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ABSTRACT

Handwritten word is one of the current manuscript studies that has been intensively
researched for many years because it is difficult to identify the styles, patterns, and
signatures, especially the Arabic handwriting word. The Arabic letters have special unique
characteristic such as dotted letters which can be divided into one dot, two dots and three
dots (U ,s &), the writing direction and certain letters in Arabic script exhibit shape
variations when connected to adjacent letters within a word. The Arabic word contains more
than one character, which makes it quite a challenge due to the difficulties in recognizing
the letter connections, the position-dependent letter shape, and the different writing style,
which has led many researchers to separate each Arabic letter from the word, including the
dots of the Arabic letters for the purpose of recognition. The Arabic dot letters are often
considered as noisy features due to their irregular position on word which resulted in their
removal during the preprocessing process, which may lead to incorrect data being extracted
during feature extraction. The effect of eliminating dots in Arabic recognition is important
because dots are used to distinguish Arabic characters that have a similar letter, such as (-,
&), This problem can be addressed by applying a global technique that considers the entire
image of the Arabic word for feature extraction. Among the image features extracted,
feature-based shape has the potential to recognize Arabic word handwriting based on
geometric shapes. The triangle geometry method is applied, where the sides of the length of
the triangle can be used as feature-based shape by using the appearances of triangle geometry
to represent the Arabic word handwriting. Moreover, the multi-stage feature extraction is
employed to extract various features such as angles and points of the triangle geometry
shape. This study aims to propose the enhanced triangle geometry shape features for Arabic
word handwriting recognition using multi-stage feature extraction. The objectives include to
propose the triangle geometry shape features to represent the Arabic handwritten word
images, to propose a method named Multi-Stage Feature Extraction of Triangle Geometry
Shape Appearance Method (MFeTSA) to extract the triangle geometry shape features, and
to improve prior straight-line problem solution by using proposed technique of Triangle
Coordinate Point Rearrangement (TCPR). A dataset of Arabic (AHDB) and Iran (Iranshahr)
is used for this study. The experimental results are obtained by comparing the classification
accuracy results with Support Vector Machine, with promising results with high accuracy
for both datasets AHDB (76.3825%) and Iranshahr (63.1563%). Statistical validation is used
to check the quality of the proposed method, whether it is better than previous methods that
use the same triangle geometry method to extract features from triangle geometry.
Independent samples t-test is used to validate the proposed method, where the result based
on the significant p-values shows that the proposed method is effective for both datasets of
Iranshahr and AHDB.



PENAMBAHBAIKAN FTUR BENTUK GEOMETRI SEGITIGA MENGGUNAKAN
PENGEKSTRAKAN FITUR PELBAGAI PERINGKAT UNTUK PENGECAMAN
TULISAN TANGAN ARAB

