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Abstract. The quick development of generative artificial intelligence
(GenAlI) techniques is a promising step toward automated processes in
the field of cultural heritage (CH). The recent rise of powerful Large
Language Models (LLMs) like ChatGPT has made them a commonly
utilized tool for a wide range of tasks across various fields. In this paper,
we introduce LLMs as a guide in the three-dimensional (3D) panoramic
virtual tour of the Civic Art Gallery of Ascoli to enable visitors to express
their interest and show them the requested content. The input to our
algorithm is a user request in natural language. The processing tasks
are performed with the OpenAl’s Generative Pre-trained Transformer
(GPT) 40 model. Requests are handled through the OpenAI's API. We
demonstrate all the functionalities within a developed local web-based
application. This novel approach is capable of solving the problem of
generic guided tours in the museum and offers a solution for the more
automatized and personalized ones.

Keywords: Large language models - Virtual museums - Extended real-
ity.

1 Introduction

Amid COVID-19, museums started publishing content online urgently due to
efforts to overcome the closure of the museums to prevent the spread of the virus
[12]. Institutions were physically closed and the way of dealing with the situation
was to expose the exhibits online. However, publishing content online is not
enough, yet the solution to offer visitors the tours was in demand. As a response,
many museums started offering immersive interactive virtual tours. Panoramic
tours gained popularity because of the relatively simple process of acquisition and
virtualization [15], [8], [14]. [20]. Moreover, tools for the panoramic tour creation
in most cases offer user-friendly interfaces to facilitate the insertion of different
kinds of panoramic images and embedding functionalities to them, becoming a
paramount tool in the digital transformation of museums. Mostly, functionalities
of virtual tours incorporate hotspots and floorplans for navigation, informative
panels about the exhibits, and audio guides amongst others. In some cases,
traditional chatbots are also involved in helping visitors find appropriate content
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as Chen [4] presented for the official online museum. However, the limitations
and challenges of traditional chatbots may include false positives and negatives
in responses, how users understand them, inefficient dialogues, and potential
shortcomings in conversational quality [10].

The efficient alternatives to traditional chatbots are Large Language Models
(LLMs) because of their capability to process natural language and generate new
content easily. Since the release of ChatGPT in November 2022, many commer-
cial and open-source LLMs have become available. A particular advancement
seen in 2023 is their capability to process also visual content, both in terms
of generating as well as interpreting it [5]. Some leading LLM models are, for
example, LLaMa by Meta AI [17], an open-source foundational LLM which is
suitable for various applications; Megatron-Turing NLG 530B [21], a product
of the collaboration between Microsoft and NVIDIA; Claude developed by An-
thropic [2], and Vicuna [16] from LMSYS, trained by fine-tuning LLAMA, and
on top of which other models have been built, e.g. including MiniGPT [33].
Many of these models have shown impressive abilities across various domains,
including healthcare, education, and even creative arts amongst others [23].

In terms of guiding visitors in virtual tours and providing them with the
desired content, automatic methods are still insufficiently explored. The main
challenges are the difficulties in large amounts of data management in museum
databases, the same content for all visitors, and timely updates of the content.
For small museums, it can be quite difficult to manage all the processes due to
the lack of funding or expertise in web platform management and maintenance
processes. To mitigate common issues and challenges, we propose an approach
that incorporates LLMs to automatically guide users based on the requests.
Moreover, we developed a web-based application that operates locally in the
web browser.

Our paper is organized as follows. Section 2 showcases the previous work
related to virtual museums with virtual guides. Our algorithm is explained in
detail in Section 3, including the virtualization process and exhibit evaluation as
the main processes. The developed virtual tour with an integrated guide for the
Civic Art Gallery of Ascoli is detailed in Section 4, whereas the experimental
results from the interactions within it are demonstrated in Section 5. The con-
clusion on the findings and usefulness of our approach, and our vision for future
work is included in Section 6.

