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ABSTRACT 
 
Digital paleography is an approach used to assist 
paleographers in deciding the origin of manuscripts. This is 
done by recording types of writings present in old 
manuscripts. It uses digital representation of book hands as a 
tool to support paleographical analyses by human experts. 
There are six types of manuscripts selected which are Arabic, 
Chinese, Jawi, Indian, Latin and Roman. These types of 
manuscripts are discussed through their current contribution 
in the digital paleography field. The main purpose of this 
paper is to discuss the current work on digital paleography for 
selected types of manuscripts. Thus, we identified the 
approaches and methods used to define the types of 
handwritings in old manuscripts 
 
Key words : Ancient Manuscript; Digital Paleography; 
Feature Extraction; Paleography, Handwriting.  
 
1. INTRODUCTION 
 
Paleography is the study of identifying manuscript origin 
details such as originality, writing date, provenance, as well as 
a number of authors. Most of the ancient manuscripts such as 
Arabic, Chinese, Hebrew and Latin were old and corrupted 
due to poor of storage conditions and quality of written 
parchment. However, with advanced technological now, it 
aids paleographers in studying ancient documents. 
 
Each of languages has their own difficulties in identifying the 
pattern, shape, styles and type of handwriting. For example, 
Arabic document has been stated as one of challenging 
languages because of Arabic characters were hard to 
recognize. Most of the characters have dots and some of 
Arabic text were complex to segment due to stroke and shape 
of Arabic characters [1]. The similar problem also occurs for 
Chinese document. The complex shape and strokes become a 
challenging task to researchers in identifying the handwriting 
in ancient manuscripts [2]. 
 
In recent years, the field of digital paleography has grown 
with a dynamic response due to paleographers who seem to be 
subjective with their views. With technological advances, 
research has been made to be more reliable. Digital 
 

 

paleography helps experts in deciding the manuscript origin 
by scoring the type of writing of an old manuscript [3]. The 
purpose of digital paleography described by [4] is to use the 
digital representation of book hands as a tool to support 
paleographical analysis by human experts. It describes certain 
graphics style of handwriting and compares it with different 
scripts in relation to its geographical and chronological 
aspects. Most research works aim to recognize the type and 
style of writing as well as paleography. Among the research 
works, identifying the writers have greater values compared to 
the other details. 
 
We present this paper with the intention of discussing the state 
of the art in digital paleography. This paper is organized as 
follows: Section 2 presents a brief of paleography background. 
Section 3 discusses state of the art in digital paleography and 
finally, Section 4 summarizes this paper. 

2. BACKGROUND OF PALEOGRAPHY 

The digital form of paleography only began in 1999 where the 
studies only focused on Roman, Hebrew and Hindi domain. 
The System for Palaeography Inspector (SPI) was first 
developed in 1999 by researchers from University of Pisa. 
Nevertheless, this system was incomplete due to the 
insufficient features and the system does not support 
Windows XP operating system [4]. In 2009, a case study 
about SPI was reported by same authors [5]. The case study 
was about to update their research work from various aspects.  
 
In 2004, a preliminary study in Hebrew manuscript was 
conducted by [6]. However, the study only used five Hebrew 
alphabets where no clear justification was stated over the 
choice of five alphabets. The proposed technique by [6] only 
revolved around the range of spaces within the alphabets. 
Then, in 2005, [7] has proposed an input sensitive 
thresholding algorithm for ancient Hebrew manuscripts. 
 
Two years later, the studies in the Roman manuscript were 
explored. [8] has applied a global approach which was a 
statistical method. The statistical method which was based on 
Haralick characteristics were used to obtain 12 features for 
identifying the types of Roman script. Nevertheless, the 
method used was only able to determine the dominant script in 
Roman manuscripts.  
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With the limitations of methods used by previous researchers 
as aforementioned, the studies in digital paleography have 
demanded a different method that can be used to identify the 
type of handwriting and origin of the script. 

