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OTTOMAN-TURKISH OPTICAL CHARACTER RECOGNITION
AND LATIN TRANSCRIPTION

ABSTRACT

There are numerous documents in Ottoman-Turkish on the archives or online
resources. Unfortunately these documents could not be understood by the people
who cannot read Ottoman-Turkish alphabet. Ottoman-Turkish optical character
recognition and Latin transcription could be the solution of this problem. In this
thesis, Tesseract optical character recognition engine is used in order to recognize
Ottoman-Turkish characters. Also, various methods are developed for the
transcription from Ottoman Turkish to Latin. Characters on some Ottoman-Turkish
images could not be recognized by optical character recognition methods. So,
Ottoman-Turkish keyboard was developed for writing unrecognized characters with
Ottoman-Turkish alphabet. Dictionary tables are used for transcription process. So
enrichment data in the dictionary tables will increase of transcription success. Thus,

an application was developed for enrichment data in the dictionary tables.

Keywords:  Optical Character Recognition (OCR), Tesseract, Transcription,

Ottoman Turkish, Latin, Regular Expression, Database



OSMANLI TURKCESI OPTiK KARAKTER TANIMA VE
LATINCE TRANSKRIPSIYONU

OZET

Arsivlerde veya cevrim i¢i kaynaklarda sayisiz Osmanlica belgeler vardir. Bu
belgeler maalesef Osmanlica okuyamayan kisiler tarafindan anlasilamamaktadir.
Osmanli Tiirkgesi optik karakter tanima ve Latince transkripsiyonu bu problemin
¢cozimu olabilir. Bu tezde Tesseract optik karakter tanima motoru Osmanlica
karakterleri tamimak igin kullanilmistir. Ayrica Osmanli Tiirkgesinden Latinceye
transkripsiyon igin ¢esitli metotlar gelistirilmistir. Bazi Osmanlica resimlerdeki
karakterler optik karakter tanima metotlar1 ile taninamamaktadir. Taninamayan bu
karakterleri Osmanlica alfabesi ile yazmak i¢in Osmanlica klavye gelistirilmistir.
Transkripsiyon islemi i¢in sozliik tablolar1 kullanilmaktadir. S6zIUk tablolarindaki
veriyi zenginlestirmek transkripsiyon basarisin1 artiracagindan dolayr sozlik

tablolarini gelistirmek i¢in bir uygulama gelistirilmistir.

Anahtar sozcukler: Optik Karakter Tanima, Tesseract, Transkripsiyon, Osmanlica

Tiirkcesi, Latince, Kurall1 ifadeler, Veritabani
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CHAPTER ONE

INTRODUCTION

There are numerous documents in the archives, which had been written with
Ottoman-Turkish Alphabet which is a version of Persian-Arabic Alphabet. These
documents include valuable information about various fields. But unfortunately these
documents could not be understood by those who could not read Ottoman-Turkish
Alphabet. Transcription from Ottoman Turkish alphabet to modern Turkish alphabet

is very helpful in case of to understand Ottoman-Turkish documents.

Figure 1.1 shows overall block diagram of Ottoman-Turkish optical character
recognition and Latin transcription. According to this Figure, firstly, Ottoman-
Turkish Text needs to extract from an Ottoman-Turkish image. Ottoman-Turkish
optical character recognition or retyping text by Ottoman Keyboard can be use in
order to extract the text from an Ottoman-Turkish image. After then, Latin text
converts by using some transcription operations in order to recognized words in the

text.
Based on what is covered above, this thesis is comprised of the following chapters.

Chapter 1 is an introduction about this thesis. Chapter 2 is briefly information of
Ottoman-Turkish Language; Chapter 3 is describing in detail optical character
recognition and practical examples on some pages. Chapter 4 presents the
implementation of transcription from Ottoman-Turkish to Latin-based Turkish and
practical examples on some Ottoman-Turkish texts. Chapter 5 is about Ottoman-
Turkish Keyboard in order to write with Ottoman-Turkish alphabet. Chapter 6 gives
the information about our database. Chapter 7 concludes the thesis and suggests

future work.


http://www2.zargan.com/tr/q/various-ceviri-nedir/various-turkce-ne-demek

CHARACTERS ON THE IMAGE
COULD BE REWRITEN BY
USING OTTOMAN KEYBOARD

OTTOMAN-TURKISH OPTICAL
CHARACTER RECOGNATION
WITH TESSERACT

v

INCORRECT RECOGNATION
CHARACTERS COULD BE
FIXED BY USING OTTOMAN
KEYBOARD

PREPROCESSING

T — ONE TO ONE TRANSCRIPTION
OneZOone
Table
TRANSCRIPTION USING REGULAR ModernTurkishDictionary
EXPRESSIONS —

OldTurkishDictionary

Figure 1.1 Overall block diagram of Ottoman - Turkish optical character recognition and Latin

1.1.

Related Works;

transcription

There are many works on optical character recognition. Most of these works are

generally focused character recognition for Latin or Arabic. Studies of optical

character recognition for Urdu, Persian or Arabic languages could also benefit in



order to recognize characters on Ottoman-Turkish images, because Ottoman-Turkish
letters are same or similar in the Urdu, Arabic and Persian Letters.

Works of character recognition on the Ottoman-Turkish images have recently
increased in the literature. Oztlrk et al. (2000) [1] are development a program using
supervised feedforward neural network with backpropagation for the character
recognition of Ottoman-Turkish. Kurt et al. (2009) [2] presents a Linear Discriminant
Analysis based automatic Ottoman Alphabet Character Recognition System. Onat et
al. (2006) [3] developed a system by using Hidden Markov Model (HMM)
techniques for Ottoman script recognition. Another work is that Content-Based
Retrieval (CBR) System for Ottoman Archives [4]. In this study, “the symbols
extracted from the documents are matched with the most similar one in the symbol
library, which is created in a supervised manner” (p.1). Basar et al. (2007) [5] have
recognized Ottoman characters using Artificial Neural Network (ANN). They
pointed out “The system has achieved 85.5% classification accuracy” (p.4). Ataer
and Duygulu (2007) [6] proposed a method for retrieval of Ottoman documents
without requiring character recognition. Yalniz (2008) [7] propose context-sensitive
segmentation and recognition method for connected letters in Ottoman script is
proposed. Also Yalniz et al. (2009) [8] investigated several methods for character
segmentation and recognition stages for printed and handwritten historical

documents.

There are few works on transcription from Ottoman-Turkish language to the Latin.
Andrews et al. (2010) [9] developed a system for Latin based transcription from
Ottoman-Turkish texts.

1.2.  Aim of the Work

The main goal of this thesis is characters recognition Ottoman-Turkish images and
then the Latin-based Turkish transcription from ottoman documents. In this way,
Ottoman-Turkish documents could be automatically converted into the Latin-based
documents. In this manner, people can easily understand these converted documents
with the Latin alphabet. Firstly, optical character recognition (OCR) with Tesseract

Engine could be used to extract characters from an image that is written Ottoman-



Turkish Alphabet. Also Ottoman-Turkish text could be rewritten by Ottoman-Turkish
keyboard. Ottoman-Turkish text could be transcribed to Latin-based Turkish by

different approaches after handling Ottoman-Turkish text.



CHAPTER TWO

BASIC INFORMATION ABOUT THE OTTOMAN-
TURKISH LANGUAGE

“The Ottoman-Turkish Language was used in Ottoman Empire. The Ottoman-
Turkish vocabulary generally consists of one of native Turkish, Arabic and Persian
words. Persian and Arabic highly influenced Ottoman-Turkish Language. In the 17"
and 18" centuries, Persian and Arabic vocabulary amounted for up to 88% of its

vocabulary”. [10]

“The letters of the Ottoman-Turkish Alphabet are 32 in number, and consist of 28
Avrabic letters together with some which the Persians have added (¢ < z 3).
Ottoman-Turkish Language reads and writes from right to left. Capital letters are

unknown”. [11]

Generally, vowels letters are I, s, s, o but “5, s, »” letters could also be consonant
letters. It is depended the position of letter in the word. The letters of the Ottoman-
Turkish alphabet divided into two parts. These are connected and unconnected
letters. The connected letters are also known as cursive letter. These letters’ shapes
are different form according to the position of word. The unconnected letters are also
known as isolated letters. The unconnected letters never joined to other letters. Table

2.1 and Table 2.2 show the letters and numbers.

