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ABSTRACT

A huge amount opaper basedocuments withvaluableinformation isavailable inchurches,
libraries,caves, governmental and private institutioms printed, typewritten and hawnditten
format. To enable those documerdscessible and searchab@ptical Character Recognition
(OCR) systems plag vital role by convertingtheminto their digital format Some esearchers
attemptedo developAmharic OCRsystems. However, OCR systems are yattapplicablefor
real life documentimagesthat containcolumn blocks graphics,tables lines, logos and other
shapesMoreover, the effectiveness of the systisniighly dependent on thext segmentation
output This studyattemptsto explore an effectivepage and text segmentationethod to

improve theapgicability andperformance of Amharic OC#Rr real life documents

Accordingly, askew correctiorand @gesegmentatioralgorithmsbased orHough Transform
Morphological Dilation,and Connected Component (CC) Analysase testedand 90.47%,
92.31%, 96.67% and 71.43% accurasypbtainedor detecting tables, graphics, column blocks
and titlesindividually. Three noise filtering and two binarization technigsiere testedand
wiener coupledsauvolafound toperformbest. Text segmentatioomethods based orprojection
profile, morphological dilation and CC Analysis aeperimented offour noiselevels (i.e. low,
medium, high and verkligh) documentsProjection profilecoupledvertical dilation performs
best by scoring 100% aa@acyto segment text lines ilow and mediurmoiselevels. An image
smoothingbased methots proposednd99.18% accuracyis registered to extract lines from ink
bleeded document¥ertical projectionprofile methodis appliedto extractwordsand 99.23%,
96.26%, 87.12% and 54.8086curacy isegisteredor each noise leverespectively

A new method based o€C Analysis is introduced t@egment overlappingharacters, and
besides to detect and spitnnected character8n accuracy of 87.61%nd82.29%is obtained

for low and medium noise levels and 50.64% for high and very high noise. |Byelstegrating

it with the Amharic OCR systemecognitionaccuracy rate 0f9.13%and 59.07%areregistered

for the proposed and vertical projection profilethodrespectivelywhichis apromisingresult.
However sincethe developed character segmentation technique fails to segment characters with
discontinuity, and detects long characters as connected chdoagtsal life documenighereis
aneedto explorenoise toleransegmentatiomethod.



TABLE OF CONTENTS

DECLARATION .ttt eeee ettt st e e e e e e e e e e e e amnns e e e e e e eeeeaaeeeeeees L.
DEDICATION L.ttt st e et a e s e e e e e e e emansss e e e e e e eeeeeaaeees ii.
ACKNOWLEDGEMENTS. ..ottt e et annes s e e e e e e e e e e eeeeeeeeeenssmmmeeeeees i
S I X RSP PPPTPPUPPRI \Y
TABLE OF CONTENTS ...ttt e e e e e e e e e e e e e e nne e e e eeeaaes 1%
LIST OF TABLES..... .ottt ettt teeea s e e e e e e e e e e e ettt ee e e estnnneeaeeeeeeeeeesnnnee iX
LIST OF FIGURES ...ttt e X
LIST OF ALGORITHMS ...t eeee s e e e e e e e e e rannne e e e Xiii
ABBREVIATIONS L.ttt eeet e as Xiv
CHAPTER ONE ...ttt ettt eeee e e e e e e e et e ettt e et e et b s mmme e e e e e e e e enabaa s 1
INTRODUGCTION ...t seeeei s e e e e e e e e e e e e et e esannneaeeeeaeeeeeeennrnnes 1
1.1 BACKQIOUNG......coiiiiiiiiiiieii e e e e e e e e e e srees e s s e e e e e e e eeeeeeeeseanenaaaaeaaeeaeeeeensnnnnnes 1
1.2 Statement of the Problem and JUustification..............cooooiiieemiiiiieieec e 4
1.3 ODbjectives Of the STUAY...........uuuuiiiiiiii e eerers e e e e e e e e e e eraeeeaaes 7
1.3.1 General ODJECHVE.........ooi et eer e e e 7
R I S o 1=Tod | ToR @ ] o [=Tox 1LY 7
1.4 SCOPE Of the STUALY....eiiiieiieieeee e eeeee bbb 8
1.5 Methodology Of the STUAY........ccviiiiiiiiiii e 8
1.5.1 LITEIATUIE FEVIEW. .. .eeiiiiiiieiiieiiiieeieeett ettt e e e e e e et e et ettt e e e e e e e bbb e e et e eeen e et e e e e e e e e nnnneneees 9
1.5.2 DataSet COIBCHION. ......cciiiiiiieiiiiiet etttk eeee ettt e et e e s rmm e e e e aanbreeeeeas Q
1.53 IMPIemMENTAtION TOOLS........coiiiiiiiiiiii et e e ener e e e e e e e 9
1.5.4 Performance EVAlUALION. ............cuiiiiiiiiieeeiie et ree e 10
1.6 Significance Of the reSEAICH..........oooi s 10
1.7 Organization Of the STUAY.........uuuuiiiiiiiiiiiii e 11
CHAPTER TWO ... ittt eeeea s s s e e e e e e e e e e e e e eeeeananeeeeeeeaeaeeeeennnnes 13
LITERATURE REVIEW. ...ttt ettt eeees s s e e e e e e e e e et eeeeeeeansmnneeeaeeeees 13
2.1 Overview Of OCR SYSIEIML........uiiiiiiiiiic e ceeee e ereer e e e e e e e e e e era e 13
2.1.1 Document Scanning (Digitization) PRaSe...........ooeiiiiiiiiieree e 14
2.1.2 RECOGNITION PRASE.....cciiiiiiiiiiiiii ittt ettt e e e e s st e e e e e e 16
2.1.2.1 PreProcessing teChNIQUES .........uuuiiieiiee e 16



2.1.2.2 SEOMENTALION. ...t e e emme ettt e e e e e s emmee e s e e e e e e e e e e e e e s amn e e e e e e e s 21

2.1.2.3 FEALUIE EXITACTION. .......uteiiieiiiiii e eeeit ettt emee e e e e e ennr e e 22
2.1.2.4 ClaSSIfICALION. ......iiiiiitieee ettt e e rmme e r e e e e e e e s s amn e eeeeeas 23
2.1.2.5 Post Processing TEChNIQUES..........c.ooo i rmmme e e e aeas 25
2.1.3 VerifiCation PRASE........cooiiiiiii et 25
2.2 WITHING SYSTEIM ...ttt ee ettt eeenas e bbb e e e e ettt e e e e e e emmmne e e e e eeeeeeeeeens 26
2.3 AMNAric WITtING SYSTEIML.....ooiiiiiiiiiee e ieme e eea b e e e e e e e e e eeeneees 27
2.3.1 AMNAIIC CRAIACIELS ... .eeeiiiiieeiiiiititiree ettt e e e et enens e e e e e e e e e s b e e ennnr e e e e e eeeeeaaans 28
2.3.2 Amharic NUMEration SYSIEIMS.......ccovviiiiiiiiiieiiieeeias s e e e et e e e e e e e e e e s emeeraaesaaeereesraeesreerneernenes 29
2.3.3 Amharic PUNCIUALION MAIKS............uuiiiiiiiee ettt rmmee e e e meee s 30
2.3.4 Features of Amharic WItiNG SYSIEM.......c.oviiiiiiiiiiiiieeeee e 30
2.3.5 Real Life AMNAric DOCUMENLS. .......uuiiiiieeiiiiiiieressiiiie e e e e e m e e e e e e e s s ennbreneeas 31
2.3.5. 1 Print€d OCUMIBINES.......ceiiiiiiiiiie it ieeer ettt e ettt e rme et e e e e e e e s emme e s ne e 31
2.3.5.2 Type WIItteN HOCUMEBNTS......cciiiiiiiiiiie it eeet et e e e e e e et r e e e e e e s ammmeeees 31
2.3.5.3 HaNAWIItEN AOCUMENTS. .....eeiiiiiiiiiiiiiiitieeei ittt e e e e e e eens e e e e e e e e e e enesseees 32
2.3.6 Degradation levels in real life dOCUMENLS...........covviiiiiiiiiei e, 32
2.4 Challenges in Building AMharic OCR.........coooiiiiiiiiiiii e 34
2.5 Related Studies on Amharic OCR SYStEMS.........cccuuuiiiiiiimerniiiiiee e 34
2.5.1 OCR Systems for Printed DOCUMEINLS..........uuuiiiiiiiiiiiiee e smmee e 35
2.5.2 OCR Systems for Typewritten DOCUMENLS. ........cciiiiiii i iicmeeee e rree e e e 37
2.5.3 OCR systems for Handwritten DOCUMENLS.............uviiiiiiiiieeneeee e eeme e e e 38
2.5.4 OCR systems for Real Life DOCUMENLS...........coooviiiiiiiieeeieec e 39
2.5.5 Word level Page SegmENTAtION............ccuiiiiiiii et eeer e e e 41
CHAPTER THREE ... . oot e e e e e e e e e e e e e amnna s e e e e e e e eeaaneesd 42
IMAGE PREPROCESSING AND SEGMENTATION TECHNIQUES............ccooviiiiiieee 42
3.1 Architecture of the Amharic OCR............cccoiiiiiiiiiierre e A2
3.2 PreproCesSiNg TECNNIGUES. ... ...uuuuuuiiiiiiiiiiieaeititiieeeeeeeeeeeeeeaeeseeemteeeeeeeeaaaeeaae e s e e s s s s amnnas 44
3.2.1 Skew Detection and COIMECHON. ..........iiiuiiiii it e e et e e e e e e e e e e e 44
3.2.2 NOISE REMOVAL........eeiiiiiiiiiie e ee et e e e e e e e 45
3.2.2.1 MEAN FILEIING .. eeeeeeeeeee ettt et e e e e e e s s bbb e e e seee e e e e e e e e e e annnnes 46
3.2.2.2 Median Filtering .......cooiiiiieeeeee e eee e eeeeeeeeeennne e AT
3.2.2.3 WeINer FIltEING......uuueeiiiiiiiiiiiiiieemii et senessinnr e e e e e s snnnnesenenssneeeeeeeeeen s 4O

