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ABSTRACT

Nowadays a huge amount of handwritten, typewritied printed documents contain valuable
information and knowledge that still recorded, sthrand distributed in paper format. To make
the information and knowledge embedded in theseeats accessible and easily reachable, it
is required to digitize and organize them. In tleurse of digitization, Optical Character
Recognition (OCR) plays a vital role, since it sliiips the process of converting scanned
images of text into editable digital documents, le/lpireserving both the content and the format
of documents. Different researchers explore varissiges on the course of developing Amharic
OCR. Most of previously conducted researches famuscharacter (text) recognition of the
script. However, Real-life document images usuatipntain not only characters (text) but also
some associated non text elements (graphics, colpamagraph etc.). Consequently, detecting
and reconstructing non-text elements of a docurmeage during the digitization process are

important for the purpose of reusing documents.

This study applies dilation, connected componert)(@nalysis, CC width, height and area
analysis and a novel modified whitespace analysigepsegmentation algorithm to separate
graphics from text; to detect column and paragtapbk and also to collect information of those
layouts with the aim of reconstructing the origimdcument image column and paragraph
layouts. Based on the stored layout informatior, gloposed system maintains a column block
80% and paragraph block 72.22%. The performancecadimn and paragraph layouts
reconstruction heavily depends on page segmentattage. It reconstructs column and
paragraph layouts with the efficiency of 100 % ¢orrectly segmented column and paragraph

blocks.

Maintaining original document image layout in cleea recognition is important to produce
well-structured recognized text. However, the depet column and paragraph layouts
segmentation and reconstruction techniques failsetmnstruct column blocks based on the
width size of the original document image, anddgrsent paragraph blocks when every lines in
the paragraph have equal end points. Thus, ther@ meed to explore on adaptive page

segmentation techniques, and on preservation dhwiariant column blocks.



CHAPTER ONE

INTRODUCTION
1.1. Background

The drastic introduction of modern computers int@rg area of life has radically led to a

paradigm shift in the way people trade, communijcdarn, share knowledge, and get
entertained. Nowadays computers are electronidagitdl, and thus they can only process data
in digital format. Given that, anything that reaqasra computer processing must first be
transformed into a digital form [1]. However, masformation is still recorded, stored, and

distributed in paper format. The widespread useoofiputers only had the effect of increasing
the amount of information held on paper, insteacedficing [2]. Thus, large number of printed
documents such as letters, newspapers, magazigebamks and even old manuscripts are
available in governmental, religious and privatetiiates, libraries and museums having
different writing styles. Hence, enabling such rinformation items to their digital format for

effective access, reliable storage, computabilitgl bbng term preservation is very important.

This makes Optical Character Recognition (OCR)divaresearch area of information science

[3][4][5].

OCR is the automated process of translating antidpaument image (which can be printed,
typewritten and handwritten document) into a synabt@xt file. Thus, documents can digitally
stored and accessible for further use efficien@y. It involves image processing, pattern
recognition, natural language processing, artificitelligence, and database systems. It can be
applied in areas such as library and office autmnabank check processing, as a reader for the
visually impaired people, data entry from passp@ostal automation, and many other

applications [10].



In general, there are two types of optical charageognition systems [7][8] [9]. The first type
is the offline OCR system which extracts data frecanned images through optical scanners
and cameras. The second type is the online OCRmysathich employs special digitizers to
capture in real-time the user’s writing accordingthe order of the lettering, speed, and pen

movements and strokes.

Technically speaking, every OCR system undergopsoeess of sequential stages in order to
convert the input scanned document, may be a grit@ndwritten, or typewritten text, into a
computer digital text. This process starts with gmacquisition stage which captures the input
document in image format. The document image isggmghrough the pre-processing stage to
improve quality and to removes artifacts from theut document. The pre-processing step
includes skew detection and correction, noise dieteand removal, binarization, thinning and

normalization. [3] [10].

Segmentation then determines the elements of ageimk is an operation that seeks to
decompose an image into sub-images of individuahb®}s. Basically, segmentation is
classified into page and text segmentation. Paggneetation is a process of dividing a
document images into homogeneous blocks i.e. graplkplumns, tables, etc. Whereas, text
segmentation is a process of segmenting text bloclkesdocument image into line, word and

characters [33] [10].

Feature extraction and classification is followedthe sequential steps of an OCR. Feature
extraction represents character image and clasdic module label character to their proper
class. Training and testing are the two basic pghatany pattern classification. During training

phase, the classifier learns the association betvgsenples and their labels from labeled



samples. The testing phase involves analysis afrerin the classification of unlabelled
samples. This is an essential stage for charaetgrgnition process. After recognition page
layout reconstruction is applied to maintain thagioal documents page layout. Finally, post-

processing stage refines the OCR output text byecting linguistic misspellings [7] [10].

Optical character recognition technology was inedrnn the early 1800s, when it was patented
as reading aids for the blind. In 1870, C. R. Caratented an image transmission system using
photocells, and in 1890 P.G. Nipkow invented setjakscanning OCR [31]. Investigation into
the techniques of OCR started relatively earlyhia field of pattern recognition. It dates back
almost to that of the history of computer. The @ptovas introduced and got recognition after
Taushbeck and Handel obtained a patent on OCR 28 i®Germany and in 1933 in the US
respectively [11]. However, the practical OCR tembgy used for reading characters was
introduced in the early 1950s as a replacemenkégpunching system. A year later, D.H.
Shephard developed the first commercial OCR forewyiten data. The 1980's saw the

emergence of OCR systems intended for use wittopat€omputers [10].

Nowadays, due to less expensive electronic compgsnand extensive researches in the area,
development of OCR systems for Latin-script is veelvanced to the level of using for practical
problem-solving by integrating languages in onekpge. One example is Tesseract which is
currently developed by Google™, it can process iBhgFrench, Italian, German, Portuguese,
Spanish and Dutch Scripts. However, there is lichitesearch effort and low recognition rate
achieved in this direction for the indigenous stripf African languages in general Amharic

language in particular [12] [13] [5].



1.2. Statement of the Problem and Justification

Ambharic is one of the languages in Africa which ltasown indigenous scripts and writing
systems. It is the second most spoken Semitic Egeyin the world after Arabic and became
the dominant language in history of Ethiopia. #rttd to be used since around 14th century and
starting from 19th century, Amharic symbols begarbé used for writing purposes [14] [15]
[12]. Due to such a long history, a bulk of docuisefsuch as correspondence letters,
newspapers, magazines, and books) available icbigiehes, caves, governmental and private

institutions including information centers, libresi museums, etc. in different formats[16].

These huge amounts of handwritten, typewritten pridted documents contain numerous
information and knowledge of different areas. Tokeahe information and knowledge

embedded in these documents accessible and eaathable, it is desirable to convert such
kind of documents into their equivalent digital rfat [17].In the course of digitization, OCR

plays a vital role, since it is a process of cotimgrscanned images of text into editable digital
documents, while preserving both the content aedfthmat of documents. Hence, it can be
processed, edited, searched, saved, and copieghfanlimited number of times without any

degradation or loss of information using computiechnology[7][18].

Since the first effort made by Worku [19] in 19@iriferent researchers explore various issues
on the course of developing Amharic OCR. Most @vprusly conducted researches focus on
character (text) recognition of the script. Howeweal-life document images usually contain
not only characters (text) but also some associat@u text elements (graphics, column,
paragraph etc.). Thus, detecting and reconstructorgtext elements of an image during the

digitization process are important for the purpo$eeusing (utilizing) documents. Since the



main concern of those studies were maintaining téx¢ part of an image document, page
segmentation stage of an OCR were only used irr todeeparate text from non-text area and to
remove the non-text part of the original documemrdge. As a result, for document image which
have multiple columns, can only manage to produceingle column plain text and the

recognized text outputs are unstructured, evepslof text block considered as a paragraph.

Hence, this study explores on various page segmt@mt@chniques for identifying column and
paragraph blocks, for recognizing texts in them sewbnstructs column and paragraph blocks
with the text into their original form. In an effdo solve the above stated problem this research

address the following research questions:

* What kind of page column and paragraph layout diete@and reconstruction techniques is
fitting in order to maintain the original documemiage column and paragraph layouts?

* Which page segmentation technique is effectiveidentifying column and paragraph
block in real life document images?

« To what extent the performance of Amharic OCR sysieproves after applying the

proposed page column and paragraph layout segneengaid reconstruction techniques?

1.3. Objectivesof the Study

1.3.1. General Objective

The general objective of this research is to al\effective page segmentation technique
that can identify column and paragraph blocks wilte aim of reconstructing document
image column and paragraph layouts to increasealeldty, usability and accuracy of

recognized real life Amharic documents.



1.3.2. Specific Objectives

To meet the general objective, the following spe@bjectives are set.

1.4.

To review different researches on page layout seggtien and reconstruction to
understand the area, approaches, and algorithms

To identify different layouts of real life documdntages.

To explore and select potential page segmentagicmiques for identifying column and
paragraph layouts of real life document images;

To prepare a document image corpus to measure éifermance of the proposed

system;

To design a technique for page column and paragsagmentation and reconstruction
after recognition
To integrate with previously developed Amharic OGgstems and measure the

performance of the proposed system

Scope and limitation of the study

On the course of developing an improved Amharic OsyRem for real life documents, this

study experiment some available page column ancgpaph layouts segmentation and

reconstruction techniques for multiple columns imhkaric document images. Among many

available algorithms, preferred techniques studg &st in real-life document images by

integrating with pervious works. The performancehs proposed page column and paragraph

segmentation and reconstruction technique is medshy sample scanned documents from

newspapers and magazines.



As mentioned in the previous sections an effeqiizge segmentation technique is important to
preserve original document image page layout. Realdocument image have different
physical and logical page layouts. However, thislgtonly focuses on text/graphics separation,
column and paragraph block detection and recortgirudue to time limitation graphics block
of a document image is not reconstructed. Segmentanhd reconstruction of other document
image page layouts such as table, header, footerare also not included. Handwritten
documents, vertical text detection and recogniteme out of the scope of this study.
Preprocessing, text segmentation and recognitiagesof an OCR adopted from the previous

studies with slight modification.

1.5. Methodology of the Study

Methodology provides a way to achieve the objestioka research problem. Literatures, such
as books, journal articles, conference proceedamgsthe Internet about OCR in general and
page layout segmentation and reconstruction iniqodett have been intensively reviewed in
order to acquire detailed understanding of theemibjatter and the research areas. Also the
past and present research works on Amharic and tdhguages reviewed to have a better
background on the best performing algorithms antrteues regarding column and paragraph
blocks segmentation and reconstruction. Sincerdssarch is supposed to be a continuation of
the previous researches and need to be integratedhe&m, local researches on Amharic OCR
are given more emphasis. Therefore, in order toedakle and achieve the objective of this

research the following methods and techniques sed.u



1.5.1. Study design

This research follows an experimental researchchvhises manipulation and controlled testing
to understand causal processes. This type of @s@all come up with conclusions which are
capable of being verified by observation or expenm[7]. Following experimental research
dataset preparation, techniques identificationtesgdesign, system development and evaluation

are the procedures that this study follows.

1.5.2. Dataset Collection

Documents that contain graphics, column and paphgtave been collected from various
sources to measure the performance of the propogdm. The datasets are collected from
newspapers and magazines for training and tessingderstand the impact of page column and
paragraph layout segmentation and reconstructiomiques in optical character recognition.
The total number of dataset collected is 50; amiloge dataset 16 of them are taken from

Berhanu [24] dataset. The remaining 34 documeng@énare newly added.

1.5.3. Implementation tools

Berhanu [24] and Michael [4] used MATLAB® Image Pessing and Visual C# in earlier
works. Thus, Visual C# libraries and MATLAB® Imaderocessing Toolbd¥ are also
integrated and used in this research. Becauseesi@archer is familiar with this languages and
MATLAB is better for the image processing due taitability of its rich libraries. It also
simplifies integration of the proposed approachhwite previous study. HP Scanjet 8200
scanner is used to scan newly added images ofifealocument. The documents are scanned

in grayscale having a resolution of 300 dpi.



