(x,y ,pDC)= I) 
II (S ubtNoise4(x,y,pDC)== I ) II (S ubtNoise5 (x,y ,pDC)= I) II(S ubtNoise6(x,y,pDC)= I) 
II (SubtNoise6(x,y,pDC)= I )II (S ubtNoise7(x,y ,pDC)= 1 )I I(S ubtNoise8(x,y ,pDC)= I) 
II (SubtNoise9(x,y,pDC)= 1 )11(SubtNoise l O(x,y,pDC)= 1 )11(SubtNoise I I (x ,y,pDC)==I) 
II (SubtNoiseI2(x,y,pDC)==1 ) 11(SubtNoise 13(x,y,pDC)= I) 
II (SubtNoisel_2(x,y ,pDC)= 1 )II (S ubtNoise 1_ 3(x,y,pDC)= 1 ) II (S ubtNoise 1_ 4(x ,y,pDC)= I) 
11 ((RSubtNoisel _ 1 (x,y,pDC)= 1 )11(RSubtNoise 1_ 2(x,y,pDC)== I» 
11((RSubtNoise2 _1 (x,y,pDC)= 1 ) 11 (RSubtNoise2 _ 2(x,y,pDC)== 1 )1I(RSubtNoise2 _ 3 (x,y,pDC) 
= 1» 
II(RSubtNoise3 _ I (x,y,pDC)= I) 
11 ((RSubtNoise4 _ I (x,y,pDC)= I ) IICRSubtNoise4_2(x,y,pDC)== 1 )11 (RSubtNoise4 _3(x,y,pDC) 
= 1» 
11 ((RSubtNoise5 _ I (x,y,pDC)= I ) 11(RSubtNoise5 _ 2(x,y,pDC)== 1 )11(RSubtNoise5 _3(x,y,pDC) 
= 1» 



11((RSubtNoise6 _ 1 (x,y,pDC)== 1 )11(RSubtNoise6 _ 2(x,y,pDC)==1 )11(RSubtNoise6 _3(x,y,pDC) 
= 1))) 
pDC->SetPixel(x,y,m_ Black); 
} 

void COcrView: :OnNoiseremoveO 
{ 

m _ Black=OxOOOOOOOO; 
m_ White=OxOOFFFFFF; 
CClientDC dc(thi s); 
CDC dcImage; 
if (! dcImage.CreateCompatibleDC(&dc» 

return; 
CBitmap* pOldBitmap = dclmage.SelectObject(&m_ bitmap); 
int i,j; 
for(i= l ;i<=bm.bmHeight;i++) 

for0= 1 ;j<=bm.bm Width;j++) 
if( dcImage. GetPixel(iJ)-=m _Black) 
Additi ve(i,j ,&dcImage); 

for(i= 1 ;i<=bm.bmHeight;i++) 
for0= 1 ;j<=bm.bm Width;j++) 

if(dcImage.GetPixel(iJ)= m_ White) 
Subtractive(i,j ,&dcImage); 

I Irecognize( &dclmage); 
dc.HitBlt(O, 0, bm.bmWidth, bm.bmHeight, &dclmage, 0, 0, SRCCOPY); 

II dcImage.SelectObject(pOldBi tmap); 
AfxMessageBox("Noise Removal Completed"); 

} 

void COcrView::stretch(CDC *pDC) 
{ 

} 

pDC->SetStretchBltMode(BLACKONWHITE); 
int h,w; 
h=bm.bmHeight+20; 
w=bm.bmWidth+20; 
pDC->StretchB lt(O,O,w,h,pDC,O,O,bm.bmWidth,bm.bmHeight,SRCCOPY); 
return; 

vo id COcrView: :Compress(CDC *pDC) 
{ 

} 

pDC->SetStretchBltMode(WHITEONBLACK); 
int h,w; 
h=bm.bmHeight-20; 
w=bm.bm Width-20; 
pDC->StretchB lt(O,O,w,h,pDC,O,O,bm.bmWidth ,bm.bmHeight,SRCCOPY); 
return; 



void COcrView::OnSaltandpepperO 
{ 

intj ; 
CClientDC dc(this); 
CDC dcImage; 
if (!dcImage.CreateCompatibleDC( &dc)) 

return; 
CBitmap* pOldBitmap = dcImage.SelectObject(&m_bitmap); 
for0= 1 ;j<=1 O;j++) 

Compress( &dcImage); 
[or0= 1 ;j <=1 O;j++) 
stretch( &dcImage); 

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

II dcImage.SelectObject(pOldBitmap); 
return; 

} 
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IIh~' (I11; MIXL T.ll 011"111), 11,1'. li'C"ITm. fh, ~·I'"T.I' n.u&.'£ hTllu,<:.llI'l n.J?1 

Uooml'fm'} fl'lUum. uh&.h Uh¥1,11. m.<I!1; hfI'iU UUUl'lu wll1loo&,.I' 1I'f1T 

OJ? hm&'1l ,I'. Y.<:II (\'1\0 I'm.!!"). hAlIIllbl'l M1;O), hlJ? M' uu(lo MIlIl 

ullaJoll1l'l' 1'fC" ~OC .l'lIu~h O,l'.HH, 1t.. rll'lC h~hlll~J? 1'11>1' wll(\,C 

{lopu llhul'lT hoo1;T ht~· 1IUH, Of<'l1;T m.1l1:1;A uhum. hooll.l"l·1l 

11,1'. ~uo:. UlIl.Hh- Il.Il.Il Y1,l .y.ltllil Y1, opllmT h,l'.':i-II'f h'}.I't&'loo 

1:01'l.l'h I'l~ h10u'f~m. ool"1'fT h~H'f'} op'II'I''f U"l onl"1I'l;J-'f J?llTm. 

h'},I',I'1'}: .l'J?l1m. ~ul'l&'(\' fHOu'iI'l'} MU6J;b 4lH Mm.1' I' OUT 

11,1'.1'1' 1I"7n.A"I h,l'.J?II'f I'lhCn. ~oo1;T O~u OU1&'':i- '} J?0"'1l. oP1m.li' 'f'P 

ll1lh-1l hl&'ll~hh'fm. hMW} J?lll .I'/Io'M·'} fh.!!""IT m,l1l ~I'lll, 1I"1111',£'\. 

h"lUhll fhlll\o ml'lA'I' ool"1'fT fll8h- oo"llltf) 001\0 4l A li'hllt'\.m. ~aJo 

~lln. ~'}I'lT&'hj'f'} 1;lIk~<I! I' tOM 1'''111 "71'ull umA fl"1J? 1'lUm. 01' ,l',l'Hn. 

I"}"IJ?· UAhT hl'L4:nhl\~C huullU1'YIl 1;uM .,.1 I'M'I'"T.I' ~(lot J?C1IT 

'1"1, 00041 "1m""') ,I'.'\. MM 0 1'111: ooY'~ tk TtI..I'1"1 V"1;k~<I! I' tOM 

1'''111 uuhll oollll.y. 01ln.tI. t4· M'"'l.n. f hH J?.I'11"1.!!" Q;j, lh I' J?101l.1:1 M1T 

II"YCIlT h"Ul1n. ¥IT hool'llll'f .,.1 ~V"u 1IUH. MIIU hof>h 1"1n. 

m.'}O~1'l u'I'l'ltllh-l I'h"lIl"IIIA '1'1, hlll'l wlJ?l.,.l UJ?Il1; MII'II .,.,<:,1'. mH' 

1'~1,"Ilm.h1;A hll.h I'l'fm.l UIII' III'" oollh hh-TM'fJ?'} I'AUT UC'<:1;'f':i­

OJ?kTU OIlAoj" hlJ?V"Tof>'lII I'h"l&.<I! I'n.'f .,.,<:,1'. UhTA m~htC M1;O<l! 

hhcol.l''P 11,1'. 1'1lh 1'lm.1, 



., -

, . 

