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Abstract:

Recent developments in Artificial Intelligence (Al), particularly in machine learning and deep learning, open
up exciting new possibilities for developing tools to assist experts in seemingly unrelated fields with their jobs.
The field of ancient Egyptian hieroglyphics is one such example. Convolutional neural networks (CNNSs) can
categorize photographs of ancient Egyptian hieroglyphs. There are famous convolutional neural network
architectures: ResNet-50, Inception-v3, and Xception, that can be used to train images. There is a convolutional
neural network called Glyphnet, which was used to classify images. When compared to the other Convolutional
Neural Networks, Glyphnet provided the best performance testing according to many researchers. Various
machine learning models, including Convolutional Neural Networks and Transformer-based architectures, are
utilized by modern optical character recognition (OCR) approaches to improve the accuracy of ancient text
detection. The purpose of this research is to present a literature analysis on the most recent advancements in

the procedure of deciphering ancient Egyptian hieroglyphs through the use of optical character recognition
techniques.

Keywords: Cultural Heritage, Glyphnet, Deep Learning, CNN, Translation.
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Introduction

Throughout the course of a very long period, historians and archaeologists have put a
significant amount of attention on the preservation of old cultural treasures. Hieroglyphs,
which are considered to be one of the most significant writing systems in the history of
humanity, offer invaluable insights into the political, religious, and cultural aspects of
Egyptian civilization. Hieroglyphs were used by the Egyptians thousands of years ago. The
physical deterioration of the texts themselves, in addition to the lack of defined procedures
for processing and analyzing them, continues to make it impossible to acquire access to these

manuscripts.

Applications of artificial intelligence and machine learning are becoming increasingly
widespread across all scientific disciplines, ranging from fundamental physics to natural
language processing and clinical care. This trend is expected to continue in the foreseeable
future. There is a high probability that this pattern will persist in the foreseeable future. The
great advantages that we enjoy on a daily basis to a substantial degree (Goodfellow, et al.,
2016; Scapicchio, et al., 2021), with the benefits that we experience. Despite the fact that
there have been certain concerns expressed regarding its use (Barucci and Neri, 2020; Chatila
et al., 2021), artificial intelligence possesses an exceptional power, and it is anticipated that
it will not only automate human work but also contribute to the enhancement of human
cognition. Artificial intelligence is beginning to have an impact on a wide range of academic
fields, including archaeology, philology, and human sciences, despite the fact that its specific

role has not yet been fully appreciated on a comprehensive level.

The use of optical character recognition in the process of interpreting ancient scripts
has become an increasingly popular subject of study, notably in the fields of historical heritage
and archaeological research. Significant progress has been made in the recognition and
digitization of ancient Egyptian hieroglyphs as a result of recent developments in machine
learning and deep learning. These developments include the introduction of GlyphNet and the
incorporation of Detectron2 for segmentation. An opportunity to solve these challenges has
offered itself as a result of recent breakthroughs in optical character recognition and deep
learning methodologies. This opportunity has presented itself as an opportunity. This
research is being conducted with the intention of providing a literature review on papers
addressing preserving the historic records through developing a system that is capable of
digitizing hieroglyphic writings and translating them into English. The review paper focuses
on the approaches, challenges, and advances that have been made in the recognition of
Egyptian hieroglyphs. Using the findings that have been gained from other domains, where
techniques associated with artificial intelligence and machine learning have already set strong
and deep roots. This section provides a detailed analysis of the many research efforts that

have been made in the field of OCR for ancient writings.

A number of examples of how current technologies have been applied to the
classification of ideograms that belong to languages that are either no longer in use or that

have been around for a significant amount of time can be found in the published literature.



For instance, in research (Clanuwat, et al., 2019; Lamb, et al., 2020), the KuroNet network,
which is constructed on an Unet architecture, is proposed in order to identify the traditional
Kuzushiji Japanese writing style. This is done in order to ensure that the network is
successful. When it comes to determining the local regions of complex shapes, linear
autoencoders are employed in research (Roman-Rangel and S. Marchand-Maillet, 2016) for
the purpose of identifying them. Not only are these autoencoders used for the purpose of
indexing a collection of hieroglyphs that stem from the ancient Maya civilization, but they are

also used for other purposes.