1.5.4. Performance Evaluation

The performance of the system is tested at varspages. Since, this study focuses on page
column and paragraph layouts segmentation and s@cmtion, the performance of the
proposed system is measured by direct mapping,hwihétermines the performance of layout
segmentation and reconstruction by finding theespondences between detected entities and
ground truth [60]. For page column and paragragmsatation, it counts the expected correct
segmentation vis-a-vis erred segmentation made hiey proposed page segmentation and
calculates the segmentation accuracy percentageeXjpected correct segmentation represents
the expected number segmented block. Similar proesdare followed to calculate accuracy

percentage for page column and paragraph layoahsgaictions.



1.6. Significance of the research

Large amount of real-life and historical Amhariccdments articulated in printed, typewritten
and handwritten formats and are available in infion centers, libraries, museums,
governmental religious and private institutes [danual conversion of these documents is very
tedious, labor intensive, error prone and time aamnsg. Therefore, OCR systems can provide
an automatic transformation into computer repregant of these documents without the need
of typing. So that, it enables valuable printedpetyritten and handwritten documents
electronically available, portable and accessiblefiture reference with only small memory
requirement [18]. It also provides tremendous ofpputy in handling repetitive task like postal
mail sorting according to destination address, belmck processing, bill processing and so

forth.

This research in particular plays its own role e tattempt of developing fully integrated
Amharic Character Recognition System, which is detveloped yet. There are different
research works on the area that explored to imprewegnition system on different sequential
stages of an OCR. But, there is no any page lay@tanstruction techniques applied after
recognition. So that, this research focuses on pafenn and paragraph layouts segmentation

and reconstruction of an OCR to advance the effiade in the area.
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1.7. Organization of the study

The thesis is organized in to five chapters. Thet fchapter of the thesis discusses the
background, the statement of the problem and dfsfigation. It also includes objectives, scope
and significance of the study. The chapter alssgnts the methodology used to accomplish the

objectives.

The second chapter is literature review. It prosid® overview of OCR system and phases
conducted under OCR systems. Moreover, a briefervevon document image page layout
segmentation, local related works on document inmagegnition, Amharic writing system and

the challenges in building Amharic OCR.

In chapter three, selected page column and paragiewmut detection and reconstruction
techniques are reviewed and explained. The evaluatatrix that is used for measuring the

performance of each algorithm discussed.

Chapter four deals with details of experimentatmm selected page layout detection and
reconstruction techniques, and experimental resisksl to confirm the validity of the proposed

techniques are presented. Based on the resulteafxdperiment, the last chapter presents the
conclusion on the findings of the study and forwacbmmendations for further research works

in the area of page layout segmentation and recartisin.
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CHAPTER TWO
LITERATURE REVIEW

The development of OCR is highly motivated by thailability of large amount of printed,

typewritten and hand written documents in inform@aticenters, libraries, museums and
government and private institutes [10].Manuallyessing these bulks of real-life documents is
time consuming. It is also costly to copy and meédeedocuments available for large number of
people. Thus, these documents need to be digiapeldeasily accessible via the Internet and
digital libraries [13]. The purpose of automaticagnition of texts is to convert texts stored in a
paper or other media to a standard encoding schiken&SCII or Unicode representing the texts
to the effect that efficient automatic services dam provided [11]. Reviewing different

researches on OCR system in general and page ldgtettion and reconstruction in particular

is important for this research.

2.1.Overview of OCR System

In the 21st century of our world, information irgdal form plays a significant role in our daily

life. This is because anyone from anywhere canssctieem easily [19]. There are lots of
handwritten, typewritten and printed documents Wimeed to be introduced to the digital world
and be accessed by anyone. Therefore, there sheuddmeans of digitizing these documents.
OCR is automatic reading of optically sensed docuntexts of human-readable characters to
machine-readable codes [9].The concept was intediand got recognition after Taushbeck
and Handel obtained a patent on OCR in 1929 in @eynand in 1933 in the US respectively.
However, the practical OCR technology used for irepdharacters was introduced in the early

1950s as a replacement for keypunching system.eSimen it becomes very active field of
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research and now it is one of the most succespfullcations of automatic pattern recognition
[25][10][11].Due to less expensive electronic comgats, and extensive researches in the area,
typical accuracy rates of OCR systems for Latinpsdnas exceeded 99%, although certain
applications demand even higher accuracies. Opstarag such as Tesseract (which is currently
developed by Google™) is an example of this whialm process English, French, Italian,

German, Spanish, Brazilian, Portuguese and Dutapts¢16].

2.2.Themajor stepsin OCR

To perform the recognition process, OCR system nguws through a process of sequential
stages in order to convert a paper text documetwt & computer digital text. Different
literatures classified the steps in different wégee figure 2.1). The process consists of image
acquisition, image pre-processing, segmentatiomufe extraction, classification and finally

post processing [12]. The general overview of O€Rresented in figure 2.1 below.

. Components : -
Segmentation P > Feature Feature Classifier
Extraction Vactors
Refines
Images l Model
Preprocessing - :
Recognizer
Model
Raw Converted
Images Text
e v
1 8
Corrected .
Document : ) < Post-processing
Images Document Text
Text

Figure 2.1: General overview of Amharic OCR System adopted from [10]
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I mage acquisition (document image scanning): is the first step in character recognition. lais
process of capturing real life document imagesupinoa scanner, camera or through on-screen
pen up and pen down information [26][16].Michae] ghd Dereje [20] explained that most
OCR systems use are solution that range betweed@@0 1000 dpi for better accuracy in text
extraction. For a better recognition, studies shioat using high resolution is necessary while

scanning real world historic documents which ang visy and degraded [4][20].

Image preprocessing: This is most important and crucial step that isyveelpful to enhance
the performance of recognition. It is a course afrecting the deficiencies in data acquisition
process due to a lack of paper quality, resolutibthe scanned image, the amount of skew in
the image, the format and layout of the images tartiand so on. Major preprocessing tasks
while working with document images are noise reiduct binarization, skew correction,
underline removal thinning, smoothing and normdilimawhich are an important approach to

prepare data for subsequent activities like segatientand classification stage [4][5].

Preprocessing is helpful to reduce noises, degmadand inconsistencies over the document
image. Noise is the random variation of brightnessolor information in images produced by
the sensor and circuitry of a scanner or digitahem [27]. Removing any type of noise from
document images is one of the preprocessing taskg-pass filtering techniques like: mean
filter, median filter, adaptive median filter, etce the most common preprocessing techniques

that are used by OCR systems [28].

Document images have foreground and backgroundspiBnarization is a technique that
automatically chooses a threshold that separategotieground region with a single intensity

and background region with a different intensityy [Ahe two common techniques of binrazation
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are global and adaptive binrazation techniques.b&@ldghresholding techniques effectively
applied to separate foreground and background aefgé® because it can works well with
variable illumination, shadows, smears and bludeduments. Adaptive thresholding changes
the threshold dynamically over the image. This ¢geaof threshold value is done for each
specified area of the image. For each pixel inithage, applying adaptive thresholding, a
threshold has to be calculated on the move fronpiitgls. If the pixel value is below the
threshold value computed uniquely for the targetelpiit is set to the background value;
otherwise it assumes the foreground value. Thusaflaptive thresholding, a pixel will be
categorized as one of the two possible pixel typ@gground or background, by consulting

pixels found in its vicinity [3].

Correcting the skewness of a document, removinguings, thinning and normalization are

also important preprocessing tasks. Thinning igngortant approach to represent the shape of
a plane region. The objective of thinning is touegl the representation of a region to a chain of
single pixel width while preserving all other reden features. Normalization is the process of
enlarging and shrinking an image size. It scalesitiput image to a manageable size for the
recognizer and for subsequent preprocessor st@&gexl preprocessing techniques can greatly
minimize overall OCR error rates by reducing missification during the stage of character

labeling to their proper classes [26] [4].

Segmentation: is a process that determines the elements of agamWorku [19], described

segmentation as a process of separation of an im&geegions that contain pixel groups that
are similar in value. It is considered as the nmogtortant part of recognition system because of
the direct dependency of correct recognition omezxtrsegmentation [8].Thus, the performance

of OCR systems depends heavily on the page segtieengdgorithm used. Million and Jawahar
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[5] further discussed that during the process audrent image retrieval, segmentation occurs
at two levels [33]; on the first level, blocks dadxt, graphics, columns and other parts are
separated and it is called page layout segmentaflarthe second level, text lines, words and

characters in the text image are located andatlled text segmentation.

The goal of page layout segmentation is to dividiei@nt components of document images in

to homogeneous graphics, columns etc. Thus, it Bsaential step before other OCR operations
including segmentation of text block in to linesprds and characters. The accuracy in each
stage of text segmentation assures the effectigasfabie result of recognizer. There are various
types of text segmentation techniques and algosthwailable [29]. The two commonly used

text segmentation algorithms are stage by stagerendsive segmentation. In stage by stage
algorithm a character is segmented in three steps:segmentation, word segmentation, and
character segmentation. Recursive segmentation approach that merges segmentation and
recognition together. It is said to be conveniemt ¢haracters of connected nature [8]. The
problems in segmentation are divided into varioasegories: extraction of touching and

fragmented characters, distinguishing noise frathdaad skewing [6].

Feature extraction: is the phase that analyzes a given character sggme selects a set of
features that can be used to uniquely identify.[118] responsible for extracting these features
that differentiate representations from the masrickdigitized characters so that the characters
are easily recognized by the classifier. The maial gf feature extraction is to extract a set of
features, which maximizes the recognition rate i least amount of elements and generate

similar feature set for variety of instances of slaene symbol [30].
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Features extraction for a character in OCR systeran be broadly classified into
Structural/Topological features and Global/Statadtifeature [1]. Structural or topological
feature is concerned with issues related with thentetrical and topological properties of the
character, whereas global or statistical featuresobtained from the arrangement of points
constituting the character matrix and studies hlogve are various statistical feature extraction
techniques available. Some of the common technicares Zoning, Moments, Projection
histograms, N-tuples, Crossings and distances 28B1]. Selection of a feature extraction
method is probably the single most important fagtcaichieving high recognition performance

in character recognition systems [10].

Classification: This is the decision part of the OCR systems thla¢s the output of feature
extraction phase and label characters to theirgirafass. This module mainly performs two
main tasks: training and testing. During traininigage, the classifier learns the association
between samples and their labels from labeled smnphe testing phase involves analysis of
errors in the classification of unlabelled samptesrder to evaluate classifier's performance.
The most commonly used classification techniques #mplate matching, statistical

classification, syntactic or structural matchingural networks and kernel method [4][12][8][1].

Template matching is pattern recognition approabbres new patterns are matched with stored
patterns. While comparing new instances from st@aterns, the size and style of characters
can be negotiated. Statistical pattern recognitédies on defining a set of decision rules based
on standard statistical theory. Any character ratzays are based on mathematical formalisms

that minimize a measure of misclassification [1].
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Syntactic/structural methods use primitives of abtars for classification. First the primitives

of the character are identified and then stringghefprimitives are checked on the basis of pre-
defined rules. Generally, a character is represeasea production rules structure, whose left-
hand side represents character labels and whdsehagd side represents string of primitives.

The right-hand side of rules is compared to thagtof primitives extracted from a word [1].

Artificial Neural Network (ANNs), which are closéo theories of human perception, employs
mathematical minimization techniques. Use of ANNtes, offer a new computing paradigm
in which the network, through a process of learrfnogn task examples can store experimental
knowledge and make it available for use at a létee [3].Kernel methods are powerful
classifiers which include Support Vector Machin&dVi1), Kernel Principal Component
Analysis (KPCA), Kernel Fisher Discriminant AnalygiKFDA) etc[1]. Among those different
types of classification methods, SVM and ANN are thost dominant classifiers that are used

in the field of character recognition [32].

Post-processing: After the classification task is performed andogggtion is done, this phase
will take the results as an input to a further pgscof check and correct errors. This is due to the
fact that classification algorithms are not perfaot they always make mistakes. Especially for
degraded documents and alphabets that are veryasimiisclassification of characters is
always there. In order to enhance the accuracgagnition process the post processing stage

should handle issues with non-word and real wororef47].

From the whole architectural phases of an OCR systieis study focus on page segmentation
part, particularly page column and paragraph lagagmentation of an image document with

the aim of reconstructing those layouts. Other gbas the system adopt from previous studies
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and integrate the proposed page column and pafatggiput segmentation and reconstruction

techniques with the existing prototype of AmhariC®system.

