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The volume that Andrea Giordano, Michele Russo, and Roberta Spallone are 

publishing today collects the results of research conducted, as the editors testify, 

by some 180 scholars from five continents, who collectively or individually present 

57 papers, plus two invited papers. 

The collection of books dedicated to the advances and challenges of represen- 

tation disciplines, now in its fourth volume, demonstrates the consolidation of the 

REAACH association’s role as antennae for the extent to which digital methodolo- 

gies and technologies affecting the discipline in its relations with the design, the built 

environment, and the heritage appear, disappear, evolve, and transform. 

Connected to these developments, different fields of knowledge converge and 

intertwine from time to time, seamlessly between humanities and hard sciences. 

It is precisely the dual humanistic and scientific nature of the drawing discipline 

that acts as a catalyst in this new phase of knowledge reconfiguration around the 

artificial intelligence revolution. The latter, central to the interests featured in the 

research presented in this volume, takes the form of an opportunity to see, to borrow 

Pierluigi Contucci’s words, the most fascinating humanistic questions dialoguing 

amiably with scientific ones (P. Contucci, Rivoluzione Intelligenza Artificiale, 2023, 

Edizioni Dedalo, Bari, p. 7). 

In this sense, the REAACH association’s objective of fostering the mutual 

exchange of knowledge and multidisciplinary research, increasing the network 

of research interconnections, is continually being updated and attracting new 

partnerships. 

The book offers this varied panorama of knowledge, viewpoints, and internation- 

ally relevant case studies, looking ahead to new developments in which the future is 

already present. 

 

April 2024 Francesca Fatta 

UID President 
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The volume Advances in Representation. New AI- and XR-Driven Transdisciplinarity 

collects the outcomes of experimental transdisciplinary research carried out by inter- 

national teams. The discipline of representation emerges as an explorer, inventor, and 

creator of new methodologies, technologies, and fields of application, catalyzing and 

promoting unprecedented connections with other knowledge. 

The volume we are about to release results from a year-long work. It was a matter 

of selecting international research that would show the most up-to-date panorama of 

innovative and experimental research in the field of artificial intelligence (AI) and 

extended reality (XR) and guiding them through the different stages of double-blind 

review to the achievement of scientifically validated results. 

The contributions have been collected according to eight topics, in which the 

AI&XR binomial, through the mediation of representation, is experimented in the 

different fields of heritage, design, and education, articulated in the focus on Histor- 

ical Sources, Archaeological/Museum Heritage, Heritage Routes, Classification/3D 

Analysis, Building Information Modeling, Building/City Monitoring, Education, 

Shape Representation. 

Our thanks go to Francesca Fatta, president of the Unione Italiana Disegno (UID), 

for her advice and constant support during all phases of our work, to Alessandro 

Luigini, president of the IMG Network, for sharing ideas and insights, to the scien- 

tific and review committee, consisting of Marco Giorgio Bevilacqua (University 

of Pisa), Stefano Brusaporci (University of L’Aquila), Valeria Cera (University of 

Naples Federico II), Francesca Fatta (Mediterranea University of Reggio Calabria), 

Alessandro Luigini (Free University of Bozen-Bolzano), Federica Maietti (Univer- 

sity of Ferrara), Barbara Ester Adele Piga (Politecnico di Milano), Cettina Santagati 

(University of Catania), for their proactive proposals, hard work, and continuous 

support. Special thanks go to Giulia Flenghi and Enrico Pupi for carefully editing 

this volume. 

Finally, our heartfelt thanks go to the scholars who responded to the call rigor- 

ously and skillfully, with high-quality contributions that exceeded our expectations. 
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We hope that their papers will stimulate interest and inspiration for innovative 

research in readers. 
 

Padua, Italy 

Rome, Italy 

Turin, Italy 

April 2024 

Andrea Giordano 

Michele Russo 

Roberta Spallone 
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Introduction 

 
The breadth of interests that emerges around the discipline of Digital Representa- 

tion linked with Artificial Intelligence (AI) and extended reality (XR) experiences, 

offering new ways of interacting with the real, coupled with the very rapid develop- 

ment of technologies, tools, and devices, as well as careful monitoring of the disci- 

plines that can be involved, are in the center of the interests for this book. In this sense, 

the fields of application open to the worlds of tangible and intangible cultural heritage, 

architectural, environmental, infrastructural, and product design, and education as a 

place for advanced training and as a tool for educational enhancement. 

