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Abstract— Arabic calligraphy is one of the great art forms of 
the world. It displays Arabic phrases, commonly taken from the 
Holy Quran, in beautiful two-dimensional form. The use of two 
dimensions, and the interweaving of letters and words makes read-
ing a far greater challenge for Artificial Intelligence (AI) than 
reading standard printed or hand-written Arabic. To approach 
this challenge, we have constructed a dataset of Arabic calli-
graphic letters, along with a corresponding corpus of phrases and 
quotes. The letters dataset contains a total of 3,467 images for 32 
various categories of Arabic calligraphic-type letters. The associ-
ated text corpus contains 544 unique quoted phrases. These data 
were collected from various open sources on the web, and include 
examples from several Arabic calligraphic styles. We have also un-
dertaken both an explorative statistical analysis of this data, and 
initial machine learning investigations. These analyses suggest that 
combining knowledge of a limited variety of Arabic calligraphy 
texts, with a successful machine will be sufficient for the machine 
reading of forms of Arabic calligraphy. 

Keywords— Arabic language, corpora, pattern recognition, 
Arabic dataset, calligraphy. 

I. INTRODUCTION 

Arabic calligraphy combines the arts of drawing and writing, 
producing a unique form of textual art. The art originated when 
Muslims started writing and documenting the Holy Quran [1]. 
Since then, Arabic calligraphy has been expanded and diversi-
fied in styles, producing one of the world’s great art forms [2]. 
This art also holds much historical information, as Arabic cal-
ligraphy is used in much of Islamic art and architectural design 
[3]; therefore, such texts are a very valuable and rich resource 
for data. There is therefore a practical need to automate the read-
ing of Arabic calligraphy. However, little research has been done 
in this area, and few resources exist.  

The first research in this area used Liner Discernment Anal-
ysis (LDA) as a means of feature extraction from these docu-
ments [4]. This research focussed on extracting only three Ara-
bic letters (aleph, lam, ain) and compared K-nearest neighbour 
with Naive Bayes classification obtaining excellent results. 
Back-propagation neural network classification was used in [5] 
to identify the font type of Arabic calligraphy. This study applied 
image binarisation with edge direction matrices for future ex-
traction, and obtained 43.7% recognition accuracy. The novel 
approach of Triangle Model feature extraction was used in [3]. 

Distance-based methods were then used to compare images. Ap-
plying Multi-Layer Perceptron and Random Forests as classifi-
ers, respectively gave average accuracy of 50% and 65%.  

 

II. ARABIC LANGUAGE SPECIFICATION: 

The machine reading of Arabic presents many interesting 
challenges [5]. Arabic has 28 main letters, and is written from 
right to left. The letters are very sensitive to the use of discrete 
marks to distinguish between them. It is common to have three 
letters with the same body form, but distinguished with dots or 
marks placed above or under them (for example, ح خ ج). Arabic 
letters are also represented by different forms according to their 
position in the word: start, middle, last, or isolated. This is not 
the case for the vowel letters (ا د ذ ر ز و), which have no start or 
middle location forms because they split words apart as they are 
not connected to any letters on the LHS (left hand side). 

On top of these challenges, the machine reading of Arabic 
calligraphy has many additional interesting challenges: the vari-
ety of styles, the extra level of cursive forms, the interweaving 
of letters and words, rotations and intersections, etc. Figure 1 
show the difference between Arabic text types.  

Given all these difficulties for the machine reading of Arabic 
calligraphy, how is it possible to envisage an AI system that 
could work? The answer is the restricted text types that use Ar-
abic calligraphy. Arabic calligraphy is not used to write general 
Arabic texts, but rather to glorify text from the Holy Quran. This 
restriction greatly simplifies the task and makes it feasible. In 
Bayesian terms, we know a lot about the prior distribution of 
calligraphic texts. Through extracting from each text phrase, a 
bag of letters can be obtained to simplify the indexing of the sug-
gested answer. By comparing the result of letter spotting with 
the probable bag of letters, the correct text for the selected image 
can be found. 

