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Abstract: The paper offers a journey inside the use of Al for preservation of the
cultural heritage. By harnessing advances in machine learning, computer vision,
and a variety of Al approaches, the cultural heritage field changes in unprecedent-
ed ways when it comes to the documentation, restoration, predictive conservation,
and classification of objects (both movable and immoveable) and sites of histor-
ical and artistic interest. The conceptual model consists of four major areas:
digital documentation and artifact digitization, restoration and reconstruction of
disrupted elements, predictive conservation via environmental and material anal-
ysis, and the automatic categorization of cultural artifacts. Al is used for high-res-
olution scanning and 3D modeling of objects that are used for interactive digital
archives focused on both academic research and public sharing. Methodologically,
the study follows a quantitative method through the administration of a structured
questionnaire of 10 questions multiple-choice for visitors of heritage sites. This
measurement tool is focused on measuring the effect and adherence to Al-based
preservation approaches.
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INTRODUCTION

Cultural Heritage Preservation is one field which has been dependent
for decades on traditional methodologies for documenting, conserving and
interpreting art objects and historic sites. But artificial intelligence (AI) has
ushered in new opportunities that are changing these practices in a very ba-
sic way. In this paper, we focus on two aspects. First, we examine theoretical
frameworks as well as existing applications of Al in Cultural Heritage Preser-
vation. Second, to evaluate the impact and effectiveness of Al systems in the
context of preservation, this paper employs a quantitative research approach.
We integrate these approaches, to offer a unified interpretation which, while
theoretically sound, is empirically informed. Current research on Al in cul-
tural heritage is relatively limited, focusing on specific technical applications
without ethical, or experiential dimensions. Concerns about authenticity,
cultural sensitivity, and potential algorithmic bias have been highlighted.

1. Digital Documentation and Artifact Digitization

Perhaps the most revolutionary applications of Al in cultural heritage is
through digital records and digitization of artifacts. Tools such as laser scan-
ning and computer vision have enabled the creation of high resolution 3D

453



models that encompass complex item details of cultural artifacts. An exam-
ple would be the Digital Michelangelo Project, which utilized cutting edge
laser scanning tools to produce high-precision digital copies of Michelan-
gelo’s sculptures. Using machine learning techniques, this would allow for
digital documentation at scale enabling automated amelioration of visual
defects and synthesis of missing parts for artefacts. A corollary to this change
in digitization is how large volumes of artifacts are curated and managed by
heritage institutions (Pavlides 2023). Furthermore, high-resolution imaging
enables the documentation of fine details that would be lost in traditional
photography and would be at risk of disappearing over time as cultural her-
itage.

2. Recovery and Reconstruction

Al-based tools have ushered in a new era into these practices by pro-
viding efficient and noninvasive approaches. Novelties, like deep learning
models, i.e,, auto encoders and generative adversarial networks, are applied
to identify anomalies of ancient objects and contribute to their renovation.
For instance, Al has been used to restore the surfaces of ancient stone steles
and even complete missing portions of ancient mosaics (Moral-Andrés et al.
2022). The advantages of these techniques are two, from a practical perspec-
tive, they help professionals in the restoration domain with advanced and
complementary tools that may help efforts to cut time and costs related to
manual restoration, and Al systems can operate on limited sample data, de-
riving missing information from in-tact portions of the artifact using learned
patterns. This ability is not without its challenges, but, the Al-generated re-
constructions come concerns surrounding their authenticity and cultural ac-
curacy.

3. Predictive Conservation and Environmental Analysis

Predictive conservation is a new area of preservation, machine learning
can be used to modify historical environmental data and material properties
to forecast future degradation events, making it possible for conservators to
respond proactively. Sensors and IoT (Internet of Things) equipment can be
used to gather data on real-time environmental characteristics such as hu-
midity, temperature, and pollution for heritage organizations. Then all this
data is analyzed by algorithms that can detect signals of early trouble. Such
prediction models serve to conserve cultural heritage sites by: (i) prolonging
the life of valuable artefacts; (ii) assisting in resources assignment demanded
by conservation projects.

4. Classification and Typology of Artifacts
Classification and typology of artefacts were determined manually by

experts from visual appearance and source of history. Automation of the

454



classification process can be achieved by the application of Al This feature
is especially welcome in museums and in cases of archaeological analysis,
where amounts of data involved are simply too large to be managed with
conventional classification tools. Al's capacity to generate and analyze vast
amounts of visual data with very little chance of error is therefore regarded as
a significant step in the digitization and preservation of our cultural heritage.

