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Abstract — This work introduces a plugin developed for
Unity based on generative artificial intelligence (GAI),
designed for the real-time creation of 3D objects from
textual descriptions, for the preservation and digitiza-
tion of cultural heritage. The proposed solution aims
to overcome the limitations of current extended real-
ity (XR) techniques, reducing production times and
costs, and offering an alternative accessible even to non-
expert users. The system is divided into three main
phases: object definition, generation via multimodal AI
pipeline and integration into the virtual environment.
Preliminary tests demonstrate the plugin’s ability to
generate coherent, visually detailed and ready-to-use
resources in immersive contexts. This approach pro-
motes new ways of participatory fruition of heritage,
encouraging interaction, accessibility and customiza-
tion of digital cultural experiences.

I. INTRODUCTION

In recent years, Virtual Reality (VR) has been widely
studied and applied in various contexts, including indus-
try, healthcare, education, and the conservation of architec-
tural and cultural heritage [15][10] [6]. In particular, in the
field of Cultural Heritage (CH) conservation, VR has en-
abled immersive and interactive experiences, overcoming
the limitations of traditional tools, such as 2D simulators
and photo archives. The evolution of XR technologies, in-
cluding VR, Augmented Reality (AR), and Mixed Reality
(MR), has also introduced new opportunities for the digi-
tization, preservation, and transmission of tangible, intan-
gible, and natural heritage, thanks to the integration with
mobile devices, wearable systems, and advanced visual-
ization systems [11][13].

Despite the transformative potential of VR technologies in
the cultural heritage sector, their application continues to
present significant challenges. Among these are the high
production and development costs, the technical complexi-
ties related to the integration of software and hardware, and
the barriers to accessibility for different groups of users
[16].

Recurring concerns also include the need for continuous

updates, the risk of digital obsolescence, the challenge of
designing universally accessible and emotionally engag-
ing experiences for all users, especially non-expert users
[18][8].

A valuable alternative to overcome the current difficulties
related to the construction and use of virtual experiences is
Generative Artificial Intelligence (GAI). This technology
has enabled the creation of 3D images in the VR field us-
ing vocal and text prompts, thereby enhancing immersion
and personalization in digital experiences while reducing
costs and generation times [14].

It is in this context that the following work is presented, in
which we propose a Generative Artificial Intelligence plu-
gin for Unity, initially conceived for therapeutic environ-
ments in the healthcare sector (as described in our paper
[7]) and subsequently adapted for the cultural and archi-
tectural heritage sector.

The plugin, based on a multimodal AI generation pipeline,
enables the real-time creation of 3D objects from textual
descriptions, providing an accessible tool for the visual-
ization and digital reconstruction of deteriorated, partially
lost, or not physically accessible artistic and architectural
elements.

The integration of this technology within cultural paths or
professional training courses can promote a deeper and
more personalized interaction with the contents, favoring
emotionally engaging and cognitively stimulating experi-
ences. The proposed plugin is, therefore, configured as a
tool with a dual functionality: (i) a potential educational
support in the context of academic training and (ii) a valu-
able tool to enhance artistic experiences, such as exhibi-
tions and displays.

The images generated by our plugin can improve the un-
derstanding and analysis of cultural and architectural el-
ements that would otherwise be difficult to access due to
historical or geographical reasons.

II. RELATED WORKS
In recent years, the application of XR technologies in
the field of Cultural Heritage has gained increasing inter-
est in the scientific community. These technologies have
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been widely used to reconstruct archaeological sites, create
virtual tours in museums and offer immersive educational
experiences that enrich traditional forms of cultural trans-
mission [2][4][3]. Virtual environments provide the means
to simulate historical contexts, allowing users to interact
dynamically with artifacts and environments. Traditional
XR applications in Cultural Heritage, however, often rely
on pre-built 3D assets, whose production requires consid-
erable time, skills and resources [1]. This static approach
limits customization and restricts user autonomy, espe-
cially in participatory and educational contexts. To address
these challenges, research has increasingly focused on gen-
erative technologies capable of dynamically creating 3D
content from user input [17]. Generative Al, in particu-
lar models integrating Natural Language Processing (NLP)
with 3D object generation pipelines, represents a promis-
ing alternative for creating scalable content in virtual envi-
ronments designed for the dissemination and preservation
of Cultural Heritage [5].

Several recent works have exploited Al-generated images
and models to improve active participation and user en-
gagement during virtual experiences. In particular, the
combination of text-to-image models allows even non-
expert users to create complex virtual assets through sim-
ple text prompts [19]. These tools have also proven effec-
tive in other fields, such as mental health therapy, where
the co-creation of meaningful objects can strengthen emo-
tional engagement and user trust [7].

Digital storytelling and gamification are further areas
where generative tools intertwine with Cultural Heritage.
However, such systems still largely rely on manually cu-
rated content and lack real-time adaptability [9].

Our Unity plugin addresses these limitations by integrat-
ing a modular Al pipeline that translates textual inputs into
fully textured 3D objects. This innovation is in line with
current research trends that promote more inclusive and in-
teractive approaches to heritage preservation, where users
are encouraged not only to explore but also to contribute to
the digital representation of cultural memory.

By integrating generative Al with XR applications in Cul-
tural Heritage, this interdisciplinary work contributes to
the development of sustainable experiences accessible to
a wide range of users. [12].