2.3.Page layout Segmentation

Page segmentation into text and non-text compon®ais essential step before sequential OCR
operation preceding. As Gedion [17] discussed, acudhent images, basic shapes of text
characters are limited in number, but shapes ofnthetext components including graphics,
column, drawing, logos, tables, etc. are unlimif€dus, both text and non-text components in
OCR engines algorithms are approached differergfy,a result they only recognize text
components and then arrange recognized text angesnaf non-text components in an output

document using layout information.

Page layout segmentation is the process througbhvthe regions of interest from a document
available as an image are being classified. Thepooments of page layout segmentation are: the
geometrical (physical) layout and the logical lay¢g85]. The task of geometrical layout
detection and segmentation is to detect, label aagment the document image into
homogeneous zones, each consisting of only oneigathyyayout structure (graphics, column,
text, illustration, mathematic symbols, tables,)etand to identify their spatial relationship. The
logical layout refers to the detecting of the l@jicole that various regions have in the
document (titles, footnotes, etc.) Page segmemtaionportant in the OCR system to maintain
those physical and logical layouts; thereby text ba differentiated from images in the OCR

systems for further processing [35].

There are several page segmentation algorithmshina¢ been proposed in order to ensure

optimal character recognition, minimum distortigearchable and reusable documents. Those
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algorithms can be categorized into three classég: [tbp-down approaches, bottom-up

approaches and hybrid approaches.

2.3.1. Top-down Approach

The top-down approaches recursively segment laggeoms in a document into smaller sub
regions. The segmentation process stops wheniontes met and the ranges obtained at that
stage constitute the final segmentation resultssthdd well-known top-down methods are XY
cut, Projection Profile Methods, Whitespace Covéstogram Analysis and Space Transforms

[34] [45].

X-Y cut algorithm also called recursive x-y cuts (RXYC) algorithmagop-down algorithm
which partitions a document into rectangular congms which represent the nodes of the tree.
It follows a tree-based approach; the root of tke tepresents the entire document page and all
the leaf nodes together represent the final seatient The bits of the binary transformed
image are summed by this algorithm. In this mamnéensity graph is obtained. The low ends of
the graph stand for empty spaces that are lindseisegmented document. If the values reach a
higher point than it, the segmentation processogped and the layout component is identified.
This algorithm is usable for both horizontal andtieal projections. The process is continued

until an empty line threshold is reached. At thaihpthe segmentation algorithm ends [6][37].

A positive aspect of the algorithm is that the éin@d controls the size of the found component.
This way, the configuration setting makes the atgor suitable for finding paragraphs, lines or
words and many other elements of the page by simplfjorming an adjustment to one

parameter. More than that, the threshold controés dize of the segmented clusters which
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makes the algorithm scalable. The detection of rhwes, paragraphs, section and so on is
therefore possible [6].

The whitespace cover algorithm considers a collection of rectangular componestsvall as
another component that represents the entire padeitais a container for all the other
components. The main idea behind this algorithrthés maximization of the white spaces in
order to obtain the optimal page. The algorithrngple is similar to quick sort. The starting
point of the algorithm is represented by a rectéargtomponent that bounds the whole page and
a group of white rectangles which are consideresfamtes. One of these obstacles is chosen as a
pivot. Usually it is chosen one that is as cerdsapossible. With this pivot the space is spli4 in
components (right, left, top, down) which becomeadidates for being processed in the same
way recursively. Every component is tested withualidy function in order to evaluate if there is

a white space or not [6][38].

2.3.2. Bottom-up Approach

The bottom-up methods start by grouping pixelswgrest and merging them into larger blocks
or connected components, such as characters whichhan clustered into words, lines or
blocks of text. Some of the methods used here amen€rted Component (CC) Analysis,
Region-Growing Methods, Docstrum, Voronoi-DiagranasBd, Run Length Smoothing,

Smearing, Neural Networks and Active Contours [28].

Connected component (CC) analysis is a bottom-up technique that scans all the pixéls
document image and recursively label them basegixah connectivity, i.e. all pixels in the
connected component share similar pixel intensitljy@s and are in some way connected with
each other. Figure 2.2 shows the result of extraaif figures and the caption line candidates for

the extracted figures using the rule-based CC ipos#ind area analysis approach in [39]. It uses
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CC area height analysis, which takes the width lagidht of the bounding box of a labeled
component to calculate the area in order to getesthmeshold value, to identify big components

and extract near connected components as figutenagandidates.

il

ih .'-”T-T“"TTW”W 'm

Figure 2.2: Segmentation of Figures and Figure iGaf@andidates by CC Analysis [39]

Docstrum algorithm is one of the bottom-up algorithms based on neasghborhood
clustering of connected components extracted flioendocument image. After noise removal,
the connected components are separated into twepgrone with characters of the dominant
font size and another one with characters in tiéled section headings, using a character size
ratio factor. Then, K nearest neighbors is foundefach connected components. A histogram of
the distance and angle of each connected compémoentts K nearest neighbors is computed.
The peak of the angle histogram gives the domisketv in the document image. This skew
estimate is used to compute within-line nearesghi®r pairs. Then, text-lines are found by
computing the transitive closure on within-line rest neighbor pairings using a threshold.
Finally, text-lines are merged to form text bloaksing a parallel distance threshold and a

perpendicular distance threshold [40].
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Voronoi-Diagram Based Algorithm: is an algorithm which first extracts sample psifrom
the boundaries of the connected components ussagngling rate. Then, noise removal is done
using a maximum noise zone size threshold, in Exidito width, height, and aspect ratio
thresholds. After that a Voronoi diagram is gerestatising sample points obtained from the
borders of the connected components. The Voronge®dhat pass through a connected
component are deleted to obtain an area Vorongiram. Finally, superfluous Voronoi edges

are deleted to obtain boundaries of document coesri41].

Smearing algorithm starts from the idea of extending black pixelsrfra binary image. This
process aims to make the reconstruction of lostciires resulting from the digital conversion
process by having groups of pixels turned into boladere the number of white pixels is in
minority based on a predetermined threshold. Irtrdneersing process of the binary image, if the
number reached by 0 pixels (in binary image thiseatands for white color) is below a limit
that have been given, then the neighbor pixelstraresformed into 1 (value for black). If the
lower limit is not reached or exceeded, the pixalks not changed. The traversal is made both
horizontally and vertically and the results arentltmbined to gain the final solution. The
algorithm is effective and simple and it dependshow the threshold value is set, value that
depends on the type of document, namely the infoomadensity which is reflected in the
number of black pixels. An important drawback akthlgorithm is that it can only work with

rectangular structures, as the traversal is doratly [6].

2.3.3. Hybrid Approach
The hybrid methods are the combination of bothdopm and bottom-up strategies. Take for
example, connected component analysis for shaparniation and block separation for

background block map. They work very well for majext/graphic segmentation in real life
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documents but not for a very fine level segmentatibwords and their individual characters in
historical books [45][36][6]. Any of page segmeidattechniques are categorized under one of

the three approaches.

2.4.Real life Amharic documents

A number of Amharic documents such as letters, papesrs, magazines, books and even old
manuscripts are available in governmental, religiaod private institutes. These documents in
general are grouped into printed, handwritten gpdwritten. Printed Amharic documents have

different fonts. Some of commonly used fonts in pater for printed Amharic documents are

'Power Geez', 'Visual Geez', and Nyala‘[17]. Havaifferent font style on printed Amharic

documents is one of the main challenge to develobaic OCR [3][4][5].

There are also a number of typewritten documertgiymred in the form of books, magazines,
correspondence letters, etc. Typewritten Amharicudeent individual characters have different
height and width but the space between charadgmoportional [20]. Typewriter has dust filled
print heads and other scrapes of ink from the mb@ddws, loop appendages of some characters
and words appear as solid black circular image astniypewritten documents and that makes

character recognition of typewritten documentsiclift [13].

Handwriting has started in the form of Egyptiantpi@l writing (hieroglyphics) that finally
gave birth to most of the Middle Eastern scriptd aontinued as means of communication and
recording information in daily life [20]. It is thmost dominant means of written communication.
There is no clear rule that abandons cursive hatidgr Commonly, hand written documents
are often written in a disconnected, but non-unifananner. Thus, automating handwritten

documents is difficult due the non-uniformity manoéthe document [23][21].
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2.5.Challengesin Amharic document recognition

In the course of developing Amharic OCR previouslss faced a number of challenges due to
the different characteristic of the language. Ascdssed by Million and Jawahar [5][10]
Michael [4] and Abay [3], the total number of chaes in Amharic script is more than three
hundred. Existence of such a large number of Amohelmaracters in the writing system is a
great challenge in the development of Amharic attararecognizer. It needs very intensive
memory and computational requirements. Printingiatians is also a challenge. Printed

Ambharic documents are varying in fonts, sizes dyieés

There are a number of similar characters in Amhsergt that are sometimes difficult even for
humans to distinguish them easily. The shape ofynfemharic characters shows similarities
with few distinctions among them, many basic chiracare also clearly related in structure.
There are also remarkable differences in shapes@ihe basic characters. Amharic characters
can differ in size. There are very short characfeush a<., v’, o) and there are very long
characters (such &, i, 'ii). There is also noticeable variance in width,ifstance betweehn

7., andeh),. Robust discriminant features needs to be exuldoteclassification of each of the

character into their proper category or class [A0ack of standard representation for the fonts
and encoding, lack of support from operating systebmowsers and keyboard, and lack of
language processing routines are also the majocecorthat Amharic document recognition

system faces [10] [5] [3].

Other than Amharic scripts characteristics, degradaf documents are the main issues added
to the complexity of the design and implementatéran optical character recognition system

for Amharic language. Document images from rea dbcuments, such as books, magazines,
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newspapers, etc. are extremely poor in quality.uRopartifacts in printed document images
include: excessive dusty noise, large ink-blobsifg disjoint characters or components,
vertical cuts due to folding of the paper, cutsadiitrary direction due to paper quality or
foreign material, poor quality of paper and inkp&ting ink from facing pages etc are the causes

for document image degradation [10] [5] [4].

2.6.Related L ocal Resear ches

Developing OCR systems for Amharic characters wdsarrecent research focus. There have
been various attempts done in the area by diffesehblars on printed, typewritten, and
handwritten documents. Some of the local researcdoeslucted for developing Amharic

character recognition are presented below.

The first attempt made by Worku [19], built an AmhkaOCR for printed Amharic characters.
He tested the stage by stage segmentation algotitatnwas suggested by Pal and Chaudhury
that operates in three successive steps of degetities, words and characters from the
document image respectively. He adopted binarydi@&ssifier for recognition phase and better
performance was seen on his test set for uncorthedtaracters. However, the algorithm
considered all connected characters as a singlaatka Consequently, the system performance

was very poor for degrading and connected chasafiéj.

As a continuation of Worku's effort, Ermias [15] Ims predecessor footstep attempted
recognition of formatted Amharic texts by using #igorithm suggested by Pal and Chaudhuri
for the removal of the matra line from the Bangtaig. He modified the algorithm for

underline detection and removal by adjusting threghold value. He tested the Zang-Suen and

Hilditch thinning and size normalization algorithnfisr Amharic writing system. Ermias
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adopted Worku’s algorithm to evaluate the perforoeaof the system. Conversely, the result of
the study was poor and he mentioned the reasomdéhis was the widths of characters are

changed by adopted thinning algorithm [15].

Berhanu [18] conducted a study on Amharic charaeeognition for printed documents which
have the same font face. He implemented the segtm@mtprocess (using stage by stage
algorithm) in two steps: line segmentation and abr segmentation and he used size
normalizing algorithms to scale segmented characterges before feeding to ANN for
classification. However, the study shows poor redogn performance and he suggested feature

studies to explore on segmentation, image threstpbihd noise removal algorithms [18].

Dereje [20] has also attempted to further work omesearch in the area with the aim of
improving the Amharic OCR by enabling it recogntgpewritten Amharic text. Based on his
findings, Dereje mainly recommended that in orderehhance the recognition accuracy of
Amharic OCR system, it is important to adopt rectign algorithms that are not very sensitive

to the features of the writing styles of characf2€s.