The graphemic and hieroglyphic palaeography evolutions, the recognition of variants,
and the calculation of the logographic, syllabic, and alphabetic percentage of the hieroglyphic
writing system are just a few instances of the numerous advantages that such approaches
give for Egyptian philology. These are just a few of the many advantages that such techniques
offer. With regard to Egyptian philology, these benefits are applicable to both the synchronic
and diachronic levels (de Saussure, 2011). There have been a number of studies that have
been conducted on the topic of the retrieval and classification of ancient Egyptian language.
Each of these studies has approached the issue from a different rationale. However, despite
the progress that has been made in OCR technology, applying it to hieroglyphic texts presents

a distinct set of challenges:

1. The symbols used in hieroglyphic writing are extremely complicated, with a wide

range of shapes and orientations.

2. Text extraction is made more challenging by the fact that many inscriptions have

endured degradation throughout millennia.

3. The databases that are available to the public for Egyptian hieroglyphs are restricted

in terms of both size and diversity.

For the purpose of overcoming these challenges, the research also provides a literature
review on research that focuses on optical character recognition and how to incorporate image
processing, neural networks, and dataset augmentation through presenting systems that has
been developed to be utilized in a variety of different ways, some of which include the

digitalization of cultural heritage properties, tourism, and educational institutions.

The purpose of this paper is to provide a detailed literature review regarding different
techniques used in OCR for ancient Egyptian hieroglyphs. This paper's contributions can be

summarized in the following points:

* Focusing on the implementation of CNN to recognize ancient Egyptian hieroglyphs and

other ancient civilizations' letters, like the ancient Tamil letters

» Comparing research with other techniques such as Hough transform, ensemble
learning, Histogram of Oriented Gradients (HOG), and Generic Segmentation and Cross-

Validation Voting

= Discussing the most well-known models implemented in research for OCR, like the

GlyphNet and ConvNeXt models



» Clarifying the challenges facing the Hieroglyphic OCR Process

The rest of this paper is organized as follows: Section 2 discusses literature review,
Section 3 mentions recent Advances in Research and Innovations, and Section 4 contains the

conclusion.
Literature Review

When it comes to historical and cultural settings, there has been a considerable increase
in the amount of attention that has been devoted to the use of optical character recognition
over the course of the past few years. This emphasis has been placed on the application of
OCR. An overview of key works is included in this area, along with an analysis of the
techniques implemented and opportunities involved with the development of optical character

recognition systems for ancient Egyptian hieroglyphs.
2.1. Existing Optical Character Recognition Technologies

A number of contemporary optical character recognition systems, such as Tesseract
OCR, have shown that they are effective at processing organized text; nevertheless, they
frequently struggle with historical inscriptions due to abnormalities in fonts, text alignment,
and degradation. In research (Giridhar, et al., 2025), for example, Tesseract OCR was used to
read ancient Tamil letters, and the researchers were able to achieve a 77.7% accuracy rate by
improving the preprocessing processes. Additionally, CNNs were utilized for feature extraction
in other research, such as (Fuentes-Ferrer, et al., 2025), which resulted in an improvement

in accuracy for degraded texts.

According to the information offered in research (Franken and J. van Gemert, 2013),
the categorization of a database that contains more than four thousand hieroglyphs is
accomplished by employing image descriptors and picture matching algorithms. The research
that is given in (Duque-Domingo et al., 2017) aims to contribute to the construction of a
navigation system for museums by identifying hieroglyphs that are present in parts of
Egyptian cartouches. This research makes use of computer vision techniques in order to
accomplish this goal. Within the context of (Elnabawy et al., 2018), the application of
computer vision techniques for the purpose of hieroglyphic recognition is also common. There
is a text information retrieval system that has been proposed for consideration in the article
(Iglesias-Franjo and J. Vilares, 2016). This system is designed to work with Egyptian
hieroglyphic texts. A relatively recent development is that the Google team has demonstrated
a fresh interest in the field of hieroglyphic recognition (Rosmorduc, 2008; Nederhof, 2015). In
addition, the recommendations for the identification and transcription of the signs can be
found in research (Unravel, 2021; FABRICIUS, 2021). However, to the best of the author's
knowledge, there is still a scarcity of technologies that make it possible to decipher ancient
Egyptian texts in a semi-automatic manner. This is the case despite widespread efforts to

develop such technologies.