Orthographic signs could be used in the some words. These signs are changed the
transcription and the pronunciation of the words. These are also known "hareke".
These signs are Ustun, Esre, Otre, Jezma, Shedda, Medda and Nunation. Ustun is
marked with the sign (::) and put over the letters. The pronounced of Ustun is "e" or
"a". Esre is marked with the sign (::) and put under the letters. The pronounced of
Esre is "i" or "1". Otre is marked with (<*) and put over the letters. The pronounced of
Otre is "u" or "U". Jezma sign is (:*) and put over the letters. The pronounced of
Jezma is connected two consonant with a vowel letter. Shedda sign is (<) and put

over the letters. The letter with Shedda is to be doubled without the interposition of a



=, ) and put

over or under the letters. The pronounced of Nunation is "en, "in" or "in".

Table 2.1 Ottoman-Turkish alphabet.

Isolated Final Medial Initial Modern Turkish Name Name
f L — Elif Alif
- e = - Be Baa
< L + = Pe Pe
& Cu - = Te Taa
& ¢ A - Se Thaa
z = -~ 2 Cim Jeem
(d & = <2 Cim Chim
d o - - Ha Haa
d & A A Hi KHaa
) A — Dal Daal
3 kY — Zel Dhal




Table 2.1 (Continued) Ottoman-Turkish alphabet.

Isolated Final Medial Initial Modern Turkish Name Name

J - — Ri1 Raa
J > — Ze Zaa
35 5 — Je Zhe
o o — s Sin Seen
o e i & Sin Sheen
) e - —a Sad Saad
A oA —a - Dad Dhad
h L BeY 87 T1 Tta
5] oY BEY %) Z1 Dha
d & = = Ay Ain
4 & - < Gaym Ghain
< s 4 A Fe Faa
é G A 2] Kaf Qaf
4 d < < Kef Kaaf




Table 2.1 (Continued) Ottoman-Turkish alphabet.

Isolated Final Medial Initial Modern Turkish Name Name

S S X = Gef Geef
J & ~ - Lam Laam
A ~ - - Mim Meem
3 & = = Nun Noon
3 X3 — Vav Waaw
° a -+ Y He Haa
s - - - Ye Yaa

Table 2.2 Ottoman-Turkish numerals.

Numerals Numbers Ottoman-Turkish Modern Name
Name Turkish Name
. 0 Ha Sifir Zero
\ 1 Y Bir One
\ 2 oS Iki Two
v 3 &9 Uc Three
3 4 & Dort Four




Table 2.2 (Continued) Ottoman-Turkish numerals.

Numerals Numbers Ottoman-Turkish Modern Name
Name Turkish Name

o 5 Ol Bes Five
1 6 S Altt Six
v 7 L Yedi Seven
A 8 S Sekiz Eight
4 9 Jgdh Dokuz Nine
) 10 Q) On Ten

The grammar of Ottoman-Turkish Language is similar to the grammar of modern

Turkish.
For instance;

Ottoman — Turkish:

i) oS il !

\erb Adverb Subject
Turkish in Turkey:

Agac yas iken egilir

Subject Adverb Verb



CHAPTER THREE

OPTICAL CHARACTER RECOGNATION

Optical character recognition (OCR) is the process of converting scanned images into
machine readable character streams, plain (e.g. text files) or formatted (e.g. HTML

files). OCR is a successful branch of Pattern Recognition. [12]

Type of OCR could be Offline or Online, Printed or Handwritten, Isolated or
Cursive, Single font or Omni-font. The General OCR Process is image acquisition,
pre-processing, segmentation, feature extraction and classification & recognition.
[13].

For instance,

Figure 3.1 Sample an Ottoman-Turkish image

For this image, the correct result must be as below, after OCR process runs.

b oY Gaad saalsS S, 580 @

?J"J‘SM LQJJ.JJ A.J‘Jé u:'::l]
JlasS g Jss2¥,ly 034 5,554

pod s w3l L) gdN) L LA
3.1. The Need of Ottoman-Turkish OCR

Ottoman-Turkish was widely used in the Ottoman territories over three continents

during Ottoman Empire. Archives and online resources include documents with

10



ottoman-Turkish Alphabet. Some of online resources are Turkish Grand National
Assembly Library and Documentation Center webpage [14], Turkey Ministry of
Culture and Tourism webpage (15) and Farabi Digital Library [16]. These Ottoman-

Turkish documents contain invaluable information about various fields.
3.2. OCR Engines

Many OCR Engines could be made use of optical character recognition. For Arabic
language, some commercial OCR products are ABBYY FineReader, OmniPage
Professional, Readiris Pro and Sakhr software. Modawi (2005) [17] shows the
comparison of some Arabic OCR software products. The following figure and table

show the performances of OCR for commercial Arabic software products.

accuracy %

96

94

92

90

88

86 —
84 e
82 .

Readiris Sakhr OmniPage

Figure 3.2 Character accuracy for Arabic packages [17]

Table 3.1 Character accuracy for Arabic packages [17].

Package Accuracy %
Readiris 8 94.39
sakhr reader 3.01 90.33
omniPage 2.0 86.89

Tesseract, GOCR and OCRopus are an open source OCR projects. Tesseract only
supports Arabic language of these and also the uses most widely open source OCR

tool. So in this study, Tesseract software is benefited for recognition of Ottoman-

11



Turkish characters. Also Helinski et al. (2012) show comparison Tesseract and

ABBYY FineReader tools [18] also give information about performance values.

3.3. Ottoman-Turkish Optical Character Recognition with

Tesseract

Ottoman-Turkish optical character recognition (OCR) is the recognition characters
with Ottoman-Turkish alphabet of input Ottoman-Turkish images. Tesseract has

been improved an open source project since 2006 and written in C and C++.

Tesseract engine has a lot of methods and algorithms. Some of them are layout
analysis, line and word finding, word recognition, static character classifier, adaptive
classifier. Tesseract architecture and its methods and algorithms are discussed in
researches [19-24]. Tesseract architecture and block level diagram could also see in
the Figure 3.3.

Ut Training Data Generation Test Data Processing
Input: Gray or Color Image
[+ Regmn POlngnS] \ Adap"ve Smart Hindi Database Selection Shirorekha (‘hopmng Based
Thresholdlng — . Preprocessing
Binary Image
s
Find Text Outlines Connected
—  Lines and Cgmpgngm Character se{ file generation
1 Skew Detection and Correction
Words Analysis —
Character
. Character Segmentation
Oues
Organized Matghing
Into Words Clustering
- -
Recogmle Recogmze Dictionary Data Preparation
Word Word Result Generation
Pass 1 Pass 2 Post Processing Ambiguity
Reggal Recognizing the Test Image
Training Data Compaction
(a) (b)

Figure 3.3 a) Tesseract architecture [23], b) Block level diagram [24]

12



Tesseract is used Leptonica [25] library. This library is an image processing library
for image processing operations. Tesseract is internally used this library before doing
actual optical character recognition. Leptonica library does image processing

operations like binarization, noise removing, skew and orientation detection etc.

Tesseract could recognize Arabic images after Tesseract version 3. Tesseract version
3 Engine with Arabic language dataset could be utilized for recognition Ottoman-
Turkish characters. Arabic language dataset could be suitable for Ottoman
documents, because Ottoman-Turkish letters consist of 28 Arabic letters. Ottoman

and Arabic scripts have many common characteristics.