Negussie [21] conducted on recognition of Amharandwritten characters for bank check
amounts. He applied underline removal, slant naeatbn and character size normalization.
He adopts a stage by stage segmentation algorithithwvas used by previous studies and
feeds the segmented and normalized character fof #aN\extract the unique features as well as

classify characters. However, the result obtaimechfhis study was unsatisfactory [21].

Million [8] conducted a research with a generalizggproach that enable previously adopted
algorithms recognize Amharic text with a differdant styles and faces. He tested the Zang-

Suen thinning algorithm in addition to parallelrthing algorithm suggested by Ha and Bunke.
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Million integrated the two algorithms through iteva experimentation and come up with the
hybrid algorithm which shows a remarkable resuk. d$ed stage by stage segmentation and
binary tree for feature extraction and classifmatiEven though promising results achieved, the
performance of the system was poor. Thus, he reerded a generalized and more flexible

recognition algorithm to developed [8].

Yaregal [11] works on OCR of Amharic text as anegrated approach by applying
structural/topological patterns (primitives) and MNor classification for different font size.
The achieved result showed that the approach gsexbiie or less independent of the font size.
Mesay [22] used line fitting to Amharic Optical cheter recognition by applying simple
geometric calculations to determine features whimhld represent and describe the character as
uniquely and precisely as possible. He used feedaiml Neural Network back propagation
algorithm for recognition and achieved 91.9% reditgm accuracy. He noted the system would

be more versatile if sufficient training data wadsaoned on the classified characters [22].

Abinet [44], attempt to develop an online handwgticharacter recognition engine for 33+1
basic Ethiopic characters. This new online handngitiata representation scheme that makes
use of the X and Y coordinate observation code esecps applied for feature extraction. On the

average, a recognition accuracy of up to 99.4%fseaed for the sample documents [44].

Million and Jawahar [10] propose a two-stage featextraction scheme using principal
component analysis (PCA) and linear discriminaralysis (LDA), followed by a decision

directed acyclic graph (DAG) classifier SVM as timles for the development of OCR system
for Amharic language. They have used binarizatinoise removal and skew correction

techniques. Projection profile technique is usedcimrrecting the skewness of the document
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image and they applied horizontal and verticalgetpn profiles method for segmentation after
document preprocessing is done. They extractedriEsafrom the entire image by concatenating
all the rows to form a single contiguous vectorsddiminant features are extracted for
classification using the proposed two stage dinmaity reduction scheme. High recognition
rate was achieved for both printed and real lifergquality documents. On the average 96.95%
accuracy is obtained on different dataset but thegd misclassification of characters due to the
artifacts such as large ink-blobs joining disjaithairacters or components, and cuts of characters

at arbitrary direction due to paper quality [10].

Abay [3] developed OCR for real life Amharic docurteeby using artificial neural network for
classifying the features. He had tested wiener tadafiltering for noise removal, otsu global
thresholding for binarizing the digits image, lineterpolation techniques for normalization, hit
and miss morphological analysis for training onl téa Amharic documents. Abay managed to
recognize and come up with a 96.87% on averageranirtg sets but there was poor

recognition rate achieved for the degraded realddcuments [3].

Biniam [28] has tried to integrate effective imggeprocessing techniques of noise reduction
and thresholding as well as multiple words rendgend querying to enhance the effectiveness
of relevant document retrieval from printed reéd-IAmharic document images. Gedion [17]
conducted a study of page segmentation methodgmes& tables, graphics or pictures, text
lines and words from the document image collectidos DIR system using different
techniques. Michael [4] developed recognition @ lde documents. He used Weiner filtering
algorithm and Sauvola algorithms for segmentingdinvords and characters. He also applied
the underline removal and normalization methodsdifited zoning technique is employed for

feature extraction and for classification purpaseilticlass SVM is employed. Better results
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were achieved and he recommended better segmengdgjorithm should be explored in order

to increase the recognition rate.

Berhanu [24], attempts to explore an effective page text segmentation method to improve
the applicability and performance of Amharic OCR feal life documents. He introduced a
new method based on CC analysis to segment overgharacters, and to detect and split
connected characters. He integrated with previodsheloped Amharic OCR system, and he

managed to achieve 79.13% recognition accuracy rate

Most of the previous studies focus only on characeognition. Page segmentation steps were
used as preprocessing step to remove non-text eteofiea document image. Any of those

researches didn'’t try to reconstruct the layouhefpage and end up only producing a plain text
output. However, implementing effective page segaten technique which can work on all

type of real-life documents is vital to preserveaaiginal document image page layout, Hence,
this study especially dedicated on exploring anglémenting page segmentation algorithms
that is suitable for text/graphics separation, eoluand paragraph layout detection and

reconstruction of those detected blocks after reitiog.
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CHAPTER THREE
PAGE LAYOUT SEGMENTATION

Page layout segmentation is a union of geometrtt lagical labeling [44]. Detection and
labeling of the different zones (or blocks) w@st body, graphics, columnilustrations, math
symbols, and a table embedded in a document is called gemmor physical layout
segmentation. It is essential to enable an OCRnengi process images of arbitrary pages, such
as from books, magazines, journals, newspapetsydetand reports [45]. On the other hand,
text zones play different logical roles inside theeument (titles, paragraphs, captions, headers,
footers, numbered lists, etc) and this kind of saticdabeling is the scope of the logical layout
segmentation. Most of the times page layout segatientis applied before even preprocessing

techniques take place [46].

Among a number of physical and logical page layabhis study focuses on column and
paragraph layouts of a document image. Therefdnes thapter in particular explores
architecture of the proposed system, techniqueseaatliation metrics for page column and
paragraph layouts segmentation and reconstrucfiddGR that is going to be applied before
and after the recognition process is performedmorove usability, readability and accuracy of

recognized Ambharic real life documents.

3.1. Architecture of the proposed Amharic OCR system

Every OCR system undergoes a process of sequestdiges in order to convert a paper text
document into a computer digital text. Figure Jibwes the proposed architecture for Amharic
OCR system (Rectangles in bolded line representnthm focus area of this research).The

recognition process first obtain the original doemtnimages to detect and correct the skewness
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of the documents before page layout segmentatli@stplace. Page segmentation stage detects
the overall content of the original document, catexgs them in to homogeneous block and
stores all the information of the segmented blodkeen, it passes through preprocessing steps
to improve its quality by removing and/or minimigirdegradations occurred from scanning,
printing, document aging, etc. Some of the openatimvolved here are underline removal,

noise removal and binarization.

The next step is text segmentation, which iderstifiext line, word and character from a
processed text area of a document image. Segmehtgdcters are normalized and fed into
feature extraction phase to extract unique featafesharacter images in the form of vector.
Then classification followed, which extracts remsition of objects from the input document
and identify pattern for each class; so that, tbay be recognized as characters and words.
Finally, page layout reconstruction will follow, veh maintain the original documents page

layout and write recognized text on specific layolatck.
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Figure 3.1: Architecture of the proposed AmharicRO8ystem
The proposed system uses page segmentation stepnhotfor segmenting column and
paragraph blocks of the original document imagealdt used to collect information about those

segmented blocks of image documents in order toemadumn and paragraph layout

reconstruction processes of an OCR feasible.

33



3.2. Page segmentation techniques

This study explored and tested morphological dilaticonnected component labeling or
analysis, CC width, height and area analysis anddifed whitespace analysis page
segmentation techniques for the purpose of colunchparagraph block detection, and they all

are experimented on different combinations of liéalAmharic document images.

3.2.1. Morphological Dilation

Dilation is one of the most basic morphological rgens. It is used to connect characters in
words, words in a text line, and text lines in duom by adding pixels to the boundaries of
objects in an image. The number of pixels adddtiémbjects in an image depends on the size
and shape of the structuring element used to psoitesimage. In the morphological dilation
operation, the state of any given pixel in the atiipnage is determined by applying a rule to
the corresponding pixel and its neighbors in thmiinmage. The dilation rule used to process
the pixels is; the value of output pixel is the maxm value of all pixels in the input pixel's
neighborhood. For instance in a binary image, ¥ ahthe neighborhood pixels values are 1,
the output pixel is set to 1 and if both of thegdiorhood values are 0, the output pixel is set to

0 [49].

The dilation function applies the appropriate tal¢he pixels in the neighborhood and assigns a
value to the corresponding pixel in the output indg using structuring element. In figure 3.2,
the morphological dilation function sets the vabfethe output pixel to 1 because one of the
elements in the neighborhood defined by the strir@element is on. Structuring element is an
essential part of the dilation operation which sedi to probe the input image. It is a matrix

consisting of only O's and 1's that can have aitrary shape and size. It can be vertical,
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horizontal, cross-shaped, multi directional andoso Based on its shape, structuring element

determine to what direction it increase the pixa&ue of an image [24].

[ Input Binary Image ] 1 “ ” 1] 1 1 1 “ 1 1
| L
Structuring Flement J 1 l 1
L
L Output Image } 1 0 1 1 1 1 1 1 1

Figure 3.2: Morphological Dilation of a Binary Imag
3.2.2. Connected Component Analysis
Connected component (CC) labeling is used in coarptision to detect connected regions in
binary digital images. It is an algorithmic apptioa of graph theory, where subsets of
connected components within an image are uniqadlgléd based on a given heuristic [17]. It
scans all the pixels of document image and lalehthased on pixel connectivity, i.e. all pixels
in the connected component shares similar pixehsity values and are in some way connected

with each other.

Connectivity of pixels divided in to 4 and 8 contrety in order to find the CC of the given
image depending on its purpose. The difference é@twl and 8 CC connectivity labeling is
how the algorithm defines connected pixels. Fom®la, for the pixel P, 4 connectivity only
checks the four neighbors, called direct-neighb@rsright, left, up and down neighbors of P

whereas 8 connectivity is known as indirect-neighlmhecks all the surrounding pixels around
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P including diagonal pixels. The labeled pixelsrespnt pixels that are considered as connected

to the central pixel in both approaches [50]. FegBi3 shows 4 and 8 CC connectivity labeling.

4-Connectivity B8-Conenctivity
P2 P1 ] P2 | P3

P8 ] P | P4 Ps | P | P4
P6 P7] Ps | Ps

Figure 3.3: Checking mechanism of 4 and 8 CC CdivigcLabeling
Once all groups have been determined, each pitabeded with a gray-level or color labeling
according to the component it was assigned to.aétitrg and labeling of various disjoint and
connected components in an image is central to naamymated image analysis applications

such as OCR systems [24].

There are two types of connected component labeliggrithm; one pass and two pass. The one
pass version goes through each pixel only oncef@néach pixel in an image, all the neighbor
pixels are tested for connectivity to label conedctomponents and the two pass scans the
image two times. The first pass goes through eaal pnd checks each pixel and using these
pixel labels, it assigns a label to the currenepand the second pass cleans up any mess it might
have created. Two pass labeling takes high pratwgssne and memory space than one pass

[17]. Algorithm 3.1 below presents the one passiected component labeling algorithm [50].
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1. Connected-component matrix is initialized t@ gizimage matrix.
2. A marker is initialized and incremented for gvdetected object in the image.
3. A counter is initialized to count the numbebpbjects.
4. A row-major scan is started for the entire image
5. If an object pixel is detected, then followitgps are repeated until (Index!=0)
5.1. Set the corresponding pixel to 0 in Image.
5.2. A vector (Index) is updated with all the néighng pixels of the currently se
pixels.
5.3. Unique pixels are retained and already margeels are removed.
5.4. Set the pixels indicated by Index to 1 inchrenected-component matrix.
6. Increment the marker for another object in timage

—t

Algorithm 3.1: One pass connected component labeling algorithm
Two pass labeling scans the image two times aasitdbeen mentioned earlier and algorithm 3.2

presents the two pass connected component lakagogthm [50].