There is a wide variety of ideograms that make up the representation of hieroglyphs.
These ideograms can normally be categorized into around 26 different types. Once these

ideograms have been linked together, words and sounds can be constructed (Gardiner, 1957).



Writing was done in a variety of forms, including monumental or cursive writing, writing in
different directions, and writing on a variety of substrates, such as papyrus, wood, and stone.
These were just some of the ways that they were written. A society that has been writing for
thousands of years has left behind a substantial amount of documentation. This
documentation has been left behind by the previous civilization. At this point, it is necessary
to acquire these documents, translate them, and comprehend them. It is precisely in this
context that artificial intelligence comes into play, offering assistance with the categorization

of ideograms and, as a result, translation efforts.
2.2. Ocr Technologies in Existence and Their Applications

Optical Character Recognition has been utilized in the field of Egyptology for more than
a decade, and it has frequently proven very successful. Nevertheless, the majority of the other
optical character recognition programs that have been implemented in the field have begun
and concluded with the digital identification of characters and the digital transcription of texts
(Giridhar et al., 2025; Urieli et al., 2025; Zhang et al., 2024; Shivam et al., 2024; Ameer &
Hassani, 2024; Mufioz Sanchez, 2024; Julian, & Devipriya, 2024; Garcia, 2024; Adhwaith et
al., 2024). Although this is a significant piece of work, optical character recognition is not
restricted to this particular application. For almost all optical character recognition algorithms
to successfully identify a character, the program must first consult a database of characters
that have been correctly identified in the past in order to inform the new judgment. As part of
the process of identifying an unknown character, the program consults the database in order
to rate the many possibilities and select the most appropriate one. It is possible to do image
recognition through this technique, which involves comparing the similarities of the input
character to the characters in the database. Additionally, this procedure can provide a
plethora of information regarding the similarity of characters. Following that, theories
regarding texts might be put to the test using this information. A comparison of the
handwritings of the two manuscripts may be made, for instance, if one were to hypothesize
that the same scribe was responsible for drafting both texts. In point of fact, this is already
one of the things that is done in order to study these concerns; however, the power,
dependability, and statistical significance of these studies would be significantly increased if
there were a huge data collection that could be compared. Then, one may not only assert that
the handwriting of two texts appears to be comparable, but that they are also significantly
distinct from the entirety of the corpus of other texts. OCR and a substantial data set are the
only tools that can be used to compare texts in this manner. On data sets containing
hieroglyphs (Franken et al., 2013; Elnabawy et al., 2018), and handwritten hieroglyphic
transcriptions (Nederhof et al., 2015), optical character recognition has been utilized
(Kundaikar et al., 2024; Vatavu, & Morariu, 2024; Rashad, 2024; Barucci et al., 2023;
Sharma, 2023; Fujitake, 2023; Gordin, 2022; Barucci et al., 2020; Liu, 2020; Giridhar et
al., 2019), however, hieratic, the primary ancient Egyptian cursive script, has never been
utilized. When it comes to optical character recognition, hierarchical presents a unique set of
obstacles. These challenges include variances in papyrus quality, the existence of ligatures

and overlapping characters, which OCR machines are unable to differentiate, variations in
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ink density, and other similar characteristics. The use of an OCR-based method in the study

of hieratic will be a necessary effort, despite the fact that it will be difficult to do so.

When hieratic morphology is taken into consideration, several concerns, such as the
authorship and provenance of writings or the identification of scribal schools, become
comprehensible for the first time. Furthermore, in contrast to hieroglyphic identification, the
automatic identification of hieratic characters has the potential to be of considerable help to
both novice and seasoned academics alike. This is in contrast to the situation with
hieroglyphic identification. In hieratic, where signs might blend together, be smeared, or
simply look similar by design, it is not uncommon for people to get the concept of a
hieroglyphic sign confused. However, this is most common in hieratic. The application of
digital tools, such as optical character recognition, to hieratic will make it possible to research
more extensive questions, make the study of ancient material simpler, make resources more
available and locatable, and provide assistance to young scholars who are learning the script.
Fig. 1 illustrates an ancient Egyptian Hieroglyph image, and Fig.2 illustrates the conversion

of ancient Egyptian Hieroglyphs to English letters.

