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ABSTRACT 

Persian Nastaliq calligraphy is one of the most famous oriental arts. Last few years the

number of the Nastaliq learners increase dramatically. Too many learners in various ages

and level (30 students to a teacher), lack of specialist in this filed, too less time (2 h per

week) and modern life troubles (e.g. Traffic, Working hours, etc.) lead to the ineffective

learning. Learners can't exercise their writing practices sufficiently.

In this thesis, an interactive intelligent computer-based grading and guiding system is main

proposed.

This study proposes for the first time an intelligent tutor system for automation of the

Persian calligraphy learning process. The system incorporates image processing and

machine learning technologies. Digitization, filtering, segmentation and feature extraction

are image-processing techniques that prepare the appropriate input for the training phase of

the multi multiclass SVMs machine learning phase. Displaying suitable feedback on screen

for learners is another aim of the study. In this regard, the system provides facilities for

Persian Nastaliq calligraphy learners to reduce errors that are inherent in traditional

education methods, makes the process more efficient and allows people to take advantage

of learning possibilities whenever and wherever they choose.

The developed system has been tested for more than 192 character and the experimental results

revealed that approximately over than 90.05 percentages is working satisfactorily.

Keywords: Image Processing; Intelligent Tutor; Machine Learning; Persian Nastaliq

Calligrapy; SVM
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ÖZET 

Farsça Nastaliq kaligrafisi en ünlü doğu kökenli sanat dallarından biridir. Son birkaç yılda

Nastaliq eğitimi almak isteyen öğrencilerinin sayısı önemli ölçüde artmıştır. Çeşitli yaş ve

seviyelerdeki orangi sayısı, bu alanda uzman eksikliği, eğitim için ayrılan zaman kısıtı ve

modern yaşam sorunları bu çalışmanın yapılmasının esas nedenleridir. Bu tezin temel

amacı, Nastaliq eğitim için bilgisayar tabanlı değerlendirme ve yönlendirme sistemi

tasarlanmasıdır.

Bu çalışmada ilk kez Pers kaligrafi öğrenme otomasyonu için akıllı bir öğretmen sistemi

önerilmektedir. Bu sistem, görüntü işleme ve bilgisayarla öğrenme teknolojilerini

içermektedir. Tezdakı kaligrafi imajların temel görüntü işleme teknikleri olan;

sayısallaştırma, filtreleme, segmentasyon ve özellik çıkarma gibi sinyal ve görüntü işleme

yöntemleri incelenmiştir.

Tasarlanan bu sistem ile, geleneksel eğitim yöntemlerinde karşılaşılan hataların

azaltılanması, eğitim sürecinin daha etkin ve adaylarda istedikleri zaman ve mekanda

öğrenme imkanı sağlanmıştır.

Geliştirilen sistem 192' den fazla karakter için test edilmiş ve sonuçlarda yaklaşık olarak

yüzde 90,50 güvenilirlik elde edilmiştir.

Anahtar Kelimeler: Akıllı eğitmen; Bilgisayar Öğrenmesi; Destekçi Vektör Makinesi

(DVM); Farsça Nastaliq kaligrafi; Görüntü İşleme
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CAHPTERl 

INTRODUCTION 

1.1 Introduction 

Looking at our daily lives, we can find the footprints of improving computer science and

engineering in every aspect of life such as education, tourism, health, and transportation.

One of the most rapidly developing areas in the field of engineering is that of intelligent

art. Nastaliq calligraphy is the art of writing Persian characters (Hamidi & Rashvand,

2015). It was developed in Iran in the It originated in 14th and 15th centuries in Iran. Now,

this kind of calligraphy as an art lesson sill teach interactively in traditional form of class

by specific calligraphy art teachers. Students learn how to hold and wield the "Galam"

(specific Nastaliq pen) to write graceful characters. In order to write a beautiful

calligraphic character, learners need learn isolated characters in advance which called

"Mofradat" (Rouhfar, 2014). Mofradat is the elementary skills in learning Nastaliq

calligraphy. Moreover, in the writing skills, there are four material components which

called 'four treasures of study' namely Galam, ink, paper and inkwell used in writing

calligraphic characters. In addition, the standard samples are very essential importance for

novices. Novices Learners imitate the characters from samples to improve their hand

handwriting. Vast amounts of this effort called "Mashq". Teachers which called "Ostad"

check all written characters and grade them then give the improving guidelines to learners

interactively in traditional class. Last few years the number of the Nastaliq learners

increase dramatically. Too many learners in various ages and level (30 students to a

teacher), lack of specialist in this filed, too less time (2 h per week) and modern life

troubles (e.g. Traffic, Working hours, etc.) lead to the ineffective learning. Learners can't

exercise their Mashq sufficiently. In this thesis, an interactive intelligent computer-based

grading and guiding system is main proposed.