Vi



3.2.3 Binarization (Thresholding).........cccuuiiiiiiii e e 50

32310t subs Thr es.hol.di.ng..Met.hod. ... 52
3232Sauvol adéds Thr es.hol.di.ng...Met.hod. ... 53
3.2.4 Underline Detection and REMOVAL.............ccuiiiiiiimemiiie et emee e 53
3.3 Segmentation TECRNIQUES..........cooiiiiiiiiirree e eeeea e e e e e e e e e e e e eemes 56
G0 700 A o o T | T =V ) {0 o R 57
3.3.2 Connected ComMPONENt ANAIYSIS.......uuiiiiiiiiiiiiire e e eens e e e e e 58
CTRCTRCIN\Y ToTq o] gTo] [oTe Tox=1 I 1] =1 i o] o 1S 61
3.3.4 TeXt SEOMENTALIAN. ......coii ittt eeeer e e e emer e e e e e s s r e e e e e s smmme e e e e e e nnnn e 62
3.3.4.1 LiNE SEOMENTALION.......ceiiiiiiiieeieeeeiteeeie e e e et e e e e et e e e e e e e e e e e e eeeeeer b an b m——reaeeeeeeees 63
3.3.4.2 Word and Character SEgMENTALION. .........uuiiieeiiiiieeer et e e e e e e e seees e e e e 64

3.4 Performance EValUatiQn..............ueiiiiiiiiieeieieee e rmmee et 64
CHAPTER FOUR..... ettt eme st 66
EXPIRMENTATION ...ttt e e e e e e e e e e e ameea e e e e e e eeeaaes 66
4.1 Dataset Collection and Image ACQUISITIQN...........cc.uuuuiieriimmmriiiiiiiiiee e eeeeeeeeeees) 66
A e (=T o] (o ToT TS [T F TR TTPPPPP 68
4.2.1 SkewDetecCtion and COMECHION........uutiiieeiiiiiitireeitire e e e e e e s s s neessb e e e e e e e e e s snnneeenenens 68
4.2.2 Automatic Page SegmMENTALION. ........uuuuiiiiiiiiiiiemr e e e eee e e eee e e 70
4.2.2.1 Table SEgMENTALIAN ... .....uuuiiiiiiieiiieeee e e e e e e e e e 70
4.2.2.2 Text/GraphiC SEgMENTAtiON..............ooiiiiii i e rmmmr e e e e e e e e e e e e e e e aeas 74
4.2.2.3 Column Block and Title SegmMeNtation............ccuuiiiiiiiimrn e eeee e 80
4.2.2.4 The Proposed Automatic Page Segmentation Technique..................occeeiiiiinnnne 88
4.2.2.5 Performance RESUIL............c.uuiiiiiii et emmr e e e e 90
4.2.3 NOISE REMOVAL. ...ttt eer e e 91
4.2.4 Binarization (ThreSholding)............ e 95
4.2.5 UNAErling REMOVAL..........uuiiiiiiiiiiiiiieee et ee e e e e ees 98
4.3 TexXt SEgMENTALIAN........cciiiiiiii e eeee e e e eeeee e e e e e e e e et e e e aneee e e e e eraaas 99
G T R N [ g =S T =T [ =T o} = o Y 100
4.3.2 WOrd SEGMENTALIAI . ... ..uuiiiiiiiiiee e ieee ettt e e e e e e e e s rmnee e e e e e e e e e s s e mnee e s nnnbreneees 106
4.3.3 Character SEgMENTATION.........uueuiieiiiiiiiiiree e e e e e e e e e e e e e e e e e e e e e e e eeaeeeaeeeenae e ammmeeeeeeeas 108
4.3.4 Performance EVAIUATION. ..........ouiiuiiiiiii ettt e e s e e s emme e e e e e as 116
4.4 Integrating the proposed system with Amharic OCR System..............cccevvieecervnnnnn.. 120

vii



CHAPTER FIVE. ...t aren e 126

CONCLUSION AND RECOMMENDATION. ...ttt e eeeeeeieeee e mmme e 126
5.1 Summary and CONCIUSIQN.......coiiiiiii e eeeeee e 126
5.2 RECOMMENUALION....ceiiiiiieee e e eenenssen e ee e e e 129
REIEIEINCES. ...ttt e 131
LY o] 01T a6 [ o1 E PP PPPPPPPPPPPPP 137
Annex I: The Amharic Writing System (Fidel).............oooorii e 137
ANNEX [1: SAMPIE TS SELS.....uiiiiiiiiieee e rrrr et e e e e e e e e e e e e e menas e e e eeeas 138
ANNEX 11: MATLAB ® FUNCHONS .......ocviveviececececeieeems ettt tetesesessenes s s s eses st se e ennseeees 145
Annex V: Sample Experimental Visual C# User Interface............cocceeeviecceeiiiiiiiiiiiieeeeee e 152

viii



LIST OF TABLES

Table 2.1: The seven order of Amharic writing SYStem............ccoovviiiieeeii e 28
Table 2.2: Sample of characters representing Labialized Velar Consanants.................. 29
Table 2.3: Amharic Numeration SYSteIM.........ccooiiiiiiiiiiiieeee e 29
Table 2.4: Commonly used AMNAriC FONIS..........ccccuuiiiiiiieeerii e 31
Table 4.1: Summary of datasets used in the StUdy...............ovvviiceiiiiieeeee s 67

Table 4.2: Experimentation result that shows the performance of the proposed page segmentation
TECNINIGUES. ... ettt eeena bbbt e e e e e e e e e e eenes 90
Table 4.3: The Experimentation result of Noise Filtering Algorithms using 3x3, 5x5, 7x7 and

S G RSP 93
Table 4.4: The Experimental Result of Image Quality Measure (MSE and PSNR) of
Average/Mean Filtering Algorithm Using Different Window SizesS..........ccccoeeeeiivieeeeenn 93
Table 4.5: The Experimental Result of Image Quality Measure (MSE and PSNR) of Median
Filtering Algorithm Using Different WindOW SizZeS.........cccovviiiiieiiiiieeeiicii e 94
Table 4.6: The Experimental Result of Image Quality Measure (MSE and PSNR) of Wiener
Filtering Algorithm Using Different Window SIZeS...........ooooiiiiiiiiiimen e 94
Table 4.7: The Sample Collected Data about.CC.............ouummiiicceeeiiiiicrre e 110
Table 4.8: Experimental Results of Text Line Segmentation Methods...............ccceee.. 116

Table 4.9: Accuracy of the Proposed Text Line Segmentation Method for Document Images with
INK-BlEEAING NOISE... ..ottt et r e e ettt e e e e e e e e ammr e e e e e e e e aeeeeens 118
Table 4.10: Accuracy of the Proposed word Segmentation Method in four Noise Levelsl8

Table 4.11Accuracy of the character Segmentation Methods in noisy real life document images

Table 4.12: Summary of Recognition Resiisthe Sample Testing Document Images..121



LIST OF FIGURES

Figure 1.1: Samplsegmentation errors observed during previous investigation of Michaed [43]
Figure 1.2: Sample Document Image Taken From BinijgEshwith Ink-Bleeding Noise........ 6
Figure 1.3: Two dots that are used to separate words in historic documentis.................... 6
Figure 2.1 General Framework of OCR System as Adopted From.[S7].............ccccceeee. 14
Figure 2.2: Sample Amharic word images with SaittPepper, Cuts and Breaks, Blobs and
Erosion of boundary pixels (shown from top to bottom)..........ccccooeeeiiiieeciiiiiiiee e, 18

Figure 2.3: Classification of Noise removal methods as presented by Motwani. [51]...... 20