Fig. 1. An ancient Egyptian Hieroglyph

Many different Machine Learning (ML) models, most notably Convolutional Neural
Networks and Transformer-based architectures, are utilized by contemporary optical
character recognition approaches in order to improve the recognition accuracy of historically
significant texts. Convolutional neural networks for feature extraction, transformer-based
architectures for contextual understanding, and segmentation models like Detectron2 for
improved character isolation are some of the different approaches that have been investigated

in a number of studies in order to address the complexities of hieroglyphic scripts.



Fig. 2. Conversion of ancient Egyptian Hieroglyphs to English letters

-"Ancient Text Recognition: A Review" (Narang et al., 2020). This study examined optical
character recognition applications for scripts that are not Latin languages, with a particular
focus on feature extraction methods such as the Hough Transform and ensemble learning.
The study was able to reach an accuracy rate of up to 99% in controlled circumstances;

nonetheless, it brought to light problems with the segmentation of deteriorated texts.

- "Optical Character Recognition for Ancient Non-Alphabetic Scripts" (Gordin, 2022):
This research utilized deep learning to analyze ancient texts, and it was successful in
maintaining an accuracy rate of 89%. A 3D model reconstruction and optical character
recognition integration were incorporated in the methodology, which exemplified the

significance of multi-modal learning in the process of decoding ancient manuscripts.
2.3. Optical Character Recognition for Egypt's Hieroglyphs

- "Discovering the Ancient Egyptian Hieroglyphs with Deep Learning" (Barucci and Neri,
2020): This research utilized GlyphNet, a CNN model that is based on Xception, in conjunction
with Detectron2 for segmentation. When used on controlled datasets, it demonstrated good
accuracy rates, but when applied to real-world inscriptions, it encountered challenges due to

degradation.

- "Recognition of Egyptian Hieroglyphic Texts through Focused Generic Segmentation
and Cross-Validation Voting" (Julian, & Devipriya, 2024): Introduced ConvNeXt models with
segmentation-based voting approaches, which improved optical character recognition
accuracy for carved inscriptions. According to the findings of the study, increasing the

diversity of the datasets could further improve the outcomes.

- An optical character recognition method that makes use of the Histogram of Oriented
Gradients (HOGQG) for feature extraction was proposed in the article "Image-Based Hieroglyphic
Character Recognition" (Hossam et al., 2018). The study attempted to manage the reading

order using Gardiner's Code, and it was successful in obtaining an accuracy of 85%.



- In the article "Extending Gardiner's Code for Hieroglyphic Recognition and English
Mapping" (Elnabawy et al., 2020), the authors presented a modified version of Gardiner's Code

mapping, which improved reading direction alignment and segmentation.
2.4. Difficulties in the Hieroglyphic OCR Process

- Data Scarcity: The limited availability of hieroglyphic datasets that have been
annotated constitutes a barrier to the training of models. In an effort to find a solution to this
problem, many methods, such as Transfer Learning and Synthetic Data Generation, have

been investigated.

- Degradation and Variability: A great number of inscriptions are either impaired or
display a wide range of stylistic variances, which necessitates the utilization of sophisticated

preprocessing methods such as morphological operations and super-resolution models.

- Complicated Symbol Structure: Hieroglyphic symbols frequently feature text layouts
that are multi-directional, which makes segmentation challenging. The utilization of graph-
based models and different processing methods has been suggested by a few researchers as

a means of enhancing contextual comprehension.
Recent Advances in Research and Innovations
Deep Learning Models

- The article " A deep learning approach to ancient Egyptian hieroglyphs classification"
(Barucci et al., 2020) describes how CNNs that were specifically designed for hieroglyphic

classification were able to achieve an accuracy rate of 97%.