S. Ethical Issues in AI-Powered Preservation

The application of Al to cultural heritage protection encounters some
challenges. The most important is the ethical concern of authenticity. The
technical prowess to be able to use Al to restore and reconstruct heritage ob-
jects, has the potential to transform the cultural meaning of heritage objects
(Ghaith 2024). Therefore, it is crucial that these technological interventions
respect the integrity, and preserve the authenticity of the original artifacts.
There are also questions of authenticity, identity, bias and representation.
Data privacy is also a major issue, managing the digitization of sensitive cul-
tural material in a way in which both the rights of the community and intel-
lectual property are protected.

6. Notable Case Studies

By combining Al with photogrammetry, the Vatican has also been able
to reconstruct a photorealistic 3D digital model of the interior of St. Peter’s
Basilica, as a way of increasing the personal engagement of visitors and in-
forming conservation efforts in time for the Jubilee of 2025 (Vatican News,
March 2024) This effort is emblematic of how Al-driven methods can seam-
lessly combine scientific accuracy with the cultural narratives job to the top-
notch of heritage sites. The conservation of the Miao Batik Culture in China
is also a particular case worthy of special mention. A mixture of knowledge
graphs and DL methods was utilized to protect the rich batik designs along
with their cultural contextual meaning. Through connecting semantic infor-
mation to high level pattern analysis they were able to achieve a high level of
accuracy in classification demonstrating the Al system’s potential to retain
cultural meaning, and not just the physical characteristics that are present in
artifacts.

METHODOLOGY

A ten multiple-choice questionnaire was shared online using Google
Forms, and 104 people answered it. The questions focused on different as-
pects of Al use in cultural heritage, like how familiar people are with Al and
their opinions. The answers were collected and analyzed in diagrams with
google charts to understand public views on Al in this field.
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RESULTS

The results of the questionnaire provide robust evidence that artificial in-
telligence is transforming cultural heritage preservation in several meaningful
ways.

@ (A) Not at all familiar
@ (B) Slightly familiar

& (C) Moderately familiar
@ (D) Very familiar

Fig. 1. Familiarity with the Use of AI in Cultural Heritage

The majority of participants show moderate familiarity with the use of Al
in cultural heritage preservation.

@ (A) Not at all

@ (B) To a small extent

@ (C) To a moderate extent
@ (D) To a great extent

Fig. 2. Accuracy in Digital Documentation Using AT
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Most participants believe that Al significantly enhances the accuracy of
artifact documentation, particularly through 3D modeling technology.

® (A) Not effective

@ (B) Slightly effective

@ (C) Moderately effective
@ (D) Highly effective

Fig. 3. Effectiveness of AI-Powered Restoration Methods

The majority of participants find Al restoration methods effective in re-
pairing damaged artifacts.

@ (A) Digital documentation and 3D
modeling

@ (B) Restoration and reconstruction
@ (C) Predictive conservation
@ (D) Artifact classification and typology

Fig. 4. Area of Interest in Al Applications for Cultural Heritage
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Most participants are most interested in Al applications related to digi-
tal documentation and restoration. This suggests that the public perceives Al
primarily as a tool for preservation and restoration.

@ (A) Not confident at all
@ (B) Slightly confident

@ (C) Moderately confident
@ (D) Extremely confident

Fig. S. Authenticity of Cultural Heritage Items

The majority of respondents are confident that Al methods maintain the
authenticity of cultural heritage items.

@ (A) Strongly disagree
® (B) Disagree

) (C) Agree

@ (D) Strongly agree

Fig. 6. Risk of Bias in Representing Cultures
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Despite the generally positive perception of Al there are concerns about
the potential for bias in representing certain cultures through these technol-
ogies.

@ (A) Not at all

@ (B) Slightly

@ (C) Moderately
@ (D) Significantly

Fig. 7. Visitor Experience at Cultural Heritage Sites

Most participants believe that Al enhances the overall visitor experience
at cultural heritage sites.

@ (A) Not likely

® (B) Somewhat likely
® (C) Likely

@ (D) Very likely

Fig. 8. Likelihood of Recommending AI-Enhanced Cultural Heritage Sites
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Many respondents would be likely to recommend a cultural heritage site
that employs Al-driven interactive exhibits to others.

® (A) Not at all

@ (B) To a minor degree

@ (C) To a moderate degree
® (D) To a great degree

Fig. 9. Contribution of AI to Future Advancements
in Cultural Heritage Conservation

Participants are generally optimistic about AI’s contribution to future
advancements in cultural heritage conservation. While most believe AI will
play a significant role in the sector’s progress, there is still a need for its further
integration in conservation and other areas of cultural heritage.