First Pass:
1. Iterate through each element of the data byrooluthen by row (Raster Scanning)
2. If the element is not the background
2.1. Get the neighboring elements of the curresitneint
2.2. If there are no neighbors, uniquely label tt@rent element and
continue

2.3. Otherwise, find the neighbor with the smallabel and assign it to thg

A1%

current element

2.4. Store the equivalence between neighboringdabe
Second Pass:
1. Iterate through each element of the data byrmoaluthen by row
2. If the element is not the background

2.1. Relabel the element with the lowest equivalent label

Algorithm 3.2: Two pass connected component labeling algorithm
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After scanning the image pixel by pixel, in orderitlentify connected pixels which share
similar set of intensity values V (i.e. V = {1} fdrinary images and range of values for gray
level images, for example: V = {51, 52, 53, ..., 78, 79, 80}.); the labeling operator scans the
image by moving along a row until it comes to anp@ (where p denotes the pixel to be labeled
at any stage in the scanning process) for whichly={Vhen this is true, it examines the four
neighbors of p which have already been encountieréde scan (i.e. the neighbors to the left

of p, above it, and the two upper diagonal terrBg).[

The following figure 3.4 presents an example of ¢tbanected component labeling applied on

binary image.

1 /1]0 (1|1 |10 |1 1 /1 ]0 1 |1 |1 01
1 /1|0 (1|0 |1 |0 |1 1 /1 ]0 1 |0 |1 0|1
11|11 1]0]0 |0 |1 1 /1 1]1 1 |0 |0 |01
o lolololo oo |1 0|0 |0 |0 |0 |0 ]|O |1
11|11 1]0 |1 |0 |1 1 /1 1]1 1 |0 |1 0|1
ololol1]o 101 0 |o|o |1 |0 |1 |0 |1
1 /1|01 1]0 0|0 |1 1 /1 ]0 1 |0 |0 0|1
1 (1 lol1lol11l1 1 1 (1 (0 (1|0 (1 |1 |1
(a) Binary image (b) Connected component labeling

Figure 3.4: A binary image with five connected cam@nts of value v = {1} [51]

3.2.3. CC width, height and area analysis

Connected components width, height and area asalgsused to identify big connected
elements like: graphics, columns, logos, etc. amdllsconnected elements like punctuation
marks and small dots. It is an algorithm that takeswidth and height of the bounding box of a
labeled component to calculate the area in ordegetosome threshold value. Column and

graphics usually have larger area (height and Witthn normal text while punctuation marks
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and dots have smaller area and height or widths Ttding the area of connected component

is very important for page layout segmentation.

3.2.4. Modified White Space Analysis Algorithm

The whitespace analysis algorithm described by [88&lyzes the structure of the white
background in document images. The first step i$ind a set of maximal white rectangles
(called covers) whose union completely covers thekfround. It has the weighting function to
assign higher weight to tall and long rectanglesabse they are supposed to be meaningful

separators of text blocks [52].

Modified whitespace analysis algorithm passes aingtanning procedure to find a continuous
whitespace area. However, the scanning processsodlgorithm starts from the right end corner
of the image and it scans the whole image docummigets vertically until it reaches the bottom

end point of the image. When a continuous whiteszaiea is identified, it immediately converts
the remaining black pixels in that particularly mti@ed whitespace area in to white pixels. As a

result, connected components break down in toreéiffiepieces.
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3.3. Performance Evaluation

For measuring the performance of page column aragpaph segmentation and reconstruction
direct mapping is used. It determines the perfoeaf layout segmentation and reconstruction
by finding the correspondences between detectetiesrand ground truth [60]. For page column
and paragraph segmentation it counts the expectedct and erred segmentation made by the
proposed system and calculate the segmentatiorraamgcypercentage. The expected correct
segmentation represents the expected number of esegth blocks. Similar procedures are
following to calculate accuracy percentage for pagelumn and paragraph layout

reconstructions.
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CHAPTER FOUR
EXPIRMENTATION

The main purpose of this study is to experimentepaglumn and paragraph layout
segmentation techniques on real life Amharic docunmaages with the aim of reconstructing
those segmented blocks based on the informatisadstiuring page segmentation stage. Unlike
the previous researches, page segmentation stepiasenly for separating text from non-text
regions. It also used to collect information abthe different segmented blocks of an image
document. The proposed techniques are finally rated with previously developed Amharic
OCR systems to evaluate the change in performantems of improving usability, readability

and accuracy of character recognition.

For the experimentation purpose, TOSHIBA Intel(Ry&TM) i3 CPU 3110M @ 2.4GHz (2
CPUs), 4GB RAM and Windows 7 Ultimate operatingteys were used. MATLAB™ image
processing toolbox R2013 and C# programming langueing Microsoft Visual Studio 2013

tool are used for developing prototype and integnat

4.1. Dataset preparation and document scanning

Since the goal of this research is to segment aodnstruct column and paragraph layouts of
real life Amharic document images, real-life docwmtsetaken from the popular government
owned Amharic newspapeAddis Zemenand from 'different magazineshat encompasses
multiple columns having graphics and a number ohgaphs are collected and added on the
dataset prepared by Berhanu [24]. Scanned images tliose documents are selected because

they contain a number of page layouts, they areve to have real-life features and they are
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easily accessible. Newspapers and magazines comrhamke two columns page layout. The

popular Amharic newspap&ddis Zemenhas a maximum of five columns in a single page.

The collected datasets enables us to evaluateeif ptioposed techniques are adequate to
preserving the original document image column aadagraph layouts. The dataset doesn't
contain handwritten and typewritten document imagather it contains multiple column real

life documents that have graphics and a numberachgraphs inside. Table 4.1 summarizes

document image collections used in this study.

Documents .
Type and size of documents
Collected By
. Pages
Documents Contain Document Type
Extracted
Berhanu [24]
. Newspape 14 (4
Columns (graphics) i
Magazine 2
. Newspape 31 (7
Newly added by the | Columns (graphics) _
printed document 3
researcher
Total 50

Table 4.1: Summary of datasets used in the study
For the conversion of the newly collected documantts their digital format, HP Scanjet 8200
device is used for document scanning. The docunaetscanned in grayscale level with zero
brightness and contrast levels having a resolwioB00 dpi. The scanned images are stored as
BMP image format. This is the first stage in OCRteys concerned with the preparation of

sample training and testing datasets in real lifeudnents.
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4.2. Skew detection and correction

In a character recognition system, skew detectiah @rrection is typically performed before
page layout segmentation. Skew correction genemllglves skew angle determination and
correction of the document image based on the shkeyle. A skew angle is determined through
the steps of: providing a set of associated retéangepresenting the document image,
identifying a column edge associated with the $@issociated rectangles, comparing rectangles
from the set of associated rectangles to identibsé that are in the same column and suitably
far apart, calculating a tangential angle betwden rectangles identified and identifying the
most common tangential angle as the skew anglee @mcskew angle is determined, correction
of the document image is made by constructing s&ealved rectangles from corresponding
extracted rectangles and rotating each of thesteaked rectangles around an origin coordinate

for a distance based on the skew angle [53].

Several attempts have been made for skew dete@il.methods can be mainly categorized
into five groups: the ones based on Hough transdtiom, cross correlation projection profile,
Fourier transformation and k-NN (k nearest neigepaotustering. Hough transformation is the
most popular technique used in detecting the skegleaof a document image [53]. In this
study, skew detection and correction is adopteoh fBerhanu [24] . The algorithm works with
the skew checker class that implements documentv siteecking based on Hough line
transformation by searching for text base blackdif text bottoms followed by white line
below on the gray scale document image input. Skeswv detection and correction algorithm
first converts the image to 2D color space thar&/scale before skew detection and correction

is taking place.
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This algorithm correct rotation occurred during dment image scanning process by taking the
fact that skew angle cannot be greater than 90@. dlgorithm applied on input scanned
document and it automatically detects and corrdetsskewed document images. Figure 4.1,

shows the result of adopted skew detection aneécbon technique.
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(a) Skewed original document image (b) De-skewed document image

Figure 4.1: Result of skew detection and correctamhnique

4.3. PageLayout Segmentation

Page layout segmentation is the next step to folltier the skewness of an image detected and
corrected. It is performed to separate text from-text region and to store layout information of
non-text blocks. Then, the subsequent image progessapplied over the text area to recognize
text. Whereas, the information stored plays a vitéd in the course of maintaining the original
document image page layouts. Therefore, page lag@gimentation is an essential stage of an
OCR because the remaining stages including textgreton and layout preservation heavily
depends on this stage. Thus, in this study, pagmitasegmentation techniques are applied to

extract text from non-text areas and to store calamd paragraph layout information with the
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aim of reconstructing original document image catuamd paragraph layouts. As a result, well

structured, readable, and usable optical charestegnition output produced.

To detect and segment page column and paragraptsay a document image MATLAB built-

in methods are integrated with Visual C# classek |dmmaries. The proposed page column and
paragraph layout segmentation techniques used miogibal dilation, connected component

(CC) analysis, CC width, height and area analysd Modified whitespace analysis techniques
for separating graphics from text area, detectingg segmenting column blocks, detecting and
segmenting paragraph blocks, collecting informatidnout segmented column and paragraph
block and identifying text areas from the documiemtges for further processing. Thus, page
layout reconstruction techniques maintain the oebidocument image layout based on the

information collected in page layout segmentati@ge.

4.3.1. Text/Graphic Separation

Text/graphic segmentation in document images, wiigbarate graphics from text area, is a
procedure that must be applied over the image bajtirer stages of OCR system. It is crucial
for the next sub-sequential stage, text segmentatioich has a great impact to improve the
performance of character recognition. In this studyorphological Dilation, Connected
Component (CC) analysis and CC width, height aed analysis techniques are applied only for
the purpose of extracting texts from documents ¢batain both text and graphics. Due to time

limitation reconstruction of graphics block of acdment image is not performed.

The first step in the course of text/graphics sajpam is dilation. It is used to connect the space
between characters, word, lines and so on by istrgdhe pixel values of a document image.

Depending on the structuring element there arerdifft types of dilation. In this work vertical
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and horizontal direction dilations are applied.ekfthe document image is connected the next

step is CC labeling analysis.

Connected components (CC) labeling algorithm idiaggo identify and label each connected
component in a given binary image. MATLAB built-methodbwconncomp() andbwlabel()

are used to identify connected component and &l kalem in a given binary image respectively.
In this study four connectivity of pixel are usedidentify connected components. Algorithm 4.1

shows CC algorithm that identifies connected coreptsin a given image.

Algorithm 4.1: Identifying Connected Component

function  [cc, num] = ConnectedComp(binary_image)

cc = bwconncomp (binary_image, 4); % 4 connectivity

Num=cc.NumObjects;

Once connected components are identified and ldkbke next step performed on CC labeled
document image is connected component width, haigtitarea analysis. In general, it is used to
identify big connected elements like graphics, ooly etc. and small connected elements like
punctuation marks and small dots. Graphics usuadlye larger height, width and area than
normal text while punctuation marks, dots and ctHeave smaller area as well as height and
width. Thus, a threshold value in order to sepa@tefrom graphics is set by taking the fact that
graphics have larger area than text. The width lagight of the bounding box are used to
compute the area for each component and savedaynsae info to compare the results. After

an iterative experiment has been conducted 800fdurd to be a better threshold value.
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Algorithm 4.2 shows a MATLAB code for height, widémd area analysis for text/graphics

separation.

Algorithm 4.2: CC height, width and area analysisfor Text\Graphics separation

size_info =[];
cc=1;
for cnt=1:num
x = lbox(:,cnt);
size_info (cc,1) = x(3,:,1);
size_info (cc,2) = x(4,:,1);
size_info (cc,3) = x(3,:,1) * x(4,:,1);
cc=cc+1;
if (size_info(cnt,3) >8000)
rectangle ( 'position’ ,Ibox(:,cnt), ‘edgecolor' L)
end

end

Figure 4.2 shows results of experiment after theppsed text/graphics separation techniques
which include dilation, connected component analgsid CC width, height and area analysis

applied on a sample images from the dataset.
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(a) original document image
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(b) Segmented Text area
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Figure 4.3: Experimental result after the propasstfgraphics separation techniques applied
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4.3.2. Column Block Segmentation

After separating text area from graphics the nesgt & this sequential page layout segmentation
is column block detection and segmentation. Docuriraages might contain different column
blocks. So it is important to detect and segmenséhregions for the benefit of subsequent
stages. Likewise text/graphics separation, thegdysproposed similar technique for column
block detection. It includes morphological dilagd@C labeling analysis and CC height, width

and area analysis to identify column blocks frort thcument images.