There are three main problems for optical character recognition (OCR) on Ottoman-
Turkish images with Tesseract. First problem is that Arabic dataset is not suitable for
4 Persian letters. For instance, z letter is generally recognized z letter. Second
problem is that the performance of optical character recognition (OCR) is directly
dependent on quality of input documents. Last problem is that handwriting and

Ottoman calligraphy affect the performance of optical character recognition (OCR).

3.4. Document Image Enhancement Techniques before the

Optical Character Recognition

Some image enhancement techniques could be used before optical character
recognition. Also these techniques could improve reading performance. Although
Tesseract does most of this image processing operation internally, these operations
could be benefited before optical character recognition operation. These operations
are skew correction, image processing operations and historical document restoration

and enhancement.
3.4.1. Skew Correction

Skew correction can be done before optical character recognition. For the skew
correction for an image, skew angle is firstly determined using Hough Transform and
then the image is rotate accordingly. Hough transform is a feature extraction

technique used in image analysis, computer vision and digital image processing [26].

13



It is commonly used for solution to difference problems that are object, line and
circle detection, skew correction etc. More detail about Hough Transform can be
found in [27, 28]. In the Figure 3.4 shows an example of skew correction on

Ottoman-Turkish page. For this page, skew angle is -4.77 degrees.

g 140 i g e i g 1 Mg oy

EJ

Figure 3.4 Skew correction on Ottoman-Turkish page

3.4.2. Simple Image Processing Operations

Image processing operations could be used before the recognition. These are
brightness, contrast, grayscale, monochrome, invert, sharpen filter, smooth filter. The
performance of optical character recognition could be small change but generally
does not affect optical character results after using these operations. Also the results
of the recognition could be negatively impacted by these operations. In Figure 3.5

shows the results of these operations on a sample Ottoman-Turkish image.

14
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Figure 3.5 a) Sample original Ottoman-Turkish image, b) Grayscale image, ¢) Monochrome image,

d)Inverted image, e) Sharpening filter on an image f) Smoothing filter on an image

3.4.3. Document Image Restoration and Enhancement

Many methods have implemented for image restoration and enhancement.
Imagemagick library [29] methods are very useful library for document image
restoration and enhancement. Some examples results are shown in Figure 3.6 and

Figure 3.7 by using Imagemagick Library methods.

15
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Figure 3.6 a) Sample original Ottoman-Turkish image, b) Grayscale image, c) Normalization using
Imagemagick library, d) Adaptive blur with value 50 using Imagemagick library
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Figure 3.7 a) Sample original Ottoman-Turkish image, b) Monochrome + adaptive-blur with value

50 using Imagemagick library
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3.5. Ottoman-Turkish Character Recognition on the First Two
Pages of the Nutuk

The Nutuk was a speech delivered by Mustafa Kemal Ataturk. Mustafa Kemal
Ataturk was a revolutionary who helped establish the Republic of Turkey. He was
Turkey's first president, and his reforms modernized the country. The Nutuks' first
and second pages are applied to optical character recognition for Ottoman-Turkish.
The first page of the Nutuk shows in the Figure 3.8.

Figure 3.8 First page of the Nutuk
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The result of optical character recognition for this page with Tesseract V3 shows in

the appendix A. Also the following text is the ocr result for two lines.

Gaaudy + addga migmala s198adal digla (ugdm
gyadg) Golra sdiagad cua g ys u.'\,g.\.a'lj,g dii.\!cé.’aﬁ‘g.\ u.l.'al.a'

The correct result must be for this part as follows:
Ggasdg + addga Addgmalia  LdgS Gad VY diagla e Adw VY YO
daagas oylaia g ¢

Gialgl Golia sdiagas qua Qg f Lagadlgs JANY didlga Llilads

For these sentences, the green characters have been recognized correctly but the red

characters have not been recognized after optical character recognition operation. For

instance, Y¥¥e is not recognized after optical character recognition operation.

éi.ala word is correctly recognized word.

For this page, the total number of characters is 958. The number of correctly founded
characters is 727 and incorrectly founded characters are 231. According to these
results recognition rate is 75.88%. The appendix A is shown correct and incorrect

recognized characters in more detail.

The second page of the Nutuk shows in the Figure 3.9.
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Figure 3.9 Second page of the Nutuk
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The result of optical character recognition for this page with Tesseract V3 shows in
the appendix B. Also the following text is the ocr result for two lines.

Jal ugad ¢ el ¢ 8 Anilabupd jualis o said )k o AiSlaa ¢ 4daa Gadje
oSy Jlue Wijua ddaSga ¢ Jg) o) e dadga ¢ Adlaada) Oaal digjlaualag

The correct result must be for this part as follows:

Jal uagai ¢ Lo o G8A Alhiapd jualis , saibyh ja diSlaa ¢ ABLy (35

saa0d) (o8 b Cijua AduwaSsa ¢ Jo) O U didgd ¢ Addlaada) (aali diylaadag

In this text, the green characters have also been recognized correctly and the red

characters have not been recognized after optical character recognition operation. For

instance, “s” character is not recognized in the “(2:5.” word. Others characters in

this word are recognized correctly.

For this page, the total number of characters is 1804 for the Nutuk’s second page.
The number of correctly recognized characters is 1396 and the number of incorrectly
recognized characters is 409. According to these results recognition rate is 77.38%
for this page. The appendix B is shown correct and incorrect recognized characters in

more detail.
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CHAPTER FOUR

TRANSCRIPTION

“Transcription records or represents the sound or pronunciation of words in one

alphabet using the letters of another alphabet” [28]. For Instance;

“am 4gdS @ailag agyaaly”

The transcription of the this text is “Yildirim Beyazit Kulliyesi”

Transliteration is simply converts the letters of one alphabet to those of another
alphabet [28].

The transliteration of the above text is “yldirim byazit klyesi”

Ottoman Text Archive Project (OTAP) [28], have worked about transcription
techniques since 2002. This group works to order to an implementation of

transcription systems.
4.1. Transcription Phases

There are three main phases for transcription operation. First phase is preprocessing
operation. Second phase is used one to one transcription method. Third phase is

transcription using regular expressions method.
4.1.1. Preprocessing Operation

In this phase, the Ottoman words are arranged before the transcription. Firstly, some
special signs or characters remove from words. These signs are Ustun (=), Esre (=),
Otre (<), Jezma (), Shedda (<), Medda () signs. Also, (-) character removes from
the words. This character also known as Arabic Tatweel character. For example,
" " word includes - character. Before transcription these characters are removed

from words. Other removed characters are bidirectional control characters. These
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characters behave like a letter in a right to left or left to right script. These characters

are also invisible characters.

Secondly, one of suffixes in table 4.1 is combined with the root word, if the suffix is

unconnected with the root word.

Table 4.1 Suffixes.

S| A e
S|4 %
dy | o] da

C):u.u o9 ol

g | OY &

Lastly, “o" character is appending for Nunation (&, &, ¢) signs before the database

operations.
4.1.2. One To One Transcription Method

The Ottoman word is queried from the database table. If the Ottoman word and its
Latin equivalent exist in database, transcription operation is successfully finished.
This method is simple and correction ratio is high. But, if the Latin equivalent of
Ottoman word does not exist in the database table, One to one transcription method

is ineffective.
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One20ne table is used for this method. 65391 ottoman words and Latin equivalents
exist in this table in the present. Figure 4.1 shows the one to one transcription method
diagram.

Figure 4.1 Diagram of one to one transcription method

4.1.2.1. Transcription Operation on the First Quatrain of Turkish National

Anthem by One to One Transcription Method

Transcription is 100% successful for Turkish National Anthem because each of
Ottoman-Turkish words and its Latin equivalents already contain in the One2one
table.