 

 

Figure 1: The difference between Arabic text types in the 
writing of one word (al-Arabiya). 



III. GENERATING THE DATA 

The source of the data generation is a set of 1,000 Arabic 
calligraphy images. This set was collected from various Arab 
and Islamic open sources on the web. One of the main sources 
of the collected data is [6]. This website was established in 2012 
to encourage the manipulation of this type of Arabic text for gen-
eral non-commercial use. We selected the examples to include a 
variety of distinctive styles and texts. Figure 2 shows four exam-
ples from the collected dataset, which is the source of the gener-
ation process. 

 

 
Figure 2: Examples of distinctive styles of Arabic calligraphy resources. 

 

A. Creating the letter images dataset 

The 28 main Arabic letters were included in the database with 
the addition of four other letters, giving 32 Arabic letters. The 
four extra letters were included because of their high frequency 
of use within the texts. These are the special format teeh mar-
buta (ة), alef maksura (ى) and the name of God (lellah, ), along 
with the short vowel, hamza (ء). We manually extracted the let-
ters from the calligraphic images. The aim was to form a dataset 
of Arabic letters, including their positional versions in the im-
ages, and to associate these with the Arabic text. For each letter 
we collected as many various forms and styles as we could find.  
 
This annotation involved extracting letter images from the Ar-
abic calligraphy images. The ImageJ1 program was used for this 
process of manual annotation of the calligraphy. The process 
goes through different steps to enable extraction of the letters 
as images, saving each to its corresponding category. At the 
same time, the order of the letters and the extracted text were 
recorded. In addition, it was recorded which letter samples were 
extracted from which images. Working in parallel, the annota-
tions from ImageJ and all of the letter sequences were recorded 
along with the number of the sample, to give the annotation of 
the letters more utility.  
 

                                                           
1 ImageJ is an open source software package for image pro-
cessing – https://imagej.net/ImageJ. 

For each input image, the starting point was to convert it to bi-
nary (black and white). This was done to make it easier to re-
move noise, enhance contrast and manually extract letters as 
images. In addition, the threshold method was used, with a 
threshold of 50% and pixel radius of 2.0, to remove bright out-
liers and make the text clearer. Figure 3 shows an example of 
the letter image extraction from one input image resulting in 14 
different Arabic calligraphic style letters in grayscale JPG for-
mat. Some letters, as shown in Figure 3, are extracted with some 
separation on the body form of the letter. This helps to simplify 
the detection and the spotting of such letters in different images 
when letters intersect with each other, as is common in the Ar-
abic calligraphy domain. 
 

 
Figure 3: The process of extracting letters as images using the ImageJ tool. 
 
Since some common letters are more frequent than others, we 
decided to obtain a stratified sample of letters, to provide a min-
imum of 100 samples for each letter. (The aim is to later use the 
empirical frequency of each letter in our corpus as a prior dis-
tribution.) This resulted in a total of 3,200 Arabic calligraphic 
letter images. Figure 4 shows different samples for different Ar-
abic letters with various forms and styles. In this situation, all 
possible forms of the letters (initial, middle, last, isolated) are 
saved under the same class name. This is to enable the machine 
to later learn and spot the different forms and styles of every 
single letter. 
 
 

 
Figure 4: Different samples from the generated Arabic calligraphy let-

ters dataset. 
 



B. Creating the corpus of text from quotes and phrases 

The study focused on checking the source texts for Arabic cal-
ligraphy images to support the results of the machine reading. 
To start with, each image was manually checked and the text 
was extracted to produce a collection of 1,000 phrases of text 
or quotes from the images. We then ran descriptive statistics on 
the texts. The results showed that, from 1,000 images there were 
only 544 unique quotes. Table 1 shows statistics for the result-
ing corpus of phrases extracted from unique quotes. Table 2 
shows the ten most frequent letters, words, and two-word se-
quences. 
 