. , -

~1'1e~C foohl\h' IQ.[1T1C;- [19'1'1 (lCt'l't. oonhU" f~Vl 'loot ooI1(}1l.:\, 

n(}lllH nl-iV IDC (!).() '1' Hi\.n ih'l-l "I 'i' n '11\ l' fi.h n? e fJt. 0000.:\ J(J}. "t.c;­

un r\ ~ eoo i\ h l' 9" trji\ (}Il fit) '5-1 . ,M ~ (J}.1 f'l i\ 9" ih'l-l Q.V 1.11 fI;r 119" 

~1'1.1'nfl Q.lt ;t&l).I9" ~(J}.f ~1'1.1 IHfI "II'\.? 'I' eQ.oot Q.t. ~C1· e(J}.i\flMl 

~ ,i\9" flC n. n n 9"nt t n'l' n j(I)o t'je;te i\r\/'r.'f'!' ~".C Al 'I. t! 1 . nnC' 

(!).() '1' HH ;J I1 (J}. 1 Q.lj: 'l.fi e 1 n n Q ~ h ivo L m (J}. ID r1l 1"1 [l;t 'J C M oIl III r1lao.c;­

'im~':\ 1.1-iC;- rom ~Ml tt.l t,?ffi. A(}Ilt\h t'l't. 'h'l!n Mrj HnC(\t _ fU1.:\ tl 

M l' nt? t't h~ 1'1-1 At)..I' h QL "I'I1 ?1C;- hID,. 1'(. 1 Mi'ii'it. '1'c;- tT ~.m ~Q 

oot! \.1 'Hnc (\ tal- 1 t..H.'1lt M 'tiD, n(l tn At"lnn. lJ.i\ l' l'iV !V t. i\00~.:\' 

f~(J}./'r. [l;t fI' 1 M H ) I1 l' ,~ in Tt. lJ.i\ l' 1 C"Q.h tT n fI ~ 'i' h 'fvo 'f i 1\ 1 

I\.lnt tilt i\~UJ?t f'1'c;-t 00.:\ iTlt'jflC;- L ott (J}./'r.'f f tHJ'Q.t(JJ. n'!'''' It I\e 

~IQ tQL(l MC (J. f'? ~IQ~I1'!'C n?TC t I\e t1t.~t. h~~hl\ '£c;- hht.h 

h Q 'J (}Il h 1\ h t.c;- '1-1 1 ~ I l' 11 ~71l , t(JJ.r1l m. h "11\1' ,,,,;'n l' 
e7i(J}. (J.Q.l ~l'looi\h t(J}. n 1'nr\ 1nc. ~ ''In?t i\"~? (l fl' nM 'f/).e (}Ill\h 

.l'Mt H i'tV h'l'c;- 'I'c;- Alnt Mh f'C j Q.Ln Ji\(J}. 'h~'fl Hi'ii'i 

fi:t'jn nhl.... ~c;- (l(J). (jeU.Cfi:9" nmc;- I\e ~ snh ti\ ,i\(J}. mIt. ft Mr\ 

I(J}. rjmtl\e Ul?'fll ht).1\ 'l'C\t ih'l-lrj'fll hQ."l\t i\~I\'I't n'!'C;-QC1(J}. 

1'1 t. (!).() '1' nOll 1\ (J}. 1\.1' M J h" 1 'l't'j 1'('). 001, f' ;t '1' ,t.t! \. Q.C 'Q. t"f 'imrj ~ W I 

An HPi j\ ~ 1 mfl,ti\ 1 n 1'1\ t. "H l' Cl fill c;- n h ~C 1.1-i e Q C n t. .'1';tt. ID e H C' 

M f'f 'P-6.0 (jMl t ~ t IC~ lJ.l\fl n/lgo t ~nt I tc;' ID?n /loot! ~ eL )1'1't.1 

(\t. hoot.h t'l't. f~enl(. ~lnrl'f ~M n f'lM" 'Pl~ fi:Ej~ (J}.Q.OC'f I\e 

/l1~n fi:El~ QC(l(J}. n Inc.nt IDH nt'j lit t'l9"LT;' CU'l';t hUl?'"f(J}. (J}.~ nCt"I;t 

Q)6, ~ tL 4. 'f(!). 1'~;ltDn \ (J}. hfi: t ff'? n;t ~n jill tJ 1'Q.t...c; 'I' An t'l QC mc;-

~ 1 n. tT;' nih':\.I' 'f(J). ~ sn'f t. 9" c;- ie 'I . -

tflflC 



Output of test case page 2 

hVl.e(}- lD/'lIIl'l,l' '1tt.I'l'}m, V"I'l',I' I'lCi-tt. oul'll'llV I'h(}- t.ODT oul1OD&',I' 

OouQ;J.'" VHV Oil W} I' ~,I'I\. Ul1lJ'R OMT (}-hO{' .e1;,I'fIo ouou&',I'm. 1'''111'1 

I'4>VfIo h.e0DI'lM-V (III oDAfllPo') ,l'Al'lu'l!l:} I'Mu Ul1 (}-)h' '1'11 )1V 

~Vltt.lI J('}I\. tt./'l,'}IJ hQ;J.1" h'},I'1)H11 IJ'}(}-'} .e~&. tt. hC"I1' .eH·111111 

Q;J.,I'IIV" f1,C ~.,. VI') VI'lAh U~ f1,H' h.ett. i-1I·tt.v 'f'fc h,},I'm.'} Ofl,fl 

11'1' I'tt. 1, 1111, '}(}- ~Ij.e'} OOV"'I' htAn'b VIJ 1""1, J(1; 1,C h/loulJlJoo'm, 

tt.U ?&. ,l'Hm, OQ;J. vl'lhh-1 1'H·Q;J. hooAh1'tt. I'h(}- MIJ I\.tt.C(}-T I'V"I&'1:,} 

IIV~' I'lT&,tt. I'lV1J!: h/'l,,I' hm.lfll1tm, hO-tH.r IIU ?l'fl'f1l '}m,tt. ~,I'\'Jtt. 

ool1'.,.'} I'I"(}-C(}-H' ;r,{.HM~- MH')' vt.t MIJQ;J. Q;J.AT if- tt.1I lloo'l'&',I' 

tt.II' J(1;tt. '} IIVH1, l1T l'u't,l'I'lI'lIl" II'T TII'htt. hQ;J.if-'R 1'1" ':i- Til'} 

h.,I'I'lT1;I\.~· IIvl'l&'T I"}m,~- oo&. Vh'lI'1 l+.:t f1,if- 1'tt.1,H·H· l'l'fvH' iI.e 

h'}mtt.lA OhCIl 'f&. ~'}J((}-vllv&.;rc'" iI.e 1'111'.A hvhh/lh, I'lhll(}­

hJ(1, ouMh/lm, 11"1)f,)). h(}-,} 1'II'lJfI, MilT (}-1'f.VT 

.ehm- f1,J(') h,}.Iloullhh- h 4>Oflo 1,V,{. V1'V&'T IIQ;J.'I'{' Att. OMtt..e ooill'l 

,l'MT H if- htt. h, h'}M' Mh 'fc'Ii H.1'l ,l'1Im. I'htt.':i-'} 1'1'l.l'f 

hM Oh,}~ h'l 11m. lJ.eut;:hIJ 011,'1 iI.e h ,l'l'lhtt. ,l'1Im- O,}h I'Tl'lIf1o 

)m. IJO-til.e V1&'1'l,},} l'l/'l,iI &.cH- Ul1lJ':i-'}'} hfl,1'H- lI~ill'l' OVm,J(C1f1, 

'!-"I11 11'1' OUDI\Il h.~- I"T.I' h u:n4>h4>u- OO'}"I'F1;'R tl.m.). (}-H·tt. tt.at'f I'm.I' 

M1',}.e" h,}II'tt. '} h&.ilil 1'''Itt. TVII''1 Oh'lic '}tt. .em.CI'l/I1:tt. O.eHH. 