Dilation technique used for text/graphics separati® also applied here for column block
segmentation. But, in order to keep the white sgasteveen the column blocks only vertical
direction dilation is applied Figure 4.4 shows tiesult of connected pixels after dilation

algorithm that connects characters, words anditees is performed.
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Figure 4.4: Result after vertical dilation
As we can see from the above dilated image (figude(b)), the dilation algorithm connects all
the pixels only in vertical direction so that tigase between the two columns is reserved. Once

the dilation process is done CC labeling analysisapplied and labels all the connected
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component regions. Then the area of connected coemp@nalyzed in order to find a threshold
value to identify column block employed. Algorithth3 shows a MATLAB algorithm to

implement CC width, height and area analysis.

Algorithm 4.3: CC height, width and area analysis for Column Block I dentification

size_info = [];
sumArea = 0;
for cnt= 1:num
component_area = component_width * component_height ;
size_info (cnt,1) = component_width;
size_info (cnt,2) = component_height;
size_info (cnt,3) = component_area;
sumArea = sumArea + component_area,
end

maxArea = max(size_info);
for cnt = 1:num
x = lbox(:,cnt);

if (size_info (cnt,2) >maxArea(l1,2)/4 && size_info (cnt,1) >maxArea(1,1)/4
size_info (cnt,1) >maxArea(1,1)/4)
rectangle(  'position’ Ibox(:,cnt), ‘edgecolor’ L)
end

end

After conducting an iterative experiment, the heighd width of labeled connected component
which are greater than one fourth of the maximueaare considered as column block of an
image document. Since the goal of this researth isconstruct detected document image page

layout, column layout information is collected inaegely after column layouts are segmented.

The proposed column segmentation algorithm prodpcemising result for document image
having different number of columns. Neverthelessyrongly detects paragraphs as a column
when the whitespace between two consecutive parlagras larger, and different blocks of
columns are merged when it failed to keep the wdpeece in between due to the presence of tiny
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pixels. Thus,

it needs further investigation on t®a to undertake such problems. The

experimental results for the proposed column blbetiection are presented in figure. 4.5
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4.3.3. Paragraph Block Segmentation

Once column layout blocks are identified, the netdp is paragraph block detection and

segmentation on each identified column blocks. @mis, in general text area of a document

image contain different logical layout such as gemph and sentences. It is essential to detect

and segment those paragraph blocks to producestvetitured recognition output in OCR.

As discussed in previous sections, researches ctetlon Amharic OCR only focused on text
recognition without preserving the original docuim&yout. As a result, the recognized text
outputs produced in previous studies are unstredtuand every line is considered as a
paragraph. This is due to the lack of paragraplckbtietection. Thus, this study developed a
technique based on morphological dilation, modifigtitespace analysis and CC labeling

analysis to identify paragraph from the detectddroa blocks of the document image.

In the previous page layout detection steps, mdogfical dilation and CC based approach is
applied to identify and detect page layouts of ed@tument images. Also, paragraph detection
and segmentation from each column blocks is dongsing morphological dilation technique. A
MATLAB algorithm for dilation shown in Algorithm 4. accepts two parameters from the visual
C# functions; the binary columned image and thedaecthreshold value which is structuring

element and it returns the dilated binary imagetas the input provided.

Algorithm 4.4: Implementation of Dilation

function  [dilatedimage] = dialate(binary_image, dilation_th resh)

dilatedimage = bwdist(~binary_image) >= dilation_th resh;

end
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Based on the defined structuring element windowombination of horizontal and vertical
dilation is applied to connect the text elementse Tesult shows connected pixels due to the
dilation algorithm that connects characters, wadd text lines. Figure 4.8 presents the result

after combined horizontal and vertical directiolation.
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(a) Original binarized image, (b) vertically and horizontally dilated image

Figure 4.6: The Experimental Result after a comtbivertical and horizontal dilation
As we can see from vertically and horizontally tithimage (figure 4.6 (b)), whitespaces are
created due to the fact that a sequence of 1'd palaes in between characters, word and text
lines of a document image. The next step aftertididaperformed is modified white space

analysis. It is a novel approach to find a contimiahitespace in document image. Unlike the
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old white space analysis it doesn’t scan the wipotels of an image document to find a white

rectangle. Algorithm 4.5 shows modified whitespanalysis.

Algorithm 4.5: M odified whitespace analysis

endX =position_info(1,3) - 50;
endY = position_info(1,4);

for i=1:endY
a = d2(i, endX);
if (a==0 &&i+10 <= endY)
for cc =i:endY
if (d2(cc, endX) == 1)
continue ;
else
test = 0;
for aa=2:10

temp = d2(i+1, endX);

if (temp == a)
temp = d2(i+aa, endX);
test = (test + 1);

else
test = 0;
end
end
if (test==29)
for k=1:endX
d2(cc, k) = 0;
end
end
end
end
end
end

The algorithm shown in algorithm 4.5, only scan doeument vertically starting from the right
top end to the right bottom end coordinates ofitiege to find a continuous whitespace. Once it
detects a continuous whitespace line, it automgticenverts the remaining horizontal pixels
from right to the left, into white pixels for theugpose of disconnecting paragraphs. Figure 4.9

shows dilated image after modified whitespace asig applied.
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(a) Original binarized image, (b) vertically and horizontally(c) dilated image after modified
dilated image whitespace analysis applied

Figure 4.7: The Experimental Result after modifigdte space analysis applied
As we can see from the experimental results (figufé (c)), modified whitespace analysis
manages to identify a continuous whitespace frofateti image and disconnect connected
regions into different blocks. The assumption agpin order to get a paragraph block is the last
line of a paragraph. It usually has the smallesgtie than other lines in a paragraph. So, the
modified algorithm is applied to detect a continsiavhitespace between connected paragraphs
based on the results of the vertical scanning. Thetisconnecting the remaining CC in that
particular line to produce separate sections oagraph blocks and label them by using CC

labeling analysis. Similarly with column layout detion, at this stage information of a
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paragraph blocks collects and stored automatichlly the purpose of paragraph layout

reconstruction. The experimental result of paralgfapck detection is presented in figure 4.8.
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Figure 4.8: Experimental results of the proposedgraph block detection
The proposed technique for paragraph block segrentaegisters a better performance.
However, for a paragraph having equal end poinh wiher lines, the proposed algorithm has
failed to detect a paragraph blocks due to the mi#grecy of the algorithm on a whitespace
created by shorten last lines of a paragraph. Thuter studies are needed in this area of
paragraph block detection that can solve the ltiomaof this study. Figure 4.12 shows failed

paragraph block detection. Based on the differer@ &nd paragraph spacing, the experiment
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shown below should have returned two paragraphskbldut it only produced a single

paragraph because of every lines in the paragrapd équal length.
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Figure 4.9: Failed paragraph block detection
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4.4. Column and Paragraph layout reconstruction

Once page layout detection and segmentation isngaehed, the next stage is preprocessing
the segmented text area. In this work, preprocgssiaps, which includes binrization, noise
removal, underline detection and removal, are aabfrom previous works by Berhanu [24] and
Michael [4]. Wiener filtering algorithm is applidtere to remove noise from those text area and
sauvola is used to binirize the scanned documeagigmThe techniques are selected among a

number of algorithms because they produced a resett in previous studies.

After preprocessing stage-by-stage text segmentatito lines, word and character proceeds.
Horizontal projection profile with dilation, verat projection profile and Modified CC Analysis
techniqgues are used to detect and segment lined wwod character respectively. Text
segmentation algorithms are also adopted from BerHa4] and Michael [4] studies. The
detected characters are normalized to extract feaiture in order to make them ready for

recognition.

Modified zoning algorithm is applied for featuretection and support vector machine is
applied to recognize character from those segmemetddof an image document. In this study,
the recognition process, which include feature astion and classification are adopted from

Michael [4] and modified for the purpose of layoetonstruction.

The next steps after a sequence of character réicogstages applied to an image document is
layout reconstruction. This study uddscr osoft.Office.l nter OP assembly class librafynction
to create a word document and reconstruct coluncthpamagraph layouts based on the stored

page layout information during page segmentatiagest.This library is added as a reference to
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the C# programming languages.hias various built-in sub methods used fioe purpose of

creating, adding and modifying different objectdviizrosoft Office Word document

ThecreateDocument() class is developed to create a word document b@aséue stored column
layout information. Algorithm 4.6 shows the detdilprocess of creating column layout. Here
below, the algorithm acceptaim_col value (i.e. number of columns) from the storeduoui

layout information and returns columned word docoiiyy applying a built in c# method.

Algorithm 4.6: Algorithm to reconstruct segmented column block.

PrivatevoidCreateDocument(intnum_col)
{
try
{
//Create an instance for word app
Microsoft.Office.Interop.Word.Applicationwinword =
newMicrosoft.Office.Interop.Word.Application();

//Set status for word application is to be visible or not.
winword.Visible = false;

//Create a missing variable for missing value
object missing = System.Reflection.Missing.Value;

//Create a new document
Microsoft.Office.Interop.Word.Document document = winword.Documents.Add(ref missing, ref
missing, ref missing, ref missing);

//calling column creator method
//CreateCols(num_col, document);
document.PageSetup.TextColumns.SetCount(num_col);

After column layout is reconstructed the next stisgeriting individually recognized paragraphs
text to their corresponding specific column blocks.a result, an image document with different
column and paragraph block is reconstructed. Afgori 4.7 shows an algorithm to write

recognized text on specific column and paragraphbkol
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Algorithm 4.7: Algorithm to write recognized texts on specific column and paragraph

privatevoidwriteWord(object filename, string result, inti, intnum_para, int j, intnum_col)

{

Microsoft.Office.Interop.Word.Application word =
newMicrosoft.Office.Interop.Word.Application();
Microsoft.Office.Interop.Word.Document doc = newMicrosoft.Office.Interop.Word.Document();

int z = word.Selection.PageSetup.TextColumns.Count;
varbreakTypes = new[] { WdBreakType.wdColumnBreak, WdBreakType.wdLineBreak};

//if (i == z 8&& j
if(i == i

word.Selection.TypeText("\n");
word.Selection.TypeText(result);

}

if (j == num_para&i != z)

word.Selection.InsertBreak(breakTypes[@0]);

}
else
{
//if (i == 1 && j == 1)
if (j == 1)
{
word.Selection.TypeText(result);
}
else
{

word.Selection.TypeText("\n");
word.Selection.TypeText(result);

}

This algorithm accept$ilename (indicate to which layout block the result belanggsult
(temporarily stored recognized paragraph texig)n_col (the number of segmented column);
num_para (the number of segmented paragraph) and it retwvord document with recognized
text which are written on specific column and paagt) block by callingvor d.Selection built-in
method from C# library functiorMicrosoft.Office.lnter OP.Word. Figure 4.10 shows the

experiment result after the proposed page layaangruction techniques are applied.