Figure 4.2 shows result of the transcription result; According to this figure, the first
quatrain of Turkish national anthem is in the text area with Ottoman-Turkish
alphabet. After one2one button clicked, the table occurred in the figure. This table
includes each of Ottoman-Turkish words, the Latin equivalent of the Ottoman-
Turkish word and method name.
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" Ottoman Transcription - YBU A ;1

Transeription || One20ne | Regex

db"l’o "” Uy UJM § g ln.9J9.9 ’.nj)}j o korkma o One20ne -
dbjl J}o Il 1Y olu.w_gl .fch)y Udaigu | ipw sonmez One20ne
dbwél"ﬂ’)’ﬂ“ doilo pu 3' y bu One20ne
'jb"‘ J"SA'.J'” p 9| Jhay 3| o3 léiid safaklarda One20ne
Ui yuzen 0One20ne
J al OneZ0ne
gl sancak One20ne
|l sonmeden One20ne
oy yurdumun One0ne
odiguwy! Ustinde One20ne
e tiiten One20ne
J en One20ne
Clyo son One20ne
J'L?;l ocak OneZOne
ol 0 One20ne
o benim One20ne
Glailo milletimin One20ne
oy yildizdir One20ne
gbblu parlayacak One0ne
ol 0 One2One
Hab benimdir One20ne
ol 0 One20ne
] benim One20ne
Hfaila milletimindir One20ne
ol ancak One20ne

Figure 4.2 Turkish national anthem's first quatrain with Ottoman-Turkish and transcription

4.1.3. Transcription using Regular Expressions Method

In this phase, firstly the last form of convenient regular expressions [RE] is created
for Ottoman-Turkish word. Then the Latin word is tried to find from the modern
ModernTurkishDictionary table by last form of convenient regular expressions.
Currently, ModernTurkishDictionary table contains 1,146,560 modern Turkish-Latin
words. This table is populated by using Zemberek Natural Language Processing
Project’s words [29]. If the word is not found in the ModernTurkishDictionary table,
at this time, the word is tried to find OldTurkishDictionary Table. This table includes
the old Turkish words which is not haven in modern Turkish-Latin table. Figure 4.3

shows the transcription using regular expressions method diagram.
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http://www2.zargan.com/tr/q/convenient-ceviri-nedir/convenient-turkce-ne-demek

THE OTTOMAN-TURKISH WORD

THE LAST FORM OF CREATING
CONVENIENT REGULAR EXPRESSIONS

QUERYING FROM
MODERNTURKISHDICTIONARY

TABLE
NOT FOUND IN
MODERNTURKISHDICTIONARY
TABLE,
QUERYING FROM
OLDTURKISHDICTIONARY TABLE
Yy
THE LATIN WORD/WORDS |-=

Figure 4.3 Diagram of transcription using regular expressions method

4.1.3.1. Creating Convenient Regular Expressions

Regular expressions for each the Ottoman-Turkish word is generated according to
the following regular expression generating rules tables. One of these tables is used
for each letters in the word.  Firstly, table 4.2 is used. If convenient sequential
letter/letters do not exist, table 4.3 is used. If not, table 4.4 is used for generating
regular expressions. Furthermore, (alefi]ijuliio|6||) expression is inserted between
consonant letters, except from ¢, ¢, <, s, 5, 1, I, I, o, 5 letters. Because a vowel letter

generally exists between two sequential consonants letters for transaction operation.
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Table 4.2 Regular expression generating rules 1.

LOCATION LETTERS RE

The first three letters s9) oy|0y|uyluy
The first two letters | siors! | avievlo|o|u|u
The first letter | alelilo
The first letter 3 %
The first letter 0 h
The first letter S y
The first letter 0] y
The last three letters ghla das|tas

The last three letters ey nci|ncinciijncu
The last three letters (-l msi|jms1
The last three letters dosa msajmse
The last two letters “ yalye

The last two letters G mak

The last two letters e mek|jmin
The last two letters 4 lella
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Table 4.2 (continued) Regular expression generating rules 1.

LOCATION LETTERS RE
The last two letters o Lifla[lu|ld
The last two letters S Ki
The last two letters S siz|s1z|suz|siiz
The last two letters <l lik|lik[luk|lik
The last two letters od de|dalte|ta
The last two letters s den|dan|ten|tan
The last two letters A lar|ler
The last two letters - ci|ci|culcii|¢1|¢i|culcii
The last two letters “a ce|calcelca
The last letter 0 (alelif1ifh)
The last letter ] ijifuli
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Table 4.3 Regular expression generating rules 2.

LETTERS | RE | LETTERS RE

3= yolyo d alag
e iye ! elifayley
¥ lay ¢ elifayley
X uglog 59 elvelvh

L ya & yulyii|yolyd|ivitv
$9 vly 3 avlev|o|6|ull
338 v 3 avlev|o|d|ui
« y 4 ale

F) vjva 4 yelya

& olu b la|l1

[ a ¢ alag
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Table 4.4 Regular expression generating rules 3.

LETTER RE | LETTER RE LETTER RE

< b|p ol djz ] ylelifijuli
& t b t ¢ yleft|iju]ii
& s h z & ylel|ifulii
@ p o f ¢ ylefifult
d cle it klg|g d alo|S[uu]i]
d ¢ J | s il

c h ¢ m ¢ glglklalo
e | nh o n & | Kelgin
S| alo & | Kegn
oz a < | Kl
9 r | alefo < klg|g|n
J z ! i ] $

J j ) vlultijo[o|1fi 0 aleliijh
o S 3 vluliijo|6)1]i
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For instance, "43liwse" word is an Ottoman-Turkish word and Latin equivalent is

Mustafa. For this word, the last form of creating convenient regular expressions is as

below;
“(m)(v|ultifo[6[1[i)(alefi[i[uli|o]d])(s)(ale[tli|ultlo|6][)(t)(alo)(alef[i[ufi|o[d|)()(alefili/h)”

The Figure 4.4 shows how the last form of creating convenient regular expressions is

generated by using rules tables in details.

4 5 | $

A A
A
A M A A M
- — — T —_— —\_ S | | — _— - — 1
= = vos
= 2 2
i) 2 @) EC (aeih)
R | :
g S N

These reqular
expressions are

of consonant letter

|
)
I
)
I
-l
)
)
I
I

Figure 4.4 Detailed generating regular expression using rules tables for each letter
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The regular expression of each of Ottoman-Turkish letters is as below for this word:
“¢”— (m)
“5” — (v|uliilo|of1]1)
o (9)
= ()
“” = (alo)
“ > (f)
" (ela)

Additionally, “(ale|i/i|u]iijo|d||)” expression is inserted between the consonant letters.

Another example:

“Ylag)” word translates “oyala”. For this word, regular expression is generated as
below;
(oyloy[uylity)(ale|tfijufi|o[6][)(a)(aleft]iufi]o|6||)(1a[l1)

(oy|Oy|uylily) expression is generated that because of first two letters are “ws" as
shown in Table 4.2. (lajl1) expression is generated that because of last letter are “Y"

as shown in Table 4.3.
4.1.3.2. Look at Modern Turkish-Latin Table

All records are scanned in the ModernTurkishDictionary by the last form of the
created regular expressions. If convenient Turkish-Latin word/words find,

transcription operation is successfully finished. For instance, the select query in the

Figure 4.5 runs for “4é\iw g4 word.
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Query - OttonanDB on postgres@localhost: 5432 *
File Edit Query Favourites Macros View Help
EHIABEO A/ LD RkiED %DOttomDB on postgres(@localhost:

<

| SQL Bt Gptcl Qe Buler

-

Previous queries v

Delete

Delete All

SELECT turkeelatin FRON NoderaTurkishoictionary{ere turkcelatin sinilar to
0] 1v]ofofo e[ ufGofe] ) sfe[uufGof] e flefoffofGlofo[ 1 alfle[afufelofol )7 lefofefulofolefar

Output pane

JData Output{Explain {Mﬁsagts [History ‘

-

0, i 1, Gl 0.

‘1 TOW,

s

Figure 4.5 The query for 43w word

4.1.3.3. Transcription Operation on the Third Quatrain of Turkish National

Anthem by Transcription Using Regular Expressions Method

Transcription with regular expressions on the third quatrain of Turkish national

anthem shows in the Figure 4.6.