This collective volume intends to explore, through the lens of the Representa- 

tion discipline, the research areas that gravitate around AI-XR, opening up new 

transdisciplinary thinking. 

 

 
Digital Representation, AI, and XR in Cultural Heritage 

Domain 

 
In recent years, the intertwining of digital representation with artificial intelligence 

(AI) and extended reality (XR) advanced experiences is finding a fertile field of 

application in Cultural Heritage (CH). 

The broad concept of Cultural Heritage encompasses those declinations of 

heritage, tangible and intangible, that comprise the objects of the applications of 

interest for this volume: 
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The historical building and artistic goods—mainly referring to the statuary, paint- 

ings, artifacts, and tools that populate the anthropized spaces—in their different states 

of conservation; 

The sources documenting the design of the built heritage and artworks, their 

realization, and transformations; 

The routes, connecting the different assets through relationships of meaning that 

include material and immaterial aspects of heritage. 

It is on these thematic bases that the contributions in the three sections mentioned 

above are articulated, sometimes interweaving AI and XR, some others employing 

only one or the other, bringing novel and original results to the attention of the 

international scientific community. The research displayed dialogues with the built 

environment, whether existing or disappeared; it confronts the historical and archival 

documentation of the design process and the transformations of artifacts and the 

urban fabric; it seeks answers to the complex relationships between the remains of 

settlements and individual monuments of the past and the works and products of man 

preserved in the collections; and it creates new spatial connections between places, 

buildings, objects, and documents. 

In the field of digital representation for heritage, methodologies of graphic anal- 

ysis, reconstructive, regressive, interpretative modeling and techniques of geometric, 

parametric, informative, and algorithmic modeling are relatively well established in 

terms of theoretical statutes, operating methods, and available hardware and software 

tools. Conversely, as is well known, the discipline of artificial intelligence is devel- 

oping rapidly and continuously in application to all fields of knowledge and everyday 

life. In particular, AI has seen new opportunities offered in the field of cultural heritage 

aimed at documentation and protection [1], accessibility [2], semantic enrichment 

of CH images [3], artifact recognition [4], up to the most recent developments of 

generative AI [5, 6] to feed the field of reconstructive hypotheses in a creative sense. 

AI’s challenges in analyzing and classifying archaeological heritage [1] can be 

usefully extended to the broader field of the historical built environment. Indeed, the 

uses of artificial intelligence in archaeology, i.e., machine learning (ML) and deep 

learning (DL) algorithms, convolutional neural networks (CNN), and deep learning 

(DL) models, aimed at distinguishing archaeological remains and detecting changes 

in them over time to make decisions on appropriate strategies for conservation and 

protection, are matched by various strategy for monitoring the built environment. 

Concerning the issues of cognitive accessibility to heritage, technologies to create 

and deliver in situ, i.e., in museums and cultural sites, and online experiences can 

use AI to broaden the scope of enjoyment. One of the most exciting perspectives 

is the idea expressed in [2] of employing eXplainable AI (or XAI) and Human- 

Computer Interaction (HCI) as enabling technologies with richer interfaces that adapt 

to the target audience dynamically. Such developments can be made possible by an 

interdisciplinary approach involving other disciplines, such as interaction design and 

pedagogical and participatory design, in the creation of a cultural offer suitable for 

all. 

The semantic enrichment of CH images [3], through the concrete and abstract 

values, often left unexploited that they include in the cultural, social, economic, 
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and political spheres can profitably make use of AI technologies, such as Computer 

Vision (CV) and semantic web technologies. With the emergence of new technologies 

and the availability of cultural heritage images in digital format, methodologies to 

semantically enrich and utilize these resources provide a new information apparatus, 

feed knowledge, and generate new connections between artworks and assets that are 

far apart in space and time. 

The use of convolutional neural networks (CNNs) to recognize architectural 

textures and monuments [4] represents one of the most recent developments in AI 

that can also be used on mobile devices thanks to the spread of machine learning 

technologies on them. The use of personal tablets and smartphones for the enjoyment 

of cultural content, undoubtedly fuelled by the restrictions of the pandemic period, 

can change the experience of visiting cultural sites by making vast digital collections 

of text, models, images, and other data accessible in situ. 

