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Ramona Quattrini, Chiara Mariotti

How to Support the Triple Helix 
of Knowledge, Conservation, and 
Dissemination? 

Digital Transformation and Architectural 
Heritage

DIGITAL TRANSFORMATION FROM 
THE PERSPECTIVE OF CULTURAL 
HERITAGE: A BRIEF OVERVIEW

For several years, we have been facing 

epochal transitions, in particular the 

green and digital ones, which have 

significant impacts on our society, 

environment, economy, and culture. At 

the cultural level, and specifically in re-

lation to cultural heritage, the Europe-

an research programmes are primarily 

asking for the design and development 

of value-oriented and sustainable strat-

egies to accompany these transitions 

(European Commission, 2022; Muench 

et al., 2022). The strategic agenda for 

cultural heritage and its transition re-

flects a dual tension. On the one hand, 

there is the willingness to take advan-

tage of heritage as a dynamic resource 

with an adaptive capacity to respond 

to change. On the other hand, there is 

the concern to maximise the physical 

permanence of heritage as a unique 

and non-renewable resource through 

knowledge-building, the conservation 

of material and memorial stratifica-

tions, and the dissemination and shar-

ing of cultural content.

Several international policy documents 

have addressed the digital transition 

and emphasized the need to create 

synergies between heritage conserva-

tion and digitisation, which has been 

significantly boosted due to the Covid 

pandemic (European Heritage Alliance, 

2020). To ensure brevity and clarity in 

this essay, it is useful to refer to the 

ICOMOS dossier on Quality Principles 

that outlines seven key pillars for all 

stakeholders involved in EU-funded 

projects and process on heritage con-

servation and management. Two of 

these are “knowledge-based actions” 
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and “good governance” (Dimitrova et al., 

2020), which can be greatly supported 

by digital technologies, both in terms 

of data storage systems and process 

structuring. The European Union’s com-

mitment in building competencies and 

tools to embrace the digital transition 

and encourage qualified innovation in 

the field of cultural heritage has been 

confirmed in some of the most relevant 

Italian programmes, including the Na-

tional Strategy for Intelligent Special-

isation (SNSI), the National Research 

Plan (PNR), the National Recovery and 

Resilience Plan (PNRR) and, above all, 

the National Plan for the Digitisation of 

Cultural Heritage (PND), issued by the 

Central Institute for the Digitisation 

of Cultural Heritage - Digital Library of 

the Ministry of Culture. In this context, 

it is worth mentioning the Guidelines 
for the Quality of Architectural Resto-
ration Projects recently drawn up by 

the Italian Society for Architectural 

Restoration, which emphasises the use 

of digital methodologies to enhance 

and management architectural heri-

tage (SIRA, 2023). This position paper 

picks up again on the theme of quality, 

which has been brought strongly to our 

collective attention by the European 
Year of Cultural Heritage in 2018, whose 

framework for action was based on five 

pillars for an inclusive, sustainable, 

resilient, innovative and stronger coop-

erated Europe that relies heavily on the 

contribution of digital means (Europe-

an Commission, 2019).

In addition, the strength of these new 

practices lies in sharing knowledge and 

responsibilities for heritage protection 

and preservation with the community. 

This allows for co-designing processes 

that promote conscious re-appropria-

tion of heritage as an identity and so-

cio-economic resource, as established 

by the Faro Convention (Council of Eu-

rope, 2005). In this perspective, the re-

search and innovation calls of the Hori-

zon 2020 programmes emphasised the 

impact of the digital transition on soci-

ety. This was particularly highlighted in 

the work plan of “Societal Challenge 6: 

Europe in a changing world - Inclusive, 

innovative, and reflective societies”. 

The issue was then addressed in the 

Horizon Europe programmes, specifi-

cally in the work programme of “Cluster 

2: Culture, Creativity and Inclusive 

Society”. In line with this proactive 

approach, Europeana PRO launched 

several initiatives aimed at supporting 

the cultural heritage sector in its dig-

ital transformation, developing exper-

tise, tools and strategies to embrace 

digital change and foster partnerships 

that promote innovation (Europeana, 

2022). The Porto Santo Charter has also 

recently returned to the social impact 

of digital transformation; it values cul-

tural democracy as a primary objective 

of any cultural initiative for which digi-

tal transition can be an enabling factor. 

The Charter highlights the significance 

of diversity in accessing, producing, 

and sharing cultural content, and all 

opportunities for digital transforma-



164

tion are seen as facilitators of “cultural 

citizenship and digital territories”. The 

document also encourages digital lit-

eracy programmes and actions to over-

come exclusion and ensure access to 

digital content of culture, heritage and 

the arts. This provides equal opportu-

nities for people to participate, create, 

and enjoy online cultural experiences 

(Porto Santo Conference, 2021).

