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Abstract. A growing portion of European architectural heritage remains
effectively inaccessible: closed for safety reasons, awaiting restoration, or
excluded from established tourist circuits. This inaccessibility creates a
self-reinforcing loop, where sites are difficult to communicate because they
cannot be visited, and difficult to fund because they are not communi-
cated. We address this challenge through an integrated photogrammetry
and AI-based framework, applied to the church and former monastic
complex of Santa Caterina d’Alessandria in Gaeta, Italy — a historically
significant site deconsecrated in 1989 and currently not open to the public.
The proposed approach combines: (i) a multi-modal acquisition pipeline
integrating aerial drone photogrammetry for exterior reconstruction with
360° spherical photogrammetry for partially collapsed interiors, resulting
in a unified textured 3D model of the site in its current state; (ii) a
serious game built directly on this model, where historical phases are
introduced as time-localized holographic overlays anchored to the sur-
veyed geometry, leaving it unaltered; and (iii) the controlled integration
of generative AI tools, including a grounded virtual assistant constrained
to a curated, site-specific bibliographic corpus. A key documentary prin-
ciple underlies the entire system: all system components are explicitly
constrained by documented evidence, ensuring consistency with available
historical evidence. We present a prototype implementation developed
in Unity, demonstrating the potential of the proposed framework as an
evidence-constrained design strategy for cultural heritage valorization,
while highlighting its current prototype nature.
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1 Introduction

A substantial portion of European cultural heritage is effectively inaccessible: sites
are closed for safety reasons, deconsecrated, or included in restoration programs
with long and uncertain timelines. This condition is particularly common for
minor heritage, such as small monastic complexes and peripheral archaeological
sites. The resulting communicative gap creates a self-reinforcing loop: sites are
difficult to communicate because they cannot be visited, and difficult to fund
because they are not communicated.

Advances in pattern recognition and computer vision have largely addressed
the first part of this problem. Photogrammetric and laser-based 3D acquisition are
now established techniques for documenting architectural heritage [7,18]. However,
transforming these data into engaging and reliable experiences for non-specialist
audiences remains an open challenge. The recent diffusion of generative AI further
complicates this scenario: while it lowers the cost of content production, it also
increases the risk of generating plausible but unsupported information, which is
incompatible with the requirements of cultural heritage communication. In this
work, we address both aspects through an integrated framework grounded in a
single documentary principle: all system components are explicitly constrained
by documented sources, ensuring consistency with available historical evidence.
This constraint responds directly to the asymmetry introduced by generative AI,
where plausible content can be produced more cheaply than it can be verified.
The approach is instantiated on the case study of the church and former monastic
complex of Santa Caterina d’Alessandria in Gaeta, Italy, a historically documented
site, deconsecrated in 1989 and currently not accessible to the public, with a
documentary record that is rich but fragmented across heterogeneous historical
sources. Previous studies on the architectural heritage of Gaeta have highlighted
the role of integrated digital survey and historical analysis in supporting the
interpretation and valorization of complex sites [15].

The main contribution of this work is an evidence-constrained design strategy
that consistently aligns 3D acquisition, interactive storytelling, and generative
AI under a single documentary principle: the system never asserts more than
the available sources can support. The proposed framework combines three
tightly coupled components, each enforcing this principle in a different modality.
First, a multi-modal acquisition pipeline reconstructs the site strictly in its
current observable state, avoiding unsupported geometric hypotheses. Second,
a serious game is built directly on the reconstructed model, where historical
information is superimposed as time-localized overlays without modifying the
documented geometry. Third, a generative AI component based on retrieval-
augmented generation [8] restricts the accessible knowledge to a curated, site-
specific bibliographic corpus, ensuring that generated content remains grounded in
documented sources. By enforcing consistency between data acquisition, content
generation, and user interaction, the proposed approach provides a transferable
strategy for the valorization of non-visitable cultural heritage, particularly in
scenarios characterized by limited and fragmented documentation.
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2 Related Work

2.1 3D Acquisition and Reconstruction for Architectural Heritage

Photogrammetric and laser-based 3D acquisition is by now established practice
for architectural heritage. Recent work on unmanned aerial vehicle (UAV)-based
photogrammetry has further extended these approaches to multi-scale acquisition
scenarios, enabling efficient survey from urban to architectural levels [16]. In paral-
lel, neural radiance fields (NeRF) [11] have expanded the toolset, particularly for
view synthesis and photorealistic rendering, while spherical photogrammetry has
matured as a practical solution for indoor and constrained-access environments [2].
For our purposes the relevant trade-off is not visual fidelity but geometric relia-
bility : once a 3D asset becomes the spatial substrate of an interactive application,
its accuracy determines whether the resulting experience can claim documentary
value.