Figure 2.4: Evolution of Sabean to Geez Michael [43].........ooooiiiiiiiimen 28
Figure 2.5: Datasets based on the level of degradations as presented by Biniyam.[13].33
Figure 3.1Architecture of the proposed Amharic OCR SyStem..........cccceeeeveeisieccvvnnnnnnnnnn. 43
Figure 3.2: Skewed real life Amharic document iMmage............ccoccueviimmmnennniiieeeeeees 44

Figure 3.3 lllustration of median filter (a) Input image (b) Filtered image using median filter

showing only the CeNnter PIXEL............veeuiein e eeee s 48
Figure 3.4 Polar coordinate SYSIEM............uuuuuiiiiiiicereiiiiiiisse s e e e e e e emresa s e e e e e e eeaaeeees 55
FIQUIE 3.5 @ (1) PIANE. ... et e e e e e e e e ema e s 55
Figure 3.6 a ( r) plane with more than one point and the intersestrepresent the line....56
Figure 3.7: A binary image with five connected components of value v = {1}.]30]........... 61
Figure 3.8: Morphological Dilation of a Binary Image..........ccccccoeiiiiiieeniieeend 62
Figure 3.9: Example of Horizontal projection profile on a sample text image.................. 63

Figure 3.10: Example of Vertical projection profile on a sample text line taken from.[43p4
Figure 4.1: Result of DocumentSKeWChECKET..............oovviiiieee e 69
Figure 4.2: Implementation of Hough transform on images with different types of noiseg2
Figure43i Gedi ondés [26] result on the i mplementat:
Thresholds to detect and delete lines from image:...........oceiiiiiieeer i, 73

Figure44il mpl ement ati on of Proposed Table Line Se

1= T = PP PPPPP PP 74
Figure 4.5 Checkingmechanism of 4 and 8 CC Connectivity Labeling........................cce 75
Figure 4.6 The result of CC labeling On.........ccoooiiiiiiii e 76
Figure 4.7 (i) Experimental result of the CC Labeling and Thresholding....................... 78



Figure 4.7 (ii) T Experimental result of the CC Labeling and Thresholding...................... 79
Figure 4.8 The Experimental Result of Mubirectional Dilation on Columned Document
Image With Medium FONE SIZE.........oooiiiiieee e e e e e 81
Figure 4.9 The Experimental Result Mulirectional Dilation Over Columned Document
Image wWith Smaller FONE SIZe..........ooviiiiii e e e e e e e e e e aeee s 82
Figure 4.10° The Experimental Result of Vertical Dilation Over Columned Document Image
WIth SMAlIEr FONE SIZE. .ot rrne e e e e e e eees 83
Figure 4.11 (iy The Experimental Result of the Proposed Column Block Segmentation
Algorithm For Two Columned Document IMAge...........uuuuiiiiiiiieeeeiiiieiee e e e e e e e e e e e aeeesee s 85
Figure 4.11 (ii)i The Experimental Result of the Proposed Column Block Segmentation
Algorithm For Three Columned DOCUMENT IMAGE........uviiiiiiiiiiiiieeeiiieeeeeee e 86
Figure 4.12 Implementation of Dilation and CC analysis over columned images with titled

=0 PSP 87
Figure 4.13 The proposed Automatic Page Segmentation Technique.................ccceuee. 89
Figure 4.13 The removal of border noises after column block segmentation................. 91

Figure 4.14 The Experimental Result of Otsu and Sauvola Thresholding Techniques on Wiener

FIltEred IMAQgES.......co o et st e e e e e e e e e e emnna e e e e e e e eeaaaeeeeees 96
Figure 4.15 The Experimental Result of Binarization of degraded Document image using Otsu
and Sauvola Thresholding Method......... ... 97
Figure 4.16 Experimental Result of Hough Transform for Removing Underlines........... 99

Figure 4.17 Experimental Result of Projection Profile as Tested by Michael .[43]........ 101
Figure 4.18 The Experimental Result that shows the effect of Vertical Dilation on the Result of
Horizontal ProjeCtion Profile...........u e 102
Figure 4.19 Experimental Result of the Proposed Technique On Real Life Documentli@fage

Figure 4.20° The Proposed Window for Dilation of Image Horizontally to Connect Character in

BU RO .t e e e e et e e et e e e e et e e e a it s 103
Figure 4.211 Experimental Result of Horizontal Dilation and CC Analysis for line segmentation
........................................................................................................................................ 103

Xi



Figure 4.23 Experimental Result of the proposed Segmentation Technique for-&ide#ed

DOCUMENT IMAGES. ... eu ittt errne e e et e e e et e e e et e e e e e e e eean s 105
Figure 4.24 Experimental Result of Dilation Based Word Segmentation....................... 106
Figure 4.25 Experimental Result Shows Errors of Dilation Based Word Segmentation en Two
DOt Separated SENENCE...........uuviiiiiii i e e e e e e e amesia s e e s e e e e e e e e e eaeeeereetnnneeaeeeeees 106
Figure 4.26 Experimental Results of Vertical Projection Profile in Word Segmentation for both
White Spaced and Two Doted Images ReSpeCtiVelY..........coovviriiiiieace 107
Figure 4.26 Experimental Result Shows the Result of Dilation and Vertical Projection Profile
Based Word Segmentation for Hokeeded dOCUMENLS..............ovvvvvveiiiccreeeiiieeee e 108
Figure 4.27 The Experimental Result of Vertical Projection Profile Based Character
ST=To g pT=T g1 1 o] o AP PUPPPP PP PP 109
Figure 4.28 Experimental Result Shows the Result of CC Analysis Based Character
SEOMENTALION.......coiiiiiiieee et e s e e e eeea e e e e e e e e e eeeaaeesamaesaaaeeaeaaaaaeeeeennannnes 109
Figure 4.29 Sample CC Labeling RESUIL.............ouuiiiiiiiieeees e 110
Figure 4.30° Sample word Image Height and MRbint of X Calculation.......................... 111
Figure 4.311 The Experimental Results tife Developed CC Based Method................... 111
Figure 4.32 The Experimental Results of Connected Characters Detectian................ 113
Figure 4.33 The Experimental Results of Connected Characters Splitting................... 114
Figure 4.34 Experimental Results of Checking before Splitting............cooovvviiiiccceenennn. 115
Figure 4.35 Experimental Results of Text Line Segmentation on asblekded document

0= PSP 117
Figure 4.36 Elimination of Extra width and height................c.ccooiiiiiieee e 120

(b)  Sample recognition result using the psepd character segmentation method....... 123
(c) Sample recognition result using vertical projection profile character segmemegibad

124
Figure 4.37 Sample Recognition RESUILS.........cccooviiiiiiiiiceees e e 124
Figure 4.38 Examples of Erroneously segmented characters..............uuvevveeeeeivvvvvvnenne. 125

Xii



LIST OF ALGORITHMS

Algorithm 3.1: Median Filter algorithm............oooriiiiiie e 49
Algorithm 3.2: Binarization (Thresholding) algorithm...............cccoorriieee 51

Al gorithm 3.3: Ot s.u.d.s..ILhr.eshol.di.ng..Me.t.52 d

Al gorithm 3.4: Sauvo.l.ads..T.hr.es.hol.di.ng..Method
Algorithm 3.5: One Pass Connected Component Labeling.............ccccooivcecevveeviiviniiinnnnn. 59
Algorithm 3.6: Two Pass Connected Component Labeling.............c...ovvveeiiiiiieeeiiiinnnnns 60

Xiii



ABBREVIATIONS

ANN Artificial Neural Network

ASCIl  American Standard Code for Information Interchange
BMP Bitmap

CcC Connected Component

CPU Central Processing Unit

DIR Document Image Retrieval

DPI Dots Per Inch

GB Giga Bytes

GHz Giga Hertz

HMM  Hidden Markov Model

HRLS Horizontal Run Length Smoothing
KPCA Kernel Principal Component Analysis
LDF Linear Discriminant Function

LVQ Learning Vector Quantization
MSE Mean Squared Error

OCR  OpticalCharacteRecognition

PC Personal Computer

PCA Principal Component Analysis
PSNR PeakSignalto Noise Ratio

QDF Quadratic Discriminant Function
RAM Random Access Memory

RDA Regularized Discriminant Analysis
RGB Red Green Blue

ROI Region of Interest

SVM Support Vector Machine

VQ VectorQuantization

Xiv



CHAPTER ONE
INTRODUCTION

1.1 Background

The development of powerful computers that can process large amount of data gzeedily

as the invention of internet reselt rapid growth of digitaltechnologies Accordingly every
activity of humans nowadays becomes very intertwined and suffused with them due to their out
of imagination performancdy] [33]. In the ancient periods, communication and codification of
information and knowledge were penfned by writing, speaking, drawing, gesture, signs and
symbols. The modern ways of codification includes recording information in different
multimedia formats such as text, image, audio, video and animation. Over centuries, paper
documents have been ammipal instrument to make the progressha humankind permanent

and most information is still recorded, stored and distributed in a paper fdi3hat [

We humans learn reading and writing skills through educatiwiour ability grows to read most

texts sich asthoseprinted in various fonts and styles, handwritten neatly or sloppily, characters

with missing parts and misspelled woras the learning time increasgls/]. This recognition

process occurs thousands of times in a day using our capturing nsechainan eye and
interpreting or recognizing characters using

process is stimulated to Optical Character Recogni88n[ B8] [43)].