As the key difficulty in reading Arabic calligraphy is identify-
ing the relationship between letters, which is provided in stand-
ard text by its one-dimensional form, we investigated the 
uniqueness of ‘bags of letters’ in our texts. The idea is that, if 
we could accurately identify the individual letters in a calli-
graphic image, how much would that help us to identify the ac-
tual text. We therefore counted the frequency of each Arabic 
letter in every quote. Table 3 shows an example of such a bag 
of letters from the quote (بسم الله الرحمن الرحيم). Each bag of letters 
is saved for its corresponding quote to be used later in a further 
relational model. 

IV. APPLICATION OF MACHINE LEARNING TO LETTER 

RECOGNTION 

Our manual annotation generated a set of examples for each let-
ter class. The goal was to generate machine learning classifiers 
for each letter. We first normalised the images dataset to a fixed 
size of 277×277 pixels. With 100 examples for each of the 32 
Arabic letter categories, this gives a total of 3,200 different Ar-
abic calligraphy images. We split the data into 70% for training, 
and 30% for testing. 
 
We applied Support Vector Machines (SVM) using the polyno-
mial kernel, with two feature extraction methods. These feature 
extraction methods were bag of features, and the Histogram of 
Oriented Gradients (HOG) features [7]. The two models use the 
same learning method but there is a different feature extraction 
for each of them. The first model used bag of features, or visual 
word features. For each image, the strongest Speeded Up Ro-
bust Features (SURF) were extracted. This feature extraction 
method was used to detect and describe local features for each 
image [8]. The bag of features was then constructed by reduc-
ing the number of extracted features to a fixed set to give a vo-
cabulary of words describing each image. These features were 
encoded into a visual word histogram. The extracted features 
for each image were then indexed to a letter category. Figure 5 
shows an example of extracted encoded bag of word features.              
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Table 2: The ten most frequent letters, words, two-word sequences and 
three-word sequences found in the corpus of quotes given as percentages. 
 
Let % 1 word % 2 words % 3 words % 

 1.5 بسم الله الرحمن 1.6 الرحمن الرحيم 8.9 الله 16 ل

 1.5 الرحيمالله الرحمن  1.6 بسم الله 1.8 الا 16 ا

 0.5 لا إله الا 1.5 الله الرحمن 1.8 من 7.7 م

 0.4 الله عليه وسلم 0.7 الله عنه 1.7 الرحيم 6.1 و

 0.4 إله الا الله 0.6 إله الا 1.7 الرحمن 6.1 ن

 0.3 الله الله الله 0.6 لا إله 1.6 بسم 6 ي

 0.3 صل الله عليه 0.5 الله لا 1.3 لا 6 ه

 0.3 رضى الله عنه 0.4 عليهالله 1.2 ولا 4.9 ر

 0.3 رضي الله عنه 0.4 عليه وسلم 0.9 ان 3.6 ب

 0.3 الله لا إله 0.4 رسول الله 0.9 محمد 3.2 ع

Table 3: Example of a bag of letters for one quote. 
Quote Letter Occurrence 

 4 ل بسم الله الرحمن الرحيم

 3 م

 3 ا

 2 ر

 2 ح

 1 ب

 1 س

 1 ه

 1 ن

 Table 1 : Statistical summary for the phrases from the 1 ي
quotes. 

Number of Letters 17,648 

Number of Words 4,252 

Number of Sentences 544 

Unique Words 1,237 

Short Words (≤3 letters) 1,569 

Long Words (≥7 letters) 285 

Average Word Length / letters 4 

Average Sentence Length / 
words 

8.1 

 
Figure 5: The histogram of visual word rates 

 



The second SVM model used HOG feature extraction. Figure 6 
shows the different cell size features for the representation of 
the Arabic letter alef-maksura. Cell [8 8] has been selected as 
the cell size in the model since it represents the highest level of 
feature details. The results of these two models are shown in 
Table 4, with the second model outperforming the first by more 
than 3%.