ABSTRAK

Kajian mengenai tulisan tangan merupakan salah satu bidang kajian manuskrip semasa
yang telah dikaji secara intensif selama bertahun-tahun kerana ia sukar kenal pasti gaya,
corak, dan tandatangan, terutamanya tulisan tangan Arab. Huruf Arab mempunyai ciri-ciri
unik khas seperti huruf bergelung yang boleh dibahagikan kepada satu titik, dua titik, dan
tiga titik (% ,¢ /&), arah penulisan, dan beberapa huruf tertentu dalam aksara Arab
menunjukkan variasi bentuk apabila disambungkan dengan huruf bersebelahan dalam satu
perkataan. Perkataan Arab mengandungi lebih daripada satu huruf, yang menjadikannya
satu cabaran besar disebabkan kesulitan dalam mengenal pasti hubungan huruf, bentuk
huruf bergantung pada kedudukan, dan gaya penulisan yang berbeza, yang telah
mendorong ramai penyelidik untuk memisahkan setiap huruf Arab dari perkataan,
termasuk titik-titik huruf Arab untuk tujuan pengiktirafan. Huruf titik Arab sering dianggap
sebagai ciri-ciri bising kerana kedudukan yang tidak tetap pada perkataan yang
mengakibatkan penghapusan semasa proses pra pemprosesan, Yyang mungkin
mengakibatkan data yang salah diekstrak semasa mengekstrak ciri. Kesan penghapusan
titik dalam pengiktirafan Arab adalah penting kerana titik digunakan untuk membezakan
aksara Arab yang mempunyai huruf yang serupa, seperti (& ,& ,<). Masalah ini boleh
diatasi dengan menerapkan teknik global yang mempertimbangkan keseluruhan imej
perkataan Arab untuk ekstrak ciri. Di antara ciri imej yang diekstrak, bentuk berdasarkan
ciri mempunyai potensi untuk mengenal pasti tulisan tangan Arab berdasarkan bentuk
geometri. Kaedah geometri segitiga digunakan, di mana sisi panjang segitiga boleh
digunakan sebagai bentuk berasaskan ciri dengan menggunakan penampilan geometri
segitiga untuk mewakili tulisan tangan Arab. Selain itu, pengeluaran ciri berperingkat
digunakan untuk mengekstrak pelbagai ciri seperti sudut dan titik bentuk geometri segitiga.
Kajian ini bertujuan untuk mengusulkan ciri-ciri bentuk geometri segitiga yang
ditingkatkan untuk pengiktirafan tulisan tangan perkataan Arab menggunakan pengeluaran
ciri berperingkat. Objektif termasuk mengusulkan ciri bentuk geometri segitiga untuk
mewakili imej perkataan tulisan tangan Arab, mengusulkan kaedah yang dinamakan
Kaedah Pengeluaran Ciri Berperingkat Bentuk Geometri Segitiga (MFeTSA) untuk
mengekstrak ciri bentuk geometri segitiga, dan meningkatkan penyelesaian masalah garis
lurus terdahulu dengan menggunakan teknik yang dicadangkan iaitu Teknik Penyatuan
Semula Titik Koordinat Segitiga (TCPR). Data set Arab (AHDB) dan Iran (lranshahr)
digunakan untuk kajian ini. Hasil eksperimen diperoleh dengan membandingkan hasil
ketepatan klasifikasi dengan Mesin Vektor Sokongan, dengan hasil yang
memberangsangkan dengan ketepatan yang tinggi untuk kedua-dua data set AHDB
(76.3825%) dan Iranshahr (63.1563%). Pengesahan statistik menggunakan ujian t-sampel
independen untuk menilai kualiti kaedah yang dicadangkan, menunjukkan kesan yang
berkesan pada kedua-dua data set Iranshahr dan AHDB dengan hasil yang signifikan pada
nilai p.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Prior to the widespread integration of technology, individuals utilized paper for
written communication and task execution. Despite technological advancements, writing
persisted, albeit with the assistance of applications. The uniqueness of individuals'
handwriting, characterized by distinct styles, patterns, and signatures, has persisted. To
facilitate the seamless transition of handwritten content into digital formats, handwriting
recognition has been introduced. This technology empowers computers to understand human
handwriting, thereby enhancing accessibility and processing capabilities for digitized
information.

Handwriting recognition serves as a crucial technology in translating human
handwriting into algorithms comprehensible by computers. This capability plays a pivotal
role in the domain of document analysis and recognition. A notable area of ongoing research
involves the intricacies of handwritten word recognition, a field that has garnered significant
attention over the years. This emphasis stems from the inherent challenges associated with
discerning diverse styles, patterns, and signatures present in handwritten word manuscripts.

A specific focus within this research realm is directed towards handwritten Arabic
words. The distinct characteristics inherent in the styles and shapes of Arabic letters pose a
big challenge in the recognition process. Consequently, understanding and accurately
identifying handwritten Arabic words necessitate sophisticated techniques and ongoing

advancements in handwriting recognition technology. Arabic handwritten word recognition
1



is utilized in various applications such as optical character recognition, language translation
and digital annotation to convert handwritten Arabic text into digital format for easier
processing and analysis. Besides that, the Arabic handwritten word recognition finds
application across diverse domains and caters to a broad range of users. The primary target
users include researchers and practitioners engaged in document digitization, historical
preservation, and linguistic studies within the Arabic-speaking world.

