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Abstract: The aim of the presented study is to discuss the possibilities of
the use of artificial intelligence in the camera system in museums. The
article discuss how visitor behavior analysis performed by artificial
intelligence could gather invaluable data about visitor. The data could
be used by the management of museum to help them optimize layout of
the exhibitions and to check detailed statistics about attendance and
time spent for each exhibit in the museum.
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Introduction

The traditional methods of studying visi-
tor behavior, which often relies on manual
observations and periodic surveys, have
provided valuable but limited insight into
the dynamics of museum engagement. The
advance of artificial intelligence (Al) signals
a paradigm shift, which offers museums
the tools to gather detailed information of
visitor interactions. This article discuss the
future of museum, explores what possibi-
lities Al analysis brings particularly in the
field of understanding visitor behavior and
how they navigate through exhibitions.

It is crucial to recognize that the integrati-
on of Al in visitor behavior analysis is not
a technological upgrade but a transforma-
tive force. It has the potential to revoluti-
onize exhibit design, personalize museum
experiences, and even further promote inte-
rest of the wider public. Moreover, the im-
plementation of Al-driven visitor tracking
systems opens up new area in data-driven
decision-making, providing museums with
the information to optimize spaces, curate
tailored experiences and measure how the
changes have affected visitor experience.

The Need for Al in Museums

The need for technological integration is
becoming more and more crucial in the
cultural institutions, and museums are no

exception. This section addresses the need
to integrate new technologies into the muse-
um environment, particularly in the context
of visitor behaviour analysis facilitated by
Al camera systems. This section explores the
compelling reasons why artificial intelligen-
ce is not just innovation in museums, but
a necessity that is moving these institutions
into a new era of data-driven decision-ma-
king and enhancing cultural engagement.

Limitations of Traditional
Approaches

As mentioned in the article?, traditional
methodologies for analyzing visitor be-
havior are labor-intensive and susceptible
to observational biases. Manual observa-
tions, while offering qualitative insights,
struggle to capture complex pattern of vi-
sitor behavior especially in real-time and
across diverse contexts within a museum
setting. Surveys, on the other hand, often
suffer from response bias based on the last
few exhibit and a limited ability to cap-
ture the subtle nuances of spontaneous,
unscripted behaviors.

The limitations of these conventional
approaches become particularly evident
in modern exhibitions. As museums evol-
ve from static showcases to more interac-
tive with integration of TV screens and
projections, the need for a more dynamic
and responsive analytical tool becomes
more apparent.



Another method for analyzing visitors is
a tracking system based on RFID. The sys-
tem is fast and accurate in analyzing the
visitor’s path through the museum exhi-
bition. The disadvantage of this solution is
that visitors are required to wear special
equipment and additional hardware has
to be installed in the exhibition so visitors
could be detected via RFID. The solution
has already been discussed and tested in
the articles® and*. While the solution de-
monstrated great results in tracking vi-
sitors, its limitations became apparent in
the absence of additional information like
demographics and sentiment analysis. In
contrast, other methods, such as Al came-
ra systems, could analyze these additional
aspects easily in addition to tracking the
visitor.

Toward Data-Driven Decision
Making

Camera system with Al not only aug-
ments the observational capacities of mu-
seums but also empowers data-driven
decision-making processes. The ability
of Al to recognize patterns, predict pre-
ferences and analyse individual visitor
interactions can provide museum with
data to take into account when arranging
exhibit layout. This transition from intuiti-
on-driven to data-driven decision making
represents a fundamental shift, ensuring
that museums remain adaptive for their
diverse audiences.

Museums could rapidly assess and inter-
pret change in visitor behavior when they
change museum layout or rearrange exhi-
bits. This not only accelerates the pace of
decision-making for exhibition optimiza-
tion but also enables museums to adapt
promptly to changing visitor preferences.
The efficiency and agility afforded by Al-
driven behavior analysis empower muse-
ums to stay attuned to the evolving needs
of their audience. The speed at which
Al processes and interprets visitor data
contributes significantly to the overall
adaptability and effectiveness of modern
museum operations.

Possibilities of Al analysis in
camera system

This section describes examples of possi-
bilities emerging from the integration of
Al within museum camera systems. It ex-
plore how Al could open new dimensions
in understanding visitor behavior.