The results for accuracy of prediction for each letter class with 
both SVM models are shown in Figure 7. The second model, 
the HOG features, gave a better description of the letter features 
than the bag of SURF features, as it outperformed the first 
model for those letters with more details and challenges. It 
seems that the HOG feature is better at describing the letters 
with the dots and extra descriptors as this model had better pre-
dictions for 18 letters and had the same results as the first model 
for three letters, beh ب, hamza ء, sheen ش. Meanwhile, the first 
model had better predictions than the second model for only 11 
letter classes.  From these results, we have an overview of the 
recognition of complex letters, which need further simplifica-
tion methods or procedures to make them easier for the machine 
to read. The results in Figure 7 show that the letters, beh ب, 
meem م, noon ن, teeh ت, yeh ي, have low prediction rates in both 
models compared with the other letters. This is due to the com-
plexity of these letters forms or their similarity to other letter 
classes.  
 
In a further test, ten different new images were used to examine 
the letter classification of the model. Table 5 shows the ten dif-
ferent test images and the results of the system’s letter classifi-
cation. From the ten tested input images, the recognition by the 
letter classification system can be clearly observed and ana-

lysed. The confusion between the letter forms in Arabic calli-
graphic styles results in the incorrect classification of the input 
images. The sixth column in Table 5 shows the cause of this 
incorrect classification to result from the similarity of forms in 
the different calligraphic letter classes. There are only three 
wrong classifications (examples 2, 3 and 6), as these are simple 
and clear from the additional cursive style. From the ten inputs 
tested, there is an accuracy of 7/10, or 70%, showing good be-
haviour in distinguishing between these letters. Moreover, the 
result for example 9 is not similar to the actual letter form, as it 
is rotated, yet it is successfully predicted. On the other hand, 
there appears to be no reason for the misclassified examples be-
cause these results are not related to the input image, the forms 
of the letter bodies or the sharing of a common style. These re-
sults help in analysing and evaluating how learnable models 
will perform with such types of data. These experiments give a 
good starting point for understanding how machines could dis-
tinguish between the image datasets for the different Arabic cal-
ligraphic styles, as well as how they could perform with the dif-
ferent forms and styles of the same letter if we combine them 
together. This is just the start of the process to enable machine 
reading of Arabic calligraphic images. 

 

Table 4 : The result of Arabic Letter Classification Learnable model. 
Learning model Feature extraction Accuracy rate 
SVM Bag of SURF 57% 
SVM HOG 60% 

 
Figure 6:  HOG feature representation for alef-maksura in differ-

ent cell size. 
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Figure 7: Result of SVM classification for each letter category with the different feature extraction methods. 



Table 5 : Ten examples of testing the classification system with the corre-
sponding results for each input. 

 
 

V. DISCUSSION AND CONCLUSIONS 

We plan to extend our dataset and corpus by more than dou-
bling the number of examples. This will require the extraction 
of more images of letters, and the inclusion of examples formed 
by rotating the forms in different directions and through other 
forms of image processing manipulation. This process will re-
quire care to ensure that no bias enters the process, and a signif-
icant proportion of the samples will be retained as a final test set. 

We have also extended our investigations into the develop-
ment of machine learning methods for letter, word, and phrase 
recognition. Integration of predictions at these distinct levels, 
along with a priori knowledge about the distribution of Arabic 
texts used in calligraphy will also present an interesting research 
challenge.   

The reading of Arabic calligraphy presents an interesting 
challenge to AI systems, and one in which there has been little 
previous work. We have presented our initial results in this area, 
and we have collected an initial letter database and associated 
text corpus. When completed, we will make our datasets pub-
licly available. Research data is rare in the field of the machine 
reading of Arabic, and this has restricted progress in the research 
area. We therefore hope that our dataset will contribute to further 
computational studies of Arabic calligraphy. Our initial results 
suggest that the constraints on the texts that use Arabic calligra-
phy, combined with reasonable machine success, will be suffi-
cient for machine reading of some forms of Arabic calligraphy. 
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