The issue of digital literacy is crucial 

because digital technologies have 

become indispensable in all areas 

of life, including work, education, 

socialising, and access to services 

ranging from health to culture. De-

pendence on digital technology has 

also exposed its weaknesses, such 

as the digital divide that still affects 

many countries. The persistent digital 

presence has thus led the European 

Union to establish a Digital Compass 
to monitor the progress of the digital 

transition, close gaps in strategic 

capabilities, and implement specific 

targets by 2030 in view of a “hu-

man-centred, sustainable and more 

prosperous digital future” (European 

Commission, 2021). The four cardinal 

points of the European Digital Com-

pass – skills, infrastructure, business, 

government – align with a community 

policy that opens up new perspectives 

and challenges for culture and cultural 

heritage, supported by the recognized 

contributions this sector can offer to 

transition and development process-

es. Empowering individuals to acquire 

skills forms the cornerstone of numer-

ous programs and projects designed 

to engage and cater specifically to 

various actors, including experts and 

non-experts, who participate in the 

processes of knowledge acquisition, 

conservation, and dissemination of 

cultural heritage.

HERITAGE DIGITAL TRANSITION PUT 
INTO PRACTICE

These theoretical and methodological 

approaches, which are widely accepted 

and supported, unfolded a challenging 

field of research and experimentation 

for cultural heritage. Technology is 

increasingly becoming a crucial com-

ponent in complementing traditional 

processes, providing necessary and 

directed technological support for the 

objective of heritage conservation and 

enhancement. In line with these as-

sumptions, the text provides an analy-

sis of two research projects conducted 

by the interdisciplinary laboratory on 

digital cultural heritage DISTORI at Uni-

versità Politecnica delle Marche (Italy), 

aiming to give an overview of their com-

plexity and potential for exploration.

“The need to find a new use, to 
define a conservation project 
to govern the phenomena of 
degradation in the short term, 
to enable tools for its conscious 
and sustainable management 
in our critical present made it a 
key pilot to verify how technol-
ogy and digital transition could 
facilitate these objectives in a 
sustainable, inclusive and inno-
vative perspective.”
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The first case concerns Villa Leonardi, a 

historic house located in the hinterland 

of the Marche region, in Treia, province 

of Macerata (Italy). Built at the end of 

the 19th century on the remains of a 

pre-existing farmhouse, Villa Leonardi 

is now surrounded by a 7,000 square 

metres garden that includes two out-

buildings and a row of holm oaks lead-

ing to the Potenza River, which were 

declared historical-artistic interest in 

2006, by the Italian Legislative Decree 

42/2004. The house has been unoccu-

pied for decades, which has resulted in 

a lack of use and periodic maintenance, 

negatively impacting its condition. 

The need to find a new use, to define 

a conservation project to govern the 

phenomena of degradation in the short 

term, to enable tools for its conscious 

and sustainable management in our 

critical present made it a key pilot to 

verify how technology and digital tran-

sition could facilitate these objectives 

in a sustainable, inclusive and innova-

tive perspective. In the initial stage, the 

research developed a workflow based 

on non-parametric automatic 3D mod-

eling and Industry Foundation Classes 

(IFC) authoring to combine geometry 

and semantic information (Angeloni 

at al., 2023). The proposed workflow 

consists of five steps: the 3D survey 

campaign and raw data processing, the 

semantic annotation of images accord-

ing to different information layers, the 

annotation transfer from images to the 

point cloud representing the studied 

architecture, the obtained Point Cloud 

Information Model (PCIM), automatic 

segmentation and 3D mesh wrapping, 

and finally the IFC generation for the 

Heritage Building Information Modelling 

(HBIM) representation. The final output 

is a 3D model of the building, automat-

ically processed from digital survey 

data, and semantically enriched thanks 

to the material consistency and decay 

analysis obtained and annotated using 

spherical panoramas. The effective-

ness of this approach was proven in the 

conservation project for the façades of 

the house: enriched data on materials 

and decay supported an action plan 

of restoration works, which was then 

recorded in the HBIM, thus permitting 

time and cost control. Another test 

explores the potential of open-source 

software tools for semi-automatic 

point-cloud segmentation in enriching 

heritage knowledge and contributing 

to the inspection of its state of con-

servation, with the aim of consciously 

integrating traditional and innovative 

methods (Nespeca et al., 2024). This 

ensures a 3D geometric view of real-

ity and enables the identification of 

criticalities that may not be visible to 

the naked eye through colorimetric 

attributes. The investigation focused 

on the east and south elevations of 

the building, which were suitable for 

two distinct trials: a semi-automatic 

procedure for analyzing the quality of 

mortar joints in exposed masonry, and 

a semi-automatic procedure for map-

ping alterations and decay in plastered 

masonry. To validate the results, man-
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ual and semi-automatic obtained maps 

were compared using both qualitative 

and quantitative assessments. Qual-

itative assessment involved overlay 

and visual analysis, while quantitative 

assessment involved transforming the 

segmented point cloud into a mesh and 

calculating the resulting surface area. 

Additionally, a HBIM model was built up 

in order to test a complete modelling 

workflow that from the integrated sur-

vey, co-ordinated with the constructive 

and material knowledge of the building, 

passing through the degradation anal-

yses. Its main goal was the complete 

modelling of knowledge with adequate 

Levels of Detail and the preliminary 

check of some peculiar aspects of the 

conservation project, as a basis for fu-

ture management plans. The critical in-

terpretation of this case study revealed 

both advantages and disadvantages; 

overall, experimentation highlighted 

the added value that advanced digital 

process can bring to the issue of heri-

tage preservation.