3. STATE OF THE ART IN DIGITAL 
PALEOGRAPHY 

As of today, there is numerous project works being scrupulous 
with evolving such methodologies. These methodologies have 
been implemented in preparing to digitize the paleography 
into digital form. [9] introduces the computerized 
paleography through two tools which were developed for 
aiding the paleographers in paleography. The handwriting 
matching tool and paleographic classification tool were 
designed to provide a high level of accuracy and concise 
justification of the inferred results [9]. However, these 
methods were stated has only tested based solely on Hebrew 
(Genizah) handwriting. 

3.1. Digital Jawi Paleography 
In meantime, with a vast number of Jawi manuscripts in 
Malaysia, a preliminary work on digital Jawi paleography has 
been introduced in 2010 with reports of discoveries and paper 
publications [3], [10], [11]. A framework of digital Jawi 
paleography was proposed in the earliest phase of the 
development. It was used to identify the types of Arabic 
calligraphy in Jawi manuscripts [3]. The research in digital 
Jawi paleography has been expanded by [12] uses a triangle 
geometry method to extract features from Arabic calligraphy. 
The analysis on digital Jawi paleography was performed 
through Arabic calligraphy dataset. The study has reported 
that the proposed technique using triangle geometry method 
was successfully implemented in digital paleography of Jawi 
characters. 
 
Nevertheless, no Jawi character database was available to be 
reached even many types of research have been done. Thus, in 
2015, the first printed Jawi database was proposed by [13]. 
The printed Jawi database namely Database Printed Jawi (DPJ) 
was developed to assist the researchers in analysing and 
evaluating Jawi character recognition method. The Jawi 
database contains four types of fonts which have 1524 
characters and also 168 printed words and sentence images 
[13]. The DPJ dataset has been used by [14] in their study. [14] 
has built optical character recognition using offline and online 
application which used to compare the performance between 
them based on their execution time. The results have shown 
online application executes faster compare to the offline 
application. 

3.2. Latin Paleography 
The study in digital paleography also has been evolved in 
Latin manuscript. Begin with first digital paleography in 1999 
[4], many types of research have been performed until now. 
[15] uses convolutional neural networks in identifying 
medieval Latin manuscripts in their studies. The study of [15] 
contributes to the Latin paleography in recognizing the type of 
Latin scripts. By using the CLaMM (Classification of Latin 
Medieval Manuscripts), the studies offered the visualizations 

which were used to cater the issues of the black box in Digital 
Paleography [16], [17]. Besides that, [18] also has used 
CLaMM dataset in their studies. They had performed an 
analysis on CLaMM dataset and also on 40 Arabic computer 
fonts using the convolutional neural network. The proposed 
method focused on data augmentation which had produced a 
good result by achieving the highest accuracy of 86.6% in 
predicting the paleographic scribal script on Latin 
manuscripts. 

3.3. Arabic Paleography 
Paleography in Arabic manuscripts has been discussed from 
date to date. Most Arabic paleographical studies have been 
largely based on existing dated samples with the dates aiding 
as landmarks. The contributors and editors alike show a keen 
appreciation of the significance in the historical development 
of Arabic paleography and calligraphy. Though others have 
approached this issue differently, some having more 
familiarity than others with the historical, less artistic, but 
more difficult and fundamental phase in the study of Islamic 
writing [19]. The Arabic paleography can be associated with 
Malay paleography because the Jawi scripts were created 
based on Arabic characters while the orthography system of 
Malay paleography was strongly influenced by the Arabic 
language [20]. However, no serious research for Arabic 
paleography has been conducted until now. Most research for 
Arabic scripts was found only discussing its origins and 
calligraphy [20].  
 
The task to recognize the Arabic handwriting becomes more 
challenging amongst researchers alike when dealing with dots 
in, on and in between of characters. According to [1], Arabic 
character recognition can be considered as a challenging task 
compared to other handwritings such as Latin, Japanese and 
Chinese. Besides, there are very limited works reported for 
Arabic handwriting recognition [1]. A new recognition 
system has been proposed by [21] to inspect the feature 
extraction method for the recognition of handwritten Arabic 
character. The main goal is to exploit the recognition rate with 
the minimum volume of elements [21]. Similar studies in [1], 
[21] also collect the Arabic characters. However, the way of 
study in [1] to obtain data input was from various writers 
while the studies [21] had obtained data input from people in 
different age groups. Even so, both studies in [1], [21] 
processed the data input manually by scanning the form they 
had collected from one by one. The [21] had used a form that 
was written in different colours such as blue and black by the 
writers. 

