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Abstract

From the collaboration between the Department of Humanities and the Department of Physics
"Ettore Pancini" of the University of Naples "Federico II", with the addition of three private
companies, the "MAGIC" project started in mid-2023. The project aims to create a Service Center
for the treatment, conservation, digitization, preservation and enhancement of the archival and
book heritage. Starting from the Illuminated Dante project, that is, the digitization (managed by
the Department of Humanities) of the illuminated manuscripts of Dante Alighieri's Divine
Comedy, dated between the 14th and 15th centuries and preserved in national and international
museums, libraries and archives, the MAGIC project as a whole proceeds towards information
systems and information retrieval systems that aim to acquire information, to archive it and to
preserve it in specific databases, without neglecting its distribution and communication. The
analysis of the contents and the extraction of the information also lead to a second objective: the
easy readability of the text. Artificial intelligence algorithms are being used as image filtering
techniques in what is commonly called the bleed-through effect, where ink bleeds between the
front and back of manuscripts, making them difficult to read.
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1. Introduction

In May 2023, thanks to the cooperation between the Department of Humanities and the
Department of Physics “Ettore Pancini” of the University of Naples “Federico 11", the MAGIC
project was launched, a multidisciplinary project with heterogeneous and transversal skills,
capable of combining scientific research in the field and the growth of knowledge with the
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use of innovative technological solutions, first and foremost the digitalization planned for
the Illuminated Dante project. The Center intends to experiment and adopt new
technologies in the service of information retrieval, in the presence of libraries and archives
rich in heritages to be communicated and a public attentive and predisposed to interaction
and information sharing. The MAGIC project also stems from the co-partnership with three
major industrial companies, leaders in the field of Information and Communications
Technology applied to cultural heritage and digitization; companies that have an in-house
R&D division and have acquired the necessary know-how to guide all stages of the process,
from the creation of information to its archiving and dissemination [1] [2].

2. Multimodality and multimedia in Dante Alighieri’s Commedia
Conventions, incentives and scientific partnership agreements with Italian and foreign
curators have supported the digitization and dissemination of a core of 283 illuminated
manuscripts of Dante Alighieri's Divine Comedy.

The dedicated web portal, IDP-Illuminated Dante Project (www.dante.unina.it), curated
by the Department of Humanistic Studies, displays high-definition digitized images in the
JPEG 2000 multi-resolution format of the first 101 manuscripts with copyright concession
and using the Mirador viewer [3] [4]. It is a large hypertextual system in which access to the
data occurs through open access navigation and exploration by the user, be they a specialist
and scholar, or an avid reader of the world of Dante.

The web portal, object of interest, represents a system of textual and multimedia
information retrieval, since the information to be managed and searched are in different
forms: text and images. The system manages hundreds of textual contents, first of all those
concerning the poem of the Divine Comedy, according to the edition edited by Giorgio
Petrocchi and divided into the three canticles of Inferno, Purgatory and Paradise, in turn
divided into verses. Furthermore, the IDP-Illuminated Dante Project portal reports for each
manuscript its own descriptive sheet, considering the bibliographic object under the
paleographic, codicological, philological and historical aspects, as well as under the
iconographic one, arriving at a very analytical expository analysis, which goes as far as the
examination of the individual images that accompany and embellish the code. A search for
"Subjects" and "Decorative types" from the boxes on the Home page or directly from the
Navigation bar allows the system user to perform an exhaustive and complete search of the
text/image relationship. For each image inserted in the portal, the typology, execution
technique, subject and macro-subject, keywords, text-image relationship, relationship with
the Dante and extra-Dante tradition, and any notes are outlined. The same occurs with the
iconographic information that characterizes the "Subjects" field, an alphabetical list that
lists protagonists, contexts, things and places present in Dante's Comedy. The description
cards follow the Manus OnLine (MOL) platform, and will then be exported via XML TEI-P5,
on the portal www.dante.unina.it. This procedure allows the indexer to proceed with the
compilation of the initial grids in pre-established or free fields [5] [6] [7].



3. Artificial intelligence and data access

The second goal of the Magic project is the creation of new cultural assets available for the
community to enjoy. The primary goal is not only the mere faithful reproduction of
manuscripts, but to ensure their easy readability for users, transcending sociocultural
boundaries. In fact, an important phase of the project concerns the image quality control
system, with the aim of ensuring the efficient readability of the entire information content
of the original manuscripts, especially for non-experts, since manuscripts commonly have
irregular and difficult-to-read writing.

Ancient manuscripts can be subject to different types of degradation. A frequent problem
is the oxidation of inks: their composition causes oxidation, or the production of acidic
substances, which gradually penetrate between the recto and verso of the pages and vice
versa; this effect is known as bleed through. The approach introduced by the Magic project
examines artificial intelligence for content analysis and information extraction. The
experimental phase allows us to identify the most suitable and effective techniques to
counteract this phenomenon compatibly with its presence and intensity. From the tested
approaches, a chosen image filtering technique is based on the enhancement and
propagation of spatial coherence structures.

Once the text lines within the image are identified, a combination of spatial and semantic
concatenation logic can be applied. This method employs a comprehensive pipeline,
utilizing various color spaces and techniques such as contrast enhancement and white
border inpainting to improve segmentation accuracy of different document regions. In fact,
attenuation occurs in two sequential phases, an identification step, which requires the use
of unsupervised machine learning algorithms; and a removal step, also called inpainting,
where pixels labeled as bleedthrough are replaced with pixels that mimic the background
hue. The proposed method integrates a clustering mechanism paired with Gaussian Mixture
Models to distinctively identify and separate foreground, background, and bleed-through
elements. Furthermore, these techniques allow to know the entire apparatus of comments
and glosses that are rich in the illuminated manuscripts of the different editions of Dante's
Comedy, also useful for the purposes of research and philological study of the texts (see
Figure 1) [8] [9]
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Figure 1: example of bleed through (Copyright: www.dante.unina.it)


http://www.dante.unina.it/

4. Conclusions

The interdisciplinarity of the MAGIC project collimates and converges toward the
interdisciplinarity of information retrieval, which arises precisely from the intersection of
different disciplines involving ontology, design, information architecture, human behavior
about information, linguistics, information science, and computer science.
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