2 Background and Related Work

The use of chatbots in museums is an area of research and development that is
gaining attention. In this summary, we will discuss various studies and articles
that explore the implementation, evaluation, and potential of chatbots in muse-
ums. A new technological trend for museums is presented in an article proposed
by [29], the MuBot museum chatbot platform. This platform allows museum
visitors to chat with an "intelligent" exhibit and ask questions via text or voice,
receiving written or spoken answers. MuBot uses advanced Al technologies such
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as Machine Learning, Natural Language Processing/Generation and Semantic
Web, to learn and memorize new knowledge. The ultimate goal of the MuBot
platform is to offer visitors an interactive and creative museum experience, able
to tell the stories of the exhibited objects in a human and engaging way. The same
authors in another work [28] examine a representative set of museum chatbots
and platforms for their implementation. The authors present a systematic evalu-
ation approach for assessing both the chatbots and the platforms. Additionally,
they introduce a new approach to developing intelligent chatbots for museums,
which emphasizes the importance of graph-based, distributed, and collabora-
tive conversational AI systems for museums. The article highlights the use of
knowledge graphs as a key technology for potentially providing unlimited knowl-
edge to chatbot users, fulfilling the need for rich and machine-understandable
content. Another paper by [24] aims to explore the evaluation of user experi-
ence with chatbot applications in museums and galleries. The paper introduces
the principles of chatbots, their creation and testing, and explains the meth-
ods of evaluating user experience. The paper also lists the indicators that can
be used to evaluate user experience with chatbots. A systematic review was
conducted according to the PRISMA methodology to map the latest trends in
chatbot development. Trichopoulos et al. [26] present an innovative approach to
enhance the museum experience by using Generative Pre-trained Transformer
(GPT) 4. By developing a museum guide based on GPT4, the authors aim to
address the challenges that visitors face in navigating vast collections of arti-
facts and interpreting their meaning. Leveraging the model’s natural language
understanding and generation capabilities, the guide provides personalized, in-
formative, and engaging experiences. To mitigate the problem that generated
information may lack scientific integrity and accuracy, the authors propose in-
corporating human supervision and validation mechanisms. The same authors, in
another work [25], suggest using large-scale language models as recommendation
systems for museum visitors, but note that they cannot consider the temporal
context in cultural environments like exhibitions and events. To address this, the
study proposes adapting GPT4 into a context-aware recommendation system by
incorporating contextual information and user instructions during fine-tuning.
The resulting language models can provide personalized recommendations based
on user preferences and contextual factors like location and time. User studies
showed an improvement in visitor experience and engagement in museum envi-
ronments. In the work of [18], the authors demonstrate how chatbots influence
historical education and improve the overall experience in museums. The au-
thors built three chatbot models based on embodiment and reflection factors
and tested them at the National Museum of Korea. The results indicated that
people with different learning styles interact differently with chatbots, and the
behavior of visitors in the museum varies depending on the chatbot model used.
This research provides important findings on the role of chatbots in education
and engagement in museums. A research proposal by [7] explores how an evolv-
ing Al tool can be transformed into a storytelling tool that is in harmony with
the museum path and allows for personalisation, but also respects the identity
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and peculiarities of the museum itself. The proposal aims to develop a chatbot
to guide visitors within the museum, highlighting works of potential interest.
The application context is the National Museum of Ravenna, characterized by
a vast and heterogeneous collection that is difficult to access. Less recent, but
noteworthy is the work of [11] that explores the application of Al in museums
and galleries to improve the public’s experience, with a focus on the develop-
ment and use of chatbot technologies. A case study is presented that provides a
practical analysis of a public development pilot project in Milan, involving four
historic museums. The project’s main aim was to find innovative and engaging
ways to attract teenagers to visit these museums, using storytelling visualization
and a convergence of chatbots and gamification platforms. Another study by [22]
examines how the integration of popular chatbots and Augmented Reality (AR)
multi-sensory technologies can create personalized museum visit experiences.
The paper outlines the concept of a digital assistant-based application for mu-
seum visits. The visitor, equipped with AR technology, can ask questions about
the exhibited objects and receive accurate and contextually relevant answers
from the digital assistant, which can appear virtually as an avatar with accom-
panying AR multimedia information. The paper describes the implementation of
a prototype of the application. While, the study of [27] proposes a custom Named
Entity Recognizer (NER) developed for a chatbot in the Paleontology Museum
of Athens with ChatGPT. Specifically, ChatGPT is "tricked" into acting as an
NER by using a specific prompt that defines the entities and rules to follow. The
results of the comparison provide useful insights into the capabilities, limitations,
and applicability of these models in the context of chatbots. A preliminary study
on the use of the social robot, named Pepper, as a tool to engage visitors dur-
ing museum visits, has been presented by [3]. Pepper is equipped with a vision
module that enables it to recognize visitors and the artworks they are looking
at, as well as to estimate the visitor’s age and gender. This data is used to pro-
vide recommendations on artworks that may interest the visitor during the visit.
The effectiveness of this approach was tested in a research lab, and preliminary
experiments have demonstrated the feasibility of this solution. The development
of an intelligent conversational agent that enhances accessibility to information
in a historical museum has been proposed by [6]. The virtual agent interacts
with users in natural language and uses artificial intelligence to understand the
Romanian language. The system was tested at the "Casa Muresenilor" Museum
in Brasov and received good levels of acceptance from visitors and museum staff.
In their work, Wang et al. [31] present VirtuWander, an innovative virtual tour
guide system that uses LLMs to transform user requests into various guidance-
seeking contexts and facilitate multi-modal interactions. The system was tested
in a user study within an immersive simulated museum, and the results show
that it enhances the virtual tour experience through personalized communica-
tion and knowledgeable assistance. Ivanov [13] also proposes ExhibitXplorer, a
distributed architecture service that uses geofencing, artificial intelligence, and
microservices to provide personalized content in museums. By combining im-
plicit and explicit segmentation of museum visitors and using the GPT API for
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content generation, the system offers a dynamic experience to different visitor
segments, including researchers, students, casual visitors, and children. Tests
conducted on an outdoor ethnographic museum showed that most visitors were
satisfied with the way personalized content was delivered.