60




(00pt A% PR to0F Ao
AP M P hser Aehmt
PAIL AUPY 0N GPE AT
PR NP ATCHY: A S
R (CHE KI8T 4004

SUP (95 R YA hech hiNC
MR MY AME ARG
NG00 v Aoprion WA
NP (90 CREY AU ARG
AAmSRC K444 het B0 Shor e
et 0dime ohgf OF fhet
hemg N4 4203

MAHY hur? vk Aom it (0 GRS
KNG K¥AG v 166T AP1IQ
MRS 47Ch NWPRCH NP
0ot 0% O TCOP
Qoo KA (K18 2% by
i

PREmL0Y N 0 RGHH K OF
a6 A%e S (R A%
ST K80 el

BUTE hEHt Amgh NS
PP A% 794 UL AN NDAR
1 ot Mopdhd ddde 42
ohdd MR OhY R
(T B Y T
AP

MY (408 QU AP @8 0
N K0 eepe ofmg
NIASTA 0749 04 Madas

MO WD tARanak NAPT 808
ohk NI P10 0 HY 4%
Mt Ao Rkt PA C WA
e O
(8L ot A0RRLO- NIGA
RCB 0900 hes Frz:

T

Wailings

Review View

M j L RE PR FAELLO
BPEPWAT RIS I TAR
foch, e d-hoA o 0o By
Aarmitrhohm: e Tmir
copitmerThadimpic
HCABRTM@mon ¢ LAS:

ir FAYMALAEN T2
4 A2mAELEIT ST AT P
MM IR AP AT m L
GFRTA AR AP0 m/deA
WY LA LI I FEBRLF
AFRBM A PEBLBAELCMA
24

AAAUVARTIFAFAd b Fo Fad
bt wnfhrebdomdEPEA
LG R PO P A T N A o
SermderAhREL LA AGAN
TCRLTPEEm A+l émh
LL&rsaltegtFhada

| TNormal | THoSpaci. Headingl Heading2 Title

Styles

SUEY L@ 26 M b BREL
REFANTE2EE LA LT A
E S

hmTErhatEhddte Aty
FhtnsrrEgran hpdid
FPAM AL @O hd DL
FMigro-bohttAbh@hFim
HULERPUhRe@eTF R arh
AR TLb Tl b A4

AALUMEALEF L IDG 0L B
@G EA A AANG (PCPEA
ArELdFhtiun ididhn:

ANEFRAIGP 4G bt drekd

LITEPEBBMTL R MILL BT
PEL T HIFS B 4L F Lo
BTG T RLAI A LA M T
A A F IR AR S AT
S @A cRrriTam TR

hm¥CHAsF o ZAd:

(a) Original document image (b) Result after page layout reconstruction

Figure 4.1(: Experiment result after the proposed page layoconstruction algorithm applie

The proposed column and paragraph layout reconstnudechnique properly reconstruct
column and paragraph blocks which are correctlynssged in terms of their physical layout (it
produced exact number of column and paragraph blo€khe original document image). That
means, the performance of the proposed technigoeagily depends on the extent to which the

page segmentation method properly detect columrpararaph block.
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45. The Proposed Page Column and Paragraph Layout Segmentation and
Reconstruction Technique

Based on the implementation and test results, shisly proposed page segmentation and
reconstruction method that integrates some MATLAB &isual C# functions which are based
on horizontal and vertical dilation, CC LabelinghdaCC height, width and area analysis
algorithms, modified whitespace algorithms. The cpdure of the proposed page layout

segmentation techniques is presented in figure. 4.11

As discussed in the previous sections, the firsc@ssing that must be performed over the
document images before any stages of the OCR syistskew detection and correction due to
the dependency of the forthcoming stages. The ms¢éxge is named as automatic page
segmentation that performs a separation of text fien the graphical regions; column blocks
detection, paragraph block detection as well adectmdn of relevant information from

segmented blocks.

The input for the proposed automatic segmentatechrtiques, which is the de-skewed
document images, can be in a gray scale/RGB/Bif@myat. The proposed combined page
segmentation technique first applies dilation aver image to connect the words and gaps that
exist between graphics and CC is applied over tlaged image. The analysis of height, width

and area analysis is done to set a threshold faragng texts from graphics.

After the text/graphics segmentation is perforntéd, algorithm searches for column blocks by
applying a vertical dilation and connecting pixetstically without losing the space between

columns. Consequently, CC labeling is performed ¢ie dilated image to label the connected
components. Calculating the threshold using thghteividth and area analysis is the last stage
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that automatically segments columns block. The re&p is finding a paragraph block by

applying a combined vertical and horizontal dilatido connect pixels. Then modified

whitespace analysis is performed to disconnect ectied components by considering it as a

paragraph block and finally CC labeling is appliedabel the connected components.
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Figure 4.11: The proposed Page Segmentation Taghniq
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Figure 4.12: Result of the proposed page columrpanagraph segmentation technique in every stage
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The segmented column and paragraph block informasostored automatically during page
segmentation stage, which is important for lay@agonstruction stage of the proposed system.
Layout reconstruction is performed by using C# thail library function called
Microsoft.Office.lnter OP.word. The proposed page layout reconstruction techsigise

presented in figure 4.13 below.

L ;

Stored column and paragraph block

Stored Colunm blockinformation Stored Paragraph blockinformation information
\‘ / To create a word document and reconstruct
Apply C# library Function column and paragraph block and to write
Microsoft Office InterOP. Word recognized text on specific columns and
/ paragraph

ReconstructColumn and

ParagraphBlock

WriteRecognized Texton

Specific Cohmn and Paragraph

Figure 4.13: The proposed Page Layout Reconstrudgchnique
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Figure 4.14: Result of the proposed page columnpanagraph segmentation and reconstruction tecarnigevery stag
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4.6. Experimental result

To measure the performance of the proposed tecesigque use direct mapping. This method counts
correct segmentation made by the proposed techragdecompare it with the expected once to
calculate the accuracy in percentage. The expemecct segmentation represents the expected
number graphics, column blocks and paragraph feh geage segmentation and reconstruction
methods individually. For measuring the performarthe test set contains real life Amharic

document images with multiple columns, such aslgcapwith columns and paragraphs inside.
Experimental Resultsfor text/graphics separation:

Real life document image collected for this studyg a total number of 50 documents. From the total
datasets eleven of the documents have graphicerdomniside. Table 4.1 shows the performance of

the text/graphics separation proposed in this study

Experiment Result of Text/Graphics Separation
No of Correctly Erroneoudly | Accuracy
Document Type Documents | Segmented | Segmented (%)
Documents containin
(i) | images/Graphics 11 9 2 81.81%

Table 4.1: Experimental result of the proposed/ggaphics separation techniques
The result indicates that the proposed text grapkeparation technique based on dilation, CC
labeling, CC height, width and area analysis wdy&Her on real life document images to separate
graphics from text and on average 81.81% accurateyachieved. However, the algorithm failed to

recognize smaller graphics which have smaller betaw the threshold value set.
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Experimental resultsfor column layout segmentation

Most Amharic real life documents (i.e. newspapend aagazine) have two columned layouts.

However, Amharic newspaper i.AddisZemerhas a maximum of five columns in a single page.

Thus, the proposed algorithm tested on documengemhich have up to five numbers of columns.

Test results are presented below in table 4.2

Experiment Result of Column Block Segmentation

No of Correctly Erroneoudly | Accuracy
Documents contain column Documents | Segmented | Segmented %)
(i) | Single column 13 12 1 92.30%
(i) | Two columns 13 10 2 76.92%
(iii) | Three columns 9 7 1 77.77%
(iv) | Four columns 8 6 2 75%
(v) | Five columns 7 5 2 71.42%
Total 50 40 10 80%

Table 4.2: The performance of the proposed coluloecklsegmentation techniques

The experimental result indicates that the propaselnique works well for any number of columns

with on average accuracy of 80%. However, the pgegdechnique wrongly detects paragraphs as a

column when the whitespace between two consecptivagraphs is larger. It also merged different

blocks of columns as one when it failed to keepwth#espace between the columns.
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Experimental resultsfor paragraph block segmentation

Text areas of a column contain a number of pardgiapides. The proposed technique detects
paragraph blocks from correctly segmented columabld 4.3 shows the performance of the

proposed paragraph block segmentation.

Experiment Result of Paragraph Block Segmentation
No of
Segmented Correctly | Erroneously | Accuracy
Document Type Column blocks | Segmented | Segmented (%)
Paragraph blocs from correctly
(i) | segmented columns 54 39 15 72.22%

Table 4.3: The performance of the proposed paradgmlgek segmentation techniques
The experimental result indicate that the propdsetinique based on dilation, modified whitespace
analysis and CC labeling identify paragraph blofksn correctly segmented columns with on
average accuracy of 72.22%. Paragraph block deteciccuracy is decreased because of the
limitation of the proposed technique to detect geaph blocks when every lines in the paragraph

have equal length.
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Experimental result for page column and paragraph reconstruction

Page column and paragraph reconstruction of thposex technique uses the stored information

from page segmentation stage to reconstruct theesatgd blocks. Table 4.4 presents performance of

the proposed column and paragraph block recongiruct

Experiment Result of Page Column and Paragraph Reconstruction

From thewholetest documents

From correctly segmented blocks

Document Type

No of Correctly Erroneously | Accuracy
No of test Correctly Erroneously | Accuracy | correctly | reconstructed | reconstructed (%)
documents | reconstructed | reconstructed (%) segmented
blocks
(@) | Column block| g, 40 10 80% 40 40 0 100%
reconstruction
Paragraph
(i) | block 54 39 15 72.22% 39 39 0 100%
reconstruction

Table 4.4: Experimentation result of the proposagiepcolumn and paragraph reconstruction techniques

The experimental result shows that the proposednuol and paragraph layout reconstruction

technigques heavily depend on the page segmentsiz@e. It accurately reconstructs column block

layouts that are correctly segmented in terms @frilimber. Because the reconstruction process only

focuses on the number of segmented layout bloctpéisn’t reconstruct column layouts based on

their width size. As a result, the reconstructeturmm layouts have equal width size. Likewise,

paragraph block of a document image reconstruciddtive accuracy of 100% when the blocks are

detected correctly.
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4.7. Findingsand challenges

This study attempt to reconstruct column and paf@giblocks using the information stored during
page segmentation stage. The proposed page segjoreieahniques applies morphological dilation,
CC labeling, CC height, width and area analysis modified white space analysis and it performs
better to identify column and paragraph blocks. Eeer, detecting paragraph blocks when every
lines of a paragraph have equal length is one@tltallenges this study faces. The gap between two
consecutive paragraphs, the presence of tiny pigelsa whitespace that separate two different

column blocks (see figure 4.15) are also the chg#s to identify column layouts.
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Figure 4.15: Failed column layout detection
In general, page layout reconstruction is depemdthe page segmentation stage. Thus, the absence
of adaptive page segmentation algorithm is the airallenge. There is also a global lack of

literatures on the area of page layout reconstncti
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATION

In this study an attempt is made to detect andnstcact original document image page column and
paragraph layout. For this purpose, page layoumsatation is developed to detect and store
information of page column and paragraph layoutsidds researches have been conducted in the
course of developing Amharic optical character gaition. Most of these researches focus on
maintaining the text part of the document imageserving original document layout is important
and one of a major concern for character recognitigstem to increase readability, usability and
accuracy by producing well-structured output. Thbg work provides a significant contribution on

the attempt to develop full-fledged Amharic OCRteys.

5.1 Concluson

The main objective of this study is to apply effeetpage segmentation technique that is capable
of identifying column and paragraph blocks of a ¢pag real life Amharic document images.
Towards achieving this goal, recursive page laygggmentation is performed to detect and store

information about column and paragraph layouts @ddeument image.

The first step of the proposed page segmentatistesyis separating text from graphics. After a
combination of page segmentation techniques nanweltical and horizontal dilation; connected
component analysis and CC width, height and arabysis are applied a graphics part of a document
image is detected and separated from the docuferdgugh an iterative experiment the value of the
area greater than 8000 are taken as a threshalé v@lseparate graphics from text. Based on the

experiment on the average 81.81% accuracy rathis\aed from the proposed system.
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The next step after text/graphics separation isimool block detection. Similar page segmentation
techniques are applied to segment column layout. threshold value to determine column block is
the value of the maximum area with respect to #ight and the width of connected component. If
the height and width of the labeled connected corapbis greater than one fourth of the maximum
area then those regions of connected componentgargdered as column block of an image
document. The proposed technique accurately idedtdfolumn layout with an efficiency of 80%,

thereby all information about column block is stbfer reconstructing stage.

After page column segmentation, then paragraphutageetection is proceeds. Vertical and horizontal
dilation, modified white space analysis and CC gsial applied to detect the layout. Modified
whitespace analysis is a novel approach developsddoon whitespace cover algorithm to find a
continuous whitespace by only scanning the documeriically starting from the right end corner
point of an image down to the bottom end point. ©®accontinuous whitespace line is detected it
automatically converts the remaining black pixeltiat particular line to white pixel in order to
disconnect the connected component. The assumiatind a paragraph block is the last line of a
paragraph. It usually has the smallest length th&nother lines in a paragraph so we can find a
whitespace rectangle in that particular line. Thhese disconnected regions can be considered as a
paragraph. On the average 72.22% accuracy rataetésved and layout information of a paragraph
stored. The slightly lower accuracy rate is attdimleie to the limitation of modified white space
algorithm. This is because of the algorithm faitedidentify paragraphs when every lines of a

paragraph have equal length.