h.ll) ':i- "f.t '"'I.IIQ;J.t hfo "/t;:Q;J. H'V I'l/IQ;J.'" wIIIH.Il. O&.U llooQ;J.'" .el.l'11'1l'l' I' 

II' hoollh1'tt. (}-.eO"l{. h'}J(fl':i- Mh 0 I'Mv h-IJ h'Q;J. m.~(}- iI.e 

1I"/W/l1 MQ;J. J(IlAfI, O)OAVT Ol"~- atill\.T 1't.'flr.' f1,Y-t I'lV1&'H' H' OCfl1: l 

J(1,~ VTl4.tt. (}-tt.1'l )Q;J. ht;:T tt.&' V1; vl'ltt.~,I' I'H·m.'I' hI'l1'.IlJ(C f1,m, 

00'1'&.,1' h'li'}&.T II U ?lD'IJ:r· 1'l:r· VII'''1 ~,I'fI,tt. '"'I.u&.rll' h,l'h ':i-AVm, i-.e.ll 

I'IIH' Oh1:I'T,I'm, o{.v,},I' oD\'Jhll ,l'1Im. 1'1,&' H·tt. I'm.lll1)T "I'};r)Tm, 

"fI,C 



Output of test case page 2 after the segmentation aJgori tlun is modified 

hVl./'.h.J! w/lM{l.r "IJ!"(I{l')m, 9"M'") {lC1'Y4. ooMlll fh.r{l ~oo~. 001l00t..r 

n 00 m.'" II H II n /l (]'M ft 'I-.r Il. II 1IIl'C n M T M'Jn ~ ./'.t.r fr> 0000 t..r m. 1'''111 'i 

1'4>1111· h./'.OOIlI1~·11 t'lll ootl'')'''''") .rA{luY(]'1 I' Mil U11 m,ma1 (],'f ~111 

~Vl.r11-l1 J!11'. ttlb 111 hm.V' h1.1'1~Hil '11.1\,t.") ./'.J!oot. J!A hC·,f ./'.(]''I-"IIMI 

m..rIl9" (],C Y'" IIf~ II{lAh uY (],{I(], h./'.t./'. 'l-fr>MII 'f'fc h1.rm.1 n(]'H. 

m.{l ¥ I' tWI, 11 (], "mn .1\,'1,1'.") n n 9", 11 too An (], 11'1 1«J. J! t 1. C Moo 'I 'I"'" m, 

tJ!UYt. .rHm, nm. 1I{lllth'l 1'f.'l-m. hoo AI11''E'I- fh.rh hO'I 1l..IIC .... T fll"It.1:1 

/IlI~' (lTt.~'i 1'llI1.J! M,.r hm.l"'1I"1:1m, hn4lt. ... 1 lIuYlflfll 1m,'I''f ~.rl1'P.m. 

00""'") 1'1" J!HC .... tC 7t"HI'.'IT M'I'M, lI~t") M'Im. m.A~' if'll .rllil 1100, t..r 

'linm. .... J!t'l''f1 III1H1.1I~' fu~.r{l{lfr> h-'l-T TH, 'fh'l''f hm.ut.'E {lM':f Tn 

h,.r{lTt\l.T /IlI{lt.T f")m,T oot. IIhil'i l4!:" (], .... ':f fJ!H1.H·J!h {l'fuH' II./'. 

h1m1'm.lA nhC/l 'ft. ~")J!m.1IU/lut.7C'" II./'. 1'111'1.A l1uhl1ll'Em, (lhfl{l' 

hJ!1. ooMI1IIm, 1I.'~~)' hm.1I1 ftJ!'1(]' MilT u'L1"tU~' 

./'.11fD< (]'J!1 hVloollllt"1I h 4>nfr> 1.ut" U1'Ut.T 1Im.'~ A'Ii'f nM.J!h,./'. ooll{l 

.r1\lJ~' H ul1 I1Y'i Ym, h"){l-f' Mh 'fc'f U.{l .rllm. fl11'll':f1 fn'llf 

Mu nh 1.1\, h'i 11m. '1./'.ur;:hlI n(],'i II./'. h.r{lllt'l- .r1lfD< n1h fTfllfr> 

~m. '1n4lll./'. 1I1t.{l"n MA t.C~T U1l'l':fn 11(]'1'~T II"YII4>{l num,J!C1(], 

'1-'111 f1,{l¥ nonl\/l h,~'I"T.r 11"~14>h4>u, 001"11't'E .rAm.). f1,CH,q''f J!J!"'l'f 1'w.1' 

M1'1./'.~ h"mu4lA1 ht.1I1I I'''IH. ~'U'l.J!'i nh'fc 1H. ./'.m,CM • .rA n./'.HH. 

h-'l~ ':f 7f.t «J.llm.t M' "Ir;:m. m.'l-U Mm.'" uYM'am, nt.u lloom.'" ./'.l.l'1¥II;q' I' 

........ hoollh1''li'l- h-u./'.n"l~ h1J!"'':f hM n f~/Ill Y'I'I Mm. w.J!' .... 'Lu II./'. 

1I"1~/1I Mm. J!/lA(]' mnAUT nl"~' «J.1\\l.T 1'~'fl;;' (]'H 1'llI1t.{lm. (]''E nc .... l 

J!1.&. U~'l'l-.J!C ;;'n{ln{l ~m. hr;:T nont. ut u{ltn~.r 1'Il,{l·m.'I' M1'-'lJ!c (],m, 

oo'ft..r 11'f1t.T lI u YfD<'1T ¥l'l- IIm.A'1 ~.r(],"y.r;: «J.ut..r'fh h.rh ':fAUm, 'I-./'.-'l 

1'1I(],m. nh1:I'T.rm, n~u").r ool1hll .rllm. 1'1.t. t'l-J!'I- I'm-'l1l~T '1")7~Tm, 

'l-n(]'c 



,,, 

.. , -

1'1 ftmt;"nL hlQ~IhQ. nht 1M J '?~1 J "'Ie ll\~ ,Q11 i( n~tJ 

tl1Tlt n "l'lC 1'1 '19". '~nnL(I).l 'l'Il~ t fllht If n'l(\ 9"111,S't 

n~Q.L1 ntt;"1t Mlt,S' AhtMJ yt(\Q. ~TCi( MlJl.t 001AOi Mj{IJ. 

OC 'Q. fi 1 h-l.t(\ tMqo A MtJTC t ftH Jt1 1!'.ffi Te nfl. t n1 (\ Pi 

CIlL.t I'I(JJ'I QC A 00 i'i l' e l (\ J (\ e Tl (I). f'lfl f'l r} A ~ '1'1' r'l-t Tt;' t I'll 12 ~~ YQ. 