3 Our Algorithm

The core of our method is the evaluation of the exhibits based on their de-
scriptions and the identification of their position within the panoramas in the
three-dimensional (3D) space. The input of our algorithm is a user requirement
in a natural language format about the content of interest. The output is a spe-
cific panorama and the content that matches this requirement. To achieve the
desired output, each exhibit in all panoramas is embedded with a description
that is interpreted with the LLM. To show the exhibit with a description that
matches the requirement, we first need to identify its position in the panorama.
This includes finding its spatial coordinates, including horizontal pan, vertical
tilt, and the Field of View (FoV). Pan and tilt are mathematically defined as 6,
and 60, angles for which the calculation is derived from mapping point coordinates
from the Cartesian to the spherical coordinate system. This is explained in detail
in the subsequent section. Figure 1 showcases all the steps in our algorithm.

¢ where E; € P; E
E i —

! OpenAl AP request ! Display panorama P,

Query in natural
language

User >

Exhibit evaluation

A E ¢ E

Sct 8, 8y, and FoV
values
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Fig. 1: The flowchart of the main processes within our algorithm

3.1 Virtualization Process

The first step toward the visualization of the panoramic tour is a virtualization
process of panoramas. Panoramas are images that span 360°on the horizontal
x-axis and 180°on the vertical y-axis in the spherical coordinate system. This
along with the commonly known camera position in the acquisition phase, the
calculation of the viewing angles in the corresponding spherical coordinate sys-
tem is simple. The position of the camera for the acquisition is usually placed on
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the tripod at the height of h=1.7 m above the ground plane. From [30], angles
0, and 0, are calculated with the simple equation:

™ T
ﬁx i 0y = ﬁy (1)

where = and y are horizontal and vertical axes of panorama equirectangular
projection in R? respectively, and H is its total vertical height in R?. These angles
are sufficient for defining the direction in which the desired artwork should be
viewed. Another important variable is FoV which is controlled with the zooming
operations. Thus, each exhibit in the panorama is defined spatially by the viewing
angles and FoV.

Semantically, each exhibit in a panorama contains an embedded description
in the natural language format which is connected with its spatial features. Let F;
be the i-th exhibit in the panorama. The virtual tour comprises a set of panora-
mas P = {Py, P, ..., P;} where Pi, P,, ..., P; are the panoramas. Each panorama
contains exhibits from the set E = {E1, Es,...F;}, where Ey, Es,...E; are the
exhibits. We can define an exhibit as function E; = f(6,,6,,FoV, description)
based on semantic and spatial features definitions.