Exhibit Engagement Analysis and
Demographic Insights

The incorporation of Al camera systems
within museum exhibits not only revoluti-
onizes the acquisition of statistics but also
affords museums a range of demographic
insights. The system can provide detailed
statistics concerning visitor demogra-
phics, including age, gender, and precise
time spent at each exhibit. Understanding
how different age groups and genders in-
teract with specific exhibits becomes inva-
luable for tailoring the museum experien-
ce to diverse audience groups.

Detailed statistics on time spent at each
exhibit offer nuanced insights into visitor
interests, enabling precise adjustments in
exhibit design and curators to align with
the varied preferences of distinct demo-
graphic groups. The integration of Al
camera systems not only enhances statis-
tical precision but also empowers museu-
ms to deliver exhibits that resonate more
effectively with diverse audience.

Visitor Journey Mapping

Al camera systems can also analyze the
entire visitor journey within the museum,
from entrance to exit. Museums would
gain insights into the flow of foot traffic,
popular points of interest, and potential
bottlenecks. This comprehensive under-
standing allows curators to strategically
design exhibit layouts, optimize interac-
tive elements, and tailor educational con-
tent to align with the natural trajectory
of visitor exploration. Mapping visitor
journey not only enhances the efficien-
cy of museum spaces but also enables
a more engaging experience, as museum
can adapt and refine exhibits based on the
data of each visitor’s unique journey.

3 ZANCANARO, Massimo, et
al. Analyzing museum visitors’
behavior patterns. In: User
Modeling, 11th International
Conference, 2007, Corfu,
Greece, July 25-29, 2007.
Proceedings 11. Berlin,
Heidelberg: Springer, 2007,

pp. 238-246.

4 LANIR, Joel, et al. Visualizing
museum visitors’ behavior:
Where do they go and what
do they do there?. In: Personal
and Ubiquitous Computing,
Vol. 21, No. 2 (2017),

pp. 313-326.
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Security

The integration of Al camera systems in
museum exhibits can also introduce a re-
volutionary approach to ensuring visi-
tor compliance with security guidelines.
Cameras can enhance security by moni-
toring exhibits and detecting suspicious
behavior, helping prevent theft or da-
mage to valuable artifacts. For instance,
Al cameras can detect instances where
visitors use flash photography, ensuring
the preservation of delicate artifacts by
preventing potentially harmful flashes.
Additionally, these systems can identify
instances of physical contact with exhibits,
thereby mitigating the risk of unintenti-
onal damage caused by touch. Al algo-
rithms can also monitor for unauthorized
actions, such as eating or drinking close to
exhibits, enhancing both the preservation
of artifacts and ensuring a clean and safe
environment within the museum.
Furthermore, the possibilities extend to
real-time alerts and notifications, allowing
security personnel to respond promptly
to any observed offences. For instance, if
a visitor is detected taking photographs
with flash or touching exhibits, the Al
system can generate an immediate alert,
enabling security personnel to intervene
and provide gentle reminders of museum
guidelines. This proactive approach not
only enhances the security and preser-
vation of exhibits but also contributes to
a positive and respectful visitor experien-
ce. The Al camera system could serve as
a powerful tool for museums to uphold
security protocols, safeguard their collec-
tions, and create an environment that fos-
ters both education and respect for cultu-
ral heritage.

Visitor Feedback and Sentiment
Analysis

Cameras can also capture facial expressi-
ons and body language, providing insi-
ghts into visitor sentiment and feedback.
By employing sentiment analysis algo-
rithms, museums can categorize and in-
terpret these non-verbal cues, offering

a sophisticated understanding of visitor
sentiment. This invaluable data allows
museum to measure the success of exhi-
bits and events in real-time.

The granular nature of sentiment analysis
enables museums to not only identify ge-
neral positive or negative sentiments but
also to discern subtle variations in emoti-
onal responses for each exhibit. Whether
it's expressions of delight, curiosity, or
contemplation, the AI camera system be-
comes a perceptive observer, decoding
the visitor face expression and body lan-
guage. Such insights are instrumental in
evaluating the effectiveness of exhibits,
measuring the impact of interactive ele-
ments, and refining content to correspond
to the emotional response the museum
seeks.