M fQ (I). i C1 t 9" M (lJ ,. t''I't.l-(\ go 1 t'\ 1 t ~ 9" r 't. ftf'l ~oo (I). n I'l tt M 'I t\ (lJ C 

ill"" oolPL t f tQ/i.'Q /ICTt.Til foo}JJ~ J (1,;' ~Q.t719" /'111 tnc U lr'je 

n .t~ t"I 'E,t Vl-fC t;" 11 n 1'Jl n 1'1 1 Q. 'r} floC IIj n. .I' ~ t\ &, 1'1 r} t n t(lJ A.... tJ 9" 1 t 

(\;rt"f q:tll).. ~tt1 l'19"tJ ~(I). In? '(lJ1' fi.'"C 'IeoolTit;"(\ 1Pi r}U~ .1'1 

tJlooAnt 11 nl'llQ. 1.H hn/\ hn (!).I'l1lj'f(lJ.9" In ~'f l'loor'l- h1'\.U 1(1). 

fl A 1 ~ fl TOO l' 1'1 1 l' (\ 9" (lJ 112(\ '~lPi QIl.t 1 A q: C Q. A ~ t L fl n ~Q L 1 (I). 1'L t 

iIlflL tf'lflol ffTn/\ foofl t'lQC 1'I~r'lt hl'\.U 'Ie It oolSQIl.lt;" US/1Dotl9" 

f'l 3"f n~)A l' hl'\.[).9" n tA ,n 0011 Q. no:tn ill 1 t;" nT t\.1'l 

"11 f 1Q1l. h 1 12 1I I (lJ 1 12 A 7;" 'Ii f~ 1 r} f(l).l t IIj t h 1 R. .I' 1;' n ~ Q.L 1 1'1 1 'ioU 

'1e~t OC1.t hl'1e'l'1'(\ Mnt(lJf'l~ QL'II' oonr'ln(\ elr'l(\ (lJeHC 1'i;t" 

(lJ C 'fI f':J. "f f] MH 1'1 t 1'1 n n tl' M2'f _ ~ 1i'i 00. fr'tr'j e t;" f Y(. t !'In 1'1 I'll Ii. 

t ~ t eL J 11'(\' flA'1'(\ . h!1'i Tn fOIl 1Ij(l). fill'Hfl 'fI1'C 'V\ ~Q.1t .Jr'j f(l). 

n ~ 129"7 1(1). f(l).~ ~efl."f ~t;' "1(\ t oo;tH AtCCflo Moo"(\nt 1'I1Q. 

9"111 st t\.1I1 ei'!\(\ f~(\ h9" It hl'1.l'tt;" noonf'l;t'f'()W" n&,t foonr'ln(\ 

1'1 C 9".'11' fI' h 1 '\.(lJ f'l.... A ~ Q.L 1 f 1'1 q: ~ t"I I'll Q. I t Q.C 'Q.t (lJ 12 M ().9" (lJ L Q. 

nM ~J""(I).l t'\IWl tt(l).l 001112'1;' h \J1('t;" '9" j:QC "tl hOC" (lJ1QPi f(l). 

M1 .t 'f1D. H 00 'I 'f1D. A 11 Q. n 12 f] 'f1D. [J.h 1'1 \ h 1 /\ t\.OD IJl. I Ql. 1'1 S r'l- (lJ e.G),") 

I'IJ ~ ').t nl'l[J.\o (lJtt hot MJ' n9"1fl hU(\ nooL'It 1'1 f(lJlljH ?r).1 1'1 flA"f 

nooll'j.. 'll'Tl f9"tf'lm(l). hC'I;t 1flCt;"It;" OOlPLt (\~tl f~smt;"I1C f(\CH 

h C 'I.t hI '\.l!1 n (!).(!).e e t (lJ'l' t M) 9" \ t 00 <;"(.1 1 (\ 1\ '1'(\ h fln fl C 



Output of test case page 3 

~rt'1tll: h'lmm'l.lI. Oh,~·r..T? rl.u'l'l? 'l-P,.r. t~u'I. ?hH. lI.&.h 

&.'l"ll1r V1"P,C ""1 t.'fv fHwl.lI.'l rh1t4lIl.H·<g OM vh'l?r 

OVH."/ hrm'lr hh41? flhrr...I!? J!:flJ!: &'TCH. OAII.~· O°"lfl""l, MIL), 

H.lIlL'l 11-'l1L ILr'V Mhil;rCr rlL 1.11 'IJ!: .".r. II.fIo~ O"lAl'. 

11.1.1: MP'~ flooV '1 .r.tfl'l.fl .r.1111. MlflQij, flm.,,'lfIor "'mr n .I!~H· 
flOCIII. Ttl"l&'v MOh If-flofl v'lhN' I)v:rh. rlLv·n. ofll1- th P,illI.r 

v1"f ooflAr rl1-&'lI hc;rIL.I' v·'f&.? 11.41 h~lfho ~flJ!:C .I.1.1h.r. 

011-1)<g1: ~'1h fll1- I1h'l.l!· r~m. !]m? M&. M~' fllL1-P.. M°'lr 

flj:1:fl h&. 'lfl, u'l~·&.'1 hUflIT'm ~O.:. rV'j fl· P,.r.oo'ju'1f1 1r' !]u&.n 

fl'looAl1r "I'l hh'jJ!: 'l1L hl1f1o M H'!]IL m~ H·<g hooflo ~1~ ~m 

II.fI'l vfl.,.'l h'j"fA'f lI.'lllfl ~tmoo~" 1 1-hlL.I!· flU?hl.lI. OU'l.m.1.1m 11.~· 

vlI.l.l1-lI.'j rNhflo ())(tJ!:.I!1L Milr h'l~ 1".r.1"r OO.I.OII-'lm rtOoorW 

AIL VV1.fI'I' h'j?(;G> oJ!:?r oo110l. 11041m U"lm ~TfIofl 

1'l r'l. h1.1!Ol.~ II. 'lllAib'li ~1Qij,IL? Mr h'lW'1'j: OU?H'"I h'IP..V 

t..r.1"r ~'lr h'lP,.r.&'¥fI MflIL(t~ .l!1.1) ooMIlfI .r.ILfI O.r.Htl 111:1" 

OIL.,. (t."f !]fll\,1: M' hUO '1'11'; fllI"f rILoo ~I).r.m rH.~· MO VO/IL 1: 

ra .r.UT¥A1'; 11f1IL hIL"'O J!:!]0l. rUlIl1. ).¥C r1i1 VJ!:1r nrOl. 

fl tJ- lIV;r )tJl. rH' <I:.r.lf- mS 1A,y.ootr1> flhCCII. Mou1f1Or h' jJ!: 

vh'!?). fIo0l.1 .r.MfI ~fI hUH h'l?tt floo()()1:IL Otr v·flMfI 

~CvI)IL h'j.II.flV flU?tl"l rhh&'1) h'jJ!:~r ILH'~' hom Mlf- ml.J!: fl 

olf- ~1.P..0l. 'l h.r.Ol. 'l tJ-())'j oo'j1.1!"f fl~1."I':'m rVILIL'l-r'j htl'l- n'l~tJ­

M1:IL HOOP,IL fI 'j"lJ!: rH'!]IL tJ- h~ h1f1o /1-11. ~<D' h.I'fIo 0~0l. 'l 

h'l.~"'~· Mm.'" II.hr hrl"T? OV"I'11 hUfI 11001.P,r hrn!]rm &.fl,? hrILfl 

vooOl.IL 1';;r'l ~)'AOm. hCP,1: "lllCm'jm ~fll.r fI~/r'j ~?O'1hC rfIVr 

hCP,1: ~'I.tJl. 'l OWI..r.fI lL&.r flVV~r 00'1' I.'j 1Ar..1L Mfl 11C 



Output of test case page 3 after the segmentation algorithm is modified 

~I"NI'IM h'}m,m.'l.!1. nh.T~T.I' l',:u?'}.I' 1--'lft t'u'J, .I'lltc 11.&.11 

&. '}"1t1T V1'-':C <I>,} t.'fv vnllU':/1, '} I'h1t4l/1,II&'og nM vl1'I.l'T 

nVJ!4."1 11:"m,'IT hl14l.l' nM·~J!.I' J!:M: &.TCtC nA/1,T OO"1n""l. Ml1;n). 

J!ClI.I'"+,} 1l-'}1;() '1:4.1"11 MlM;rCT I'tVl,lI '}rou <l>ft /1,fIo~ n"1A~ 

/1,,:1; M-'l/1,() nooU'} fttn'Ln fttl/1, A'!l()""I. nm.<I>'lflo:'· <l>m,T ~,}J!m.t.t1'/, 

nnfl/1, TH. "1&'11 nonl1 1'l1f1on mh.l'1' '1vn •• I'tllU!l,/1, O()tT th -':11/1,1' 

u1"+ OO()A:" l'1'n&'l1 I1c;r&.lI.1' 1100 '1'&..1' 11.41 hJ!Pfh. ~()TvC tI.,:1hft 

n1;t'log1; v·H.'111 ()1'V t1h,}.I:" 1"/1,C flm,.I' 1;It&. hilT ()th4.~ M"'IT 

()](() h&.'}/'b u'/T&'') hU()II.()m. ~n<. I'v'l G:J! -'lftooW'In 11" flU&.n 

()'}uDAtlT "1') hh,}.I:" '}fj, htlflo ht. /1,()f]fj,fj, m.~ /1,flog hUDfIo ~'}.I'U ~m. 