3.4. Chinese Paleography 
However, in Chinese paleography, it more concerned with 
empires far mediocre from the modern day. Paleographers 
work on inscriptions and other materials endlessly, struggling 
to bring the information and bonds of those past times into the 
present day. A digital system for paleography must be able to 
handle inconsistency in both dimensions, flawlessly and 
accurately. If this is not done, information will be lost in the 
exchange and research findings will fail as a result. According 
to [22], a digital system for paleography must provide the 
outline for creating significant relations among different 
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written editions and provide a method to relate various 
understandings of the basic data.  
 

There are seven stages featured in Chinese advanced 
paleography which can be alluded in [22]. The investigation 
of Chinese paleography has been examined by [2]. Various 
uncovered compositions including uncommon versions of 
significant Chinese works of art and missing writings 
portrayed different parts of Chinese culture and conventions 
[2]. Chinese paleography takes a shot at how the antiquated 
Chinese engravings are elaborately, fundamentally and 
tastefully introduced by the Chinese calligraphy. [2] had 
expressed that the interdisciplinary investigation of Chinese 
paleography, calligraphy, and example acknowledgment had 
given a progressed computerized way to deal with the 
comprehension of uncovered antiquated Chinese reports and 
upheaval of customary Chinese paleography.  

The investigation of Chinese paleography, calligraphy, and 
example acknowledgment which conjointly examines the 
expressive variety and auxiliary multifaceted nature of old 
Chinese contents develop an imaginative digital-based 
comprehensive Chinese paleography. The exploration in [2] 
explains in detail of Chinese paleography, calligraphy and 
example acknowledgment which spotlights on the styles and 
contents in unearthed antiquated Chinese reports. Other than 
that, [2] likewise referenced that the Transparent 
Transcription approach was a viable and creative way to deal 
with learn Chinese paleography. Also, this comprehensive 
methodology speaks to the future that can't be maintained a 
strategic distance from in investigating the Chinese 
paleography in the computerized period [2]. The exploration 
in [2] has detailed that the Transparent Transcription is 
compelling and best in class way to deal with concentrate 
Chinese paleography. The investigation of Chinese 
penmanship acknowledgment has gotten requesting 
graciousness for a considerable length of time. Subsequently, 
the investigation of Chinese penmanship has been 
investigated among specialists in the penmanship 
acknowledgment field. 

3.5. Roman Paleography 
The study of Roman handwriting has been in existence for 
more than four decades [23]. There were no available standard 
datasets that could be reached by the research community at 
that time. However, the research and development of digit 
recognition have gone on a rapid advancement since the last 
decade. Thus, the study of Roman handwritings has been 
getting attention and explored among researchers of 
handwriting recognition. The Roman dataset, MNIST, was 
developed in 1992 and was known as the National Institute of 
Standard Technology (NIST) at the beginning. Then, the 
dataset was named MNIST [24]. The MNIST dataset has been 
widely used among researchers in handwriting recognition 
[23], [25].  
 
The research in Roman handwriting [25], [26], the researchers 
have used different methods to obtain the data input for their 
research. Moreover, there are also two types of datasets that 

were used in [25]. These datasets are known as contemporary 
handwritings which are Firemaker [27] and IAM [28]. The 
Firemaker [27] consists of 1004 pages where four pages were 
written by every 251 students. From the 4 pages, only pages 1 
and 4 were used in the research. Whilst, in the IAM dataset, it 
consists of English handwriting that has been written by 657 
subjects using different pens [28]. In 2010, the researchers [26] 
had also used the IAM data as the data input in the research. 
956 words of the offline IAM dataset have been trained 
whereas each word is represented by 29 statistical features.  
[26] has presented the swarm intelligence as a features 
weighting mechanism to distinguish between a feature that 
has high importance and low importance in the identification 
process. Then, the weights are acquired from swarm 
experiments which are then used to alter the feature scores. It 
will then be used to recognize the most vital subset feature for 
the writers’ classification process. The Binary Particle Swarm 
Optimization (BPSO) is used as a feature selection method 
whereas the Euclidean Distance (ED) is used as an evaluation 
function for BPSO. However, [25] has used Quill and 
Quill-Hinge which are known as pen-dependent features in 
their experiments. 

