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Abstract

This work presents a computationally
oriented framework for large-scale
manuscript digitization,  preservation,
and analysis, addressing thematic and
methodological challenges in the digital
humanities. The work is based on the 3-
year experience with the MAGIC project
[Russo et al., 2020], [Conte et al., 2024]
at the University of Naples Federico II,
in Italy, a project which has involved 12
young researchers under the supervision
of two expert professors. The project is
now going to finish at end 2026, after
having digitized and analyzed over 250
books and over 2000 parchments, as
well as archival documents. Most of the
books date to the medieval age. All the
work done is published on the web site
wwWw.magic.unina.it.

The proposed workflow integrates acquisi-
tion, storage, metadata formalization, for-
mat standardization, and post-processing
into a cohesive architecture designed to
support interdisciplinary humanities re-
search while ensuring long-term data sus-
tainability and accessibility, and preserva-
tion.

High-resolution digitization [International
Federation of Library Associations and In-
stitutions (IFLA), 2015], [Andreoli et al.,
2022] is achieved through specialized
planetary scanning systems, deployed
within an infrastructure supported by the
University data center, which provides
petabyte-scale storage and high-speed net-
working. The scale of acquired data
needs formalized data management strate-
gies that allow efficient storage, retrieval,
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and computational processing of multi-
modal manuscript representations.

Knowledge representation is implemented
through the integration of descriptive (to
describe and support retrieval) and struc-
tural (to emphasize relationships among
volumes) metadata, modeled according
to METS and MAG standards [Feliciati,
2009], version 2.01. XML-based metadata
schemas encode the content, the structure,
the cultural background, and the conser-
vation status of the books, thereby sup-
porting semantic interoperability and ad-
vanced retrieval mechanisms. The adop-
tion of the FITS [Wells et al., 1981] format
introduces a self-documenting data struc-
ture combining extensible metadata head-
ers with numerical image arrays. The
Header contains metadata such as image
dimensions and the pixel data type and
is editable by the user; the image array
contains the image itself and can be bidi-
mensional or bigger (i.e. stacked images).
The conversion from TIFF to FITS facili-
tates long-term preservation, reproducibil-
ity, and extensible annotation capabilities
within digital humanities corpora. The ad-
dition of FITS is not new, it was already in-
troduced by [?] and, as Allegranza wrote,
FITS guarantees more than 30 years of us-
age and long term compatibility.

Computational post-processing includes
machine learning-based segmentation
models [Ettari et al.,, 2025] to isolate
textual and ornamental features from
the background of the page which may
be affected by degradation effects. An
example of such effect we dealt with is
bleed-through. It consists of mirror-image



brown stains on the reverse side of the
page. Old ink penetrates into parchment
fibers, and over time the oxidation of the
ferrous sulfate contained in the ink gen-
erates acids that cause the bleed-through
effect. Once we isolated the good parts
of the pages (i.e. ornaments and text),
we reconstructed the background with
inpainting techniques, improving both
visual legibility and analytical accessibil-
ity. These methods were experimentally
applied to ancient manuscripts, like sev-
eral copies of Divine Comedy by Dante
Alighieri, demonstrating how compu-
tational vision techniques can enhance
paleographic and codicological analysis.
Evaluating quantitatively the results is
not straightforward, since ground-truth
cleaned images are not available. We are
working to manually recreate a substantial
number of bleed-through-free manuscript
images in order to evaluate our methods,
and we plan to publish this evaluation
work as a separate article soon.

Moreover, the project explores advanced
optical character recognition pipelines tai-
lored to early printed materials and in-
cunabula [Momtaz et al., 2025]. Be-
yond improving transcription quality, this
work contributes significantly to the dif-
fusion of Digital Humanities by facili-
tating the large-scale digitization, acces-
sibility, and computational analysis of
cultural heritage collections. Conven-
tional OCR engines often produce tran-
scriptions of historical texts with charac-
ter error rates (CER) exceeding 20-25%,
severely limiting the utility of digitized
sources for scholarly research, full-text
search, metadata extraction, and public ac-
cess. To address these challenges, we
employed Kraken, a neural network-based
OCR toolkit, trained on manually anno-
tated PAGE XML files containing region
boundaries, baselines, and text line co-
ordinates. This custom-trained segmen-
tation model accurately extracts individ-
ual text lines from complex historical lay-
outs, providing clean line-level inputs for
subsequent recognition. Following seg-
mentation, we applied TrOCR (medieval-

data/trocr-medieval-print), a transformer-
based OCR model pretrained on early
printed texts. This model generates ini-
tial transcriptions while preserving his-
torical spelling variations and character-
level structures characteristic of incunab-
ula. The OCR outputs were subsequently
refined through a transformer-based post-
correction stage, enabling substantial im-
provements in transcription quality. The
complete pipeline reduced the Character
Error Rate from approximately 38% in
the raw OCR output to about 15%, cor-
responding to a relative error reduction of
more than 50%, while nearly doubling the
Bilingual Evaluation Understudy (BLEU)
score from about 22 to 44 [Momtaz et al.,
2025]. These improvements produce more
reliable digital texts that can be effec-
tively indexed, searched, and analyzed us-
ing computational methods, thereby sup-
porting a wide range of Digital Humani-
ties applications, including corpus linguis-
tics, historical language studies, text min-
ing, and semantic analysis. Furthermore,
the modular and open-source architecture
of the pipeline promotes interoperability,
reproducibility, and long-term sustainabil-
ity, lowering the barriers for libraries,
archives, and cultural institutions seeking
to digitize and disseminate historical col-
lections. These techniques were evaluated
using materials such as Memorie della Re-
gale Accademia ercolanese di archeolo-
gia from the Pontaniana Academy, as well
as sheet music for Tristan und Isolde by
Richard Wagner, highlighting the adapt-
ability of computational models across
textual genres, documentary typologies,
and historical periods.

e Employing the FITS format for
long-term  digital  preservation,
thereby reducing the need for fu-
ture re-digitization efforts. By
integrating descriptive, technical,
and preservation metadata into a
single archival object, the resulting
digital representation becomes not
merely a reproduction of the original
manuscript, but a scientifically doc-
umented dataset that preserves both



the cultural artifact and its contextual
information.

* Improving the accessibility and
usability of historical manuscripts
through automated bleed-through
removal. The enhanced images
provide a clearer and more readable
representation of the original sources,
facilitating consultation by students,
non-specialist audiences, and cul-
tural heritage practitioners, while
also supporting expert scholarly
analysis.

* Providing machine-readable tran-
scriptions of manuscripts and early
printed materials that enable full-
text search, information retrieval,
and corpus-based research. These
transcriptions support a broad range
of Digital Humanities applications,
including text mining, linguistic
analysis, semantic annotation, digital
editions, and the creation of audio-
books and educational resources.

The paper will first analyze and discuss
the state-of-the-art in the field, and then
present, in a scientific way, the work done
by our research group and the results we
obtained, which represent a step forward
in the diffusion of digital humanities.
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