/1,n'} 1I()4Ioo'} h'}"+A'f /1,,}lIn vntmOOT'} 4-hn..I:" nUYh':/1, nU 'J,m.':1m. 'I'::" 

II/1,U()/1,'1 I'l'<I>hflo ron.()1't.J!n. MilT h,}.I''Il I"ft1'T uDt.OIl-'}m, I'tOOOT'}V 

A'Il"+ VVl,n'r h,}.I'm.9" nt().I'1' 0011/11. t104lm. V"1m, HfIo() 

1'1 I'Vm. h1J!/II.~ /1,'lllA1b'li h.'I'1""1.'IlJ!'1 hilT h,}'l:1"1'}: nUYh.4-"1 h'}~11 

t.ft1'T /1,C'}T h'}-':ft&.1'n h()()tn()~ J!':'1 oolIltnn ft'li4-11 nft"H. 111;1" 

nn.41 1I'l."+ fln/1,1; h1' hUn 1'11i 1111"+ I'T",oo IItI'Iftm, I'H.T Mn V"1fj, 1; 

T~1; ftUT1'A1i 1lnog4- h.!'lI"<I>n J!n.fl/ll. I'UlI/1, ).1'c 1'111 V.I:"1T .I'hl'/II. 

() 'Ii" lIv;r ~/II. f/1,'Ii 4l.&n-u m.'1 "'A'footl"~ nI'.CC/1, Moo111nT h,}.I:" 

vl1'}.1'). fIo/ll.'1 ft()IIII l1nll hUH h,}.I't1,m, ()OO()()1;fj,fj, ntT vn.nnnn 

~C V'I '1'"+ h,) 'I: /1,llU II uy J! 4-"1 I' hh &'1'1 h '} .I:" ~ T J! n.tI-T h.m, MIn-m. m,': .I:" () 

n n m, ~ 1, ~/II. '} h ft /II. '} t 4-ro'} oo'} 1J!"+ () ~ 1,"1 <.m, 1'111; J! 11. 1-T '} h J! C 1- n'} /II. v'IlJ! 

hIl 1; J! 111. "00 -'l J! C n '} "1.1:" I' m.m,fl 'Il C II-n- h ~ h 1 flo II 00 /1, ~ (Do h.l' flo n n-/II. ') 

h'l. ~41T Mlm.41 /1,hT h:'·I"T.I' nV"'11 hUn tIOO':-'lT hl'nflTm, &./'b.l' hl''Il4.() 

VOO/II.n. 1i;r'} nll).t\Ilm. hC-':1; "11ICm,'}m, oo(),::,· IIUY:",} l1m..I'O'll1C I'lIvT 

hC-':1; ~,}'I:/II. '} n(Dom. '/,ftll n.&'T ()lImT OO'j'':,) 1AM4. MI() l1C 



'\ - " -

A ~ J' 1" Ill-l TI:""t' <JJ ii 71 J M /\ iffioo l t\ 'f(!). (J). ~ (J). n 9 e 1 11 <JJ e ,f' ill 'PI'\ t , II 'I rj 

r\ 00 lf 'I- (j (I Ii'!;' (J). ill Q t;"t 1 n ++ <JJ l' n n:t e, 'I /\ n /)() ih 00 9' ~'d ir'l .t ~ ill e (!) .t 'f(!). 

r\~QJ r\ tJAm(J). ihoo.~l ev Ht;' MQI'j'T oolf'lo ~e 'l'C9' (jM(J). 'loot nt\~t\e 

<JJ e ill (J). (!) l 'I (I J' r\ ~ C (l ~ Q C"f nM!'( . , ir'l m (J). 7"l (I C M fllJ.l Moo 00 A n.l 
. ' 

~ t ~et\ hl'leQl9' H1OC9' 'T1? m too(J). n fQl~(J). n~l" Voo11,wt ~flt\t 

hlQ~Ql1 ~oo/\I1 t'/'/\ .'I''I'C t9'Vct rd noo9'vtlt;' n tal() 'I- Ql~9' nlfl 

In<JJt&.l't. ~~6fl 1'lr\(J). W'PCQ. nnCf"l.t n<JJ.()m(J). Q.',llj: hlQ~l'l'I'jM ,QI11( 

e II 00. M'l jill t 'M ~ 2(1 l He t lf tt\ r\ ~ 1 Q. 900 t ,~ fe ,9' 1 (I t;' f<JJ 1,Q h 1 ill t . 

n <JJ. t C /1J{I n /'11 t t t ,~ .S' 'l'C (I r\ tel /\ ') /\ 1 n. .1'2 C'J. U 1 C'T M1 Q.() t "I'r\ (J). 

'Hl~ Aoo'l'tt ,iIl'H(I talfl90'T 9'I1C rot r\ill1 11~t(J).t;' nhc71t;' n/\' /\, ool'l/'l'f 

foo.ntlJ1Do ~(ll tM noofl VQ. t\e J'r\(J). ft1te n~H9' 4.(I&I'l(J). n t<f>t\ml ~ lCT 

(J).'\' r\ t\t\ 00 m 'I'~ j 2 'i T 1 I' J!.n .;"~ t PI t 9 Mil ~ ,/,Ij: 'f"l. t n ~ Ij: & 11 (J).t'l l' 

11 <JJ.1l. n f~ 'I'C n. t 9' 

f(ll jfll t ,\9"1'\ ~r\o 91 J2t\C 'hC'I;t t'l'1'9' It tu,oo ill 1 00 11,w t n,wt t\e 

hl'"t,(J).i\t;' nM)Clt\l h2J ~H~ nM/1 M'1 11 1"1 '~ff(J).l r\~,wt ~1Q. 'l't;"t 

r\ill'H(I ,wt M'lh..S'''i- m too '1'/\ 1/\j1l nh 11 '"t,V9' jr\otl ih'Hn'f 11M ~ tI!oo? t 

~ 2 9' ~(I t 'It" n ~ 1 Hn.n 'I- 00 'H 1. J' ,w \ ,w C 9 t t\ e 111 C f"l..f 2 C,. tal 'I 'I & ~Ql 

I'M(J). ft'l n <J)'\'Q. hC'I' ()t\9' ht'lflML2t;' I'h12'l;' 2L'i t9'vct n.t'Ii AOOaDCaD[ 

oolf"'l r\<J)(!)t t''f~/\ oolf"'l ,wt \'I'&.rr l'9'l00CIlj'f(J).l Ij:CQ. nt 1~H'I1t 

n HtJ. M'l h. ~ 1 /\ II 'P/\ T 1 C n 1m <JJ 'f(!). 1H tJ.1\o I'C 'I til Ii n 'I' H 1 n (l t'l t (!) l 'I :rr 
n e V 1 '10 nUl & t 00 11 ,w t aD 9' &.S'(fj. 1 M)./\ r\ ir'l moo. nt\ U Ml (fj. fU 1 & t 

n<JJQ.l1 h 12Hlnm. r\~Hl"} ~;wc-t /\<JJt ~m.j(''f I(J). I't9'VC t <Jj; \t'l tC 

M jill; Hl1m. h $1'11'1- Q.t.t;' hQ.1t 9''Hl'1 '~me 'l'm.l fl If/\ ~1t'ltC ooM 

M ;tm '" i C"l2 11 t .S'll ,/2 m. l' t;' t t\ e 00 ~ '101 t;' I 1 C 11 h ~I'j m. (!) '\ t t t t'l ~9' 

n~Cttt;" n '001 0011,w ft 'Pt;' lIiTlt &TCt I1Ij: tT;' ~t9'VCt t,O!Jt 11'1f 

h Hfl ,/2 



Output of test case page 4 

ilu'J,?1~ II-It. "?IJIJJ' Mil H·lllll. m.1:n, M~'} ilU?~1:I" UII.T I'~.ll II 

ilou"", 1In,1J':f.n, U''1T'} flU'V¥ fl'H1: ~"'.llA niln, uO'ov hl'lr J'/J;ll h~fl1:H' 

ilhW/, il1'1.iIOn, {1m. ... ~v H' h{)m,h':f. oum.'" hM'n.9" IIM.01' hOUT flll~lI~ 