0, =

3.2 Exhibit Evaluation

The input to our algorithm is a user request in natural language format, for
instance: "I would like to see the painting that shows nature". Once the request
is passed to the OpenAl API endpoint, all exhibit descriptions in JSON format
are evaluated for relevance to the corresponding user request, with the score 5
being a perfect match, 4 being a very good match, 3 being a good match, 2 being
an average match, 1 being a poor match, and 0 being not relevant. The study in-
corporates 4 paintings and 5 3D models with the corresponding descriptions and
panoramas. The panoramas are indicated nodes in the application development
which will be mentioned in the experimental result section. We use the GPT-40
model [19] for the natural language processing and relevancy assessment be-
cause of its advanced capabilities specifically in multilingual understanding. All
the exhibit descriptions are provided by the curators from the Civic Art Gallery
of Ascoli. The result of the evaluation output is the highest-ranked exhibit which
is passed in the exhibit function along with the other spatial parameters. Note
that evaluation of the artwork is an automatic process whereas the spatial values
are defined and embedded in the corresponding panoramas with the contained
exhibit. Once the algorithm processes all the exhibit parameters, the user is au-
tomatically provided with the relevant panorama with a focus on the matched
exhibit. The user input allows for different languages which is beneficial for the
understanding of a museum and ease of use among diverse users.

4 Web Application Prototype

Our local web application represents a virtual tour of the Civic Art Gallery of
Ascoli. The presented version is built upon an already developed virtual tour
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that previously served mainly for museum digital content dissemination and
consequently for user tracking in the virtual environments [30]. This version
is updated to serve only for the museum visualization and LLM capabilities
demonstration within the virtual tour. The architecture of the web application
is defined with interactive elements such as buttons, pop-up menus, navigation
maps, and hotpots for switch panoramas. The interactive content is available in
both English and Italian, and the language can be selected on the virtual tour
homepage. The web application source, primarily generated using the Pano2VR
software tool for creating the virtual tour visualization [32], serves as a founda-
tion upon which other functionalities are built. To integrate the GPT model for
the requirement interpretation and painting evaluation, an HTML input form
and buttons have been incorporated for the user input. Our application allows
users to explore freely the Civic Art Gallery of Ascoli and to query for the de-
sired painting simultaneously. Node.js [1] has been employed for managing data
processing, server interactions, and backend logic. The interface with the main
functionalities is shown in Figure 2.

7| Enter your requirements:

Painting with nature] ‘ Show Exhibit t
e T

=y L
. ,

\MUSEI CIV C|
MZASCOLI PICENO
Pinacoteca Civica
Ascoli Piceno, Italy

P
* O

seleziona Ia lingua per iniziare
select the language to start

CIVIC ART GALLERY

Fig. 2: Virtual museum application interface: home page of the virtual tour with
the possibility of language selection (a), the input form for the virtual guide
about the exhibit of interest (b), the exhibit that obtained the highest score
according to the user input (c¢), and the interactive panel of the shown painting
for more information (d).
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The scenario from Figure 2 entails the demo of the process of our algorithm.
The user is presented with the home page with the language options upon which
the input form appears in the upper right angle of the screen. For this example,
we prompt the guide to show the painting with nature. From the list of sev-
eral paintings, it chose "Passeggiata Amorosa" (" Amorous Walk") which indeed
depicts nature in the description file which can be found in supplementary ma-
terial. The user is allowed for further interaction with the painting which can be
obtained by clicking on it and consequently reading more detailed descriptions
about the painting and the artist, or interacting with its gigapixel 2D represen-
tation. The virtual guide functionality does not restrict any other interaction
within the virtual tour. Instead, it serves as an assistant, facilitating an inter-
play that implicitly enhances interaction with other features. In the subsequent
section, we will demonstrate the effectiveness of the virtual guide with several
examples.