According to the experts' experience, the assessment for Persian calligraphic characters

includes the structure of characters (global features) and the smoothness of strokes (local

features) (Mohsen, 2009).

The Persian Nastaliq Calligraphy Intelligent Leaming (PeNCIL) is the topic of this thesis.

The PeNCIL tool is presented as an intelligent standard tutorial tool to overcome the

traditional method's insufficiencies. The developed system provides facilities for learners

to practice individually and, in addition, the PeNCIL is capable of evaluating and



providing appropriate feedback automatically on the learners' work. This system was

developed based on using image processing and machine learning with character

assessment abilities.

1.2 The Aim of the Thesis 

The development of an intelligent platform for Persian calligraphy learners to practice

individually and receive suitable feedback is the main aim of the current study. In this

regard, the PeNCIL tool was developed to overcome the shortages in the classical learning

method.

1.3 The Importance of the Thesis 

This study proposes for the first time an intelligent tutor system for automation of the

Persian calligraphy learning process. The system incorporates image processing and

machine learning technologies. In the assessment phase by comparing the filtered and

normalized inserted character by its sample character the developed system. The PeNCIL

system provides facilities for Persian Nastaliq calligraphy learners to reduce errors that are

inherent in traditional education methods, makes the process more efficient and allows

people to take advantage of learning possibilities whenever and wherever they choose.

1.4 Limitation of the Study 

1. This study is limited by the date that starts from February 2015 until June 2016

depending on the application design, development and testing in this study. This thesis was

based on the Persian isolated characters Nastaliq calligraphy.

2. This study explains the features of intelligent tutors and its advantages.

3. This study discusses image processing and machine learning techniques

4. This application is limited to Persian Isolated Characters calligraphy.

1.5 Overview of the Thesis 

This section expresses the thesis sections briefly:

Chapter One: It explains the main aim and proposes of the thesis and the importance of

the current study.

Chapter Two: This chapter demonstrates previous studies which are conclude in the

intelligent calligraphy tutors, image processing and machine learning.

2



Chapter Three: This chapter discusses Persian Calligraphy, Image Processing, Machine

Learning and Image Feature extraction.

Chapter Four: This chapter provides current system design and implementation

Chapter Five: This chapter provides current study experimental results.

Chapter Six: This chapter displays how the current system works.

Chapter Seven: The last chapter of this thesis includes conclusion and suggestions for

future study.

3



CHAPTER2 

RELATED RESEARCH 

2.1 Intelligent Calligraphy Tutors 

Xu, Jiang, Lau and Pan (2007) designed and implemented the Chinese calligraphy system

by collaboration of Artificial Intelligence techniques and machine learning algorithms as

seen in Figure 2. 1. Existent calligraphy strokes extrication was carried out by two-phase

semi-automatic mechanism. Firstly, algorithmic techniques combination, conducted to do

extraction. Secondly, the developed system provide intelligent interface in order to input

Chinese characters. Supervised learning technique was used in this study. They claimed

that a parametric representation of Chinese calligraphy is the main reason behind this

chosen of this technique. They claimed that the developed system would be useful to

"aesthetic calligraphy decomposition, visual quality evaluation, automatic calligraphy

generation, and calligraphy writing tutoring and correction".

•I<~

•.• ı
I

(a) A screenshot of intelligent calligraphy writing tutoring system

(b) Some calligraphy created interactively using the system

Figure 2.1: Intelligent calligraphy writing tutoring system

4



Bezine and Alimi (2013) developed the Arabic handwriting automated system. The

developed educational system presented facilities to learning and detect the errors

automatically. They described that how student' illegible handwriting is caused teachers'

wasting times. In the traditional methods students need to spend more time to improve

their hand writing which is not advantage of this method. The developed system is capable

to check mistakes of the inserted handwriting and provide a feedback immediately to the

students in order to correct mistakes. This system was developed by applying the

Attributed Relation Graph (ARG) method by using graph matching algorithm to detect

difference between inserted pattern and template in order to find out optimal graph

matching.

Taele and Hommond (2015) presented intelligent sketch education BopoNoto application

based on The Zhuyin phonetic in order to provide platform for Zhuyin language students

form. The developed system included two main parts: Firstly, the suitable interface which

provides facilities to student for practicing the symbols, secondly, the recognition and

assessing the inserted sketch system facilities in both technical and visual correctness as

seen in Figure 2.2. Recognition system which includes four main techniques: Symbol

segmentation, tone symbol recognition, symbol classification by using two different

metrics (Hausdorff distance-base and stroke points coverage)assessment classification by

using stroke count, stroke direction and stroke order correctness tests were performed to

design the developed system intelligent sketching interface. They carried out symbol

segmentation and They claimed that BopoNoto application successfully improved students

zhuyin phonetic symbols understanding and writing.