U?~m.m. nl.ll ii'll iI hCII hm.H· Vm.H. I'lrflm. lb 1111. MtUJ·1 hilououil{)o'} 

h.f 1:~iI" h'}.ll~.I!1V H111.V {I"Il w"'m. fll'h.A;I\'m. n"'l1'}': 1F}"I'fT hl'lilT 

h1.1!m..I!l"1 hooilh'~1I. h¥¥fl. ~·VVC~· n,,,, nouvu&-'}m, hll.{I'" .l!lll9" n,m.'} 

n"'lIl.J'iI h"'IMt I\iln, I'VII.J!' 1'.II.C{)o1: nU?{lon, J!"/'h h1m,m.'}",I\.,.h .l!hH. 

Mloo MII."'II. 1'.I!n,t. H~T m.1I. ilh1n, hOUT {)o{)o 11."111'1 {)o1f'. h1m.~· 

flu'J,TC H' nh1T&-T {)oJ'lf.1Ii1.f ~t.il1.A 1m. J'.I!l',. U111- MII.T {lilO1' 

"''''I.h ilOU'l'&-T {)o~m. lrl\{)o 'fhn. M· M"I (lu'J,lI. v~clfm, ViiI" ill' ou{lh{) 

{)Oil- lrlll.m. floDl'I1I- II~ J'ilm. N"1A~ nU'J,.jJt:n MI&-I'Ih. n1'lI.nt h1H.':f. 

H' illI-ll ounll.J' .I!;I\'n 1'1I.~m. 1·1I.~· Mv h{)O I'{)O~' Ohlf:&-I\ W} 

11 {)or-1 H.lI.n. T'f 

{)Olll.lT I'm.h m.lI-r-1 .l!IIC I'hC.ll1: {I'fV~T H.lOD U"I ou1"1'f." n{l&- II~ 

~1'1:H'm, nM'1I1 ~m,1. hHh nhll. hnll {III. 1I.:f'1'n,'} ilhlb&- h1n, "'m,). 

ilU'll1\, 'f&- h{)1l.1I- O~II. 1A9" h~1"111.9" II-T1 U'lln,{I hilil I'II.OU{.T 

h.l!v Jr.&- J": vh. "IHII-'" ou'll1J' '1'1' 'fChT II~ '}"I"IC {)oJ' .l!C'" II.J'.ll&- 1'1\, 

fJr.01' .... '1:1 v'fm. hC'" M'f Ml'lilnl~'1 I't.1.1!u 9"ll\ T9"UCT n,.f"; ilououn.ouC 

oum."'1 iI"?flh II.lI-A oum.""} 'f&- 1'11.11. 1I.1°OCIIH·J' hCJ!' n,T ;I\'.!.HnT 

nll.m. hhll.H· 1i1~II.':f."IC V1nU?1I. 1H II- I'v.ll {lllJ u'II1J' VMT nl.llll. 

n ~V1'" {)U1&-." oo'}"I'F~' ou'ftJ'm. 1i1'1.A illrO". 11.11 II.flAI\, fV1&-'" 

nU?H. "I h1.1!H"Ifln, ilm.Ht. 'F l' AVT hm.1I. ~n, fTVVCT m.1'{lTn. 

Mil.'" 1'1'1;1\'01' hn.ll1~ 11.'1 hJ!'1T 'f'llt. .... ()on~.,.01'1 1'1'1:11. "'l~{lTn. oufl{) 

Mil.'" TH·M· J'I'III.n, ¥m,). II~ ou .... .,. ... m, ~1C "11 ~.!.I\n, nJ'T T.f {III. 

hhlf:T&-'1 nlF} oo"t"l'Flr II. nvt. t;rcT {lhll. N·h.un.~· 1'II.T "11 .... '1: 

hflrll. 



Output of tes t case page 4 after the segmentation aJgoritlml is modified 

1I"'t.l'1~ m&.1I,1I "?'I'IY Mil fl.ll·l'l](,C aJ.1:1I. Mf,'} 1I"?f,1:1'" U.l:f)r 1'f,J: ~ 

110011'</1 ~II.'I"f1l. U''ir'} n1"IIU¥ n1l1: M.J:A nllll. UOOU 1lI'tllY~.m. llf,n1:'fll 

IIh.l:1, 111"1,1\80. 1l00aJ."I f,U Hm. Mm.ll"f 00aJ.</1 hf,4>n.l'" IIl1i.m- t,oor n'l~'If, 

"?f,aJ.aJ. nl.J: 11'f II hC'I hm.flll UaJ..l:C I'tllnm. il: 111l Mllv·'} h!loooolln-") 

M' 1:f,/In 1l,}.J:f,.l:1U W).I!'flU II"/l m</1oom. nl'h.A;p;'m. n"'t1'}: vn.,}"I'fr hllll:" 

ll,}.l:aJ..l:l"l hoollh1"'li4- h¥¥n. rUUCr 0.</1 noouu&.'}m. h1:nll</1 .l:ll)l'" 1I.m. '} 

n"?1:&'YII h"Y&'1) 1)110. l'uYll.l!' !:..l:UCn-1: n"?1I81b .l!'1,h 1l")m.aJ. ,}4>1)4>1l .l:htc 

J'.1loo l1li1:0+'£4- 1'.l:1I.&. Hf,:" aJ.t4- IIh,}1I. t,oor unl'"f, uoo"l11'i h.U1f. ll'}aJ.r 

n"'trC ll-aJ. nt,'}r&':" h.'LY4>c"nll1' f,i.II1,A 1aJ. Y.l:l.,. U1flll 1III.l:lIr Mm­

"'6I'J,h lluo'r&'r '/,1l]('aJ. tnl)u'f 'fhll II.r l1li"1 1I"'tfl.fl. u~c1fm. UIII'" III' oollhll 

u-n-/lnoo 1'nlUIaJ. noollllh 'If, YIlaJ. I'r"lAf, n"'t-l!(\U All&.llh. n"I"~4-nt h1H."f 

0.'1' 1I/1n'l uon'l''liY .I:;p;'n 1'.J:.ht'!aJ. 1"(\"?:" Mu h4>h I'n-r 8h":&'1) II.II,} 

II aJ./lnI'",} Y h. 4>": Il r'f 

mnl1:nlr 1'Q;\.1l aJ./lnI'",} .I:'IC 1'1lC.J:1: lI'fmr M·lop U"l 00'}"I'f1: nil&. 'If, 

~,}1:II.4-m. nhH·lfTiI1 ~m.1, hHh nh~1I hOlI l11"u 'Ii'li:1"I'Ib") IIhil:&. h,}1I. 4>m.). 

IIU1I11. 'f&. MilA <;: 8</100.1:11 1 Al'" h~,}"IYUl'" .l:4-r'} U1I1I.11 hllll l'1:uuo{.r 

h.l:U hU&. 'l:m. Uh."IHaJ.]('</1 001l,}Y '1'1' 'fCt,r 'If, '}"I"IC n-y.l:C.,. tnJ:J:&. I'll. 