" Ottoman Transcription - YBU

Tisnscrption | [Lonsaone | [Lhsaes.]
el e el s> a0l o) e [ban, bun, pin, bon, bin, ben] S eoes

el guaazles sumi) 0 puslz oSS 7)) (azaltan, azilden, azleden, ezeliden, izleten, ezelden] regex

bl JiSez e S J“",J‘“"“)SSS s \tbandir, bireydir, bireyidir, biridir, borudur, burudur, paryadir, peridir, piredir, piridir, beridir] regex

oLl plozuo o luSSl s lelo o U0 = thar, bir, hor, har, her] regex

oLl ltyasatim, yasadim] Iregex

L= {thar, hir, hor, har, her] Iregex

Lol \yasanm] Iregex

N hainine, hainini, haneke, hanene, haneni, hanini, hanine, hanéna, hangil regex

Osilosg [caylagin, cayligin, celigin, cilegin, celgin, cilgin] regex

sy \baka, beka, bina, boka, buna, pena, baga, boga, buka, biga, bana] Iregex

|axy \[zencir, zincir] regex

) tvaracakmis, vuracakmis] regex

Lol \sasanim] Iregex

itas,S5ss tkakremis) regex

o rsol, sal, sel, sil] Iregex

Joscsss \[gabiyim, gebeyim, kabayim, kapayim, kapiyim, kopayim, kiplyam, gibiyim] Iregex

ooy tbendime, bendimi] Iregex

LS [cekinir, cigner] regex

Lol \rasarm] Iregex

olru \[yirtanm] Iregex

s Léls [tdalan, dualan, talan, daglan] Iregex

oy LiuSl lrenginiere] Iregex

plasio e , sig K sikmam, sig regex

ool \rtasanmj] Iregex

Figure 4.6 Transcription using regular expressions on the third quatrain of Turkish national anthem
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The third quatrain of Turkish national anthem is in the text area with Ottoman-
Turkish Alphabet. After regex button clicked, the table occurred in the Figure. This
table contains each of Ottoman-Turkish words, the Latin equivalent of the Ottoman-
Turkish word and method name. According to this figure, the following words' Latin
transcription is found correctly, but incorrect words are found beside the correct

word.

v Ghadaliss s omad), K, Geddaa, S3, aaldly, e, a0, O

alarya , gl JiSaa, sanddy paal , Juw

For instance, "s_4eW" is correctly transcription of “daglari”. But “dalar”, “dualar1”,

“talar1” are incorrect transcription of this word.
The following words' Latin transcription is found accurately,
aoldily , ajlald , GhaaysesS aplal , aplipes , opdinsd) , ajlélh

4.2.  Comparison of One To One Transcription and Transcription

Using Regular Expressions

o One to one Transcription method is simple, Transcription using regular

expressions method is more complex,

o One to one transcription method is more successful than transcription

using regular expressions method.

o If the Latin equivalent of Ottoman word does not exist in the One20ne

Table, One to one transcription method is ineffective.

o Transcription using regular expressions method is feasible for all ottoman

words. But one to one transcription method is not feasible.

o Transcription using regular expressions method could be found incorrect

words.
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o The success rate of transcription using regular expressions method
depends on the length of Ottoman words. If the length of word increases,

then the success rate of transcription. also increases.

Because of above reasons, one to one transcription method primarily is used when
transcription operation is done. If transcription is not success, then transcription
using regular expressions method is used. In transcription using regular expressions
method, firstly, modern-Turkish table is used, If the Latin record is not exist in

modern-Turkish table, old-Turkish table is used for transcription.
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CHAPTER FIVE

OTTOMAN-TURKISH KEYBOARD

Handwriting or most of calligraphic Ottoman documents are not recognized with
optical character recognition techniques. So, Ottoman-Turkish Keyboard is designed
for writing for these kinds of documents. Wrongly words or characters could also be
edited after optical character recognition process through this keyboard. Ottoman-
Turkish Keyboard is shown in the Figure 5.1. Ottoman Text could be written with

keyboard action and bottom buttons using this keyboard.

Edit Ottoman-Turkish o |

Transcription ‘ | Clear Writing Area

\ Y[ Y|LE| O V||V IAAQ

e ] Loed LW bod el L Led Lod Lol e Led LS
Ellov 2] l<2lldlleliilldd]lomle

3 : - U P y 2
ol bl ot o o o o o o T L L

Figure 5.1 Ottoman-Turkish Keyboard

=
=
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5.1. The Transcription of an Inscription Using the Ottoman-
Turkish Keyboard

The Figure 5.2 shows an inscription with Ottoman-Turkish alphabet. This inscription

was used Sultan Ahmet Prison until 1970.

Figure 5.2 An Ottoman Inscription

The transcription of this inscription is “Dersaadet Cinayet Tevkifhanesi”. Ottoman-
Turkish Keyboard could be used in order to write this inscription. Only letters have
written, the other orthographic signs haven't written for transaction of this

inscription.

Lol e Jle JLe Lo ][ ][alla)
L b LU ] bee s 2] Lol O e L& S
elloe]lalleoflollells]lglld] we]le]
sl xXlellslello/lely ][]

o L Lo ) s el T 1 o L ) L W L Ll

Figure 5.3 The writing of the inscription with Ottoman-Turkish Alphabet
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wil

Transcription of this inscription shows in figure 5.4, "@alaw ™ and " wiladd s

words are found successfully. But cinayet, ¢enet and ciineyt are found for “calia”

word. “cinayet” is correct transcription of this word. “genet” and “cilineyt” is

incorrect transcription of word.

' Ottoman Transcription - YBU -9

‘ Transcription H One20ne H Regex ‘

dooz o L. ) : Ottoman Word Latin Transcription Mathod

I I.z.n_‘)_g.: L"UL" UJLWJJ {Cnleay) dersaadet One20ne
Culis [cinayet, ¢enet, cineyt] regexModernDic
j] Lg.wb\ﬂy [tevkifhanesi] regexModemnDic

Figure 5.4 Transcription of the inscription
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5.2. The Transcription of an Ottoman Tombstone Using the
Ottoman-Turkish Keyboard

The following Ottoman tombstone have used with the purpose of transcription.

pp—y ]
i
F—

~ v s _

Figure 5.5 Ottoman tombstone

The transcription of this Ottoman tombstone is “Sultan Mehmed Resad Han Hamis
Hazretlerinin Torunu Sehzade Omer Hilmi Efendinin Kerimesi Emine Makbule
Sultan Aleyhissan Hazretlerinin Ruhigtn Elfatiha Veledati: 23-8-1911 \efat: 21-5-
1995”. Ottoman-Turkish Keyboard could be used in order to write this Ottoman
tombstone. The writing of the tombstone with used Ottoman-Turkish Keyboard is
shown in the Figure 5.6.
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SWlon

olz L, do=o U=l
ool g (o

oUalw alises aisel

DS b e oladl adce

axslall Oe=azo,

YAVY-A-YY 1 olaadVg

YQAQ0-0-¥) : oloeg

L L] e e Led o] ] v lAllal]

L loe Mo ]le lelle/lel[ollw] ] S
e Lo ladlesl o] lel ol g ) L] lon]lel

lad )X lellal ] lollel M]3
L L s L b L L L L ) L L L2 T L

Figure 5.6 The writing of the Ottoman tombstone with Ottoman-Turkish alphabet

The transcription of this Ottoman tombstone is shown in Table 5.1. According to this

table, the following words' Latin transcription is found accurately.