III. METHODOLOGY

The proposed methodology, as shown in figure 1, de-
scribes the use of a generative Al plugin developed for
Unity, adapted to the creation of 3D assets for applications
in the Cultural Heritage (CH) sector. The system allows the
real-time generation of digital artifacts starting from nat-
ural language descriptions, which can then be integrated
into immersive virtual environments. The process is di-
vided into three main phases: (1) definition of the object to
be generated, (2) execution of the generation pipeline, and
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Fig. 1. Proposed creation pipeline performed by the Plugin

A

(3) integration and interaction within the XR scene.

A. Phase 1: Definition of the object to be generated

In the first phase, domain experts or non-expert users
define which object or element should be generated. This
can include historical artifacts (e.g. ceramics, tools, furni-
ture), symbolic objects (e.g. ritual objects, coats of arms),
or scenographic elements (e.g. statues, architectural ele-
ments). The definition is expressed in natural language
through a textual prompt that includes visual, historical,
and stylistic details that will be integrated into the gener-
ated object.

Example prompt:

"Create a Doric column, with a fluted shaft without a base,
a simple capital composed of an echinus and an abacus.
The column must rest directly on the stylobate"

B.  Phase 2: Generation via the Al plugin pipeline

Generate

Fig. 2. User Interface of the plugin in Unity

The second phase concerns the actual generation of the
3D object via the Unity plugin, as shown in figure 2, based
on a two-stage Al pipeline:

» Text-to-Image (T2I): First, the text prompt is pro-
cessed by a diffusion-based model (FLUX.1-schnell),
generating a high-resolution image that visually in-
terprets the description. This image will serve as a
starting point for the generation of the 3D object.

* Image-to-3D (I2M): In fact, the generated image is
processed by a 3D reconstruction model (Hunyan3D
2.0), which produces a textured mesh. The resulting
asset is compatible with real-time engines.



The plugin handles this process via a built-in API and
isolated Conda environments. The overall generation pro-
cess typically takes less than 30 seconds and produces
ready-to-use 3D models, dramatically reducing develop-
ment time. However, the generated models can be further
improved and modified before being integrated into virtual
environments.

C.  Phase 3: Integration into Unity and use in XR context

Once generated, the object is automatically imported
into the Unity scene and made available as a standard
GameObject. In this context, it can be positioned, scaled
and enriched with interactive elements via Unity’s XR In-
teraction toolkit or other input systems.

This integration phase also includes runtime perfor-
mance optimization (e.g. mesh simplification, occlu-
sion elimination) and adaptation to AR/VR platforms (e.g.
Meta Quest, Hololens).

IV. PRELIMINARY RESULTS AND DISCUSSION

To evaluate the applicability of the Unity plugin in
Cultural Heritage contexts, we conducted generation tests
based on historically and culturally significant object de-
scriptions. Each test followed the three-phase methodol-
ogy outlined in Section III: textual definition, Al-based
generation, and Unity integration. The objective was to
assess the plugin’s ability to generate semantically coher-
ent, visually detailed, and technically usable 3D objects
suitable for XR applications.

In the work we presented two examples of 3D objects
generated from the following prompts:

1. "Create a Roman oil lamp in terracotta with a depic-
tion of the god Mercury."”

2. "Create a Corinthian capital. The capital should be
decorated with two superimposed orders of stylised
acanthus leaves, spiral corner volutes and a moulded,
square top (abacus). The leaves should be carved
with a high level of detail"

Case 1: Roman Oil Lamp

The plugin successfully generated a terracotta-toned 3D
model with accurate Roman styling and a relief represent-
ing Mercury. Surface textures included appropriate weath-
ering and burn marks.

Case 2: Corinthian capital

The rendered figure shows a general similarity with the
initial prompt. However, to obtain a more accurate repre-
sentation, the proportions should be changed and the de-
tails of the entire 3D model should be improved, since the
Corinthian capital was much more detailed and therefore
more complex to generate. This example highlights the

Fig. 4. Final result of the Roman Oil Lamp with and with-
out texture

current limitations of the plugin that can be improved in
future works achieving better accuracy. Despite the limita-
tions highlighted, the plugin can be considered at present
as a support tool for designers as it reduces the generation
time of 3D models that can be subsequently edited and im-
proved.

V. CONCLUSION

This study presented a generative Al-based Unity plugin
designed for real-time 3D content creation in cultural her-
itage applications. The proposed system enables users to
create culturally relevant digital artifacts from simple text
prompts, eliminating the need for advanced 3D modeling
skills. The adopted methodology, divided into phases of
definition, generation, and integration, offers a simplified
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Fig. 5. 2D representation of the Corinthian capital

Fig. 6. Final result of the Corinthian capital with and with-
out texture

and scalable operational framework aimed at creating im-
mersive cultural and educational experiences. Preliminary
results confirm the effectiveness of the plugin in produc-
ing detailed 3D objects optimized for XR environments.
However, several potential improvements were observed,
including the correspondence between prompts and gener-
ated content and the fidelity in representing complex ob-
jects.

Despite the limitations encountered, the model proposed in
our work promotes a transition towards more interactive,
inclusive, and emotionally engaging ways of experiencing
cultural heritage while fostering active user participation
and digital accessibility in the processes of cultural her-
itage conservation and valorization.
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Table 1.

Technical characteristics of the generated 3D

meshes

[4

]

—

—_—

Gen-Time (s)
21.3
28.6

Vertices
24,179
32,562

Object
Oil Lamp
Corinthian capital
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