3.6. Indian Paleography 
Indian is known as a multilingual country of more than one 
billion people residing in the country with 22 constitutional 
languages and 10 different scripts. Bangla  happens to be the 
most popular language and a script of the Indian sub-continent 
which is Devanagari [29]. This language has been used by 
more than 200 million people around the world. In addition, 
Bangla is also known as the official language of Bangladesh 
[29]. The Bangla script is similar as two other Indic scripts 
which are Viz., Assamese and Manipuri [29]. 
 
The study of Indian paleography grew out of essential for 
interpreting a large number of writings found in the 
sub-continent. With advanced technological now, research 
and development of handwritten character recognition 
methodologies for Indian scripts have improved immensely. 
Based on [30], the nonexistence of standard or benchmark 
databases has become a major constraint to the research on 
handwritten character recognition of Indian scripts. However, 
several standard databases such as NIST, MNIST, CEDAR 
and CENPARMI are available for Latin numerals [30]. In [30], 
the researcher had presented a pioneering effort towards the 
development of handwritten numeral databases of Indian 
scripts.   
 
Nevertheless, a complete handwritten numeral database of 
Bangla has been developed in 2006 at the Computer Vision 
and Pattern Recognition Unit Laboratory of Indian Statistical 
Institute, Kolkata [29]. This database is known as the ISI 
database [29]. The current database has several components 
which include both online and off-line handwritten numerals. 
The samples of numeral strings and isolated numerals have 
been gathered under both modes of writing. The printed 
Indian scripts; Devanagari [31] texts and Bangla OCR System 
[32] are the significant works being done on recently [29]. 
However, researchers for handwritten characters on several 
Indian scripts such as Bangla [32], [33] and Devanagari [31] 
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are lacking. According to [29], the source of different 
databases collected is either in laboratory surroundings or 
from minor clusters of the concerned population. The 
database was developed to make fellow researchers feel free 
for the persistence of handwriting recognition research on 
Indic scripts. 
 
The research to identify the Telugu, Devanagari and English 
manuscript by using discriminating features was introduced 
by [34]. The aim of [34] was to identify the differing 
manuscript regions of the document in order to support the 
document to the Optical Character Recognition (OCR) of an 
individual language. The OCR is a technology that enables 
researchers to convert different types of documents such as 
scanned paper documents into editable and searchable data 
[35]. The researchers in [34] have developed a model to 
recognize and detach the text lines of Telugu, Devanagari and 
English manuscripts from the printed trilingual document. 
 
In Indian paleography [34], the researchers have proposed a 
new model to identify and separate the text lines of Telugu, 
Devanagari and English scripts. Therefore, the [34] has used 
the new proposed method to extract the distinct values from 
the top and bottom profile based features. Unlike the research 
in [34], the researcher [36] had used Optical Character 
Recognition (OCR) in Devanagari scripts only. This is 
because not much research has been done by using the OCR in 
Indian scripts such as Devanagari. Therefore, the researcher 
has come out with the proposed model for research in [36]. 

4. CONCLUSION  

A brief review of state of the art in digital paleography by 
several languages has been discussed in this paper. A lot of 
effort has been spent in the study of digital paleography. 
Nevertheless, the study in digital paleography has provided a 
lot of benefits in identifying the ancient manuscripts. Besides, 
most ancient manuscripts are valuable. Even though the study 
of paleography has been explored long time ago, the lack of 
technologies becomes a major factor among researchers to 
study. Thus, this paper has been presented in general and 
specifically concentrating on related work of digital 
paleography for each of languages. The current trend on 
techniques that have been used by numerous researchers was 
aided in digital paleography. 
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