" " &0

J-ﬁ; ,”DJU-@-J&" ,"uu.nl&" ’uotsu ,"JLA-HJ ,HA.‘AAH ,”Olhiﬁﬂ" ,"dl-.\jt’h"
,u‘gu ,n*u ,ngh‘h:y\s n ,”163133‘" ,"039.,353)" ,”Ol.ﬂij‘" ,"4.1319" ,nolhj“n’ "OS:\JA.A‘",
n\n ’Ilolv ’w\u ’w*n ’wgblé‘sn ’II\IV ’II\H ’nqu ’n\u ’HAIV’HQH, nqll’u%u

The following words' Latin transcription could be found correctly, but incorrect

words have found beside the correct word.

o 9 ¢

S b g 9, pad A gt 487 Adpa ) CAdaid” | S AT b

For instance, .- 9&" is correctly transcription of “torunu”. But "dairini",

"davarmi1", "devrine", "devrini", "durunu", "duvarini", "tavrin1", "teorine", "teorini",
"tordne™, "torand"”, "turunu®, “tlrevine", "tlrevini®, "tlrine", "tlrinu" are wrongly

transcription of this word.
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Table 5.1 Transcription of the tombstone.

Gl g Huve'l-baki One20ne
Oldala sultan One20ne
aaa Mehmed One20ne
3 resad One20ne
OB han One20ne
ol [hamis] regexOldDic
OS A [hazretlerinin, hidratlarnin] regexModernDic

HIush [dairini, davarini, devrine, devrini, durunu, duvarini, regexModernDic
tavrini, teorine, teorini, torunu, torine, torind,
turunu, tirevine, tirevini, tirdne, tlrinQ]

03] jgi sehzade One20ne
s Omer One20ne
JPNEN [halami, haleme, halemi, halimi, halime, halimi, regexModernDic

heleme, helme, hilim1, hilmi]

O [efendinin] regexModernDic

g S [giremese, goremese, kerimesi, korumasi, kremasi, regexModernDic
kurumasi, kiiremesi, Kirlimesi]

4isa) [amine, amiyane, emene, emine, imine] regexModernDic
alida [makable, makbule, mukabele, mukbile] regexModernDic
Otbalu sultan One20ne
dle aleyhi One20ne
Q) -ssan One20ne
S A s [hazretlerinin, hidratlarinin] regexModernDic
BE- XS [ruhictin] regexOldDic
daslal elfatiha One20ne
ANy [veladeti] regexModernDic
: One20ne
\ 2 One20ne
Y 3 One20ne
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Table 5.1 (Continued) Transcription of the tombstone.

One20ne
One20ne
One20ne
One20ne
One20ne
One20ne
One20ne
Bl [vefati] regexModernDic

>
oo |1

(Ll Ll | Ko L

One20ne
One20ne
One20ne
One20ne
One20ne
One20ne
One20ne
One20ne
One20ne
One20ne

O[O |IO |l |1 (IO (I {IN |1 -
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CHAPTER SIX

DATABASE and SOFTWARE

This chapter explains the process of design and implementation of software and

database in this study.

6.1. Ottoman Optical Character Recognition and Transcription

Software

This software is developed in Eclipse platform. Eclipse platform is one of the famous
java integrated development environment. Also this software is implemented by java

language.

The graphical main user interface shows in the appendix C. An Ottoman-Turkish
images or documents can open in the image panel. Imagemagick library input values
could be adjusted in this GUI and also some image processing operations like
zooming or rotation image could be done by using this interface. In addition to, OCR
operation could be done by OCR button and the OCR result show in the right text

area.

Ottoman-Turkish Keyboard shows the appendix D. This keyboard already discuss in
the chapter five. Transcription tool also shows the appendix E. This tool could be
used to transcription from Ottoman-Turkish text to Latin text. If the table row in the
transcription frame clicks, enrichment database tool opens. This tool could also used
to enrich data in the database. The implemented classes show in the Figure 6.1.

43



<<Java Class>>
(® OttomanLatin
treduybucs

o row; int

o column; int

o otfoman: String

o latin; Set<Siring>

o yontem: int

o latinDB: SeteString>
o latinREL: SeteString>
o latinRE2: SeteString>
o lafinRE3: SeteString>
o lafinRE4: SeteSiring>
o lafinRES: Set<String>
o enlyguniar: Set<String=

& OttomanLatin()
@ getRow(
@ setRow(int)-void

@ getColumn():int

@ setColumn(int) void

@ getOttoman():String

@ setOttoman(String):void

@ getAlLatins():Set<String>

@ setAll_atins{Set<String>) void

@ toString():String

@ getLatinREL(): Set<Siring>

@ setlatinREL(Set<String=) void
@ getLatinRE2(): Set<Siring>

@ setlatinRE2(Set<String=) void
@ getlatinRE3(): SeteString>

@ setlatinRE3(Set<String=) void
& getLatinRE4(): SeteString>

@ setlatinRE4(Set<String=) void
@ getLatinRES(): Set<Siring>

@ setlatinRES(Set<String=) void
@ getLatinDB{):Set<St
@ setlatinDB(Set<String>):void
@ getEnLygunlar(): Set<String>

>

@ setEnUygunlar(Set<String=).void

<<Java Class>>»

(9 AddWordsDatabase
treduybu.cs

<<Java Class>>

(3 OttomanTranscriptionUtils
freduybucs

<<Java Class>>

(9 TranscriptionOp
treduybu.cs

<<Java Class>>

(9 Transcription
treduybucs

<<Java Class>>
(3 TranscriptionSingle
treduybucs

o contentPane: JPanel
o latinWord: JTextField

& AddWordsDatabase()
%Eaﬁnamuusamﬁm ing, String)

<<Java Class>>

@..r... Renderer

freduybucs

<<Java Class>>

Gethscode
freduybucs

& gethsciCode()

& TableRenderer()

5/DB_DRIVER: String
5 DB_CONNECTION: Strin

§DB_USER: String
% DB_PASSWORD: Strn

dbConnection: Connection
%_a_%mnm String

<<Java Class>>

Ogos%._.—mao:gs:masm
treduybucs

r.n

Py mnﬂaa_umﬁ_m_” JPanel
~olL
o wordHM: LinkedHashMap<String, ArrayList<String=>

%o:nq_mi ranscriptionFrame;String)

<<Java Class>>
(9 WritingFrame
freduybucs

o contentPane: JPanel

4 buttonsNumbers: JButton])
4 buttonsTop: JButton]]

4 buttonsCenter: JBution[]
4 buttonsBattom: JButton)
4 buttonsOthers: JButton]]

a btnClear: JBution

4 writingArea: JTextArea

o oerText: String

@ main(String):void
oos:_snrmamc
cns:_s%mamhmzsa

@ actionPerformed| ActionEvent):void

%SSEE%&.EESS

om:m_é”: ionCttomanScript{String)-ArrayList<OttomanL atin>
m?._a unlariBul{OttomanLatin):Set<String>
m?:%o:;m_.smn_.a_: String): Striny
%a_agmiman IkEKleriDizenle{ String):Sirin,
m?_a ununuBul{String, Set<String=). Set<Siring=>
%Sjﬁzm:c unCtiomen( String): Strin
mmanj:rs:w ing, Arrayliste3iring=):Set<String>
List<Siring=).Set<String>
%ag; ue3(String, ArrayListeString=): Set<Siring>
e techniqued{String, String) SeteString>

%—majj ues(String, 3iring): SeteSiring>
equiarExpression2(String)-ArrayList<String>

B Jak2(String, String): ArrayListSiring=
m?;omwnm__;%:mmr String Strin
_%35&6_55 String): Striny

ayList<Siring>

o contentPane: JPanel
o ottomanTextArea: JTextArea

o ottomonWordList: ArrayList<String>
DB _DRIVER: Sting

<SdbConnection: Connection
o table: JTable
o model: DefautTableModel

o contentPane: JPanel

o table: JTable

o scrolPane_L: JSerollPane
% DB_DRIVER: Sting
§"DB_CONNECTION: Strin

%/ DB_USER: String

adbConnection: Connetion

o contentPane: JPanel

o table: JTable

o serollPane_1: JScrallPane
% DB_DRIVER: Strin

% DB_USER: String
% DB_PASSWORD: Strin

cdoConnection: Connection

@ SetOttomanTexd(String) void

w_wdman_ﬁa:ou:

¢» SimpleCheck{)void

¢ datahaseAndRegexCheck() void

¢ datahaseCheck() void

g databaseCheckimp(String):String

@ SimpleCheckimp{String): String

B oncekiharfebakarakolustur(char,char): Siring
m?_;SQN_;._m:Ex String): ArrayList<String>
m?_;smﬁ_:x._gm% String):ArrayList<Siring>
wm etDBConnection():Connection

¢ preprocess()void

B deletenatOttomanChar{String):String
& getRegularExpForL etterArabic{char) String
B getRegularExpSimple(char): String
omasic;a:saamumaamm String): Striny
omsm_::;a:o_n_.&aauamﬁgm String): String
wwam_%aamcmsgmm ing, String):Strin,
omc jate\Word2Dalabase(String, String):Strin
mmswm:é;a:nat Di

String):String

& Transcription(String)

¢ CheckLatin(String)-void

@ wordArabicIncele(String):String

@ enUygun yList<Siring= ArrayList<String> St
m?a:é:m:c unCttomon( String): Strin

g deletenotOtiomanChar( String):String

& enuygunBul{ArrayListeSiring= String):Siring
@ saveTable2Fie()void

[ wordlncele(String) String

@ vowelConsonantCheck(String).
& DeiCodetheWord(char) Jony

& getReqularExpForLetter] (charint int):String
& getReqularExpForLetter(char):String

& getReqularbxpForL etterArabic{char):String
g databaseCheck(String): String

g databaseCheck?(String):String

om__dm:é;wjmaxe_wmumsamx String String): Strin

Tayli

ist<Siring>

‘g main(String])void

& TranscriptionSinged)

¢ theckLatin(String):void

@ enLygunlar(ArrayList<String= ArrayList<String= Siring) ArrayList<String>
mmsz<m=m3c unCttoman( String): Strin

@ deletenotOttomanChar(String): String

@ enuygunBy iyList<String= String):String

@ saveTable2File():void

@ wordlncele(String) String

@ vowelConsanantCheck(String): ArrayList<String>
5 petCodetheWord(char) lony

@ getReqularExpForLetter](charint inf):String

@ getReqularExpForLetter(char) String

@ databaseCheck{String) String

@ databaseCheck?(String):String

ow jetDBCannection():Connection

mms;swsggm:mmf String):ArrayListeSiring>

<<Java Class>>
(BcreateDicTable
r.edu.ybu.cs

o createDicTable()

Figure 6.1 Implemented java classes
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6.2. Ottoman Dictionary Database

PostgreSQL database is one of the most advanced open source databases. In this
study, PostgreSQL database environment is used for the Ottoman Dictionary
database. Ottoman dictionary database is key point for transcription of the Ottoman-
Turkish texts. This database is a kind of dictionary database. Tables and columns of

this database are shown in Figure 6.2.

One20ne ModernTurkishDictionary OldTurkishDictionary
D ID D
TURKCELATIN TURKCELATIN TURKCELATIN
ESKIYAZI ESKIYAZI ESKIYAZI

Figure 6.2 Database tables

One20ne table is used for One to One transcription. There is the Latin word equation
for each Ottoman-Turkish word in this table. Currently, 65.420 rows exist in
One20ne table. Redhouse’s Lexicon [32] and Kanar’s dictionary [33] are benefitted
for the vocabulary for this table. ModernTurkishDictionary table is used transcription
of using regular expressions. The important column is TurkcelLatin. There are
1.146.560 rows exist in this table for the present. OldTurkishDictionary table is also
used transcription of using regular expressions. Currently, the number of rows is

unsatisfactory in this table.

Enrichment of database tables is important for transcription. If all Latin words would
include Ottoman-Turkish word in database, transcription and reversed transcription

would be possible for all scripts.
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CHAPTER SEVEN

CONCLUSION

In this thesis, optical character recognition and Latin transcription are integrated to
convert modern Turkish Language from Ottoman Scripts. Experiments for optical
character recognition show that recognition rates could change quality, style and
printed or handwritten documents or images. The recognition rates for high quality
and printed images can be with an accuracy of 100%. Optical character recognition is
not possible for some handwriting or low quality documents or images. So these kind

of documents or images need to write again with Ottoman-Turkish.

Also, novel approaches are presented for the transcription of Ottoman-Turkish texts.
Transcription process is depending on dictionary database. The success rate of
transcription can rise as high as an accuracy of 100%. But transcription is not done

successfully for some words, if the word does not exist in the database.

As a future work, it is possible to append Persian character for Tesseract's trained
data. In this way, the performance of optical character recognition will increase with
new datasets. New version of Tesseract is worked for recognition for Persian
characters. New transcription methods could be developed after the Arabic and
Persian morphologies deeply analyze, It is also possible improve to enrich data in
dictionary database for more successful transcription. Enrichment database may
provide to prepare comprehensive lexicons. Also web and mobile applications could
be developed for OCR and Latin transcription. Another future research is that Latin-
based Turkish texts may transcript Ottoman-Turkish. In this manner, newspapers,
books or speeches could be transcribed to Ottoman-Turkish. Thus Ottoman-Turkish

can gain popularity as before.
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APPENDIX A

OPTICAL CHARACTER RECOGNITION ON THE
FIRST PAGE OF THE NUTUK

The following text is the result of optical character recognition with Tesseract V3 on

the first page of the Nutuk.

diaruayg ¢ addga pigwalia G19Sadald diugla (ugda

pyadg) Golia sazagad ua ¢ Qe Gdaa3d,0 d&id!uﬂiiijd PLE]
daMgalia Lo ¢ a8 ) hid « yilad) edé)h @R gy Lilds
OsSue la ‘AAJA.ZJ.E Godgdm 0958 Saya Hgagn o GEENia)

solaa 238 ¢ Haa) Ggww Agaagh ua LiSlp g Gla g salla g 288

Aala— g adl

Jla) u..a'.’.é‘g.a GAMA Y awhlw « Jlad) 1,8 paislaa o o gh

@ Agda el aaa gdagl

Joaaad ué.\ SA5a) JaAs o@dangaa) Gaald H3A3 1y Ldedd

Alala ) g adija{gEy)

daldaly L83l ¢ Gasa ¢ Jwdadaa ¢ Jade Gaa dadddalyy dlély agyl

&al3 Adaly)

Al Adaasag s dila LA dagaadl) &‘.33 Ddjduad ylys aks ) .
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£ 333175 LaddT Lugdligay 4ala) gail | dgay). ..

o) »a) 02 E g2y 9Sag il Adaley AdalsSd) A lda o gudiddga AMAS)
u...i.g...\\ ¢

¢ 4d, ) a2 Jdowdlnd ¢ 4dYy 4dk] g g alaadia) ulu8e 9 od«@ige

3 gl:\.'\ﬁs & RS S

Glabd Gladlis) ¢ pagaigly aallhil ) Ghadag) Jlad) gaddjh jljalgal)
(b )md ad ugaySS

sodygala g balia el o« @Jé).h.m ¢ 0382480 @oluse Jaua) addgmala
@i g

¢ Jg) Geaud laugd jasada) Jgad e).s;.éi.a ¢ Galyd o edﬁﬁ“;é sodaal
Ganla Lo

cosddad) g LAY L oaad) ey Oligw 4388) 94 AL l519a MG pd

The correct result must be the following text. The green characters have been
recognized correctly but the red characters have not been recognized after optical
character recognition operation in this text. The total number of characters is 958.
The number of correctly founded characters is 727 and incorrectly founded
characters are 231. According to these results recognition rate is 75.88%.