1'1111"'" ull1:") u'lim. llc4> 1111'1' hllllllOl.l:'i I'h").l:u l"'ll) 't-l"'UC't- 1I.1''Ii IIOD oollooC 

00m.</1'} 1I"?nh 1''f/lnA ODm.</1'} 'f&. 1"Yf,'f'f uoo,}ooCII'f.l:,} hC.I!' II.r ;p;'tI"Hnr 

nfl.aJ. hhll.1:<;: 111r.Y4-"f"lC U1n"?'I:.I: ,}H v·n- l'uJ: 11m uY llY Ullllr nlJ:'I''Ii 

n f,1J1</1 IIU1&-1: oP,}"I"Fr oo'fM'm. 111'l.A IIt1l8u- fl.'I f,4-IIAII. I'U1&.</1 

n"1.1:4-"I ll").l:H"Inll. IIaJ.H&."F 1" AUr hm.H.'l:u ~II. I'rUUC:" aJ.1"lIrll 

l1111:n</1 1'1"1;p;'m- hn.J:,}.l\. l"'4-'i ll.l!'1r 'f1l&.6I'J, unnf,4>m-,} 111:1:11 "?~lIrll 00l1li 

M'I!n4> TII](,lIr YIl'Lnll. ¥m.). 'If, 006l'J,</1"1m. ~1C "I") ~tI"l)lI. nYr r1' IImh. 

hh":r&''i null'} oD"I"I"F-I!r Y'i nu.<. t;rCr IIh1''': I'rh.Ullr 1"(\"H' "I'}"'l, 1: 

II I' .I: 11 fl. 



· t: 

f'l.12 S" ? n II S" i'l t ID L 'I Y1' f 1m C lJ.1'lo.9" f tr'l m (1).1 fl" I,. Q.C 7'i ~ tV! t M 1 I H (lo 

n f'l.'\ 1 /-IV t;' n t(jll ~ /fI C () l C h Ij: tl n t ffi.tl1' 12 C (j II 12 (('I 111 C''f lJ.1I ~ (I). 

fOCQ.C ~mC;hC t7'iIl'T hH.V ffi.tl1' "l.tdl I!tjC OIll/\olC; 'tHo ,1Jj,.fOllCt 

00 l/ \0 1 I" I,. II nr} ffi.tl l' tnt n '1'11(1), 1 n.f i'l ~S" h 11. H. ,'\1 t II r\ Ml Q tj f 1\ ~ t 

. ~C'I;tr'f IDQ6.t9" OIlt;'flLt ()fl()fl 1aJ. n~i'l~lrt hi'illt 1100'11 llL';J11Tj1l'T 

flllj:&1'l '1'1~ aJ.Q.Q.(;'f ~111\.1i W '9119" f ").tc flKaJ. fi'lTCt nU11r'fl 

tl ()Ir Ij: taJ. ~f'l.t hfl L n 91\ C 'I;t aJ.e e '" n tI'l YQ n t ID + t n 900 • (jJ.() l' Hl eoo.t 

aJ.I\'I'l\ 9tj~aJ.l t1(j1r,£ 1\~Q.L1 nlllj:&I'l'l'j: life thi'lt n/1&! &T1lr\h Hfl.9D 

nOll tl .,. + I aJ. n H.V·1' OIlUJ L t ;taJ. :ttl lllj: &,& h U! IJl i'l t 900 t n;t'T (loQ. \0 IJj,l\.i'i ~ 

n<llj.tl 00& l'1n MlfllrC; nCI'l;t Q:J6. /fIC It ni'l&tjll'lS" nOll 1 11"t tth ;M h ,tilt 

T 1 C''f 0Il1'l h tl '''l.oD Q (lo 12 00 C 00 & C 1\+ (I h() m 9" h-n t III Q 9(\ Ij: n Q i'l;t ~CJ) \(} n t 

.,.1 1\ 9" 1 '11 '1 f1: II t m ;S" n t S" I\.m C; H+ III Q. Q t, f'l.;L aJ. 

Inc gel ~Ir ~l~l ni'llnl\.1'S" nll+(I 1"1 I"C9t nOll111"t fll\lflLff 

IDeS" in J 'l' mM 'aJ.htlc; ~i'lL'l\'aJ.1C; ~(jl\nt It ,lJj,tl i'l -;It ~I'lQ? 1· 1MI'1'1\ 

ID m 00 i'llr ;t 'f(!). i'l tl t Q L () n t I aJ. II ~ C i'l C; ,C;II 00 () f'I. 'T:r t\.l' I'llj: f'I. II 1 Q. 'T Moon 1 1 

t'le M ;MC S" e1'1aJ. Qlrf'l. i'lll ~aJ. l:t II t'lC 'QL() 'f nL'I 1\0Il1200&.f 'tHo nQ.';J"'l. 

~m ITj n 1 Q. 'll ~ I,. aJ. fl ~Ir 'f h tl tj 'l' n M tj \!i'l t:M (U 9" C' I" I,. ~ 1 'I e n Ii '1 'f(!). 

t aJ.tl..,. h () "J, 1 h Ij: II U 1 C n fl.CJ) I\. ~ ,., tj h 'I.fl. 900 t ~ I H.V lJ.t.;t 1f fl2(."lot h t 

go 'f i'lI\ "j;., tj h ivo i'l ITj M n t aJ.i'l '\' II tj faJ. ~ \7' II Ii ~aJ. .f w.t 1 h 1 Q. ~Ir T'f 

it> ') T l ,Q. ~tj f(JJ.1C; I'Hoo \01 1flC ~mc;.,., f(l).l 9"1 tC,.9" MaJ. (jllnt, 

e ~ C ;t faJ.l h tCJ) ID l.Q.oo. H 1 Q. VQ 1 ID 1 .Q. ~Ir (). S r\ "It M aJ. 1"It 111 C (\ t'T 

lllQ. tj e l/\aJ. 1\9"Q. IDe9" h~'I' JC 1lt'\f(JJ. MILaJ. 1QM.! ~l'lnQ aH1 n11Q. 

00 00& JaJ. ''fo'\' '\' C I" I,. n () l C ffi.tl '\' OIl\! \01 C; e u 9' '\'? 16. t e l/l I\:r ;tl\ Y C; aJ. 

hflt M tCJ)c::,1 nflVtj'Tl ooUJL t '~12t n(lo? 1'1. Q.Li'l 



Output of test case page 5 

l'f-U<' nM{lT nl.llIL f10C Q;\,l'f- fn-mm:t ILt. m.cll· P P'hT M1~H(J, 

n{l·.lI1 'IUm, nNI fll>ll (It.C hM ItT W) 1101 111101 h1H' II-IL(J, 

fILH. UOm,l1C TlfllT (lHu II-¥ Q;\,1I-f1 J!/lIl oum.</I1m, 1IL II-bC~' 

oulf4<1 'ft. M' W) ~·'l'n· hILQ;\, 1n.l' {lIL {lJ>;t.II.1'.1'T M" h(J,~/I fIlU?~. 