Figure 2.2: BopoNoto's recognition system for classifying both individual and
multiple zhuyin phonetic symbols

5



Albu, Hagiescu, Puica and Vladutu (2015) developed English language intelligent tutoring

system for pupils. The developed system included two main section. First section the

developed system evaluated students' handwritten symbols quality automatically which

acquired by using a digital-pen. A binary image representation technique which called the

Dynamic Time Warping (DTW) was carried out to compare the template with inserted one.

They claimed that the teaching handwriting improves pupils' personality, communication

skills and abilities of basic coordination. Thus, emotion recognition which consist of

speech evaluation and face emotion evaluation were conducted in the study. Positive,

negative and neutral are three basic emotional expressions was recognized by the

developed system which mentioned pupils' interest level for the lesson.

Han, Chou and Wu (2008) study targets were primary schools students. Fuzzy inference

and image processing techniques were performed in the study to evaluate students'

Chinese calligraphy and automatically scoring. Accurate location and appropriate widths

and size were used as assessing statistical features. In addition the developed system

presented some instructions to users in order to improve their handwriting.

2.2 Image Processing 

Sano, Ukida and Yamamoto (201O) proposed a visualization and measurements methods to

guide and recognize the pupils Japanese handwriting skills by using image processing

techniques. The learners used the brush pen and paper then used a camera to take the photo

of the strokes written and inputted in to the developed system. The developed system

measured and visualized the speed of brush pen, line width and path of the pen. They

found that the Japanese hand writing learners by using characters feature parameters and

profiles which displayed on screen helped them to recognize the right way of Japanese

handwriting.

Liang, Bao and Liu (201O) presented the new methods in order to classifier Chinese

handwriting and Chinese Painting. They mentioned that in the previous study there were

various methods to do this classification; however, they presented a novel method in the

paper. In the study, after completed the classical Morphological method they used the

specific novel threshold formula to obtain the best threshold values by using below

formula.

6



threshold l =0.3ıhreshold2 =0.4threshold3=0.9o.75<=comlexity<= l .SS,0.3S<=occupyratio<=0.8S (2. 1)

The study experimental results showed that however the novel algorithm is simple but it

has satisfactory efficiency results in the study.

Tsai, Lin and Chang (2003) applied a novel authentication methods for Chinese

calligraphy by using image processing techniques. The aim of the study is provided the

digitalized Chinese calligraphy in order to preserves the culture property from malicious

manipulations. Their novel method detected location of the malicious manipulations and

determined accurately. The authentication message which provided by results of image

processing techniques such as compressed feature images was used as a verification way

by users. In addition, they claimed that the proposed scheme was robust and efficient

method for digital calligraphic images authentication.

2.3 Machine Learning 

Qi (2008) presented an unlimited size assessment method for Chinese character writing.

Author used the SVM machine learning method to identify the stroke and stroke order of

written character. Structure normativeness assessment method was described in the paper

which exposed that the handwriting is good or bad by identifying the measure of

calligraphy. The nature Chinese characters' assessment features were used as structural

assessment features in order to assess characters such as: symmetry, uniformity and

compaction. Support Vector Machine method was adapted to identify the written character

and determine the difference between the original and inserted one and at last grade the

level of the writing. The experiment showed that the current method well reflect the

writing quality.

Azmi, Omer, Nasrudin, Muda and Abdullah (2011) applied a novel technique to digital

Jawi Paleography. They said that classification of ancient manuscripts revealed

paleographers useful information. Features from characters, tangent value and features

known as Grey-Level Co-occurrence Matrix which are basic structural of the Jawi (Arabic

writing in Malay language) characters were three main parts of the novel techniques which

called triangle method. Seven Unsupervised Machine Learning algorithms and one

(Support Vector Machine (SVM)) Supervised Machine Learning conducted in the study to

compare are Diwani, Farisi, Nasakh, riq 'ah and Thuluth calligraphy. 12 features extracted

7



from the formed triangles. 711 numbers of models used for the Unsupervised Machine and

1O19 for the Supervised Machine. The Supervised Machine Leaming testing and training

results which shown in Table 2.1 revealed that the Diwanigive class results is very

significant however other classes results need more improvements.

Table 2.1: Classification result using SVM

Image Number of Image Result 

Diwani 29 69%

Farsi 25 12.9032%

Riqah 27 14.2857%

Thuluth 27 25.9259%
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