- In the article " Advancements in OCR: A Deep Learning Algorithm for Enhanced Text
" (Sharma, 2023), the authors proposed a CNN model trained using a standard
backpropagation algorithm with mini-batch stochastic gradient descent (SGD), using the

ImageNet dataset, and achieved an accuracy above 86%.

Potential Applications: By integrating these models with augmented reality (AR), tourists

might be able to scan inscriptions and receive translations in real time that are accurate.
3.2 Error Correction That Occurs After OCR

- The article "Post-OCR Text Correction for Bulgarian Historical Documents" (Beshirov
et al., 2024) describes how BERT-based correction models were applied, which resulted in an

increase of 16% in the accuracy of OCR.

- In the study titled "Automatic Hindi OCR Error Correction Using MLM-BERT"
(Kundaikar et al., 2024), the authors utilized a masked language model for post-processing

corrections, which resulted in a 3.58% improvement in recognition accuracy.

A combination of optical character recognition with speech recognition for interactive,

voice-assisted text interpretation is one of the future prospects.
3.3 Comparison and Analysis of Previously Conducted Research
Table I illustrates comparison of previously conducted research.

Table 1. Table captions should be placed above the tables.



OCR

Challenges Accuracy
Study Reference Technique Dataset
Addressed Achieved
Used
"Recognizing Fragmented Handling
Al-based Fragmented
Hieroglyphs with AI" (Garcia, Broken 82%
OCR Glyphs
2024) Symbols
“A deep learning approach to
ancient Egyptian hieroglyphs | CNN-based Transfer
&y v GlyphReader 97%
classification" (Barucci et al., OCR Learning
2020)
CNN with
" Advancements in OCR: A
mini-batch
Deep Learning Algorithm for Textual
stochastic ImageNet >86%
Enhanced Text " (Sharma, Scripts
gradient
2023)
descent
"Enhancing Usability of OCR with Romanian
Post-OCR
Digital Collections" (Vatavu, & | NLP post- Novel 93%
Correction
Morariu, 2024) processing Collection
"Segmentation of Maya Fine-tuned Hieroglyph
Maya Vase
Hieroglyphs" (Franken et al., | Foundation Segmentatio 88%
Database
2013) Models n
Text
"Arabic-Nougat: Fine-Tuning Vision
Arabic Formatting &
Vision Transformers for Transforme 94.7%
Manuscripts Markdown
Arabic OCR" (Rashad, 2024). r OCR
Extraction
"Post-OCR Text Correction for BERT-
Bulgarian Post-OCR
Bulgarian Historical based
Historical Error 90%
Documents” (Beshirov et al., Correction
Docs Correction
2024) Models
Masked
"Automatic Hindi OCR Error Contextual
Language
Correction Using MLM-BERT" Model Hindi Texts Error 87.2%
ode
(Kundaikar et al., 2024) Correction
(MLM)




Conclusion

With a particular emphasis on the role that deep learning plays in enhancing recognition
accuracy, this paper highlights the gains that have been made in optical character
identification for ancient Egyptian hieroglyphs. This paper provides a summary of research
on the use of CNN with the purpose of attaining recognition of ancient Egyptian hieroglyphs
and other letters from ancient civilizations, such as the old Tamil characters. The goal of this
recognition is to identify ancient Egyptian hieroglyphs. Several different approaches,
including CNN, the Hough transform, ensemble learning, Histogram of Oriented Gradients
(HOG), Generic Segmentation, and Cross-Validation Voting, are evaluated and compared with
regard to their performance against one another. In addition, the difficulties that OCR

encounters while working with ancient hieroglyphs are highlighted in this paper.

Visitors and archaeologists alike are finding it simpler to access ancient sites as a result
of technology that uses real-time optical character recognition. The apps in question take
advantage of mobile applications as well as augmented reality applications. Furthermore,
these works have the potential to lead the way for improved model precision and make a
significant contribution to the development of research in Egyptology. This is in addition to
the fact that they have made a significant contribution to the advancement of research in
Egyptology and the application of deep learning to the translation and study of ancient

languages. Future research should focus on the following areas:

- Dataset Expansion, which is the process of constructing labelled datasets that are
both larger and more diverse than those that have been previously collected. This is

something that ought to be the major emphasis of the work that follows this research.