Optical Character Recognition (OCR) is a process that allows printedyrtitea and also
handwritten text to be recognized optically and converted into machine readable code so that it
can be accepted by a computer for further proces@rig(QPCR & a field of research ipattern
recognition, artificial intelligence andomputer visionthat includes hardware like optical
scanner for converting documents to image, which are going to be an input to some processes in
order to be converted to digital forrhg] [22].

OCR is comparatively old in the field of pattern recognittamd many studies were made since
1929. Tausheck is the first to get his patent of OCR in Germany and Handel did the same in US
by 1933 [1]. It has been a dream that machines could read characters and numerals until the age

of computer inthel 9 5 ®&d. €ikvjl [ 23] presented the generations of OCR into four based on
1



the versatility, robustness and efficiency of the system. The first is between 1870, where Carey
invented a retina scanner to the 1950. The second is from 1965 to 1975, machine printed and
hand-written characters were recognized and began to be used in letter sorting on postal services.
The third is from 1975 to 1985 where people try to apply OCR in poor quality documents as well
as in unconstrained handwritten character sets and making #ssmekpensive and more
efficient. The current generation is characterized by recognizing complex documents that

contains mixed texts, graphics, and mathematical symbols kyl@ahity noisy documentslf]

[23] [50.

OCR systems are categorized either otine or offline recognition systems based their
method of data acquisition. Online recognition systems use digitizers for direct capture of data
through writing with order of strokes, pen up and down information whereas the offline

recognition systemskes input from optical scanners or digital came4ak [

OCR includes some basic steps which are classified in different ways on various literatures to
perform the recognition proces®me of these steps are document digitization, preprocessing of

the dgitized document images by applying techniques such as binarization, noise removal,
thinning, underline detection and removal and others, segmentation, feature extraction,

classification and pogirocessing tasks in a ranked ords] [[43)].

Digitization is the processf produéng document images by convieig paper based documents
into digital form through scanning, using camera day on-screen perup and pendown
information. For scanning, moSDCR systems use a resolution that range betweerd@0®
1000 dpi for better accuracy in text extractiblse ofhigh resolution while scanning real world
historic documentthatare very noisyr degraded is necessatyis the first phase idocument

imagerecognitionsystemg6] [21] [67].

Preprocessing ishe most importantand critical step which is very helpful to enhance the
performance of recognitioit mainly focuses omrorrecting the deficiencigeund on document
image that might be introduced due to reasons sudtatas acquisition procesproblem on

capturing deviceandage of documentt prepare data forthe nextsubsequent activitie$].

Noises ared e f i n @h@ rardem \@riation of brightness or color information in images

produced by the seor and circuitry of scanner or digitalameraand anythinghat is irrelevant
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indigitali mages i s ¢ on $13dT&e peedrocessingtage of ;ecognéidn systeis
very helpful to makehe pattern recognition problem simgleough reduction of such noises,
degradations and inconsistencies over document imaglesut the loss of vital information.
Some of the techniques employed ungeeprocessingnclude noise filtering (reduction),
binarization, skevdetection anaorrecton, underline detection and removsize normalization,
thinning, etc. ¢] [67].

After preprocessingthe document images need to be segmented to separate afgpired,

tables and othdines, text lines,words and charactefeom document image through process
of separation of an image into regions that contain pixel groups that are similar in6lue [
occurs at two levejsthe first level performstext/graphics separain andthe second level

performs segmentation téxtlines, words and charactesbthedocumenimage f5].

The next step is extracting features tbahuniquelyrepresenbnecharacter fromanotherby a

processknown asfeature extractionlt is responsible for extractingach of theséeatures from
the matrices of digitized characters so that the charactersasily be recognized by the
classifier[17] [18] [63)].

Classification is the decision part of the OCR systems that receive input from the output feature
extraction phase whichr@the features extracted to produce the predicted ASCII representation

of the input character. This moduheainly performs two main tasks t¢déarning and testing
phasesL,ear ning phase builds the classiyerdeby ana
up of database tuples and their associated class labelslassifiethencreates anodelbased

on the training datao that it will be used in testirgndrecognition process for the given input

feature vectors to predict the ASCII representat|{@dk

After the classification task is performed and recognition is done, this phase will take the results
as an input to further process to check and maintain errors. This is due to classification
algorithmsthat are not perfect and always make mistaliesause they are making predictions
Especially for the degraded documents and for alphabets that are very similar, misclassification
of characters is always there. According to Eik2@][ the use ofpell or error checkermsn the

result of OCR systemsanenhance the performance of recognition protgssorrecting errors

made by classification sta¢23].



Nowadays the application of OCR becosiemore important invarious business and
governmentahreas such diorary and office automation, bank cheatocessing, as a reader for
the visually impaired people, data entry from passport, postal autonzattbso many other
applicationg45]. It is common to find P@ased OCR systems that are commercially available
for most languages in the world, and the@gdme less expensive, fasterd more reliable due to
less expensive electronic componep&]. They can also be applied for the purpose of
recognition basealocument image retrieval. However, the performance of the system relies

heavily on the quality othe scanned imagé¢$3].

Most OCR systems are developed to work with L-btised scripts and theye now usedor
practical problem solving activities nevertheless few papers are available on the indigenous

scripts of African languageg$).
1.2 Statement of the Problem and Justification

Ethiopia is a country at the Horn of Africa that has its own writing system and calendar. There
are about 100 languages that can be classified into four groups namely; Semitic, Cushitic,
Omotic, and Nilotic. Among those vaus languages, Amharic is one of the Semitic languages
that use Ethiopic scripts for writing purpose. It is the most dominant language in Ethiopia spoken
by roughly 30% of the population as a mother tongue and also additionally 20% use it as a
second langage and totally, half of the population uses Amharic language which makes it an
official language of the country and medium of communication and working language in most of
the regional states [13] [78].

Ambharic is one of the languages in Africa havitsgown indigenous scripts and writing systems.

It was spoken since T'Zentury and started to use for writing purposéd” century Due tothe

long history of Amharic writing system, hugamount of information is available inside
churches, cavegjovernmental and private institutions including information centers, libraries,
museums, etc. in printed, typewritten and hamiten format p7]. Therefore, there is a need to
bridge the gap that exists between the rich information formats but yet ssditee not easily
reachable and nesearchable ones into their corresponding computer representation with high

accuracy.



The studies of Amharic OCR havegeen made starting from the first attempt made by Worku
[66]. He investigated the application of OCBchniques for Amharic text. After that Ermi&=i]

further worked on recognition of formatted printed Amharic texts. Der2fg §tudied
typewritten Amharic documents recognition. On the same year, recognition of printed characters
using Artificial Neural Network (ANN) as feature extractor and classifier was studied by
Berhanu 11]. Million [44] studied to generalize previously adopted algorithms for printed
characters with different fonts and sizes. Yaredid], Yaregal and Bigun68]-[79 also
conductedstudieson Amharic recognition for printeénd handwritten characters of Ethiopic
scripts by extracting structural/topological patteafischaracterqprimitives). Further, Million

and Jawaharjg] [48], Abay [1] and Michael43] worked on recognition afaltlife documents.

On the recenexperiment made bylichael [43], hefacederroneoussegmentation of characters
which hasa direct impact on the effectiveness of recognitide. applied vertical projection
profile to segment words and characters. Howestearacters with discontinuity in their body,
overlapping pixels, touched pixels, and adjacent pixels with neighboring characters are failed to
segment successfullfzigure 11 showssegmentation errors observedprevious investigation

of Michael 43).

v &0 8/ F¢ A20A00 "TLL0

(a) (b) (c) (d) (e) (D)

Figure 11: Sample segmentation errors observed during previous investigation of Mi¢Bjael [
@Di scontinuity pmodclhae dcttwea |iffln) ODveNappddcharactarsh ar act e
considered as one charactér) adjacent black pixelsetween consecutive charactéd) Touched pixels
between characterge) Underlined charactergf) Single pixel variation from threshold value
Yaregal [70] studied Multifont sizeesilient recognition system for Ethiopic script by extracting
structurd building blocks (primitives) of each character. He suggested the recognition accuracy

can still be improved by dedicating more efforts on character segmentation [70]

According to Million 45], one of the difficulties in Amharic document imaggcognition and
retrieval is degradatiorit is a reason for the failure of segmentation andsequenphases of
OCR.Denoising is often necessary and first step to be taken before the document image passes
through the next stagelSven though, a numbef attemptswvere made befordt is still an active

5



research arebecausambserved results show that there is a loss of vital information from those

document images.