The second case study – the Palazzo 

Olivieri-Machirelli in Pesaro (Italy), cur-

rently in use as a music conservatory 

– is developed on a historical building 

resulting in a complex stratigraphy in 

terms of volume. However, significant 

capabilities need to be enhanced, even 

if it is still in use. The architectural 

complex, which includes the Auditori-

um Pedrotti, is linked to the legacy of 

the main historical figure of the town: 

the opera composer Gioachino Rossini. 

For its prominent position, barycentric 

in respect to other urban public spaces, 

but also being underexploited as a ven-

ue for public performances, highlights 

opportunities for broader community 

engagement. Thus, a need for strategic 

innovation arises, leveraging a com-

bination of physical and virtual space 

utilization to unlock its full potential. 

The main objectives of the technolo-

gy-oriented research implemented in 

this case study stem directly from its 

characteristics: a physical and virtual 

experience was hypothesized to facili-

tate its role as a venue for performanc-

es and to highlight its connection with 

the Rossini personality. Therefore, the 

applications were intended to multiply 

opportunities for both material and 

immaterial reappropriation. Digital 

transformation was thus employed by 

embracing the paradigm of informed 

modelling to facilitate management 

and leveraging the potential of eXtend-

ed Reality (XR) to convey cultural con-

tent. The study, extensively presented 

also in Clini et al. (2023), explored the 

potential of digitizing architectural 

heritage through HBIM and XR. The re-

search investigated HBIM applications 

in managing and narrating tangible and 

intangible aspects of cultural heritage. 

A comprehensive workflow was tested, 

beginning with integrated surveys to 

create high-quality numerical models 

adaptable for various purposes and 

Levels of Detail. A key advancement 

was achieved through the interoper-

ability of HBIM with XR applications, 
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allowing for engaging presentations of 

the historical building and its evolution 

over time. User-friendly applications, 

including augmented reality (AR) and 

mixed reality (MR), were developed to 

make invisible concepts visible, such 

as depicting the building phases and 

recreating historical performances in 

the Auditorium Pedrotti. Overall, the 

study demonstrated HBIM efficacy in 

narrating the temporal dimension of 

architectural heritage and preserving 

intangible cultural memories.

CONCLUSION NOTES

Both the exemplifications presented 

here demonstrated the same back-

bone: a technological approach and the 

use of digital technologies to address 

the challenges of adaptive reuse and 

conservation of heritage considering 

its material and immaterial values. The 

digital technologies employed different 

tools to meet diverse needs, all while 

remaining aligned with the specific 

features and vitality of cultural heritage 

under consideration. The research is 

triggered by the digital transformation 

consequences and oriented to princi-

ples such as quality, scientific rigor, 

and usefulness for communities. Data 

capturing, data mining and algorithmic 

analysis, point clouds enrichment and 

HBIM, and XR are exploited to enlarge 

the data uses and to enhance heritage 

knowledge, conservation and dissemi-

nation, as a triple helix.

As in the history of humans, technolog-

ical revolutions have always innovated 

the way we interact with the reality 

and especially with culture. For exam-

ple, photography was the spring that 

triggered Andrée Malraux’s reflections 

on his Musée Imaginaire, a “Museum 

Without Walls” according to the most 

accepted English translation. There is 

a prevailing consensus that what was 

achievable in the 1990s with photo-

graphs can now be replicated digitally, 

particularly in the realm of three-di-

mensional replicas, especially when 

concerning architecture and spatial 

environments.

However, enthusiasm for technology 

and digital can be dangerous and prone 

to meaningless drifts, especially since 

technology is by its very nature a form 

of religion (Valerio, 2023). Indeed, the 

author recommends that we should not 

abdicate our responsibilities by relying 

solely on algorithms, questioning that 

with the algorithm you do not have to be 

good or bad, it does everything for the 

person. Now that Artificial Intelligence 

(AI) has become a desk tool with the web 

services based on open AI, the renunci-

ation of individual responsibility is even 

more worrying. Although most defini-

tions state that AI should imitate the 

logic of the human mind, Mario Carpo 

(2018) affirms it is increasingly evident 

that computers can solve some hither-

to impervious categories of problems 

precisely because they follow their own, 

quite distinctive logic. In spite of this, 
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emerging principles for the responsible 

use of AI always emphasise the need for 

human supervision, as in the law just 

passed by the European Parliament.

Considering similar risks and per-

spectives, this essay has described 

approaches aimed at fostering the 

digital transition and facilitating the 

responsible integration of traditional 

and innovative tools and methodologies 

for heritage conservation and enhance-

ment. Digitisation can take on various 

forms that enhance knowledge, data 

storage systems, diagnostic investi-

gation methods, and cultural accessi-

bility to architectural heritage. It also 

improves the verification of coherence 

between project premises and objec-

tives. Both cases have demonstrated 

more positive than negative aspects. 

However, it is important to note that 

the updating of these processes must 

be critical and conscious. Similarly, 

actions on heritage should never be 

entirely automated.
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