In essence, the utilization of Al camera
systems for sentiment analysis in museum
exhibits transcends traditional feedback
mechanisms by providing a real-time,
data-driven understanding of visitor sen-
timent. This transformative capability
empowers museums to continually assess
and adapt exhibits, ensuring a dynamic
and emotionally resonant museum ex-
perience that aligns seamlessly with the
diverse and evolving preferences of their
audience.

Existing solutions

There are already a couple of existing so-
lutions in the field of Al camera systems,
but only few of them focuses on the spe-
cific environment of the museum.

Pygmalios® has introduced a sophisticated
Al camera system designed primarily for
retail environments. Pygmalios leverages
advanced computer vision and machine
learning technologies to track customer
movements, analyze behavior, and op-
timize retail operations. However, the
efficiency of this existing solution in the
unique context of museum exhibits, par-
ticularly because of less optimal lighting
conditions, has encountered challenges.
Museums often feature dimly lit envi-
ronments to preserve artifacts, which
may affect the performance of Al camera



systems initially designed for well-lit re-
tail spaces. This divergence in lighting
conditions underscores the need for tailo-
red solutions that can handle challenges
posed by museum exhibits environment.
There is already existing research focu-
sing on this topic. The article® introdu-
ced an algorithm for the analysis of visi-
tor sentiment. The method was already
tested in Palazzo Braschi Museum with
low light condition, which are typical for
museums. The results were promising.
Additional research has to be conducted
in other areas as described in this article
such as demography statistics, security,
visitor tracking, etc.

Conclusion

The article described advantages of Al
camera systems integration in museum
exhibitions, clarifying the profound im-
plications for visitor behavior analysis.
The benefits described in the article, spa-
nning exhibit engagement analysis and
demographic insights, visitor journey
mapping, security reinforcement, and
visitor feedback with sentiment analysis,
collectively underscore the transformative
potential of these advanced technologies.
The depth of insights gathered from ex-
hibit engagement analysis and demogra-
phic insights enables a refined curation
process, fostering resonance with diverse
visitor cohorts.

Concurrently, the ability to map visitor
journeys facilitates operational efficien-
cies and affords curators an invaluable
lens into the nuanced dynamics of visitor
exploration. The augmentation of security
protocols through Al camera systems en-
sures the safeguarding of cultural assets,

while real-time visitor feedback and sen-
timent analysis offer a continual feedback
loop for dynamic exhibit refinement. As
museums embrace the intersection of ar-
tificial intelligence and cultural preserva-
tion, the presented research illuminates
a trajectory wherein technology becomes
a catalyst for a more profound understan-
ding of visitor interactions. This explorati-
on not only heralds a new era in museum
science but also reinforces the imperative
for continuous innovation in enhancing
the visitor experience within cultural
institutions.

References

CECCARELLI, Sofia, et al. Artificial
Intelligence Algorithms for the Analysis
of User Experience in Palazzo Braschi
Museum. In. BUCCIERO, A.; FANINI,
B. et al. (eds) GCH 2023 - Eurographics
Workshop on Graphics and Cultural Heritage,
Salento, Lecce, Italy, 4-6 September 2023.
Eurographics Association, 2023.
DRAHANSKY, Martin, MACEK, Ivo,
GOLDMANN, Tomas. Monitoring of vis-
itors in museum exhibitions. In: Journal
of the National Museum, Prague, Natural
History Series, Vol. 189, No. 1 (2020), pp.
155-162.

LANIR, Joel, et al. Visualizing museum
visitors” behavior: Where do they go
and what do they do there?. In: Personal
and Ubiquitous Computing, Vol. 21, No. 2
(2017), pp. 313-326.

ZANCANARO, Massimo, et al. Analyzing
museum visitors” behavior patterns.
In: User Modeling, 11th International
Conference, 2007, Corfu, Greece, July 25-29,
2007. Proceedings 11. Berlin, Heidelberg:
Springer, 2007, pp. 238-246.

6 CECCARELLI, Sofia, et

al. Artificial Intelligence
Algorithms for the Analysis
of User Experience in

Palazzo Braschi Museum. In.
BUCCIEROQ, A.; FANINI, B. et al.
(eds) GCH 2023 - Eurographics
Workshop on Graphics and
Cultural Heritage, Salento,
Lecce, Italy, 4-6 September
2023. Eurographics
Association, 2023.

MUZEUM 11