Previous studies were tested on a dataset from real life Amharic documents such as bible,
newspaper, regulation and fictions with a different level of degradations such as dusty noise,
large inkblobs, vertical cuts and ink from facing pages. Degradations can be caused by scanning
devices and transmission media errors, aging, photocopying, dacednents, problems in data
acquisition, and inferring natural phenomena [45]. Figure 1.2 shows an example of real life
Ambharic document image that contain-bleeding noise.

Figure 1.2: Sample Document Image Taken From Biniyam [13] witiBlakdingNoise

As compared to Latin scripts, uppease and lowecase letters are absent in Amharic writing
system. On the other hand, like English, the writing mode is from left to right a+d-baptom.
Words are separated with blank space nowadays but bistocuments of Ethiopic scripteas
used twedots to separate words and sentences end withdfisrand paragraphs with
recognized horizontal spacé7]. Figure 1.3presents one of theasongi.e. two-dots)that make

segmentation difficult fohistoricdocumen.

N4 C4AMI:AVAN TR G

Figure 1.3: Two dots thareused to separate wortishistoric documents

Gedion R6] conducted a studpf page segmentatiomethodto segment tables, graphics or
pictures, text lines and words from the document image collections for DIR system using
different techniquesThe study of page segmentation is crucial becauselifieealocument
images usually contain both text and #iext elementsHowever,the problem faced by Gedion
includes some parts of &ext were considered as a tableline and viseversa,and alsosome

parts of thegraphicswere considered as a text.



Previous studies were tested on limited datasets. However, the main concern of this study is to
explore bettepage andext segmentation techniques for improving the performance of Amharic
OCR as well as adopting better preprocessing methods that canvelbdn different levels of
degradations and which cafsowork better with the dected segmentation techniques.

To fill the above mentioned gaps, this stadgmpts to answehe following research questions:

1 What arethe special features of reéife Amharic document images and what kind of
degradationsreobserved on such documents?

1 What suitable page segmentation technique can be applied for successfully segmenting
tableand other lines, texgfaphics, colummlocks, titlesand other shapes fourmh real

life document images?

1 What suitable image processing technigsiesh as noise detection and remave¢d to

beintegrated to improve text segmentation?

1 What suitabletext segmentation techniques need to be integrated to improve the

performance of Aharic document image recognition?

1 How much improvement is registered on the performance of Amharic Q&I&n?

1.3 Objectives of the Study

1.3.1 General Objective

The main objective of this research is to integrate effectimge andtext segmentation

techniquedor improving the effectiveness of Amharic @®n reallife document images.

1.3.2 Specific Objective

To meet the general objectives, the following specific objectives are drawn.
1 To review different international and local researches, on document image recofpniti
real life documents for understanding of the area, approaches, algorithms and to know
what was done before for ndatin script recognitiomnd understand the challenges.
To study the unique characteristics of degraded Amharic document images.
To ollect training and test datasets from fif@l historic documents of Amharic

language that contains different level of degradations.
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1 To explore better page segmentation technique that can separate the text area from the
graphics, tables and alsmidentify columnblocks and titles
To adopt best preprocessing techniques that can help to improve text segmentation.
To study suitable text segmentation techniqthes canextract text lines, words and
characters from redife documentsand integrateit with the previously developed
AmharicOCRsystem

1 To evaluate the performance of the recognition system
1.4 Scope of the study

By aiming the improvement of the performance of Amharic O8Rtemsfor reallife
documents developed so far by previoesearches, this research experimergome available
preprocessing and segmentation techniques. Among naamyable algorithms, selected
techniquesare studied and tested on collected &l document images with different level of
degradations; expenienting and integrating the selected preprocessing and segmentation
techniques to the Amharic recognition system is the main focus of the study. The test degasets
originally collected by previous researcher Biniyah3][who made his study on the docume
image retrieval system and also some new real life document intlz@esontaingraphics,
pictures, tables, columns are collected and merged with the datasstperiment page
segmentation methodall the documents are takémmm sample printed historic documents such

as old books, newspapers, bildadmagazinesvith different level of noise

However, this studyiac ont i nuati on of previous work and
handwritten and typewritten documemages Also due to time limitationghe study mainly

focuses on thpage and texdegmentation techniqués Amharic OCRsystem
1.5 Methodology of the Study

This research follows an experimental research; it is also naserdpirical research that relies
on experience or observation alone, often without due regard for systesiopmenand theory.
It is databased research, coming up with conclusions which are capable of being verified by

observation or experimer9]. It involves data preparation, system development and evaluation.



Therefore the following methods and techniques are used to undertake the research work for the

achievement of specified objectives and to answer the research questions of the study.

1.5.1 Literature re view

In order to have a deep understanding about the OCR system techniques, related literatures from
different sources such as books, journal articles, conference papers and internet sources such as
educational websites are reviewed. Also both past amhtrestudies of works on Amharic and

other similar norlLatin languages are reviewed to have a better background on the better
performing algorithms and techniques. Since this research is supposed to be a continuation of the
previous studies of Amharic OCRé need to be integrated with them; local researches are

given more emphasis.

1.5.2 Dataset Collection

For the purpose of training and testing, the datasets collected and organized by previous studies
are collected and digitized. Mainly Amharic document images with different level of
degradations that are collected Byniyam [13] from previous study of Dagnent Image

Retrieval (DIR) for Amharic document images are uaadsomeadditionalreal life document
imagesthat containgraphics, pictures, tables, columns are collected and merged with the dataset

to experiment page segmentation methddie datasetare from various sources of newspapers,
magazines, old books, and other historic docume2isof the document images are from
Bini yamés dataset and 33 document i mages are

document images are gathered.

1.5.3 Implement ation tools

Most previous studies use MATLAB® Image Processing ToolboxTM, due to availability of its
rich libraries for image processing. One of the recent research made by M&3jaakd used
MATLAB® Image Processing ToolboxTM and visual C# libraridad also some other studies

used Visual C++ and as well as WEKA machine learning tool.

Visual C# libraries and MATLAB® Image Processing ToolboxTM are integrated and used in
this research because the researcher is familiar with this language and MAT [b&RBeis for

image processing and also for easy integration with the previous study.
9



1.5.4 Performance Evaluation

To measure the performance of noise removal and other preprocessing techniques, Mean
Squared Error (MSE) and Peak Signal to noise ratio (PSRusd. MSE is a measure of an
average of the squares of the erravkjch is the differencebetween the estimator and what is
estimated. It is a risk function corresponding to the expected value of the squared error loss.
PSNR isthe ratio between the mamum possiblepower of a signal and the power of corrupting
noise that affects the fidelity of its representation. Because many signals have a very wide
dynamic range, PSNR is usually expressed in terms of the logarithmic decibebdfale [

For measuring thperformance of both page and text segmentation algorithms, therareanes
techniquesavailable For this studythe performance is measurasging the manuatountingof
the expected correct awlrong segmentatiorio calculate the accuracy percentage usedn
Michaeb B43] study

After the integration of recognition algorithm with the proposed technidgnesccuracy of the

OCR system armeasured by aommon and widely usadethods such agcognition rate, error

rate and rejection rate of tessuvdts from both testing and training sets. Eik28][discussed that
recognition rate measures the proportion of correctly classified characters from the total
characters and conversely, error rate measures the proportion of characters erroneously
classifed. Rejection rate measures the proportion of characters which the system was unable to
recognize. Michael43] used recognition rate and error rate and this study also ussantsto

evaluate the performance of the system.
1.6 Significance of the research

Large amount of documents articulated and printed in Amharic scripts are available in
information centers, libraries, museums and government and private insd@]tehjere is bulk

of historical printedtypewritten,andhandwritten documents availaliteat needto be digitized

and accessible via the Interremtd digital libraries fB5]. Manual conversion process of these
documentsvhich is bytyping; is tedious, error prone and time taking. OCR systems can provide
an automatic transformation into comgutepresentation of these documents.
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Libraries, museums, churches and other information centers can benefit by using the system to
share document® many users easilgnd simultaneouslyGovernmental and negovernmental
institutions can also make infoation on printed documenésfortlesslyaccessible. Researchers

on different disciplines such as: history, religion and sociology, politics, etc. are other
beneficiaries of the system. Therefore, developing Amharic OCR system has sewefiss thor

different parties.
Further than the above major contributions, OCR systems play biggesuoleas:

1 To help us to make the computer representation (digital format) of physically available
printed, typewritten or handwrittemeal life documents. This makes the valuable
documents electronically available for future references.

To facilitate quick digital search in contents.

To save storage space.

To allow document modificatioif necessary

= =A A =

To assiswisually impaired people as a reagl tool for scanned documents by combining
it with other systems such as speech synthesizers.
1 To enhances document accessibility, availability and portability in various devices such

as smart phones.
1.7 Organization of the study

This thesis is organized infive chapters. The first chapter discusses the background of the
study, statement of the problenthe general and specific objectives, method@sgusedand

scopeof theresearch

In chapter two, literature review dhe overview ofOCR systemand phases conducted under
OCR systems specialtiiose focusingn preprocessing and segmentation methods are reviewed.
Moreover,a brief review of the history, development and characteristics of the Amharic writing
system and different typ®f documentslocal related works on document image recognitoil

the challenges in building Amharic OCR are reviewed.
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In chapter thregthe proposedarchitecture of Amharic OCR system, the selected image
preprocessing andegmentation techniquese conciselyexplained. The evaluation measures

that are used for measuring the performance of algcinithmarealsodiscussed.