5 Experimental Results and Discussion

Our research is primarily focused on the novel algorithm that incorporates LLM
for exhibit evaluation and, as such, does not include a user study to evaluate its
functionality. The prompts are carefully tailored to align with our specific dataset
of exhibit descriptions. For example, there is no prompt on the glass sculpture as
such an object does not exist in our database. In that case, our algorithm reports
an unidentified object and the panorama remains the same. The extension of
the exhibit database descriptions remains for further development in potential
collaboration with the museum institution. To solve the problem of inconsistent
response format across the outputs, we employed prompt-chaining [32].

The message to the system defines the main role of the model and parses
the description dataset variable. Subsequently, the user prompt fetches the user
request. The evaluation of the exhibits and defining the chosen painting tasks are
included in the last two prompts respectively. From the response which contains
a chosen painting, a custom JavaScript function within the application is used for
parsing and extracting the exhibit node which is used for changing panoramas.
We show several examples of the interactions within Table 1, highlighting the
benefits of LLMs for the virtual museum. A complete code and prompts are
contained in the supplementary material.

The results from the experiments are obtained from a single session on our
local host browser. To evaluate the performance of our algorithm, we define
several types of requests considering the descriptions of a few sentences for each
exhibit. The advantage of the system is proven first through the multilingual
types of prompts as the focus of the museum institution is on its public. To
this end, the same prompt content is defined in Italian, Spanish, and Serbian
language, asking about the painting with a serene landscape, vibrant colors,
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Table 1: Prompts and selected exhibits by our model

No. Type of Prompt Prompt Selected Exhibit

P1 TItalian Vorrei vedere un dipinto che raffigura un Amorous Walk
paesaggio sereno con colori vibranti e
pennellate dinamiche. Il dipinto
dovrebbe evocare una sensazione di
tranquillitd e armonia.’
P2 Spanish Me gustaria ver una pintura que Amorous Walk
represente un paisaje sereno con colores
vibrantes y pinceladas dinamicas. La
pintura deberia evocar una sensacién de
tranquilidad y armonia.’
P3 Serbian Volela bih da vidim sliku koja prikazuje Amorous Walk
miran pejzaz sa zivopisnim bojama i
dinami¢nim potezima &etkice. Slika bi
trebalo da izazove ose¢aj mira i
harmonije.*
P4 Short Antonio Portrait
P5 Long Rank the exhibits that feature marble = The Shepherd Boy
sculptures from the 19th century,
focusing on artistic techniques and
historical context

P6 Theme-Based Show the exhibit featuring a religious Annunciation
theme

P7 Specific Prompt Show the best exhibits featuring Plates
18th-century artifacts

P8 Contextual Show me the exhibit that is a part of the Annunciation
Baroque collection

P9 Visitor Suggest the exhibit that would interest  Violin

Interest-Based children
P10 Typo-Embedded sou mi d peinting wid pipl? Amorous Walk

dynamic brushstrokes, and a sense of tranquility and harmony. The output was
consistently "Amorous Walk" (Figure 3a).

The experiment has also been tested against the different prompt lengths. We
suppose that each individual expresses themselves differently. The short prompt
included only the term "Antonio" which is contained in the description of the
painting Portrait (Figure 3d) by the artist Antonio Mancini. It is obvious to
humans that the user would like to see this particular painting without thinking
about the entire sentence. LLMs perform well in this case as well. A potential
problem in such a case could be if there is more than one painting by the same

! English translation: I would like to see a painting that depicts a serene landscape
with vibrant colors and dynamic brushstrokes. The painting should evoke a sense of
tranquility and harmony.

2 Correct prompt: Show me the painting with people



10 I. Vasic et al.

artist. Conversely, we prompt the model with a long prompt on ranking the
exhibit featuring the marble sculpture from the 19th century. Only the Shepard
Boy sculpture obtained the ranking, being the only one in the description that
is indeed made of marble and dates from the requested period of time.

Fig.3: Visual representation of the used exhibits: "Amorous Walk" (a), "Saint
Francis" (b), "Annunciation" (c), "Portrait" (d), " The Shepherd Boy" (e),
"Plates" (f)(g), "Violin" (h), and "Reliquary" (i).