@® (A) Very dissatisfied
@ (B) Dissatisfied

) (C) Satisfied

@ (D) Very satisfied

Fig. 10. Satisfaction with Current Use of Al in Cultural Heritage Preservation

The majority of participants report being satisfied with the current use
of Al technologies in preserving cultural heritage.
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DISCUSION

This study aims to fill in some gaps by surveying what people think about
using Al in cultural heritage. It looks at ten important points like how familiar
people are with Al. How accurate they believe the digital records are, how Al
preserves heritage and how satisfied people are with the current uses. Com-
bining ideas from theory and survey results, the study hopes to give a clearer
picture of how people see and value Al in this area.

CONCLUSION

In this article, we have conducted a research on the contribution of artifi-
cial intelligence to cultural heritage preservation. Through the fusion of mod-
ern technologies and traditional conservation approaches, Al introduces new
tools for digital documentation, restoration, predictive conservation, and au-
tomated artifact classification. Integrating these technologies not only increas-
es preservation efliciency and accuracy but also offers new opportunities for
research, education and public engagement.

An effective Al appropriation in the context of the cultural heritage field
should necessarily be an interdisciplinary one, which integrates technological
innovation with deep cultural sensibility and ethical responsibility. The struc-
tured survey-based quantitative data corroborates that people embrace the
interactive possibilities offered by Al-driven displays, even as they express res-
ervations about balancing challenges of authenticity, bias, and representation.
Finally, the progress of Alin the cultural heritage preservation offers an interest-
ing concept of intersections between technology and tradition. Using the ca-
pabilities for machine learning, computer vision, and advanced data analytics,
heritage institutions are transforming the way that they are protecting and pro-
moting our shared cultural heritage. The intention of such an article would be
to stimulate additional research, and civic partnerships, and to inspire innova-
tion in a manner that respects the ethical and cultural values associated with
the preservation of heritage.
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MN3KYCTBEH UHTEAEKT B OITABBAHETO
HA KYATYPHOTO HACAEACTBO: TEOPETUYIHH PAMKHA
N KOANMYECTBEH AHAAN3

Pestome: Aoxradem npedrdea nvmeuiecrgue 8 UHOA3BAHEMO HA USKYCINBEHUS
unmeaexm (M) 3a onaseare na xyamypromo wacredcmeo. Upes usnorsgare na
NOCMLDKEHUSINA 8 MAUUHHOMO 00YHeHIe, KOMIIOMBPHOMO BU3YAAHO NpedcmassiHe
u pasmoobpasmu nodxodu Ha HH, obracmma Ha KyAmypHOmMO HAcAe0Cmeo ce
npomens no Obesnpeyedenmen HA4UH 1O OMHOUIEHUE HA O0OKYMEHIMUPAHEMO,
pecmaspayusima, NpozHOCUMHAMA KOHCEPBaYUs U KAACUPUKAUUIMA HA 00exmu
(kaxmo dsudicumu, maxa u HedBUNCUML) U MECIA C UCIOPUHECKO U XYOOHECIBEHO
suaqenue. Konyenmyarnusm modea 6KA1046a uemupu 0CHO8HU 00Aacmu: QuUumarta
dokymenmayus u OuUMaru3ayus Ha apmePaxmu, pecraspayiis U peKoOHCMpyKyUs
HA N0BpedeHl eAeMEHMU, NPOZHOCHUMHA KOHCEPBAYUS. 4pe3 AHAAU3 HA OKOAHAMA
cpedaumarmepuarLime, uasmomMamu1Ha Kamezopu3ayus HAKyAmypru apmepaxmu.
HH ce usnoarssa 3a sucokopezosoyuonHo ckarupare u 3D moderupare na obexmu,
KOUMO ce U3noA36am 3d cx30a6aHe HA UHMEPAKMUBHIU OUUMAAHU APXUBL, HACOHEHU
KaKmo Kem aKkademusHU U3cAe08aHus, maKa u Kem cnodeAsiHe C upokama nyoAuKa.
Memodorozurecku U3cAe08aHemo NOA36A KOAUHECHIBEH MemO0 Hpe3 nposexdaHe Ha
cmpykmypupar ssnpocrux ¢ 10 8snpoca c u30op om HIKOAKO 8b3MOIHU 020804,
HACOMeH KbM NOcemumeAt HA obekmu om Kyamypromo Hacredcmeso. Lleama na
MO3U UHCIPYMEHM 30 USMEPBAHE € 0a 0LyeHU ePeKma U 8b3npuemanemo Ha nooxoou
3a coxpaHenue Ha KyAmypHomo Hacaedcmeo, basupanu va M.

Katouoeu dymu: uskycmeen ummenekm; KyAMypHo HACAICMB0; KOAUHECEeH
AHAAU3; YCMOTMUBOCT; ONA3BAHE
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