Chapter four emphasizes thexperimentationof selectedpreprocessing angegmentation
techniquesand experimental results usedconfirm the validity of the proposed techniquase

presented and integratiémrecognition phase and its results are also presented

Finally, based on the findings of the study, conclusion and recommendations of the research are

presentedn chapter five
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CHAPTER TWO
LITERATURE REVIEW

The development of Optical Character Recognition (OCR) is motivated by the need to cope with
the availablemassiveflood of documents in real life such beoks, newspaperbank checks,
commercial forms, governmemecords, posted letters, credit card imprints and also other
historic documents in churches, museums and various institutions. OCR is automatic reading of
optically sensed document texts of human readable characters to machine readable codes such as
ASCII or Unicode 67]. To perform the recognition process, OCR systems invialagr steps

classified in various ways dtifferentliteratures and examing them iscritical for the research

2.1 Overview of OCR System

One of the emerging applications due to thesbrated advancement in patteecognition that

are not only challenging but also computationally demanding applications are OCR systems. The
main objective of OCR system is to recognize characters that are found on optically sensed
human readable document images that contains handwritten, typewritfmted text and

convert them into machine readable codes and enable document images to be accessible and
editable. It can be described asmechanical or electronic conversion of scanned document
imagesto their digital format. It isvery important for various purposes such as indexing,

searching, editing and reduction of storage sis¢ [57].

OCR beameanactive field of research since mid9 5.0réday, itis one of the mostuccessful
applications of automatic pattern recognition and it plays gqoitant role in this modern world
where there are heterogeneous representation of text based informdatondingly it has
immense potential in future where we want to track and locate every piece of information being
exchanged3?2] [61].

Based on the pe of data acquisition method they use, OCR systems are broadly categorized into
online and offline OCR systems. Online recognition systems use digitizers for direct capture of
data through writing with order of strokes, pen up and down information whireasfline

recognition systems takes input data from optical scanners or digital cameras in the form of

document images. However, some researchers argue that OCR is only instance of offline
13



character recognition, where the system recognizes the fixad stape of a character and

should not be confused with tine character recognitigd] [61].

OCR systems nowadays laete an integral part of document scanners and many other
applications such as postal processing, banking security, script recogniassport
authentication and language identificati®][

To perform the recognition process, OCR systems invdbasscsteps which are classified in
different ways on various literatures. However, Milligtb mentioned that most of the designs

of OCR swtems follow a modification of the common architecturee framework of OCR

systems that categorizes some of the basic steps undertaken into three general basic phases as
Document Scanning Phase, Recognition Phase and Verifying Boasesentedn figure 2.1

[57.
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Figure 2.1 General Framework of OCR SystsAdopted Fron{57]
2.1.1 Document Scanning (Digitization) Phase

It is described that OCR is a process of converting scanned images of documents with printed,
typewritten or handwritten texts into computer editable format and this phase is the first phase
that any OCR process starts and in some literatures it is teasetigitalization or image

acquisition. It is responsible to produce document images by making conversion of paper based
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documents into digital form by scanning, capturing using camera or througtresn pen up

and pen down information [1§] [67].

This phase is the stage where sdagrdevice is used to scan the handwritten or printed
documerd in order to findthe digitized form and the acquired imagean becapturedin
different formats such as JPG, BMPNG, TIFF, etc. that range frona true color intake to
binary formby adjusting thevarying resolutiorof animageto make itin a way that a computer
understands them as a matrix of pixels[f3]. The most common and dominantly used format
for the case of OCR is bit map (.BMP).

One of e major concerns that must be dealt during this phase is the resolution of the scanned
image measured in terms of D&srInch (DPI) because it has a huge and direct impact on the
performance of overall recognition process of OCR systBXiRtis a measwr of spatial printing

or video dot density; in particular the number of individual dots that can be placed in a line
within a span of 1 inch (2.54 cm) in digital imad@2]| It is anumber of pixels the image spans

in an inch of measure and higher resalntis preferred or needed for OCR systems because of
the produced image must be better images in quality. Lower resolution tends to break thin lines,

fill gaps that exist in characters, and also may cause noises on the document images.

A scanner's opticaksolution is determined by how many pixels it can actually see. For example,

a typical flatbed scanner will use a scanning head with 300 sensors per inch, so it can sample 300
dots per inch (dpi) in one direction. To scan in the other direction, it wienthe scanning head

along the page, stopping 300 times per inch, so it can scan 300 dpi in the other direction as well.
This scanner would have an optical resolution of 300 x 300 dpi. Some manufacturers stop the
scanning head more frequently as it mogdes/n the page, so their machines have resolutions of
300 x 600 dpi or 300x1200 df82].

However, using high scanning resolutialso makes the produced image bigger in sid@ch
causes thavasage ofdisk space and slows down the scanning processalaodtherremaining
processes IrOCR system.The recent advances in scanner technology have made available
resolution in the range of 600 DPI to more than 1200 DPI [1].

15



One of the online sources froABBYY Technologies littps://www.abbyydevelopers.eéuwvhich

arethe known providers of OCR systemecommends a resolution rate according to the font size

of text document that is going to be scanasdollows

AiFor regular texts written in English scripts usidignt sizes of 8 to 10 pointd, is
recommened to use 300 dpi resolutions and if the scans have a smaller resolution, for
example 200 dpi, then the 10 point font will be too small and will contain broken pixels

or Ami ssing pixel s o0 harefore fohthe sohaller o déerttsizes ma g e

(below 8 points)using400-600 dpi resolutions recommended] 0

Therefore,we must note heréhat as a scanner resolution increases, the quality of document

image also increases.

Dereje P1] explained most OCR systems use a resolution between 3@Ghd{pO00 dpito get
better accuracy in text extracti@nd recognition Studies show that using high resolution is

necessary while scanning real world historic documents which are very noidggnaded.
2.1.2 Recognition Phase

After the scanning of document images, the next basic and major step of OCR systems is
recognition phase. It is the difficult phase which employs severgblsafes that are vital for the
recognition or conversion of documentages into their ASCIl or UNICODE representation of
charactersThe subphases involved in recognition phase &m-Processing, Segmentation,

Feature extraction, Classification and Post Procesdiaghnique$23].

2.1.2.1 Pre-Processing techniques

Scanneddocument often contain noises that mainly arises from printer, s¢aapar quality

age of document or due to other reasigt@. The images collected by different type of sensors
are generally contaminated by different types of nasekspapedocumets are very sensitive to
degradation of integrity. Therefore, before manipulating the information in the image,

preprocessing tasks must be conduotethe scanned image improveits quality [13].

The main goal of this phase is to enhance performance of recognition procegsough
increasing the accuracy and performancaedt steps such as segmentatiopagestext lines,

words or characters through performing a serious of operations during preprocessing stages to
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organize the informaon and correct deficiencida document images. The operations includes
processes such aketecing skew angleand correcit, detecting text aredjxing someof the

noises and degradatioobanimage,andsome other activities are performéq [53] [56].

Preprocessing tasks arthatmaking the paern recognition problem simpl#illion [ 48] noted

that because of the level of degradations in digitized real life document images such as
magazines, books and newspaper, there is a need to applyilteriseso as to reduce the effect

of degradation during the recognition procptd. So, itis helpful to reduce noises, degradation

and inconsistencies over the document imaigieout theloss of vital information.

Algorithmic steps involved in prepressing phasare dividednto two based on themecessities

in every OCR systems asandatoryand optional stepsMandatory steps are the one that are
very important and every OCR system should incorporate them. For example, binarization could
be one ofhem. On the other hand, the optional steps can be taken or left based on the type of
document or problem domain they are applied. One example of these steps include noise
detection and removal, underline detection & removal, size normalization, skestiafetslant
removal, thinning, filtering, contour smoothing, document restoratiof=&fas cited by43].