Systems for recognizing handwritten Arabic words have improved drastically over
the years. In past decades, many databases of handwritten words (Hull, 1994, M. Pechwitz
et al., 2002, Fernando et al., 2003, Al-Ma’adeed et al., 2004) have been developed that can
be used as benchmarks for training and testing data for word recognition. Arabic handwritten
documents are currently available in many resources in physical form and on the Internet,
which poses a challenge for word recognition.

Languages such as Farsi and Urdu use Arabic characters in their writing, which
makes the task more difficult due to the different words used, the strength, and the order of
the writing (Khosravi and Chalechale, 2022, Rasheed et al., 2022). In relation, numerous
researchers (Salem, 2017, Tavoli et al., 2018, Hamida et al., 2020, Kaur and Kumar, 2021,
Zohrevand and Imani, 2021, Eltay et al., 2022, Khosravi and Chalechale, 2022, Korichi et
al., 2022) have worked hard to overcome this difficulty by developing more competent
algorithms and improving existing detection methods and systems.

In a general context, words consist of multiple characters and form integral
components of sentences by breaking down individual words. This process involves
decomposing words to understand their composition within the structure of a sentence. The
word is isolated during the segmentation process, where it is processed from mapping by

page, by line and finally the word was isolated from sentence for each of line. In the Arabic

2



language, words may comprise multiple interconnected components, as exemplified by the
term "taskheel" (J:S55). This characteristic introduces complexities in recognizing individual
Arabic letters due to variations in their shapes at the beginning, middle, or end of words.
Distinguishing isolated Arabic letters with diverse contextual forms, encompassing initial,
middle, and final configurations, including dots, poses challenges in handwritten words due
to deviations from precise and standardized writing, as observed in printed texts.

Apart from their distinctive contextual forms, certain Arabic letters sharing similar
basic shapes are differentiated by the presence of dots, with variations in the number and
placement of dots either above or below the letters. The specific arrangement of dots on
Arabic letters is recognized as a physical trait that is frequently misconstrued as noise,
particularly when extracting features from Arabic word images, owing to irregular positions
in word writing. Moreover, certain Arabic characters, such as “<”, “<” and “&” share
identical shapes, potentially causing inaccuracies in discerning the meaning of Arabic word
scripts when dots are absent or isolated. This situation can further result in the extraction of
erroneous data during feature extraction, leading to inaccurate outcomes in classification if
the features extracted convey incorrect information from the segmented image.

In earlier studies by Davoudi et al. (2016) and Jayech et al. (2016), segmentation
approach was utilized by isolating individual Arabic characters within words, including the
isolation of dots from the Arabic characters during the segmentation process. This approach
aimed to mitigate potential challenges arising from the adjacency of characters within the
same Arabic word. In addition, the poor images of handwritten words, incorrect letter
spacing, noise, and poor paper quality further make difficult the recognition of subwords.

Furthermore, the difficult connection between the hardware tools and the subsequent



operations such as scanning and binarization poses an additional challenge for the
recognition of handwritten Arabic words (Khosravi and Chalechale, 2022).

Therefore, image processing plays an important role in recognizing Arabic
handwritten word images. The image processing steps such as pre-processing, segmentation,
feature extraction, classification, and validation are applied to process the Arabic
handwritten word images by decomposing it into meaningful features that contain valuable
information from the Arabic handwritten word image. There are many methods for
handwritten words recognition, such as convolutional neural networks, semi-incremental
recognition, incremental recognition, line and word segmentation, zoning, and ensemble,
which can be used to generate features (Rosyda and Purboyo, 2018). In addition to pre-
processing, feature extraction is also an important step in the word recognition process,
which is used to extract features from Arabic handwritten word images.

The statistical features often employed by researchers (Fazel et al., 2016, Al-Nuzaili
et al., 2017, Tavoli et al., 2018) to recognize Arabic handwritten word images. This is due
to the characteristics of Arabic handwritten word images, which can be recognized on the
basis of contours and regions which is known as shape representation technigues. The shape
features using geometric shapes such as straight lines in different directions have been
proposed by Tavoli et al. (2018) for Arabic/Persian handwritten word images, which provide
promising results in terms of classification accuracy. However, the method proposed by
Tavoli et al. (2018) generates a large size of length for the extracted features, resulting in a

longer process.
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