Similarly, the extended reality (XR) domain—i.e., virtual (VR), augmented (AR), 

and mixed reality (MR)—in the spatial sciences [7] and, more specifically cultural 

heritage [8] is rapidly changing the interactions between the real and the virtual, 

allowing for increasingly articulate and engaging interactions for the public. 

As noted, in recent years, the term extended reality (XR) has been used as an 

umbrella term to encapsulate the entire spectrum of VR, AR, and MR [7], and in 

some sense, is similar to the well-known reality–virtuality continuum proposed in 

the seminal work by Milgram e Kishino (1994) [9]. 

AI and XR are not simply engaged as the last step, that of communication, in the 

process of analysis, interpretation, modeling, and presentation that constitutes the 

established workflow of the disciplines of representation with respect to heritage, 

but shape and transform its methodologies and outcomes at every stage. 

 

 
Digital Representation, AI, and XR in Shape Analysis 

and Representation, and Education 

 
AI&XR and Classification/3D Analysis 

 
The subject of AI/XR for data classification and analysis mainly involves digital infor- 

mation obtained from an active or passive 3D survey process. On the acquisition side, 

research focuses on NeRF-based algorithms that can extract geometric information 

from images under complex environment conditions and optically uncooperative 

materials. Besides, applying ML and DL algorithms for semantic classification and 

segmentation of massive 3D data in terms of logical and hierarchical systematization 

is aimed at improving data understanding, management, and utilization [10]. 

Supervised ML machine learning involves increasingly complex datasets, and 

it will evaluate not only the compositional and textural aspects of the architecture 

but also the level of uncertainty of the process in both training and results. On the 
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other hand, image datasets allow experimenting with DL algorithms for semantic 

segmentation [11], providing increasingly articulated answers that can be organized 

according to knowledge graphs. A final relevant aspect relates to constructing 3D 

models and communicating surveyed data, mainly based on XR applications. It is 

fascinating to highlight how such advanced visualization and communication tools 

are functional in making 3D content interactive and explorable, starting from point 

clouds at the spatial scale to textured polygonal models at the architectural scale. 

These digital twins become not only the result of a critical interpretation process but 

also ground for simulation through virtual sensors for training and monitoring urban 

areas, extracting predictive data valuable for their management. 

 

 
AI&XR and Shape Representation 

 
The use of AI and XR for shape representation is not just a tool but a gateway to 

innovation. Given the breadth of the topic, it leads to general and specific reflections 

in different application areas. The aspect that disruptively connotes this area is the 

construction of new content. At the methodological level, great attention is focused on 

text-to-image generative processes [14]. The emergence and development of increas- 

ingly high-performance programs in creating images from text descriptions makes 

it cogent to understand generative models in depth in order to critically evaluate 

their use in the different stages of creating and representing a form. Neural networks 

show great potential, introducing new paradigms in architecture design. The reversal 

between description and representation opens up scenarios that affect both creative 

aspects and interpretation, opening up new connections between the existing and 

the digital imaginary. The application of predictive algorithms to represent architec- 

tural shapes that no longer exist stands as a tool to support the iterative process of 

understanding and interpreting vanished architecture traces. In addition, the same 

tools can be applied to generating new 3D spaces, unlocking unpredictable spatial 

relationships, and stimulating design creativity [15]. The connection between the 

physical and digital realms is found in AI-generated images, which are a valuable 

opportunity for constructing exhibitions and evolving spaces, fueling the construction 

of scenarios to support the performing arts. Alongside AI, applying XR techniques 

for visualization and interaction remains an established practice that is increasingly 

leaning toward interaction and immersion. In this sense, VR and AR have become 

fundamental tools for realistic shape prefiguration, feedback collection, and content 

fruition at industrial, cultural, and museum scales. 