~C.lI;J-IL nm.&,TU OUm,'lllT A(J,All ~m. om/{lu?t.T {lU"ItT llou.ll't hl'/,"IIlM 

fhht.11 'P')""I. m.J!"{l' ~.I'·1{l·'IIL ft.A9" f U?~·C 1111·m. f{lTCT OU1t.';j-'t 

tAt.hII· II-T lJ(J,l uM C.lI1: (J,~~</I nn-ILIlT Ilt.T Ot.ou</l II'¥ fH.~ou~· 

(J,IIIL MU?m.1 IL"It.<E IIU?II."1 nhhMI'Il(l 'IfC n-M' n~t..I' t.IL/Ioh f"'J!" 

noull.,.1" ~(J, nll-u ou{ll~' II"P.II hht.4lt. 1'lU.I' {lM' t.OUT nIL (J,J!"</I uZ/loj'f.l' 

nQ;\,1I ou&. Jl't. M'&.m, nCf:<'l1: J! '/,&, J!C'I'T U{l&./I.I'<'lU nou"l"l'f~' i'n-n- {l1:M' 

{l"lll- oul1ll1'l II-J!(J, {loull ou&,c 11M llI'lmun-IJT h"lJ! II-h uM1: fU'/~llnT 

""t (l'f1 1l"l1lQ;). h~'nll-m~''f II-h.,.,..,.1" h1J!" n4l4l II-.,.A(J, 

~nc t.~~ UA ~9"{l:t n{l"lh/lo11J nllM 'f~ {lCt.T nou')"IM' 1l111'm.l'f-

n~u {l.l''Il nil- f(J,h/lm, ~{ll<'lm.1m, fQ;).II(J,t-~T 11-11 {l'/,T 'P'hJ!l1 "IA~IL 

m,Q;\, 00{lt.1:11- {l/IILl{l(J,~· ~(J, II'hC{l'lb 1l00{l1L b /Io.l'<'lh/lo h1m. ILl'f- out.'n 

t~ Mn-Cf:9" ~11w- J!&.{l, {l/I T(J,~1: IIT.lIC f J!lM t.A.lI 1l001l00&,.I' 'i.1I nm. '/,uz 

ft.-Il f't"lJ!" fM&.(J, 11{l,'Il IJII/I'll nhM IL{lbIL Q;\,IJII. 'f&. ~1.l1~n'lllll-

~'(J,{l.l\. {lAmn {lM h1C nll·II".I' f"l/l {),I'{l. t.l1T 'h~II' II-1:IL llJ!l'l-T 11i' 

1J';j- {l/IQ;\,"I/I htM "'AM· (l, 1 M.I'm. ~)!. II'III-(J, .l'fQ;\,~·'t h1J!" IL&.IL 

u.I''Il t.4lJ!" ILII-.I'm, fIJou</l1 "IitC unm,.,.4lIl·.I' 9"1 TC'Ii M(J, IlA(J,T.I' 

~t.C1:H·.I' {In- n1J!" 111J!" 11-.1' mJ! ILII- M."It- Mm. IJT ')"I"1c II-l'f-

h1J!" <'l~ Q;\,i'm. IIIJJ!" (J,~IJ (l"",'); '/,C 11/111' Mlm. 1J!l'f- 'h1.l1nJ! II' n1"1J!" 

oooot..I'(J, f</l¥¥C 'F&' nllt.1l W) oDQ;\,</I1'l ~u'f ¥1- "I&,.y. ~Q;\, 111 'Ii IL 'Fw­

h"lT MILlJ>; n"lU/lli"1 ou{llT {l'1IT nll·n lI.h 



Output of test case page 5 afte r the segmentation algorillml is modified 

n-1I1J{. IIhIJM· 1I~.Il'f'f 1"/IlC m(l·1J I't(lmm.'1 IJUD&. m.c lf I'J'M' M1~HfJ, 

1In-.Il'1 lJum 1I1:IJII I'I'.fL (It.C hM M· mA'1 llCIJ IIl1CIJ h1(1"f m'l-\"<;:fJ, 

I'J!CJ!C IJOmtlC ~'lfll;r flHu fJ,(I¥ m(l'I"1 J!/lfL oom.""}m 'Ill. IJh,pooC:" 

0011'''''1 'f&. hO' fJ,(I'I :,..1'1:" h'l'~·m 111Y (lIJUD (I'iIl"HYY:" h(lo hfJ,~/I I'lIu'/~' 

~C.Il;t-'I''f 1Im.&-:"1J oom11~:" AfLM ~m. OU?(lml&.:" (lu1t:" lloo.ll'l h~1."IIJM 

I'hh&.11 '1''1''''1. m.Y:n-'f1J ~Y"In-lJtlc I'IIt\9" I' U?:,.C 11H·m. 1'1l;rC~' OIJ1&."f'l 

1"IA&.htC J!'I-~' IJfJ,~ IJM C.Il1; fJ,~~'" IIJ!I1Y.m.lI:" fL&.~· 01100'" fJ,lI¥ I't'l-I'~oo~' 

fJ,lI'P.~· MW/m. 'I 1'''I''I&.'Il II m/J!'I-"I IIhh&.fl'll(o IJI'C tM1' II~&.Y &'1:II(1oh I''''J!IJ 

1100 II.,.\,' ~fJ, IIH'f1J oo(l~~· (oh-tll hh&.<I:&. nuy (\(I:" IIu"~' IIY"f fJ,Y:'" u~lI"ifY 

IImll oo&. 7'11 M'&'m 11<;:/11: J! 'I.&- J!C1'~' 1J1l&./lY"W 11001"1'1':" 1'ttl1:11 111:I\.:" 

ll"lH.ll uol1tlll (\'lrJ!fJ, llooll. oo&-C 11M tl(lmlJlrlJ:" h1J! ro1'h 1JJ!(l1; I'U?~IJII:" 

"''1 11'1"1 IJ"IIJ""I. h :"1It.lJro:"'f n-h'i .,..,.\" h 'I Y: 11<1: <I: n-.,. All, 

~IIC II~~ IJA ~9"(\' 'I 1I111h(lo'W III1M 'f~ llCII:" lloo'l"lll:r- IJII'I111.\I.'f 

II~IJ llY'Il IItl.tl I'fJ,hl\m ml(l~"m. '1m l''''tllfL)'~:'' IJmll 111.:" 'I'hJ!~'I "IA~'Il'l-

mm oo(l&.1:'fJ! lliI1:m.~llfJ,:" ~fJ, IIhC(I'iY(I lloo(l(loll1: (IoYflh(lo h'lm. lJ(llIlI oollTI 

t~ M1:(I<;:9" ~tlUJ- J!&.(\' lliI TfJ,~1: M ·.IlC I'J!~(\(I IIA.Il lloo lloo&.Y 'LH 1Im.'Lu~ 

I'h-IJ I"I"IY: I'hIJ&.fJ, 1111&''Il IJM'Il IIhM 1l.111:1;11 mIJH. 'f&. ~'I.Il~IIIJIJ'fJ! 

~'fLII-'l- llAun liM hlC lIn-mll"Y 1'1" llY(I' IItl:" MH'f 1J·n-1;'f'f 1JJ!~1-:" tl1' 

1J"f lliIm 1/1 htoolllJ .,.At,:" fLII'I MYm. ~'P.IJ lIIJn-fJ, Yl'm:"'I h'lY: tP&.;rll 

uY'Il t.<I: Y: Y'I- 'fJ!1m I'IJUO"''I "I11 C IJllm.,.<I:tl J! 'I 9"'1 :"C1-1J Mil, IJAfJ,~'Y 

~&'C1;J!J!'I 111'1J 1I'1Y:oo H'IY: n-y 1I'1J! ~'l-n- h'l.1). Mm. IJ:" 'I"I1C n-m'f 

h'lY: ,,~ m1'm. MY: fJ,~1J ll""'ji l.C 1J/lJ!C M~m. lJ!IIH h'l.llIl J! fJ,lJ 1I'1"1Y: 

oooo&.YfJ, I''''¥¥C 'F&' III1t.fL fJ,(I'I oom"''I'i ~1J'f ¥1- '1&-1' ~m 'I1I'f Y(I TmUJ­

h"l:" M1'IJ~'i lI"1IJ/I'1''I oo(l~:" h-1J1I:" IIfL~:I1: J!'l-h 



DECLARA TION 

This thesis is my original work and has not been submitted for a degree in any other 
university. 

'D.,.erej Teferi Lemma 
21 May, 1999 

The thesis bas been submitted for examination witb our approval as university advisors. 

Sisay Fissaha 
21 May, 1999 21 May, 1999 


	MX-M464N_20200226_161604
	MX-M464N_20200226_161641
	MX-M464N_20200226_161708
	MX-M464N_20200226_161745
	MX-M464N_20200226_161853