Real life document images are not free from degradations of different types and levels, therefore
it is very important to include optional stepike noise detection and remalv According to

Million [ 45], degradation of printed texts in documents images may come from different sources
and hementionedthat it mostly occur due to the quality of paper used and/or ink drops from
printers, photocopyrdax machines, and scanner quality. Generally he identified and categorizes
noises in the document images into four groups as salt and pepper, cuts, blobs and erosion

Figure 2.2presents these noise types in Amharic document injdggs

91 Salt and PepperNoise: This type of Noise is caused by errors in data transmission and
scanning of documents. It is a common form of noise observed in real life document images
and it is distributed all over the image flipping white pixels to black (i.e. pepper) bladk
background and black pixels into white (i.e. salt) if it is a foreground

1 Cuts and Breaks:such typeof degradation occurs due to the paper quality, folding of paper
and print font quality. It corrupts the part of document image by reversing bleels pito
white and it creates the problem like breaking the continuity on the shape of characters.
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1 Blobs: occurs due to large ink drops within the document image during printing, faxing or
photocopying process. It is a flipping of pixel values into blaokl the existence of this
noise merge or separate charactamponents

1 Erosion of Boundary Pixels: Such kinds of degradations acausedby the erosion of
boundary pixelshat camaffectthe imagehroughchanging either black pixel to white or vice
versa It is mostly happened by the imperfections in document scanning and mostly it is

observed at the boundary of the image.
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Figure 2.2: Sample Amharic word images with Salt-Pepper, Cuts and Breaks, Blobs and Erosion of
boundary pixels (showirom top to bottom)

Moreover, based on the classificatigoresented in13], image noises are classified as the
physical noise, digitization noise, filtering noise and storage or transmission Rbigscal
noisesare noises that are related with the gibgl readability or integrity of original information

in the document and it is classified iasernal noisethat includes paper aging, paper texture,
carbon copy effect, scratches, cracks and inadequate printing wkgteasal noisesncluding
folding marks, filing and staple punching, stain, thofh regions, worm holes, readers
annotations, and highlighting, physical blur and sun bDrgitization noisesare introduced by

the digitization procesgiltering noisesare suitable manipulation of the digital file may degrade
the information that exists in the digital format of the document instead of increasing it.
Storage/Transmission noiseare occurred due to the error or inefficiency in storage algorithms

or from e network transmission errdrs3].
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Such types of noises are one of the factors that affect the accuracy of other stages of recognition
which have a huge impact on the result text recognized Itije the image is scanned and we
identified the noise, neé removal or filteringdenoising)algorithms need to be appliea it in

order toremove noisedetectedn the document image without losing vital information because

the noisy images are obscured and the image details arSpesially to provide pulz access

to historical and ancient document image collections, they must be preprocessed first to remove

background noises and become more legitiB [

Noise removal is the process of removing noise from a signal or imlaigh is always present

in digital images. ltcan be createdt the same timeshenimage is captured andis a part of

image data recorded by the imaging device. The most important reason for noise reduction is to
obtain easy way of recognition where extraneous features will otleecaisse subsequent errors

in recognition [L3)].

There areseveralnoise removal algorithms available for filtering noises on document images.
Motwani [51] presented classification of image denoising methods (figure 2.3) and generally, he
classified them a$patial Domain Filteringand Transform DomairFiltering. Spatial domain
filtering is also classified inthinear andNonlinear methods. Linear methods contdiffeanand
WeinerFilters whereas notinear methods contaiMedianandWeighted Mediaifrilters. On the

other hand transform domain filtering is classifiedDega Adaptive Transformrand Non-Data
Adaptive Transformand several algorithms are available under those methods which can be
further referred from Motwani [51] and the following figure shdwe tclassification of noise

removal methods that has been discussed $6Xar
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Noise Removal Methods
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Figure 2.3: Classification of Noise removal methods as presented by Motwani [51]

In preprocessing task, there are also other operati@misnust be done based on the problem
domain on hand. For example, if we need to detect and remove the underlines in our document
image, we have to apply underline detection and removal algorithms to the preprocessed image

because ivill cause an error on other steps of recognitit. [

Another concept that is discussed by Der2j® [s about image restoration techniques. He noted

that, the first step in a preprocessing stage of the OCR system is the reduction of noises to enable
other stages of OCR system performs well. During suchepsyahere is a drawback to the
document image which is a loss of vital information from the character image. So there are
different image restoration techniques that we can apply to enhance or fix the corrupted or lost
data due to the degradation of do@anmhimage. This will help to enhance the performance of

OCR system on recognitid21].

There are also other preprocessing tasksdikeav detection and correctiothinning, sizeand
normalizationmethodsthat are performed on the preprocessing stag€3GR system and for

further reading about these and many other tasks of preprocessin@|rafet (7).
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2.1.2.2 Segmentation

Segmentation is a process of separation of an image into regions that contain pixel groups that
are similar in valug15] [66]. It is alsoexplained as symbolization or extraction of characters
from pixel array[44]. It is considered as the most important part of recognition system because
of the direct dependencyof correct recognition on correct segmentation of characterns

applied after themage filtering and other preprocessing tasks are.ddilkon [ 45 explained
thatsegmentation occurs at two leveDn the first leveltextgraphics columns, tableand other

parts are separated namedpagesegmentatiorand o the second levelkext lines, words and

characters in the image are located knowtegissegmentation

Gedion R6] discussed that application of page segmentation algorithms to document images to
separate text and ndext components is essentipteprocessing step before other OCR
operations including text segmentation. He also noted that there are limited numbers of shapes of
text characters but the shapes oftbext elements are unlimited. Therefore OCR engines treat
both text and notext commnents differently, such that they only recognize text components
and then arrange recognized text and also the graphics e@kextonomponents in an output

document using layout informatio26q].

After the ext/graphics segmentatioof document images performed, the next stage is
extraction of lines, words and characters from the document image known as text segmentation.
OCR systems can jumps to any of the three parts of text segmentation but for proper organization
of recognized text, it is importand segment lines, words and characters respecti&8ly The

correctness in each stage of text segmentation assures the efficiency on the result of recognition.

Various literatures categorize image segmentation techniques in different Teaysimage
segnentation algorithms are categorized in different ways by different scholars and traditionally,

they are divided into three main grouptag-down, bottorrup andhybrid approache§25].

Top-down approaches perform segmentation on the document imagegstestm the entire
image to smaller regions recursively. Most of wealbwn topdown methods ar@rojection
Profile Methods Histogram Analysisand Space TransformgFourier Transform, Hough

Transform, etc.) and the methods are explained in det&bln [
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Bottomup approaches are the reverse ofdogn method where they start segmentation with

the smallest element of document image that are pixels and merge them recursively in connected
regions or components and then in larger structures. Some of thedsiateed here are
Connected Component (CC) Analysis, Regiwawing Methods, Run Length Smoothing, Neural

NetworksandActive Contours.

Hybrid approaches are methods that combine and make use of both-bpttamd topdown
approaches; For example, connectammmponent analysis for shape information and block
separation for background block map. They work very well for major text/graphic segmentation
in real life documents but not for a very fine level segmentation of words and their individual
characters inibtorical books 26]. Many other categorizations and algorithms are presented by

various scholars ar{@6] can be referretbr further reading

According to Derejed1], segmenting a character from a degraded real life document image is a
trouble for OCR systemslhe major problems faced errors text segmentation were; the
overlapping features of Amharic scripts, broken characters due to the degradation of printed rea
life documents; adjacent black pixels between consecutive characters and single pixel variation
causes different characters segmented as one; inefficiency on underline detection and removal
and also other preprocessing techniques and connected chgpantiersed some difficulties on

the result of character segmentatid][[54].

2.1.2.3 Feature extraction

Feature extraction ithe process of extracting relevant features frima segmentedccharacter
imagesto form a feature vectors. The result of featexéraction is a unique representation of
characters that can be used by classifiers to recognize the input unit with target oufgid unit
Thereforeefficient extracton of unique features charactenagesmakes the classifier works
efficiently sinceit makeseasier to classify different classes dpmparingthese featuresmage

features are meaningfahddetectable parts of the imafjg.

According to Mesay42] , the definition of feature extrac
or informationwhich is most relevant for the classification purpose, in the sense of minimizing

the within class pattern variability 4%Hti | e en
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hasan impact on recognition error rate and studies must give moreiatteiotit in order to

apply OCR systemfor real life document image

Feature extractiorfor character recognitions broadly classifiedas Structural/Topological
features and Global/Statistical features Structural/topological feature is concerned with
geometrical and topological properties of the charabignincludes examining features such as
strokes either concave or convex, end points, branches, junctions, connectivity and holes etc. that
exist in he character whereas global/statistical features are obtained from the arrangement of
points constituting the character matrix. Some of the common techniques for statistical feature
extraction include Zoning, Moments, Projection Histogramsyuples, Crossgs and distances

[63] and further discussiorese made oMichael 43)].

2.1.2.4 Classification

After the extraction of unique features that represent a character image, the next step is the
classification stage which is the decision making stesygg the extracted feature vectorl is

defined in B7] as a process of assigning the sensed data to their corresponding class with respect
to groups with homogenous characteristics, with the aim of discriminating multiple objects from

each other.

Classificationgenerally performs two task§raining and Testing. Training is a process of
extracting certain patterns from training datasets to store them in certain format called model and
testing task is about using the designed model for future predictions ordsamsade by the

OCR system to predict a featurel[4dectorbds ASCI

Machine learning is a natural outgrowth of the intersection of Computer Science and Stitistics.

is one type of Artificial Intelligence (Al) that provides comfers with the ability to learn

without being explicitly programmed!§]. It focuses on the development of computer programs

that can teach themselves to grow and change when exposed to new data, they are able to predict
on the unseen examples. In ordepé&sform this, the learner has to build a general model using

classification methods to be used later to provide new predictions.