 

 
AI&XR and Education 

 
The use of AI and XR for educational purposes is not just a trend, but a trans- 

formative force finding more and more space within experiments. It highlights the 
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marked propensity for both users and content creators to use new technologies but 

leaves many questions open [12]. The construction of multimedia itineraries based 

on augmented and interactive content to unveil the complexity of cultural heritage 

remains entrenched, offering increasingly engaging and adaptable visit routes to an 

increasingly heterogeneous audience regarding digital skills. The construction of 

such content requires combining knowledge in terms of optimized content creation 

and visual and multimedia communication processes. The rapid development of 

XR tools to support such pathways also critically reflects their role in heritage 

communication, considering that teaching applied and serious games are increas- 

ingly essential for enhancing Cultural Heritage [13]. From the point of view of 

architect and engineer curriculum training, AI may increasingly enter disruptively 

within the flow of parametric modeling and representation, imposing some crit- 

ical reflections on the conscious use of these tools within a rapidly transforming 

learning process. In its declinations and ramifications versus AI and XR, this process 

is inescapable to address the new challenges imposed by intelligent architecture that 

directs us toward sustainable and on-demand production of building systems, using 

cutting-edge technologies supported by algorithms with energy-efficient criteria. 

 

 
Digital Representation, AI, and XR in Innovative Design 

and Monitoring 

 
The core prominence of the contributions of this section intends to testify how AI/XR 

linked to new interoperable technologies have the capacity to transform research and 

communication by implementing collaborative theory and practice in the creation of 

new assets with the production of dynamic Digital Twin for buildings [16], heritage, 

and infrastructures, also related to urban/landscape contests [17]. The initiative also 

demonstrates the current need to interpret, represent, and promote the information of 

assets as dynamic in space and time through digital methods and tools, focusing on 

the innovative and effective BIM and Scan-to-BIM processes [18]. The notion of the 

digital and the material is of current relevance in the field, especially as related to 3D 

models as repositories of data. Consequently—referring to the various examples of 

contribution—the proposed methodologies have interesting articulations involving 

four distinct phases for this type of investigation: 

Data acquisition: archival research, laser scans, and photogrammetric surveys 

processed and organized through 3D modeling implemented between interoper- 

able platforms; 

Data communication: the information collected with the proposed methods 

conveyed through the design of apps and interactive systems for multimedia 

devices and web platforms. This process involves the design and testing of 

Augmented Reality and 3D models for multimedia devices and the implementa- 

tion of Immersive Reality; 

• 

• 
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Integration of AI/XR-based image management systems aimed at versatile 

simultaneous data acquisition and communication in the same workspace; 

Enabling XR visualizations for task assistance and providing contextual informa- 

tion linked to the inertial sensors; 

Integration of models as means of analysis in multiple processes, such as archi- 

tectural/engineering design, conservation of architectural heritage with the virtual 

reconstruction of architectural features, management/communication of buildings 

and infrastructures, and urban/landscape studies for multiple opportunities. 

Then the submissions are in a range of multidisciplinary skills fundamental 

for this project: History of art, History of architecture and of the city, Represen- 

tation (in particular architectural survey, Building Information Modeling—BIM, 

Geographic Information System—GIS, Perspective and Photographic restitutions, 

Structural Engineering, Design, Conservation and Management of buildings, Infor- 

mation and Communications Technology—ICT to link AR/XR to BIM. Then this 

section of the book testifies how new technologies have the ability to “revolutionize” 

research and teaching by implementing collaborative theory and practice in the field 

of Digital, to interpret, represent, teach, and promote the knowledge, management, 

design, interpretation of buildings, infrastructures, cities also related to space and 

time connections. More of these are processed for an appropriate and fluid imag- 

ining/visualization on mobile devices and, in parallel, serve as the reference for the 

creation of the BIM model incorporated with all data acquired during the proposed 

processes. The implemented AR app, supported by the GIS geo-localization, allows 

the user to easily reach the hotspot on buildings—if realized—as a reference point 

and identifies new paths and exploration opportunities within the urban space. 

The “fruitage” then is perseverance that ensures flexible workflows, which can be 

adapted to various case studies. Exploiting the resources developed thanks to these 

new technologies encourages scientific and cultural dissemination and enables new 

stimulus and motivations for research, exploration, and assessment for: 

Visual Studies, highlighting the reasons why we turn to the Visual to investigate 

subjects inherent in new architecture/engineering design, history of constructive 

transformations, degradation monitoring; 

Digital Visualization, concerning the theoretical/instrumental/digital contribu- 

tion of Representation/Visualization, specifying the importance of the measure 

to understand spatial/formal data to generate interoperable 3D models (BIM) 

that allow experimental interpretations and punctual analysis of architecture/ 

engineering in relation to the urban sites and landscape. 

• 

• 

• 

• 

• 
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