- Visual character recognition, auditory recognition, and contextual natural language
processing models are all required to be incorporated into the multimodal learning integration

process.
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Abstract:

This scientific paper, titled “the vocative style in Surah Yusuf: An Applied Grammatical Study” explores the
vocative style through a linguistic lens within the story of prophet Yusuf (Joseph) This story is described by
Allah as “the best of stories,” showcasing an immortal miracle that has long been analysed by rhetoricians and
grammarians. Consequently, this research aims to demonstrate this miracle from a grammatical perspective by
studying the vocative styles and their grammatical applications in Surah Yusuf. It poses the following questions:
what are the vocative styles mentioned in the story of Yusuf, which Allah described as the best of stories? And
what is the role of vocative style in the beauty of this story compared to other styles?

To answer this question, this paper provides a brief introduction to Surah Yusuf, followed by an overview of

all the vocative instances mentioned therein, explaining each call in terms of its grammatical parsing (I’irab),
structure, and ellipsis (deletion).

Keywords: Style, Surah, Yusuf, vocative, Grammatical, Study.
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Abstract:

This study aims to establish principles for building a digital economy in developing countries. It demonstrates
that building a digital economy is a priority task for the social and economic development of these countries.
The study highlights the characteristics of developing a digital economy, which include the availability of
intellectual assets. The increasing importance of data, the networking of businesses, the widespread adoption
of the internet, and the global nature of data exchange are defining the tools for solving the problems of the
digital society. These tools include digital platforms for developing a "sharing economy,"” as well as cloud
computing technologies and methods for processing big data. Principles for building skills development
systems in the field of digitalization are also formulated, including the rational use of resources.

Combining short- and long-term development goals, lifelong learning, a structured approach, a unified
management approach across all levels of government, and the involvement of all stakeholders in the
digitalization process.

Keywords: Digital Economy, Principles of Digitalization, shared Economy, Developing countries.
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Abstract:

In recent years, the world has witnessed a significant transformation in the mechanisms of economic activity
of power in light of the profound transformations taking place in the contemporary global system. The
researcher argues that the traditional structure of international relations, based on the state as the primary actor,

has become clear,Military power as a tool of balance is no longer sufficient to explain the increasing complexity
of international interactions.

Through a theoretical and critical approach supported by practical examples such as the Russian-Ukrainian war,
the US-China rivalry, and the disintegration of the regional order in the Middle East, the researcher argues that
the multiplicity of actors, the fragmentation of power, and the emergence of influential non-state actors
necessitate a revision of classical concepts and expanding analytical tools.

The researcher believes that the world is moving toward a complex and unstable multilateralism, which requires

more flexible analytical models that take into account digital power, transnational networks, and value shifts in
international politics.

Keywords: International System, Balance of Power, International Relations, Non-State Actors, Multipolarity,
Globalization.
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Abstract:

The research aimed to present women's rights in Islamic law and international conventions, and to compare
contemporary challenges and interpretations. To achieve the research's objectives and goals, the descriptive-
analytical approach and the comparative approach were adopted, given their suitability to the research topic
and its context. A number of Arab and foreign sources and references were consulted in preparing this research.
A number of different conclusions were reached, the most prominent of which are: Islamic law preceded the
European Community's declaration on women's rights, which was included in the Universal Declaration of
Human Rights, by approximately fourteen centuries. The methodology for implementing women's rights,
unique to the legal state in the Islamic form, is the principle of dual responsibility. Society—individuals and
authorities—in the Islamic system finds itself responsible for implementing Islamic law, including provisions
on women's rights and other matters. Recommendations related to women's rights adopted by the General
Assembly and the Economic and Social Council do not, as a general rule, have any binding legal status for
members of the international community. The researcher also presented a number of recommendations, most
notably: Establishing a mechanism for direct cooperation between international, regional, and national bodies
in the field of women's rights in Islamic countries, with the aim of strengthening engagement between Islamic
organizations and international bodies active in protecting women's rights, as enshrined in God Almighty and
recognized by international conventions..

Keywords: Women's Rights, Islamic Sharia, International Conventions, Contemporary Interpretations.
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