Based on the stored layout information the origoth@tument image column and paragraph block is
reconstructed and on the average 80% and 72.220@6a@gcrates are achieved respectively from the

total document datasets. From correctly segmentddnm and paragraph block the proposed
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techniques 100% preserve page column and paratagphts. However, column reconstruction of
the proposed system produces equal size of colwves though there are columns with different
width size. Because the reconstruction process fodyses on the number of segmented layout

blocks, it doesn’t reconstruct in terms of the Widize.

The major challenges that the proposed system fackgle detecting paragraph blocks when every
lines of a paragraph have equal length, a largebgapeen two consecutive paragraphs, the presence

of tiny pixels on a whitespace that separate tfemdint column blocks.

5.2 Recommendation

The current work tried to enhance readability, abilgy and accuracy of Amharic character
recognition by using page segmentation techniqu@miy for extracting text from non-text area.dt i

also used to store the non-text region informafi@nthe purpose of reconstructing the original
document image column and paragraph layout. Howéwdurther improve the performance so as to

develop a full-fledged Amharic OCR system the failog recommendations are forwarded.

» This study reconstructs equal size column blockhdatieugh a document image has different
size column block. Thus, reconstructing column taymased on its width information should
be one of future research direction to consider.

* Real life document image has different physical kgical layouts such as table, graphics,
header, footer, etc. Hence, future studies canoexpmn graphics, table and others layouts of
real life document preservation.

» Paragraph block detection proposed by this studyahimitation of detecting a paragraph
when every line of a paragraph has equal lengtleréfbore, to coming up with a robust

paragraph block detection and segmentation tecknigfibe a future research direction.
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Document images might have overlapping columns. sThdeveloping page column

segmentation algorithm that can handle such prolkera future research area need to
consider.

Developing adaptive page segmentation algorithnclvitian identify different blocks of a

page intelligently should be one of the future aeslk area to consider

Future researches also need to explore on a bettegnition algorithms in the course of
developing applicable Amharic OCR

Text segmentation should also be one of the fuesearch direction in order to improve the

recognition rate of Amharic OCR
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Appendices
Annex |: Sample MATLAB Codes
Text/graphics separation

function  foutpuf] = segmentimagePlot{onginal_image)

[n, ¢, numberOfColorChannels] = size(original i mage);

if - numberOfColorChannels >1
image = rgb2gray(original_image);
bw = sauvolaiimage, [30 30));

else
image =oniginal_image;
bw=image;

end

% Its already gray or binary

se=[0000;1111,0000};
d=imdiate(~bw, se);
I3=imcomplement(~d);

figure, imshow(original_image);
[label, num] =bwiabel(I3);
Iprops = regionprops(iabel);
Ibox ={lprops.BoundingBoX;
Ibox = reshape(lbox 4 numy);
hold on;

size info=[000;000];
cc=1,

for ot=1num
x= lbox(;,cnt);
component width=x(3,:;,1);
component_height=x(4,:,2);
size_info (cc,1) =component wicth;
size_info (cc,2) =component_height;
size_info(cc3)=x(3,.1) *x@,.1);

cc=cc+1;
end

sumHeight=0;
sumWidth=0;
sumArea=0;
for cnt=1num
sumHeight=sumHeight +size_info (cnt,1);
sumWidth =sumWidth +size_info (crt,2);
sumArea=sumArea +size_info (Cnt,3);

end

cc=1,
for ont=1num

X = lbox(,cnt);
if (size_info(cnt,3)>8000)

txt=strcat( ‘Graphics' num2str(cc));
texd(x(,, D+ X2, D)+15, ‘Color
rectangle( ‘position' Joox(.ont), ‘edgecolor

T

, b, BackgroundColor

, LineWidth'

Y
2, LineSyee
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cc=cc+1;
end
end
output=original_image;
end

Column layout segmentation
function  [output] = segmentColumnPlot(original_image)
[n, ¢, numberOfColorChannels] = size(original i
if - numberOfColorChannels >1
image = rgb2gray(original_image);
bw = sauvolaiimage, [30 30));
else

image = original_image; % Its already gray or binary

bw=image;
end

$e=[0110;0110;0110;1111;
1111;0110;0110;0110;
0110;1111;1111;1111,;
0110;0110;0110;0110;
1111;1111;1111,;0110;

d=imdilate(~bw, se);

d=bwdist~d)>=1,

figure, imshow(original_image);

figure, imshom~d);

[liabel, num] = bwiabel(d);

Iprops = regionprops(iabel);

Ibox = [Iprops.BoundingBox];

Ibox = reshape(lbox 4 numy);

size info=[000;000};

postion_info=[0000];

sumArea=0;

for cnt=1num

x= lbox(;,crt);
component width =x(3,:,1);
component_height=x(4,.,2);
component_area=component width* componen
size_info (cnt,1) =component width;
size_info (cnt,2) = component_height;
size_info (cnt,3) =component_area;
sumArea =sumArea +component_area;

end
count=1;
cc=1;
c=1
maxArea=max(size_info);
for ot=1num
x = lbox(;,cnt);

if size info(cnt2)>maxArea(1,2)/4 && size info (C
position_info(c,1) =x(1,.,1);
position_info(c,2) =x(2,.,1);

mage),

1111;1111;
0110;0110;
1111;0110;
0110;1111;
0110;0110;

t height

nt,1) >maxArea(1,1y4
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pos@qon_@nfo(c,B) =X3,2);
position_info(c4) =x(4,:,1);
c=c+1;
end
end
len=length(position_info);
minY =min(position_info(;,2));
for cnt=1num
X = lbox(,cnt);
if size info (cnt,2)>maxArea(1,2)/4 && size info (C
txt=strcat( ‘Coumn’  ,num2str(count));
text(x(,, D+ X2, D)+15, 'Color'

nt,1)>maxArea(1,1)/4

b, BackgroundColor

rectangle( s box(a,  edgecolr Lt LineWidthi

count=count+1;

end
end

output = onignal_image;
end

Par agraph layout segmentation

function  [outpuf] = segParaPlot(original_image)
[n, ¢, numberOfColorChannels] = size(original i
if numberOfColorChannels>1
image =rgb2gray(oniginal_image);
bw=sauvolaimage, [30 30]);
else
image = original_image;
bw=image;
end

% Its already gray or binary

se=[011001100110011011110
011001100110011001100

d=imdilate(~bw, se);

d=bwdist(~d)>=1,

se2 =[00000000000000;
00000000000000;
1111111111111%;
11111111111111;
1111111111111%;
00000000000000;
00000000000000}

&2 =imdiiate(d, se2);

&2 = bwdist-d2) >=1;

figure, imshow(original_image);
[label, num] = bwiabel(d2);
Iprops = regionprops{(iabel);
Ibox ={props.BoundingBoX;
Ibox = reshape(lbox,J4 numy);
size info=[000;000};
posiion_info=[0000};
sumArea=0;

1100110,0110;
11001100110,

Y
2, 'LineStyle
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for ont=1num
x= lbox(;,crt);
component width =x(3,:,1);
component_height=x(4,:,2);
component_area=component width* componen
size_info (cnt,1) = component width;
size:_info (cnt,2)=component_height;
size_info (cnt,3) =component_area;
sumArea=sumArea + component_area;

end
count=1,
cc=1;
c=1
maxArea=max(size_info);
for ot=1num
x= lbox(;,crt);

if size info(cnt,2)>maxArea(1,2)/4 && size info (C
pOS!t?Oﬂ_!nfo(c,l) =x(1,.2);
posiion_info(C,2) =X(2;:,1);
position_info(c,3) =x(3,:,1);
position_info(c,4) =x(4,:,1);

c=c+1;
end
end
endX =paosition_info(1,3)-50;
endY = position_info(1,4);
for i=lendY
a=d2(,endX);
if (@=0&&iH10<=endY)
for cc=iendY
i (2o end)=1)
continue ;
else
test=0;
for aa=210
temp=d2(+1, endX);

f temp=2a)
temp=d2(+aa, endX);
test=(test+1);

else
test=0;

end

end
if (test=9)

for k=1endX
d2(cc, k) =0

end

end
end
end
end
end

t height

nt,1)>maxArea(1,1)/4
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[label, num] = bwlabel(d2);
Iprops = regionprops(llabel);
Ibox = [lprops.BoundingBox];
Ibox = reshape(lbox 4 numy);

len=length(position_info);
minY =min(position_info(;,2));
for ont=1num
X = lbox(,cnt);
if  Ibox3cnt)>endX-50
txt=strcat( "Paragraph’ num2stricount));
text(x(1,, D+ X2, D)+15, ‘Coor  , b, BackgroundColor YY)
rectangle( position’ JTbox(Lcnt) Ibox(2,crt) box(3,cnt)
lbox(@4,crty+15], 'edgecolo’ Y, LineWidh' 2, LineStyle' )
count=count+1;
end
end

output = onignal_image;
end
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Annex |1: Sample C# Methods

Column reconstruction

private void CreateDocument(int num_col)
{
//Create a word documents having ‘num_col’ colums
//num_col is a number of segmented colum blocks
try
{
//Create an instance for word app
Microsoft.Office. Interop.Word.Application winword = new Microsoft.Office.Interop.Word.Application();

//Set status for word application is to be visible or not.
winword.Visible = false;

//Create a missing variable for missing value
object missing = System.Reflection.Missing.Value;

//Create a new document
Microsoft.Office. Interop.Word.Document document = winword.Documents.Add(ref missing, ref missing,
ref missing, ref missing);

//calling colum creator method
//CreateCols(num_col, document);

document . PageSetup. TextColumns . SetCount (num_col);
/*

//Save the document
object filename = @"D:\temp\result.docx";
document.SaveAs(ref filename);

MessageBox. Show("Document created successfully !");

Microsoft.Office. Interop.Word.Application ap = new Microsoft.Office.Interop.Word.Application();
document.Close(ref missing, ref missing, ref missing);

document = null;

winword.Quit(ref missing, ref missing, ref missing);

winword = null;

}
catch (Exception ex)
{
MessageBox. Show(ex.Message) ;
}

}
Read and prepar e recognized texts

private void button13 Click 1(object sender, EventArgs e)
{
//read the result and identify them using their name
string result;
//read the created document
for(int i = 1; i<num col+l; i+)
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int num_para = ©;
var searchTerm = i+" P";
var searchDirectory = new DirectoryInfo(@"D:\result\");

var queryMatchingfFiles = from file in searchDirectory.GetFiles()
where file.Extension = ".txt"
where file.FullName.Contains(searchTerm)
select file.FullName;

foreach (var fileName in queryMatchingFiles)
{

}

num_parat;

for (int j = 1; j < num para+l; j+)

{
object xx = @D:\\result\" + i + " P" + j + ".txt";
result = File.ReadAllText(@"D:\\result\" + i + " P" + j + ".txt");
object filename = @'D:\\temp\result.docx";
writeWord (filename, result.ToString(), i, num para, j, num col);
}

Write recognized texts on specific column and paragraph blocks

private void writeWord(object filename, string result, int i, int num para, int j, int num_col)

{

//write the results on specified colum and paragraph blocks

Microsoft.Office. Interop.Word.Application word = new Microsoft.Office.Interop.Word.Application();
Microsoft.Office. Interop.Word.Document doc = new Microsoft.Office. Interop.Word.Document();

object missing = System.Reflection.Missing.Value;

word.Documents.Open(ref filename, ref missing, ref missing, ref missing, ref missing, ref missing, ref
missing, ref missing, ref missing, ref missing, ref missing, ref missing, ref missing, ref missing, ref
missing, ref missing);

word.ActiveDocument .Characters.Last.Select();
word. Selection.Collapse();
word.Selection.Font.Size = 10;

int z = word.Selection.PageSetup. TextColums.Count;

var breakTypes = new[] { WdBreakType.wdColumBreak, WdBreakType.wdLineBreak};

if(i == 1 & j = num_para)

{
word.Selection. TypeText("\n");
word.Selection. TypeText(result);

}
if (j = numpara & i = 2z)
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{
}

else

{

word. Selection. InsertBreak(breakTypes[0]);

if (=1)
{

}

word.Selection. TypeText(result);

else

{
word. Selection. TypeText("\n");

word. Selection. TypeText(result);

}

word. ActiveDocument.Save() ;
word.Quit();
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