Yaregal p7] discussed in detail about the pattern recognition techniques. The aim of pattern

recognition is classification dnthey are expected to perform eitlseipervisecr unsupervised

classification Supervised classification, where a given pattern has to be identified as a member
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of already known or predefined class and classes are defined by the system designer whereas
unsupervised classification, where a pattern needs to be assigned to a so far unknown class of

patterns and classes are learned based on the similarity of pa&#@rns [

A variety of techniques have been implemented by scholars from the world@¥]d&¢rma and
Ali [ 63] categorized that most commonly used classification techniqueStatistical methods,
Syntactic/Structural methods, Template matching, Artificial Neural Networks (ANN), Kernel

methods.

Statistical methods are automatically trainable atlgors and they use a set of characteristic
measurements usually called global features extracted from characters by partitioning the feature
space. The purpose of statistical methods is to determine to which category a given pattern
belongs by making obsetions and measurement process to prepare a set of numbers that is
used to prepare a measurement vector. Some of the examples of techniques under this category
are; KNN, Bayesian classifier, Quadratic Discriminant Function (QDF), Linear Discriminant
Fundion (LDF), Euclidean distance, cross correlation, Regularized Discriminant Analysis
(RDA) [63]

Syntactic/Structural methods classify input patterns on the basis of components of the characters
and the relationships among these components. Ya@dalrjdalso his other studiesith Josef

Bigun [68]-[79] applied this method to develop Amharic recognition system for both printed and
handwritten texts. This method use primitives of characters for classification. First the primitives
of the character are idiined and then strings of the primitives are checked on the basis-of pre
defined rules. Verma and AI6B] noted that a character is represented as a production of rules
structure whose lethand side represents character labels and whosehaghit siderepresents

string of primitives. They noted théte method is good for recognition of handwritten t€)Xas].

Template matching is one of the simplest and common approaches of pattern recognition generic
operation which is used to determine the similabbiggween two entities. In this approathe
prototype of the pattern that is to be recognized is available and a given pattern is compared with

the stored ones to be recogniz6d]]

Artificial Neural Networks (ANN) is a method that simulates the way lliatan neural system

works. It samples the pixels in each image and matches them to a known index of character pixel
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pattern. Neural networks are ideal for specific types of problems, such as processing stock
market data or finding trends in graphical pais. Common types of ANN are fefmward
network, Convolutional Neural Network, Vector Quantization (VQ) Network, Aassociation
Network, Learning Vector Quantization (LV(55).

Kernel methods are the most important and powerful classification metraidaclude Support
Vector Machines (SVM), Kernel Principal Component Analysis (KPCA), Kernel Fisher
Discriminant Analysis (KFDA)etc. They are in a group of supervised learning methods that can
be applied to classification to produce a model whichipt®dhe target values of test data.
Different types of kernel functions of SVM are Linear, Kernel, Gaussian Radial Basitidh
(RBF) and Sigmoidi43] [63].

2.1.2.5 Post Processing Techniques

This phase in OCR system is performed after the resuheotlassification process to check
errorsthat may have occurratlie to the imperfections of classification algorithifisere can be
many reasons for misclassification of charactédsie example is structural similarity of
characterand such errorare usudy gone unseennlessadditional post processirtgchniques
asspell checker, dictionaries or error checker metlavdspplied.It can be donautomatically

or with the help of the useo identify misclassifieccharacters and correct theg8].

Million [44] statedi To enabl e the Amharic OCRanglosateem s e
possible alternatives for unrecognized words, there is a need to develop post processing
techniques such as spelll c hecker6ed discussedsthat r u s |,
post processing step as the grouping of the symbols. They explained it as a process of performing
the association of symbols into strings called grouping. Therefore this stage is very helpful for

theimprovement on the performance of recogmitgystem.

2.1.3 Verification Phase

When OCR systemsare dealing with noisy and poor quality documertbg result shows
rejection ofsome charactethatmay go unseerTheyare usually flagged by OCR systems for
possible human intervention. Therefoteere isa need for human proofreading in order to

25



correct those errors. Also, after the recognition is done, inspection must be done to check the

correctness of transcription done by the sysiégh |
2.2 Writing system

Understanding the attribute efichcharacter and the allowed combinations between them to
make up words, phrases and sentences is helpful to extract features as well as fix a set of rules
such as dictionary specific to a given language. OCR systems heavily depends on the writing
system of lhe language due tihe essential elements of recognition systems such as character
positioning, text orientation, word and character segmentatiwh character formthatrely on

understanding the language in question and its writing systems [1].

Humanss art ed expressing thoughts t hr o(2g]hThewr i t i
first symbols they used were simple pictures of objects. Egyptians, for instance, used picture
writing on monuments to convey informatio®l]. Language is the capacitprfacquiring and

using complex systems of communication [1]. The symbols used in the writing have to be
understood by all users of the language and must deliver the same message to different readers.
This art of expressing ideas through symbols is calleting and the nature of writing those
symbols is known awriting systemBaye [10] presented the types of writing systems into three

aslogographic, syllabic and alphabetic

The logographic system was used first around 5000 years ago and place of origin is in the areas
of Palestine and Syria. In this system, one symbol represents one word. For example a language
of 100,000 words could have symbols as many as 50,600000 ad oneexamplecan be the

old Chinese writing systefd(].

The syllabic system represents a phoneme using a symbol. Phoneme is a combination of a vowel
and a consonant. In this system, the numbers of symbols needed for a given language is
determined by th@umber of basic sounds used. For example, if a language has 25 consonants

and 5 vowels, the total number of phonemsel25 (25x5). On@xampleof this writing system is

the Amharic writing systerfiL(].

The third and last one is alphabetic system, whidriggnated from the syllabic systems used in
the Semitic languages of the Middle East. It is also called Greek Alphabet because its origin is
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tied to Greek and lately adopted by Romans and introduces it to their colonies which enable the
wide use of the &tin language. Nowadays, it is used in western world and most parts of Europe,

and also many African countries usgli).

There is no exact estimate of on the number of human languages available in the world.
However, estimates vary between 6,000 afi)T languages in number [30]. In Africa, more
than 2,500 languages including regional dialects are spoken and most of the writing systems use

a modification of Latin and Arabic script4q].
2.3 Amharic Writing system

Ethiopia is one of the countries in east Africa with a mosaic of ethniatidmany indigenous
languages. There amore than 70 languageisat are spoken and most of them belong to the
Semitic and Cushitic branches of AfAsiatic family [26]. From thog many set of languages
spoken in Ethiopia, Amharic is the most dominant sifB&Bntury. Itbelongs to the Semitic
group and it is one of the languages in Africa which have its own indigenous scripts and begun to
be used for the writing purposes sinc@hlcentury. Nowadays, it is the second most spoken
Semitic language in the world after Aral@iodalso boththe official and working language of

Ethiopia It is the most commonly learnt language next to English throughout the codi@itry [

Semitic Sabeapeoples of southern Arabia are the first to introduce syllabic writing system for
Amharic language to the northern part of Ethiopia 2,500 years ago. As a result, the version of the
script is known as Sabean script which is written from righeft. The gystem was used for a

long time in the northern part of Ethiopia until the Axumite time whence it gave way to Geez
[10].

Geez, the language of the Ethiopian Orthodox Tewahedo Church throughout medieval and
modern times, gave rise to the Semitic clustelanfuagesd6]. It became a written language

only after it took 24 of the 29 Sabean characters and modified 16 of them into a different look. It
also took 2 additional charact eri@8 &wgod)min tThhee G
style of writing was also restricted and modified to left to right. Geez used such a script and
writing system between the 4th and 7th century T4l following figure2.4 shows the change

in the form of the 16 characte43. Geez also adopted a number of different vevestead of

theoneused by Sabeai ().
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Figure 24: Evolution of Sabean to Geez Michaé8]

Baye [LO] alsodiscussed that Amharic also took the Geez scripts and became a written language
just like Geez took and modified the Sabean scripts to becoriéetigied written language. On

top of the 26 characters, Amharic also needed additional characters to repoeset®t that it
acquired from Cushitic languages. This was done by placing a small bar (or hat) on top of 7

character§ s uc hXo , #s Ko , {0 , g0 § ad fat wefe inherited from Geet(].

Ambharic is written in the unique and ancient Eghoscript (inherited from Geez, a Semitic
language) Nowadays,its complete setdee Annexl) is now effectively a syllabary requiring

over 300 glyph shapes including characters, punctuations and nudfjers [

2.3.1 Amharic Characters

Amharic writing system has 33 basic characters. There are other 6 orders derived from the basic
forms and represent syllable combination consisting of a consonant and vowel except the 6th
order, which may represent either the consonant alone or the con$olf@ved by a vowel.

Totally, they become 7 orders, as showitable 2.1 [26] §7].

Forder 2°order 3°order 4" order 5" order 6" order 7" order
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