Qigaua g ¢ edi,}; Adguualua 498 Lad V4 diaala ew Adaw VYV
Ada guas ;DJ.EJ'.A K

Gialyl Gelia sdiagas qua (@S Lagadlgs JA)Y didlga Llilads
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Adald Asylia o J,}.éT uh.‘ab.«i ¢ uﬁa.’\ﬁh A b.\é)h 2R UMJAJ\ ‘_,J.La“s

. 2 -

OsSu 9 @l , 0add h g lgdm O3l daga Hdgage - Ghad¥liaal

¢3S ¢ diag) G Ay sa9as QA LiSlaw g @la salla =88

gald Adwaaly) daldaly

3

Aisaua gl oS3la o da Aalas oag) Agldy Ldaoleedd Jalye AlSdy)

u*bb

Adgwag yus - odogsau S a9l Adgle, Adalsal) As)lia o gudidga NI

GMaS) ¢ 4l

¢ ddyg) ; oldwdlnd , LiaVYy a3kl . osalgadlis) goluSwey gudladliga

«lidas , Jhisya

g
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Glabd Oladlag) o sdgadsdy Agdlhil . Gialag) Jlad) gasdyh Lljalss)

G982004 ;5 (pmig Sms

3 hala PLEL I 038,k 8 . gadgdes woluSaws 2183 saigumalia

gasaid g sl 9ala

GO9S Gy GaAg Ll JaSgadg) Jgad ads Jaga ¢ ciglgd. saiadlad s daal

wunla Yo )

LA ouaa)) gyl Gldga 413388) 9 iy lilgs AMII) sa FVYO

SSKTTEEE]
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APPENDIX B

OPTICAL CHARACTER RECOGNITION ON THE
SECOND PAGE OF THE NUTUK

The following text is the result of optical character recognition with Tesseract V3 on

the second page of the Nutuk.

Jal (ugmad ¢ @i ¢ 38 Axilidupd jualis o s38 o HiSlaa ¢ ABaa Gada
obsSa) Sl dijua ddwaSga ¢ Jy) o) e dalea ¢ Adleada) Gaw) ddglaaalag
g diaugilAGy a9 Jgadilo) daainlagls Aslde gy Glaglaa Budgaddadgle A apdaa¥ly

Juddi leda sadlAly @3Ny W 4 ¢ ABadg } ¢ Lddas « Laa gusle b Gaa) Gauad

Jhals.

) cguma) aliaiNgs o Jsraaghagnaaly SN ig ey ladada asda)

prad ganiga gAin s Lgea

« 1) gabple LAiaa « Laa o gusle b adld ddwae lua Jagewd diiaa ) Daa gugla

oY)
wa -0l Gady) JA)a Apylalsiglada Sdly gupS ¢ GoaMaSEd udy) iy ,dadas XS
voossdy) JS) g

J9axindly Fogdy) LS aa Anddad « Lab gyl b« ?.\4.153\ ( O 9l ) dasble Lda,)
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a J9adadd) g..'aS u:\j‘)-\blé a9 La:ai ¢ dail juala UJAJ\

S Sadd ggildunly o) Jd3 sadylalw 383 &J§ G89999 Ogmala ¢ Gk

Yo ARy Y v gadiadly AdinBgag Al g « gdard (ugddgl bxa)

QAJAJ.E 3} gd uél‘EJ'.' ;4.@.324}.\& ¢ B R 0 Au gl yld uialijj A disauay (§

¢ Calindd YT Ag) (999l ¢+ g aa) Jadddly ASalgigdigr slayly DA Julda

A

Suiaags adlgie | pd) Al 1SPS ¢ adiapdlgag 430 @ Mia g s 9890 ISl

A L

A gas S a ad G Alaig J v Qjadaldly sdaguay) ad ¥ o« 43.4 } pa » 38,5

o JJJ.@.J L)

-

caigioh £ adialay) 2805 Liaaa « 4xds (348a dadlaa 408l @Yy b goi5\8aly)

-

4hdlaa X)

RaSagads (uadlgay RIS plaalidlaad Madzdlg) d9age Cgraay @idac . (G9da

wuled Gl Awliad dig) o Joadia (i35S digiSas Ggaads £ o gly ¢ ghara

T Adgag J g ad A s Aduay ) ¢radial jlgand saila)a)

@S v d v uma)) GuS Jleslal e e Gadag) O denla Jla ddzacy) Jlad) ) aa))

@lomly Jad) JIS8) pdlglae paila dijauag élbg ¢ uaSaa Y ol ¢l gty &S
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Giia 03— L) (Balg) ila ddudlgad ABlad) dillid) gog Olalld dgad 43Salgsa. )

LSl

‘e9~d‘&b.4

QJSUgai)AJAS daala gy + dgasSsiae a).\)ﬁ.d’m.ﬂ Asad)g) (e ) ¢ L@lad) gy Lo

v Qyaa))

Ol lalua G gSiag) L agdially R334 0 Oddyh GlA oy 0¥ ¢ b adalbalila 53440

o Jaly) dala (oald pagag odad) aal CgdiB gl Azualg S adazidg; dayl &

Qi) claglaa o) [uaiia + 258a ghamlia Ciiby g lShd duala ,)liaags 5>
ejéj.u.g.all.h.a Jsds) déb.a.

« paadgldiad g SiS) ¢ ad gadilina) 122 Aladal Gaiala]yy dSsaa ) o) WLy &)3
The correct result must be the following text. The green characters have been
recognized correctly but the red characters have not been recognized after optical
character recognition operation in this text. The total number of characters is 1804
for this text. The number of correctly founded character is 1396 and incorrectly

founded character is 409. According to these results recognition rate is 77.38% for
this text.

Jal @ @9ad ¢ a ¢ 8A AuilbupdA jualis paid h A HiSlaa ¢ 48 Al

DL gad) o8 b e AduwaSga ¢ J) OV e dalga ¢ Adllaadl Q,.\.aii iy jdaualag
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APPENDIX C

MAIN GRAPHICAL USER INTERFACE

Figure C.1 shows the main graphical user interface (GUI). The user can open the
Ottoman-Turkish documents or images. After opening a File, optical character

recognition operation and some image processing operations could be done by this
interface.
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Figure C.1 Main graphical user interface (GUI).
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APPENDIX D

OTTOMAN-TURKISH KEYBOARD TOOL

Figure D.1 shows Ottoman-Turkish keyboard tool. Ottoman-Turkish scripts could be
written by this keyboard with Ottoman-Turkish alphabet.

Edit Ottoman-Turkish — o
| [rranscription || clear writing Area | ;
Lol ,SG 0,8

Sl pas paidl glilgo

oxigilg> sinl il

YV Y| IY(LEIOV|Y|IA | 9Q

< oo |l lollellsllelle] Ol &llS

Ellov ] 2]l el ) d Ly le
gl Xlellsll<llollellY]|ld
L ) sl ] sl b ] o o o o o L W T

Figure D.1 Ottoman-Turkish keyboard
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APPENDIX E

TRANSCRIPTION TOOL

Figure E.1 shows the transcription tool. Left panel shows Ottoman-Turkish text after
editing with the keyboard. Right panel shows a table which shows the Latin words
after transcription of the each Ottoman-Turkish words. Transcription button is
combined one to one method and transcription using regular expressions. One20ne

button is performed for one to one method. Regex button performs transcription

using regular expressions method.

[ ottonan Transcription - YBU

o®
| Transaription || one2one || Reges | I
r°J&> S BJJJSJ UULMLLL(' ulhl-o}q LN”SUS' 0)-‘” d}gmmenm sark B onego:,e:w
l'”JL')S" 0)9 L;w/q..))/ql [ordusu, ortust] regexModernDic
MJL)"” QLULo,ﬁ [komandan, kumandan] regexModernDic
d_}hu.;k [alisani, olusani] regexModernDic
}Lﬂﬁ.) [tuvaletli, devietli] regexModernDic
bl kazim 0One20ne
lo)d kara One20ne
N bekir One20ne
Lol pasa One20ne
W)J,,)m, [hazretlering] regexModernDic

Figure E.1 Transcription tool
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APPENDIX F

ENRICHMENT DATABASE TOOL

Figure F.1 shows the enrichment database tool. Dictionary database can be
improved by using this tool.

“o@
L)I.)u Lo_9_9
LATIN
|komandan
[Kumandan
kumandan
| Insert Word | | Update wWord | | Insert Latin to Turkish Dictonary ‘ ‘ Insert Latin to Turkish Old Dictonary

Figure F.1 Enrichment database tool
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