Theme-based prompt on the other hand yielded a score of 5 for several ex-
hibits including paintings Annunciation (Figure 3c) and Saint Francis (Figure
3b), and artifacts Reliquary (Figure 3i) and Holy water bucket. The chosen and
displayed exhibit was the painting Annunciation. We do not have many clues
about the reason for such a decision, especially given the different outcomes over
time. Therefore, the output is correct but the system requires additional engi-
neering and adjustments to meet the specific museum requirements for displaying
content.

We also prompt the system with the subjective task - "Suggest the exhibit
that would interest children". Although all individuals are different, the system
choice was quite deterministic by choosing Violin and The Shepherd Boy sculp-
ture. We assume that the latter is directly connected to youth as the shepherd
is a young boy resting in the field. The choice of Violin is, however, debatable
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because the other exhibits can be interesting to children as well. In any case,
subjective requests require attention not only in terms of system engineering but
also psychology which plays an important role in such decisions.

Lastly, we were curious about the capability of our model to perform on the
erroneous content like in prompt 10. The correct version of the prompt should be
"Show me the painting with people" for which we intentionally introduced typos.
The system responded correctly, choosing paintings Amorous Walk, Portrait,
Annunciation, and Saint Francis. A comprehensive list of evaluation values for
all exhibits is included in Table 2.

Table 2: Exhibits and their evaluations according to the specific prompt

Exhibit P1 P2 P3 P4 P5 P6 P7r P8 P9 PIlO
Amorous Walk 5 5 5 0 0 0 0 0 0 5
Portrait 0 0 0 5 0 0 0 0 0 5
The Shepherd Boy 0 0 0 0 5 0 0 0 4 0
Annunciation 0 0 0 0 0 5 0 5 0 5
Plates 0 0 0 0 0 0 5 0 0 0
Holy water bucket 0 0 0 0 0 5 0 0 0 0
Violin 0 0 0 0 0 0 5 0 5 0
Saint Francis 0 0 0 0 0 5 0 0 0 5
Reliquary 0 0 0 0 0 5 0 0 0 0

The evaluation values indicate deterministic responses from the GPT-4o0
model which depend on diverse factors: the structure of instructions for the
system, exhibit descriptions completeness and quality, prompt definition, and
model parameters like "temperature". The former is introduced in our applica-
tion as chain prompts, comprising several tasks in order to extract the precise
results and avoid alteration in the response structure. A more suitable solution
that we foreseen for future works is to incorporate a schema, ensuring that the
model adheres to it, as demonstrated by Fill et al. [9]. The system prompts are
short in our case which is relative among different museums. For this research, we
incorporated short descriptions of about 3 sentences for each artwork followed
by exhibit name, period, material, and authors amongst others. The evalua-
tion could be improved if more content is provided to the system. We set the
"temperature" parameter to 1 and "top p" to 0.1 to balance between the ran-
domness and predictability. Given the more theoretical nature of our research,
we do not experiment with these parameters because our focus is primarily set
to demonstrate the novel approach.

6 Conclusion and Future Work

In this paper, we introduced a novel algorithm for incorporating LLM as a vir-
tual museum guide in the content-rich panoramic virtual tour. Our approach
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has the potential in helping museum experts adapt virtual museums according
to the specific requirements and provide visitors with a more organized immersive
experience than traditional ones. The virtual guide tool showed quality perfor-
mance in the demonstrated experiment, becoming a suitable replacement for
traditional chatbots. We demonstrated all the functionalities within a developed
local web-based application. Moreover. this novel approach is capable of solving
the problem of generic guided tours in the museum and offers a solution for the
more automatized and personalized ones.

Although our algorithm has great potential in solving various tasks in the
virtual museum system, there are still many challenges to be addressed and
requirements to be met. For example, a complete application should incorporate
other types of input such as multimedia and audio. GPT models allow for oral
communication as well, addressing the needs of individuals with disabilities. Our
future work encompasses integrating image recognition in addition to text input
using LLM with vision capabilities and upgrading the virtual tour functionality,
such as showing all relevant exhibits instead of only one. The important task is
also to enable visitors to use the conversation agent for a more natural experience
and explainable guide decisions. Moreover, the evaluation of our algorithm will be
the final step in this process. Therefore, a comprehensive user study is envisaged
to be conducted in order to obtain valuable feedback on the user experience.
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