The London Charter for the Computer-based Visualization of Cultural Her-
itage [9] formalizes this concern. Its fourth principle, intellectual transparency,
requires that any visualization clearly distinguish what is documented from what
is inferred. This principle has direct consequences for the design of narrative-driven
heritage games, motivating approaches that avoid speculative reconstructions
when the documentary base is insufficient to support them.

2.2 Serious Games for Cultural Heritage

The literature on serious games for cultural heritage is well established [1,12].
We adopt the notion of cultural game as a designed experience in which the ludic
structure is constitutive of the cultural content, rather than merely decorative [3].

A number of existing projects provide relevant design references. A Night in
the Forum [17] (CNR, Museo dei Fori Imperiali) addresses a condition similar
to our case, where the original site is not physically accessible and the digital
experience becomes the primary means of exploration; it also demonstrates the
use of photogrammetric reconstruction as the basis for an interactive environment.
Other projects, including Father and Son [19] (Museo Archeologico di Napoli),
Prisme7 (Centre Pompidou), The Mooseman [13] (Museo di Perm), and Past
for Future [20] (Museo di Taranto), show that effective heritage games are those
in which cultural content is not simply presented but operationalized through
interaction. In this sense, the game mechanics themselves act as carriers of
meaning, in line with Bogost’s notion of procedural rhetoric.

2.3 Generative AI in Heritage Communication

The integration of generative AI technologies, including large language models,
retrieval-augmented generation [8], generative video, and neural text-to-speech,
into cultural heritage communication is rapidly emerging but remains method-
ologically under-constrained. The associated risks are well documented in the
literature [4]: fluent generative systems, when not grounded in verifiable sources,
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tend to produce persuasive but unsupported content, leading to a fundamental
asymmetry between the cost of generation and the cost of verification. In the
context of cultural heritage, this issue is particularly critical, as the value of
a communicative artifact depends on its alignment with the historical record.
An assistant that generates plausible but unsupported historical details risks
undermining public understanding instead of supporting it. This motivates a
constrained use of generative AI in heritage applications. Instead of treating
language models as free-form generators, recent approaches emphasize source
grounding and transparency, for instance by restricting the retrievable corpus to
curated domain-specific documentation and by explicitly exposing the limits of
the available evidence. Similar concerns regarding transparency and epistemic
reliability in AI-assisted heritage applications have been highlighted in [5].

3 Multi-modal Acquisition Pipeline

The acquisition pipeline defines the geometric and visual substrate of the proposed
system and is therefore central to its overall methodological consistency. The
pipeline is designed to document the site as it currently survives, including its
limited accessibility and visible degradation, without introducing hypothetical
historical states.

To this end, the 3D model that grounds the project was produced through
three complementary acquisition strategies: aerial drone photogrammetry of the
exterior, ground-based 360◦ spherical imaging of the interior, and supplementary
close-range photogrammetry of selected architectural details. The integration of
these modalities enables coverage of both accessible and partially inaccessible
areas while preserving geometric coherence across scales. The adoption of a
multi-modal strategy was motivated not only by the architectural complexity
of the site, but also by the need to preserve continuity between documentary
acquisition and interactive exploration. Since the reconstructed environment
acts as the navigable space of the serious game, the pipeline was designed to
prioritize spatial continuity and interpretability over geometric density alone. All
datasets were processed in Agisoft Metashape Professional (v. 1.7.6), resulting in
a unified textured 3D model that constitutes the common spatial foundation of
the interactive and generative components of the system.

3.1 Exterior Acquisition via Aerial Photogrammetry

The exterior survey was conducted through low-altitude aerial photogrammetry
using an UAV. The acquisition strategy was designed to ensure complete coverage
of the architectural envelope while maintaining sufficient overlap between adjacent
images for reliable photogrammetric reconstruction. Particular attention was
devoted to the upper portions of the building, including roof structures, façades,
and architectural elements not observable from ground level. The drone-based
acquisition also enabled the documentation of areas affected by structural degra-
dation and partial inaccessibility, which could not be reliably captured through
conventional terrestrial imaging alone.
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(a) Aerial view.

(b) Frontal view.

(c) Lateral view.

Fig. 1: Exterior photogrammetric reconstruction generated from the acquired
aerial imagery.

The acquired imagery was processed through a standard Structure-from-
Motion (SfM) and Multi-View Stereo (MVS) workflow in Agisoft Metashape
Professional. From the acquired imagery, consisting of 1,141 images, the SfM
alignment produced 614,747 tie points, from which a textured 3D reconstruction
of the entire complex and its surrounding urban context was generated. Figure 1
illustrates different views of the reconstructed exterior environment obtained
from the photogrammetric pipeline. Dense reconstruction at medium quality
produced a point cloud of about 45.3× 106 points (45,281,065), from which the
final textured mesh was derived.
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